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REPORT SUMMARY

OVERVIEW

This report summarizes an investigation of electricity savings opportunities in Minnesota homes related to
home electronics and other plug-in devices. After 30 years of research and program efforts, much is
known about large energy users in the home such as space heating: much less is known about the
collection of so-called plug-load devices that includes everything from televisions to toasters—due in no
small part to the very diversity and rapid evolution of this class of devices. This study seeks to address
that gap for Minnesota homes, with an emphasis on prospecting for low- and no-cost energy savings
opportunities for these devices.

The study relies on extensive metering and interview data for 50 Minnesota owner-occupied households
that were recruited from a 1,000-household telephone survey and a 260-household mailed appliance
survey. These samples were geographically and demographically stratified and are weighted to reflect the
larger population of Minnesota homes. The data collection occurred in four rounds between December
2008 and October 2009, to help ensure that the results were seasonally balanced. The telephone and
mailed appliance surveys provided additional insights, as well as an opportunity to verify the
representativeness of the 50 homes.

We Dbring these technical and behavioral threads together to identify the most promising opportunities and
program strategies for mitigating electricity waste among this category of electricity-using devices.

FINDINGS

How much electricity do residential plug-in devices use?

We estimate that plug-in devices (excluding major appliances and lighting) consume about 15 to 30
percent of the typical home’s electric usage. Home electronics (televisions, computers and audio
equipment—and their associated peripherals) make up about half of this usage. Space heaters,
dehumidifiers and other portable space conditioning equipment make up about another quarter.

Many of these devices use electricity all the time for such functions as display clocks and remote control
response. We estimate that such *“standby” electricity consumption among plug-in devices accounts for
about 20 percent of the electricity used by these devices, or about 4 percent of home electricity use (this
figure does not include standby electricity used by hard-wired devices, major appliances and other
devices that were not part of the scope of this study).

What savings opportunities exist for these devices?

Based on the usage patterns we found during this study, we considered five low- and no-cost ways that
people can reduce the electricity used by plug-in devices:

e Enabling computer power management

e Manually unplugging devices that draw standby power when not in use
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e Manually turning off devices that are left on but not used

e Using “smart” power strips to eliminate standby power consumption of peripherals (e.g., a DVD
player) when the main device (e.g. television) is turned off

e Using timers to eliminate electricity use by devices that are only used at certain times of the day

We scoured the metering data from about 700 devices in the 50 homes looking for opportunities in the
above categories that would save at least 25 kWh per year.

After extrapolating from devices that we metered to the full population of devices in Minnesota homes,
we estimate that there is an average of 300 to 600 kWh per year worth of savings opportunities per home
related to these strategies. Not all of these savings are realistically achievable given varying levels of
homeowner interest and imperfect implementation of strategies, especially those that require habitual
action. When these factors are taken into account, a more realistic (though speculative) behaviorally-
adjusted estimate of the average savings potential per home is about half of the technically feasible figure
above.

These averages belie a large range: among individual homes in the study, the estimated savings potential
ranged widely, from nearly nothing to 1,500 kWh per year, depending on how many and what kinds of
devices people had in their homes.

COMPUTER POWER MANAGEMENT—A SIGNIFICANT OPPORTUNITY

The single most important opportunity that we identified is computer power management, which accounts
for about 40 percent of the (behaviorally-adjusted) savings potential. The data we collected show that
about two-thirds of desktop computers in homes are either left on all the time or are idle for long periods
each day. Moreover, 80 percent of desktops do not have sleep/hibernate enabled for the computer (most
are set to put the monitor to sleep, however).

Our analysis—which was based on metering data as well as occupancy-sensor data showing when
someone was at the computer—suggests that simply enabling sleep/hibernate mode for these computers
could reduce electricity use among these systems by about 50 percent (nearly 300 kWh per year). In
other words, in two of every three Minnesota homes, a simple change to computer settings could reduce
home electricity use by about 3 percent.

Further, we found that many homeowners were unaware that their computers were not configured
optimally to conserve electricity use, and we found a high level of willingness to implement more
aggressive power management. Indeed, in nearly half of the cases where we identified this as an
opportunity, the homeowner immediately implemented it with no active encouragement on our part—and
the limited follow-up that we conducted suggest that most or all have readily stuck with the new settings.

While our study stopped short of measuring savings from actual implementation of this strategy, the facts
that this no-cost, one-time opportunity is highly prevalent, appears to offer substantial electricity savings,
and is apparently embraced with enthusiasm by many, suggests that it is highly worthy of pursuit.
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OTHER SAVINGS OPPORTUNITIES

About 30 percent of savings potential (but half of the opportunities) are related to unplugging devices
when not in use to eliminate standby power consumption. Among the homes we studied, the majority of
these opportunities arose for four devices:

o Compact stereo systems that drew 20 watts or more continuously and were rarely used:;
e Older CRT televisions that drew 10 watts or more of standby power;

e Computer printers drawing 4 to 8 watts of standby power that were typically used for only a few
minutes a week; and,

e TV peripherals, particularly VCRs and VCR/DVD players that were rarely used.

We also identified a number of opportunities related to turning off devices that were clearly left on for
inordinate lengths of time. While some of these opportunities were related to televisions, stereo receivers
and other home electronics devices, unattended or inappropriate use of devices like space heaters and
dehumidifiers also played a role. Altogether, we estimate that these opportunities account for about 10
percent of savings potential.

Timers offer a relatively low-cost way to de-power devices on a regular basis, and we considered these
for applications such as cable and satellite set-top boxes, computer networking equipment and tool
chargers. Set-top boxes make up a full quarter of TV-related electricity use, and are notable in that they
are always “on” with no easy way to turn them off. However, people were generally reluctant to consider
putting these on timers, due to concerns about ability to recover settings and (in some cases) the desire to
record shows off-hours. Nonetheless, we did identify some promising applications for timers, and
estimate that these make up about 10 percent of savings potential.

“Smart” power strips promise to eliminate standby electricity consumption by de-powering peripherals
for TVs, computers and audio equipment when the main device is turned off. Smart power strip
opportunities make up about 10 percent of the savings that we identified, though some of what we
classified as a manual unplugging opportunity could also be a smart power strip application.

How can energy efficiency programs best address these opportunities?

A substantial share of our study households were interested in saving energy. The energy-saving
opportunities they were inclined to implement face two primary barriers that programs could help to
overcome. They are:

o households lack good, easy-to-use information on which of their home’s devices truly matter;
¢ households don’t know what practices would make a real difference.

Much of the energy-saving information to which Minnesotans—or Americans generally—are exposed is
fairly general in nature. Households hear a barrage of energy-saving tips; everything from “lower your
thermostat” messages from utilities to “get new windows” commercials by remodeling firms. For
plugged-in devices, households know that turning off equipment is good practice, but they get little
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feedback on which devices use the most energy when operated or which ones use significant amounts of
energy when they are simply attached to a power source. Finding out takes more effort than most
households are willing to invest.

As such, we found the greatest opportunity for programs to help households reduce their load from
plugged in devices is educational in nature. Well-designed consumer education with specific and narrow
messages from credible sources can help to overcome some of the awareness gap. We think that a
consumer educational campaign to promote computer power management may be the single most
effective step programs can take to reduce so-called plug load. This report suggests some content for
these messages.

Beyond power management, we also discuss program opportunities involving:

e additional messaging on devices with consistently high standby loads and easy household
strategies to plug these “energy leaks”;

o helping motivated households investigate their own home-specific savings opportunities; and

e adding a “plug load protocol” to energy audits and other investigative visits to homes of people
with an interest in saving energy, saving money or reducing waste.
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INTRODUCTION

Governments, utilities and others are under increasing pressure to effect reductions in energy use due to
concern about global climate change. As a result, end-uses of electricity that have in the past not been a
major focus of efficiency efforts are being looked at more closely by policy-makers and program
implementers seeking to meet mandates for energy savings.

One of these areas of interest is the diverse array of devices that are plugged into sockets in homes.
Conventional wisdom holds that home electronics and other such plug-load devices are a significant and
growing part of electricity consumption in an increasingly connected and gadget-hungry society.

To be sure, interest in these devices is not new: the issue of standby power consumption by home
appliances dates back to the early 1990s (e.g. Meier 1993). As a consequence, the federal government
now maintains an active role in promoting the manufacture and purchase of efficient home electronics
and other plug-in home appliances through its Energy Star program. And recently, the state of California
accomplished another first by enacting standards for active power consumption of televisions. But these
efforts are targeted at the efficiency of new devices and do not address questions about what, if anything,
can be done to avoid wasted energy use among devices that are already in homes.

This is partly a problem of lack of data. Compared to the body of knowledge about other home energy
uses, such as heating, cooling and refrigeration, less is known about how much electricity is used—and
more importantly, wasted— by the myriad smaller plug-in devices in homes. Efforts to characterize and
quantify energy use by “miscellaneous” home devices date back at least to the mid 1980s (see Meier et al.
1992), but field data have been hard to come by. The most extensive study in the U.S. to date was
conducted in 2005 by Ecos Consulting (Porter et al. 2006). That study sought to get a more accurate
estimate of miscellaneous electricity use in California homes, and parse this by device type and mode of
operation.

This study seeks to build on the foundation that Ecos and others have created by adding to the body of
data about energy use by plug-in devices in homes, in this case targeted at a different region of the
country. We also seek to shift the emphasis to savings opportunities for these devices in homes. This
emphasis is in keeping with the goals of the funders for this study, which are the State of Minnesota under
its Conservation Applied Research and Development Grants (CARDG) program and Minnesota Power
Company. Specifically, the goals of the CARDG program are to:

o accelerate the development and adoption of new energy efficient technologies and strategies in
Minnesota;

e identify new conservation improvement program opportunities for electric and natural gas
utilities in Minnesota; and,

e enable the state to achieve its statutory energy conservation goals.

In this context, we considered it important that a research study directed at residential plug-load be
focused in ways that are most useful for regional, state and local program efforts to save energy. For that
reason, we chose to assess the potential for savings from strategies that seek to save energy used by
appliances that are already in homes.
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The goals of this study are thus to:

characterize plug-load electricity use in Minnesota homes;

assess the extent of savings opportunities for these devices in these homes;

identify specific no- and low-cost ways for people to save energy among these end-uses; and,
propose broadly how these opportunities might be addressed by programs that operate at the
regional, state or local level.

pPOONME

Before diving into the details of the study, it is useful to pause to more precisely define what we mean
here by plug-in devices. Speaking to the difficulty in characterizing this class of home energy using
devices, our definition is as much about what is not included as it is about what is included: we
considered all devices that plug into a standard 120V outlet other than lighting and major home
appliances like refrigerators and clothes washers. Our emphasis was on home entertainment and
computing electronics—televisions and their peripherals, computers and peripherals and audio systems—
which the Ecos study found to dominate electricity consumption among plug-in devices.

We did include electric space heaters, dehumidifiers, room air conditioners and other portable HVAC
devices in the scope of our study. These deserve a special call-out for a couple of reasons. First, the
approach that we used (see Method) was not well-suited for accurately estimating annual usage by these
highly seasonal devices: this makes our estimates of usage and savings opportunities in this sub-category
more tenuous than those for, say, televisions. Second, the saturation and use of these devices are
obviously strongly related to climate: readers from regions with climates that differ strongly from
Minnesota’s long winters will need to take this into account in interpreting our results. For this reason,
we have tried to provide key results in ways that allow these regionally-specific HVAC devices to be
separated from other classes of devices.

Finally, we did make one important exception to the no-major-appliances rule: we decided to devote a
small amount of effort at gathering data and talking to people about secondary refrigerators and stand-
alone freezers. These are highly prevalent in Minnesota homes, and are worthy of some attention even if
it meant a digression from our main focus. We include a short section covering our findings on these
appliances in this report.
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METHOD

The study relied on three nested levels of data that we collected for Minnesota homes in 2009:
e A telephone survey completed by 1,013 Minnesota households;
e A mailed appliance survey completed by 260 households; and,

e On-site data collection and interviews involving 50 households.

All three levels of data collection occurred in four separate rounds (to help ensure seasonal balance),
starting in December 2008 and ending in October 2009, and were geographically and demographically
stratified to help ensure that the final weighted samples were statistically representative of the population
of Minnesota homes (Figure 1). Appendix A provides more details about the sampling and stratification
process for the study.

FIGURE 1, GEOGRAPHIC DISTRIBUTION OF STUDY PARTICIPANTS.
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TELEPHONE SURVEY

The telephone survey was used both as an initial recruiting tool for the other data collection efforts as well
as to gather information on demographics, attitudes and saturation of key devices on a large sample of
Minnesota households.! The survey was geographically and demographically stratified (see Appendix
A). Each round of the survey targeted about 150 households in a core geographic region around the Twin
Cities, and 100 households in one of four outlying regions. Though the study was focused mainly on
homeowners (which make up about 70 percent of Minnesota households), we also collected data from
some rental households: the final sample size was 837 homeowners and 176 renters.

Survey respondents were first posed a number of attitudinal questions, only some of which were clearly
energy-related.? The interviewer also posed some fairly simple questions about home electronics, such as
the number of TVs and computers in the home.

The interviewer then asked the respondent whether he or she would be willing to participate in a mailed
appliance-related survey that would “help the State of Minnesota and the state’s utilities better serve
customers.” Respondents were offered a $10 Visa gift card for participating in the appliance survey.
Nearly 90 percent of respondents agreed to participate in the mailed follow-up survey.

Telephone-survey respondents were also told at this time that, in addition to the mailed appliance survey,
the study was seeking “households for an in-home study of how much electricity various appliances use,”
for which a participation incentive of a $100 Visa gift card would be provided. About 40 percent of the
telephone survey respondents said that they would be willing to participate in the on-site portion of the
study (another 10 percent requested more information about the study).

MAILED APPLIANCE SURVEY

At the completion of each round of the telephone survey, we sub-sampled respondents that had indicated
willingness to participate in the mailed appliance survey and sent these households a paper survey with
much more detailed questions about their home appliances, particularly home electronics holdings (see
Appendix F). This phase of data collection also involved demographic and geographic response quotas.

We mailed 462 surveys across the four rounds, and received 260 responses (209 homeowners and 51
renters), giving a 56 percent response rate. This survey provided us with more detailed information about
home appliances for a moderately-sized sample that we could use to supplement (and cross-check) the
subsequent in-home data. The appliance survey respondents also served as the recruiting pool for the in-
home data collection.

! The telephone survey was implemented by the Blackstone Group using a commercially available listed sample of
Minnesota households.

? See Appendix E for the complete instrument.
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IN-HOME DATA COLLECTION

At the most detailed level, we visited 50 Minnesota homes (homeowners only) and conducted three types
of data collection:

1. we inventoried all (visible) plug-in devices in the home at the time of the initial site visit;

2. we installed meters on selected devices to record electricity consumption for a month-long
monitoring period; and,

3. atthe end of the monitoring period—and coincident with removal of the meters—we conducted a
detailed interview with the household.

Device Inventory

The device inventory occurred at the beginning of the initial site visit. We simply went from room to
room and recorded all plug-in devices. As part of the protocol, we also noted the room in which the
device was located, what other devices it was connected to (e.g. a DVD player connected to a television)
and whether the device was plugged in at the time. We noted (with the assistance of the homeowner)
devices that were routinely power switched via a switched wall outlet or power strip.?

The inventory included the main living areas of the home, plus basements and garages. We did not
inventory devices that appeared to be in “deep storage” areas, and some homes had shops with numerous
power tools that we did not separately inventory (we did take note of all cordless tool chargers however).
We also photographed many items and captured nameplate data for televisions and a few other types of
devices when that was readily accessible.

Metering

After inventorying the appliances in the home, we selected devices for metering. On average, we metered
16 devices per home, but this ranged from 5 to 30 in individual homes. We gave first priority to home
electronics, focusing on television- and computer-related equipment, but also gave a high priority to
dehumidifiers and other portable HVAC devices.

We also targeted idiosyncratic devices that looked like they might use a lot of electricity or have an
energy-savings opportunity. We did devote some meters to devices (such as alarm clocks) that were
unlikely to have a savings opportunity, but would help us characterize total plug-load electricity use.
Finally, we asked the homeowners if there were any devices they were interested in having metered:
usually we had already covered any devices of interest to them, but we did fulfill a few additional
requests by monitoring devices like irons and hair dryers.

® In a small number of instances, the homeowner did not allow us to enter parts of the home: in these cases, we
relied on self-reports of devices in those areas.
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After deducting a small number of cases where the metering data turned out to be unusable for one reason

or another, we obtained useful data for 705 of the 1,612 devices that we inventoried (Table 1). 45

TABLE 1, INVENTORIED AND METERED DEVICES.

Number Number Percent

Inventoried Metered metered

Audio equipment 196 95 48%
Portable device chargers® 140 33 24%
Clocks 93 7 8%
Computers 72 59 82%
Computer peripherals 127 101 80%
Exercise equipment 8 5 63%
Gaming devices 19 13 68%
Personal hygiene devices 37 4 11%
Household devices” 47 14 30%
Portable HVAC 118 46 39%
Kitchen appliances 134 23 17%
Musical instruments 5 3 60%
Networking equipment 58 35 60%
Office equipment 39 11 28%
Telephone 72 13 18%
Tools 20 2 10%
TVs 150 110 73%
TV peripherals 169 105 62%
Utility devices® 72 10 14%
Other 36 16 44%
Overall 1,612 705 44%

®except laptop chargers, which are included under Computers
be.g., vacuums, sewing machines, irons

‘e.g., CO detectors, baby monitors

* We also later inferred the presence of a small number (41) of important devices that we did not observe, but were

reported as present by the homeowner on the appliance survey. These were mainly seasonal HVAC devices
(dehumidifiers, space heaters and dehumidifiers), but also included 9 laptop computers and 5 television sets.

