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ABSTRACT

Residential energy consumption accounts for 22% of the total energy use in the United
States. The consumer's perception of energy usage and conservation are very inaccurate which
is leading to growing number of individuals who try to seek out ways to use energy more wisely.
Hence behavioral change in consumers with respect to energy use, by providing energy use
feedback may be important in reducing home energy consumption. Real-time energy information
feedback delivered via technology along with feedback interventions has been reported to
produce up to 20 percent declines in residential energy consumption through past research and
pilot studies. There are, however, large differences in the estimates of the effect of these different
types of feedback on energy use. As part of the Energize Phoenix Program, (a U.S. Department
of Energy funded program), a Dashboard Study was conducted by the Arizona State University to
estimate the impact of real-time, home-energy displays in conjunction with other feedback
interventions on the residential rate of energy consumption in Phoenix, while also creating
awareness and encouragement to households to reduce energy consumption. The research
evaluates the effectiveness of these feedback initiatives. In the following six months of field
experiment, a selected number of low-income multi-family apartments in Phoenix, were divided in
three groups of feedback interventions, where one group received residential energy use related
education and information, the second group received the same education as well as was
equipped with the in-home feedback device and the third was given the same education, the
feedback device and added budgeting information. Results of the experiment at the end of the six
months did not lend a consistent support to the results from literature and past pilot studies. The
data revealed a statistically insignificant reduction in energy consumption for the experiment
group overall and inconsistent results for individual households when compared to a randomly
selected control sample. However, as per the participant survey results, the study proved
effective to foster awareness among participating residents of their own patterns of residential

electricity consumption and understanding of residential energy use related savings.
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Chapter 1
INTRODUCTION
Research Overview
Residential energy use. Residential homes now account for 22 percent of the total
primary energy use in the United States according to the Energy Information Administration (EIA)
(2010), and 54 percent of consumption in the building sector. Of the total energy consumption in
an average household, 50% goes to space heating, 27% to run appliances, 19% to heat water

and 4% goes to air conditioning.

Table 1.

Household Site End-Use Consumption & Expenditures in the U.S., Totals and Averages, Biritish
Thermal Units (Btu)(Energy Information Administration, 2009)

Average Site Energy Consumption Average Energy Expenditures
(million Btu per household using the end use) (dollars per household using the end use)
Air . Water Air .

Space Water . Refrig-  Oth Space : . Refrig-  Oth

Total Heating  Heating (_)on_dl erators  er* Total Heating Heatin (_)on_dl erators er*
tioning g tioning

89.6 38.7 16.0 6.8 4.3 26.7 2,024 593 280 237 153 827
100% 43% 18% 8% 5% 30% 100% 29% 14% 12% 8% 1%

*"Other" includes end uses not shown separately (e.g., cooking appliances, clothes washers, dryers, dishwashers,
televisions, computers, small electronic devices, pools, hot tubs, and lighting

The average household spends at least $2000 a year on energy bills with over half going
to heating and cooling and almost a third going towards appliance, electronic devices and

lighting.



The annual energy bill for a typical single home is approximately 2 200.

P Heating
™ cooling
™ water Heating

™ Appliances

{includes refrigerator, dishwasher, clothes

washer and dryer)
.' i | .

Electronics
{includes computer and monitor and TV

and DVD player)

™ other
{includes external power adapters,
telephony, set-top boxes, ceiling fans, vent

29%

& & 2
T o 0?
& < RS

fans and home audic)

Source: Typical House Memo, Lawrence Berkeley Mational Laboratory, 2009 and Typical house_2009_Reference xls spreadsheet.
Average price of electricity is 11.3 cents per kilo-watt hour. Average price of natural gas is $13.29 per million Btu.

*"Other” represents an array of household products, including stoves, ovens, microwaves, and small appliances like coffee makers and
dehumidifiers.

Figure 1.Annual Energy bill for a typical home (www.energystar.gov)

The EIA reports that there is a growing trend in electricity use every year through these
end uses and engaging energy consumers can influence their usage. If individuals can
experiment with energy in their homes or workplaces and see the consequences of their usage
through frequent meter reading, improved billing or some sort of dedicated display, control over
their consumption is increased. Readily available, easily accessible, real-time information
feedback delivered via technology is reported to produce important declines in residential energy
consumption (Faruqui et al., 2010; Ehrhardt-Martinez et al., 2010). The conservation effect varies
according to circumstances, but participants in feedback trials have typically reduced their energy
consumption by up to 10% when given ‘indirect’ feedback and between 5% and 15% when they
use ‘direct’ feedback (Darby, 2006). Other estimates of the energy savings from feedback
technologies vary widely, from none to as much as 20 percent too. (Faruqui et al., 2010;
Ehrhardt-Martinez et al., 2010). Recent studies have shown that real-time feedback can be a
powerful stimulant for behavioral change when coupled with other interventions such as
competition (Petersen et.al., 2005) and visual displays (Matsukawa, 2004; Petersen et al., 2005;

Ueno et al., 2006).



Energize Phoenix Program Background

The Energize Phoenix program is a U.S. Department of Energy (DOE) funded program
conducted in partnership with the City of Phoenix, Arizona State University, and Arizona Public
Service. The program was funded with a $25 million federal grant from the DOE Better Building
Program and the American Recovery and Reinvestment Act (ARRA) with the a goal to save
energy, create jobs and transform a diverse array of neighbourhoods along a 10-mile stretch of
the light rail line in Phoenix. Figure 2 shows the Energize Phoenix program boundary and the light
rail line central to this boundary.

The program's specific goals are to reduce home energy consumption by 30% and
commercial energy use by 18% and eliminate carbon emission by as much as 50,000 metric tons
per year. In addition to these goals of increasing energy efficiency by transforming infrastructure

in the corridor, the project also aims to promote savvy energy consumer practices.
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Figure 2. Energize Phoenix Corridor (www.energizephx.com)

Energize Phoenix Dashboard Program
The Energy Dashboard program, a sub-study of the Energize Phoenix program, teams
Arizona State University with Phoenix’s Neighborhood Services Department to measure the

effectiveness of education and feedback strategies in reducing energy waste for Phoenix home



renters. This program and study sheds light on an understudied population of energy users
through two different interventions:
e An energy dashboard device, installed at no cost, provides renters with real-time
feedback about the home’s energy usage.
e An energy use awareness assessment and education program that provides renters with
information about major appliances and other energy factors, such as window shades,

thermostat, and fans.

Problem Statement

According to the EIA (2011), the projected electricity will increase by about 25% over the
period 2012 through 2035 in the United States. A variety of demographic and economic factors
will drive this trend, especially as they influence residential air conditioning, cooking and the use
of consumer electronics and appliances, which EIA suggests will grow 10, 38, and 48%,
respectively. These particular end uses are also among those that are likely to be influenced in
response to the effective introduction of new feedback programs and technologies.

While the relative importance of electricity consumption in the residential sector continues
to grow, so too has the level of interest in engaging energy users in new ways. This renewed
attention to the human dimensions of energy consumption has enabled a fresh look at how a
more informed understanding and increased levels of awareness and engagement might reshape
energy use practices in a positive and cost effective manner. Based on this perspective, there is
also a shift toward a 'people-centered' approach to generating greater levels of energy
productivity as well as also emphasizing a technology-based approach.

Though real-time information feedback delivered via technology, along with other energy
use feedback interventions, has been reported to produce up to 20 percent declines in residential
energy consumption through past research and pilot studies, there have been large differences in
the estimates of the effect of these different types of feedback on energy use. Therefore, there is

further need to evaluate the effectiveness of this technology driven feedback in conjunction with
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other energy feedback interventions and motivational information which could further enhance
reductions in residential energy consumption.

Although several studies have looked at the impact of feedback technology, providing
insights into study design, technology features, and characteristics of the people using the
feedback devices impact the energy savings estimates, several questions remain. To determine if
feedback technologies are cost-effective measures to manage energy demand, it is necessary to
assess whether they provide persistent energy savings and how they change consumption
profiles. This study, conducted in a metropolitan city, Phoenix, Arizona, investigates whether a
simple, commercially available, whole-house electricity monitor, along with education/information
sessions as an added intervention, can be effective in impacting residential energy consumption
while alsoteaching residential users about their electricity use. Part of this research also
examines whether there is a difference in energy use impacts for the participant group equipped
with the home-energy display and education and the other participant group treated with only
education as an intervention, to better understand the impact of real-time energy use feedback.
Ultimately, this field experiment investigates the impact of attitudes and household characteristics
on the effectiveness of energy feedback in general, and on the potential success of real-time
feedback in a residential setting.

Low-income, multi-family housing groups have been an understudied demographic. The
feedback studies done in the past have mostly been conducted for home owners rather than
renters. This group which was selected for the study exceeded their monthly dollar allotment for
electricity which gives the people of this demographic a purpose and need to look for accurate
measures to understand their energy use. Though the initial design of the study started for single
family home owners, due to various problems regarding recruitment of this demographic
occurred, especially with receiving individual consents from all participants across the light rail
corridor, it was decided that project would shift towards a multi-family housing. Most of the multi-
family housing renters in the Phoenix light rail boundary were low-income group and hence the

program was further compelled to shift to this demographic for the study.
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Research Objective

This research aims to estimate the impact of real-time energy feedback through in-home

energy display in conjunction with an information and motivational intervention given to the multi-

family housing residents. In addition, it investigates the effectiveness of different conditions of

feedback interventions given to the residents. To investigate the effectiveness of feedback in

conjunction with energy use information, this research has the following objectives in particular:

To analyze the energy savings/loss between the pre-study and post-study period
overall, to see if there were any significant savings due to feedback interventions.

To analyze and compare each group condition to see if there were any significant
differences in energy use. The group conditions were as follows: the first group
received only education; the second received the same education and information as
well as the In-home energy display device, and the third group which received
education, the In-home display device and an added motivational intervention, in this
case budgeting information.

To analyze the effect of orientation and position of the apartment on energy
savings/loss due to feedback interventions.

To analyze range of energy savings for individual participants within each group to
understand the impact of a feedback device by itself, a feedback device in
conjunction with education, and a feedback device with education and budgeting

information.

The selected low-income study residents receive a nominal monthly allotment towards

their electric bill, which communicates their monthly electricity use that exceeded the specified

allotment amount. The residents are not provided their actual energy usage or their allotment

amount on their monthly electricity bills. Most of the residents do not have a clear understanding

of their electric energy use and billing.

Based on the deficiencies related to informative billing, this study also aims to;



e Foster awareness among participating residents of their own patterns of
residential electricity consumption and understanding of energy use related
savings.

e Analyze the participant surveys collected during the study to determine their
understanding of their energy consumption and monthly billing.

e Analyze the participant survey results with energy savings or loss to determine a

trend or identify an explanation for particular findings in the results.

Potential Contribution

This research is going to measure the effectiveness of different feedback intervention conditions
within a study group and compare the results to determine whether the results of technology
driven feedback along with education help in energy savings. This will determine the importance
of conducting education an important part of feedback driven studies. Additionally it will also
explore if the added motivational information effects residents which receive the education as well
as the in-home display device.

The research study will also help the low-income multi-family housing understand their energy
related consumption and create awareness about energy savings.

Thesis Organization

The thesis is organized as follows based on the objectives of this research;

Chapter 2 reviews behavior and feedback related literature with respect to energy
consumption. Different feedback types and their effects on energy savings are described, in
addition to other program related variables that also influence energy savings. The intersection of
these variables on energy savings is also discussed. Residential feedback technologies prevalent
in the residential sector and descriptions of the device technology used for this study is then
discussed. Next, selected pilot program and past literature papers were studied to summarize the

learning from them.



Chapter 3 explicates the methodology used in this research by first recalling the learning
from the literature discussed in the previous chapter, after which an explanation of the low-
income multi-family complex selection and the study scope with its limitations are discussed. The
description of the selected housing complex related details are then discussed. This chapter then
describes the experiment design, the process of the study itself, and the challenges faced due to
the specific demographic and feedback device selected. The data collection and an overview of
its analysis are also discussed.

Chapter 4 illustrates the detailed analysis of the data results with respect to overall study
period data, monthly data and data based on individual residential units. Study results based on
participant survey data are also discussed to see its co-relation with the data results. In addition
device related data information is also discussed.

Chapter 5 provides conclusions based on the data and survey results, possible

explanations for the data results, future work, and recommendations.



Chapter 2
BACKGROUND LITERATURE

This chapter presents literature and references necessary to understand types of energy
consumption feedback and their capability, the development of the experiment design, and tools
to analyze the energy use impacts of the feedback interventions.

The literature includes references from many fields. In the beginning sections various
types of energy use feedbacks and their effectiveness is reviewed through past research and pilot
studies. These sections review behavioral related papers indicating the influence of feedback in
energy conservation and the energy savings that can be achieved. Next, feedback technologies
prevalent in a residential sector are described. Examples of products that already give some
consumption feedback are also discussed in this section. The next section gives a description of
the in-home feedback device used for the study, The Energy Detective(TED) 5000. Other
references about the method used for weather normalizing data before analysis, have been

discussed for calculating the feedback impacts on energy consumption.

Behavior Literature

Types of Energy Behavior. To achieve the goal of reducing residential energy
consumption, a number of related tasks are essential and the first among those is a well-
researched understanding of existing energy and uses, including the types of behavior associated
with these different end uses. A second, but related task, involves identifying those behaviors that
are most malleable and the types of interventions that are likely to have the largest impact.
Another way of understanding existing energy and use patterns is to identify the different types of
behaviors that cause them. Figure 2provides a typology of energy behavior as a function of the
frequency of the action taken and the economic cost associated with the undertaking of that
action. (Ehrhardt-Martinez et. al., 2010).Energy related behavior can be categorized into three

different categories as suggested by Ehrhardt, Donelly & Laitner (2010): 1) Energy stocktaking
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behaviors and lifestyle choices; 2) Habitual behavior; and 3) Consumer behaviors, technology
choices or purchasing decisions

Energy stocktaking behaviors and lifestyle choicesare infrequent and low or no cost, for
instance, installing compact florescent lamps (CFLs), weather-stripping, or choosing to live in a
smaller apartment or house. Habitual behavior must be repeated frequently, for instance, habits
associated with appliance use, lighting and electronics usage and the frequency of turning these
devices off.Consumer behaviors, technology choices or purchasing decisionsinvolve buying

energy-efficient products and appliances. (Laitner et al., 2009a).

Table 2.

Energy Behavior as Function of Frequency and Cost(Ehrhardt, Donelly & Laitner, 2010)

Frequency of Action

Infrequent Frequent
ENERGY STOCKTAKING HABITUAL BEHAVIORS AND
LIFESTYLES
BEHAVIOR Slower Highway Driving
Install CFLs y

Slower Acceleration
Air Dry Laundry
Turn Off Computer and Other
Devices

Low-cost/no cost Pull fridge away from wall Inflate

tires adequately
Install Weather Stripping

CONSUMER BEHAVIOR
New EE Windows
New EE Appliances
Additional Insulation
New EE Car
New EE AC or Furnace

Higher cost / Investment

These include habits, lifestyles, technology, purchases or investment decisions, technology use and maintenance

How feedback influences behavior. Different characteristics of feedback influences
behavior and in turn the energy savings differently. Three such characteristics are describes
below.

Frequency of feedback.When feedback is frequent it is seen to be more effective
(Abrahamse et al., 2005;Darby, 2006; Fischer, 2007). Feedback-related energy savings for direct
feedback range from 5% to 15% (Darby, 2006).

Whether the feedback is direct or indirect.Savings from Indirect feedback generally

ranges from 0% to 10% (Darby, 2006), but it varies depending on the context and the quality of
11



information given to the consumer. In the case of direct feedback through in-home displays, the
consumer receives instantaneous information about their smaller end uses. Savings from such
motivated participants was reviewed to range from 10-20% (Darby, 2006).

Whether the feedback provides contextual frameworkby which the individual can
evaluate his/her performance. According to Abrahamse(2006), when there is a sense of
comparison between either a historical consumption and/or between households, there is sense
of competition or social pressure. This might play an important role in determining actual energy

savings.

Feedback Types

Early classification (Darby, 2000).The most useful means of categorizing different
types of feedback is whether it’'s direct or indirect. According to an early study, Darby (2000)
identifies five types of feedback: direct, indirect, inadvertent, utility controlled and energy audits.

Direct feedback. According to Darby, direct feedback is available on demand and
includes direct display or in-home monitors as well as interactive feedback through personal
computers.

Indirect Feedback. Indirect feedback involves the processing of utility data that is sent
out to consumers by the utility company or a third party. Consumers are thought to learn from
indirect feedback by reading and reflecting.

Inadvertent feedback. Darby's classifications identify inadvertent feedback as involving
a less systematic form of learning associated with the adoption of new energy using equipment
and social learning contexts. This type of learning occurs through association.

Utility controlled feedback. A fourth type of feedback, which is utility controlled learning,
is not geared toward learning on the part of the consumer, but on the part of the utility.

Finally, the fifth category focuses on energy audits that are identified as type of feedback

that provides baseline information as opposed to a source of continuous information.
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Recent Classification according to Electric Power Research Institute EPRI (2009). A
more recent study (EPRI, 2009) builds on Darby's distinction between direct and indirect forms of
feedback, but develops a somewhat different classification scheme. The EPRI classifications are
presented in Figure3. While both characterizations recognize the important difference between
direct and indirect feedback, the EPRI approach further refines this distinction based on the
availability of information provided by particular type of feedback as well as the cost to implement.

The feedback types according to EPRI (2009)are described below.

1 2 3 4 5
Standard Enhanced Estimated Daily/Weekly Real-time
Bllling Bllling Feedback Feedback Feadback
Monthly or hbi- Housshold- Vieb-based From actual Energy display
monthly bill specific Info energy audits + usage data, mall,  devices, pricing
and advice, blling analysls,  emall, saif-read, = display devices
comparisons est. appliance day-lag web-
disaggregation hased. etc.
“Indirect” Feedback “Direct” Feedback
(providsd after consumption occurs) (provided real-time)

Information availability >

Low High

Costl/effort to implement >

Figure 3.Types of Feedback(EPRI 2009)

Standard billing. An energy bill that displays the monthly kilowatt-hour (kWh) of
consumption and the unit rate ($/kWh), the corresponding total cost and other billing charges, as
well as the total amount due. This form of feedback generally lacks comparative statistics or any
detailed information about the temporal aspects of consumption

Enhanced billing. Provides more detailed information about energy consumption
patterns, and often includes comparative statistics, either comparing the most current monthly
electricity usage and expenditures together with historical consumption and /or a comparison to

other households
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Estimated feedback. This approach uses statistical technique to disaggregate the total
energy usage based on a customer's household type, appliance information and billing data. The
resulting feedback provides a detailed account of electricity use by major appliances and devices.
These most commonly take the form of web based "home energy audits” tools, offered by a utility
to its customers.

Daily/Weekly feedback. These reports use averaged data in which the individuals read
their meter and record the energy usage themselves, as well as studies in which individuals are
provided with daily or weekly consumption reports from the utility or research entity.

Real-Time feedback. In home energy display devices that provide real-time or near real-
time energy consumption and energy cost data at the aggregate household level

Real-Time plus. In home energy display devices that provide real-time or near real-time

energy consumption and energy cost data disaggregated by appliance.

Program Related Variables Influencing Energy Savings

A review of past research was done for 57 studies and the outcomes of these different
variables were summarized by Ehrhardt, Donelly and Laitner (2010). Energy savings can be
influenced by other program variables as well those mentioned above. This review builds on
earlier reviews of feedback-related savings (Darby, 2006; Fisher, 2007;EPRI, 2009). Ehrhardt,
Donelly and Laitner (2010), explore the relationships and importance of variables with respect to
energy savings. Below are the variables.

Feedback type and energy savings.This section will discuss57 studies reviewed by
Ehrhardt, Donelly and Laitner (2010), that fall into five relevant feedback categories, i.e. three that
are indirect feedback, (enhanced billing, estimated feedback, daily/weekly feedback) and the two
that are direct types of feedback (aggregate real-time feedback and appliance-specific or
disaggregated real-time feedback). Based on the summary of those 57 studies, this section will

reviews the effect of different feedback types on energy savings.
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Enhanced billing. Approximately11 studies out of the total 57 reviewed this feedback
type. The savings ranged from 1.2 to 10% across these 11 studies. This feedback type of
intervention averaged a 5.2% in energy savings.

Study example 1.The reported savings ranged from 2 to 2.5% in various assessments of
the enhanced billing program by Sacramento Municipal Utility District (SMUD, April 2008 to
2009)that used social norms to reshape energy consumption behavior. This study was based on
the idea that residential energy consumers can benefit from being provided a point of comparison
from which they can assess the reasonability of their levels of energy consumption. Comparative
information can be provided in the form of historical data or social comparison.

Study example 2. A more complex, multi-component study in Denmark by Nielsen (1993)
achieved savings as high as 10% in single-family household and only 1% in apartments. This
study provided feedback via enhanced billing and also offered households the opportunity to
receive consultation with a utility representative to assess potential means of achieving energy
savings.

Study example 3. A study by Staats et al. (2004) combined feedback though enhanced
billing with the use of commitment strategies, group interventions and social interaction to assess
both short-term and long-term impacts. It was noticed that after seven-month intervention period,
the study had achieved 5% energy savings, and two years later, an increased savings of 8%
despite the lack of any subsequent intervention, indicating that a well-designed program can
result in persistent savings.

Estimated feedback. Three studies published between 2006 and 2007 investigated the
use of web-based tools to provide consumers with estimated feedback, which resulted in two of
the three studies having savings of 5.1 to 8.5% (Abrahamse et al.,2007;Benders et al., 2006), and
the remaining study (Elliot et al., 2006) reported no significant savings.

The purpose of this remaining study (Elliot et al., 2006) was to test if online (and through
mail) feedback could be used to increase peak period savings above and beyond the peak rate

structure. The study found that participants did have savings, but were not very significant. It was
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noted that the savings achieved were not limited to peak events, but instead tended to be
distributed somewhat evenly across time.

Daily/weekly feedback. A total of 15 studies were involved and reviewed concerning the
provision of daily/weekly feedback. The savings represented with this type of feedback ranged
from 3.7 to 21%. Energy savings varied greatly from 4% in an early study of the effect of daily
cost feedback on residential electricity consumption to 21% in a complex Finish study (Haakana
et al., 1997) of 105 district heated, single-family houses. Savings of 10% or more were reported
by roughly two-thirds of the studies using this type of feedback and among those the higher level
of savings was mostly from combined multiple approaches.

Study example 1. The Finish study (Haakana et al., 1997) provided targeted feedback to
households involved in the program, including historical and social comparison. In addition,
households were given additional household related energy saving tips.

Study example 2.Hayes and Cone (1997)achieved energy savings of 18% by combing a
price rebate scheme with the feedback.

Study example 3.Brandon and Lewis (1999) achieved 12% savings through a program
that included the use of comparative and historical norm.

Study example 4.In a California study of nearly 1000 households, Nolan (2008) received
savings of 10% through the use of descriptive norms. Results show that normative messaging
can be a powerful persuasion lever, but its influence is under detected according to the findings of
the study.

Study Example 5.Another study by Winett (1982) combined goal setting, commitment,
modeling, information and feedback, which resulted in 15% electricity savings on an average
among the participants.

Notably, pilots and programs that used daily/weekly feedback mechanisms have typically
relied on relatively low-tech means of implementation. Of the studies reviewed, most relied on the
use of feedback cards, door hangers and other hand written methods to inform participants of

their energy consumption patterns and savings. These strategies have been labor intensive and
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difficult to scale up. However, more modern, higher-tech applications are possible and could
provide the opportunity for significant savings on a large scale without the use of in-home
devices, for instance, using web-based technologies to communicate weekly or daily energy use
information. The prior studies suggest that this type of feedback maybe especially effective at
catalyzing household energy management associated with heating and cooling, water heating
and other large energy uses.

Aggregate, real-time feedback. A total of 23 feedback studies were involved in the
application of real-time aggregate feedback, which represented 47% of all the feedback studies
reviewed. Energy savings associated with real-time aggregate feedback varied widely, but
typically fell between 0.5 to 18%. Some of the program methods and their observation used for
the studies of this feedback type were as follows

Study Example 1. A study where an energy efficient home was involved, the authors
concluded that the savings achieved through feedback were behavioral change and that behavior
can result in significant savings (McClelland and Cook, 1979). In-home energy monitors were
used in this study.

Study Example 2. A study used an outdoor device that notified participants when the
outdoor air temperature fell below a temperature threshold, promoting customers to turn off their
air conditioning. This simple feedback resulted energy savings of 15.7%(Seligman et al., 1978).

Study Example 3. A study found that people with favorable attitudes were likely to
conserve more energy savings, while senior citizens were likely to conserve less. The study used
Blue Line Power cost monitors.

Study Example 4. A study resulted savings as a result of program that combined in-home
monitoring devices with a pay-as-you-go program(Pruitt, 2005). The study used SRP M-power
monitor in 2600 Arizona households

Study Example 5. In a dorm study, dorms that received weekly feedback in conjunction
with competitions revealed a savings of 32% and dorms that received real-time feedback in

conjunction with competitions revealed a savings of 55% (Petersen et al., 2006).
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Study Example 6. A study that focused on reducing peak demand and participating in the
time-of-use pricing structure did not result in any savings, but did contribute to shifting use from
peak to off-peak periods. The study's focus on peak load shifting resulted in an overall increase in
household energy consumption, i.e. 5%(Sexton et al 1987). A more recent study used both
critical peak pricing and peak time rebates, and the peak savings ranged from 17 to 33% across
study groups, however total savings were only 0.5%. Feedback applied to peak load shifting
tends to result in less overall energy savings.

Disaggregated, real-time feedback. Only 5 studies focused on the provision of
disaggregated, real-time feedback out of the 57 reviewed. Except for one study, which did not
have any reported savings, the rest reported overall savings of 9 to 18%.

Study Example. One of the studies of real-time, appliance-level feedback in the UK,
tested for the effects of both the feedback and energy information when compared to the control
group. Households that received the 'Energy Consumption Indicator,' i.e. the feedback, saved
more than the control group. Households that received feedback with information had a higher

energy savings compared to the households that received information only.

Summary of energy savings comparison by feedback type. A comparison of
feedback induced energy savings by type of feedback is provided in Table 3. As shown, median
household savings varied from 5.5% for programs that employ enhanced billing strategies to 14%
for those that provided real-time feedback disaggregated by energy use. While aggregate, real-
time feedback has recently gained much popularity, evidence from the field suggests that this
type of feedback tends to generate modest levels of household energy savings. While these
differences between feedback types are important, it is equally important to note the significant
variation between each of the feedback categories. This variation suggests that while the type of
feedback is important, other less prominent variables are also equally important in shaping
feedback-related savings. Those other variables are motivational elements and other program

design characteristics like study size, study duration and regional context and culture.
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Table 3.

Average and median household energy savings by feedback

Number of Studies Range of Savings Average Savings Median Savings
Type of Feedback # Y% Y% Y% Y%
E:‘e'g‘;;gg 3 5% 51 -85% 6.8% 6.8%
Real time Plus 5 11% 9.0 - 18.0% 13.7% 14.0%
Enhanced Billing 11 19% 1.2-10% 5.2% 5.5%
Daily/W eekly 15 26% 3.7 -21.0% 11% 10.8%
Egegr'eggg 23 39% -5.5 - 32.0% 8.6% 6.9%

Motivational elements and energy savings.Many research papers suggest that non-
economic factors can provide an important source of motivation for energy savings in a
residential sector. Despite the growing recognitions of these factors, only 18 studies of the 57
used non-economic factors in the study design. Four of them used goal setting, two of them used
competitions and 14 attempted to apply social norm research.

Goal Setting. One of the types of motivational elements is goal setting. Some project
examples are illustrated below.

Study example 1.0ne of the studies (Seligman et al., 1979), which investigated the
impact of daily/weekly feedback with goal setting, hypothesized that difficult goal setting was
more impactful compared to easy goal setting. The results were that the only group, i.e. the
difficult-goal-with-feedback-group revealed significantly lower energy consumption compared to
the control group. In addition, the two groups that received feedback saved significantly more
energy that the two groups that did not receive feedback

Study Example 2. Another study (Winett et al., 1982) using daily/weekly feedback
proposed a15% reduction goal setting by asking the residents to sign a form indicating their

commitment towards the goal. The study was successful in generating 17% energy savings.
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Study Example 3.Van Houwellingen (1989) studied the effects of aggregate, real-time
feedback that revealed the benefits of goal setting used in conjunction with the feedback.
Households with in-home displays exceeded their energy savings goals. Houses that received
monthly feedback fell short of the goal, but reduced their energy consumption, and households
that self-monitored had the least energy reductions.