® These figures exclude the 48 secondary refrigerators and freezers that we metered as part of our side investigation.
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The meters that we installed (WattsUp Pro) recorded time series data on each device for 27 days before
their on-board memory filled. The meters were configured to record watt-hours of electricity use every
six minutes, as well as the minimum and maximum wattage during the 6-minute interval.® (Appendix C
provides more detail about the metering and compilation of these data.)

We also targeted one computer center per home for more detailed metering: for these, we installed meters
(on the computer and monitor) with additional memory that allowed us to capture data at a higher time
resolution of 90 seconds. In addition, in these cases we also installed a portable occupancy sensor with a
data logger to track when someone was at the computer.

At the end of the monitoring period, we returned to the site and retrieved the meters for download. Back
at the office, we reviewed the data from each meter for signs of data anomalies and problems. We also
assigned an active-mode wattage threshold for each metered device: we classified electricity use above
this threshold to be active-mode power consumption, with electricity draw below the threshold classified
as standby use—though this was sometimes difficult to accomplish unambiguously.’

Processing the data included removing data flagged as bad (which was only about 3 percent of what we
recovered from the field), and condensing the time series data down to summary statistics that included
annualized kWh, fraction of time in standby and active modes and average wattage in each mode. These
statistical summaries formed the basis of our initial screening for energy saving opportunities

The cleaned time series data were extremely valuable for estimating savings for some strategies, and we
developed algorithms to process the data to facilitate these estimates. For example, we developed a
smart-power-strip algorithm that merged the time series data for a master device such as a TV with the
data for the peripherals for that device, and simulated the impact of a smart power strip by setting the
power draw for the peripherals to zero whenever the master device was not active.

Finally, at the end of the fieldwork, we checked each meter against a reference standard, and applied
calibration corrections to the raw data.

® Not all devices were metered with time series loggers. We also employed a small number of Kill-a-Watt meters
that simply recorded elapsed hours and accumulated kWh for some lower priority devices. These were installed on
47 devices, and also used as a backup for the WattsUp Pro meters on some devices after we discovered that certain
appliances with high transient loads (e.g. dehumidifiers and microwave ovens) sometimes corrupted the meters.

" The three types of devices that were problematic were: (1) printers, which were typically active for very brief and
sporadic periods; (2) devices with multiple distinct power draws (we generally assigned anything above the lowest
power draw as active-mode; and (3) devices such as cell phone chargers where the power draw even when active
was very low. We also had to make decisions about whether devices that showed a flat power draw over the entire
monitoring period were in standby (usually the case) or left on in active mode the entire time: we based these
decisions on the power draw characteristics of other similar devices.
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In-Home Interviews

The total meter pick up and interview process took from one to three hours reflecting the variation in
number of meters, accessibility, ease of data collection, and occupant (and pet!) involvement.

Upon removing all the installed meters, we interviewed the designated or available household
member(s).® The interviews lasted approximately twenty to sixty minutes and began with some general
guestions about the participants' attitudes and cognizance of energy. Starting with their perceptions of
energy as an issue of societal or personal concern, it continued through such questions as the degree to
which the household pays attention to energy issues, whether they do anything specifically to save energy
in the home, what else they think they could do if they so chose, and where they could get more
information. From there, we sought feedback on how likely the household would be to engage in various
ways to save energy, including changing habits, using technological aides (like smart power strips),
seeking feedback, and making one-time changes in equipment settings. Limited feedback on possible
program strategies and likelihood of participation was sought.

After obtaining this feedback, we showed the interviewees our meter removal log sheet and walked them
through the highlights of the usage we found in the home. At this point, we were essentially providing
feedback to the house and were able to gauge how interested the household was in this information and
what information was most interesting and/or surprising to them. Finally, the interviewer chose two to
five of the most apparent energy-saving opportunities for plugged-in devices in that home, presented what
the household could do to save energy and inquired how interesting these strategies seemed to the
interviewee—as well as how likely they thought they would be to take these actions.

We approached these questions as conversations, and invited interviewees' honest reactions to the various
strategies. We obtained a balance of positive and negative inclinations about the various strategies from
most households, giving us confidence that we were receiving candid and thoughtful responses. These
comments, along with participants' reports and interviewer observations about household practices,
became the basis of our assessment of the likelihood that households would engage in the various
technical savings opportunities we identified.

WEIGHTING

Although our sampling at all three stages of data collection was stratified on geographic region, housing
tenure and across four demographic groups, the final samples were not perfectly representative of the
Minnesota population. Also, later analysis revealed that our samples tended to skew somewhat toward
older households and households with higher educational attainment. We developed case weights to
correct for these differences (see Appendix A).

® The interview guide is attached as Appendix F.
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ELECTRICITY USAGE

By combining our device inventory with the metering data from the on-site data collection, we estimate
that plug-in devices in Minnesota owner-occupied homes use an average of about 2,300 + 700 kWh per
year per home.® We estimate that this use makes up about 15 to 25 percent of all electricity use in single-
family homes.™

Figure 2 shows how our point estimates of electricity use break out by device category and device. About
50 to 70 percent of the total (1,300 + 400 kWh per year) is attributable to home electronics: TVs and their
peripherals, computers and their peripherals and audio equipment. TVs dominate usage among home
electronics due to a combination of their ubiquity (the average home has three sets), relatively high power
consumption among home electronics devices, and frequency of use (the average TV that we monitored
was used for about 4 hours per day). Desktop computers and their monitors also constitute a significant
proportion of plug-in device usage.

Plug-in devices for heating, cooling or otherwise maintaining indoor comfort make up a significant
proportion of the total. However, we monitored only about a dozen homes per season, and usage of these
HVAC devices varies substantially. Consequently, our estimates of usage by these devices (about 600 +
450 kWh/year) carry more uncertainty than other categories.

The data across all device types also suggest that about 20 percent of this electricity use is for standby
mode, while 80 percent is consumed by devices that are in so-called active mode. Among home
electronics (where we were best able to delineate standby versus active power consumption), standby
consumption in mode dominates for devices such as printers and some audio equipment (Figure 3).

After allowing for climate differences, the above figures are somewhat higher than the California study
conducted by Ecos in 2005, which found usage of 1,000 to 1,200 kWh per year per home for plug-in
devices. After deducting the HVAC category, our estimate is about 1,700 £ 500 kWh per year per home,
of which 40 to 50 percent is attributable to home entertainment (compared to 60% found for the
California study), and 20 to 30 percent is attributable to computer-related devices (compared to 31 percent
for the California study).

° The stated uncertainty (here and elsewhere) reflects both sampling and imputation uncertainty, and represents an
approximate 90% confidence interval. See Appendix D for more details.

19 Data filed for 2007 by Minnesota utilities on the Federal Energy Regulatory Commission’s Form 861 (Annual
Electric Power Industry Report) shows average residential electricity use at 9,989 kWh per consumer. Since this
includes residential accounts in apartment buildings that tend to use less electricity, average consumption for single-
family, owner-occupied homes is likely somewhat higher. We estimate about 11,000 kWh per single family home.
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FIGURE 2, POINT ESTIMATES OF ELECTRICITY USE BY PLUG-IN DEVICES IN MINNESOTA SINGLE-FAMILY

HOMES, BY DEVICE CATEGORY (2,300 KWH/YEAR/HOME).
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FIGURE 3, POINT ESTIMATES OF ACTIVE AND STANDBY ELECTRICITY USE FOR HOME
ELECTRONICS.
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ANALYSIS OF SAVINGS OPPORTUNITIES

The main goal of our study was to identify no- and low-cost things that people could do to reduce
electricity consumption by plug-in devices, and quantify how much savings might be achievable in homes
through these actions. In aggregate, the highest-potential opportunities can be expected to be found
among devices...

1. ...that are common and use a lot of electricity;
2. ...that are commonly left on or use significant electricity even when turned off; and,
3. ...for which people are willing to take action to save electricity.

The survey and on-site device-inventory data that we collected helped us gauge the first item above.
Close examination of the on-site metering data provided our basis for the second item. And the
interviews with homeowners gave us insight into the third component above.

We considered five specific strategies for reducing electricity use by plug-in devices, but these boil down
to two general categories: (a) turn off devices when not in use; and, (b) unplug devices that draw standby
power to eliminate un-needed off-mode power consumption.**

TURN OFF WHEN NOT IN USE

We combed the metering data looking for devices that were left on for long periods of time. With one
exception, it was not possible for us to know exactly when people were, for example, watching a metered
television or listening to their stereo. Our identified savings opportunities thus derive from observations
of inordinately long periods of active-mode operation (such as being left on overnight) that strongly
suggested a device was left on and unused.

The exception to this is desktop computers. Here, we considered the question of unattended idling to be
of sufficient importance that we deployed portable occupancy sensors that provided us with ancillary data
about whether someone was sitting in front of the computer when it was on (see Appendix B for details).

UNPLUG TO ELIMINATE STANDBY POWER

Many devices draw power even when turned off. This may be for a clock display, for providing remote
control functionality—or for other purposes, such as overnight downloading of programming information
by cable and satellite set-top boxes. In addition, some devices simply “leak” electricity continually due to
poor power supply design.

Opportunities for reducing off-mode electricity consumption arise from the combination of how much
standby power the device draws, how frequently the device is used—as well as the extent to which users
are willing to forgo any standby functionality provided and tolerate start-up hassles when power is
restored to the device. It may be worthwhile to some people to unplug a device that is used frequently if

11 Although in theory one could consider reducing electricity use by, say watching less television, or reducing how
many plug-in devices are in the home, we did not take our analysis to this extreme.
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it avoids a significant standby power draw. Conversely, it may not be a particular inconvenience to
unplug devices that don’t draw much standby power if they are rarely used. Some savings can be
achieved with just about any device that draws standby power. In reviewing the metering data, we only
called out savings opportunities that would amount to at least 25 kWh per year.

MANUAL AND AUTOMATED STRATEGIES

For both turning-off and unplugging opportunities, we considered automated as well as manual
solutions—and gave preference to the former on the grounds that these will be applied much more
consistently. We considered the following three technology-assisted strategies:

o Enabling power management settings on computers.

e Using a “smart” power strip to disconnect power to peripherals when a main device (such as a
computer or television) is turned off.

e Using a timer to automatically disconnect a device from power at certain times of the day.
We also considered savings from simply remembering to turn off a device or unplug it when not in use. *2

TECHNICAL VERSUS BEHAVIORALLY-ADJUSTED SAVINGS ESTIMATES

We identified about 200 savings opportunities among the roughly 700 devices that we metered in the 50
on-site homes.® For each savings opportunity that we identified, we estimated what we call the technical
electricity savings; that is, the savings from perfectly implementing the strategy. For example, if we
identified savings from unplugging a computer printer when it is not in use, our technical savings assume
that the printer is always unplugged except when it is being used.

These technical savings estimates obviously don’t account for human nature. They also don’t account for
whether people are interested in pursuing a strategy at all. To factor these in, we developed a
high/medium/low set of behavioral probabilities (Table 2) that we applied to the technical savings
estimate for each opportunity to give us a behavioral savings estimate; that is the savings that might be
expected after factoring in both the level of interest that the household might have in pursuing a specific
savings opportunity as well as forgetfulness for savings that rely on habitual actions.

12 Note that when we refer to manually unplugging devices, we don’t generally mean physically pulling plugs from
sockets (which most people would find burdensome): “unplugging” can be accomplished much more conveniently
using a switched power strip. For hidden outlets, remote-control power strips or switches can be used (though with
a small imposed parasitic electrical load).

13 Similar to the imputation procedures that we used to estimate electricity use by devices that we didn’t meter, we
also imputed additional savings opportunities among unmetered devices (see Appendix D). Altogether, imputed
savings opportunities account for about a third of our total estimated savings, and savings opportunities identified
directly from metering data account for two thirds.
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We based our behavioral assessments on the interview TABLE 2, BEHAVIORAL PROBABILITY
with the homeowner, as well as our own observations of ASSIGNMENTS.
the household. In some cases, we explicitly discussed the

specific opportunity with household members as part of Requires habitual action?
the interview.™ In other cases, our assessments were No Yes
based more generally on what the household members High 85% 66%
told us in the interview and our limited observations of Medium 50% 33%
the household. For example, we assigned lower Low 15% 0%

behavioral probabilities for “unplug” opportunities in

busy households that were not particularly concerned about wasted electricity compared to households
that already showed attentiveness to wasted electricity. It is important to recognize, however, that these
behavioral assessments are ultimately subjective estimates rather than observations of actual behavior.*®

OVERVIEW OF SAVINGS OPPORTUNITIES

The results of our analysis suggests that there is an average of about 450 (+ 180) kWh per year worth of
technical no- and low-cost savings opportunities per home, representing 3 to 6 percent of total home
electricity use and roughly 20 (£8) percent of consumption by plug-in devices. When our behavioral
probabilities are factored in, these figures drop by about half.

Figure 4 graphically depicts what our analysis reveals about where these savings exist. Nearly a third of
the technical savings (and about 40 percent of the behaviorally-achievable savings) that we estimated
derive from a single strategy: computer power management. Manual strategies of unplugging and
turning off devices together account for fully half of our estimated technical savings, but are diminished
somewhat by our assumptions about people’s willingness-and-forgetfulness in the behaviorally
achievable estimates. Smart power strips and timers each account for about 10 percent of our estimated
savings potential.

There are also important differences in the relative concentrations of savings across the opportunities.
Relatively speaking, computer power management comprises a large amount of savings potential among a
small number of devices, while the other strategies are characterized more by small savings over many
devices (Table 3). If finding these savings opportunities is like prospecting for gold, then computer
power management could be likened to gold nuggets, while other opportunities are more akin to low-
grade ore.

1 We were able to get preliminary read-outs from the meters at the time they were collected, and could therefore
sometimes immediately flag opportunities to cover during the post-metering interviews

15 Actually, in some cases people did immediately implement a savings opportunity that we called out in the
interview, which clearly indicated a high level of engagement and interest. However, our budget did not provide
for systematic follow-up to see if the household continued to implement the strategy. We did however, follow-up
with some households that implemented computer power management: see Computer Power Management.
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FIGURE 4, ESTIMATED TECHNICAL (451 KWH/YR/HOME) AND BEHAVIORALLY-ADJUSTED
(236 KWH/YR/HOME) NO/LOW-COST SAVINGS OPPORTUNITIES PER HOME, BY STRATEGY

AND DEVICE CATEGORY.
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TABLE 3, DISTRIBUTION OF OPPORTUNITIES AND SAVINGS BY STRATEGY.

Percent of Percent of total estimated savings
Strategy opportunities® Technical Behaviorally-adjusted
Computer power management 10 + 5% 35+ 10% 40 £ 15%
Unplug manually 50 £ 10% 30 £ 10% 30 £ 10%
Turn off manually 10 + 10% 15 + 20% 10 £ 20%
Timer 15+ 5% 10 + 5% 10 £ 5%
Smart power strip 15+ 5% 10 + 5% 10 + 5%

®For computer power management and smart strips, we considered each application to be a single opportunity (e.g., computer and

monitor for the former); for the other strategies, we counted one opportunity per device.

Confidence intervals shown are approximate 90% confidence intervals accounting for sampling and imputation uncertainty.

All values are rounded to nearest five percentage points.
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Similarly, as one might expect, the distribution of savings opportunities is not uniform across homes, but
varies dramatically, ranging from nearly nothing to more than 1,500 annual kwWh worth of savings
opportunities (Figure 5). Not surprisingly, the extent of savings opportunities is well correlated with the
number of devices in the home (which ranges from about 20 to 60): households with more devices tend
to have more savings opportunities.

FIGURE 5, SAVINGS OPPORTUNITIES BY HOME.

technical savings opportunities Il behaviorally-adjusted savings

Each bar represents the sum of savings opportunities for one home in the
study, ordered from lowest (top) to highest (bottom)
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In the sections that follow, we delve into types of savings opportunities in more detail, beginning with the
one we find to be the most significant—computer power management.

COMPUTER POWER MANAGEMENT (40% OF IDENTIFIED SAVINGS POTENTIAL)

Computers are highly prevalent in Minnesota homes: our telephone survey suggests that there is an
average of 0.84 desktop computers per single-family household in Minnesota and 0.56 laptop computers.
We encountered 47 desktop computers in the 50 on-site homes, and we were able to individually meter
the computer and monitor(s) for 42 of these.’® Moreover, in 28 cases we were also able to deploy a
portable occupancy sensor to record when someone was at the computer (see Appendix B).

The metering and occupancy-sensor data revealed four distinct ways that people operate their desktop
computers:

e Always on (about 20% of systems) — these computers are simply left running continuously all
the time (or nearly so).

e Long idle periods (about 40% of systems) — these systems are often left on for extended periods
when no one is at the computer. A common scenario here is for the computer to be turned on in
the morning and left on until bedtime, with sporadic use in the interim period. It is also not
unusual for these systems to be left on overnight. Figure 6 exemplifies this pattern of usage.

o Off when not in use (about 25% of systems) — these computers are rarely left on for extended
periods, and by all appearances are only turned on when they are actively being used.

e Low use (about 15% of systems) — these computers are simply not turned on very often.