Commitment and competitions. This is another motivational element that can be
induced in a feedback program. Only two of the present 57 studies that were reviewed, employed
these strategies as part of the overall program design.

Study example. Peterson's (2007) study in Oberlin University, of feedback-induced
energy savings in college dormitories, incorporated the competitive element. The competition
resulted in 32% electricity savings. A post-intervention survey found that students were highly
motivated, holding planning sessions, as well as email-based discussions, to brainstorm ways
they could lower their resource use.. It was reported and concluded by the authors that the
challenge itself and the social interaction involved in meeting the challenge were maybe more
important forms of motivation than the reward offered for the winners of the challenge.

Social norms. The third type of motivational element is using social norms. One quarter
of the feedback studies reviewed in Ehrhardt, Donelly, and Laitner (2010) attempted to capture
the powerful influences of social norms to help residential energy consumers reduce their energy
consumption. Many of these interventions were associated with OPOWER and their
collaborations with various utility companies.

OPOWER's approach provides households with monthly Home Energy Reports that
include both targeted and contextualized information, i.e. historical energy consumption, semi
tailored energy saving tips, and information concerning the energy consumption patterns of other
household similar to their own. The third provides the households with social or normative context
with which to compare and assess their personal energy use patterns.

Study example 1. OPOWERS's first intervention was in 2008 with the Sacramento

Municipal Utility District (SMUD). The SMUD intervention was very large, involving 85,000
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California households. Subsequent interventions in Minnesota and Washington also involved
large samples. In all three cases, households in the intervention group received normative
information in addition to feedback and energy saving tips, making it impossible to separate out
the unique contribution of the normative information. However, a comparison of the intervention
and control groups revealed savings of 1.1 to 2.5% among households receiving OPOWER's
Home Energy Reports.

Study example 2. Another Study by Nolan et al. (2008) reported that the normative
messages motivated people to conserve more energy than did the control message or other three
messages that contained more traditional types of appeals, which were either to protect the
environment, benefit society, or save money. The normative messaging was shown to achieve
energy savings of 10%.

Study Example 3. In a similar study by Schultz et al. (2007), households in the treatment
group were given handwritten door hangers with information on how much energy they used, as
well as descriptive normative messages regarding electricity use and energy saving tips. The
second group also received a smiley face to communicate approval or disapproval (the injunctive
norm). Households within the first treatment group experienced an overall decline in electricity
consumption of 5.7%. However, in the absence of injunctive norms, households that were initially
consuming below the average experienced a 7.9% increase in consumption. Notably, however,
when the injunctive norm was added to the door hanger, low energy consumers maintained their
low levels of consumption.

Sample, size, study duration and persistence of energy savings. These are other
program variables where the effectiveness of the energy use feedback is likely to be impacted by
and in turn the energy savings.

Sample size. Study size can be can measured in two ways: total number of study
participants (i.e., including control group participants) and the number of study participants
receiving feedback. Both measures were taken into consideration. Among the 57 studies, most

of the studies had between 60 and 600 participants with a median study size of 189 households.
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In the case of feedback participants, the vast majority of studies provided feedback to fewer than
700 households. The median number of households receiving feedback was 105.

Study size has important implications for feedback-related energy savings. As shown in
Table 3, studies with larger feedback sample sizes (100+ participants) show lower levels of
feedback-related energy savings compared to smaller feedback sample size(<100). According to
the review by Ehrhardt, Donelly and Laitner (2010), the large sample studies had average
savings roughly 6.6% compared to average savings of 11.6% across small-sample studies.
Typically, findings of larger studies tend to be more generalizable to the larger population. These
are relevant to the efforts aimed at estimating the potential scope of feedback-related energy
savings.

Study duration and persistence. Most studies from the 57 studies lasted between two
and twelvemonths with a median study duration of six months. A review of the relationship
between study duration and feedback related energy savings revealed that average energy
savings were higher for shorter studies than for longer studies as shown in Table 3.

While this finding suggests an inverse relationship between study duration and energy
savings, there was evidence from 27 studies (Ehrhardt-Martinez et al., 2010) that attempted to
measure feedback effect persistence suggest that the feedback-related savings are often
persistent.

Research examples of persistence and feedback frequency. According to Darby (2006)
and reinforced by several other studies, persistence of savings may rely on the continued
provision of feedback. Alcott(2009) found that there was some decay in the energy savings for
the households receiving quarterly reports. However, this decay was not found for households
receiving more frequent monthly reports. Similarly, in a twelve-month study of the effects of real-
time feedback in the Netherlands, van Houwellingen et al. (1989) found that in-home displays
were highly successful in reducing energy consumption. However, when the energy monitors
were removed from the households following the 12-month intervention period, energy savings

did not persist.
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In order to resolve this question, it was suggested that future feedback studies should
provide feedback over a period of at least 24 months and report on the related savings over

several time periods while controlling seasonal variations in the end use demands.

Distribution of Studies by Duration

12 q 44% of stuches are longer than 6
10 months, 29% are one year of longer
10 T—s ] 56% of studies lasted
for 6 months of less 8
81 7 7

il

Tmonth =2 7-12 1year >1year >2
orless months months months months months months years

Number of Studies
o

Note: two studies did not report study duration and are not included in this chart

Figure 4.Distribution of Studies by Duration, Ehrhardt, Donelly, Laitner (2010)

Intersection of Contextual and Program Variables

This section summarizes the bivariate relationships between energy savings and
feedback type, program characteristics, regional context, study size and study duration.

Feedback type. The energy savings vary greatly across the feedback types with more
than 10% savings coming from Daily/Weekly and Real Time Plus.

Region. The effects of feedback are also expected to vary by regional context (as shown
in Table 3) since social, cultural, political and structural differences associated with these regions
are likely to influence feedback-related energy savings.

Era. The older studies performed during the Energy Crises Era, i.e. prior to 1995,
achieved higher levels of feedback-related energy saving compared to the newer studies
performed during the Climate Change Era.

Size. As pointed out, earlier studies with larger samples (100+) showed lower levels of
feedback-related energy savings compared to the smaller sample size studies. These findings

are relevant to the efforts aimed at estimating potential feedback-related savings.
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Study Duration. As discussed before, energy savings also vary as a function of study
duration. Longer studies (>6 months) tend to achieve lower rates of household energy savings
when compared with shorter studies (<6 months). The review by Ehrhardt-Martinez, Donelly &
Laitner (2010) found that average household energy savings for longer studies were on the order
of 7.7% while savings for shorter studies averaged 10.1%. This discrepancy is likely a reflection
of study design decisions associated with the shorter studies, which are often performed during
summer months when electricity consumption is at its highest.

Table 4.

Intersection of program variable. (Ehrhardt, Donelly and Laitner, 2010)

Number of
Studies Range of Average Median

# % Savings Savings Savings
Type of Feedback
Enhanced Billing 11 19% 1.2-10.0% 5.2% 5.5%
Estimated Feedback 3 5% 5.1-85% 6.8% 6.8%
Daily/Weekly 15 26% 3T7-21.0% 11.0% 10.8%
Real Time Aggregate® 23 40% -55-320% 8.6% 6.9%
Real Time Plus 5 9% 9.0-18.0% 13.7% 14.0%
Region
United States” 33 58% -55-32.0% 8.8% 8.5%
Canada® 9 16% 0.0-18.1% 7.3% 6.5%
Europe 13 23% 50-21.0% 10.0% 8.5%
Other 3 5% 37-12.0% 8.2% 9.0%
Study Era
Old—Energy Cnsis Era 21 37% -5.5-21.0% 10.3% 11.0%
New—Climate Change Era 36 63% 0.5-32.0% 8.2% 6.9%
Study Size
Small (<100) 28 49% -55-32.0% 11.6% 12.0%
Large (100+) 29 51% 0.5-12.8% 6.6% 6.0%
Study Duration™
Shorter (= 6 months) 31 57% 0.5-32.0% 10.1% 9.3%
Longer (= 6 months) 23 43% -5.5-21.0% 7.5% 7.2%
Total | 57 | 100% | 55-320% | 91% | 85%
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Combined Impact of selected program variables on energy savings. Summaries of
energy savings based on study size and duration, feedback type and study size, feedback type

and study duration are shown in Table 5, Table 6, and Table 7 below, respectfully.

Table 5.

Energy savings by study size and duration (Ehrhardt, Donelly & Laitner, 2010)

DURATION
Short (<6 months) 13.3% 13.0% 18 6.6% 6.0% 13 10.1% 9.3% 31
Long (>6 months) | 8.7% 7.2% 9 67%  63% 14 77%  7.4% 23
Total | 1186% 120% 27 66%  6.0% 27 9.1%  85% 54
Table 6.

Energy savings based on feedback type (Ehrhardt, Donelly & Laitner, 2010)

Enhanced Billing 7.5% 5 3.8% 6 na. 1 5.2% 10
Estimated Feedback na. 0 6.8% 3 na. 0 6.8% 3

Daily/Weekly 12.1% 10 8.4% 5 12.4% 10 8.7%

Real Time Aggregate  7.8% 5 9.2% 18 10.7% 12 6.7% 11
Real Time Plus 12.9% 1 12.0% 4 12.2% 5 n.a. 0

Total 10.3% 21 8.2% 36 11.6% 28 6.4% 29

Table 7.

Savings based on feedback type and study duration (Ehrhardt, Donelly & Laitner, 2010)

Enhanced Billing . ¥ 2 8
Estimated Feedback 6.8% 6.8% 3 n.a. n.a. 0
Daily/Weekly Feedback 10.1% 10.3% 13 16.5% 16.5% 2
Real Time Feedback 11.5% 7.7% 9 7.3% 7.0% 12
Real Time Plus 12.2% 12.5% 4 n.a. n.a. 1
Total 10.4% 9.6% 31 7.5% 7.2% 23
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Residential Feedback Technologies

This part of the literature discusses the different residential sector feedback technologies
and their potential role in empowering consumers, facilitating new, smarter energy-use behaviors,
and reducing residential energy consumption. First, the bigger picture is described, i.e., the smart
grid, which further breaks down to different types of feedback and automation technologies,
starting with utility feedback approaches, specifically advanced metering systems. The non-utility
technology feedback and automation solutions are then explored after which home automation,
focusing on do-it-yourself, is discussed.

The Smart Grid is generally the system that delivers electricity to the specific end-use,
including electricity, generation, transmission lines and distribution systems. The smart grid can
even include smart appliances, feedback displays and other devices operated inside the
consumer's home. According to U.S. DOE, definition of smart grid it includes the follow:

e Integrated, open architecture, real time communications for information and control

e Sensor, measurement and interface technologies for monitoring, feedback, time-of-use
(TOU) pricing and demand side management

e Advanced components such as superconductive transmission lines, storage, power
electronics and diagnostics tool.

e Control and monitoring methods (DOE, 2009)

Inside the residential consumer's home, feedback and automation technologies can be
used to involve the consumer in managing their energy use. Ehrhardt-Martinez, Donelly & Laitner
(2010) discuss the potential impacts of the feedback and automation technologies and services
currently available to the residential consumer on an analogy based on an onion where it is

divided into three layers or parts: indirect feedback, direct feedback, and home automation.
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Indirect Feedback (after consumption)
Utility Delivered
Layer 1: Utility Bill or Website

Vendor Delivered
Layer 2: Whole-Home Information

Layer 3: Deeper Contextual
Information (Statistical Analysis)

Direct Feedback (real-time technology)
 Layer 4: In-home Energy Display
\uywt “Smart” Devices
6: Disaggregated and
\c":'mmm
- Automation Layers
Core: Whole-Home Automation:

Complete generation, home energy
management, storage, etc.

Onion Photo: © Justin Smith | Wikimedia Commons, CC-By-SA-1.0

Figure 5. The layers of energy feedback technologies (Ehrhardt-Martinez et. al., 2010)

Indirect feedback is feedback provided after consumption and comprises the outermost
three layers of the illustration above (see Figure 5). It includes enhanced billing with specific
household information and advice, estimated feedback that uses statistical techniques to estimate
total household energy usage based on a customer's household type, appliance information, and
billing data, and daily/weekly feedback that uses real-time energy use measures gathered by a
utility or third party and presented to the customer via the web, e-mail or mailed reports.

Utility-provided indirect feedback represents the current monthly utility bill, as well as
existing and proposed advanced metering installation that provide consumers with limited Indirect
feedback. Although it is capable of providing energy feedback and management services to
residential consumers, this far, advanced metering systems are being underutilized in almost all
cases.

Technology and CostAn example of utility-provided indirect feedback is Automatic
Meter Reading (AMR) technologies that record interval meter data (e.g., hourly, daily, or monthly)

of whole-home electricity (or natural gas or water) use and transmits a one way radio (or other
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network) signal that utilities can access using a drive-by or walk-by meter reading system. There
are also newer advanced which use two-way communication between meter and utility, meaning
the can remotely read ,meters, as well as provide price and supply condition information to
enable the consumer to react. Although it is technically feasible, only in very limited cases do
advanced meters provide communication directly to the consumer via short distance wireless,
broadband, cell phone, short range radio and home power lines (Frost and Sullivan, 2007).

The total costs of one-way meter varies from $85 to $100 and the installation of two-way
advanced meter may cost up-to $120. A total system including the meter and utility
communication, controls, computers, software systems as well as installation would cost $150 per
household.

Effectiveness. This kind of feedback available to today's households by utilities
represents the least-effective form of feedback to the consumer, and does not motivate
consumers to reduce energy consumption.

Vendor provided indirect feedback. The next two layers represent the different types of
indirect feedback, including aggregate or whole-house feedback as well as appliance and end-
use disaggregate feedback (e.g., estimated appliance-specific, historical comparison, social
comparisons, etc.). These types of feedback are provided by means of web-based presentations
and utilize a variety of data sources including electric utility data and other existing types of data
(e.g., assessor parcel maps, home audits, census, etc.). It delivers processed feedback on the
consumer's computer, smart phone, iPad, etc. There are numerous service providers that
leverage existing data to provide personal and social contextual feedback. Table 11 describes
three such companies that provide behavioral-focused indirect feedback to residential energy

consumers (after consumption with no automation).
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Table 8.

Vendors providing indirect feedback of utility data (Ehrhardt-Martinez, Donelly and Laitner, 2010)

Company Feedback Behavior Principles Maturity
Technology
Feedback Type: Indirect including:
Depending on utility, Household information and advice, web-
send monthly or based energy audits, billing analysis,
OPOWER quarterly m_ailings, estimated appliance-specific, CO2, kWh, & $. Growth Stage
and/or provide Web
site with newly forming | Behavior Principles: Social Comparisons,
social networks. Goals, Personal Comparisons, and Action
Steps.
Feedback Type: Indirect including:
Household information and advice, web-
Efficiency 2.0 . . based energy audits, billing analysis,
\?\?ectlglitgo\:;{?gr:ggy estimated appliance-specific, CO2, COs,
kWh, $, and other units. Start-Up
and water
consumption feedback. Behavior Principles: Social Comparisons,
Goals, Competitions, Social Networks,
Personal Comparisons, and Action Steps.
Feedback Type: Indirect including:
Google.org Household information, estimated household .
X ) : Established
PowerMeter on and monthly bill, estimated appliance-
L ) . start-up for the
Google.org Website, including specific. Google
Google social f
networks. Behavior Principles: Social Comparisons, PowerMster
Goals, and Personal Comparisons.

Technology. Indirect Feedback is primarily derived from monthly utility data or in very
limited cases more frequent advanced metering interval data. Several vendors use statistical
software algorithms to analyze existing data and user inputs to provide deeper knowledge. These
vendors mostly communicate feedback to households over the Internet, although several have
mobile phones, TV, and other enabling-technology applications. Many indirect feedback vendors
can add enabling technology to the solution, such as energy displays and smart appliances.

Feedback and behavior. Web based software vendors provide the following.

Learning by doing. Basic energy consumption and energy cost information, where a
person learns by doing. For example, a person first learns the cost of running the air
conditioner(through feedback) and then decides to set back the thermostat.

Contextual Information. Some deeper personal and/or social contextual knowledge
through the framing of the data. This second type of feedback provides contextual information

about energy use patterns of other households so as to provide contextual information about
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energy use patterns of other households so as to perform relative to other people in similar
circumstances. Thus the Web interface enables contextual learning, allowing users to dig deeper
into their energy consumption patterns.

Last 3 Months Neighbor Comparison | You used 15% MORE electricity than your neighbors.

HOW YOU'RE DOING:

EFFICENT -
NEIGHBORS 968 kwh
You used more
ALL NEIGHBORS 1,826 than average
You 2,106 Tum the report ove

fo find ways to save

* KWh: A 100-Watt bulb buming for 10 hours uses 1 kiowatt-nour.

Personalized O Maintain your air 0O Cool your home with a Onstall a ceiling fan
Action Steps conditioner whole house fan

Figure 6. Example feedback: social norms and action steps (Kavazovic, 2009)

M)" Savings Plan (Google PowsrMeter: Energy User's Home S E
Electricity used Sep 30-Oct 1
Show Sorted by: ’ $/ House, Reak tme ~
want to save § (50 Purchases & Recommended 51 you Duy Wesk Morh
aach | Month i Doilars Saved G
Clean window AC [C3rbon $13
Nat. Cas Saved
at | Medium 8 cost Fuel O Saved
Propane Saved .
_— Buy an efficent difigiectricity Saved $6.17
fype Ay ! Casoling Saved
Warer Saved
ol
natall & lotchen s> ont Costs 59 37
Ex t " Payback Perod 20 . Tht Oet 1
= c ea pl.l'l um'nu“qh e;m:l‘::q
85y Appron. A28 year
Use a low flow showerhead 34
Edit plan - : Compared to others
o Oct
LEre
Use smarisirips for pluge $28 - B ]
O 220% .
890 Compared to past usage
You save 10% more energy than your nesghbors 1% wnder axpecied Laage for Thurdey
ETHCTTIE NN oo
My actions cut my energy  uy suumas 497w -_faI
use by 22.0% and save i I
me $890 yearly Senrce Omcuss Hek

Figure 7. Efficiency 2.0 Savings Plan: information, goal setting and feedback (Ehrhardt-Martinez
et al. 2010)

Figure 8. Google.org Power Meter example

Companies that provide indirect feedback offer evidence that post-consumption feedback

can be provided with existing technologies and using existing data. (e.g., Google.org is training
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the TED 5000 to recognize energy signal patterns and correlate them with appliance-specific
usage). These indirect web interface feedback approaches do not require any additional
advanced metering hardware. These types of feedback can enable residential consumer to
choose which energy-saving actions to take as the scope of behaviors they engage in.

Direct feedback, the middle three layers, provides energy use information at the time of
consumption (or shortly after consumption) and include real-time feedback, appliance-specific
real-time feedback and simple automation.

Real-time, direct feedback provides a wide range of contextual knowledge to users to
learn by doing as well as through the provision of more tailored and socially relevant feedback. In
this case, the user receives immediate appliance specific feedback that allows them to learn
about energy in an incremental fashion. A few examples of in-home energy displays are shown in

Table 9 below.

Table 9.

In-home energy display device examples (Ehrhardt-Martinez, Donelly & Laitner 2010)

The Energy Wattson PowerCost Monitor Efergy Elite
Detective TED 5000 (WiFi edition due mid-
2010)

a3 B02n
2 i yinie
lﬂm‘;
- = Display, Supportive : :
Description Alhe Holmes and 20TEN bk Ry
Applications s Applications
Communities
Displays real-time kKW - Displays near real-
e 2 Displays near real- : =
$;_’hr_, F:Oz, da”‘-“.’ kWh and time usage in W, kW, Displays near real-time time in kW and $/hr
$; billing cycle in kWh, $, : ! (6,12,0r18 s
e TN and estimates bill. 3 (30 s) IfW and $/hr, peak readings), hourly
Feedback gnd ro'e’cted s anld to 20 s readings. usage in last 24-hrs, dail weékl !
Mechanisms demgnc{ Visaable Glows by usage: counting kWh (reset), mor\{t?hl anzl
Seconds-, minutes, hours, bt"relzég":"'em e ?:aﬂ?gce AnEasreTicn averagipinformation.
days, months. Alarm: red p E 5 ge, ) Alarms for high
flashing light, beep. red=high. usage.
Feedback Types: Feedback Types: Feedback Types:
Direct including: Household feedback and advice, | Direct: Household feed- Direct: Household
Consumer web-based energy audits, billing analysis, back, billing analysis, information, billing
Behavior estimated appliance, COz, $. est. appliance, COa2, $. analysis, Elec_, $.
Principles Behavior Principles: Behavior Principles: Behavior Principles:
Social Comparisons, Goals, Personal Goals and Personal Goals and Personal
Comparisons, and Action Steps. Comparisons. Comparisons.
$239.95 (& up for addl.
Cost circuit sensors and/or £99.95 (UK only) $250 £39.95
solar/wind connections)
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Technology. There are numerous energy displays in market that contain some
combination of the standard features as shown in Table 9, with most of them being similar to
Efergy device. In most cases the data are sent from the home's main circuit panel there they are
measured using two to three current clamps that around the home's electricity mains. The Energy
Detective (TED 5000) can monitor up to 220 Volt or eight 110 Volt circuits or separate consumer
appliances and devices. It is sensitive to as little as one watt of electricity consumption. This
means, the device can provide circuit level data, so it is conceivable that one would know how
much electricity one is using in the kitchen, family room, bedroom or anywhere else, thereby
providing more specific feedback. Communication ranges to the display vary from 30 to 70
meters depending on the home's signal obstructions. Data storage capabilities also vary greatly
and are dependent on the number of on-board components. Storage varied as low as 28 days as
in case of Wattson and as high as 10 years worth of data like in TED. Other features also vary
greatly in terms of display presentation. For example, the Efergy and Wattson provide simple,
easy to read displays, while TED 5000 includes web, mobile, and stand-alone display
technologies that can coordinate with the complete home generation and automation network.

Feedback and Behavior. The application of consumer behavior principles varies widely
by energy display. For instance, some devices display information in ambient ways through colors
and alarms and some provide indirect feedback through websites or on digital TV. At a minimum,
all feedback devices provide household level information, some billing analysis and estimated
usage for some period of time. Most of the stand alone displays show energy consumption while
other displays provide information on energy related carbon dioxide emissions, voltage, peak use,
and other measures. Additionally energy displays are programmable for various rate structures.
In some cases, displays and supplemental web software packages provide additional personal
social contextual information, including household baseline energy use information, energy use
trends, projections, alarms and goal tracking. Some other displays like Wattson provides social
comparison to potentially help consumers gauge their own consumption patterns. Some devices

are increasing their product flexibility for instance the WiFi edition of the Power Cost Monitor will
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have an open platform for certified apartments to build Web and mobile phone applications. The
goal is to enable access for the consumer to their data.

As with all other types of feedback, the effectiveness of the energy displays will be highly
dependent on the design of the technology and associated application. Consumer engagement
will likely vary by the number of behavioral principles incorporated into the design. Future
technology assessments based on user experience will be needed to determine actual product
effectiveness.

Direct feedback and automation with "smart" devices. The next layers consist of
energy efficient and "smart" (automated) appliances that can provide direct, real-time plus
feedback and include appliance-specific information as well as automation. Another critical
feature of these smart devices is their capability to receive pricing signals and utility load control
in some cases. A broad range of feedback, behavior, and automation devices and appliances are
available and described in Table 10. Most of these devices can be classifies as do-it-yourself
(DIY). It includes sensors (measurement. diagnostics, automation), in-home energy displays,
programmable communicating thermostats (i.e., smart thermostats), smart plugs, lights and

appliances and utility load control devices.
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Table 10.

Automation, settings, user behavior, and cost for "smart"” devices (Ehrhardt-Martinez et al., 2010)

oL sl e RBQUAar ?i::i:: and "Smart” Examples | 2010 Cost Range
Attributes behavior PP P 9
Examples
Low Us:r;;;g;ed;z:tiar; of Grill, Stove, Oven,
automation P iy al ’ dd 9 Simple Thermostat, Dimmer Light $10 to $70
Many settings easily altered during Iron, VVacuum
operation. ’ )
User required for Smart Qutlets and

Low ) operation. Simple PC, TV, Light, Oven Lights $15 10 $150
automation automation (turns off hood
Few settings when not in use). Smart Power Strips $25 to $200

' User not required during Smart (two-way) $175 to $250
High : . . . Thermostats
automation operation. Difficult to Washing Machine, -
Many settings change settings, causes Dryer, Dishwasher Energy Displays $100 to $250

Y ¢ interruption of operation. Smart Appliances Near-term Market*
User not required during Coffee Pot, Heater, Utility Load Control
High operation. Settings Air Conditioner, Devices $15t0 $150
automation easily altered during Freezer, Refrigerator, )
Few settings operation and rarely Pool Pump, Water | Sensors/Networking $7 to $150
need changed. Heater Chips

*This is accomplished today using smart outlets and network chips.
Source: Builds upon Wood and Newborough (2007b).

Technology and cost.The data in Table 10 reflects a general behavior framework as
developed by Wood and Newborough (2007b). The framework can be used to categorize
different appliances by the degree to which their attributes are automated and the complexity of
settings. (Wood & Newborough, 2007b)The costs of consumer-purchased enabling technologies
vary widely and are related to the complexity of the automation features.

Although, it is still an early adopter market, do-it-yourself and third-party installer home
automation devices are expected to grow considerable, especially given its ties to the other home
automation market segments. At the core of the illustration in Figure 5, Home Automation
represents whole systems that include the highest level of real-time feedback, home automation
and sometimes energy generation and storage systems.

Direct feedback and automation using home networks. This sub-section is the inner
core of the onion and is a combination of the six outer layers, including indirect and direct

feedback, as well as energy-efficient technologies and automation enabling-technologies.
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The Energy Detective (TED)

Based on the previous section’s discussion about indirect, direct & home automation, the
TED device was selected for the present research due to following reasons.

Technological features. The TED device is noted to have a greater level of resolution,
detecting changes of as little as 10 watts, while the devices like Power Cost Monitor (PCM) is
unlikely to detect changes below 300 watts. The PCM does not have the advantage of wireless
portability like TED which transmits data from gateway to the display wirelessly, though TED does
requires connection to a wall outlet to receive a signal from the transmitter through the power-line.
The TED has been utilized for several pilot programs and has shown a high degree of
effectiveness and consumer engagement. It has ability to provide energy feedback through web,
mobile and stand-alone display technologies, It has a large internal memory compared to other
devices — due to which it can store up to 10 years of data.

The Energy Detective 5000 (TED 5000) is an in-home electricity designed for home
owners. This interactive energy management system provides the residents with instant electricity
updates, in both kWh and customized dollar amount. Appendix B describes the features of the
device that will help in understanding its capabilities with respect to providing real-time feedback

to the participants of the study.

Pilot Programs

Four pilot studies using different types of feedback interventions are reviewed in this
section. The pilot studies were Hydro-One, Oberlin Homes, Sacramento Municipal Utility District
(SMUD)and British Columbia (BC) Hydro. The project year, duration, methodology and outcomes
are summarized below for each pilot to compare the effects of different technologies on energy
consumption and participant behavior.

Hydro-One. In 2004, Hydro-One provided 500 Power-cost home energy monitors to
homes in Ontario, Canada. These homes were monitored for 2.5 years, and demonstrated

around 6.5% energy savings. The project had three distinctive objectives,
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¢ To determine whether provision of a real-time feedback device is sufficient to empower
residential customers with the information needed to reduce their electricity consumption,

e To establish whether the use of this type of device can help customers save money and
assist in promoting a “conservation friendly” culture, and

e To assess whether real-time feedback is effective and to determine, from change in
usage data, if behavior of the participants could be quantified as energy savings.

The program methodology, behavioral, and energy savings are summarized in Appendix A,

Table 44.

Oberlin homes. This study investigated whether continuous feedback was effective in a
residential setting. The study explored the effects of socioeconomic status and household
characteristics on conservation practices and energy use consciousness. Ten households were
randomly invited from a 60-household survey to receive a digital electricity monitor called The
Energy Detective (TED). Surveys, utility bill records, semi-structured interviews with these
households, and the effectiveness of the monitor in each household were examined in this study.
The program methodology, behavioral and energy savings are summarized in Appendix A, Table
45.

Sacramento Municipal Utility District (SMUD). Indirect feedback in the form of
OPOWER's electricity use reports, lowered electricity demand by 2% amongst SMUD customers.

A powerful finding from behavior science is at the core of this program; individuals are
motivated much more by their perceptions of what other people do and find acceptable than they
are by other factors such as the opportunity to save money or conserve resources, contrary to
even their own perceptions of motivation. The program methodology, behavioral and energy
savings are summarized in Appendix A, Table 46.

BC Hydro. BC Hydro has found the use of personal commitments, incentives, and online
information tools to be an effective means to drive behavior changes. The Canadian utility has
enrolled more than 60,000 customers in the first few months of this effort. The program

methodology, behavioral and energy savings are summarized in Appendix A, Table 47.
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Literature Review Summary and Conclusions

Three research papers were looked into in particular, which are: 1) Sarah Darby's (2006)

"The Effectiveness of Feedback on Energy Consumption. A Review for DEFRA of the Literature

on Metering, Billing and Direct Displays', 2) Corinna Fischer's (2008) 'Feedback on Household

Electricity Consumption - A Tool for Saving Energy?' and 3)Wokje Abrahamse's (2005) 'A

Review of Intervention Studies Aimed at Household Energy Conservation'. These papers have

reviewed several other field studies and research several. The conclusions derived from all these

are studies are as follows.

The type of feedback is likely to play an important role in determining the subsequent
levels of household energy savings for instance Darby (2006) through her research
concludes that direct feedback has a higher potential of resulting in energy savings
compared to indirect feedback.

People would learn and benefit better if feedback is provided in conjunction with
advice and information since understanding of consumption related feedback to
achieve savings is important. Feedback devices, computerized and interactive tools
are found to engage users in energy saving behaviors, though technology alone
cannot benefit. Their understanding is important as well.

Having user-friendly display for instantaneous feedback as part of new meter
specification which would not only show historic feedback and expenditure but also
display information on tariffs and carbon emissions

The nature and frequency of feedback, study design, and sample size all create
challenges in drawing conclusions. All the three papers have concluded that giving
feedback frequently and over a long period improves its effectiveness.

The ability to give appliance-specific information is helpful.

Information tends to result in higher knowledge levels, but not necessarily in

behavioral changes or energy savings.
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e Rewards effectively encouraged energy conservation, but are rather short-lived
effects.

e Shortcomings related to either program study design and/or its evaluation need to be
addressed before hand. Feedback interventions needs to be studied, planned

properly and their effectiveness should be further examined

Lessons Learnt from Literature and Pilot Programs

Sample size. A sufficiently large sample population with adequate segment
representation will lead to more robust and flexible analytics. It will allow necessary precision and
confidence in drawing conclusions about specific sub-segments of the population.

Control group. Incorporate a control group that is representative of the underlying
population (SMUD). A well-designed experiment incorporating representative control and test
groups will lay the foundation for definitive comparisons in later analysis. Studies that rely on
comparisons to historical performance introduce a significant number of variables for which it may
very difficult to control. A robust design with test and control groups will allow for comparison of
two equivalent populations that were subject to identical environmental factors

Analysis/Evaluation.All the key variables such as weather, demographic factors and
appliance installations or changes in the residence need to be accounted for and controlled in the
analysis. (Hydro One).

Feedback monitors. Some learning, observations & possible suggestions related to
feedback monitors as per the past research and studies are as below

Technical related issues. There is a possibility of potential technical issues after the
installation of the feedback monitors. For example, in the NSTAR pilot of the 33 % customers
who had stopped using the PCM 40% indicated the reason being the improper functioning of the
PCM. Validating the functionality of new technology can avoid headaches down the road. There
is a need to run new technologies through user acceptance tests to identify potential technical

issues. Making sure technologies worked as anticipated will avoid any potential for customer
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satisfaction issues. Running a test pilot could help understand these technical issues before
starting the actual study.

Real-time feedback information. An increase in sophistication of real-time feedback
technology does not corresponded with an increase in measured energy savings. As seen in the
case of the Oberlin homes pilot study the users indicated usability problems with The Energy
Detective (TED) device. It is the presence of the information itself, not its presentation in a more
salient, graphical format, that causes the behavior change.

Also there is a need to extend the functionality of the in home display device. Software on
the device can disable or enable the entertainment functionality based on a user’'s energy
consumption performance. Given that the user also gets the benefit of viewing photos, videos, or
listening to audio files, they are more likely to interact with the energy feedback as well

User's compatibility with intervention. Ensure that the solution is well suited to the
customer population. Several utilities have run into trouble with customer acceptance of different
interventions. Many of the program participants recruited struggled to understand the operation
and functionality of the wireless handle monitors. As a result of these user acceptance issues,
there has been little impact on behavior change and energy savings.

Feedback related learning. There were various findings and learning related to different
types of feedback, its effect on savings, its effectiveness with other program variables and its
conjunction with other motivational elements in a program design.

Feedback frequency. More frequent feedback leads to higher savings. An example is
the SMUD pilot project where energy savings among monthly report recipients were greater than
those among customers receiving the reports quarterly.

Understand effects of different feedback types. Indirect feedback will not match the
real-time and (unless coupled with AMI-enabled technology) use-specific feedback that direct
feedback devices provide, making it more difficult to see the impact of discrete behavior and

individual appliances.
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Feedback and other program variables. Though differences between feedback types
are important to understand, other less prominent variables like motivational elements and other
program design characteristics like study size, study duration and regional context and culture.

Feedback and motivational elements. Higher level of savings were reported by
combined multiple approaches in many of the projects reviewed in the literature. The results in
the Hydro one pilot study are interpreted as the bare minimum impacts due to absence of
incentives and information.

Hybrid of Comparative and Direct Feedback. The novelty of the feedback will wear off
particularly in the case of real-time in-home displays that tend to have participants excited and
engaged to experiment with their new gadget early on, there is a tendency for participant’s
interest in feedback to wane over time. A well-designed program can result in persistent savings.

Utilities need to look for ways to remind and motivate their program participants to stay
involved. Engaging customers through ongoing messaging and education helps to ensure
persistence of savings. In the case of BC Hydro, an electronic newsletter sent by email was
shown to drive traffic to the online feedback tool.

Education. Several studies that reported low energy savings concluded that the lower
savings were due to lower participant involvement. The Energize Phoenix Dashboard study
addresses this issue by designing interactive education sessions with the participants. This
interactive educational component of the study aims to address the issue of participant
involvement and distinguishes our study from the previous similar programs.

Study follow-up. Administering customer Questionnaires/Follow ups at different stages
of the pilot is necessary to capture information on qualitative factors such as ease of use,

changes to dwelling characteristics (such as square footage, age of dwelling) or appliances.
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Chapter 3
METHODOLOGY
Literature Review

Extensive literature review was accomplished to understand behavior and feedback
related influence on energy consumption. This literature review encompassed the following areas
of discussion:

Different feedback types were understood along with other program variables that
influence feedback and energy savings like motivational elements, study sample size, study
duration etc. The intersection of these program variables were also studied through 57 studies
reviewed by Ehrhardt-Martinez, Donelly and Laitner (2010). Several sample studies were
reviewed and it was concluded that direct feedback along with education or information enhanced
energy related savings. In addition it was also concluded that motivational elements along with
feedback also enhance feedback induced energy savings. Different technologies prevalent in the
residential sector were described and reviewed. Among the different feedback devices studied in
this section, The Energy Detective (TED) was chosen due to its technological features and
behavioral impact related potentialities. Next, past research papers were also reviewed which
mentioned the importance of having resident's education and understanding of feedback
technologies.

Pilot Study Review

Large sample population. Pilot studies reviewed in the research had large sample
population except for the 'Oberlin Homes' pilot. For robust and flexible analytics it is important to
consider a large sample population for the experiment. Therefore one of the considerations for
deciding the study site during the site selection phase was to have a large sample population.

Incorporating representative control and test groups. The pilots had incorporated a
control and test group for definitive comparisons and for evaluating the intervention's

effectiveness. This was helpful in comparing two equivalent populations that were subject to
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identical environmental factors. Therefore this was another key factor of consideration during the
experiment design phase.

Key variables were accounted for and controlled in the analysis. As seen in the pilot
studies too, key variables were decided to be accounted for during analysis such as weather,
demographics, apartment orientation and location and changes in residence.

Feedback related learning. Following feedback related learning were considered

Feedback frequency. The pilots incorporated frequent feedback practices either in the
form of direct or in-direct feedback. Therefore, in this study too feedback frequency in the form of
follow-up sessions for participation during the study months was decided.

Feedback and motivational elements. Motivational element in the form of providing a
gift basket at the end of study was incorporated.

Education sessions for participant involvement. For better understanding of
resident's energy use related information, education session along with feedback device was
conducted.

Feedback monitors. Technical issues with the device and user's compatibility with the it
need to be studied and accounted for, before the study begins.

Methodology

The initial study was designed and decided for owner-occupied residential homes but
they were not able to be used for this dashboard experiment design but to overlap of the EEM
funding of the same homes. It was therefore decided that the study would move to rental
residential home. There were many challenges faced during this phase such as difficulty in
getting landlord approvals from each potential renter participant, no permission of installing TEDs
in the APS owned electric meters, inability to install the MTUs of the TEDs in some meters etc.
Additionally the study site had to be restrained within the physical boundaries of the Energize
Phoenix program. All these reasons had compelled the team to decide on the selection of this low
income multi-family housing from the potential group of housing complexes within the boundary of

the Energize Phoenix corridor.
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Site Selection Criteria for the Study

Arizona State University, the City of Phoenix, and Arizona Public Service conducted the
Energize Phoenix Dashboard Study as a sub-study of the Energize Phoenix Program (a
Department of Energy funded program). The selection of the dashboard study site had to
therefore be along the Energize Phoenix Light Rail Corridor. There were many low-income
housing sites to select from within the Energize Phoenix boundary. The following housing site
characteristics were considered important determinants for dashboard study site selection.

No recent retrofits. One of the more important determinants of site selection was
whether there were any recent retrofits done in the housing units. By removing recent retrofits as
a variable, evaluating the effectiveness of the dashboard and education interventions could be
more clearly isolated.

The selected site for the study was identified to have no recent major retrofits done as
per the information provided by the City of Phoenix’s Neighborhood Service Department.

Sample size. For the dashboard study, it was essential to have a good sample size for
data analysis as well as to keep in mind the possibility of future participant opt-outs and move-
outs during the experiment phase.

The selected site for the study had 145 apartment units, which was a good sample size
to consider for the dashboard study.

Individual Metering. For the dashboard study, it was mandatory to have individual
metering for each apartment for individual device installation as well as for the dashboard study
analysis. This was because the TEDs were to be installed for individual meters for each resident
so the effectiveness of the feedback could be identified for individual participants and not as a
whole.

The selected dashboard site was individually metered with each apartment sub-panel
located on the exterior walls of the units. Figure 9 shows the layout of the sub-panels outside the

apartment blocks.
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Figure 9. Dashboard selected site electric meter sub-panels close-up

Table 11 gives an overview of some of early determinants for site selection that were

available from the information provided by the Neighborhood Service Department.

Table 11.

City of Phoenix low-income housing complexes

) ) ) . . . . . Selected .
Site 1 Site 2 Site 3 Site4 Site5 Site6 Site7 Site8 Dashboard Site Site10

#of Units 38 202 230 102 ? 120 69 28 145 112
AC or
Evaporative AC Evap Evap ? ? AC? AC ? AC AC
Cooling
Individual Yes Yes Yes ? ? Yes ? ? Yes Yes
Meters ' ' ' '
Meters Read Yes Yes Yes ? ? No ? ? Yes No
Monthly
" Retr--
A‘:\j’(‘)tt'gg‘a' ofit New
2011

High rental turnover and billed energy use. Another criterion was to identify if the
apartment units of the housing site had a high rental turnover. It was also important that the

residents received a separate billed energy use, i.e., other than their apartment rent.
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The selected dashboard site was a multi-family low-income housing complex, where the
units varied from a low to a very high rental turnover depending on their apartment type (2, 3, 4
or 5 Bedroom Apartments) and billed electricity amount.

Tenants were given an allowance for the utility energy use without any charge for this
energy use. If they go beyond this allotted amount, their rent invoice includes an additional
charge for excess utility use. This allowance changes from month to month. There is no rollover
if they are under one month and then go over the next month. It was determined that many
tenants generally exceed this allowance over the summer. The rates charged per unit of excess
energy vary by month or season (i.e., winter vs. summer rates). More detailed information about
the apartments and their allowance is mentioned in the 'Monitored Housing Background' section.

Availability of historic & consistent utility data. To determine energy savings during
the study months and evaluate effectiveness of the dashboard and education intervention, it was
essential to have the pre-study energy consumption data along with the post-study data.

Also, for comparison of consumption data during the pre- and post-study periods, it was
important to have a consistent billing period for all apartments of the selected site.

The selected dashboard site had the availability of the monthly kWh consumption data
and monthly billed utility charges data recorded for each apartment for both the 2011 and 2012
years. It was available upon request from the Housing Supervisor. The resident’'s monthly energy
consumption and their billed usage was consistently recorded by the Neighborhood Services on
the first of every month, for the amount exceeding their allotment.

Compatibility of electric panel with TED device & ease of installing. For the
experiment, it was essential to assess the feasibility of dashboard installment before the study
began on the study site. It was important that the appointed electrician could install the MTU of
the TED device in the sub-meter without touching or mingling with the part of the master meter
owned by APS. APS owned meters could not be touched or mingled with for installation purpose
since it was decision taken by the utility company. Also, it had to be made sure that the electric

panels were not too small to have Dashboard clamp installed properly. Another aspect of
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consideration was that apartments had to essentially have a single-phase service. TED is
suitable for installation on a single 120/240V single-phase 60Hz service and it is not suitable for
three-phase service.

For the selected dashboard site, once the City of Phoenix appointed electrician received
the request form from Neighborhood Services, he visited each home to assess the feasibility of
Dashboard installation. The Electrician did not foresee any issue with installing the MTU of the
TED device in the sub-panels for each unit. The layout of the panels was such that, there was
one APS master meter and the equipment beyond the APS master meter was owned by the City
of Phoenix, including the individual meters for each unit. Therefore, the installation of the MTU in
the sub-panel for each unit would not involve APS. Each of the sub-meters and panels are on the
exterior of the units and there are no panels inside the units. The apartments were all single-

phase service, so there were no issues with the TED device compatibility either.

Scope
The scope of the study is constrained to a low-income, multi-family housing complex in
Phoenix, Arizona for the duration of six months from July to December, 2012, as potential benefit

of energy-use feedback is expected during the summer months.

Limitations
e The ASHRAE (American Society of Heating, Refrigerating, and Air-Conditioning
Engineers) inverse modelling toolkit (IMT) was used to fit regression model for energy
consumption for each apartment unit, with temperature as the only independent variable.
The three parameter model is used to predict the consumption, i.e., the new baseline
during the post-study period, using the corresponding temperature. The savings is
calculated by comparing the new baseline with the actual energy consumption values.

A downside to this method is that energy consumption for residential buildings depends
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on a lot of variables. Therefore, assuming energy consumption to be only dependent on
temperature is a vast generalization that has been made for calculating the new baseline,
e The study was carried out for a short period of six months from July to December 2012.
Therefore, determining the effect of feedback device with other interventions along with
limited number of follow-up sessions with the participants was a challenge.
e The sample size of the study group for data analysis after the recruitment, follow-up

sessions and data clean-up reduced to 34 participants.

Potential benefits of the study to the residents.

Lack of proper energy feedback. The complex’s APS master meter is not smart meter.
Also, none of the sub-meters for each units were smart meters. This factor was an important
consideration as it would provide the opportunity to the residents to explore the effectiveness of
being equipped with real-time feedback and education that would help them understand their
energy use patterns.

Apartments exceeding their allotment at the study site. It was also identified by the
meter reading data (provided by the housing supervisor) that more than half of the units
exceeded their allowance during the summer months at the dashboard site. The table below
summarizes the apartments that exceeded their allowance in the 2011 and 2012 years. Since
more than half of the apartments exceeded their allowance both years, this was considered a
motivating factor for the residents to participate in the study and explore the potential of

educating themselves and understanding their energy usage patterns.
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Table 12.

Number of apartments exceeding their allowance in 2011 & 2012

Total No. of Total No. of No. of Apts. th_at No. of Apts. th_at
Month Ape_';lrtments csr?seilggggtfor AIFoﬁgﬁgg?ntg%: 1 AIFoﬁgﬁgg?ntg%: 2
in the p
Complex analysis after data from the selected 83 from the 83

clean up apartments selected apartments
Jan 145 83 45 41
Feb 145 83 29 o8
Mar 145 83 58 43
Apr 145 83 65 68
May 145 83 70 73
Jun 145 83 68 73
Jul 145 83 73 71
Aug 145 83 70 73
Sep 145 83 72 73
Oct 145 83 57 65
Nov 145 83 47 53
Dec 145 83 61 60

Significance

The significance of this study is evaluating the effect of different conditions of feedback
interventions within the same study. This study analyzes the effect of feedback, be it in form of
education alone, a combined effect of both TED device and education or a combined effect of
education, TED device and added budgeting information. It not only compares within the study
groups but also with a control sample that received no intervention. It also looks into the effect of
orientation and location on energy savings. These research areas may identify the effect of
education in comparison with the combined effect of both the education and technology driven
feedback. In addition it may also identify the effect of orientation and location of the apartment on

feedback driven energy savings.
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CHAPTER 4
DATA ANALYSIS AND RESULTS
Description of Study Site

Location. The dashboard study was conducted within the program’s light rail boundary
in Phoenix, in the metropolitan area of the city. The site name and exact location of this city-
owned, low-income multi-family housing is not disclosed in this thesis document to maintain the
anonymity of the occupants.

Apartment and panel layout. The complex was built in 1966 and includes 26 buildings
with a total of 146 apartments. The apartments are grouped into different blocks as seen in
Figure 11 and Figure 12. Typically, there are six apartments to each building block, three in the
upper level and 3 in the lower level. There is one master electric meter that APS owns, which
feeds each apartment’s sub-meter, which are owned by the City of Phoenix. The apartment and
meter sub-panel layout is important to understand because the TED device has distance
limitations between the MTU installed on the electric meter feed and the display device that is

located within the apartment.
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Figure 10. Site plan of dashboard study

50



Figure 11. Apartment blocks consisting three upper and three lower units

Figure 12. Individually metered apartments, sub-panels outside the unit blocks

Other apartment specifications. Other apartment specifications with respect to
material, area, allotment, biling and number of apartments going above their allotment are

described below.
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Material. Each apartment building is made of un-insulated concrete masonry units (CMU)
and single-pane, clear glass windows.

Space cooling. As mentioned in the previous section, the units are cooled by AC, not
evaporative cooling, which provides greater potential for energy savings for this study.

Apartment Area. Each apartment type area, in square feet, are specified in Table 13.
FAM 2 represents two-bedroom apartment. FAM 3 represents three-bedroom type apartment.
FAM 4 represents four-bedroom apartment and FAM 5 represents five-bedroom apartment. This

nomenclature will be used throughout remainder of the document.

Figure 13. Two-storied block consisting of six units each, un-insulated concrete blocks

Table 13.

Apartment type area in square feet

Apartment Type Area (Square feet) No of Units
2 Bedroom (FAM 2) 702 sqft 42 units
3 Bedroom (FAM 3) 869 sqft 89 units
4 Bedroom (FAM 4) 976 sqft 8 units
5 Bedroom (FAM 5) 1256 sqft 6 units
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Unit’s monthly allotment & billing. The city of Phoenix Housing Department reads the
meter manually each month for billing purposes. Depending on the apartment type, the resident is
given a fixed allowance every month. The allowance varies month to month with the highest
allowance given during August and the lowest during January. The resident pays for the amount

exceeding the allotment for that month. Residents are charged 10 cents for every kWh used.

Table 14.

Monthly kilowatt hour allowance for 2011 and 2012 (City of Phoenix Housing Department)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
kWh  kWh  kWh kWh kWh kWh kWh kWh kWh kWh kWh kWh

FAM 2 221 255 271 291 410 625 696 767 553 410 237 223

FAM 3 229 263 279 316 457 709 793 878 625 457 245 231

FAM 4 239 273 289 343 505 797 894 991 700 505 255 241
FAM 5 249 284 300 372 556 888 999 1110 778 556 265 252

Table 15.

Monthly dollar allowance for 2011 and 2012

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($) ($)

FAM2 $22.10 $25.50 $27.10 $29.10 $41.00 $62.50 $69.60 $76.70  $55.30  $41.00 $23.70  $22.30

FAM3 $2290 $26.30 $27.90 $31.60 $45.70 $70.90 $79.30 $87.80 $62.50 $45.70 $24.50  $23.10

FAM4 $2390 $27.30 $28.90 $34.30 $50.50 $79.70  $89.40  $99.10  $70.00 $50.50 $25.50  $24.10

FAM5 $2490 $28.40 $30.00 $37.20 $55.60 $88.80 $99.90 $111.0 $77.80 $55.60 $26.50  $25.20
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Monthly $ Allotment For Different Apartment Types
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Figure 14. Monthly dollar allotment for different apartment types

Experiment Design - Program Time-Line

The study’s entire process, from recruitment until device de-installation,startedMay8,
2012 and endedFebruary15, 2013. TED device installation was still underway during June and
July 2012, though most of the apartments had received their device by the beginning of July. For
this study analysis, the actual study months were considered from July 2012 until the end of

December 2012, i.e., six months.
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RECRUITMENT PROCESS (MAY 7TH - JUNE 'ST)
GROUP EVENT DOOR-TO-DOOR

TED INSTALLATION (JUNE 14TH - JULY12TH)
MTUs & CTs GATEWAY & DISPLAY

EDUCATION SESSIONS (JUNE 27™ - AUGUST 8™H)

APPLIANCE ENERGY SAVING
SURVEY INVENTORY = TED EDUCATION BUDGETING

FOLLOW-UP SESSION (SEPTEMPER 19™ - OCTOBER 17TH)
SURVEY CHECKING TEDs RE-EDUCATING

FINAL SESSION (JANUARY 7TH - FEBRUARY15TH)
SURVEY TED UNINSTALLATION

DATA ANALYSIS (FEBRUARY 15™ - MARCH 15TH)

ENERGY USAGE TRENDS = gayINGS CALCULATION  PARTICIANTS (SURVEY  TED DATA COMPARISON
ey " (PRE £ POST DATA) COMPARISON ) METER READING DATA

Figure 15. Timeline of the study

Initial design set-up. Before the recruitment phase began, all 145 apartments were
considered potential participants. Keeping this sample size in mind, it was decided that the
participants would be randomly assigned to one of the three conditions. Participants would not be
told at the time of recruitment, about their group condition, i.e., whether or not they would be in
the dashboard or education groups. This section describes the conditions of the experimental
groups. The study was design such that, out of the recruited residents, one third would be
randomly allotted to the groups described below. The rest would be treated as the control group,
i.e., the group receiving neither the education nor the TED.

Education-only group (Group 1). Participants in the 'education only' would only receive

the education and not the dashboard device. They would receive education about their major
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energy-use appliances/equipment (kWh), their monthly allowance, energy rates and other energy
saving tips that might change energy use/consumption (e.g. window shades, phantom loads, use
of CFLs (compact fluorescent lights), Energy Star appliances, thermostat settings, use of fans
during mild weather, etc.).

Dashboard plus education group (Group 2). Participants in the dashboard plus
education group will complete the waiver to share energy data, the initial survey, and have a
dashboard device installed in a visible location in their homes. They will also receive education or
training about how to use the device and general energy savings tips. These participants also
received education similar to group 1, about their major energy-use appliances/equipment (kWh),
their monthly allowance, energy rates and some energy savings tips that might change their
energy use/consumption, (e.g., window shades, phantom loads, use of CFLs (compact
fluorescent lights), Energy Star appliances, thermostat settings, use of fans during mild weather,
etc.)

Dashboard plus education with added tailored information (Group3). Participants in
this group received the same interventions as group 2, i.e., the dashboard plus education along
with additional tailored information. In congruence with the participants’ apartment type (FAM 2,
FAM 3, etc.), the residents would receive a budget sheet that would help them compare their
daily-billed usage with the kilowatt-hour and dollar usage on one of the screens of the in-home

display device. Detailed information about this is explained in the later sections.

Table 16.

Study groups planned as per initial design

Group 1 Group 2 Group 3
Education Education Education
. . Home Energy Display + Tailored
No Home Energy Display Home Energy Display information
1/3rd of Total Recruited 1/3rd of Total Recruited 1/3rd of Total Recruited
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Other aspects of the study design. Informed by the outcomes of the literature
previously discussed, the study was designed with the following considerations.

Hybrid of feedbacks types and motivational element. Provision of real-time feedback
in the form of a home-energy display, in this case The Energy Detective 5000 (TED) and
provision of disaggregated appliance information as well, was decided as forms of feedback to be
provided. For understanding the effects of TED, education and tailored information individually,
the study was designed such that group 1 had one intervention that is the education, group 2 had
two interventions, i.e. TED as well education and group 3 had three interventions, i.e. education,
TED and a motivational element i.e. goal setting in the form of budget sheet.

Promoting participant involvement. Education in the form of providing energy saving
tips, individual appliance information and training for understanding the TED functionality for the
group receiving the in-home display device was planned for this study.

Study duration and time. The duration of the study when the participants would be
under the intervention, was designed for at-least 6 months, including the summer months, to
benefit the residents during their most potential months of the energy savings.

Feedback frequency & Follow-up sessions.As part of the study, after installation of the
In-Home Display, ASU researchers would contact participants four times, i.e. within first two
weeks when the installation would take place, 2 weeks to 1 month post-installation during first
education sessions, 3 months post-installation, and 6 months post-installation, which is when the
study would conclude and the Dashboard would be uninstalled. The follow-up session with the
participants after 3 months was decided, to check the functionality of the device as well as take
participant inputs related to their understanding of the device (group 2 & 3). During these visits,
the residents of all the groups were re-educated by summarizing about energy saving tips that
were discussed during the first visit. Questions related to any major appliance work orders, or
occupant move-in move-out that would affect to energy usage would also be asked.

Incentive. The participants were promised a gift basket consisting of $75 worth energy-

saving products at the end of the study.
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Pre-Recruitment Preparations

Before the recruitment procedure began, there were certain tasks to be completed to
make sure the recruitment procedure and the study phase were conducted as per study
protocols since this experiment involved human subjects.

Preparation of study design draft and sessions related material. Below are the
description of all the different materials that were prepared for the study. The materials related to
participant sessions were prepared both in Spanish and English languages since residents of
various ethnicities resided at the study site

Experiment design draft. The experimental design, i.e. description of group conditions,
the study time-line, regarding visits to the occupant homes etc. were developed in conjunction
with researchers from the Department of Psychology and the Global Institute of Sustainability. A
copy of study approval by the IRB has been attached in Appendix E.

Education script. Additionally, for the education sessions, the scripts in both English and
Spanish were prepared that described the education content and the order in which each
information was to be given to the resident. This script was meant only for the recruiters who
were interacting with the residents during the session.

Information flyers. Information flyers consisted of energy savings tips and general
individual appliance information as provided by APS (Arizona Public Service) official website. The
energy saving tips consisted of measures that might help the resident change their energy
use/consumption. For instance window shades, phantom loads, use of CFLs (compact
fluorescent lights), Energy Star appliances, thermostat settings, use of fans during mild weather,
etc were mentioned in the education tips flyer. A copy of this flyer is provided in 'Education
Session Materials' section of Appendix D. This information flyer was prepared for all the three
groups.

TED flyer. This flyer consisted of Information and description related to various display
screen options the resident could access to. Also general guidance and precautions with respect

to the display and gateway workability was also mentioned. A copy of this is provided in the
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'Education Session Material' section of the appendix. This flyer was prepared only for group 2 and
3 participants.