Altogether, we found that almost 75 percent of desktop computer electricity consumption occurs
when no one is in front of the computer. Computer power management offers a savings opportunity
for the first two patterns of use above by automatically putting the computer into hibernation (no
power draw) or sleep (low power draw) after a period of inactivity. We were able to check the power
management settings on 32 desktop systems, and found that sleep/hibernate for the computer itself
was not enabled in fully 80 percent of these. Contrast this with the power management settings for
monitors, where sleep-mode after a set period (typically 20 minutes) was enabled in 80 percent of the
cases. These observed usage and power-management settings are generally in line with another
recent field study of home computer use (Chetty et al., 2009).

Indeed, the disparity between monitor and computer sleep settings may be part of the problem. We
suspect that this is how most systems were set up out of the box, and that some people are lulled into
a false sense of security because they see the more highly visible monitor turning off automatically.
In fact, the monitor represents the minority of the system power draw (Figure 7), especially for the 50
percent of systems with LCD monitors.

18 We focus here on power management savings for desktop computers due to their higher electricity use, greater
prevalence, and lower usage of power management features compared to laptops.
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FIGURE 6, EXAMPLE (SITE 24) OF A DESKTOP COMPUTER WITH LONG IDLE PERIODS.
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To estimate the savings from power management, we developed an algorithm that drew upon the
metering and occupancy data to estimate power management savings. The algorithm compares the actual
metered electricity use of the computer and monitor to electricity use based on the assumption that power
draw for both devices drops to their standby levels after a set delay period when no one is at the computer
(as indicated by the occupancy sensor).*” We used a commonly-recommended 30-minute
standby/hibernate delay period for our savings estimates for our base estimates, but also explored how the
projected savings vary with the delay period.*®

Applying this algorithm to the metered computers in the study suggests that there are substantial savings
to be had for the roughly two-thirds of computers that are left on all the time or for long periods (Table 4).

TABLE 4, USAGE AND ESTIMATED POWER MANAGEMENT SAVINGS FOR METERED DESKTOP
COMPUTERS.

Mean Estimated

Mean Electricity Use (kWh/yr) Power Management Savings®
Percent
Operation Category n° Computer  Monitor(s) n° KWh/yr savings
Always on 10 552 83 9 396 67%
Long idle periods 14 371 92 8 213 42%
Off when not in use 11 90 26 7 10 9%
Not used much 7 16 29 4 2 4%

#Based on 30-minute standby/hibernate delay
® Metered desktop computers

Metered desktop computers with usable occupancy sensor data for estimating power management savings

17 Sleep and hibernate are two different power management options available on most computers. Sleep retains data
in the volatile memory, which allows the computer to go to sleep and reawaken very quickly—usually within
seconds. However, if power to the computer is interrupted, unsaved files will be lost. Hibernate saves the existing
session to the hard drive, thus eliminating the risk of lost data. But recovering from hibernate takes longer—
generally a minute or so. (Some systems support a hybrid sleep/hibernate setting that provides both the fast re-start
of sleep with the non-volatility of hibernate.) In terms of electricity consumption, while hibernate always reduces
electricity consumption to near zero, savings from sleep mode can vary: newer computers draw only a few watts
when asleep, but power consumption for older computers may be reduced only slightly in sleep mode.

18 30-minute standby/hibernate is recommended at www.climatesaverscomputing.org
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We also used the algorithm to FIGURE 8, ESTIMATED POWER MANAGEMENT SAVINGS VERSUS
explore how the delay period SLEEP DELAY.
might affect savings among
always-on and long-idle-
period systems (Figure 8).
There is definite fall-off in
our estimated savings as the
delay period increases,
particularly for long-idle-
periods systems—but since
more of our total power
management savings derives
from always-on systems,
using a 60-minute off-delay
instead of a 30-minute delay
only decreases the estimated
savings by about 15 percent. | i | i | i |
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not based on actual before-
and after- measurements of electricity consumption, there are technical factors that could mitigate the
achievable savings. First, “sleep” mode for some older computers reduces power consumption only a
small amount, though “hibernate” for these systems can achieve deep power reductions (albeit with
slower wake-up times). Second, software (particularly virus checkers that also kick in after a period of
inactivity) may interfere with entering sleep mode and reduce the achievable savings. More investigation
or field metering is needed to assess the prevalence of these issues.
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Nonetheless, based on our estimates, we identified 26 desktop power management savings opportunities
(and 6 laptop opportunities) among the 50 homes where we conducted metering. We judged about half of
these (12 of 26) as highly likely to be implemented by the homeowner, and assigned a “low” probability
ranking to only four households (15%). In fact, 18 households in the study immediately implemented
standby and/or hibernate for their systems when our post-metering interview revealed to them such a
setting was available but disabled on their computer.*®

To be sure, not everyone was interested in computer power management. About a dozen households told
us directly that power management would not be a solution for them. Most of these indicated that they
already turn their computer off or put it in a standby mode manually. In one household, the interviewee
deferred to the main computer user; in another, the interviewee said she would set her personal computer
to whatever standards her employer had for company computers. Finally, one participant with a home
business was acting on the advice of his IT consultant in leaving the computer running all the time.

19 We later (January 2010) informally followed up with 10 of these households by e-mail: all six households that
responded reported that they had maintained the settings with no problems. One household reported having actually
shortening the delay period.
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Nonetheless, the fact that so many households immediately implemented power management when the
opportunity was pointed out suggests that the main barrier to widespread adoption is lack of awareness
rather than lack of willingness. Combined with the fact that changing power management settings costs
only a few minutes of time and does not require habitual action on the part of the household, our overall
impression is that this strategy is highly worthy of pursuit.

These savings opportunities may be expected to fade over time as older computers are replaced with new
systems with power management enabled by default: major manufacturers began shipping desktop
computers with sleep enabled starting in 2006 and 2007.° We did not collect explicit data on the age of
the computers we encountered in Minnesota homes, but we did ask (on the mailed appliance survey)
about operating systems: of the 205 desktop systems reported to us, more than 70 percent were running
Windows XP (66%) or an older operating system such as Windows 2000 or ME (5%). This is significant
because Windows XP was supplanted by Windows Vista in 2007—at about the same time that
manufacturers began shipping desktop computers with sleep mode enabled.

Note however, that even new computers can benefit from more aggressive power management settings: a
desktop system purchased by a member of the research team in April 2010 from a major manufacturer
was shipped with a two-hour sleep delay.

MANUALLY UNPLUG DEVICES (30% OF IDENTIFIED POTENTIAL)

Manually unplugging devices is in aggregate our second-highest ranking strategy for in-home savings
from plug-in devices. But unlike computer power management, where the savings are concentrated in a
small number of devices of a single type, the “unplug” category comprises a more diverse array of
devices and generally smaller savings per opportunity. Four types of opportunities make up about 80
percent of this category:

e Some compact stereo systems that we monitored used a substantial amount of electricity. We
metered 13 compact stereo systems (of 24 that we found in the 50 homes), and these used from 5
to 200 kWh/yr worth of electricity. Those on the high end of this scale drew 20 to 30 watts
continuously, and in the field we sometimes found it difficult to tell if these devices were “on” or
“off.” Several homeowners expressed surprise at how much electricity their (mostly unused)
compact stereos used: one of these was a single-occupant household that was already routinely
unplugging all of his computer-related equipment and TV peripherals. Because of this, we
considered these to be “unplug” opportunities.

e Older CRT television sets that draw 5 watts or more of standby power still make up about 20
percent of TVs in Minnesota homes. Unplugging these sets when not in use would yield an
average of 60 kWh per year of savings. Since these tend to be analog sets that cannot receive the
new digital-only broadcast signal without an external converter box, losing channel settings does

20 personal communication, Pat Tiernan, Executive Director, Climate Savers Computing Initiative, February 23,
2010.
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not pose a barrier to unplugging them—though for the same reason, these may also be a
disappearing species.”*

o Computer printers are typically engaged in printing for only a few minutes per week, but draw an
average of 4.5 watts the remainder of the time. Keeping these unplugged except when in use
could be expected to save about 45 kWh per year on average.

o Some TV peripherals were not used at all during our month of metering and could be left
unplugged most of the time. VCRs and (more prevalently) VCR/DVD combination players made
up the bulk of these opportunities. At least some of these are probably legacy devices that are not
used at all any longer.

Unplugging TV peripherals and computer printers could also be accomplished automatically with a smart
power strip, which we discuss separately below. We classified most printers as an opportunity for
manually unplugging rather than controlling automatically with a smart power strip, however, due to
concern about adverse consequences from removing power to a printer without properly parking the print
heads (see Smart Power Strips section). We classified never-used TV peripherals here as well on the
grounds that the savings are larger and, if the devices are used less frequently than once a month, it would
not be particularly burdensome to unplug them manually.

TURN OFF DEVICES (10% OF IDENTIFIED POTENTIAL)

To be sure, the metering data revealed cases of devices that were left on for inordinate lengths of time.
We did observe instances of devices like DVD players that were used for a couple of hours and then left
in an active/idle mode for days thereafter. We also observed five cases where televisions were routinely
left on overnight, as well as three cases where stereo receivers were left on for most or all of the month-
long monitoring period.

However, a significant portion of the opportunities in this category arose from unattended or
inappropriate use of portable HVAC or other devices that used a significant amount of electricity. For
example:

e We found a space heater in a basement bedroom that was running (controlled by its own
thermostat) in late May to the tune of about 200 kWh per month. A guest had turned it on and
left it running unbeknownst to the homeowner.

e One household left a boot dryer plugged in year round (the husband worked in construction).
When asked about it, the homeowner reported that the instruction manual said that it should be
left plugged in all the time. The operating instructions (which we downloaded later) actually said
that the device may be left plugged in continuously. We metered the device as using about 700
kWh per year.

2 The digital TV switchover occurred in the middle of our fieldwork, so our data present something of a mixed
picture in terms of such things as the saturation of older TVs and digital-to-analog converter boxes.
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e One household was drying clothes by hanging them indoors and running a dehumidifier to
remove the moisture from the air.

e One household in our winter round was using an electric space heater and two heat lamps in their
garage to keep their dogs warm while the owners were away during the day (the garage was open
to the outdoors through a very loose dog door). These heaters were using more than 300 kWh per
month of electricity. The owners had noticed the increase in their electric bill and were
concerned, telling us that they had taken care to buy an “efficient” space heater (all electric space
heaters are 100 percent efficient at turning electricity into heat).

TIMERS (10% OF IDENTIFIED POTENTIAL)

We considered the use of timers primarily for the following:
e Cable and satellite set-top boxes
e Computer networking equipment
e Tool chargers

CABLE AND SATELLITE SET-TOP BOXES

Our telephone survey data show that more than 80 percent of single-family homes in Minnesota subscribe
to either cable or satellite TV. Although cable subscribers outnumber satellite subscribers by two to one,
when it comes to counting set-top boxes in homes, satellite boxes account for about 85 percent of these.
This apparent paradox is explained by the fact that while many cable subscribers can directly connect
newer televisions to their cable service without a box, all satellite subscribers need at least one decoder
box—and many have multiple boxes serving different TVs (we found up to four per home). Set-top
boxes thus tend to be concentrated in households with satellite TV reception.

At an average of about 200 kWh of annual electricity use each, set-top boxes use a non-trivial amount of
electricity: a household with four satellite boxes is looking at the equivalent of a refrigerator’s worth of
electricity use. Some draw an inordinate amount of power (we measured more than 50 watts in some
cases, though the average was closer to 25 watts)—but the main driving force behind this usage is the
simple fact that they are typically “on” all the time.

Because set-top boxes take some time to recover their settings and programming information, it is
inconvenient to unplug these manually. We therefore considered a timer as a possible savings strategy
here, on the grounds that at least some savings could be had if the box could be routinely powered down
late at night after people have gone to bed, and then re-powered well before they want to watch television
the next day.

We thus looked for the longest overnight period for each set-top box that would include less than five
percent of the associated television viewing time (this varied, but in many cases turned out to be from
about midnight to 6 AM). We excluded set-top boxes with recording capabilities, since people could be
recording shows at any time of the day or night.
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We estimated average savings of about 50 kWh per year from this application, consistent with a notion
that they can typically be de-powered for about six hours per day.

Behaviorally, however, we gave this measure a low score in many cases. The interviews revealed that,
for most people, concerns with retaining settings and programming information on their set-top boxes
trump electricity savings. In fact, some people were so concerned about their “finicky” set-top boxes that
they were reluctant to let us unplug the boxes long enough to install our meters.

Hence, although not feasible for most households, some satellite and cable customers told us they would
consider using a timer to save energy on set-top boxes. Furthermore, one household with a metered
satellite box began unplugging it manually overnight about halfway through our monitoring period (this
was not prompted by us, but was perhaps inspired by the attention that was suddenly being paid to their
devices). In the interview, the household members reported that this was not problematic for them: they
simply plugged it back in each morning, and it recovered its settings within half an hour. For widespread
application, however, savings for these devices may be more effectively pursued at the manufacturing
level.

COMPUTER NETWORKING EQUIPMENT

Computer networking equipment—and here we refer to DSL modems, routers, access points, and all
other devices that people use to connect to the internet and connect in-home computing equipment
together—shares a couple of common characteristics with set-top boxes: (1) these devices are typically
left on all the time (20 hours per day on average, to be precise), and (2) it often takes at least a few
minutes to reconnect after losing power. We therefore considered timers as a savings strategy for these
devices as well.

An important difference from set-top boxes is that while a set-top box typically serves only a single
television, networking equipment is often connecting multiple computers (and sometimes other devices)
to the internet, making it a more complicated proposition to decide when (and how) to turn it off. Also,
the power draw for networking equipment is much lower: 5 watts is average, and none of the 31 devices
that we metered drew more than 8 watts.

These factors make it difficult to find savings opportunities of at least 25 kWh per year among the
average 1.2 pieces of networking equipment per Minnesota home. We identified a timer opportunity
when we found multiple networking devices in a common location in a home that did not have laptops or
other devices that might be connected to the internet at odd times.

TOOL CHARGERS

We found some tool (and also battery or other device) chargers in basements and garages that drew from
4 to 12 watts continuously for our month-long monitoring period with no evidence that the cordless
device they served was used during that time. In these situations, a timer could be used to provide power
to the charger for just a couple of hours per day, thereby ensuring that the device in question is adequately
charged at all times, but avoiding much of the wasted electricity that likely arises from poor charger
design for these devices.
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SMART POWER STRIPS (10% OF IDENTIFIED POTENTIAL)

“Smart” power strips seek to reduce standby electricity consumption by peripheral devices. These have a
socket for a primary device, such as a TV, plus additional sockets for peripherals that are used with the
primary device (think of a DVD player here). When the smart power strip senses that the primary device
is turned off, it automatically kills the power to the peripherals, thereby eliminating whatever standby
power those devices might otherwise draw.

There are three main home applications for smart power strips: TV centers, computer centers and audio
centers (Table 5). We inventoried these as part of the on-site data collection, and considered the savings
from a smart power strip for each. In many cases, the estimated savings was well below our 25 kWh per
year threshold, because there were few peripherals or the peripherals drew little standby power.

There were some additional factors that limited the circumstances where we considered a smart power
strip strategy. Some audio systems play a dual role: they act as peripherals to a TV center, but also act as
primary devices for listening to the radio or a CD, completely separate from TV viewing. The metering
data we obtained in these situations suggested that in most cases, the audio system is engaged without the
TV at least a few times a month. We therefore largely excluded receivers and their downstream audio-
only components from TV smart-power-strip applications. There is a similar issue with computer
networking equipment in homes with multiple computers.

TABLE 5, SMART POWER STRIP APPLICATIONS IN HOMES, BY TYPE OF CENTER.

Type of Center® All
TV Computer Audio Centers
Mean number per home 1.7 1.0 0.2 2.9
Mean number of peripherals per 20 24 20 29
center
% of centers with savings opportunity 53% 46% 0% 48%

of at least 25 kWh per year
Median estimated savings (KWh/yr) 29 24 18 24

a»Center” is defined here as a primary device (TV, computer or audio receiver) with at least one attached peripheral

device.

For computer centers, printers and external speakers were the main peripherals that we encountered, and
for the former we found that many draw non-trivial standby power (5 or more watts). However, there can
be potential adverse consequences from killing power to a printer without first parking print heads by
turning the device off—some printer manuals in fact explicitly warn against doing so. This, along with
our observation that many printers are only used a few times a month, led us to prefer a manual
unplugging strategy for these in most cases, under the presumption that users who manually disconnect a
printer from power will turn it off first. This did still leave some computer-related smart-power-strip
opportunities for speakers (which typically draw 4 to 6 watts and are often left on all the time) and other
peripherals.
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Computer centers also raise the conundrum that in many cases the logical primary device (the computer)
is left running for inordinate periods. We keyed our savings estimates for computer centers off the
operation of the monitor, which in most cases is configured to go into a sleep mode after a period of
inactivity.

TELEVISIONS AND BRIGHTNESS SETTINGS

Although TVs represent a full 20 percent of plug-in device electricity use in Minnesota homes, they
account for only about 10 percent of the savings we identified—mainly for unplugging older sets with
high standby power draw, and turning off a few TVs that are routinely left on overnight.

Reducing the brightness settings on TVs could be another savings opportunity, since power draw
generally increases with brightness. We had hoped to include this as a formal strategy, but found it too
difficult to systematically check these settings in the midst of deploying and retrieving meters, checking
computer power management settings, and conducting interviews with the occupants.

We were able to obtain brightness settings for 19 (of the 150) sets that we encountered. On a 0-100 scale,
we recorded an average setting just above the mid-point (55), and only three of the 19 TVs (15%) had a
brightness setting of 70 or higher. This cursory analysis does not fully incorporate the fact that newer sets
typically have picture modes, such as “vivid” and “movie” that affect brightness and power
consumption.”?? And our sample was dominated by older CRT sets (13 of 19).