Monthly allowance. Most of the residents were not aware of their exact monthly
allowance. Therefore, as part of the study design, energy budgeting information was included as
one of the interventions to assist residents in understanding the variations in their electricity
allowance during summer and winter months. The monthly allowance for each apartment type
was requested from and provided by City of Phoenix’s Neighborhood Service Department.
Additionally, this allowance sheet was also provided to all three groups to help the residents
compare this allowance with the display's monthly information screens. Figure 16 shows a copy

of the monthly allowance sheet prepared for the participants as per their apartment type.

FAMZ FAM3 FAM4 FAMS
January 32210 January 522.80 January £23.00 January E24.80
February $25.50 February 526.20 February 127.30 February E28.40
March $27.10 March 5I7.80 March 12800 March §28.40
April $20.10 April 531.80 Agril 534.30 April $20.00
May 400 May §45.70 May $50.50 May 55.60
Junz $62.50 June §70.00 June 5770 June 8E_BO
July $60.60 July 578.20 July 589.40 July 0000
August $T6.70 August 547 .80 August 50010 August 5111.00
September, $65.30 September| 582.50 September, 570.00 September) 780

October 400 October §45.70 October 550.50 October 56,60
November $23.70 November 52450 Hovember w25.50 MNovemnber £26.50
Decocmber $22.30 Deocmber $22.10 Decocmber $24.10 Decocmber 32620

Figure 16. Allowance sheet given to the participants as per apartment type

Budget sheet. The budget sheet consisted of pre-calculated information related to their
daily energy usage for the residents to refer to. The information calculated the approximate billed

kilowatt-hour consumption (per day), i.e., after deducting the allowed kilowatt-hours. Depending
59



on exceeded kilowatt-hours (per day), an approximate monthly-billed amount was projected on

the sheet. Many such billed amounts were projected starting from $0. This was to help the

resident understand, control or use their energy depending on the budget amount they could

spend. The budgets were projected as per allowance given to different apartment type. This

information was only for the group 3 participants. Figure 30 provides the budget sheets prepared

for group 3 participants depending on their apartment type.

Daily kWh Budget
3000  $500  $5000
22

Jure 20 Brrr ] 75
July 25 305 388
Auagust U7 328 408
Spismber 164 268 31
Dectober 132 213 24
Mowember [k ] 16.2 246
December 7.2 153 213

These numbers tell you daly kilowatt hours you can use to stzy within a budgst. This

comesponds to the display seffing recsnt usage”.

Daily k'Wh Budget

§75.00
456
48
488
434
ir4
Jza
4

50.00 52500 350,00 §75.00
Juns £3.Bicmin 320 o 471
Juiy 256 K61 av 436
Argust 283 ¥4 445 3235
Septemiber 248 22 363 44
(Orctober LX) 228 s s
Hovember 82 185 40 321
December 75 155 sl e

Thess numbers tell you daly kikowatt hours wou can use to stzy within @ budgel. This

comezponds to the display sefing ‘recent usage”.

Daily kWh Budget

50.00 §25.00 350,00 §75.00
Jume 2% B e 418 435
July 288 B4 450 230
August 320 400 481 %2
September 233 nr T 458
October 163 M4 324 aNs
Mowember 8.5 166 44 24
Decamber T8 158 2319 320

These numibere tell you daly kilowatt howre you can use o ey within 3 budget. Thiz

comesponds to the display sefing ‘recent usage”.
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Daily kWh Budget

50.00 §25.00 350.00 §75.00

Jung 29 e Jra 448 28
Jufy 322 403 454 54
Argust = 439 1.9 &0.0
Seplember 258 M3 412 433
October 1748 2.0 HA 421
Movember 8.6 172 47 2y
December 8.1 182 M43 323

These numbers tell you daly kilowatt hours you can use to stzy within a budgel. This
comesponds to the display sefiing ‘reoent usage”.

Figure 17. Budget sheets prepared for group 3 participants

Participant Surveys. Participant surveys were prepared, which consisted of information
related to the in-home display device, for instance, their understandability with the device,
preferred setting of the screen, using budget and allowance sheet with the display, etc.

Approvals from IRB & badging. Since the study involved interaction with human
subjects, Arizona State University required Institutional Review Board (IRB) approval to ensure
that subjects are treated ethically and that their rights and welfare are adequately protected. See
Appendix E.

Background checks. Per ASU’s public safety requirement agreement with the City of
Phoenix, and because recruiters would be in direct contact with vulnerable populations, each

recruiter had to be fingerprinted for a security background check.

Recruitment Procedure

Evening events. Prior to the door-to-door recruitment, a pizza party was organized on
the May 7th and 8th of 2012 for the residents at the study location. This event was conducted to
invite interested residents to participate in the study. Interested participants filled out a contact
information sheet and short survey about their appliance usage during this event.

Door-to-door recruitment. To invite more participants to the study, door-to-door
recruitment was conducted from May 8th to June 1st. The residents were asked to fill out a

contact information sheet, which included their name, contact information and their possible
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availability during the week. They were further informed of being contacted again to let them
know their group allotment. During this phase, a total of 82 possible participants were recruited.
Random allotment of groups. The interested participants were randomly divided

equally into the three groups. The table below categorizes the participants group-wise.

Table 17.

Random allotment of groups

Possible Control Total
Groupt Group 2 Group 3 Participants Group Residents
No of
Households 26 28 28 82 63 145
Education +
_ . Education + TED + With No .
Description Education TED Budgeting Interventions Intervention Sample size
Information

Challenges during recruitment. Challenges related to participant availability during
door-to-door recruitment reduced the number of possible participants. Door-to-door recruitment
was conducted both during the morning as well as evening hours to get maximum resident
availability. Additionally, some of the apartment units were vacant while some residents had not
resided in the apartment for a minimum of twelvemonths. This further reduced the number of
potential participants.

Device Installation & Education Sessions

Setting up appointments. The possible participants were contacted again through the
contact information sheet provided by them at their best possible availability. Phone appointments
were made with the group 2 and 3 participants, to inform them about their group allotment and
device installation.

Installation & device configuration. The Energy Detectives (TEDs) were installed from
June 14th to July 30", 2012. There were two phases to this installment.

MTUs and CT's Installment. The Neighborhood Service Department(NSD) appointed

electrician installed the meter part of the TED component, i.e., the Measuring Transmitting Unit
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(MTU) and Current Transformers (CT) in the individual sub-panels of the participating apartment
units. The MTU transfers data to gateway, which is the second TED component that is plugged
inside the apartment. A brief description about the MTUs and CTs has been given in the TED
section of the background literature (see Appendix B).

Display and gateway Installment. This part of the installment involved visiting each
participant of group 2 and 3 units whose MTUs had been installed. The gateway and display were
installed and configured such that it could receive the information from the MTU. During these two
first phases, not all the participants were reached and some others opted out from the study.The
information flyer describing the display functions, precautions and guidance related to gateway
and display were provided. The 'Education Session Materials' section (see Appendix D) shows
the copy of the flyer provided with the instructions for the participants. A brief pictorial description
of the general configuration is mentioned in the TED section of the background literature in this
report (see Appendix C). There were other specific configurations that were done for the
participants of the study.

TED configuration step 1. The gateway and device was first plugged in two different
outlets of the apartment. It was made sure with the resident that the gateway would not be
unplugged from the outlet chosen, else the data transmission would stop.

TED configuration step 2. The gateway was connected with a personal laptop temporarily
using an ethernet cable to access the footprint software. The serial numbers of the MTU and
display were noted so they could be used in the footprint software to set up the initial connection
between all the three components of the TED.

TED configuration step 3. Once the footprint software recognized the gateway, the
footprint software was accessed and inputs related to date, time, location, display screen option,
rates, etc. were filled in. For this study, all the display options except the CO2 screen were
enabled. An input of $0.10 per kWh of electricity was filled in kWh, which was the amount

charged to the residents of that location.

63



Though TED has features to display feedback online, through the footprint software, it
was decided that for this study, the feedback related to only an in-home display device would be

tested.

Table 18.

Number of participants left after the TED installation phase

Possible Control Total
Groupt Group 2 Group 3 Participants Group Residents
1. No of
Households 26 26 28 82 63 145
2. No of
Households after 26 (No TEDs) 23 17 67 8 (gj”tsf) opt 145
TED Installation
Education
. . Education +TED + With No )
Description Education +TED Budgeting Interventions Intervention Sample size
Information

First education/information session. These sessions took place from June 27th to
August 8", 2012. The sessions lasted for about one to one and half hours. Below are the various
education and training given to the residents.

Survey. Survey questions about participant age group, occupancy, duration of
residency in the present apartment, their understanding of energy usage, etc. were asked.

Appliance Inventory. Residents were asked about the appliances they owned, as well
as its frequency of usage. Watts consumed per appliance were measured using a kilowatt meter
when in on as well as off mode. The off mode was measured to check for the phantom loads
associated with the appliance. Electronic appliances and electronic devices were checked if they
were Energy Star rated. Appliance information related to their consumption in measured watts
versus the designated watts, measure of phantom loads associated with certain appliances, and
Energy Star label were given to the residents through this inventory.

Energy saving tips. Tips related to window shades, phantom loads, use of CFLs
(compact fluorescent lights), Energy Star appliances, thermostat settings, use of fans during mild

weather, etc. were explained to the residents. A flyer was also left behind for their reference.
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TED Education. Once the TED was configured completely in the presence of the
resident, training related to reading and understanding the information on the display screen
option was explained. The residents were taught how to change the display options and an
actual demonstration of the effect of turning lights on and off on the display was conducted. In
addition, the residents were cautioned about not unplugging the gateway or plugging it into a
power strip as that would result in loss of connection between the gateway and MTU. To check
the interaction of the gateway with the MTU and the display, the residents were asked to check if
the LED lights on the gateway were constantly blinking. This part of the training was only for
group 2 and group 3 participants.

Allowance and budget sheet information. The residents were also taught how to
compare their allowance with the TED information on the screen with the help of 'month-to-date’
and 'monthly projections' screen options. This was explained to only group 2 and 3 participants.
The budgeting sheet information was explained to only group 3 participants. Using this
information, the resident could set goals by referring to the 'recent usage' screen option and
compare the information on the budget sheet. The information on the budget sheet pre-
calculated the approximate billed kKWh consumption (per day) i.e. after deducting the allowed
kWh given to a resident. Depending on exceeded kWh (per day), an approximate monthly-billed
amount was projected on the sheet starting from $0.00 (which meant that the resident was within
their allowance). Refer to Figure 30 previously described in the 'Experiment Design' section of
the report under the allowance and budgeting information sub-section.

Final number of participants. During this phase, there were more participant opt-outs.

The final numbers are as mentioned in Table 19 below.
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Table 19.

Number of participants left after the education session phase

Possible Control Total
Groupf Group 2 Group 3 Participants Group Residents
1. No of Households 27 27 28 82 63 145
2. No of Households 26 (No 78 (63 + opt
after TED Installation TEDs) 23 17 67 outs) 145
2. No of Households
after Education 13 19 13 45 100 (78 + opt 145
. outs)
Session
Education
_ . Education +TED + With No .
Description Education +TED Budgeting Interventions Intervention Sample size

Information

Follow-up session.

A follow-up session was conducted half-way through the study phase, from September
19th until the end of October. During this session, displays of all the group 2 and 3 participants
were checked, i.e., if they were working properly. This was followed by a short questionnaire
about participant energy use, and their understanding of energy use and savings. Group 2 and 3
participants were questioned about their understanding of the display device and using this

device to compare with the allowance sheet. Similarly, group 3 participants were asked about

their understanding of the budget sheet information.

The final group of participants after this session is illustrated in Table 23. Though one of
the units, after the follow-up session had moved and another opted-out, their data for summer

was still recorded and the apartments were under the intervention, therefore their usage would

be used for analysis from July to September 2012.
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Table 20.

Number of participants left after the follow-up session

Possible Control Total
Groupf Group 2 Group 3 Participants Group Residents
1. No of
Households 27 27 28 82 63 145
2. No of
Households after %?E&? 23 17 67 8 (gﬁt;w" 145
TED Installation
3. No of
Households After 13 19 13 45 o (gft;) 145
Education Session P
4. No of
Households After 13 18 12 44 100 145
Follow-Up Session
Education
_ . Education +TED + With No .
Description Education + TED Budgeting Interventions Intervention Sample size
Information

Final session & device de-Installation.

This final session was conducted from January 7, 2013 to February 15, 2013. The
gateways and TEDs were uninstalled during this phase, followed with a short questionnaire,
similar to the questionnaire prepared during the mid follow-up session. The participants were
given the gift bags as well, which consisted of smart powers strips, compact fluorescent lights

and LED night lights.

Challenges
TED Related Challenges

Technical issues with TED. The electrician had pointed out, during the installation
phase, that some apartments at the study site had wiring issues, which would cause issues with
transmission of data from MTU to the Gateway in those apartments. It was consequently seen
that those gateways frequently lost their interaction with the MTU, and in-turn, caused the
screens to not display correct energy-use information. Each time the connection was lost
between the gateway and MTU, the number of skips on the stats page would increase compared

to what was received. This part of the relationship between the number of skips and the
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percentage difference between the TED and meter readings is shown in the analysis section of
the report.

Resident interaction with the TED. According to the occupant surveys, some of the
residents mentioned difficulty in understanding the information on the screen. The follow-up
session tried to re-educate those participants. It was also noted that some residents had
unplugged their device while one of them had changed the position of the gateway to a power
strip. The results of the resident interaction with the TED is discussed in the analysis section,

through the results of the participant survey.

Session Challenges

Rescheduling appointments and opt-outs. During the first scheduling of appointments,
the resident's contact information was either incorrect or unreachable. Some apartments that
were scheduled on phone were not available in person during the appointment and some
participants rescheduled the session more than once. There were many opt-outs as well before
the first session began. There were some apartments that received the device, but could not
receive the information/education session due to their unavailability each time the participant was
tried.

Participant's knowledge about their energy bill. Most of the participants were not
aware of their allowance and how it varied and worked on a monthly basis. Also, since most of
participants had limited or no knowledge about how electricity is measured, they faced difficulty in
understanding the relationship between the kilowatt-hour and corresponding dollar amount.
During the follow-up sessions, the participants were re-educated to help them summarize what
was informed to them.

Difficulty in understanding information/questions. Some of the participants faced
difficulty with understanding the survey questions which were based on a scale. This resulted in

longer duration of sessions.
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Participant concentration. Some of the participants were distracted during the sessions

either due to the presence of their kids or because they were busy with their household chores.

Baseline and Post-Study Data Collection

Monthly energy billing data. Monthly energy usage and billed amount was collected
from the housing supervisor of the complex at different stages of the study as and when the
residents were billed. The data was provided in the form of previous meter reading, present meter
reading and the difference for each apartment was calculated between the two to get the units
used. One unit of usage was equivalent to one kWh of usage. The residents were billed at the
rate of $0.10 per unit of exceeded usage. This calculated usage was the amount the resident

exceeded their allowance (depending on their apartment type).

Table 21.

Example of data related to meter reading provided before data analysis

Jul-11 Aug-11
Previous Current . Previous Current .
Reading Reading Units Used Reading Reading Units Used
72 1197 1125 1197 2471 1274

Apartment-related data. Other apartment data, such as move-in dates, occupancy,
apartment area, its orientation & position were also requested, for analysis purpose. Other than
the study designed interventions, these additional variables were considered as possible reasons
affecting energy consumption of the apartment. A detailed analysis of the effect of these variables

has been discussed in the analysis chapter with graph descriptions.
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Table 22.

An example of apartment related data provided before data analysis

. Move-In Up/ . . Area
Unit # Date Block # Down Orient Location Occupancy Apt Type (sq.ft.)
11/1/1999 1 U E/W N 6 FAM3 869

TED data collection. The TED data was collected after de-installing the gateway and
display. Since the gateway contained the stored information, it was possible to download all the
data from the group 2 & 3 participants. The monthly, daily, and hourly data were collected along
with the stats page, which was extracted for some of the apartments during the de-installation.
The monthly data from TED is compared with the meter readings in the analysis chapter to check
for the percentage difference.

Challenges with data collected. There were many errors and outliers with the data
collected from the meter readings data as well as skipped and missing data from the TED.

Meter reading data issues. The monthly meter readings, which were sent to the team
for analysis had many outliers primarily due to the following reasons.

Multiple move-in and move-outs. During 2011 and 2012,there were multiple move-in and
move-outs, which caused unexpected energy usage trends in particular months. Those unusual
readings were identified with the move-in, move-out dates provided. Through this information, the

vacant apartments could also be identified.

Table 23.

Example of data error related to months with move-in or move-out dates

Move-in Move-in Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep- Oct- Nov- Dec-
Date 1 Date 2 12 12 12 12 12 12 12 12 "12 "12 "12 "12

3/1/2010  8/1/2012 181 156 172 338 792 1195 495 0 0 0 4 29

Error due to technical issues with meter. Meter readings for some months, from the data

provided, had a very high consumption. whereas the month before it had a very low consumption.
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Those meters, in particular had technical issues, due to which it skipped recording some data for
a particular month and then recorded the entire consumption of two months in one go, in the
month next to it. These errors were identified through close examination of the previous meter

readings and the current meter readings. This error trend was identified in some apartments.

Table 24.

Example of data error due to technical issues in meter reading

Jan-11 Feb-11
MOVE-IN Previous Current Units Previous Current Units
Reading Reading Used Reading Reading Used
12/1/2010 35831 35831 0 35831 37293 1462

Error due to incorrect manual recording of data. Since these meters are read manually, it
was noticed from the data received, that either the previous or present meter readings were
recorded incorrect. Those errors were easy to identify, especially when one month had a high

energy usage and the other was too low.

Table 25.

Example of data error due to incorrect manual recording of data

Dec-11 Jan-12
MOVE-IN Previous Current Units Previous Current Units
Reading Reading Used Reading Reading Used
10/01/2010 25471 26656 1185 25656 25792 136

Analysis Approach
Step 1.Pre-analysis data clean-up. This clean-up consisted of two steps.

sub-step 1.In this step, apartments that moved after March 2011 were eliminated from

both the control and participant group.
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sub step 2.In this step, apartments with data anomalies, in two or more months, were

eliminated. Energy consumption was either too low, zero or they were obvious outliers. In

addition, in this step, some of the meter readings were modified/corrected due to incorrect meter

readings.

Table 26.

Summary table of participants left after each study phase and data clean up

Possible Control Total
SN S S e Participants Group Residents
1. No of
Households 27 27 28 82 63 145
2. No of
Households after 26 23 17 67 e (gjt;) g 145
TED Installation
3. No of
Households After 13 19 13 45 180 () Gl 145
b . outs)
Education Session
4. No of
Households After 13 18 12 44 100 144
Follow-Up Session
5. No of
Households left 11 16 10 38 75 113
after data clean-up
1 (Move - in dates)
6. No of
Households left
after data clean-up
2 (Data anomalies) & B o S o 83
+ Eliminating 4
Bedroom Aprtment
Final List of
Households 9 15 10 34 49 83
Education
. - Education + TED + With No .
pescuetor Slere + TED Budgeting Interventions Intervention S B
Information

Step 2. Predicted energy consumption calculation. In the next step, all the cleaned up

monthly energy consumption of 2011 year were regressed using average monthly temperatures

of 2011 and corresponding monthly energy consumption. This regression was performed

separately for each apartment unit.

ASHRAE IMT, Three Parameter Model Regression. The toolkit used for this regression

was ASHRAEs three parameter model regression.
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sup-step 1. Plug in monthly energy consumption and its corresponding average monthly
temperaturein the ASHRAE IMT Software (2011 kWh monthly consumption & 2011 average
monthly temperature) input file, selecting the appropriate model regression, in this case the three
parameter cooling model. Run the IMT ".exe' file which calculates the corresponding change point
temperature (Xp), the energy consumption at the change point temperature (Ycp)and right
slope(RS) needed to calculate the baseline equation for 2011.

sub-step 2.The values obtained from the toolkit software were plugged in the equation
below. The temperature 'T,' used now is the average monthly temperature of 2012. The X, Y&

RS values are obtained from the 2011 regression model as explained in the previous step.

if( To<Xcp) then Predicted Energy (2012) = Y,

if(To >Xcp) then Predicted Energy (2012) = Y¢p +RS(To-Xep)

Table 30 explains the steps involved in calculation of the predicted energy consumption

with an apartment example.

Table 27.

Example calculation of predicted energy consumption for 2012 study year

sub-step 1.
Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep- Oct- Nov- Dec-
"11 "11 "11 11 "11 "11 "11 "11 "11 "11 "11 "11
levr\‘}ﬂ'y 346 283 402 597 1199 1776 1855 2005 1536 667 288 333
Average
Temp(F) 52 65 71 76 87 92 95 87 74 59 49
Apt No. N R AdjR® CV-RMSE Yep RS Xep
X 12 0.973 0.973 12.64% 319.499 57.3838 64.64
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sub-step 2.

Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep- Oct- Nov- Dec-
12 12 12 12 12 12 12 12 12 12 12 12
Average
Temp(F) 54 56 62 71 81 90 90 92 84 73 62 51
(N) (N) (N) (N) (N) (N) (N) (N) (N) (N) (N) (N)
Jan- Feb- Mar- Apr- May- Jun- Jul- Aug- Sep- Oct- Nov- Dec-
12 12 12 12 12 12 12 12 12 12 12 12
Calculated

Predicted 319 319 319 705 1247 1786 1787 1874 1446 816 319 319
Monthly

KWh
Apartment example of 2011 energy consumption,Baseline
equation line and Actual 2012 energy consumption
2500
Baseline
9 equation
w 2000 F—
g ' line
X 1500 } B 2011 model
2 m
2 1000
= /
= , 2012
S 500 7@‘ Predicted
LA
0 T T T T 1
0 20 40 60 80 100
Average Monthly Temperature

Figure 18.Single apartment example of three parameter (cooling) model regression

Step 4.Pre and post-study data difference calculation. The predicted monthly energy
consumption, calculated from the previous step is the new baseline data. The energy
savings/loss for each apartment is calculated by subtracting measured energy consumption of
2012 from the predicted energy savings. The measured energy consumption is the meter

readings available for each apartment.
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Table 28.

Example calculation of energy savings or loss using predicted and measured values

(N) (N) (N) (N) (N) (N) (N) (N) (N)

Jan Feb I\(/Ir\;)r Apr- May- Jun- Jul- Aug- Sep- Oct- Nov- Dec-

12 12 12 12 12 12 12 12 12
Calculated

P,\;Iidn'tc;ﬁ,d 319 319 319 705 1247 1786 1787 1874 1446 816 319 319
KWh 2012
Measured

Monthly 249 258 453 716 1225 2002 1675 1748 1392 701 281 305
kWh 2012
(Predicted

70 61 -134 -1 22 -216 112 126 54 115 38 14
Measured)

Step 3. Analysis of pre-study and post-study data. Pre- and post-study data is
analyzed between all the groups and the control group. The different levels of savings analysis is
conducted as mentioned below.

Overall savings calculations. This energy savings analysis is conducted for all
apartments and for the entire period of six months. The second part of this analysis also
calculates and analyses savings calculations based on apartments grouped as per their
orientation position for instance all the upper level apartments with east-west orientation.

The corresponding savings/loss in the billed dollar amount is also calculated and
analyzed.

Monthly savings calculations. This analysis is conducted for all apartments and for
different periods within the six months of intervention for instance, before the follow-up session
and after the follow-up session. Individual monthly savings analysis is also conducted.

The corresponding savings/loss in the billed dollar amount is also calculated and
analyzed.

Step 4. Comparing and evaluating energy savings/loss with participant surveys.In
this step, the energy savings determined from pre and post-study data are analyzed with survey

results. A general analysis of the survey is also analyzed.
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Step 5. Meter Readings & TED Data Comparison. TED and meter reading data are
compared to check the accuracy of TED readings.
APPENDIX G table gives the results of the ASHRAE IMT for the 83 apartments with their

corresponding X, Yoo, RS, RMSE and CV-RMSE values.
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Chapter 4
DATA RESULTS AND ANALYSIS

Part 1A- Pre-study and Post-study Energy and Billed Usage Comparison

This part analyzes and compares the overall energy consumption during the pre-study
and post-study period, i.e. from July to December months for both the periods. Corresponding to
the energy consumption, the billed usage is also compared for the same periods. The difference
in energy and billed usage consumption is compared and analyzed across the different groups.

Energy savings comparison. Table 29 shows the energy consumption during the pre-
and post-study periods. The energy consumption from the months of July to December for both
predicted and measured usage is summed up to get the pre- and post-study period energy
consumption respectively. It is seen that group 1 (consisting of 9 households) had a loss of
3009kWh in total, i.e. an increased energy usage during post study period. Group 2 (consisting of
15 households) had a savings of 2667kWh i.e. a decreased energy usage during the post-study
period. Group 3 (consisting of 10 households) had a savings of 513kWh, i.e. a decreased energy
usage during the post retrofit period. Control group (consisting of 49 households) had a loss of
4634 kWh, i.e. an increased usage during the post study. The corresponding percentages are
also shown in Table 29. Group 3 had an insignificant savings of 0.9% during the study period and
its savings percentage was less than group 2, which was 3.3%. Group 1, the 'education only

group, incurred a higher loss of 6.7% than the control group which was -1.7%.
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Table 29.

Energy savings or loss comparison between groups - Pre study and Post study periods

Group1 Group2 Group 3 Control Group
et e e 2D12 (KWh) 44942 80647 58852 270808
Measured sage JulyDee 2012 (kih) 47951 77980 58339 275442
Myl I e e s
Number of Apartments 9 15 10 49

Pre Study v/s Post Study Energy Use
(Predicted v/s Measured) - Comparison Between Groups
275442
300000 270808
250000
200000
§ 150000
X 100000 80647 77980
44942 47951 58852 58328
50000
0
-03009 -
-50000 04634
Groupt Group2 Group 3 Control Group
9 Apartments 15 Apartments 10 Apartments 49
Apartments
m Predicted Usage Jul to Dec 2012 (kWhr) mMeasured Usage July-Dec 2012 (kWhr)
Savings/Loss in Energy Usage (Predicted - Measured)

Figure 19.Pre-study versus Post-study energy use - comparison between groups
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Percentage Savings/Loss (Pre Study - Post Study)
Comparison Between Groups

4.0% 3.39
9
@ 2.0% 0.9%
S
@ 0.0% = July to Dec
.E, (% Savings
2 -2.0% '+'or Loss '-'
& ° 1.7% ¥ )
S  -4.0%
©
g
o -6.0%
4

-8.0% -6.7%

Group 1 Group 2 Group 3 Control Group

9 Apartments 15 Apartments 10 Apartments 49 Apartments

Figure 20. Percentage savings or loss in energy usage(Pre-study — Post-study)

Figure 19 shows energy consumption of different groups during the pre- and post-study
period and Figure 20 shows their savings or loss percentage.

Correcting errors due to model uncertainty. The above savings or loss results
calculation is corrected for uncertainty. The predicted models for each apartment have their
RMSE (Root mean square errors), which have not been taken into consideration in the above
results. To consider the uncertainty, the following calculations were conducted as shown in

Tables 30 & 31.
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Table 30.

Group 1, 2 & 3 RMSE values taken from the ASHRAE IMT toolkit results for 12 months model

Group1
RMSE 2
Predicted kWh per unit for 6 months (July to December) (12 months model) RMSE
4630 102 10448
4104 61 3667
5903 112 12533
4959 91 8232
4396 82 6717
5649 76 5760
5038 58 3331
5411 130 16808
4853 97 9500
Group 2
RMSE 2
Predicted kWh per unit for 6 months (July to December) (12 months model) RMSE
4152 110 12070
2481 112 12484
5997 144 20847
4699 94 8891
5150 171 29257
5654 238 56612
5575 158 24984
7080 144 20786
4058 238 56879
6349 140 19731
10431 150 22612
2847 70 4940
4883 84 7073
5516 161 25916
5776 136 18378
Group 3
RMSE 2
Predicted kWh per unit for 6 months (July to December) (12 months model) RMSE
3897 164.44 27040
7222 138.08 19067
4681 198.00 39205
6377 102.73 10553
3903 217.43 47276
5375 95.79 9175
6806 123.39 15226
5092 235.34 55387
7208 67.73 4588
8290 157.09 24678
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Table 31.