If, as some suggest, new TVs are frequently shipped with an enhanced floor-display brightness setting,
then there could be some additional savings potential from addressing brightness settings for these
newer—and typically larger—sets. Our inventory and metering data suggest that although newer LCD
and plasma sets account for only about a quarter of TVs in Minnesota homes, they account for more than
half of TV electricity consumption. As an order-of-magnitude estimate, if active-mode power
consumption for all 40-inch plus TVs could be reduced by 15 percent, the average savings would amount
to about 30 kWh per year per home (across all homes), or about 6 percent of the total technical savings
opportunities that we identified.

Another strategy might be to target reducing TV brightness settings in bedrooms, where viewing is
typically later at night under less illumination. However, although a third of TVs in Minnesota homes are
located in bedrooms, these represent only about 10 percent of TV electricity use.

One final note on TV brightness: some newer TVs have automatic brightness control, in that they sense
the ambient light level and adjust their brightness setting accordingly. We encountered (and metered) two
such units, both of which were 42-inch LCD sets of the same make and model. We observed active-mode
power draw for these routinely drop from a full-output level of 150 watts to 100 watts—a 33 percent

22 For the three sets where we also obtained mode information, two were set to “vivid” or “bright” and one was set
to “standard”: the first two were also among the three that we scored as having high brightness.
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decline—in the evening as ambient light levels dropped.?® This suggests some technical promise for TV
electricity savings, though not in the context of our exploration of no- and low-cost strategies.

TABLE 6, DISTRIBUTION OF TVS AND TV ELECTRICITY USE BY TYPE.

Percent of Average Percent of

units in active-mode aggregate TV
Type homes watts electricity use
CRT 71% 70 38%
LCD 21% 115 39%
Plasma 4% 400 18%
Rear Projection 2% NA 4%
Front Projection 2% NA <1%

A NOTE ON SECONDARY REFRIGERATORS AND FREEZERS

The main focus of our study excluded major appliances. But when we encountered a substantial
incidence of secondary refrigerators and stand-alone freezers in study homes, we decided to devote some
resources to looking at their energy use and people’s willingness to eliminate under-utilized refrigerators
and freezers.** This section documents that side trip.

As Table 7 shows, many Minnesota homes have secondary refrigerators and freezers. The more detailed
data from the appliance survey indicates that about 12 percent of secondary refrigerators are compact (or
dorm-sized) refrigerators. The appliance survey also suggests that about a third of secondary refrigerators
and freezers (but only about a fifth of compact refrigerators) are located in garages.

TABLE 7, REFRIGERATOR AND FREEZER SATURATION IN MINNESOTA
OWNER-OCCUPIED HOMES (TELEPHONE-SURVEY).

Stand-alone
Number in home Refrigerators Freezers
0 0% 35%
1 68% 57%
2 28% 7%
3+ 4% 1%

N=624 (homeowners only)

(Question posed in survey Rounds 2-4 only)

23 \We deployed light loggers to track ambient brightness for one TV per household in the first three rounds of the
fieldwork.

#\We did not, however, include these in our formal assessment of plug-load savings opportunities.
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We found 59 secondary refrigerators and freezers in the 50 homes in the on-site portion of the study, and
were able to meter many of these—as well as take a peek at their contents (Table 8).

TABLE 8, SECONDARY REFRIGERATORS AND FREEZERS IN ON-SITE HOMES.

Compact
Refrigerator refrigerator Freezer

Number found in home 13 12 34

...in garages or on porches 4 1 10

Number examined for contents 9 5 15

...less than % full 4 2 4

.Yato Y full 2 1 2

.Yato % full 1 2 0

...more than % full 2 0 9

Number metered 13 12 34

...in garages or on porches 4 0 10
Annual KWh?®

Mean® 775 265 415

Range® 390 - 1,690 135 - 585 190 - 1,015

from one month of metering
® Includes units in garages and on porches (which were relatively evenly distributed by season of monitoring).

°Excludes units in garages and on porches.

We assessed the savings opportunity for eliminating or unplugging units that appeared to be under-
utilized. Of the 15 units that we observed to be half full or less, our interviews with the homeowners
suggested a high likelihood that about a quarter (two freezers, one refrigerator and one compact
refrigerator) could be eliminated. In addition, the household was amenable to unplugging an under-
utilized unit in a third of the cases.
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PROGRAM STRATEGIES

There is a long history of program efforts to increase the energy efficiency of homes in Minnesota and
many other states, but these efforts have concentrated mostly on shell measures, large appliances, and
lighting. Efficiency efforts for smaller plug-in appliances have centered on purchase decisions and
standards for new devices. Existing devices have remained largely untouched by most programs other
than an occasional encouragement to turn off or turn down equipment—efforts that are generally deemed
not to be sufficiently effective to produce meaningful amounts of energy savings reliably. Are there
effective ways for programs to help customers reduce the energy usage of the various plugged in devices
in their homes?

We now turn to program strategies that appear to be promising approaches for turning the potential
savings into saved kilowatt-hours. We begin by identifying the barriers and program interventions that
we think flow out of our research. Then, we discuss practical opportunities for utilities to incorporate
these interventions in their program portfolios, as well as further research needed to facilitate program
efforts to affect plug load usage and in-home energy practices. Finally, we close with some specific
insights from our research that may be helpful to program designers.

BARRIERS

Understanding barriers that prevent more energy efficient choices and actions is the first step toward
effective program design, so we begin our discussion of program strategies with an analysis of the
barriers that need to be overcome.

All of the energy-saving opportunities we explored in this study were technically feasible, so the barriers
to their implementation are primarily behavioral. That is, the obstacles that stand in the way of the
energy-saving opportunities we discussed in the previous sections are inherently about the priorities,
knowledge, habits, and choices of individual households.

Some of the barriers we encountered—such as lack of interest in saving energy, inconvenience, or a high
hassle factor—are not easily addressed in programs addressing end-users. For example, the long recovery
time for many television set-top boxes after they have been unplugged and the perceived hassle factor of
getting set-top boxes working the first place will prevent many motivated households from cutting power
to these devices. These kinds of barriers are often best addressed with product designers and
manufacturers through equipment standards or through voluntary engagement with Energy Star and with
regional energy efficiency collaboratives.

Other barriers, however, appear to be viable candidates for programs that target end-users directly. While
these barriers vary across individual households, there are some common themes by type of savings
opportunity. Many of these are informational in nature.

Lack of Awareness of Where the Best Opportunities Lie

We found widespread lack of awareness about which devices or practices use meaningful amounts of
electricity and which do not, thereby making it difficult for motivated households to focus their attention
on effective practices. People do know to turn off equipment, for example, but they do not know which
devices use large amounts of electricity when left on and which do not. Hence, they don’t know where to
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focus the limited amount of mental attention available for energy-saving actions amongst busy lives and
competing issues vying for their consideration. Furthermore, awareness of standby energy usage is rather
modest. Some form of this informational barrier applies to virtually every savings opportunity we
identified.

Lack of Awareness of How to Save Conveniently

Even when people know what to do, they may not know how to take an action conveniently or
effectively. For example, unplugging devices can be a hassle, but turning off a power strip or remote
switch to cut power to devices is as easy as turning off the device itself. We found a few households that
were using these strategies, but most seemed to have never thought of ways to make unplugging easier.

For one promising opportunity, in particular, people seem to need instructions on how to implement the
energy-saving strategy. Our interviews suggest that there are significant numbers of households with
desktop computers who do not know where to find power management settings and would benefit from
clear and easy instructions or other assistance to check and change their settings.

Savings Requiring Repeated Actions

Strategies that require habitual action face an additional challenge. Habits are difficult to form and to
break. Consequently, even motivated households are likely to forget to turn off or unplug devices if they
need to do so manually unless they have already formed the habit. Furthermore, households whose
members have differing preferences or priorities may find interpersonal dynamics within the household to
be an additional hindrance. On the other hand, once habits are formed, they seem likely to acquire inertia
and persist for some time.

Unintended Consequences and Ineffective Implementation

Finally, there are some strategies that could either reduce or increase energy consumption, depending on
how they are implemented. The smart power strip presents a good example of a device that can be used
to save energy conveniently, but that can also be used in a way that does the opposite. The idea behind
the smart power strip is that it cuts power to accessories while the main device (such as a computer or
television set) is turned off. Using the smart power strip this way eliminates standby power usage of the
peripherals. However, households could also be tempted to leave the accessories turned on and rely on
the power strip to cut power to them. That would leave peripherals running in “on mode” whenever the
main device is turned on — whether or not they are being used. In some situations, this could increase
energy usage in exchange for the convenience of turning the smart power strip into an automatic switch.
Clear communication and instructions are particularly important in these cases so users understand the
implications of different uses of the device.

PROMISING INTERVENTIONS

In the context of influencing people to save electricity used by plug-in devices, we think it is useful to
think of possible interventions in terms of the intensity of their contact with individual households. We
thus classify interventions into three groups:
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Low touch interventions: On the one extreme, some behavior-change initiatives are mostly
information based, using mass communication to inform large numbers of individuals and (we
would hope) influence the choices and practices of a subset of that population in a meaningful
way. Public service announcements on health issues and anti-smoking campaigns are examples
of “low touch” interventions. Within energy efficiency, examples include energy saving tips
inserted with utility bills and on utility web sites.

Medium touch interventions: Some behavior-change interventions provide information or other
support in more interactive ways. Within the energy efficiency field, the traditional equipment
rebate falls into this category. Rebate users are generally not anonymous to the program, but
interaction can be as modest as the submission of a rebate form with proof or purchase. In some
cases, utilities and programs use telephone call centers to provide general energy-saving advice or
offer individualized energy usage reports. We classify all of these approaches as “medium touch”
interventions.

High touch interventions: On the other extreme, some interventions require fairly extensive or
customized contact with a targeted household. Home energy audits and direct install programs
are examples of such “high touch” interventions. High touch approaches tend to provide greater
energy savings per customer, but they can reach only a comparatively small number of customers.
As such, targeting the most promising customer groups can be an important attribute of effective
high touch programs.

Low Touch Plug Load Interventions

Getting households to enable computer power management for their desktop computers offers the single-
best low touch program intervention arising from this study. Several characteristics make power
management—uwhich also happens to be the single largest opportunity we identified—amenable to low
touch approaches:

Widespread applicability — We estimate that about two thirds of Minnesota households have a
desktop that does not have power management fully enabled and is regularly left running without
being used.

Easy to describe and identify — Program materials could be developed easily to pinpoint
households to this savings opportunity without requiring households to do much investigating on
their own.

Can be made easy for households to implement — Enabling power management, for example,
entails a mostly straight-forward sequence of steps that requires little pre-existing knowledge.
Alternatively, power management can be enabled through a downloadable application.

Subject primarily to informational barriers — The primary barriers we encountered for power
management and several other opportunities described above were often informational. People
had not enabled power management primarily because they were not aware of the feature, did not
realize how much energy their computer used, or mistakenly thought their computer already shut
down. All of these barriers can be overcome with information.
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An educational campaign to motivate and enable households to implement power management is
probably most effective if done as a focused, single-message program. As such, we think of power
management as the primary low touch opportunity for programs interested in achieving savings from
small plugged in devices in the residential sector.

However, low-touch approaches are also amenable to addressing other specific savings opportunities that
are highly prevalent and can be easily communicated as a special call to action. An example might be a
call to unplug little-used audio and video equipment, especially compact stereo systems, some of which
“leak” a meaningful amount of electricity.

Medium Touch Interventions

Medium-touch interventions offer the opportunity to address a wider variety of appliances and savings
opportunities, and could also support the efforts of low-touch methods among households that require
more intervention or information than can be provided by mass communication. These interventions
provide assistance to motivated households so they can identify and implement energy-saving
opportunities in a personalized way but without incurring the expense of, say, an in-person visit to the
home. These interventions offer a way to go beyond the targeted hit-list opportunities of “one-size-fits-
all” mass communications to opportunities that vary more widely from home to home. They also
provide a structured way for people to prospect for savings in their own home. We present three such
interventions below.

One medium touch program approach to plug-in devices entails a power meter loan or distribution
program or an alternate strategy that allows households to identify their own energy-saving opportunities.
Encouraging interested households to explore their devices’ energy usage provides an educational
opportunity for the households. Tailored instructions could guide them to identify both high standby
loads that could be reduced and high energy-using devices that are left running unnecessarily. Some
power companies already place power meters in libraries so local residents can check them out. A power
meter loan or distribution program could follow that model, or offer a discounted power meter for sale to
households. Ideally, access to such meters would be combined with instructions for which devices are
most likely to present energy-saving opportunities, guidelines for what wattage and kilowatt-hour levels
constitute a good opportunity, and tips for what to do when one finds an opportunity. For example, the
Roanoke Valley Cool Cities Coalition® has designed a “Kill A Watt Program” that includes some
instructions along these lines. The technical findings from our study also constitute a good starting point
for developing Minnesota-specific guidance.

A second medium touch program could motivate potentially interested households to investigate energy-
saving opportunities by offering discounted or free technological aides that help save energy. Smart or
regular power strips or remote switches could be offered by utilities, for example, in an effort to attract
attention to the energy use from plug loads. These technological aides could be distributed with
informational materials to help customers identify the most effective applications.

%% See WWW.rvcece.org.
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A third medium touch program approach involves the use of a call center, hosted call-in radio program, or
other source of remote assistance to households interested in saving energy in their home. Trained
professionals could serve as a resource to households attempting any strategies advocated by a low touch
program, such as power management, or walk customers through more complicated savings opportunities
than can easily be implemented by some households, such as using timers to eliminate standby usage
during times that a household is unlikely to use a particular device. In some cases, this on-call resource
could provide the extra support needed for households to implement a simple strategy. In other cases, this
resource might help an interested household apply a strategy in a more effective manner.

High Touch Program Opportunities

High touch program opportunities are those that involve a visit to the home or other fully customized
assistance to households in identifying savings opportunities and implementing savings strategies. We do
not foresee sending professionals to people’s homes just to look for plug-load savings: the magnitude of
the opportunities probably does not justify this expense, nor does identifying these opportunities require
substantial technical expertise.

However, a formal plug-load audit component could serve as a very useful supplement to existing home
audit programs that place professionals in people’s homes for other reasons. An experienced
professional’s eye in the home could readily spot many of the savings opportunities we found, and bring
these to the attention of a household that is likely already motivated to save energy.

Technical specialists may need to be trained to effectively communicate the opportunities to their clients,
however. Simply presenting homeowners with monthly or annual dollar savings from addressing plug-
load opportunities is unlikely to be effective, because the amounts are generally small. As we will discuss
later in more detail, we found that notions of waste and comparative “social math” presentations of
savings gained more traction among study participants. But households have different triggers, requiring
careful listening and engagement with the customer. Hence, an effective plug load audit may be as much
about communication as it is about knowing how to find savings opportunities.

Utility visits prompted by high bill complaints may offer another opportunity to help motivated
households identify and take advantage of energy-saving opportunities. Homes that file high bill
complaints probably have good savings opportunities among their plugged-in devices and a high
motivation to save energy. Utility staff and contractors who visit homes of these customers could be
trained to add a screening for energy-saving opportunities among plugged-in devices to their protocol and
communicate their findings to the customer.

OPPORTUNITIES FOR UTILITY PROGRAMS

While all of these concepts show promise as interventions to motivate households, utilities and third-party
energy efficiency programs need to take into account some additional considerations in their program
design. For many utilities, a successful program needs to not only achieve savings, but to do so in a
verifiable way while also fitting into an existing program portfolio and infrastructure.

While helping interested customers reduce their energy usage is a valued customer service, utilities need
to be able to quantify the energy savings before they can count toward efficiency requirements and goals.
The one-way information flow in most customer education campaigns (and other low touch programs)
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tends to relegate them to a supporting role that does not receive credit for any energy savings they might
produce.

This study provides an indication of where the best opportunities lie, but does not take the place of careful
assessment of implementation rates, persistence, and actual savings when households are encouraged (or
facilitated in their efforts) to save plug load energy through actual programs. Surveys, interviews and
before/after metering are likely needed to provide credible evidence of impacts and persistence of such
programs. Carefully evaluated pilot programs can also provide more insight about the most effective
ways to achieve the potential savings this study identified.

At the same time, utilities will need to fit plug load-oriented programs into existing portfolios of
programs, so the implementation may vary from utility to utility. Many utilities already provide energy-
saving tips with their bills, so this would offer one way to deliver messages to customers. How these
messages are branded and framed will need to be consistent with the program’s overall approach,
however. In other cases, utilities offer rebates or other incentives for energy-saving gadgets, and this
offers an opportunity to reinforce “unplug your gadgets” messages with an offering for power strips and
remote switches, for example. Finally, programs that already include staff who visit homes of customers
who are likely to be interested in saving energy may be able to add a protocol for identifying plug load
savings opportunities based on the findings of this study.

GUIDANCE AND OBSERVATIONS FOR PROGRAM DESIGN

We close this section with some guidance and observations for program designers based on patterns in
our field data and qualitative observations we made from the in-depth interviews with households about
their devices and metering results. We begin with some general observations that would apply across all
program efforts to address plugged-in devices and then discuss a few specific program areas.

Avoiding waste appealed to study participants

Although we know that cost is an important driver behind energy-saving actions for many households,
our interviews revealed that avoiding waste and/or preserving resources also provide important motivators
for the kinds of no- and low-cost actions that can reduce the load from plugged-in devices. We consider
this to be an important insight because the purely financial benefits from reducing energy consumption
from individual plugged-in devices is small and might seem insignificant to some households that could
be motivated by other factors. For this reason, we presented relative energy usage and various “social
math” ways of presenting energy usage data rather than emphasizing cost savings when we presented
energy-saving opportunities to households.

Interestingly, we found that measures of wasted energy and relative comparisons caught participants’
attention and appeared to be sufficient for many of them to want to take some energy-saving steps. Here
are some examples of language we used in the interviews:

o “It looks like your computer system uses more electricity than any other device we metered.”
o “We found four devices in your house that use more than five watts all the time just by being

plugged in.”
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e “Your computer system consumes half of its energy when you aren’t using it.”

These kinds of statements—together with showing households brief summaries of the data we collected
during the meter removal process—were sufficient to attract the attention of the households. When we
discussed possible energy-saving strategies, few households asked what their financial savings would be.
While they might still mentally connect saving energy with saving money, they seemed willing to take
action—or indicate that they would—based on the knowledge that certain actions would be effective
energy-saving strategies. It is possible that financial savings information is less important to customers
for no- and low-cost energy-saving steps than they are for measures that come with a significant financial
cost. Consequently, we think that program materials should emphasize—or at least include—messages
about reducing energy waste. Statements such as “Did you know that 75 percent of the electricity used by
the average desktop computer is consumed when no one is in front of it?” could be powerful attention-
getters and motivators.

Seeing usage numbers unlocks behavioral potential

The feedback we provided to study participants about their devices’ energy consumption probably played
a role in the households’ positive inclinations to implement some energy-saving opportunities. Showing
our “removal log sheet” to households became a routine part of our interviews because it was an effective
way to initiate a conversation about energy-saving opportunities the household had and what they might
or might not consider doing. At the same time, households seemed interested in hearing about the
highlights of what we found, so we ended up providing useful, credible, and house-specific feedback to
the study participants. This feedback became part of the information on which households based their
comments about their likely practices and level of interest in various energy-saving actions.

Replicating the feedback we gave households after month-long metering would be difficult for a program
to accomplish cost effectively, but some proxy of this feedback would most likely enhance program
efforts. The interviews and past research suggest that utilities are seen as credible information sources,
and data from our study could be cited to assure program audiences that the information is based on field
research in Minnesota. The challenge is to provide information that each household will perceive as
pertaining to its home and its devices. For devices with narrow ranges of standby and active mode
consumption, broad statements, such as “desktop computers use between 50 and 100 watts of electricity
(excluding the monitor) when left running” and “recent research found that two-thirds of computers are
left on for long periods of time” may be effective. On the other hand, broad statements lose their
usefulness for devices like televisions, whose standby and active mode usage varies widely. Program
designers would need to find other methods to provide sufficient household-specific information.

One other challenge for programs is to provide the right amount of context for specific energy savings.
Because our study was concerned with plugged-in devices, we focused households’ attention on these
devices in our discussions. As such, we could point to the most energy-using plugged-in devices that we
metered. The reference point for audit-driven residential programs, however, is likely to be the entire
house, which may make comparisons of individual plugged in devices seem smaller. At the same time,
some plug loads (especially computer power management) can offer significant savings painlessly: this
could provide early program credibility and motivation for households to pursue other opportunities that
require a more significant time and financial investment.
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Convenience—and start-up time—matters

Not surprisingly, convenience matters, and perceived convenience affects people’s willingness to change
their practices. Avoiding the long start-up time for computers is a major reason some households leave
their desktops running for extended periods. Power management offers a much faster alternative to the
slow start-up process of many computers after they have been completely powered down. Having a
computer take just a few seconds to wake up from sleep—or a bit longer from hibernate—may be fast
enough for those who leave computers running simply to avoid a slow start-up. This aspect of power
management provides an element of convenience that we think has appeal and is worth mentioning in
program materials.

On the other hand, convenience is also a barrier to some technically feasible energy-saving opportunities
that we identified. Nearly all households with cable or satellite television set-top boxes left these boxes
running continuously. Even when we pointed to continuous power usages as high as 50 watts, most
households seemed reluctant to manage these devices actively, because of the time required to recover
when power is restored to the device. In these cases, convenience trumps energy savings. At best,
programs can offer work-arounds that maintain convenience, such as encouraging households to put their
set-top boxes on a timer that cuts power during hours when they rarely watch or record television
programming.

Awareness spurs computer power management

The fact that a significant proportion of households immediately enabled power management during the
interviews came as a surprise to us that seemed to point us to the missing elements that had prevented
households from enabling power management previously. Based on these interactions with study
participants, we think that educational campaigns about power management should inform households of
the following:

Desktop computers consume a substantial amount of electricity while operating.

e A substantial share of computer energy usage occurs unnecessarily when no one is using the
computer.

e A desktop CPU may still be operating in full-power mode even if the monitor is blank or turned
off.

¢ Both Windows and Mac operating systems offer a feature that puts the computer into a low-
power setting while it is not being actively used.

o Computers awake from the low-power sleep mode within seconds.

We found that households reacted well to messages that simply highlight energy waste or the share of
energy that is used unnecessarily (as in “your computer uses x% of its power when it isn’t being used”).
We did not usually translate savings into dollar terms, because the amounts to be saved may seem small
to some individuals—and we found good traction with messages centered on waste. Pilot programs could
experiment with messages that feature waste, cost, or both.

Telling households how to enable power management is complicated by the differences among operating
systems and the varying levels of computer skills among desktop owners. Households would need to be
given instructions or assistance to enable power management as part of any program. Program designers
could develop their own material or reference existing tools available on the Internet. As noted earlier,
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newer desktop computers tend to be shipped with power management fully enabled, so messaging should
primarily target desktops (and operating systems such as Windows XP) that pre-date 2007.

We found several tools that already help people enable power management. The first is the Climate
Savers Computing Initiative, which provides instructions on how to enable power management on most
operating systems. ?° Their assortment of screen shots and instructions—or something similar—should
allow most desktop owners to enable power management.

The remaining tools are a number of gadgets and applications that set a computer’s power management
settings for the user. One of these is the Google Energy Saving Gadget. This application sets a
computer’s power management settings to EPA recommended standards. The gadget also displays how
much energy a computer is saving individually as well as collective energy savings of everyone using the
gadget. Google desktop does need to be installed and running in order for the Energy Saving gadget to
work and requires either a Windows XP or later platform. The need for the Google desktop to be running
is a potential barrier to its use, however.

At least two power management applications are available for free download. One —the EZ Wizard —is
available on the Energy Star website.?’” It is a relatively simple application that provides the user a choice
of three levels of power management with the click of a button. Once run, it requires a reboot of the
computer. The other, Edison, is available from Verdiem.”® It provides a more sophisticated user interface
and a larger number of choices, all with some feedback on energy saved.”® This application takes much
more memory, however, requires user registration, and launches a window at every start-up.

Unplugging is a common sense strategy to many

We anticipated that few households would consider energy-saving strategies that require them to unplug
devices, but we were surprised to find that unplugging is already a regular practice for some households
on some devices. Up to 20 percent of the households in our fieldwork deliberately unplugged at least one
metered device during our month-long monitoring period, and about eight percent of devices were
unplugged at the time of our initial visit. Our interviews suggest that about half of households would
seriously consider unplugging a plugged-in device we metered to save energy. To make this strategy
more convenient and appealing to households, programs could be designed to promote the use of
switched power strips as a way of cutting power to devices that have a high standby load.

One other approach to getting households to unplug rarely used devices would be to encourage them to
unplug electronics that will not lose essential settings during storms and whenever they go on vacation.

26 www.climatesaverscomputing.org

27 http://www.energystar.gov/index.cfm?c=power mgt.pr power mgt ez wiz

28 http://www.verdiem.com/edison.aspx

% The feedback is not computer- or user-specific, however. The savings estimate appears to be a computation of
energy that would be saved by a generic computer that is left running continuously.
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An add-on message could suggest that they just leave rarely used devices unplugged upon their return
because electronic devices and power supplies can use energy when plugged in. This way, households
can be educated about standby load while also being encouraged to unplug devices at a time that would
probably make sense to many who aren’t necessarily motivated by the energy savings.
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APPENDIX A — SAMPLE DESIGN, WEIGHTING AND RESPONSE RATES

SAMPLE DESIGN

Our intent with sample design was to ensure that
our samples were geographically and
demographically representative of the
population of Minnesota households. We also
felt it was important that the metering data be
seasonally balanced as well.

Geographically, we stratified the state into nine
regions defined by the Census Bureau’s Public
Use Microdata Areas (Error! Reference
source not found.). There are actually 10 so-
called “Super-PUMA” regions—each
comprises about 10 percent of the population—
but we combined two central Twin Cities

FIGURE 9, CENSUS BUREAU SUPER PUMA
REGIONS FOR MINNESOTA.

Super PUMA

regions (27710 and 27720) into one for our -
pUrposes. | B

27500
27800

[CJezrrinerrzo

Demographically, we divided the population of Boreon
occupied households into four groups, i
maintaining a distinction between homeowners
and renters. Table 9 shows the statewide t
distribution of households across these strata. 1] I | 7 |
TABLE 9, STATEWIDE PERCENT OF OCCUPIED MINNESOTA HOUSEHOLDS BY
DEMOGRAPHIC GROUP AND TENURE.
Group Definition Renters owners Total

1 Single person household (not senior) 7.9% 9.2% 17.1%

2 Adult-only household (not all senior) 5.8% 24.4% 30.1%

3 Children present in household 6.6% 30.1% 36.7%

4 Senior (age 65+) household 4.5% 11.6% 16.1%

Total 24.7% 75.3% 100.0%

Source: Census 2000 PUMS data.

For seasonal balance, we implemented all three levels of data collection in four rounds: one for each
season. For each round , we collected data for about a quarter of our target sample in the core Twin Cities
region (Super Pumas 27400 through 27800) and one of the four outlying regions (Super Pumas 27100,
27200, 27300 and 27900), as shown in Table 10.
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TABLE 10, DATA COLLECTION TIME PERIOD AND COMPLETIONS BY ROUND.

Round 1

Round 2

Round 3

Round 4

Outlying region covered

27900

27200

27300

27100

Telephone survey

Time period 11/24 - 12/09 03/26 — 04/09 05/28 — 06/08 08/11 — 08/21
Completions
Core Twin Cities 150 150 149 153
Outlying 100 100 111 100
Total 250 250 160 153
Appliance survey
Time period 01/7 - 01/23 04/20 — 05/01 06/10 — 06/22 08/27 — 09/10
Completions
Core Twin Cities 27 47 42 29
Outlying 23 22 34 36
Total 50 69 76 65
On-site
Time period 02/11 - 03/28 05/11 — 06/15 07/08 — 08/14 09/23 — 10/28
Completions
Core Twin Cities 7 9 7 8
Outlying 5 4 6 4
Total 12 13 13 12
SURVEY RESPONSE DISPOSITIONS
TABLE 11, SURVEY DISPOSITIONS BY ROUND.
Round 1 Round 2 Round 3 Round 4
Telephone survey
Total sampled 1,687 4,192 7,083 4,567
Out of scope (incl. quota 226 460 990 575
full)
Language barrier 25 43 19 36
Not reached 902 3,020 5,213 3,292
Refused 270 382 519 359
Terminated 6 7 25 7
Unknown 8 30 57 45
Completed 250 250 260 253
Appliance survey
Total mailed 89 120 133 120
Completed 50 69 76 65
owner-occupied 44 52 62 51
rental 6 17 14 14
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CASE WEIGHTS

We applied the Census 2000 PUMS distribution of households by demographic group and tenures to 2008
estimates of Minnesota owner- and renter-occupied households (by Super PUMA) from the American
Community Survey to obtain the estimated total households shown in Table 12. These estimates form the
initial basis for case weights applied to each stratum for each level of data collection.

TABLE 12, ESTIMATED 2008 MINNESOTA OCCUPIED HOUSING UNITS, BY GEOGRAPHIC REGION,
TENURE AND DEMOGRAPHIC GROUP.

Tenure Demographic Group

Super-PUMA Group 1 Group 2 Group 3 Group 4 Total
Owners

27100 14,631 45,207 53,827 37,893 151,558
27200 17,086 44,199 45,251 27,135 133,671
27300 15,760 47,065 56,646 28,380 147,851
27400 16,669 55,381 76,678 23,463 172,191
27500 19,521 57,973 80,432 14,251 172,177
27600 20,213 59,959 87,766 15,641 183,579
27710/27720 50,235 105,803 116,904 45,309 318,251
27800 19,830 42,918 48,672 20,989 132,409
27900 16,322 46,123 58,418 27,384 148,247
Subtotal (owners) 190,267 504,628 624,594 240,445 1,559,934
Renters

27100 12,342 8,445 12,253 13,184 46,224
27200 11,789 8,116 11,568 10,536 42,009
27300 11,717 10,329 11,671 10,119 43,836
27400 9,496 7,719 11,513 8,824 37,552
27500 8,995 6,756 10,837 5,764 32,352
27600 11,890 10,739 12,698 6,095 41,422
27710/27720 57,466 41,201 34,651 19,929 153,247
27800 25,221 16,144 18,944 10,165 70,474
27900 14,549 10,678 11,821 8,257 45,305
Subtotal (renters) 163,465 120,127 135,956 92,873 512,421
Total households 353,732 624,755 760,550 333,318 2,072,355

However, we found that our final samples differed from the Census in two important ways: (1) they were
more likely to be older; and (2) they were more likely to have a college degree. We therefore
implemented a more complex weighting scheme that stratified the samples along these dimensions (in
addition to the geographic, demographic and housing tenure dimensions above), and used case weights to
correct for these biases. Our age stratification variable was a simple binary indicator for whether the
original survey respondent was over the age of 40. Similarly, our education variable was whether that
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survey respondent had a college degree. To develop population estimates of these proportions, we
randomly sampled an adult in each household from the 5-percent PUMS data.

For the telephone survey, we had nearly enough cases to fill all 128 strata (9 geographic regions, by
owner versus renter, by 4 original demographic strata, by over or under 40 years old, and by college
degree attainment or not), but had to collapse a few strata due to a lack of respondents.®® For the
appliance survey and (especially) the on-site samples, we collapsed the geographic stratification to a
simpler core Twin Cities (Super Pumas 27400 through 27800) versus outlying region (Super Pumas
27100, 27200, 27300 and 27900) to reduce the number of strata—but we still needed to collapse across
some demographic strata due to some unfilled cells. Our general principle in collapsing across strata was
to first ensure that the final weights exactly matched the Census data on the original demographic group
and housing tenure. We then attempted to preserve college-degree proportions, followed in priority by
over/under age 40 proportions and finally geographic representativeness. Table 13 shows the range of
final case weights; i.e. the number of MN households represented by each household in the study sample.

As Table 14 shows, the final weighted samples match the Census data well in terms of college degree,
and reasonably well in terms of age-of-respondent. These matches come at the expense of some
distortion in geographic representation at the Super-PUMA level, though the weights do a good job of
maintaining the proportions for core Twin Cities versus outlying region households.

TABLE 13, FINAL CASE WEIGHTS, BY SAMPLE.

Telephone Sample Appliance Sample On-site Sample
Minimum 245 1,188 2,730
Median 1,617 6,396 20,517
Maximum 22,076 41,672 170,793

% Note that Group 4 (seniors), by definition contains no under-40 household members.
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TABLE 14, CENSUS AND (WEIGHTED) STUDY SAMPLE PROPORTIONS FOR EDUCATION, AGE OF

RESPONDENT AND GEOGRAPHIC DISTRIBUTION.

Owners Renters
Census Telephone Appliance  On-Site Census Telephone Appliance
2000 Sample Sample Sample 2000 Sample Sample
College degree 28% 28% 28% 28% 22% 22% 22%
Under 40 yrs old 35% 35% 29% 25% 56% 53% 49%
Core region 63% 63% 64% 62% 65% 65% 57%
Outlying region 37% 37% 36% 38% 35% 35% 43%
Super-PUMA

27100 10% 10% 8% 3% 9% 11% 15%
27200 9% 9% 6% 4% 8% 5% 7%
27300 9% 10% 9% 15% 9% 9% 13%
27400 11% 12% 18% 3% 7% 11% 8%
27500 11% 11% 12% 18% 6% 13% 15%
27600 12% 11% 8% 12% 8% 8% 12%
27700 20% 19% 18% 15% 30% 19% 6%
27800 8% 9% 8% 14% 14% 15% 16%
27900 10% 8% 13% 15% 9% 8% 8%
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APPENDIX B — METERING DETAILS

We relied primarily on Watts Up? Pro and Pro ES meters for the metering portion of the study
(www.wattsupmeters.com). The two models have the same features, but the Pro ES has four times more
onboard data storage, which we used to increase the time resolution of the recorded data for selected
devices (particularly computers and monitors). We employed about 200 meters, of which about 25 were
the Pro ES model.

The meters were configured to record the following data at a six-minute interval (90 seconds for the Pro
ES):

e Accumulated watt-hours of electricity use
e  Maximum watts during interval
e  Minimum watts during the interval

e Accumulated average duty cycle, relative to a fixed 15-watt “on” threshold (we did not make use
of this data, and relied instead on duty cycles calculated for device-specific wattage thresholds, as
described below).

e Incremental flag for loss of power to the meter

The Pro models stored 6,515 data points under this configuration, or 27.1 days of data. The Pro ES
models stored 26,176 records, or 27.3 days worth of data. All meters were configured to simply stop
recording when their memory was filled.

The Watts Up? meters do not have an onboard real-time clock. We recorded the date/time of deployment
and retrieval, and used these to time-stamp the individual data records. In some cases this was not
possible: if the meter lost power more than once during the monitoring period, the recorded data between
the two power outages could not be time-stamped. Fortunately, this affected only about four percent of
the data.