Calculation of uncertainty in energy savings or loss calculation

Group 1 Group 2 Group 3 Control Group
Predicted 44942 80647 58852 270808
Measured 47951 77980 58328 275442
Predicted-Measured -3009 2667 524 -4634
Percentage savings or Ios_s without 6.7% 3.3 0.9% 17%
uncertainty correction
No of Apartments 9 15 10 49
Sum of RMSE? 76995 341460 252195 1011959
n 6 6 6 6
Total Standard Error =
((Sum of RMSEz)/n))"z 113.3 238.6 205.0 410.7
Fractional Uncertainty 0.25% 0.30% 0.35% 0.15%
Higher Range -6.4% 3.6% 1.2% -1.6%
Lower Range -6.9% 3.0% 0.5% -1.9%
Savings or Loss with Standars Percentage Savings or Loss with
Errors Fractional Uncertianity
6.0%
4000 o
3000 2667 4.0% 3.3%
2000 2.0% 0.99
524 '
1000
O . . i . 00% . T T i T
: _
= -1000 - -2.0% -
<4 0,
2 -1.7%
000 -4.0% -
-3000
-4000 -6.0% -
'5000 -4634 _80% '6.7“0
-6000 |
Group 1 Group 2 Group 3 Control Group 1 Group 2 Group 3 Contro
Group Group
B Percentage Savings or Loss

Figure 21.Calculation of uncertainty in energy savings or loss calculation

Billed usage savings comparison. Similar to the energy usage, the billed usage is

compared between pre- and post-study periods across the groups as shown in Table 32. The
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billed usage is calculated based on the kilowatt-hours exceeding the allotted kilowatt-hours. The
exceeded kilowatt-hours is charged at the rate $0.10 per exceeded kilowatt-hour. Group 1
incurred an increased bill of $301.00 and loss of -18.2%. Group 2 incurred a decreased bill of
$285.00 and savings of 8.6%. Group 3 incurred a decreased bill of only $51.00 and a savings of
about 2%. The control group incurred an increased bill of $442.00 and loss of 3.8%. Compared to
the control group, group 2 and 3 had savings though not very significant. Group 1 overall, due to
its increase energy usage during the post-study period, had a higher loss compared to the control

group despite the education provided.

Table 32.

Billed usage savings or loss comparison between groups - Pre study and Post study periods

Group1 Group2 Group 3 Control Group
Predicted Usage Jul to Dec 2012
(kWh) PRE-STUDY PERIOD $1,652 $3,295 $2,759 $11,729
Measured Usage July-Dec 2012
(KWh) POST-STUDY PERIOD $1,953 $3,011 $2.708 $12,171
July to Dec
(% Savings '+' or %Loss '-') -18.2% 8.6% 1.9% -3.8%
PRE STUDY - POST STUDY
July to Dec
(kWh Savings '+' or Loss '-) -$301 $285 $51 -$442
PRE STUDY - POST STUDY
Number of Apartments 9 15 10 49
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Pre Study v/s Post Study Billed Usage
(Predicted v/s Measured) - Comparison Between Groups

$14,000 $12.171
$12,000 $11,729
$10,000
$8,000
& $6,000
$4,000
$2,000
$0
-$2.000 -$301 -$442
Groupt Group2 Group 3 Control Group
9 Apartments 15 Apartments 10 Apartments 49 Apartments
m Predicted Usage Jul to Dec 2012 (kWhr) u Measured Usage July-Dec 2012 (kWhr)

= Savings or Loss in Billed Usage

Figure 22.Pre-study versus Post-study billed usage - comparison between groups

Percentage Savings/Loss Comparison of Billed Usage
Between Groups (Pre Study - Post Study period)

9
% 10.0% 8.6%
3 5.0%
.U% .97
<
g 0.0%
c
a— - 0,
ﬁ 5.0% 38%
g -10.0%
&  150%
: O,
8 -20.0% q80%
nq-h) Group 1 Group 2 Group 3 Control Group
9 Apartments 15 Apartments 10 Apartments 49 Apartments

m July to Dec (% Savings '+' or Loss '-')

Figure 23.Percentage savings or loss in billed usage(Pre-study — Post-study)
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Energy usage per unit area comparison. Since the distribution of the sample group
consisted of different apartment sizes, energy usage per square foot was calculated and
analyzed during the pre- and post-study period across different groups. This was to verify if any
vast difference was identified in savings when energy use per unit(i.e. kilowatt-hour per square
feet) was considered instead of only energy use (i.e. kilowatt-hours). It is seen that the
percentage difference was not much between the two methods. Group 1 had an increased use of
6%, i.e. a loss, group 2 had savings of 3.8%, group 3 had savings of 0.6%, and the control group
had loss of 1.9%. Table 33 presents the calculations for the savings and loss percentage. Figure

24 presents the bar plot of the percentages.

Table 33.

Energy per unit area, savings or loss comparison - Pre study and Post study periods

Group1 Group2 Group 3 Control Group
Predicted Usage Jul to Dec 2012 (kWh)
PRE-STUDY PERIOD 55.6 89.3 711 327.7
Measured Usage July-Dec 2012 (kWh)
POST-STUDY PERIOD 58.9 86.0 70.7 333.8
July to Dec
(% Savings '+' or %Loss '-') -6.0% 3.8% 0.6% -1.9%
PRE STUDY - POST STUDY
July to Dec
(kWh Savings '+ or Loss "-') -3.3 3.4 0.4 -6.1
PRE STUDY - POST STUDY
Number of Apartments 9 15 10 49

Percentage Savings or Loss comparison between groups.
Pre study - Post Study (Predicted - Measured)

6.0%
4.0%
2.0%
0.0%
-2.0%
-4.0%
-6.0%
-8.0% -6.0%

Group 1 Group 2 Group 3 Control Group

3.8%

m July to Dec (%
Savings '+' or
Loss '+')

9 Apartments 15 Apartments 10 Apartments 49 Apartments

Figure 24.Percentage savings or loss in billed usage (Pre-study — Post-study)
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Energy savings comparison between upper level and lower level apartments. Average
energy use during the pre- and post-study period for upper and lower level apartments across the
groups were compared. The study complex consisted of east-west orientation and north-south
orientation. There were not enough north-south orientation apartments in all groups to compare
orientation of this type. Hence, apartments were grouped in upper level, east-west oriented
apartments and lower level, east-west oriented apartments. Table 34 and Figure 25 shows and
compares the energy usage and savings during the pre and post study periods across different
groups for these two categories of apartment location described above. Figure 26 shows the plot

for the savings or loss percentage among the two categories.

Table 34.
Average energy use and savings comparison between Pre-study and Post-study periods among

different floor level categories

July to December Group1 Group2 Group 3 Control Group
DOWN, EW Predicted 4717 4754 5738 5397
Average Energy Usage
DOWN, EW Measured 5325 4560 5511 5351
Average Energy Usage
UP, EW Predicted Average 5073 6289 6092 5796
Energy Usage
UP, EW Measured 5329 6100 6353 5963
Average Energy Usage
DOWN, EW ) . o o o o
(Savings or Loss)kWh,(%) 608 (-12.9%) 194 (4.1%) 227 (4.0%) 46 (0.8%)
UpP, EW ; _Eo o _ _ 270 _ 5 9o
(Savings or Loss)kWh, (%) 256 (-5%) 189 (3.0%) 261 (- 3.7%) 167 (-2.9%)
No of Apartments
DOWN,EW 2 8 5 22
No of Apartments
UP, EW 7 6 3 22
2 BED (1)
5BED (1) 2 BED (2) 3 BED (15)
Apartment Type 3 BED (6)
3 BED(3) 5 BED(1) 3 BED (3) 2 BED (7)
2 BED (8)
2 BED (4) 2 BED (1)
Apartment Type 3 BED (3) 3 BED (11)
3 BED (3) 3 BED (5) 5 BED (3)
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It is seen through the table and plots that apartments in the upper level have a higher
average energy usage compared to the average energy usage of apartments in the lower level.
Additionally, it is also seen that the savings in the lower level apartments is higher compared to
upper level apartments in all the groups except group 1. In the category of apartments that are in
the lower level, the percentage savings in both the TED groups, i.e. group 2 and 3 are more or
less the same. The intervention of budgeting information in the group 3 participants in this study
did not make a difference in the energy savings compared to group 2 participants who did not

have the budgeting information.

Average Energy Use Comparison between Pre and post Study periods
for Upper & Lower level group apartments

6500 -~

6000 s ——

5500 H
5000 — —

4500 ——

4000

kWhr

Group1 Group2 Group 3 Control Group

—o—D, EW Predicted @ —®—D, EW Measured U, EW Predicted  —¢— U, EW Measured

Figure 25. Average energy use comparison upper and lower level apartments with east-west

orientation across different groups.

Percentage Savings or Loss Percentage Savings or Loss
Upper Level & E/W Orientation Lower Level & E/W Orientation
3.0% 4.1% 4.0%
5.0% 5.0% - gy
0.0% -—-—-—- 0.0%
-5.0% 2. 500
" 1% -4.3% - >0%
-10.0% -10.0% 5G9
-15.0% -15.0%
Group1 Group2 Group3  Control Group 1 Group2 Group3 Control
Group Group
7 Apts 6Apts 3 Apts 22 Apts 2 Apts 8Apts 5 Apts 22 Apts
m July to Dec (% Savings '+' or Loss '+') m July to Dec (% Savings '+' or Loss '+')

Figure 26. Percentage energy savings comparison between upper and lower level apartments

with east-west orientation across different groups.
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A similar trend is seen in the average energy use per unit area consumption. The
percentage savings also resulted in savings in lower level apartments, for groups 2 and 3 and
loss in group 1 apartments. Upper level apartments incurred increased usage that is loss in the
post-study period. Except for group 2, all other groups had increased energy consumption. Figure

27 and Figure 28 show the average energy usage and percentage savings across the groups.

Average Energy use per unit area comparison between Pre and Post
Study periods for Upper & Lower level group apartments
8.0
75 {5
i M
g oo =
= 60
2 5 ~
5.0
45
4.0
Group1 Group2 Group 3 Control Group
——D, EW Pre Study 45 55 7.0 6.6
—=— D, EW Post Study 5.1 5.2 6.8 6.6
—&— U, EW Pre Study 6.6 7.5 7.0 6.8
—¢— U, EW Post Study 7.0 7.3 7.3 7.0

Figure 27.Average energy use per unit area comparison - upper and lower level apartments with

east-west orientation.

Percentage Savings or Loss Percentage Savings or Loss
Upper Level & E/W Orientation Lower Level & E/W Orientation
(Energy per unit area) (Energy per unit area)
5.7%
5.0% 2:6% 5.0% 3.49%
0.0% 0.8%
- 0.0%
-5.0% o
T g% 43% -5.0%
-10.0% -10.0%
-15.0% 15.0% —12:2%
Group 1 Group 2 ~ Group 3 C?;L;;' Group1 Group 2 Group 3  Control
7 Apts  6Apts 3 Apts 22 Apis 2 Apts BApts 5Apts 29 Rps
m July to Dec (% Savings '+' or Loss '+' p p P P
uly to Dec (% Savings “+ +) m July to Dec (% Savings '+ or Loss '+)

Figure 28. Percentage (energy per unit area) savings comparison between upper and lower level

apartments with east-west orientation.
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Part 1B- Monthly Energy and Billed Usage Comparison During Pre- and Post-study Period

Monthly energy use comparison. Figures 29 shows the monthly energy consumption
during the individual pre- and post-study months, comparing an increased or decreased usage
during the post study period. Additionally is also seen that overall, all the groups exceed their
allotment for all the study months.

The control group resulted in an increased energy usage during all the post-study period
months except in July. Group 1 also resulted in an increased energy usage for all the post study
months when compared with the pre-study months. Group 2 resulted in a decreased usage in all
the post-study months compared to the pre-study months except for the December month, which
had an increased usage. Group 3 had an increased energy use during the post-study months of
August September and December. The months of July and October had a decreased usage and
hence savings. The decreased usage could be particularly because of the interventions or
education sessions that took place in July and then October.

The corresponding energy savings or loss in kilowatt-hour and percentage is shown in

Figures 30.
Control Group Monthly Energy Consumption - 49 Units
(Pre study v/s Post study month Energy Usage)
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Group 1 Monthly Energy Consumption - 9 Units
(Pre study v/s Post study month Energy Use)
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Figure 29.Monthly energy use comparison for Control Group, group 1, group 2 and group 3

during Pre- and Post-study months
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Monthly Energy Savings or Loss
(Pre Study - Post Study month)
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Figure 30.Monthly energy usage savings in kilowatt-hours and percentage across different

groups.
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Monthly billed usage comparison. Figure 31 shows the monthly-billed usage during the
individual pre-study and post-study months, comparing an increased or decreased billing during
the post-study period. Overall, all the groups exceed their allotment for all the study months.

The control group resulted in an increased billed usage during all the post-study period
months except in July. The group one also resulted in an increased billed usage for all the post-
study months when compared with the pre study months. Group 2 resulted in a decreased billed
usage in all the post-study months compared to the pre-study months except for December,
which had a higher bill. Group 3 had an increased billed usage during the post-study months of
August, September and December. The months of July, October and November had a decreased
usage and hence incurred savings in their bill. The decreased usage could be particularly
because of the interventions or education sessions that took place in June-duly and end of
September months.

The corresponding savings or loss in dollar amount and percentage is shown in Figure

32.

Control Group Monthly Dollar Billed - 49 Units
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Group 1 Monthly Dollar Billed - 9 Units
(Pre study v/s Post study Billed Usage)
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Group 2 Monthly Dollar Billed- 15 Units
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Figure 31.Monthly-billed dollar comparison between pre and post study periods for Control group,

group 1, group 2 and group 3.
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Monthly Dollar Savings/Loss
(Pre Study Billed Usage - Post Study Billed Usage)
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Figure 32.Monthly billed usage savings in dollar and percentage across different groups
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Part 1C-Individual Apartments Energy and Billed Usage Comparison During Pre and Post-
study Period.

Group 1 apartments analysis.

Energy use. Seven out of the total nine apartments had an increased energy usage in
the post-study period. The increased energy difference between the pre- and post-energy study
period ranged from 134kWh to 948kWh and increased percentage difference varied from 2.4% to
17.5% respectively. Two units that had savings decreased their usage by 59kWh (1.2%) and
249kWh (4.2%). Table 35 shows energy consumption during the pre- and post-study months and
the range of saving or loss incurred for the individual apartments. Additionally, Figure 33 plots the
energy savings in kilowatt and percentage for individual group 1 apartments.

Billed use. Seven out of the total nine apartments had an increased billed usage in the
post study period. The increased billed usage difference between the pre- and post-energy study
period ranged from $13.00 to $ 94.00 and increased percentage difference varied from 4.9% to
43.4% respectively. Two units that had savings, had a decreased bill of $ 5.87 (3.6%) and $
24.89 (8.2%). The trend in billed usage savings did not necessarily coincide with the energy
savings. This is because some apartments, although they might show significant energy savings
or loss, could still be within their total monthly allotment. Table 35 shows the billed usage during
the pre- and post-study months and the range of savings or loss incurred for the individual
apartments. Additionally, Figure 34 plots the billed usage savings in dollars and percentage for

individual group 1 apartments.

94



Table 35.

Group 1- Pre and post study data for individual apartments, with energy and billed usage savings

July to Jul to July to Jul to

Dec Dec Jul-Dec  Jul-Dec Jul - Dec Dec Dec Jul-Dec  Jul-Dec
Apt IDs Savings  Savings BEY Post- Pre- Savings  Savings
P gt‘fﬂ;, sF;Liy /Loss. | Loss A"G"i‘\gﬁ”‘ Sudy  Sudy  / Loss /Loss
(KWh)  (KWh%) Billed Billed 6) ($ %)
KWh KW $) ($)
10 4942 4630 -312 6.7%  $322.90 $171.30 $140.07 -$31.23  -22.3%
19 4508 4104 -404 -9.8%  $288.60 $162.20 $121.85 -$40.35  -33.1%
| 35 5654 5903 249 42%  $288.60 $276.80 $301.69  $24.89  82% |
39 5262 4959 -303 -6.1%  $288.60 $237.60 $207.32  -$30.28  -14.6%
43 4798 4396 -402 -9.1%  $322.90 $156.90 $116.68  -$40.22  -34.5%
45 5783 5649 -134 24%  $288.60 $289.70 $276.26 -$13.44  -49%
46 5851 5038 -813 16.1%  $396.00 $189.10 $107.76  -$81.34  -75.5%
67 6359 5411 -948 175%  $322.90 $313.00 $218.21  -$94.79  -43.4%
| 79 4794 4853 59 12%  $322.90 $156.50 $162.37  $5.87 36% |

Group 2 apartments analysis.

Energy use. Nine out of the total fifteen apartments had an increased energy usage in
the post-study period. The increased energy difference or loss between the pre- and post-energy
study period ranged from 21kWh to 505kWh and increased percentage difference varied from
0.4% to 17.5% respectively. Apartments that had savings had a decreased usage ranging from
111kWh (2.7%) to 1000kWh (21%). One unit had a decreased usage of 2184kWh, which incurred
20% savings. Table 36 shows energy consumption during the pre- and post-study months and a
range of saving or loss incurred for the individual apartments. Additionally, Figure 33 plots the
energy savings in kilowatt-hour and percentage for individual group 2 apartments

Billed use. The increased billed usage difference (i.e., loss) between the pre and post
energy study period ranged from $2.00 to $46.00 and increased percentage difference varied
from 4.9% to 43.4% respectively. Units that had savings, had a decreased bill ranging from $0.00
(0%) to $100(68%). The one unit that had energy savings of 2481kWh incurred a billed savings of
$218.00 (30.3%). The trend in billed usage savings did not necessarily coincide with the energy
savings. This is because some apartments, though they had a significant energy savings or loss,
were still within their total monthly allowance. Table 36 shows the billed usage during the pre- and

post-study months and range of saving or loss incurred for the individual apartments.
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Table 36

Group 2- Pre and post study data for individual apartments, with energy and billed usage savings

July to Jul to

July to Julto Dec Dec Jul-Dec  Jul-Dec

Jul-Dec Jul-Dec

Dec Dec Jul - Dec
Apt ID vin vin b Post- Pre- Savings Savings
PHbs gt?idty SF;L?j_y S/aLos%S S/aLos%S Algit\?;ﬁm St_?:sc}y S?u%y / Losg / Losg
Wh Wh (KWh) (KWh%) Billed Billed ($) ($ %)
($) ($)
6 4041 4152 111 2.7% $322.90 $81.20  $92.28 $11.08 12.0%
7 2280 2481 201 8.1% $288.60 $0.00 $0.00 $0.00 0.0%
8 6461 5997 -464 7.7% $288.60 $357.50 $311.06 -$46.44 -14.9%
| 18 3699 4699 1000 21.3% $322.90  $47.00 $147.04 $100.04 68.0% |
26 5209 5150 -59 1.2% $322.90 $198.00 $192.06  -$5.94 -3.1%
49 5978 5654 -324 -5.7% $322.90 $274.90 $242.49  -$32.41  -13.4%
50 5776 5575 -201 -3.6% $322.90 $254.70 $234.60 -$20.10 -8.6%
| 51 6470 7080 610 8.6% $396.00 $251.00 $312.04  $61.04 19.6% |
53 4087 4058 -29 -0.7% $322.90 $85.80  $82.89 -$2.91 -3.5%
63 6664 6349 -315 -5.0% $322.90 $343.50 $312.05 -$31.45 -10.1%
| 64 8247 10431 2184 20.9% $322.90 $501.80 $720.18  $218.38  30.3% |
69 3352 2847 -505 -17.8%  $322.90  $12.30 $0.00 -$12.30 -
73 4904 4883 21 -0.4% $322.90 $167.50 $165.40 -$2.10 -1.3%
| 75 4669 5516 847 15.4%  $322.90 $144.00 $228.68  $84.68  37.0% |
83 6143 5776 -367 -6.4% $322.90 $291.40 $254.66 -$36.74  -14.4%

Group 3 apartments analysis.

Energy use. Five out of the total ten apartments had an increased energy usage in the
post-study period. The increased energy difference or loss between the pre- and post-energy
study period ranged from 45kWh to 685kWh and increased percentage difference varied from 1%
to 17.6% respectively. Units that had savings had a decreased usage ranging from 152kWh
(2.4%) to 1515kWh (21%). Table 37 shows energy consumption during the pre- and post-study
months and range of saving or loss incurred for the individual apartments. Additionally, Figure 33
plots the energy savings in kilowatt-hour and percentage for individual group 3 apartments

Billed use. The increased billed usage difference (i.e., loss) between the pre- and post-
energy study period ranged from $4.51 to $68.00 and increased percentage difference varied
from 2.5% ($4.51) to 67.7%($68.00). Units that had savings had a decreased bill ranging from
$15.20 to $151.00.The savings percentage varied from 4.8% ($15.20) to 38% ($151.00). The
trend in billed usage savings did not necessarily coincide with the energy savings. This is

because some apartments, though had a significant energy savings or loss, were still within their
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total monthly allowance. Table 37 shows the billed usage during the pre- and post-study months

and range of saving or loss incurred for the individual apartments.

Table 37

Group 3- Pre- and post-study data for individual apartments with energy and billed usage savings

July to Jul to

it il Dec Dec Jul-Dec Jul-Dec

Jul-Dec Jul-Dec

Dec Dec Jul - Dec
Apt IDs Savings  Savings e Post- Pre- Savings  Savings
P gt‘fﬂ;, SF;L‘Z'Y ILoss  /Lose A'g\’;ﬁ”t Swdy  Study  / Loss I Loss
o o (KWh)  (KWh%) legd Bzgsd $) ($ %)
2 4582 3897 -685 -17.6% $288.60 $169.60  $101.13 -$68.47 -67.7%
5 5707 7222 1515 21.0% $322.90 $247.80  $399.33 $151.53 37.9%
12 4726 4681 -45 -1.0% $288.60 $184.00 $179.49 -$4.51 -2.5%
28 6225 6377 152 2.4% $322.90 $299.60 $314.82 $15.22 4.8%
4 3691 3903 212 5.4% $288.60 $80.50  $101.70 $21.20 20.8%
48 5603 5375 -228 -4.2% $322.90 $237.40 $214.65 -$22.75 -10.6%
59 7468 6806 -662 -9.7% $322.90 $423.90 $357.72 -$66.18 -18.5%
68 5366 5092 -274 -5.4% $322.90 $213.70 $186.28 -$27.42 -14.7%
71 6999 7208 209 2.9% $322.90 $377.00 $397.90 $20.90 5.3%
77 7972 8290 318 3.8% $322.90 $474.30  $506.06 $31.76 6.3%

Control group apartments analysis

Energy use. Thirty-two out of the total forty-nine apartments had an increased energy
usage in the post-study period. The increased energy difference or loss between the pre- and
post-energy study period ranged from 55kWh to 1764kWh and increased percentage difference
varied from 1.1% (63kWh) to 26.6% (1764kWh). Seventeen units that had savings had a
decreased usage ranging from 10kWh (0.2%) to 1633kWh (31%). Table 38 shows energy
consumption during the pre- and post-study months and a range of saving or loss incurred for the
individual apartments.

Billed use. The increased billed usage difference (i.e., loss) between the pre- and post-
energy study period ranged from $0.00 to $176.00. Seventeen units that had savings had a
decreased bill ranging from $0.97 to $163.00. The trend in billed usage savings did not
necessarily coincide with the energy savings. This is because some apartments, although they

had a significant energy savings or loss, were still within their total monthly allowance. Table 38
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shows the billed usage during the pre and post study months and range of saving or loss incurred

for the individual apartments.

Table 38

Control Group-Pre and post data for individual apartments, with energy and billed usage savings

Apt IDs July to Jul to Jul-Dec Jul - Dec July to Jul to Jul-Dec
1 6102 6563 461 7.0% $322.90  $287.30  $333.44 $46.14 13.8%
& 4017 3613 -404 -11.2% $288.60  $113.10 $72.66 -$40.44 -55.6%
4 6415 6425 10 0.2% $322.90  $318.60 $319.57 $0.97 0.3%
9 5117 4925 -192 -3.9% $322.90 $188.80 $169.64  -$19.16 -11.3%
11 6610 5527 -1083 -19.6% $288.60  $372.40 $264.14 -$108.26  -41.0%
13 5102 4381 -721 -16.5% $288.60 $221.60 $149.52  -$72.08 -48.2%
14 3973 3481 -492 -14.1% $322.90 $74.40 $25.22 -$49.18  -195.0%
15 2378 2161 -217 -10.1% $288.60 $0.00 $0.00 $0.00 0.0%
16 4286 4939 653 13.2% $288.60  $140.00 $205.27 $65.27 31.8%
17 6000 5595 -405 -7.2% $288.60  $311.40 $270.90  -$40.50 -14.9%
20 6219 5504 -715 -13.0% $322.90  $299.00  $227.53  -$71.47 -31.4%
21 5070 4805 -265 -5.5% $288.60 $218.40 $191.88  -$26.52 -13.8%
22 6951 6591 -360 -5.5% $288.60  $406.50  $370.51 -$35.99 -9.7%
23 5885 6116 231 3.8% $288.60  $299.90  $322.99 $23.09 71%
24 3995 3256 -739 -22.7% $288.60  $110.90 $36.98 -$73.92  -199.9%
25 6709 6354 -355 -5.6% $322.90  $348.00 $312.55  -$35.45 -11.3%
27 5706 5290 -416 -7.9% $322.90 $247.70 $206.15  -$41.55 -20.2%
29 7266 6671 -595 -8.9% $322.90  $403.70  $344.23  -$59.47 -17.3%
30 5185 5369 184 3.4% $288.60  $229.90  $248.28 $18.38 7.4%
31 5450 6467 1017 15.7% $322.90 $222.10 $323.80  $101.70 31.4%
32 4832 4617 -215 -4.7% $322.90 $160.30  $138.81 -$21.49 -15.5%
33 5030 4758 -272 -5.7% $288.60 $214.40 $187.23  -$27.17 -14.5%
34 5364 5148 -216 -4.2% $288.60 $247.80 $226.16  -$21.64 -9.6%
36 5126 5397 271 5.0% $288.60  $224.00 $251.12 $27.12 10.8%
37 3797 3742 -55 -1.5% $288.60 $91.10 $85.57 -$5.53 -6.5%
38 5273 4967 -306 -6.2% $322.90 $204.40 $173.78  -$30.62 -17.6%
40 3326 4959 1633 32.9% $322.90 $9.70 $173.02  $163.32 94.4%
42 6145 5856 -289 -4.9% $288.60  $325.90  $297.01 -$28.89 -9.7%
44 6010 5920 -90 -1.5% $322.90 $278.10  $269.11 -$8.99 -3.3%
47 6400 7739 1339 17.3% $396.00  $244.00 $377.94 $133.94 35.4%
52 8478 6714 -1764 -26.3% $396.00 $451.80 $275.42 -$176.38  -64.0%
54 9822 9177 -645 -7.0% $396.00  $586.20 $521.70  -$64.50 -12.4%
55 5261 6047 786 13.0% $322.90  $203.20  $281.81 $78.61 27.9%
56 5103 5170 67 1.3% $322.90  $187.40  $194.09 $6.69 3.4%
57 3406 3606 200 5.5% $322.90 $17.70 $37.71 $20.01 53.1%
58 6104 6435 331 51% $322.90  $287.50  $320.63 $33.13 10.3%
60 5602 5163 -439 -8.5% $322.90  $237.30  $193.36  -$43.94 -22.7%
61 6526 5868 -658 -11.2% $322.90 $329.70 $263.92  -$65.78 -24.9%
62 6210 6352 142 2.2% $322.90  $298.10  $312.30 $14.20 4.5%
65 6643 7489 846 11.3% $322.90  $341.40 $426.05 $84.65 19.9%
66 5734 5331 -403 -7.6% $322.90  $250.50 $210.19  -$40.31 -19.2%
70 6672 6491 -181 -2.8% $288.60  $378.60  $360.50  -$18.10 -5.0%
72 5047 4779 -268 -5.6% $322.90 $181.80 $154.98 -$26.82 -17.3%
74 5737 5441 -296 -5.4% $288.60  $285.10 $255.47  -$29.63 -11.6%
76 6744 7284 540 7.4% $322.90  $351.50  $405.51 $54.01 13.3%
78 6169 5996 -173 -2.9% $322.90  $294.00 $276.69  -$17.31 -6.3%
80 5344 5236 -108 -2.1% $322.90 $211.50 $200.70  -$10.80 -5.4%
81 5332 5386 54 1.0% $322.90  $210.30 $215.66 $5.36 2.5%
82 5769 5706 -63 -1.1% $322.90  $254.00  $247.65 -$6.35 -2.6%
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Figure 33.Comparison of percentage savings or loss in energy use for individual apartments

across groups
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Figure 34.Comparison of percentage savings or loss in billed usage for individual apartments

across groups

100




Distribution of Energy Savings or Loss Across the Groups for
Individual Apartments (Pre Study - Post Study)
10000
5000
0 — = .
s - R
z
-5000
-10000
-15000
Group 1 Group 2 Group 3 Control Group

Percentage Energy Savings or Loss Across the Groups for Individual
Apartments (Pre Study - Post Study)

200%
150%
100%
50%
0% . - :
-50% -
-100%
-150%
-200%
-250% —
-300%

Percentage Savings or Loss (%)

Group 1 Group 2 Group 3 Control Group

Figure 35.Distribution of energy savings or loss and its percentage distribution for individual
apartments
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Part 2- Study Results Analysis Based on Participant Survey

General participant understanding of energy after the study. According to the
participant survey taken at the end of the program, almost all of the 34 participants reported at
post-study that they better understood the relationship between their electrical devices’ energy
usage and how much money they could save by practicing what was suggested to them during
education sessions. About 76% of the participants(25 households) felt that they benefitted a lot
from the program, whereas 24% of the participants (8 households) felt they benefitted a little.

Table 39 shows the individual apartment survey results with their overall energy savings.
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Table 39.

Participant Survey-General understanding of household energy

In comparison to
before the study
began how well do

you understand how

much energy your
electrical devices

In comparison to
before the study
began how well
do you
understand how
much money you

In comparison to
before the study
began how well do

you understand what

you can do to save

Do you feel this
program has
benefitted you

use can save? energy?
[
g § o § 5 e § &8 e § s =
5 2 3 & %8 % &% & 8§ 3% 2 o
Group Apt 5 = a c c @0 c = = = i E o
o ) = S ) i P [ T 2 -
BB e B £ o BENEa ¢ ¢
g S o 3 g o g S o 3 > =
10 -6.7% X X X X
19 -9.8% X X X X
35 4.2% X X X X
39 -6.1% X X X X
1 43 -9.1% X X X X
45 -2.4% X X X X
46 16.1% X X X X
67 17.5% X X X X
79 1.2% X X X X
6 2.7% X X X X
7 8.1% No Survey
8 -7.7% X X X X
18 21.3% X X X X
26 -1.2% X X X X
49 -5.7% X X X X
50 -3.6% X X X X
2 51 8.6% X X X X
53 -0.7% X X X X
63 -5.0% X X X X
64 20.9% X X X X
69 17.8% X X X X
73 -0.4% X X X X
75 15.4% X X X X
83 -6.4% X X X X
2 17.6% X X X X
5 21.0% X X X X
12 -1.0% X X X X
28 2.4% X X X X
3 4 5.4% X X X X
48 -4.2% X X X X
59 -9.7% X X X X
68 -5.4% X X X X
71 2.9% X X X X
77 3.8% X X X X
Number of
Group 1,2 & o o 38 0 1 32 0 0 33 25 8 0
Apartments
Percentage 0% 0% 100% 0% 3% 97% 0% 0% 100% 76% 24% 0%

on Total (33)
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Participant interaction with the TED device. This part of the survey questions were
asked only to the TED group participants that is group 2 and 3.

Understanding information on display screen. 36% of the participants (i.e., 9
households mentioned that they understood the device very well, whereas 52% of the
participants mentioned that they understood the device 'mostly ok'.

Display setting preferred. Regarding display settings, 24% of the participants (i.e..6
households) preferred real-time use setting on the display. 40% of the participants (i.e.,10
households) preferred 'recent usage' setting on the display.28% of the participant (i.e.,7
household) preferred month-to-date setting. There was one household, 'Apt ID' 64,that referred to
all three settings during their interaction with the device. This participant also mentioned their
‘very good’ understanding of the TED device. It was seen that this resident had a savings of 21%
in their energy savings, which was the highest savings achieved within this group.

Frequency of looking at the display. Regarding the frequency of looking at the display
during the last week of the experiment,32% of the participants (i.e.,8 households) mentioned they
did not look at the device at all, 32% of the participants (i.e.,8 households) mentioned that they
looked at it 1-3 times in the week, 4% of the participants (i.e.,1 household) mentioned that they
looked at the device 4-6 times in the week,16% of the participants (i.e.,4 households) looked at it
daily and only one participant looked at the device several times a day.

Comparing participant device interaction survey results with energy savings. Out
of the 9 participants who mentioned that they understood the device very well, 6 of them had
savings in their energy usage. Out of the 15 participants who mentioned that they interacted with

the TED until the last week of the study, 10 of them had savings.
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Table 40.

Participant survey-TED device interaction versus percentage savings(group 2 & 3 only)

Understanding

Y% ) - Display Setting Frequency of Looking at the Display
Savings Igr;;%rlgyatsl%?e%?l Preferred in the last week of the experiment
3 = X = ] - o ) 0 _ &
Group  Apt a g C>>, = E o 69 =g ¢ .GE) .GE) > £3
No ID = > z = =5 88 E8 £ S 5 8 zq
£ = 2 2 ¢ N o 2 g @ g
- =
6 2.7% X X X
7 8.1% No Survey No Survey No Survey
8 -7.7%
18 21.3% X X X
26 -1.2% X X X
49 -5.7% X X X
50 -3.6% X X X
2 51 8.6% X X X
53 -0.7% X X X
63 -5.0% X X X
64 20.9% X X X X X
69 -17.8% X X X
73 -0.4% X X X
75 15.4% X X X
83 -6.4% X X X
2 -17.6% X X X
5 21.0% X X X
12 -1.0% X X X
28 2.4% X X
3 4 5.4% X X X
48 -4.2% X X X
59 -9.7% X X X
68 -5.4% X X X
71 2.9% X X X
77 3.8% X X
Number of Group 2 & 9 13 0 6 10 7 8 8 1 4 1

3 Apartments
Percentage on Total
(25)

Number of Group 2
Apartments
Percentage on Group 2
Total (15)
Number of Group 3
Apartments
Percentage on Group 3
Total (10)

36% 52% 0% 24% 40% 28% 32% 32% 4% 16% 4%

5 7 0 4 6 5 3 5 1 3 1

33% 47% 0% 27% 40% 33% 20% 33% T% 20% 7%

4 6 0 2 4 2 5 3 0 1 0

40% 60% 0% 20% 40% 20% 50% 30% 0% 10% 0%

Understanding of and using budgeting information. This part of the survey questions
were asked of group 3 participants only. Out of the 10 participants who received the budgeting
information, 6 of the participants compared this information with the screen during the last month
of the study. Out of the 10 participants, only 5 knew which screen on the display was to be

referred to with the budgeting information. Though the screen to refer was 'recent usage’, two of
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the participants mentioned that it was 'month to date.' The overall understanding of the budgeting
information was difficult for the residents to understand. Though the participants were re-
educated regarding this information during the follow-up session in September, more than half of

the participants did not fully understand how to use it.

Table 41.

Participant Survey- Group three's understanding of budget sheet information

Have you used your
In the last 30 days how often allotment information

'?Bt Where is the budget sheet kept? did you look at the budget (budget sheet) to
sheet compare with the
display screen
> o i %)
() ) o] o
° £ 2% o 3 ©
X 2 B 8= 3 = » » = <~
(7] i 0D of G E . (0] (0] = 2% "
S 5 o2 B 9 (<] o g & D ] = 2
= e o= 50 3 £ ([} = = <} =z ° = s}
> c 9 B8 9 = zZ SV < IS » 9 z
® B 3¢5 &€ 2 - ° 5 B
T g 3¢ g 0 s
o A = O .
K] T g
= >
2 176% X X X
5 21.0% X X X
12 -1.0% X X X
28 2.4% X X X
Month to
o,
4 5.4% X X X Date
48 -4.2% X X X
Month to
U )
59 9.7% X X X Date
68 -5.4% X X X
Don’t
71 2.9% X X X rememb
er
77 3.8% X X X
No. of
Apartments 4 2 0 0 2 1 4 4 0 1 5 4
Percentage
40 20 o 0 20 10 40 o o o 50 o
from total % % 0% % % % % 40% 0% 10% % 40%

(10)

Energy saving strategies mentioned by participants. All the participants were asked
about their general understanding about what would help them save energy in their household.

Table 42 gives a summary of the strategies mentioned by each participant. The majority of the
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participants mentioned disconnecting appliance and electrical devices when not in use, especially
to avoid 'phantom’ loads. The majority also mentioned turning off lights and the television in order
to avoid wasting energy. The next most mentioned strategy was to keep the air conditioner on
auto mode or change thermostat setting to avoid excess usage when not needed. Many of them
also mentioned buying/using 'energy efficient' appliances like those that were labeled 'Energy

Star'.

Table 42.

Participant Survey- Energy Savings or Loss versus Savings strategies mentioned during survey

%

Saving Energy Saving Strategies as Mentioned by the Participants (Group 2 and 3 only)
s
= o § g 3 o2 o0 c o c 0 2
gc | £ c €& %28 8 e g2 3§
28 |8 B 25,25 2 5. |38 E,
8 8 |5 g% [EQEIZ02 (Mg =5 [8e =t
Group a sS85 &, 229 289 cL2E_| &0 & 2 o 2 S E
SOz Q9o c=9 € .8 o3Py &5 C L o T35 =]
No. & e So% 29 523 2g= 5I0a P8 = | g 20
Apt ID = 2£g 8= §55 £358 058~ 88 TVZ2 £2 2
= © o C = c = =
> o ag °Sc - 0o 3 o< 0 2 @ < 5
5 E g S 22° <zt & s° 85 O3
55 3 52 E£35 9B > o 50 2
I T <& e E =] a 4 Z 2 %
6 2.7% X
7 8.1% No Survey
8 -7.7% X
18 21.3% X X X
26 -1.2% X X X
49 -5.7% X X X
50 -3.6% X X
2 51 8.6% X
53 -0.7% X X X
63 -5.0% X X
64 20.9% X
69 -17.8% X X
73 -0.4% X
75 15.4% X X X
83 -6.4% X X
2 -17.6% X X X X
5 21.0% X X
12 -1.0% X X
28 2.4% X
3 4 5.4% X
48 -4.2% X X X
59 -9.7% X X
68 -5.4% X X
71 2.9% X X X X
77 3.8% X X X
Number of Group 2 & 1 5 17 15 4 6 1 3 3

3 Apartments
Percentage on Total
(25)

4% 8% 68% 60% 16% 24% 4% 12% 12%
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Part 3- TED Device Functionality and Comparison With Meter Readings

TED's functionality during the study period. Table 49. in APPENDIX H summarizes
TED's functionality for individual apartments during each study month. Out of the 25 apartments
in the group 2 and 3 together, 6 of them had technical issues with their TED, which stopped
working. In these apartments, it was seen during the September follow-up session that the
gateways had stopped interacting their respective MTUs, resulting in no data transmission. After
the follow-up session, most of the TEDs that were checked and re-configured stored correct data
for the last three months.
Some of the TEDs had missing days of data in the last month or days of the study. The reason
could be that the residents might have unplugged their gateways. Only 11 devices out of the 25
installed had all the months' data from the day they were installed until the end of the study and
they were de-installed. See APPENDIX H for summary of TEDs installed and its functionality
during the study

Comparison with meter readings. The monthly TED data readings were compared with
the meter reading and the results varied from -3.6 % to 6%. According to the TED official website,
TED is calibrated at the factory to be accurate to within 2% and might even find that it is generally
closer to 1%. The variation in the TED device and meter readings could be due to loss of data
transmission or meter readings being read one or two days prior or later to end of the month
since these meters are manually read. There were two apartments, which a very high percentage
difference as seen in Table 43. This could be due to wiring issues in the meter or technical issues
with the device itself. Figure 36 shows the plot of the percentage variations in the TED and meter

readings.
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Table 43.

TED and meter readings comparison during the study period

TED & METER Readings Comparison

Data with No. of

Grou TED UNITS METER UNITS  Percentage Difference between
Numbor Al Com%‘l’;:%g‘mhs (KWh) (KWh) TED and Meter Readings

2 6 4 1706 2011 17.9%
2 7 No TED data

2 8 3 1223 1199 1.9%
2 18 6 773 3699 ~378.5%
2 26 5 3970 3830 3.5%
2 49 3 1522 1490 21%
2 50 2 727 709 25%
2 51 3 1558 1520 2.4%
2 53 6 4178 4087 2.2%
2 63 3 1749 1669 4.6%
2 64 3 2684 2607 2.9%
2 69 6 3517 3352 47%
2 73 6 5035 4904 2.6%
2 75 2 2594 2608 0.5%
2 83 4 3821 3811 0.2%
3 2 2 748 711 5.0%
3 5 6 5857 5707 2.6%
3 12 6 4820 4726 2.0%
3 28 6 6616 6225 5.9%
3 41 5 2896 2802 3.2%
3 48 1 1689 1578 6.6%
3 59 2 3855 3758 2.5%
3 68 6 5665 5366 5.3%
3 71 2 1321 1269 4.0%
3 77 4 6624 6876 3.8%

Percentage Difference Between TED and Meter Reading

9,

£5% 6.6%

8.0%
6.0%
4.0%
2.0%
0.0%
-2.0%
-4.0%

% Difference

-3.8%
8 26 26 49 50 51 53 63 64 69 73 75 8 2 5 12 26 28 28 41 48 59

Apartment ID

M Percentage Difference between TED and Meter reading

Figure 36.Percentage difference between TED and meter readings
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TED Data analysis. The TED data was not used for analysis in this research for the
overall post study period. This is because as seen in the above description, that only 11 of the 25
TEDs had the complete data. However on an individual case study basis the data of the 11
apartments could be further used to analyze the daily and hourly consumption during the study

period.
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Chapter 5
CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This research study was carried out to investigate the Effectiveness of In-Home
Feedback Devices in Conjunction with Energy Use Information on residential energy
consumption. An analysis of the pre-study data versus post-study data was carried out between
the various participating groups with different levels of intervention. These groups were compared
with each other as well as with a control group. The effect of orientation and position of the
apartment on energy savings was also analyzed. In addition, an analysis of the participant survey
was also carried out with respect to their understanding of energy usage post study and their
interaction with the in-home display device during the study. The above set of studies concludes
as follows:

e In the first part of the analysis, which evaluated the overall savings of all the
apartments within each group, group 1,which was the 'only education' group,
revealed an increased energy usage of 6.7%, which does not support the intended
hypothesis. Group 2, which received both the education and the TED device,
revealed a savings of 3.5%, which though was not a significant saving as identified
through past literature and pilot studies, still resulted in a decreased usage of energy
when compared to the control group which had an increased energy usage of 1.7%.
Group 3 which received the same education, TED device, and added budgeting
information, revealed an insignificant savings of 0.9%, which did not support the past
literature study that added motivational element, (in this case the budgeting
information) results in an increased. Since this saving was insignificant, it raised a
further question about the accuracy of the prediction model used for normalizing the
data, and therefore, the random errors that were considered in the total results of

each group. The corrected saving still resulted in group 1 having a loss of -6.7% =
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0.25%, group 2 with savings of 3.5% % 0.30%, group 3 with savings 0f0.9%z 0.35%
and the control group with loss of 1.7% + 0.15%.

To further analyze the effect of other variables on energy savings, such as the
variations of apartment area within the groups and orientation and floor level location
of the apartment, savings were calculated based on grouping the apartments that
belonged to the same orientation and location. Also, average energy consumption
per unit area was considered in these calculations. It was seen that lower level
apartments with east west orientation, revealed a savings of 5.7 % in group 2, and
3.4% in group 3. The upper level apartments revealed a savings of 2.6% in group 2,
and a loss of -4.3% . The group 3 showed a similar trend.. The apartments in the
upper level apartments could not save as much as the lower level apartments within
the same orientation. The upper units revealed an increase of -4.8% in energy usage
and the lower apartments revealed an increase of -12.2% which was worse than
upper level.

Monthly savings analysis revealed that group 1had an increased usage all of the
post-study months. Group 2 had a decreased usage of energy in all the post-study
months. Group 3 had decreased usage in the July, October and November months.
The reason for savings in these months could be due to first interventions in taking
place June-July month and then the second intervention, i.e., the follow-up sessions
taking place September-October months. This states a possibility that these groups
of households did not have a long-term effect of the feedback interventions and
hence lacked persistence in their savings.

Individual apartment savings and loss analysis in energy and billed usage showed
interesting and inconsistent results overall, as well as within their own groups. Group
1 had only two apartments, which had savings with 1.2% (59kWh) and
4.2%(259kWh). Group 2 savings ranged from 2.7% (111kWh) to 21% (1000kWh).

Only one apartment had a very high savings, i.e., about 2184kWh (20%).The group 3
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savings ranged from 2.4% (151kWh) to 21% (1515kWh), excluding one apartment
which had a high savings of 2184kWh(20% reduction). If the apartment in the group
2 with the high kilowatt-hour savings of 2184kWhwas not considered, then the
minimum and maximum range in savings for group 3 would have been higher. The
trend in billed usage savings did not necessarily coincide with the energy savings.
This is because some apartments, although they had a significant energy savings or
loss, were still within their total monthly dollar allowance.

e Though the feedback interventions did not result in significant savings overall, as per
the participant survey results, the study proved effective to foster awareness among
participating residents of their own patterns of residential electricity consumption and
understanding of residential energy use related savings. Survey results with respect
to the TED device revealed that 6 out of the 9 participants who mentioned that they
understood the device 'very well' had savings. There were also particular results
where a participant, who referred to majority of the TED display screen and
interacted with it, had a savings of 21% in its energy consumption. Survey results
also revealed that 5 out of the 10 participants in group 3 did not understand the
budgeting sheet information. Also only few of those 10 participants compared the
budget sheet with the TED display device. Thus, the effect of the budgeting
information did not result in a big impact with respect to educating or providing added

information to the participants.

Possible Explanations for Insignificant Findings.

e Difficulty in understanding device. The population that received the feedback and
education related to household energy use, had difficulty with understanding the kilowatt
hours and their billed dollar relation. It was experienced during the interaction and
follow-up sessions with the residents as well as with the survey results, where less than

half of the participants understood the device 'very well'. Since the residents had initial
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difficulties in understanding the readings on the TED display device, many of the
participants had to be re-educated during the follow-up session, which took place during
the mid-phase of the study i.e. in September.

Duration and delay of study. The program design and implementation had undergone
many changes before and during the study. There was a time lag of three years during
the selection process of the potential participants. There were many initial IRB approvals
of program design and education material, which had to take place before the study
began as well as approvals for the follow-up sessions. Researchers entering the
households had to be badged as well. All these reasons led to lesser number of study
months and thus the duration had to be limited to six months due to the program
deadline. There were fewer months to determine the feedback effects. The potential of
savings could have been lesser in the later 3 months that is from October to December.
Low feedback frequency. In this study only two sessions could be held with the
participants during the six months. Due to the program delay which led to a restricted
period of six months study and the unavailability of participants to hold education
sessions within the time frame led to a lesser number of follow-up sessions.

Benefits of TED not completely utilized. Low-income group did not have access as a
whole to avail the TED footprint software. To reduce the variable and keep the study
design simplified, the footprint software screen was not introduced to the participants.
The home energy display showed information based on numbers alone with no
graphical display of household energy use. This kind of feedback for a population type of
this complex would have easily lost interest.

Savings persistence. Savings persistence is an issue in energy feedback studies, as
even pointed out it the past studies. The decline in the use of feedback device could
result in null savings. As seen in the TED data downloads, some of the apartments had
missing days of data. The participant would have probably disconnected the device.
Participant surveys also revealed that their interaction with the device had reduced or
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they had not interacted at all by the last week of the program. Previous studies have
proved and suggested that frequent feedback intervention results in a better savings and

is thus an important factor in feedback-induced programs.

Future Works

¢ Persistence of savings. Examine the persistence of savings post study, to see if there
was any significant increase or declines in the energy consumption and billed usage
during that period. Especially, examine those apartments that were highly motivated and
incurred savings during the study period.

e TED data analysis. Analyze the daily or hourly data collected by the TED device to
identify trends in the energy consumption during the different intervention periods of the
study especially for the days after the September month when the first follow-up session
was completed.

e Group 1 results. Group 1, which was the 'only education' group, though had received
the education, experienced an increased use of energy consumption during the study
period. Further research as to what reasons could have led to this needs to take place.

e Group 2 results. Group 2, which was the TED plus education group revealed a higher
savings than Group 3, which was given the same interventions with an added budgeting
information. This was an unexpected result and further analysis of data needs to be
conducted to identify this result. One of the apartment in group 2 revealed decreased
usage of more than 2000kWh. The savings calculation could be performed for all the
apartments in group 2 again, eliminating this apartment to see the percentage change in
the savings. This result could then be compared to group 3.

e Regression model. Energy consumption for residential buildings depends on a lot of
variables. Assuming the residential energy consumption at this complex to be only

dependent on temperature was a vast generalization that was made in this research. A
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regression model taking into consideration other variables as well could determine the
savings further accurately.

Demographic specific study design and education. Further study on the modification
of education design for the demographics of this complex would be important to
understand. It was seen during in the survey results that some of the participants had
stopped interacting with the device by the end of the study month. The group 3
participants had difficulty understanding the screen to refer to for comparing their
budgeting sheet information. Therefore a more demographic-specific education design is
suggested. Study of the effect of savings, depending on the type of demographics, would
be an area of further research to understand how one could design the experiment such
that maximum benefit is experienced.

Disaggregated energy use information. Using further disaggregated energy use
information for the households i.e. providing them with energy feedback related to each
of their major appliances. For instance using think-eco type of modlets which provide with
such disaggregates information. The effectiveness of this type of feedback initiative

would be interesting to analyze.

Recommendations policy makers and utilities

Policy makers and utility companies should provide all the households with smart meters
in case they don't have them, and for those who do, provide them with real-time
feedback, which can be of the web-based tool or an in-home feedback monitor.

Remove barriers to third party providers of feedback technologies and services and
encourage partnerships between third-party providers, utilities and governments.

Have more number of feedback programs that provide mutable, incremental and more
flexibility in integrating new automation and feedback technologies in the future. Invest in

multiple programs to assess effectiveness of different approaches.

116



Address behavior as well as technological means of reducing household energy
consumption. Rather than simply promoting in investments in energy efficient products,
programs should encourage households to consider engaging in a wide variety of energy
savings behavior.

Implement studies with large sample size, which examine the effectiveness of feedback
for more than a year and then examine the persistence of savings over multi-year

periods.

117



ABBREVIATIONS

AC — Air conditioning, Air conditioner,
AMI — Advanced Metering Infrastructure
AMR — Automatic Meter Reading

APS — Arizona Public Service

ARRA — American Recovery and Reinvestment Act
ASHRAE — American Society of Heating, Refrigeration, and Air-conditioning Engineers
ASU - Arizona State University

AZ — Arizona

BTU — British Thermal Unit

BC — British Columbia

CFL — Compact fluorescent lamp

CMU - concrete masonry unit

CT — Current Transformer

DIY — Do-it-yourself

DOE — Department of Energy

EIA — Energy Information Administration
EPRI — Electric Power Research Institute
FAM — Family Type or Bedroom type
GIOS — Global Institute of Sustainability
IMT — Inverse Modeling Toolkit

IRB — Institutional Review Board

kKW — kilowatt

kWh — kilowatt-hour
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LED — Light emitting diode

MTU — Measuring Transmitting Unit

NSD — Neighborhood Service Department, City of Phoenix
RMSE - root mean square errors

RS - right slope

SMUD - Sacramento Municipal Utility District

TED — The Energy detective

TOU —time of use

TV —television

UK — United Kingdom

US — United States
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APPENDIX A

SUMMARY OF PILOT STUDY RESULTS
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Four pilot studies with different feedback interventions have been summarized in the

tables below. The project name, duration, sample size, objective, methodology, behavioral

response, energy consumption related results and conclusions are summarized for each study.

Table 44.

Summary of Hydro One pilot

Home Energy

. Year Duration Region Feedback . Sampl Overall
Project Name Covered Type Monitor / eSize  Savings
Mechanism
Hydro One gggi 2.5 Years Ontario E::gglagf MF;ﬁ\i,tvoe: ((F:’(E)SI:/I) 500+ 6.5%
e  Todetermine whether provision of a real-time feedback device is sufficient to empower
residential customers with the information needed to reduce their electricity consumption.
Objective e  To establish whether use of such a device can help customers save money and be an aid
in promoting a “conservation friendly” culture.
e  To assess whether real-time feedback is effective and to determine, from change in usage
data, if behavior of the participants could be quantified as energy savings.
e 500 Participants received the monitor & 72 were control group.
. In order to assess the impact of the real-time monitor on electricity consumption, the
electricity (kWh) usage was monitored from the date of initial installation until September,
2005
e  Theimpact of the real-time feedback monitor was quantified by comparing electricity usage
Methodolo (kWh) against the prior year.
9y . Usage data was also collected for all pilot participants prior to the real-time monitor being
made available for a period of up to 18 months.
e  Customer usage was tracked over 2.5 years including the pre-experiment period.
. Historical data was adjusted for weather and appliances in order to evaluate energy
savings
. Study excluded customers that lived in apartments, condominiums, town homes, and row
homes or were renters.
. . Behavioral response remained persistent and did not decrease over time during the study
Behavioral period
Rgig?g;zl?r e 60.5% of the participants felt the monitor made a difference in their homes

Satisfaction

65.1%, planned to continue using the monitor after the pilot was complete.
39% of participants reported consulting the monitor either daily (24%) or multiple times per
day (15%)

Energy
Consumption

Across the study sample

Aggregate reduction in electricity consumption (kWh) was 6.5%

Households with non-electric space heating :

Aggregate reduction in energy consumption was 8.2%.

House with non-electric water heating and space heating :

Within this sample a reduction of 5.1% was observed

Non electric House with electric water heating : reduction of 16.7% is observed
Households with electric space heating :

Reduction of 1.2% (low impact of real time feedback)

Conclusion

Study concludes that separating out feedback from the electric heating load for the rest of
the load would be required to encourage saving in this segment.
Suggests that home heating may not be a major opportunity area for behavior change.
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Table 45.

Summary of Oberlin Program pilot

Home Energy Sam

Project Name Year Duration CRo?/gelfend Fe_lqdb:ck Monitor ole é)a\:/?;alé
P /Mechanism Size 9
Janua . T The Energy No
Oberlin Homes ry 3 Months Ogi'}lén’ Egglj—tl;lamclf Detective 60 Significant
2006 (TED) Savings

Objective

This study investigates whether continuous feedback is effective in a residential
setting, and explores the effects of socioeconomic status and household
characteristics on conservation practices and energy use consciousness

Methodology

From the initial 60 households, a sub-sample of 5 households from each of the low-
income and higher income neighborhoods were invited, on a first-come, first-serve
basis, to be part of a pilot study.

Final subsample contained 4 households from the low-income neighborhood, and 6
households from the higher income neighborhood

After the installation of the monitors in their presence, the homeowners could ask
questions, and were left with a product manual and savings chart.

Semi-structured interviews were conducted at the residences one and two months
after installation.

In terms of using the monitors to achieve energy savings, homeowners were not given
any specific advice or goals.

Minimal help was given to observe the extent to which the residents would be
motivated to teach themselves energy savings using the monitor.

Behavioral
Response/
Customer
Satifaction

Some homeowners did not change their habits at all during the study.

Residents reported usability problems and thought that a more sophisticated, more
easily navigable device might have helped them to better understand what the monitor
was telling them.

Subsample households tended to think about their energy bill less, and discuss energy
use with their household less than control households

This indicates that households who requested the monitor were less energy conscious
than the control households. the monitor subsample was less likely to sacrifice comfort
for energy savings

Energy Related
Impact

Residents overwhelmingly reported an increased awareness of their energy use
patterns, but minimal changes in behavior

No difference between the subsample and control groups in terms of environmental
consciousness and motivation to conserve energy

Per capita percentage electricity use reduction did not differ significantly between
subsample and total control groups.