We also encountered cases where device start-up transients corrupted the meters and caused subsequent
data to be erroneous (until the meter was power-cycled). These events tended to occur with refrigerators,
dehumidifiers, microwaves and other devices with high start-up transients. These corruptions generally
resulted in extremely high indicated electricity use (3,000 or more watts), and were thus easy to flag and
remove from the data. Such corruptions affected about three percent of the data gathered in the study,
though they affected a much higher proportion of the aforementioned types of devices. (After the first
round of metering revealed the problem, we instituted a policy of also installing the Kill A Watt meters
described below on these devices as back-up insurance.)

We also employed about 25 Kill A Watt meters (Model P4460) for recording electricity use for low-
priority devices and for devices that had a tendency to corrupt the Watts Up? meters. These meters do not
store time-series data, but simply log accumulated kwWh and hours.

Subsequent to the fieldwork, we checked the accuracy of all of the meters against a reference meter (Dent
Elite Pro 1200) that was itself checked out against a recently calibrated utility revenue meter. We found
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the large majority of the study meters to be accurate to within a few percent, though a handful had
noticeable errors that exceeded 10 percent. Errors for the Watts Up? meters were almost all of the
percent-of-reading variety, meaning that indicated wattage was in error by a relatively fixed percentage of
actual wattage. The Kill A Watt meters (and a few Watts Up? meters) also displayed offset errors: i.e.,
an error component that was a fixed number of watts regardless of the indicated wattage level. We
developed and applied individual correction factors for each meter: thus corrected, we estimate that the
metering data are accurate to within about 2 percent.

Post retrieval review and processing consisted of reviewing the full time-series trace for each meter for
signs of data corruption, and to establish a device-specific wattage threshold between active and standby
power consumption. In many cases, the distinction between the two was quite obvious, but in some cases
it was difficult to tell. Some devices drew a constant amount of power throughout the monitoring period,
necessitating a judgment call as to whether the device was in active or standby mode the entire time.
Other devices (particularly printers) were active for only brief periods even within the 6-minute data
interval we used. A few devices showed multiple distinct power draw levels, requiring a judgment as to
differences between standby, active-idle and active states of operation.

Nonetheless, we did assign a threshold for active vs. standby usage for all devices in the study. We then
developed algorithms to estimate duty cycle (i.e. the fraction of the time in active mode) within each data
interval. The algorithms made use of the assigned threshold, the average wattage for the interval and the
minimum and maximum recorded in the interval. Most (98.5%) of the recorded data was classified as
either fully standby (or off) or fully active; only 1.5 percent of the data required interpolation of an
intermediate duty cycle within a data interval.

In addition to device electricity metering, we also employed occupancy sensors and light sensors in the
study. We used the occupancy sensor to assess whether people were at a computer that we were metering
for electricity consumption, and we used the light sensors to log ambient light levels for selected metered
televisions.

The occupancy sensors were modified Radio Shack Model 49-426 occupancy sensors in which we
replaced the speaker with a resistor and capacitor in parallel (RC circuit).*> Whenever the sensor detected
motion, it briefly applied about 8.6V to the RC circuit, thus charging the capacitor, which then gradually
discharged through the resistor. By logging this voltage (using a Hobo H8 4-channel data logger) every
90 seconds, and knowing the discharge curve for the RC circuit, we could determine whether an
occupancy trigger had occurred in the previous 90 seconds.** The occupancy sensors were mounted on
small flexible tripods to facilitate locating them to point directly at the spot where a person would sit
when using the computer. We also taped off part of the sensor’s field of view to mitigate the incidence of
extraneous triggers. We deployed 13 occupancy sensors, and sought to log occupancy for one desktop

%! See http://arch.ced.berkeley.edu/vitalsigns/equip/occ_doc.html for a similar design.

% A potential problem with this method is the gradual voltage drop of the occupancy sensor’s battery over time. We
addressed this by using Lithium 9-volt batteries with high capacity and a much flatter voltage curve than
conventional 9-volt batteries. We also used a fresh battery each time the sensor was deployed, and checked the
discharge characteristics of each sensor before and after each deployment.

Energy Center of Wisconsin 50



computer in each home, though in some cases this was not possible. We made extensive use of these data
to assess computer electricity use when not being used and potential savings from power management.

The light sensors were Hobo H8 light loggers (Model H08-004-02) that recorded ambient lumens per
square foot every six minutes in the direction faced by the television on which they were mounted. We
deployed 13 of these as well, and sought to monitor ambient light levels for the main television in each
home. We made very limited use of these data, mainly to assess electricity consumption for two
televisions in the study with automatic brightness control.
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APPENDIX C — SUMMARY OF DEVICE SATURATION AND METERING DATA

TABLE 15, ON-SITE DEVICE SATURATION AND METERING SUMMARY (WEIGHTED DATA).

Avg. Avg. Avg. Avg. Active
# per # Avg. active standby hrs/day mode %
Device home metered kWh/yr  watts watts active of kWh

Ivs 3.17
TV, CRT, <18" 0.62 22 39.3 45.5 3.7 1.1 30.4%
TV, CRT, 18-25" 0.76 18 64.2 53.7 1.7 2.8 79.5%
TV, CRT, <26-31" 0.43 18 137.2 80.2 4.6 3.9 74.9%
TV, CRT, 32"+ 0.35 13 139.6 79.9 5.3 4.8 79.9%
TV, LCD, <18" 0.05 6 29.5 39.1 0.6 1.8 82.1%
TV, LCD, 18-25" 0.13 7 35.7 43.2 0.3 3.1 92.4%
TV, LCD, <26-31" 0.13 6 329.7 75.7 1.9 10.8 95.4%
TV, LCD, 32"+ 0.31 11 451.0 122.8 1.3 114 97.5%
TV, plasma, 32"+ 0.13 7 610.0 328.5 0.0 4.5 98.7%
TV, projection 0.05 1 55.2
TV, rear 0.06 1 352.7 1464 5.6 5.9 88.6%

projection, 32"+
TV peripherals 3.85

Cable box 0.11 5 199.9 26.3 0.5 23.9 100.0%
Satellite box 0.84 24 208.1 25.5 0.4 22.0 99.8%
DVD player 093 37 23.9 7.9 0.4 8.2 89.1%
DVD/CD player 0.02 1 1.4

DVD/VCR player ~ 0.51 12 27.6 17.4 2.5 1.1 21.2%
DVDR 0.01 1 93.2 11.0 1.0 23.1 99.7%
DVR 0.04 1 240.4 27.4 24.0 100.0%
VCR 0.49 13 34.0 6.6 1.2 4.1 47.6%
Gaming system, 0.11 0

dance mat

Gaming system, 0.05 1 4.7

game cube

Gaming system, 54 1 12.9

nintendo

Gaming system,

nintendo 64 0.02 1 6.1

Ssazm'”g system, 0.04 3 0.9 26.9 0.0 0.7 94.4%
ﬁi‘?m'”g system, 0.17 5 16.9 16.4 15 1.2 25.7%
Gaming system, 0.04 0

xbox

Gaming system, — 5 2 453 1512 1.7 0.5 65.9%
xbox 360

Antenna, TV 0.11 3 11.8 1.3 24.0 100.0%
E(')?('ta' converter g 8 8.9 4.9 0.2 47 83.2%
Computers 1.44

Desktop 1.03 42 262.3 68.9 2.4 11.2 96.3%
Computer

Laptop computer  0.40 17 113.0 29.7 0.7 10.4 97.1%

Energy Center of Wisconsin



Device

Computer

peripherals
Monitor

Access point
Cable modem
DSL modem
Hub

Modem

Router

Satellite Internet
box

Unknown

Usb hub
Wireless Booster
Wireless internet
receiver
Wireless router
Printer

External hard
drive

Print server
Scanner
Speakers

UPS

Usb hub

Audio
Compact stereo
Receiver

Radio

Weather radio
CD player
DVD/CD player
Amplifier

Audio interface
Boombox
Cassette tape
deck

Home theater
system

Ipod dock
Jukebox
Karaoke machine
Phono Preamp
Sound machine
Sound system
Speakers
Stereo/cube
Subwoofer
Turntable

Avg.
# per
home

3.76

1.03
0.01
0.05
0.14
0.02
0.31
0.23

0.05

0.03
0.01
0.02

0.09

0.21
1.19

0.06

0.01
0.10
0.18
0.01
0.01
3.69
0.58
0.61
0.76
0.04
0.45
0.02
0.03
0.02
0.11

0.21

0.04

0.12
0.02
0.05
0.01
0.02
0.02
0.32
0.04
0.11
0.05
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# Avg.

52.2
12.1

31.3

36.6
30.4

40.0

33.2

36.0
40.3

17.4

47.7
0.8
35.4

64.0
36.0

9.2
14.0
17.7

3.0
4.4
27.4

14.9

0.5

35.4
14.8
20.4
6.5
45.4
14.6
167.8
57.7
0.0

Avg.
active
watts

43.3
14

4.2

5.3
4.3

4.6

4.7

4.3
125

1.2

54
10.0
4.3

31.6
40.3
4.3
1.6
13.2

75.9
9.7
5.1

75.9

215

96.2
3.4

9.5
32.6

Avg.
standby
watts

1.2

0.1

15

0.9

1.8
4.3

15

4.3
0.8
1.6

1.6

0.0
0.0
2.5

0.0

0.0

0.0
0.4

5.9
0.0

Avg.
hrs/day
active

5.3
24.0

23.9
20.9

24.0
24.0

23.9

24.0
0.9

24.0

24.0
0.4
24.0

6.8
2.5
1.7
24.0
1.8

0.3
5.0
5.4

0.3

0.1

1.3
18.7

2.5
0.1

Active
mode %
of KWh

84.3%
100.0%

99.9%
95.4%

100.0%
100.0%

99.9%

100.0%
8.5%

100.0%

100.0%
48.1%
100.0%

64.5%
84.7%
22.4%
100.0%
18.2%

98.0%
99.8%
32.3%

98.0%

98.8%

98.2%
94.0%

19.4%
85.3%

53



Device
White noise
machine
Wireless
headphones
Telephone
Cordless phone
base station
Charger, phone
handset
Answering
machine
Caller ID unit
Charger,
blackberry
Charger,
bluetooth
Charger, cell
phone
Charger, pager
Fax machine
Phone router
Telephone
VOIP modem
Plug-in HVAC
Space heater
Dehumidifier
Air conditioner
Fan
Humidifier
Air cleaner
Auxiliary pump
Condensate
pump
Propane meter
Radon fan
Kitchen

appliances
Coffeemaker

Microwave
Blender

Can opener
Coffee grinder
Countertop oven
Espresso
machine
Juicer

Mixer

Shrink wrapper
Slow cooker
Toaster
Toaster oven

Avg.
# per
home

0.01

0.05
2.96
1.18

1.07

0.04
0.02
0.01

0.01

0.47

0.01
0.01
<0.01
0.09
0.04
3.14
0.82
0.45
0.36
1.05
0.18
0.20
0.01

0.02

0.02
0.02

2.83

0.76
0.67
0.13
0.09
0.07
0.08

0.02

0.02
0.16
0.01
0.01
0.65
0.17
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0

0
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14
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Avg.
kWh/yr

12.1
11.6

14.4

11

45.6

1.7
36.1

313.9
456.9
100.4
22.0
85.2
54.7

159.9
38.6

0.6
47.2

11.3

160.4
32.4
53.9

Avg.

active
watts

1.9

2.3

1.6

4.0

6.5

4.1

1319.8
449.3
572.7

45.8
33.9
4.2

331.6
758.8

26.9
1151.0

1051.0

Avg.
standby
watts

0.5

1.1

0.1

5.2

0.6
3.2
0.0
0.2
0.0
0.0

1.6
1.9

0.0
0.0

0.0

Avg. Active
hrs/day mode %
active of kWh

19.3 94.6%
20.0 82.4%
24.0 100.0%
0.3 19.8%
0.4 2.0%
24.0 100.0%
1.6 95.4%
5.7 85.9%
24 98.9%
9.4 99.1%
12.9 99.7%
23.7 100.0%
5.6 75.5%
0.2 38.9%
0.0 26.9%
0.1 88.6%
0.1 71.2%
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Avg.
# per
Device home
Utility/
Household 337
Baby monitor 0.20
CO detector 0.23
Doorbell 0.01
Garage door 0.22
opener
Intercom 0.03
Lawn sprinkler
controller 0.01
Security system 0.02
Sump pump 0.11
Sump pump 0.01
backup system
Swimming pool 0.04
pump
Water softener 0.30
Broom 0.02
Central vacuum 0.04
Iron 0.17
Sewing machine 0.31
Shoe dryer 0.01
Vacuum 0.16
Alarm clock 0.37
Clock 0.21
Clock radio 1.09
Other Chargers 0.83
Charger, battery 0.31
Charger,
blackberry 0.01
Charger, 0.01
camcorder
Charger, camera 0.07
Charger,
flashlight 0.06
Charger, ipod 0.02
Charger, 0.03
lawnmower
Charger, mini-vac 0.02
Charger, tool 0.18
(;harger, trouble- 0.04
light
Charger, vacuum 0.03
Cha_lrger, walkie 0.01
talkie
Charger, wii 0.04
Other 3.00
Adding machine 0.07
Air compressor 0.15
Aquarium
equipment 0.10
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Avg.

4.4

32.0

131
38.0
30.7
30.6
0.9
714.3
55.1
1.8
8.3
17.8

16.2
0.1

11.4
39.5

8.3

37.6

28.5
5.8
0.3

96.5
152.6

Avg.
active
watts

0.6

10.6

4.4
1414.6
13.3
542.4
0.2
1.0
2.1

7.4
4.0

2.0

1.7

12.9

2.9

23.8

Avg.
standby
watts

0.0

3.7

15

1.7

0.1

0.0

1.0

2.6
0.0

0.9

4.2

0.0

0.0

Avg.
hrs/day
active

23.3

0.0

0.1
0.0
0.1
0.1
24.0
24.0
21.1

1.0
0.1

24.0

1.0

0.2

0.3

17.9

Active
mode %
of KWh

100.0%

0.1%

1.5%
36.2%
39.1%
60.5%

100.0%
100.0%
94.0%

12.8%
96.3%

100.0%

7.2%

2.2%

89.7%

99.9%
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Device
Baby wipe
warmer
Bed, “Sleep
Number”

Bench grinder
Blanket

Blood pressure
monitor

Breast pump
Curling iron
Dart board
Decorative table
Desiccant device
Digital photo
frame

Disco ball light
Elliptical machine
Fountain

Guitar amp

Hair dryer

Hair straightener
Heat lamp
Heating pad
Hole punch
Lava lamp
Lawn mower
Mattress pad
Moving picture
Organ

Pencil Sharpener
Piano

Plant growlights
Plug-in scent
Power tools,
various

Razor

Sander

Saw
Scoreboard
Shaver
Shredder

Sofa

Stairlift

Stapler
Toothbrush

Toy aquarium
Treadmill
Trimmer

Video tape
rewinder

Avg.
# per
home

0.01

0.07

0.02
0.12

0.02

0.01
0.11
0.01
0.02
0.04

0.17

0.01
0.03
0.08
0.07
0.08
0.01
0.04
0.02
0.01
0.12
0.06
0.04
0.04
0.02
0.10
0.06
0.01
0.08

0.22

0.03
0.02
0.06
0.02
0.02
0.41
0.01
0.04
0.01
0.18
<0.01
0.12
0.02

0.01
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Avg.
kWh/yr

6.7

2.4
35.9
135

6.5

0.1
16.4

3.5
0.5
1309.4
8.1
4.7

1.4
44.2

0.0
4.4
0.1

164.7
8.3

6.1
19.2
10.0

56.5

5.5

Avg.
active
watts

92.8
5.7
60.3

3.1

15
12.7

172.8
20.9

504.3
55.0
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8.3
16.2
36.3

904.7

25.9

307.0

Avg.
standby
watts

0.2
0.2
14

0.0

0.0
0.2

0.0
0.0

0.0
0.2

0.0

0.0
0.0
0.0

0.2

2.0

5.6

Avg.
hrs/day
active

0.0
171
0.1

131

0.1
3.1

0.1
0.1

7.1
0.3

0.6

2.5
0.1
12.4

14

0.2

0.1

Active
mode %
of KWh

37.4%
98.5%
8.5%

100.0%

91.7%
89.4%

100.0%
88.1%

99.7%
47.1%

92.6%

100.0%
93.2%
99.9%

74.7%

8.2%

16.5%
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Device home
Water pick 0.04
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0

Avg.
active
watts

Avg.
standby
watts
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hrs/day
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Active
mode %
of KWh
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APPENDIX D — IMPUTATION AND CONFIDENCE INTERVALS

IMPUTATION OF USAGE

Despite having more than 200 meters at our disposal, we could not meter all devices in the dozen or so
homes encountered in each round of the study. We therefore developed an imputation procedure to
estimate the electricity use and savings opportunities associated with devices that we inventoried during
the initial walk-throughs but did not subsequently meter.

We used a procedure akin to hot-deck imputation to match unmetered devices with similar metered
devices, and assign the metering results from the matched metered device to the unmetered device. The
matching was hierarchical, according to the following criteria (which are explained in more detail below):

o Category of device

o Device description / type

e Device size (applies to televisions only)

o Device location or usage level (for televisions and computers)
e Household demographic group

In other words, for each device for which we wish to impute usage, we first look for other metered
devices that match all of the criteria above. If more than one such device is found, we randomly sample
one of these. If one matching device is found, we use it as a match. If no matching devices are found,
we drop the bottom matching criterion, and repeat the process.

Additional details about the various levels of matching criteria are as follows.

CATEGORY OF DEVICE

We classified all devices into 21 categories:

e audio

e chargers
e clock

e computer

e computer peripherals

e exercise
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DEVICE DESCRIPTION, TYPE AND SIZE

We listed 184 unique device descriptions among the 1,653 devices that we recorded. Examples are

gaming
grooming
household
HVAC
kitchen
musical
networking
office
sleeping
telephone
tools

TV

TV peripherals

utility

other

“DVD player,” “printer” and “coffeemaker.” For televisions, computer monitors and gaming systems, we

further assigned devices to sub-types (e.g. LCD and CRT computer monitors). We further sub-divided
televisions into four size categories:

Energy Center of Wisconsin

17 inches or less

18-24 inches

25-31 inches

32 inches or more
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Device Location or Self-Reported Usage Level

For televisions and computers, we made use of the mail survey data (where it could be matched with our
on-site device inventories) to match on usage level or location within the home. We classified televisions
according to approximate quartiles of self-reported hours used per week:

o 5 or fewer hours per week
e 6-15 hours per week

e 16-28 hours per week

e 29 or more hours per week

If we were lacking self-reported hours-of-use, we used a secondary criterion of matching by location:
bedroom, kitchen and other.

Similarly, we classified computers as low or high self-reported usage depending on whether the survey
respondent indicated the computer was used for 10+ hours per day or fewer than 10 hours per day.

Household Demographic Group

We used the four demographic groups described in Table 9 in Appendix A, though we excluded clocks,
telephones, computer networking equipment, and set-top boxes from this matching, given that usage for
these devices typically does not vary much by household.

Assigned usage

We felt that some idiosyncratic devices that could only be matched at the very top level (device category)
were not well-estimated by any matching procedure. For example, we encountered a single blood-
pressure monitor in the study that was assigned to the “other” category, which also contained devices
such as aquarium pumps, digital photo frames, and a disco ball light. For devices such as this, we
assigned typical usage using our best judgment. Fortunately only 76 devices representing about 3.5
percent of total estimated electricity use fell into this category.

The table below summarizes these imputation results.
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TABLE 16, SUMMARY OF USAGE IMPUTATION.

Percent of Percent of

devices estimated
(n=1,653) annual kWh
Metered Usage 42.4% 58.7%
Imputed Usage
Matgheq at highest level 37.6% 27 6%
(5 criteria)
Matched on 4 criteria 11.2% 8.3%
Matched on 3 criteria 0.8% 0.5%
Matched on 2 criteria 2.7% 0.8%
Matc.hed at lowest level 0.7% 0.6%
(device category)
Not matched; usage assigned 4.6% 3.5%
All imputed devices 57.6% 41.3%

IMPUTATION OF SAVINGS OPPORTUNITIES

Imputing savings opportunities among unmetered devices followed a similar procedure to imputing
electricity usage. In fact, in most cases, the imputation of savings opportunities flowed directly from the
usage imputation procedure: if the usage imputation procedure resulted in matching an unmetered device
with a metered device that had a technical savings opportunity associated with it, we assigned the same
savings opportunity to the unmetered device. Thus savings opportunities were generally extrapolated to
unmetered devices at about the same rate that they occurred among metered devices.

Smart power strips presented a more complicated situation, since the savings here are dependent on the
type and number of attached peripherals. To impute smart power strip opportunities among unmetered
devices, we first compiled a list of all TV, computer and audio centers with a primary device and one or
more peripherals that could potentially be controlled by a smart power strip. We then calculated the
incidence rate of smart power strip opportunities among metered centers (by type of center), and
randomly imputed opportunities among unmetered centers at the same incidence rate. We then randomly
assigned a metered-center opportunity to each imputed unmetered opportunity (by type of center and
number of attached peripherals), and applied the percentage savings from the former to the imputed usage
for the latter to get an imputed annual kWh savings estimate for the unmetered center.

The behavioral adjustments to technical savings tend to be more associated with the household than the
device. To assign behavioral probabilities to imputed savings opportunities, we used the following
hierarchy: (1) use the behavioral probabilities for the same type of opportunity in the same home if any;
otherwise, (2) use the overall behavioral probability from all opportunities for the same home; otherwise,
(3) use the overall average behavioral probability for the type of opportunity across all households.
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CALCULATION OF STATISTICAL UNCERTAINTY

We used a bootstrap procedure to estimate the uncertainty in our estimates of usage and savings from two
key sources: (1) sampling uncertainty inherent in the 50-household on-site sample; and, (2) uncertainty
from the imputation procedure described above. The procedure begins by re-sampling (with replacement)
50 households from the 50-household study group. The purpose of this step is to empirically simulate the
sample-to-sample variation that we would see if we repeated the study many times with 50-household
samples.®® For each re-sampled iteration, we then implemented the imputation procedures above for
usage and savings opportunities. After iterating many times (we repeated the process 1,000 times), we
can examine the distribution of estimated usage or savings, and use these to gauge the uncertainty arising
from these two sources of error.

Note that while this procedure accounts for two major sources of uncertainty in the study, is does not
account other sources, such as uncertainty in extrapolating from monthly electricity usage to annual, or
uncertainty in our estimated behavioral probabilities.

*% To maintain demographic balance, we implemented the re-sampling within the four demographic groups outlined
in Appendix A, and re-calculated case weights with each iteration.
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APPENDIX E — TELEPHONE SURVEY INSTRUMENT

(This version of the instrument includes minor adjustments made after early rounds.)

Hello, my name is from The Blackstone Group, a Midwestern
research firm. We are working on a study funded by the Minnesota Department of Commerce
on a couple of important issues that affect Minnesota. 1’m not selling anything; 1’d just like to
talk with an adult member of your household and get their input on some important issues. All
responses are completely confidential. Are you 18 years or older?

1 Yes

2 No > May | speak with an adult member of the household? Repeat introduction if

necessary.

(IF ASKED) This will take about 10 minutes.

QA) Did I reach you at your primary residence?
1) YES

2) NO / VACATION HOME ==> TERMINATE
8) DON’T KNOW ==> TERMINATE

9) REFUSED ==> TERMINATE

Q1) First, I have a couple of questions about your household. Do you own or rent this residence?
1) OWN/BUYING

2) RENT / LEASE

3) OTHER ==>TERMINATE

8) DON’T KNOW ==> TERMINATE

9) REFUSED ==> TERMINATE

Q2) Including yourself, how many people live in your household who are: [ALLOW RANGE 0-
10]

a) Below the age of 18 [RECORD WHOLE NUMBER]

b) Between 18 and 64 [RECORD WHOLE NUMBER]

c) 65 or more [RECORD WHOLE NUMBER]

Q2D) And in which of the following ranges does your age fall? [CHECK QUOTAS]
a) Below the age of 18 ==> TERMINATE

b) 18 to 34

c) 35to 64

d) 65 and above

9) REFUSED ==> TERMINATE
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Q3) Next, I am going to read a list of issues. Please indicate whether you are not at all
concerned, slightly concerned, somewhat concerned, or very concerned about each issue. How
concerned are you about...

[ROTATE]

a) The economy

b) National security

c) Climate change

d) Health care

e) The environment

f) Energy

g) Education

h) Immigration

i) Crime

1) Not at all concerned
2) Slightly concerned
3) Somewhat concerned
4) Very concerned

8) DON’T KNOW

9) REFUSED

Q4) There has been much news about the economy lately. Would you describe your own
household’s economic condition as better than a year ago, about the same, or worse?

1) Better

2) Same

3) Worse

8) DON’T KNOW

9) REFUSED

Q5) How does the amount you are spending for the following compare to a year ago? Are you
spending a lot more, a little more, the same, a little less, or a lot less on...

[ROTATE]

a) Food

b) Housing costs

¢) Health care, including health insurance

d) Transportation, including gasoline

e) Energy used in your home

1) A lot more

2) A little more

3) Same

4) A little less

5) A lot less

8) DON’T KNOW
9) REFUSED
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Q6) Next, | want to ask about how easy or difficult it would be to reduce your household’s
expenses in each of these areas. Do you think you could reduce expenses for ... easily, with
some minor adjustments, with some major adjustments, or not at all?

[ROTATE — SAME ORDER AS Q5]

a) Food

b) Housing costs

¢) Health care

d) Transportation

e) Energy used in your home

1) Easily

2) Minor adjustments
3) Major adjustments
4) Not at all

8) DON’T KNOW
9) REFUSED

Q7) Have you done anything already to try to reduce your costs in any of these areas in the past
year?

1) Yes

2) No ==> SKIP TO Q10

8) DON’T KNOW  ==>SKIP TO Q10

9) REFUSED ==>SKIP TO Q10

Q8) Which costs have you tried to reduce? [MULTIPLE RESPONSE; READ LIST IF
NEEDED]

1) Food

2) Housing

3) Health care
4) Transportation
5) Energy in the home

[IF Q8-5 (energy in the home) NOT mentioned ==> SKIP TO Q10]

Q9) In a sentence or so, can you describe the main thing or things you have done to reduce your
costs in these areas? [RECORD VERBATIM. PROBE AND CLARIFY.]

Q10) Do you take any personal actions to try to protect the environment?
1) Yes

2) No ==> SKIP TO Q11b
8) DON’T KNOW  ==>SKIP TO Q11b
9) REFUSED ==> SKIP TO Q11b
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Q11) What kinds of things do you do? [DO NOT READ. RECORD FIRST THREE

MENTIONS.]

1) BUY/USE RENEWABLE ENERGY

2) PURCHASE DECISIONS (BUY LESS, WATCH PACKAGING, BUY LOCAL,
ETC.)

3) RECYCLE

4) REDUCE ENERGY USE - GENERAL

5) REDUCE ENERGY USE IN THE HOME (TURN THINGS OFF, MORE
EFFICIENT LIGHTS/APPLIANCES, TURN THERMOSTAT UP/DOWN, ETC.)

6) REDUCE TRANSPORTATION ENERGY (CARPOOL, DRIVE LESS,
WALK/BIKE MORE, FUEL EFFICIENT CAR)

7) STAY INFORMED

8) SUPPORT ENVIRONMENTAL ORGANIZATIONS

9) TALK ABOUT ISSUES / POLITICAL ACTION (VOTE, WRITE TO ELECTED
OFFICIALS, ETC.)

10) OTHER [SPECIFY]

98) DON’T KNOW

99) REFUSED

Q11b) How many refrigerators do you have in your home? [RECORD]
Q11c) How many stand-alone freezers do you have? [RECORD]
Q12) How many desktop computers would you say get used in your home in a typical week?

[RECORD RESPONSE]

98) DON’T KNOW
99) REFUSED

Q13) How many laptops would you say get used in your home in a typical week? [RECORD
RESPONSE]

98) DON’T KNOW
99) REFUSED

[IF Q12=0 AND Q13=0 ==> SKIP TO Q15]
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Q14) On a typical weekday, about how many hours is there a computer on in your home?
1) 3 hours or less

2) 4 -7 hours

3) 8 - 12 hours

4) More than 12 hours
5) OTHER - RECORD
8) DON’T KNOW

9) REFUSED

Q15) Do you have an Internet connection in the home?
1) Yes

2) No ==> SKIP TO Q17

8) DON’'T KNOW  ==> SKIP TO Q17

9) REFUSED ==> SKIP TO Q17

Q16) What kind of Internet connection is this? [READ IF NECESSARY. PICK THE
PRIMARY CONNECTION IF THERE IS MORE THAN ONE IN THE HOUSE.]

1) Dial-up

2) DSL

3) Cable

4) Other

8) DON’T KNOW

9) REFUSED

Q17) How many television sets do you have in your home? [RECORD RESPONSE]

8) DON’T KNOW
9) REFUSED

[IF Q17 = 0 ==> SKIP TO Q24]

Q18) Do you have a gaming system, such as Playstation, Xbox, Wii, or something similar?
1) Yes

2) No

8) DON’T KNOW

9) REFUSED

[IF Q17 = DK/ REF ==> SKIP TO Q24]

Q19) Do you subscribe to cable television?
1) Yes

2) No

8) DON’T KNOW

9) REFUSED
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Q20) Do you subscribe to satellite television?
1) Yes

2) No

8) DON’T KNOW

9) REFUSED

THERE IS NO Q21.

Q22) Do you have a digital converter box that allows you to receive local digital television
transmissions off the air using an antenna and view them on an analog television set?

1) Yes

2) No

8) DON’T KNOW

9) REFUSED

Q23) On a typical weekday, about how many hours would you say there is a television set on in
your house? Please include all uses of televisions, including watching broadcast TV, watching
movies, playing video games, or just having a set on in the background.

1) 0 -3 hours

2) 4 -7 hours

3) 8 = 12 hours

4) More than 12 hours

8) DON’T KNOW

9) REFUSED

Q24) Do you know about how much you paid for electricity last month?
1) Yes

2) No ==> SKIP TO Q26

9) REFUSED ==> SKIP TO Q28

Q25) About how much was it? [RECORD]

Q26) What share of your typical monthly costs for electricity do you think goes to running your
computers, televisions, and related equipment like printers, DVDs, gaming systems, and so
forth? [IF RESPONDENT HESITATES, SELECT DON’T KNOW AND MOVE TO
FOLLOW-UP QUESTION]

RECORD (INDICATE WHETHER % OR $): ==> SKIP TO Q28

8) DON’T KNOW

9) REFUSED
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Q27) Do you think it is closest to 1 percent, 5 percent, 10 percent, 25 percent, or 50 percent?
1) 1 percent

2) 5 percent

3) 10 percent

4) 25 percent

5) 50 percent

8) DON’T KNOW

9) REFUSED

Q28) Next, I will read some statements. For each one, please tell me whether you strongly
agree, agree, disagree, or strongly disagree with the statement.

When we [IF Q2A+Q2B+Q2C=1, USE ALTERNATE WORDING: 1] get a new electronic
device, I usually need someone else to set it up or show me how to use it.
1) Strongly agree

2) Agree
3) NEITHER AGREE NOR DISAGREE
4) Disagree ==> SKIP TO Q30

5) Strongly disagree ==> SKIP TO Q30
8) DON’T KNOW
9) REFUSED

[IF Q2A+Q2B+Q2C = 1 ==> SKIP TO Q30]

Q29) Someone in the household can usually get new electronic devices set up and working the
way we want fairly easily.

1) Strongly agree

2) Agree

3) NEITHER AGREE NOR DISAGREE

4) Disagree

5) Strongly disagree

8) DON’T KNOW

9) REFUSED

Q30) Overall, computers and technology in our homes give us more control over our lives than
we would have without those things.

1) Strongly agree

2) Agree

3) NEITHER AGREE NOR DISAGREE

4) Disagree

5) Strongly disagree

8) DON’T KNOW

9) REFUSED

Q31) It would be hard to live with fewer electronic gadgets.
1) Strongly agree
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2) Agree

3) NEITHER AGREE NOR DISAGREE
4) Disagree

5) Strongly disagree

8) DON’T KNOW

9) REFUSED

Q32) We would like to send you an appliance-related survey in the mail. The survey will ask for
a more details about appliances you have plugged in in your house and how you use them. This

will help the State of Minnesota and the state’s utilities better serve customers. If you mail back
the completed survey, we will send you a $10 Visa gift card. May we send you the survey?

1) Yes

2) No

[IF Q1 <> 1 AND Q32 = 2 ==> SKIP TO Q40]
[IF Q1 <> 1 AND Q32 <> 2 ==> SKIP TO Q34]

Q33) We are also looking for households for an in-home study of how much electricity various
appliances use. Households selected for this study will receive a $100 Visa gift card.
Participating households will have small portable meters plugged into various appliances for a
month and participate in an interview. Would you be willing to participate in this study if the
research team needs additional households in your part of the state?

[IF ASKED: The meters are about the size of a hard-cover book. We will install 15 to 20 per
household. The installation and removal time will be about 2 hours each.]

1) Yes

2) No

3) NEED MORE INFORMATION; HAVE A RESEARCH TEAM MEMBER CALL [DO NOT
PROMISE THAT WE WILL CALL, BUT SAY YOU WILL CHECK WHETHER SOMEONE
FROM THE RESEARCH TEAM CAN CALL THEM]

[IF Q32 = 2 AND Q33 = 2 ==> SKIP TO Q40]
[IF Q33=3 AND Q32 <>1 ==> SKIP TO Q36]

Q34) GET & RECORD NAME. VERIFY SPELLING!

Q35) GET & RECORD MAILING ADDRESS. VERIFY SPELLING!
[IF Q33 =2 ==>SKIP TO Q38]

Q36) Is this the best telephone number to reach you if needed?

1) Yes ==> SKIP TO Q38

2) No
3) OFFERING AN ADDITIONAL NUMBER
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Q37) What would be a good telephone number to reach you? [RECORD]
[IF Q32 = 1 AND Q33<>1]

Q38) Thank you. Our research team will send you the appliance survey in the next few weeks.
Look for an envelope labeled “Minnesota Appliance Survey.”
1) CONTINUE ==> SKIP TO Q40

[IF Q33=1 AND Q32<>1]

Q39) Thank you. Our research team will contact you within the next few months about this
study.
1) CONTINUE ==> SKIP TO Q40

[IF Q32=1 AND Q33=1]

Q39b) Thank you. Our research team will send you the appliance survey in the next few weeks.
Look for an envelope labeled “Minnesota Appliance Survey.” We would also contact you [insert
approximate timeframe] if needed for the in-home part of the study.

Q40) I have just a few more questions for classification purposes. What company provides your
electricity?