Conclusion

Itis possible that, if given more time, some households might become more
accustomed to using the monitor, and would thus use it more and realize more energy
savings over time.

This indicates that households who requested the monitor were less energy conscious
than the control households. the monitor subsample was less likely to sacrifice comfort
for energy savings
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Table 46.

Summary of SMUD pilot
) Year Duration Region Feedback Home E_nergy Sample Overall
Project Name Covered Type Monitor Size Savings
Y /Mechanism
April Enhanced
2008 - 12 month Sacramento, Enhanced Billing/ Home
SMUD March pilot CA Billing Energy 35,000 2:5%
2009 Report
Objective Evaluate Energy Savings through Enhanced Billing

e Groups Segregation
o 35,000 customer treatment group
e 25,000 receive report monthly
e 10,000 receive quarter report and
e 55,000 customer control group

e  Testing multiple report schemes
» Monthly vs. quarterly
* Graphical vs. text-weighted designs
« Different envelope formats

Methodology e  Treatment group receives reports that provide a comparison of the customer’s energy

consumption pattern to similar neighbors (e.g., 100 homes in their area of similar size)

e  Also provides comparison to customers’ own historical consumption

. Report includes a limited number (3) of targeted tips that are customized based on the known
demographic and housing factors

. Savings basis determined by comparing treatment and control groups
(i.e. not a historical comparison)

e  This ensures confidence that populations are subject to same weather, economic conditions,
and media messaging

. Proprietary algorithms for customer segmentation, messaging

e  OPOWER Home Energy Reports (features)

e Industry’s first behavioral science driven, customer-centric, data analysis and
communications software platform — the Home Energy Reporting System

. Utility clients securely transfer energy consumption data to Positive Energy’s software system
(programs usually target 50,000 - 100,000 homes in the initial year)

OPOWER . Demographic data elements are combined with this consumption data

. Energy profiles are created for each household, using rigorous segmentation and analysis

. Reports are generated detailing how each residential customer is doing relative to similar
households (“neighbor benchmarking”) with respect to energy consumption, and specific
recommendations on how to continue to reduce consumption are packaged with this
benchmarking to residential customers both in the mail, online, and through a CSR tool

. Savings are measured using rigorous M & V

e 800 of 35,000 decided to opt out, demonstrating the broad reach of this type of program (as
compared to opt-in programs such as customer purchase/installation of in-home feedback
monitors)

e <1% of 35,000 responded to set personal goal
Behavioral e  Positive customer feedback
Responseor e  Program manager reports increased customer engagement, requests for additional tips
Customer e  Taps into competitiveness (e.g., “I'm closing the gap between me and my neighbors”)
Satifaction e E.g., “thisis the best thing SMUD has ever done”
L]

Few very negative reactions from customers that take offense to the comparative feedback
(e.g., “you don’'t have the right to tell me”)

. Protocols to respond immediately to address customer concern and mitigate dissatisfaction
(e.g., explain program, address concerns, discontinue reporting to customer, etc.)

e 2.5% energy savings achieved across total population (non-targeted)
0 On pace to save 250 kWh per household, per year
o Could target program to achieve significantly higher savings, but would be applicable to

Energy fewer people
Related Impact 3¢ per kWh savings cost average

e  Significantly higher savings achieved by:
o Higher energy consumers
o Green energy (renewable energy) customers
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Indication of correlation of higher savings for lower income population

Table 47.

Summary of BC Hydro pilot

. . Home Energy Overall
Project Name Year Duration CR;/%'?: d Fe_lgdback Monitor Sg’.“p'e Savings
ype /Mechanism 1z€
British
ngfl:e':é?'r:zrt Coann&bla Online Electronic (Refer
Behavior Early 1 year Newfoundia Feedback News Not- energy
Change 2007 Pilot nd & and_ Letter/_GoaI known saving
Program Labrador / Education Setting section)
Canada
Objective Pilot was conducted to test cash incentive program for customers achieving energy savings goal
. Employees of BC Hydro's largest customer recruited for the study
e  The test involved targeting participants with four different levels of reward
. Participants who reduced their electricity consumption by 20% received a monetary
incentive, equivalent in value to the 20% electricity reduction (paid out as a rebate)
. Participants who reduced their electricity consumption by 10% received a monetary
incentive, equivalent to half of the 10% reduction (paid out a rebate)
. Participants who reduced their electricity consumption by 5% received a monetary
incentive, equivalent in value to the 5% electricity reduction (paid out a rebate)
. Participants who reduced their consumption by 10% were entered into a drawing for an
Methodology ENERGY STAR® labeled appliance package
. Participants chose their electricity savings target (5, 10, 15, or 20%), and were
encouraged to reduce consumption strictly through education and information sharing
e  The company provided an online tool to track and compare their consumption over time
(another form of indirect feedback), measure their performance against their goal, and
receive tips and education to reduce consumption.
e  The 4 Different incentive rewards were tested
e Quarterly Electronic Newsletter was effective in driving traffic to the online feedback
and education tool
e  Cash rewards were more appealing than prize draw rewards
e 20% savings goal found to be intimidating to customers
Behavioral . 2:fo?t§1vings target had hid free-rider rate (i.e., people achieving the goal without making
Rgig?g;zl?r e  Cash rewards more motivating than prize drawings

Satisfaction

More frequent visitors to online tool achieved higher electricity savings
Reported behavior changes included turning off lights, changing laundry habits, shorter
showers, unplugging chargers, turning down the thermostat

Energy Related
Impact

52% of pilot program participants reduced their energy consumption; 20% achieved
their savings goal

10% energy savings goal found to strike best balance between providing an achievable
stretch target while not incurring too many free riders

19% of participants for the 10% reduction target reached their goal with an average
kWh reduction of 1,847 kWh

33% of participants for the 10% reduction target saved energy despite not reaching the
goal; an average of 395 kWh was saved by this group

48% of participants for the 10% reduction target did not save energy with an average
increase in consumption of 1,025 kWh (9% increase)

126



APPENDIX B
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Components of TED. The TED consists of mainly three sets of components. The first
part is the Measuring Transmitting Unit (MTU), Set of Current Transformers and Power Cables for
the MTU. This part of the TED component fits into the electric panel of the home. The second part
is a Gateway, which is basically a wall plug along with an Ethernet Cable. The Gateway receives
and stores the information sent from the MTU. The third is the Wireless Display, Display
Recharging Stand and a Low Voltage Power Adapter. This part of the component is where the

resident can view the real-time data.

S

Set of Current Measuring Power Cable Gateway Ethernet ;Dlsplay Recharging  Wireless Low Voltage
Transformers  Transmitting Unit for MTU Cable i Stand Display  Power Adapter

Figure 37. The Energy Detective 5000 (TED 5000) components (www.theenergydetective.com)

How TED works. TED quickly and easily installs in the home's breaker panel. By
connecting two sensor clamps around the incoming power conductors that feed the home's
panel, TED measures the flow of electricity within the home. Information is sent over existing
electrical wiring in the home to the compact wall-plug Gateway. One can then view real-time data

on the wireless display or via computer and/or smart phone.

TED t5 simply added to

your home's electric panel

i

GE (o ))) (((
Use the wirelass

MTU transfers data aver (rm) dizplay toview

existing powerline ta the all of TED's data or get the full
Gateway. No wiring needed! corsole via your computer,

laptop \
+ :::I;::r.s} _‘_—\:\/_

Figure 38. How TED 5000 works(www.theenergydetective.com)
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Different Features in TED for saving electricity. The Energy Detective has a variety of
features to help consumers save electricity around the home. They are as listed below.

Wireless display. By using the optional wireless handheld display to instantly discover
phantom loads, the user can check usage of individual appliances, and see the difference by
turning a switch on/off. One can instantly and conveniently view real-time electricity & dollar
usage, recent electricity & dollar usage, month to date usage, projected monthly bill, spending

detail,voltage, kW detail and the CO, consumption detail on the wireless display.

Figure 39. The TED 5000 display (www.theenergydetective.com)

Footprint software. By using TED's interactive Footprints Software the user can chart
and graph usage, view historical data and trends, set up TED Advisor text messaging/e-mail
alerts, enter local utility-rate information, and create load profiles for individual appliances. This

software can easily be used to download the data at well.
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File Edit Export Advanced Help
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RECORDINGS
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: Far el

122.4 volts 22.3 KWh

Figure 40. TED 5000Footprint software (www.theenergydetective.com)

Text/email alerts. By using the TED Advisor, a Footprints Software-based program
allows one to receive instant text message/email alerts, based on user-defined parameters.
Whether the user wants to receive one text message a month when they are about to exceed
their budget, or a daily text message stating their highest voltage reading for the day, they have
the power to set what they want and when they want it.

Third party applications. By using one of TED's third-party apps to view real-time
electricity data remotely the user can view interactive charts and graphs, set alerts, and receive
instant data on their computer/laptop, iPhone, iPad, Android, Blackberry, and other Internet-
enabled devices

At the dashboard study site only the wireless display device was chosen as a means to

receive real-time energy usage
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Figure 41. TED 5000 - Browser applications (www.theenergydetective.com)
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Figure 42. TED 5000- Mobile applications (www.theenergydetective.com)
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Figure 43. Home Automation with TED 5000 (www.theenergydetective.com)
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Monitoring Individual Appliance by creating Load Profile Option. TED has the option
of creating load profiles for individual appliances as well. Through the footprint software one can
choose the load profile option and then track up-to 5 devices.

Using the Load Profile Wizard, the user can create a software-based load profile for up to
five devices/appliances. Large, single-stage loads (water heater, electric oven, some HVAC
systems) can be profiled to be detected in software that will then provide an additional bar graph
displaying the approximate time-of-use and associated cost. (Multi-stage loads require a
dedicated MTU to be used in conjunction with the software.) Optionally by using the handheld
Display, the user can instantly see how much an individual device/appliance uses when it is
turned off/on or whether it is plugged/unplugged.

Other product features. Below mentions TED's features with respect to its accuracy,
phase and operating system compatibility

Accuracy. According to the TED company website, the device is calibrated at the factory
to be accurate to within 2%, however, the company claims that it is generally closer to 1%.

3-phase service. The TED 5000 series is designed for 120/240V electrical service
(typically found in North America). TED5000 will not accurately measure 208/120V, which is
derived from 3-phase service, TEDPRO would be required for this type of service. These are the
3-phase commercial TEDs now available.

Power. TED display battery is rechargeable

Compatibility with Operating Systems. It is compatible with Windows PC, Mac & Linux
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GENERAL STEPS TO INSTALLATION AND SOFTWARE SET UP OF TED
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This part of the literature has been referred from the official TED website. Though there
are detailed descriptions available on the official website this manual is a more quick and general
steps towards installation and software setup.

Step 1. This step involves indentifying all the components of TED, i.e., the part
components going in to the panel (CTs, MTU & Power cable) and part components going inside

the home (Gateway & Display).

STEIP 1 dentify the components in your TED package: Optional Wireless Display i Optional Additional
S G MTU/CTSets
Qe ﬂ @ & l! 1"y
Set of Current Measuring Power Cable Gateway Ethernet Display Recharging Wireless Low Voltage
Transformers ~ Transmitting Unit for MTU Cable Stand Display  Power Adapter

Figure 44. TED Installation Step 1

Step 2 & 3. These steps provide precautions and description about MTU Installation to the Circuit
Breaker of the home. Two examples have been shown where MTU can sit inside or outside the

panel.
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STEIP 2 Prepare Breaker Panel
WARNING: YOU MUST TURN OFF MAIN
BREAKER OR SWITCH

A.) Turn off power.

B.) Remove circuit breaker panel cover.

C.) Write the ID number of your MTU as shown on
the label below. It will be in the form of: Axxxxxx,
where “x"is the ID number. Youwillneedto know
thisnumberto setup the TED system.

wi i

MTU Code:

STEPR 3

A.) For increased signal-strength, connect only the black wire
from the MTU power cord to a spare 15, 20, or 30 Amp cir-
cuit breaker.

B.) Cap-off or cover the red wire with electrical tape (you will not
use the red wire).

C.) If there is no spare circuit breaker in the panel, the black
wire can be attached to any 15, 20, or 30 Amp breaker in
the panel. However, the circuit breaker must be approved
for two conductors by the “authority having jurisdiction in the
installation location.”

D.) Connectthe whitz wire to the neutral bus in the panel

Install the Measuring Transmitting Unit (MTU) to Circuit Breaker

REFER TO EXAMPLES 1 AND 2 BELOW TO VIEW MTU POWER CORD WIRE CONNECTIONS

EXAMPLE 1

Main Circuit Breaker
MAX 200A

Installing MTU Inside Panel
Typical Combination Breaker Panel

Inceming Fower Linas.
120/240V

WX 2004

- Phass A

MeazurngITTENamEg Ut

Phase B

Neutral

| Neutral
Bus

| - White (meutral)
{— Black

IMain Circuit Breaksr
MAX 200A

EXAMPLE 2

Installing MTU Outside Panel
Typical Combination Breaker Panel
ncaring Fowe Linas

120240%
MAX 2004

| - Phase A

!

|

4pprves catke |
nrsdior or

Bushing

0 .::ff

Phase B
Neutral

Neutral
Bus

/A ———\Wfhite s o

——Black

Connect

Mount MTU en

|— Red (cap-off using wirenut
or olactrical tapa)

extenar of panel in
eonvenien lacation
Red (capoff using wirenut

or alactrical tape)

15, 20, or 30A 15, 20. 30A
Circlit Hreaker

Gircuit Breaker

Figure 45. TED Installation Step 2 & 3

Step 4, 5 & 6. Step 4 & 5 gives the description of installing the CTs and mounting the
MTU in the panel, making sure about CTs non-interference with other equipments and checking
MTU's workability. Step 6 is the next part where the gateway is plugged inside the home. It
cautions not to plug it in a power strip or in an outlet with other electronic equipments plugged in.

The green LED would flash initially when plugged in.
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STEP L|- Installing and Connecting the Current Transformers (CTs)

A) CAUTION - IF THIS IS A COMBINATION PANEL, THE LUGS ON THE PRIMARY SIDE OF THE
MAIN BREAKER ARE PROBABLY STILL HOT.

B.) The Current Transformers must be installed with the red polarity dots both facing the source of
power. If both CTs are not installed in this manner, the reading will be wrong.

NOTE: Do NOT install the CT over the neutral (N) grounded conductor.

C.) Install one CT over each incoming power conductor, by pressing on the handle to open the split
core then clipping it over the power line.

D)) The CTs should be installed on the secondary side of the main switch or main circuit breaker,
however, if this 1s not possible, such as in the case of a combination breaker panel, then install on
the primary side of the main breaker.

E.) Ensure that the two sides of the split core CTs are mated tightly together over the incoming
power line. NOTE: The CTs should be loose-fitting around the wires.

F.) Connect the CTs and Power Cable to the MTU by plugging the plastic mating connectors together.

NOTE: The connectors are polarized and can only be inserted in one way. Do not force.

STEP E Plug in Gateway to Outlet

NOTE: DO NOT PLUG THE GATEWAY INTO A PLUG STRIP.

A) Plug the Gateway into a 120V outlet. DO NOT plug the Gateway into an
outlet connected to any other electronic equipment with an external power
supply (such as a laptop or printer.)

B.) If setting up in a home office, we highly recommend that you purchase a
filter to remove noise from your office electronics. You may purchase a filter
online at the TED Store under “Accessories.”

C.) The green LED will flash about 5 times when power is first applied.

STEP 5 Mounting the MTU

A) Determine the best location to mount the MTU:
1.) Choose a location where it will not interfere with existing
equipment or wiring
2.) The MTU may be attached using double-sided tape (if allowed
in your jurisdiction), or with sheet metal or machine screws.
B.) Arrange and tie-wrap all wiring in a neat and tidy manner.
C.) Tumn the power back on.
D.) The MTU will blink approximately 10 times when power is first
applied.
E.) After initial blinking, it will blink when transmitting or receiving data
F) Replace breaker panel cover only after installing Gateway and
ensuring the entire TED system is operational.

IMPORTANT

Avoid a common mistake. Your TED components com-
municate via PLC (Power Line Communication), in other
words, the data transmits over the existing wiring in your
home. If, after you have installed your TED correctly
and you find that there is no communication between the
components, it is very likely a PLC-issue. To resolve this
issue, please visit: www.theenergydetective.com/PLC

Figure 46. TED Installation Step 4,5 & 6

Step 7, 8 & 9. Step 7 is the display setup part and precautions to take while installing it. It

is important to note the Display ID code since this would be used to set up initial connection of the

MTU, TED and Display through the footprint Software in Step 9. Step 8 describes in detail about

the footprint software setup. ID codes of MTU and Display are typed in the software to set up the

initial communication between the TED components.
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STE P 7 Display Set up. (Optional Display for “C" Models)

A.) Plug Display AC/DC power supply into a 120V outlet. For ease of set up, temporarily
locate it where you can view both your computer and Display simultaneously

B.) Plug power supply cable into the back of Stand.

C.) Carefully insert Display into Charging Stand

D.) After 15 seconds, remove Display from Charging Stand and re-insert. This will engage
the battery charging system. It will be fully charged in 24 hours.

E.) Note the Display ID Code located on the back of the display and write it below:

Display ID Code:

F.) Once you enter Display information in the Footprints software (Step 8), relocate the
Display to desired location
1.) Display should be kept close to Gateway for best reception.
2.) There should be no metal, block, brick, or concrete walls between Gateway and
Display. Generally, wood and sheetrock do not cause interference.
G.) Under System Settings Wizard, click on “Display Settings” to change screen opfions.

STEP 8

A.) Go to the following link to download the TED 5000 Installation Application

www.theenergydetective.com/install-program

B.) Plug the Ethemnet Cable into the Gateway.

C) Plug other end of the Ethernet Cable into your Internet Router. If you don't
have a router, it may be plugged directly into your computer. If you plug the
Gateway into your computer, you may need to change the IP Address. We
highly recommend that you plug the Gateway directly into your router.

D.) Open an Internet browser. (Internet Explorer, Firefox, Google Chrome)

E.) Type the following address in the browser address bar: http://TED5000

F.) This will open the Footprints Software program. You can view live dashboard

data, modify system setup, modify/set utility rates, and update Gateway,

MTU, or Display firmware

If you have problems connecting to the Gateway, contact your network
service provider or IT professional.

Footprints Software Setup

G)

STERP 9

A) From EDIT Menu at top of Footprints Screen:
1.) Choose System Settings Wizard.
2.) Click on Product Identification Tab.
3.) Type in your MTU ID(s) - as shown in image to right.
a.) For multiple MTUs, select the “System Layout” tab first
and select the correct number of MTUs.
b.) You will then identify what each MTU is measuring. {i.e
Load, Generation, Adjusted-Load, Stand-Alone)
4) Your Gateway ID will auto-fill.
5.) Type in your Display ID(s) (for “C” models).
B.) Click on “Write to Device” Tab.
C.) Click Update button and settings will be written to the Gateway.
Do not exit until progress bar is complete.
D)) Click Finish. The screen will automatically refresh.
E) Kilowatt readings should now be seen on the Footprints
dashboard and (optional) Display.
F) Rates can be customized by following the directions in Step 10.

Configure Product IDs

Nerwork

T s Sysmn W To

Daics.

Dipay

Foorpnts
Setinge .

Setlags

Please enter the Product ID and Descriptions for your devices.

MTU Produy

Proguct I
MTU 1; 100288

Descnption

Refer to your MTU Product ID number on STEP 2 of this guide.

Gateway Products

Product ID Description
Cateway: 20027
Display Products
Product 10 Description
Display 1. 102664

Refer to your Display Product ID number on STEP 7 of this guide.

Figure 47. TED Installation step 7, 8 & 9

Step 10. This step describes the Utility Rate Wizard Setup. Here all the details related to

Utility rate, plan type, meter read date etc are specified.
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E D NOTE: TED 5000 STORES AND EXPORTS
DPTIDNHL xport Bata SECONDS, MINUTES, HOURS, DAYS, AND

A} Select Export tab from top of dashboard MONTHLY DATA INDEPENDENTLY.
B ) Select the data you wish to export.

C.) If you have multiple MTUs or a Solar/Wind Installation, the data for each MTU is separate
D.) The exported file will be in CSV format (viewable on most all spreadsheets).
E ) Open the CSV file to view the selected data. (See image below)

STEIP 1) utlity Rate Wizard Setup

NOTE: IT WILL BE VERY HELPFUL TO HAVE YOUR MOST
RECENT ELECTRIC BILL HANDY
A.) From Edit Menu at the top of Foolprints screen:
1.) Choose Utility Settings Wizard
2.) Click on Utility Rate Setup Tab
B.) Enter Meter Read Date. The date may fluctuate from bill-to-bill
by a couple of days. Do not change the date each month, as the;
next monthly bill will likely adjust for it

&) historyexport [Read-Only]

. _ A B c D E F G H

C) Enter in the number of energy rate seasons (Sumnler, Winter, 1 mtu date power cost min pwr min pwrtime peak pwr time "min cost"
etc) that your utility uses. If none are used, enter “1 2 1 10/18/2010 -15.321 -1.73  -2.486 15:11 2:57 _0.28
D.) Click on Plan Type Tab ) ) 3 1 10/19/2010 -15.687 -1.77 -2.901 12:44 710 -0.32
1.) Select your tariff rate structure: Flat, Tiered, Time-of-Use, or; a 1 10/20/2010 -16.771 -1.89 -2.412 13:11 711 _0.27
Tiered and Time-of- Use. 5 1 10/21/2010 -16.099 -182 -2.373 13:02 530 -0.26
2.) Click Next to enter Utility rates. 6 1 10/22/2010  -6.556 -0.74 -1658 16:11 520  -0.18
E.) Once Utility rates are entered, click on Additional Charges Tab. 7 1 10/23/2010 -12.576 -1.42 -3.058 13:42 5:20 -0.34
F.) Select any additional charges that are applied to your monthly: 8 1 10/24/2010 -11.134 -1.26 -2.557 14:06 5:20 -0.28
utility bill, including taxes and/or surcharges. 3 1 10/25/2010 -14.348 -1.69 -2.425 14:00 012 -0.27

G.) Select Write to Device tab and then click the Update button. 10 1 10/26/2010 -15.856 -1.79 -2.385 12:49 1:10

D PTI DN I:"_ Create Load Profile for a Specific Device in the Home
NOTE: DEVICE SHOULD BE A LARGE APPLIANCE IN THE HOME

A)) From Edit Menu at top of Footprints Screen

1.) Choose Load Profile Wizard

2) You can track up for 5 devices. Select “Add” next to a blank device.

3.) Name the device a unique name, such as “HVAC” or “Pool Pump”.

4.) If you have multiple MTUs, select the MTU that the device is measured under.

5.) Most devices have only one Start/Stop stage, however, some devices, such as some HVAC
systems, have multiple start-up stages. You may select up to three start/stop stages.

6.) Adjust the Percent Error to avoid false-positive readings. The default percentage is 10%.

For best results, turn off as many appliances as possible prior to setting up Load Profiles.

Click the “Learn” button and then tum on the device you would like to profile

Within 30 seconds, a numeric value will auto-fill in the Stage box.

When Load Profile is complete, press the Save button to complete the process

F) You can now click on the Load Profile Tab from the main Dashboard to view Load data

G.) You can view each device independently. (See image to the right)

)
)
)
Figure 48. TED Installation step 10

Data export option. TED footprint software has an option of downloading seconds,
minutes, hours, days and monthly data in a CSV format through the footprint software.

The gateway stores the received information from the home electric panel. To extract
data, the user has to connect the gateway to a computer/laptop with the help of the ethernet
cable provided in the TED toolkit and go into the Footprint software. On the footprint software one
can use the export tab feature. TED 5000 stores 60 minutes of second-data, 48 hours of minute-
data, 90 days of hourly data, 24 months of daily data and 10 years of monthly data in separate
files. They can be exported independent of each other. The user can simply select the data they

would like to export to analyze, and follow the on-screen instructions of the footprint software.
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File Edit Export Adwvanced Help
Export Second Data
Export Minute Data
Export Hourly Data
Esxport Daily Data

E:port Manthly Data
July 3 2009

Figure 49. TED 5000 data export feature on Footprint Software
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Energy savings tips flyer given to all the participants

Tips to Save Energy at Your Home

1 MIMIMIZE PHANTOM LOADS, an appliance may consume energy when it is not actually turned
on/in standby mode. To avoid this:

« Unplugging the appliances not in use.
e Using Smart Power strips for media centers (TV's, VCR/DVD) or other devices. When a plug strip is
switched OFF, all the appliances plugged into the strip are disconnected from the power source.

* Using ENERGY STAR products, which have lower standby energy consumption.

2 USE OF AIR-CONDITIONER
« Keeping air conditioner/heat on “auto” position to save energy.

e During the summer, raising your thermostat from 72 degrees to 78 degrees can decrease cooling
costs by up to 18%.
* Leaving the ceiling fan to run mixes the air better and maintains a more even temperature

throughout the house with the AC set on auto and temperature two degrees up.

3 MAINTAIN THE REFRIGERATOR
* Making sure the doors are air tight and replace any worn seals.

» Setting the temperature between 38 and 42 degrees; the freezer 0 to 5 degrees. Ten degrees
colder than necessary can increase energy consumption up to 25%.
e The freezer should be defrosted whenever 1/4 inch of frost develops and the condenser coils should

be cleaned every 2 months.

4 USE ENERGY STAR CERTIFIED APPLIANCES
« Keep in mind if you purchase a new appliance to replace a model that is 12 years or older, it will use

less than half the energy, in turn saving you money.
e In order to maximize energy efficiency, always look for the Energy Star® designation when

purchasing new appliances.

5 UTLIZE ENERGY EFFICIENT LIGHTING
e Energy Star Bulbs are recommended to use to reduce energy consumption.

6 VENTILATE SPACES
* Use exhaust fan to remove moisture and heat from the kitchen and bathroom. However, care should

be taken to switch these off after use.

7 REDUCE SOLAR GAIN by protecting openings with shades and/or draperies. Close draperies on the

sunny side of the house to block the sun’s rays.
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General appliance usage information given to all the participants

Appliance Usage Information

Below are average amoLints of energy and costs per month for a variaty of home appliances. This represents average usage and may
not reflect your actual costs.

Appliance Operating Hours| kWh/month Monthly cost @ $0.10/kWh
Air Conditioning and Heating
Pheoenix - cost per 500 saft* (10 SEER) 24 hre/day 351 $35*
Pheenix - cost per 500 saft* (12 SEER) 24 hre/day 291 29
Pheoenix - cost per 500 soft” (13 SEER) 24 hrs/day 270 $27*
Pheenix - cost per 500 sgft” (14 SEER) 24 hrs/day 249 $25"
Evaporative Cooling
Phoenix - cost per 500 sqft’ [ 24hrsiday | B5 | 59
Kitchen/Laundry
Clothes Washer (no hot water)/(with hot water) 1 load/day 12./60 $1,/$6
Coffee maker - small 1 hrew/day 3 Less than 51
Dishwasher (no water heating)/(with water heating) |6 loads/wk 14,770 31,187
Disposal 2 minutes/day 1 | 2s5 than S1
Freezer (new)/Freezer(old) 24 hrs/day 47./84 $5,%5
Microwave 90 minsiwk 10 Less than 51
Refrigerator (typical 2002 model) 24 hrs/day 63 6
Refrigerator (typical older model) 24 hrs/day 95 10
Toaster Oven 0.5 hrsiday 17 2
Home Office
Computer 4 hrs/day 20 2
Computer games Thriday 5 | ass than $1
Fax machine 1 hriday 5 Less than $1
Printer, ink jet, home application 1hriwk 0 Less than 51
Printer, laser (energy star) 8 hr/day 10 Less than S1
Lights
Lights (1 - 80 watt bulb) 6 hrs/day 11 1
Lights (1 - 100 watt bulb) 6 hrs/day 18 2
Lights {1 - 15 wall compact fluorescent bulk) 6 hrs/day 3 Less than 51
Qutdoor lighting - 15 watt 12 hre/day 5 Less than S1
Qutdoor lighting - 75 watt 12 hre/day 27 3
Entertainment
Cable box 28 hrsiwk 2 Less than 51
Cable modem typical usage 12 1
CVD playsr 1 hriday 0 Less than S1
Radic 1 hriday 0 Less than 31
Television (calor) 4 hrs/day 19 2
Television (plasma) 4 hrs/day 40 4
Television (projection screan) 4 hrs/day 33 3
TVNCR combo 5.5 hrs/day 51 5
VCR 4 hrs/day 1 Less than 31
Video Games 1hr/day 5 Less than S1
Miscellaneous
Bath or kitchen exhaust fan 2 hriday 2 Less than S1
Ceiling fans 4 hrs/day 8 Less than S1
Curling Iron 0.5 hrsiday 1 Less than 51
Hair Dryer 10 mins/day 8 Less than 51
Iron 1 hriwk 5 Less than 51
Waork lamp {100 wait) 10 hrs/wk 4 Less than 51

)

City of Phoenix
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Appliance Inventory - Conducted and provided during education session for all participants

(- m GLOBAL INSTITUTE
@ f SUSTAINABILITY

Cityof Phoenix &BEI7ANA STATF UHINFRSITY

ELECTRICAL APPLIANCE INVENTORY AMD ENERGY USE
Resident Apariment Number.

Date

Please let us know which of the following iterms you own and how often you use them? Some devices, such as refrigerators and clocks are always on. Please consider these as used
daily if they are always plugged in and nenning.

Appliance Do you hawe one in| Cty. [Hot often do you tend to use i? Dresignation | Watts (Actual} | Condition Comments
you apariment? (during a typical summer

(Bad, ok,
good)

s [0
ez MNo 32. EE

{amp, volts} | On Off (Brand, size, Energy Star)

1-3 times
e imcenth|
Rarely

@eﬂ

Refrigerator ()

[Stove top (bumers)

Oven (1o bake)

Dishwas her

Microwave

Garbage Disposal

[ Toaster

Toaster Oven

[Cofiee Maker | Ecpresso Machine
[Office

:Desk top Computer

Laptop Computer

|Modem/Rowter

Printer | Scanner | Copier

Cordless home phone

Corded home phone

[Eathroem 1 Laundry

Curding lron

Blow Dirger

Electric Razor

Elsctric Toothibnuch

Irom | Steamer (for ehothing)

* Temperature of Refrigerator (hand held thermometer) * Temperature of Freezer (hand held thermom eter)

Themaostat s=tting (air canditioner) Day Might, Temperaturs of spaze (general parezptisn/measured)

The following are electronic devices that many people use daily. Please indicate how many of each device you own, & how many total hoursiday you use them

Appliance Do you have onein | Qty. |Average Daily Hours Usad Diesignation | Watts (Actual) | Condition Comments
'you apariment?

= = o B w .
gl w0 S B k

sal = ® o - ’ -4 § {amp, volts) | On Off ! a:c;:, " |(Brand, size, Energy Star)
i
Yes Mo 4] ~E] S E| =E| 25 soed)

(Other Appliances

Television #1
{Gircle : Standard, LCD, Plasma,
other. ]

Television #2
{Gircle : Standard, LCD, Plasma,

other: }

[Respond “yes” if you have 2 or more
TVs

Television #3

{Circle : Standard, LCD, Plasma,
Other: }

[Respond “yes” if you have 3 or more
TVs

Cable box / OVH,

[0V player T WCH

Video gaming system 1

Video gaming system 2

Stereo (CD player, Radio ete)

Portable (plugged in) fans

Ceding Fan 1

Ceding Fan 2

[Tabde Lamp [how many 1]

How many Personal Electronic Devices (cell phone, iPod, Nook do you own?

Do you use CLF (twisty) ightbulbs? Yes/No

Are there any appliances in your home we did not ask about? (For example. mini fidgefreezer. wall mounted or portable AC unit. space heater, electronic medical devices, water
coaler, fish tank, portable laundry machine) Please st
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TED Information flyer given to group 2 and group 3 participants

¢ How does TED work?

TED is installed in your breaker panel and gives you instant feedback on your electricity usage.
¢ How does TED save energy?

Use theportable Wireless Display to instantly discover the difference in the readings by turning an

electronicdevice on/off. Try each of the following display screen options. Change preferred screen

. R options by pressing this button
Display Screen Options P y P g

Real-time Electricity Usage Recent Usage Month-To-Date Monthly Projections

Voltage kW Detail Today Spending Detail Today CO2 Today

* Tips to make sure Gateway and Wireless Display are functioning correctly

- Gateway should be plugged in ALL the time to enable reading the real-time data on the Wireless
Display.

- Make sure that the green lights on the front as well as on the side of the gateway flashes all the
time consistently (i.e. every 2 to 5 seconds), since this ensures the communication of the gateway
with the wireless display device and the MTU in the electrical panel respectively.

- Gateway should be plugged into a 120V outlet. DO NOT plug the Gateway into an outlet connected
to any other electronic equipment with an external power supply (such as a laptop or printer.)

- Wireless Display should be plugged into a 120V outlet.

- Wireless Display should be kept close to Gateway for best reception.

. . . Green Light on th
- There should be no metal, block, brick, or concrete walls between Gateway and Wireless Display. g0t and side of
- Make sure the Wireless Display device is charged. Gateway should
always be blinkin
consistently
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APPENDIX E

ARIZONA STATE UNIVERSITY INSTITUTIONAL REVIEW BOARD HUMAN SUBJECTS

APPROVAL
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Institutional Review Board (IRB), Human Subjects Training and Certification. Since
the Dashboard study involved interaction with human subjects, Arizona State University requires
Institutional Review Board (IRB) approval to ensure that subjects are treated ethically and that
their rights and welfare are adequately protected. Everyone involved with recruitment or who
would be working with the collected data was required to complete National Institute of Health
(NIH) Human Subjects Protection Training.

This training is available at ASU through the Collaborative Institutional Training Initiative
(CITI), which provides online research ethics education and certification via their website,
https://www.citiprogram.org/default.asp?language=english. This training includes fifteen modules,
takes 4-6 hours to complete, and involves passing quizzes with a minimum score.

Research protocol submittal and approval.All experimental designs and education

materials were submitted to the IRB for approval.
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Study program approval

RSUL 5o fremoree

Oftice of Research Integrity and Assurance

To: Susan Ledlow
GICS
From: Mark Roosa, Chair .+~
Rl A
Soc Beh IRB e
Date: 03/12/2012
Committee Action: Expedited Approval
Approval Date: 03/12/2012
Review Type: Expedited F7
IRE Protocol #: 1203007555
Study Title: Energize Phoenix Dashboard Study, Sidney P Osborn
Expiration Date: 03/11/2013

The above-referenced protocol was aperoved following expedited review by the Institutional Review Board.

It is the Principal Investigator's respongibility to obtain review and continued approval before the expiration
date. You may not continue any research activity beyond the expiration date without approval by the
Institutional Review Board.

Adverse Reactions: If any untoward incidents or severe reactions should develop as a result of this study, you

are requirzd to notify the Soc Beh IRE immediately. If necessary a member of the IRB will be assigned to look
into the matter. If the problam is serious, appraval may be withdrawn pending IRB review.

Amendments: If you wish to change any aspect of this study, such as the procedures, the consent forms, or the
investigators, please communicate your requested changes to the Soc Eeh IRB. The new procedure is not to

be initiated until the IRB approval has been given.

Please retain a copy of this letter with your approved protoccl.
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Study Program Approval for September 2012 Follow-up

n—
' Knowledge Enterprise
m Development b
Office of Research Integrity and Assurance
To: Susan Ledlow
GIO3
From: Mark Roosa, Chair
Soc Beh IRBE
Date: 09/17/2012
Committee Action: Amendment to Approved Protocol
Approval Date: 09/17/2012
Review Type: Expedited F12
IRB Frotocol #: 1203007555
Study Title: Energize Phoenix Dashboard Study, Sidney P Osborn
Expiration Date: 03/11/2013

The amesndment to the above-referenced protoceol has been APPROVED following Expedited Review by the
Institutional Review Board. This approval does not replace any departmental or other approvals that may be
required. Itis the Principal Invastigator's responsibility to obtain review and continued approval of ongeing
research before the expiration noted above. Please allow sufficient time for reapproval. Research activity of
any sort may not continue beyond the expiration date without committee approval. Failure to receive approval
for continuation before the expiration date will result in the automatic suspension of the approval of this protocol
on the expiration date. Information collected following suspension is unapproved research and cannot be
reported or published as research data. If you do not wish centinued approval, please notify the Committee of
the study termination.

This approval by the Soc Beh IRB does not replace or supersede any departmental or oversight committee
review that may he required by institutional policy.

Adverse Reactions: |f any untoward incidents or severe reactions should develop as a result of this study, ycu
are required to notify the Soc Beh IRB immediately. If necessary a member of the IRB will be assigned to look
into the matter. If the problem is serious, approval may be withdrawn panding IRB review.

Amendments: If you wish to change any aspect of this study, such as the proceduras, the consent forms, or the
investigators, please communicate your requested changes 1o the Soc Beh IRB. The new procedure is not to

be initiated until the IRB approval has beesn given.

Please ratain a copy of this |letter with your approved protocel.
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Informed Consent Form

Energize Phoenix
Dashboard Study at Sidney P. Osborn
INFORMED CONSENT

52042012
Dear Resident of Sidnay P. Osborn:

We are a feam of researchers at Arizona Statc University (ASU) who are viorking with the City of Phoenix and
Arizona Public Seivica (AFS) to evaluate the Enzrgize Phocnix program. We are interested in understanding
the opinions of people wha live in the Phoenix area, and would like 1o ask you to participate in a study
examining the efiects of energy feedback and energy-saving information on residential energy use.

We are inviting your participalion in this study, the duration of which will be up to 6 months cof an experimental
phase, and up to an additional 24 months of observation. Participants must be 18 years old or older to consent
their participation. Your participation in this study is valuntary. You may skip any questicns thal you wish, or
you may chaase not to participate. If you choose nct to paricipate, or to withdraw al any time, there is no
penalty to you. It will not affect your rights to participate in any other programs sporsored by the City of
Phoenix, ASU or APS,

» Al particicants will be asked to fill-out & short survey that wil ask questions abaut your heusehoid
demographics, home energy use, and personal attitudes, beliefs, and behaviors as they pertain to
energy.

* All participants will be asked lo participate in a Check-In every cne to three months from aur team, to
answer a short series of questions about your household energy use, and to provide informatian te you
abeut how much energy and money you have saved.

+ 50% or more of households will be randomly selected for the installation of a TFD (The Energy
Detective} enargy managemsnt system, which would aflow you to see in rzal tme your househcld
energy use, to better understand where your energy is being used, and therefore to maks more
informed decisions on how and when you use energy. Homes will be randomly assigned to this group.

+  Those househclds that are selected to receive the TED device will have the costs of installation and
removal coverad by the City. Installation and removal would be performed by a prefessicnal elsctrician
hired by the City of Phoenix.

¢+ Some pariiciparts may receive additional training and informational sessions about how ene-gy is
currently being used in their apartment unit.

Far your participation in the expenmental phase (approximately 8 months), each participating housekold will
receive a gift basket of household energy saving devices and supplies, valued at approximately $75.
Participants who receive an energy dashboard must return ths dashboard to be cligible for this gift. If you
choose to withdraw from the study, we will send an electrician to your home to uninstall the device. You would
still be eligible to receive the gift basket at the cnd of the 8-month experimental phase as long as you return the
dashhoard.

If you choose to participale, the C'ty of Phoenix and the apartiment management team at Sicrey P. Osko'n will
releass your past energy usage records from April 1 2011 to pressnt, and future energy usage racords from
the present to January 1%, 2075 to the researchers at ASU. Any isformation from any other residance you
inhabit during that time would not be shared. For instance, if you move from the building, your last shared
record weuld be frem your last bifling cycle at Sidncy P. Csbaorn.

The results of this research study may be used in reports, prasentations, and publications. Your respanses and
energy use information will be completely confident'al. Whie there are no foreseeable risks or discomforts to
you for your participation, any regligent or willful acts or oirissions of the participant relatad ta the snargy
mornitoring device which causes, or is alleged to have caused. in whole or in pant. bodily ivury ar personal
injury (including deall), o1 loss or damage to tangible or intargible property, the participant shall indermnify.
delend, save and rold harmless the cty of Phaerix and its officers. officials, agents, and empioyees trom and
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against ary and all claims, actions, liabilities, damages, losses, or expenses {including court costs, attomey's
fees, and costs of claim processing, investigation and litigation). Additionally, your participation in t1's study in
ne way obligates you to participate further in the Energize Phoenix program, nor dces it obligats you ta action
of any kind:

The feedback we receive from this sudy will help us evaluate the effectiveness of the Ensigize Phoenix
program, and how we may bele: address the interasts and concerns of the community when it comes to
matters of energy conservatior.

If you have any questions or concerns, please feel free to contact Susun Leclow at {480, 965-8645
(Susan. _ediow@asu.edu), or Samantha Neufeld at 949-842-3497 (Samantha. Neufeld@asu.edu). If you Fave
any guestions about your rights as a paricipant in this research, or if you feel you have been placed at risk,
ycu can contact tha Chair of the Human Subjscts Instituticnal Review Beard, through the ASU Office of
Research Integrity and Assurance, at (480) 965-6788.

Your signature below will se considered your willingness to participate in the study. Thark you very much for
your valuable pariicipation!

Sincerely,

Susan Ledlow, Ph.D.
Cumiculum and Faculty Development Specialist
School of Sustainability, Arizona State University

Print nams

Sign name Date

ASU IRE
i
sign AL i o PRI,
Doate Lt 1i = lj!’/'},..-"i
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APPENDIX F

MEASURING ENERGY SAVINGS
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Regression based approach. For measuring savings comparing pre-study and post-
study method is used which assumes that interventions in the study are the sole reasons for
changing energy consumption. Since energy consumption is influenced by weather conditions the
changes in the consumption caused should account for these weather conditions as well. If they
are not then the savings determined might be erroneous. The savings that do not adjust for these
weather conditions are called 'unadjusted savings'.

One way to account for these changes is to develop a weather-dependent regression
model of pre-retrofit energy use. The savings can then be calculated as the difference between
the post-study energy consumption predicted by the pre-study model Ep.. and measured energy
consumption during the post-study period Eyeas. The procedure to calculate savings is given by

the equation:

S = Z(EPre,j - EMeaS,j)
Jj=1

where m is the number of post-study measurements.

The pre-study model, Ep. , is called the baseline model. Savings measured using a
baseline model, are called “adjusted” savings when the baseline model is adjusted to account for
the weather conditions in the post-study period. Adjusted savings are more accurate than
unadjusted savings, and should be used whenever the energy use data used to measure savings

is weather dependent.

Weather correction using ambient temperature as the sole independent variable.
Building energy consumption is most importantly influenced by environmental variables such as
ambient temperature, ambient humidity and solar radiation. These variables are linearly related,
causing multicollinearity in the regression model (Ruch et al, 1993a; Reddy et al,., 1998). When
multicollinearity exists, the regression coefficients may not indicate the relative importance of the
independent variables and in addition to that, the uncertainty of the regression coefficients may

be so large that the model's usefulness for predicting purposes is compromised. "The use of
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ambient temperature as the single independent variable eliminates statistical problems due to
multicollinearity and reduces data collection requirements to a single, accurately measured and
widely available parameter" (Kissock, Reddy & Claridge, 1998, ). For this reason, temperature-
based regression model is widely used for determining weather adjusted savings (Kissock et al.,
year; Claridge et al., 1991; Greely et al. 1990, Fells and Keating et al., 1993 For the present
residential dashboard study, a temperature-based regression model has been used to determine
the weather adjusted savings.

Regression models. Kissock, Reddy & Claridge (1998) describe four basic functional
forms of regression models applicable for measuring weather adjusted energy savings. It is
characterised by the number of regression parameters.

Simple linear regression model. The functional form is of the type

E =B+ BTo

This is a two parameter model. It is the simplest empirical model appropriate for
modelling weather dependent energy use in the linear relation. This parameter model is
appropriate for modelling sub-metered cooling or heating energy use in constant-air-volume
systems without added control features such as a hot desk reset or an economizer cycle, and
without large latent loads.

Three, four and five parameter models. These are called change point models.

Three parameter cooling and heating. These models incorporate a change point
temperature term i.e. B3 in addition to constant Biand slope ... They are of the functional forms

Ec=B1+B2(To-Ba)"
En =B1+ B2 (To- Ba)

The ( )+ ans ( )- symbols indicate that the quantities in the parenthesis should be set to
zero when they are positive and negative respectively. These parameter models are appropriate
for modelling envelope-driven energy consumption in buildings without simultaneous heating and
cooling, such as residences, multi-family housing and small commercial buildings.

Four-parameter model(4P). These models are of the form:

153



E =B+ Ba(To -Ba) + Ba(To - Ba)”

This model is appropriate for sub-metered heating and cooling energy use in variable-air-
volume systems and/or in buildings with high latent loads. They are even appropriate for
describing non-linear heating and cooling energy use caused by hot desk reset schedules and
economizer cycled.

Five-parameter model(5P). These models are of the form:

E =B+ Ba(To -Ba) + Ba(To - Bs)"
This model is appropriate for modeling energy consumption data that includes both heating and
cooling as electric heat-pump data or whole building electricity data from buildings with both
electric chillers or air conditioners and resistance heating. These models may also be appropriate
for modeling fan electricity consumption in variable-air-volume systems.

Selection of most appropriate regression model. This could be done based upon
best-fit criteria alone. This criteria may lead to a regression model which has been 'fit' to random
variances in the data rather than the underlying relationship between energy consumption and
weather. The 'fit' might not give the correct prediction of energy consumption under different
weather conditions. Thus the choice of the functional form of the model should correspond to the
expected relationship between energy consumption and weather for a particular heating and
cooling system being considered. (Kissock, Reddy & Claridge, 1998)

ASHRAE's Inverse Modeling Toolkit (IMT). The inverse modeling toolkit (IMT) is a
FORTRAN 90 application for developing regression models of building energy use. IMT can
identify single- and multi-variable least square regression models. It can also identify variable-
base degree-day and single- and multi-variable change point models, which have been shown to
be specially useful for modeling building energy use. The report by Kissock et al. (2002) includes
background information about IMT and the models, instructions for its installation and operation
and the results of its accuracy and robust testing. IMT source and its executable files, along with
sample data come in the software toolkit. This work was sponsored by ASHRAE research project

1050-RP project under the guidance of Technical Committee-4.7 Energy Calculations.
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Model Used. The ASHRAE IMT was used to fit regression model for energy
consumption for each apartment unit with temperature as the only independent variable.
The analysis for all the apartment units to identify the best parameter model was done, i.e.,
models with least CV-RMSE [have you explained to your readers what CV-RMSE means?]
values. The three parameter model regression (in this case, 3 point change cooling model) was
identified to have the least CV-RMSE values compared to 2 parameter and 4 parameter models.

Ec=PB1+B2(To-Ba)"
Ec = Yep + RS (To-Xep)

Using this model, the IMT software calculates the Ycp, i.e., the energy consumption at
the change point temperature, RS, i.e., the right slope, and Xcp, i.e.. the change point
temperature. Through these values, the monthly energy consumption, i.e., the new baseline,
can be predicted for the post-study period, i.e., 2012 year using the corresponding average
monthly temperature of 2011 year for each apartment unit. This procedure is performed to
calculate the savings, by comparing the new baseline with the actual energy consumption values
or measured values of the post-study period, i.e., the measured consumption for the 2012 year. A
downside is that the energy consumption for residential buildings depends on a lot of variables.
Assuming the residential energy consumption at this complex to be only dependent on

temperature was a vast generalization that was made.
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APPENDIX G

ASHRAE IMT RESULTS FOR 83 APARTMENTS
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Table 48.
Three parameter model results from ASHRAE IMT software for each apartment unit : Group one,

two, three & control group's corresponding X, Ye,, RS, CV-RMSE, RMSE & RF Values

Change Point chEar;egrg);)gitnt Right . Root Mean cv-

APT ID Temperature temperature Slope R Square Error RMSE
(Xep) v (RS) (RMSE)

10 71 397 4 0.94 102.22 14.9%
19 65 234 33 0.98 60.55 10.2%
35 63 306 46 0.97 111.95 13.0%
39 67 348 4 0.96 90.73 12.5%
Group 1 43 68 273 42 0.97 81.95 12.9%
45 60 229 42 0.98 75.89 9.3%
46 68 393 40 0.98 57.72 7.8%
67 59 319 33 0.93 129.64 16.2%
79 66 189 48 0.97 97.47 14.3%
6 71 462 25 0.83 109.86 17.2%
7 77 275 23 0.69 111.73 29.5%
8 67 166 72 0.97 144.39 17.6%
18 65 301 36 0.96 94.29 13.7%
26 67 222 55 0.93 171.05 23.6%
49 65 365 43 0.83 237.93 28.7%
50 61 295 39 0.92 158.06 19.3%
Group 2 51 65 410 57 0.96 144.17 14.0%
53 69 177 48 0.82 238.49 42.2%
63 62 296 50 0.96 140.47 15.2%
64 64 947 56 0.96 150.37 95%
69 72 175 35 0.96 70.28 17.4%
73 62 185 4 0.98 84.10 11.9%
75 63 399 35 0.89 160.99 19.5%
83 63 391 39 0.93 135.56 15.8%
2 66 167 39 0.89 164.44 29.9%
5 61 613 37 0.93 138.08 12.6%
12 70 453 33 0.74 198.00 28.1%
28 66 386 55 0.98 102.73 11.1%
41 75 447 29 0.55 217.43 36.2%
Group 3 48 66 382 40 0.96 95.79 12.1%
59 63 314 56 0.97 123.39 12.5%
68 69 267 56 0.86 235.34 32.7%
71 55 480 34 0.98 67.73 6.3%
77 57 544 44 0.95 157.09 12.7%
1 65 319 57 0.97 118.89 12.6%
3 69 159 42 0.96 96.20 19.1%

4 60 382 4 0.98 84.15 8.9%
9 64 217 43 0.96 104.21 14.7%
11 71 472 49 0.89 170.11 20.9%
13 66 209 43 0.98 66.23 10.7%
14 65 226 26 0.94 79.11 15.5%
15 82 199 49 0.75 133.69 40.4%
| 16 69 167 63 0.94 160.86 23.8%
%";‘Jg 17 64 201 52 0.98 94.39 11.9%
20 67 375 47 0.96 106.00 13.2%
21 65 291 38 0.91 147.20 21.0%
22 69 463 61 0.98 96.31 10.1%
23 66 219 62 0.96 149.48 17.5%
24 62 258 19 0.72 155.69 31.6%
25 55 337 34 0.93 150.84 16.0%
27 61 211 42 0.97 103.56 13.6%
29 63 493 42 0.76 305.14 30.5%
30 66 218 55 0.98 102.01 13.5%
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31 58 350 40 0.98 81.47 8.6%
32 67 217 47 0.93 142.30 21.8%
33 60 192 36 0.98 73.73 10.7%
34 63 164 47 1.00 40.97 5.6%
36 66 317 45 0.95 124.64 16.0%
37 67 135 42 0.95 108.25 20.8%
38 68 200 57 0.99 71.37 10.3%
40 67 166 30 0.95 76.24 17.4%
42 66 268 55 0.95 159.07 19.1%
44 69 382 58 0.95 139.43 16.4%
47 69 332 92 0.99 116.89 10.9%
52 64 320 57 0.98 105.83 10.9%
54 64 324 85 0.98 147.48 11.3%
55 63 242 52 0.96 142.20 16.4%
56 59 235 36 0.93 144.72 19.3%
57 70 172 44 0.97 80.33 16.0%
58 69 415 63 0.93 186.66 20.2%
60 61 337 32 0.88 167.04 21.7%
61 59 356 35 0.95 123.26 14.2%
62 66 342 56 0.96 140.63 15.4%
65 67 651 51 0.75 334.89 29.9%
66 64 378 36 0.90 156.40 19.8%
70 69 339 71 0.93 200.24 21.8%
72 68 240 50 0.80 272.22 40.3%
74 62 357 36 0.97 89.94 11.1%
76 62 615 39 0.92 157.28 14.2%
78 62 263 48 0.97 110.81 12.7%
80 67 394 41 0.95 109.17 14.2%
81 60 220 33 0.94 137.45 16.6%
82 66 177 60 0.97 130.61 16.5%
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APPENDIX H

TED'S FUNCTIONALITY THROUGHOUT THE STUDY
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Table 49.

Summary table of energy savings or loss with TED's functionality during the study period and its

results with data download

Group  Apt il
or July August September October November December
& 1o Loss%
Working & Working & Working & Working & Working &
2 6 2.7% Not Installed Complete Complete Complete Complete Complete
Month Data  Month Data  Month Data  Month Data Month Data
2 7 8.1% No Data No Data No Data Opt Out Opt Out Opt Out
Working & Working & Working &
2 8 -7.7% Complete Complete Complete
Month Data  Month Data Month Data
Working & Working & Working & Working & Working & Working &
2 18 21.3% Complete Complete Complete Complete Complete Complete
Month Data Month Data  Month Data  Month Data ~ Month Data Month Data
Working & Working & Working & Working & Working & Working &
2 26 -1.2% Complete Complete Complete Complete Complete Complete
Conlfrilgclj)rr(rezclti)ata Month Data  Month Data  Month Data  Month Data  Month Data
) Worki )
Working & Cgrlznlprllgts Working & Working & Working & Working &
2 49  -57% Clomplette Incorrect Clomplette Complete Complete Complete
Conf?gc,j’:;zc[)ata C"”D’L%de Conf?gc,j’:;zc[)ata Month Data  Month Data ~ Month Data
Working Working & Working &
2 50 -3.6% (8 Days Complete Complete
missing) Month Data Month Data
Working & Working & Working &
2 51 8.6% Complete Complete Complete
Month Data  Month Data Month Data
Working & Working & Working & Working & Working & Working &
2 53 -0.7% Complete Complete Complete Complete Complete Complete
Month Data Month Data  Month Data  Month Data  Month Data Month Data
Missing Davs Missing Missing Working & Working & Working &
2 63 -5.0% in dgata Y Days in Days in Complete Complete Complete
data data Month Data  Month Data Month Data
Missing Working & Working & Working &
2 64 20.9% Days in Complete Complete Complete
data Month Data  Month Data Month Data
Working & Working & Working & Working & Working & Working &
2 69 -17.8% Complete Complete Complete Complete Complete Complete
Month Data Month Data  Month Data  Month Data  Month Data Month Data
Working & Working & Working & Working & Working & Working &
2 73 -0.4% Complete Complete Complete Complete Complete Complete
Month Data Month Data  Month Data  Month Data  Month Data Month Data
Working & Working & Missin
2 75 15.4% Complete Complete Da Sg
Month Data Month Data y
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Working & Working & Working & Working & Working & Missin
83 -6.4% Complete Complete Complete Complete Complete Davs in dgata
Confloebata  MonthData  Month Data  Month Data  Month Data y
2 17.6% Working Working(1 No data
) (1 day missing) day missing)
Working & Working & Working & Working & Working & Working &
5 21.0% Complete Complete Complete Complete Complete Complete
Month Data Month Data  Month Data  Month Data ~ Month Data Month Data
Working & Working & Working & Working & Working & Working &
12 -1.0% Complete Complete Complete Complete Complete Complete
Month Data Month Data  Month Data  Month Data ~ Month Data Month Data
Working & Working & Working & Working & Working & Working &
28 2.4% Complete Complete Complete Complete Complete Complete
Month Data Month Data  Month Data  Month Data  Month Data Month Data
Working & Working &  Working & Working & Working & Working &
41 5.4% Clomplette Complete Complete Complete Complete Complete
Configured Data  Month Data Month Data ~ Month Data  Month Data ~ Month Data
Working & Working & Missing
48  -4.2% Clomplette Complete Days in
ncorrec
Configured Data Month Data data
. Working & Working & Missing
59  -9.7% M'Si?]”égatz A5 Complete Complete Days in
Month Data  Month Data data
Working & Working & Working & Working & Working & Working &
68 -5.4% Complete Complete Complete Complete Complete Complete
Month Data Month Data  Month Data  Month Data  Month Data Month Data
Working Working & Working &
71 2.9% (3 days Complete Complete
missing) Month Data Month Data
) Working & Working & Working &
7 88% Working | Complete  Complete  Complete No Data No Data
y 9 Month Data  Month Data  Month Data
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