1) ALLIANT ENERGY

2) ANOKA ELECTRIC COOP

3) DAKOTA ELECTRIC ASSOCIATION

4) MINNESOTA POWER (ALLETE)

5) OTTER TAIL POWER

6) XCEL ENERGY (NORTHERN STATES POWER, NSP)
7) OTHER (SPECIFY)
8) DON’T KNOW

9) REFUSE

Q41) Is your home a...?

1) Single-family home ==> SKIP TO Q43
2) Row or townhouse ==> SKIP TO Q43

3) A unit in a multi-family structure
4) A mobile home or house trailer ~ ==> SKIP TO Q43

5) Something else ==> SKIP TO Q43
8) DON’T KNOW ==> SKIP TO Q43
9) REFUSED ==> SKIP TO Q43
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Q42) How many units are there in this building?
1)2

2) 3-4

3) 5-9

4) 10-19

5) 20-49

6) 50 or more

8) DON’T KNOW

9) REFUSED

Q43) How many bedrooms does your home have?

8) DON’T KNOW
9) REFUSED

Q44) What year were you born? [ENTER LAST TWO DIGITS OF YEAR]
99) REFUSED

Q45) What is the highest level of education you have completed? [READ LIST.]
1) Some high school or less

2) High school graduate

3) Some technical school or college

4) Technical school graduate (Associates degree)

5) College graduate (Bachelors degree)

6) Advanced degree (Masters degree or higher)

8) DON’T KNOW

9) REFUSED

Q46) Which of the following income categories best describes your total annual household
income in 2007, before taxes? Please stop me when | get to the right category. [READ LIST.]
1) Less than $25,000

2) $25,000 to less than $50,000

3) $50,000 to less than $75,000

4) $75, 000 to less than $100,000

5) $100,000 or more

8) DON’T KNOW

9 REFUSED

Q47) [RECORD GENDER]
1) Male

2) Female

3) Not sure

[THANK AND END INTERVIEW]
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APPENDIX F — APPLIANCE SURVEY INSTRUMENT

The appliance saturation survey was formatted as a 12-page booklet. The attached version includes minor
changes made after the first round of data collection.
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Minnesota Appliance Survey

Respondent #

Thank you for agreeing to complete this survey about Minnesotan household appliances. Please
return this booklet in the self-addressed, stamped envelope when completed. We will send you a
$10 Visa gift card if we receive your survey before [insert date].

Your responses are confidential. We will not share any household-specific data or personal
information provided in your survey with anyone outside our research team.

1. How long have you lived at this residence?
Q less than 1 year
Q 1-2years
Q 3-5years
O 6-10 years
Q more than 10 years

2. How large is your home? finished square feet
3. Do you maintain a home office for any of the following purposes? (Check all that apply.)
3 no home office

O home-based business
O work from home as part of a job

Televisions

4. Which of the following best describes your primary television set? (If you do not have any
television sets in your home, check here O and skip to question 15a.)

N/

QO traditional television set ﬂ

Q plasma TV
OLCDTV
Q flat-screen television Q rear-projection TV
Q other
Q don’t know
QO other ==> Please describe:
This survey is being implemented by the Energy Center of Wisconsin as part of a research project 74
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5. What is your primary TV’s screen size? (Please approximate if you don’t know.)
Q 20 inches or less
Q 21-30inches
Q 31-40inches
Q 41 -50 inches
Q more than 50 inches

6. What shape is this TV’s screen?

Q 4x3

16 x9

7. How does this television set receive broadcast signals? (Please check all that apply and
answer the questions to the right of the applicable pictures.)

3 cable

O satellite

v

N ¥ L O with a digital converter box
O local broadcasts ===> QO nodigital converter box

8. Please check any of the following that apply to this TV.
3 high-definition (HD) capable
O built-in digital video recorder (DVR)
O built-in digital video player (DVD)
3 built-in video cassette recorder (VCR)
O have adjusted brightness or other picture settings since purchase
O have had unit professionally calibrated since purchase

9. About how many hours per week is this TV turned on? (max: 168 hours):

Energy Center of Wisconsin
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10. Into what kind of AC power source do you keep this TV plugged in?

Q always

O wall outlet ========> Is it plugged in...? Q usually
O only when used
Q always

O power strip =======> Is the power strip turned on...? O usually

Q only when used

O other

11. Would a power outage cause you to lose any settings in your primary TV that require
user intervention or reprogramming? (Answer no if you lose only settings you don’t use, such
as a clock you don’t set anyway.)

Q yes

O no

QO don’t know

12. What other devices are connected to your primary TV? (Please count any single device
only once in the table below.)
requires user

connected to intervention after
TV power failure

Set-top boxes for cable, satellite, and digital conversion Please check if applicable.

cable with recording capability d d

cable without recording capability d d

satellite with recording capability d d

satellite without recording capability d d

digital converter box for broadcast TV d d
Other devices Please indicate number of each.

TiVo, DVR, or other digital recording device

VCR

DVD player

gaming system
separate audio system (surround-sound, stereo)
other — please describe:
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13. Please answer the following questions about any additional television sets in your home.
(If you have more than four additional television sets, please answer for the four most-used sets.
If you do not have any additional television sets, please check here O and skip to question 14.)

a) What kind of TV is this?

traditional TV
,,,,,,, plasma

LCD

rear-projection

other/don’t know

flat-screen TV -

other

don’t know

b) What is the TV’s screen size?
20 inches or less
21 — 30 inches
31 - 40 inches
41 - 50 inches
more than 50 inches

¢) What shape is this TV’s screen?

d) Is this TV high definition (HD) capable? (Please mark
the circle if it is.)

e) During a typical week, how many hours is this TV
turned on? (A week has 168 hours.)

f) Are any set-top boxes connected to this TV?
cable
satellite
digital converter box for broadcast TV

g) How many of the following devices are connected to
this TV? (Please count any single device only once.)
VCR
DVD player
gaming system
other

Energy Center of Wisconsin

TV#2 TV#3 TV#A4 TV H#S

O O Q o
o o o o
o o Q o
o o O o
O o Q o
o o o o
O O Q Q
o o o o
o o Q o
o o o o
o o Q o
o o o o
o o o o
O o Q o
O O Q o
0 0 0 a
a a 0 a
0 0 0 a
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Gaming Systems

14. Please complete the table below for your gaming system(s). (If you do not have any
gaming systems, check here O and skip to question 15a.)
Hours turned

Number of on per week
Systems (max 168)
PS1
Sony PlayStation  PS2
PS3
64
Nintendo Game Cube
Wii
. Xbox
Microsoft Xbox 360
Other

Audio Entertainment

15a. Do you have any multi-component audio systems? (Please include only systems with two
or more separate devices. We will ask about all-in-one stereo systems in a subsequent question.)
QO yes ==> How many?
QO no ==> Skip to question 16.

15b. Please complete the table below for your multi-component audio systems. (If
you have more than three, please answer for the most commonly used three systems.)

Audio System
#2

tuner / receiver

amplifier

mixer

CD player

cassette player

turntable

speakers with their own AC power

connected to a TV / video system

connected to a computer

i i s
i i .
. s
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16. How many of the following stand-alone audio devices do you usually keep plugged in?
table-top / under-cabinet radios

portable radios

boom boxes / mini-stereos
clock radios
satellite radios

Wifi / Internet radios

MP3 docking station

other radios or audio devices

Telecommunications Devices & Internet

17. How many of the following telecommunications devices do you usually keep plugged in?
______cordless telephone base
______cordless telephone handset charger
_____answering machine (stand-alone only)
_____caller ID unit (stand-alone only)
___ fax machine (stand-alone only)
_cellular telephone chargers

18. What kind of Internet connection(s) do you have in your home? (Check all that apply.)

0
0
0
0
0

none ==> Skip to question 21.
dial-up

DSL

cable

other ==> please describe:

19. What do you usually do with your Internet connection when not actively online?
Q leave Internet connection on all the time
Q sometimes turn off Internet connection
Q always turn off Internet connection

20. Other than computers, do any devices in your home connect to the Internet at least

monthly?

O yes==> [ television or home theater system
3 digital video recorder (DVR) or TiVo
3 audio system
(3 gaming system
O other ==> please describe:

QO no
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Desktop Computers

21. How many desktop computers were plugged in during the past month in your home?

(if zero, please skip to question 23)

22. Please complete the table below for your three most-used desktop computers.

a) What operating system does it run?
Windows XP
Windows Vista
Windows 2000 or ME
Mac OS or Mac OS X
Other

b) How many monitors of each type shown below

are typically used with this computer?

CRT ~"|TTQ

]rl——_-_.-_.-?;.g

Other

¢) How many people regularly use this
computer?

d) On a typical day, how many hours is the
computer...

turned on and actively used

left on, but not actively used

e) How do you use this computer? (Check all
frequent uses.)
word processing / spreadsheets
e-mail / web browsing
audio / video streaming / telephony
games
other

f) How does this computer connect to the
Internet?

Wirelessly

via network cable

via dial-up

not at all

Energy Center of Wisconsin

Desktop 1 Desktop 2 Desktop 3
O O o
O o O
o O o
o o O
) a d
) a a
) a d
) a a
) a a
0 a )
) a a
0 a 0
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Notebook Computers

23. How many notebook computers were plugged in during the past month in your home?
(if zero, please skip to question 25)

24. Please complete the table below for your three most-used notebook computers.
Notebook 1  Notebook 2  Notebook 3

a) What operating system does it run?

Windows XP ©) Q Q
Windows Vista Q Q Q
Windows 2000 or ME ©) O Q
Mac OS or Mac OS X Q Q Q
Other

b) How many people regularly use this notebook?

¢) Where is this computer operated regularly?
in a single location in the home Q
multiple locations in the home ©) O Q
in & outside the home o

d) On a typical day, how many hours is the computer...
turned on and actively used
left on, but not actively used

e) Please check here if you regularly use an J J J

external monitor with this computer.

f) Where in your home do you plug this computer

into an AC power source?
a single location in the home Q
multiple locations in the home Q Q Q
outside the home only ©) ©) Q

g) Check all frequent uses for this computer.
word processing / spreadsheets d d d
e-mail / web browsing d d d
audio / video streaming / telephony d d d
games d d d
other

h) How does this computer connect to the Internet?
wirelessly d d d
via network cable a d d
via dial-up a a a
not at all a d d
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Computer

Peripherals

25. Into what kind of AC power source do you keep your primary computer plugged in?
O wall outlet ==> O plugged in all the time O unplugged when not in use
QO power strip that is ==> O turned on all the time O turned off when equipment is off
QO other — Please describe:

26. How many of the following computer-related devices do you have in your home?

Inkjet printer

Deskjet printer

Other printer

Scanner (stand-alone, not part of a printer or other device)
Modem

Router / Network hub / Access Point

External hard drive

External computer speakers (with their own power supply)
Uninterruptible Power Supply (UPS)

Laptop Docking Station

PDA cradle

27. Do you have any other computer devices that have their own AC power adapter?

QO yes — Please list:

O no

Major Appliances — Food

28. How many refrigerators and stand-alone freezers do you have plugged in? Please write
the number on the applicable lines in the table below.

Location
other heated unheated
kitchen living space garage basement

Refrigerators

top-freezer
side-by-side
bottom freezer
mini-refrigerator

Stand-alone freezers

Energy Center

chest freezer
upright freezer
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29. Is your stove-top?
Q electric
Q natural gas or propane

30. Is your oven?
Q electric
Q natural gas or propane

Heating, Cooling, and Related Equipment

31. What fuels do you use to heat your home?

natural gas ==> Isthisa O forced air furnace, O boiler, or O something else?
propane  ==> Isthisa O forced air furnace, O boiler, or O something else?
electricity

fuel oil

wood

other:

aaaaag

32. What fuel does your water heater use?
Q natural gas / propane
Q electricity
O other / don’t know

33. Do you use portable electric space heaters during winter?
Q often
Q sometimes
Q infrequently
Q not at all

34. What kind(s) of fireplace(s) do you use in your home?
O none
O wood
O natural gas / propane
O electric

35. What kind(s) of air conditioning do you have in your home?

O none

3 central A/C

3 room A/Cs ==> How many units?
O other ==> Please describe:

36. Do you use any dehumidifiers?

O not at all
O part of the year ==> How many dehumidifiers?
Q all year ==>  How many dehumidifiers?

Energy Center of Wisconsin
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37. Do you regularly use any of the following in your home? (Please check all that apply.)
whole house fan (blows warm air out through the attic)

heat lamp

air cleaner ==> Q part of heating system O stand-alone

humidifier ==> O part of heating system O stand-alone

heated waterbed ==> How many?

electric blanket ~ ==> How many?

aaaaaag

Other Appliances

38. What kind of laundry equipment do you have?

clothes washer clothes dryer

Q none Q none

QO top-loading Q electric

Q front-loading Q natural gas/propane

39. Which of the following do you regularly have plugged in? (Please check all that apply.)
O chargers for cordless tools, cordless lawn mower
O medical equipment
O aquarium
O pet fence
O growing lamp

40. Which of the following have you used in your home within the past year? (Please check
all that apply.)

O engine block heater

3 spa/hot tub

O electric sauna

41. Do you use any compact fluorescent light bulbs in your home?
Q yes ==> What share of your bulbs are compact fluorescents? QO less than ¥4
O no O between ¥ and %
Q more than %

42. Do you have any other devices that could use a substantial amount of electricity?
(e.g., water cooler, swimming pool, spa/hot tub, sauna, welding equipment, kiln, etc.)
QO yes — Please list:

Q no
43. How do you think your household’s energy usage compares to ...?
I/we use less about the same I/we use more
Your neighbors ©®) o Q
Minnesotans overall ©) Q Q
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Household Energy Usage & Demographics

44. The value of the information you have provided will be enhanced if we can also obtain
information on your actual energy usage in recent months. We can obtain this information
directly from your electric and/or natural gas utility, but only with your written permission
below. Please choose from the two options below.

Q Yes, | agree to allow my electricity provider release my energy consumption records for
the confidential research purposes of this study. (Please complete the information below.)

I hereby authorize my electric and/or natural gas utility to release to the Energy Center of
Wisconsin monthly electric usage for the service address listed below. This authorization
applies to usage beginning January 2007 and ending December 2009. | understand that
the Energy Center requests this data for confidential research purposes only and that this
request applies only to energy usage and not to billing or payment-related information.

Electric Utility: Account Number:
Natural Gas Utility: Account Number:
Service Address: [insert respondent street address]

[insert respondent city, state, zip code]

Name of Authorizing Customer:

Signature:

Date: / /2009

O No, I do not wish my energy consumption records to be released for this study.

(optional) Please provide your e-mail address to facilitate scheduling if your home is selected
for the in-home portion of the study. (For more information, visit www.ecw.org/mnenergystudy.
We will not share your e-mail address or contact you for any other reason.)

e-mail address:

Thank you!
Please return your completed survey in the envelope we provided or mail it to:
Minnesota Appliance Survey
Energy Center of Wisconsin

455 Science Drive #200
Madison, WI 53711
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APPENDIX F — ON-SITE INTERVIEW GUIDE

(This version of the instrument includes minor adjustments made after early interviews.)

MN Plugging Into Savings Interview Guide

SITE DATE TIME

Interview Intro:

Meters will tell us about the energy use, interview is to better understand what people are
interested in & what they might do reduce use.

Interview is key to creating services and offerings that will be useful.

We want your candid thoughts.

Your household responses are anonymous.

Interview topics

1.

How concerned are you about energy? NOT, SLIGHTLY, SOMEWHAT OR VERY
What is it about energy that concerns you ?

How closely do you pay attention to energy saving information, programs, incentives,
offerings?

Where can local people go for help to reduce energy usage?

Have you done anything specific to reduce energy use in past year? (Credibility check)
WHAT WAS IT?

WHAT MOTIVATED YOU?

WHERE DID IDEA TO DO IT COME FROM?

If you wanted to reduce further, what else could/might you do?

What would it take for you to try any of these things?
example: How much in cost savings?

We are looking at 4 ways to help people reduce home energy use. We can:

0 Encourage energy efficient HABITS of turning things off or unplugging them
when not in use.

0 PROVIDE INFORMATION on how much energy various devices use; chart of
average use, or card re: use at different settings

0 Encourage people to CHANGE SETTINGS so a device works more efficiently,
such as computer power management

0 Promote purchase of TECHNOLOGY/TECHNICAL AIDS that helps to turn
things off such as Smart Power Strip or Remote Outlet control

Would any of these work in your household?
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10.

11.

12.

13.

14.

Can you tell me a little bit more about that?

What would you think about a feedback DEVICE such as this which shows WHOLE-
HOUSE energy-usage?

(If positive) 1) What is appealing about it? 2) How would you use it? 3) If offered at
low/no cost would you get one?

If a utility or other group went door to door in your neighborhood offering to take an
instant meter reading of various appliances and provide specific feedback on their use
would you participate?

Do you think your neighbors would get such an appliance audit?

Is turning Internet modem/cable box/connection off at night or when gone
practical/possible?

{If not talked about earlier} Do you know there are energy savings settings on your
computer? Is changing those power settings something you would consider?

Which is your primary TV? (Did you know about brightness?)

Looking at your results for 2 things: how much electricity they use when they’re not
being used. And ones that use a lot on a monthly basis.

Any Questions? Surprises in metering results?
Interviewer to identify 3 main opportunities strategies and obtain household reactions.

Opportunity Strategy/Options Interest/Barrier/Reactions
1.

Which of these things might you do? What might get in your way?

{for low probability items, follow up} What (anything specific) might keep you from
trying__ ?
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15. Given that we are looking at ways we could help people to save energy, do you any other
thoughts to share with us?

16. interviewer impression
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