pc.E_a American Council for an Energy-Efficient Economy

WASHINGTON, DC

February 23, 2006

Mr. David Shiller

ENERGY STAR Marketing Manager
Environmental Protection Agency
C/o Gwen Duff, ICF Consulting
1725 Eye Street NW, Suite 1000
Washington, DC 20006

Dear David:

On behalf of the American Council for an Energy-Efficient Economy (ACEEE), thank you for the
opportunity to comment on the recent Programmable Thermostat Program Proposal. The American
Council for an Energy-Efficient Economy is a nonprofit, non-partisan, organization dedicated to
advancing energy efficiency as a means of promoting both economic prosperity and environmental
protection. ACEEE fulfills its mission by conducting in-depth technical and policy assessments; advising
policymakers and program managers; working collaboratively with businesses, public interest groups, and
other organizations; publishing books, conference proceedings, and reports; organizing conferences and
workshops; and educating consumers and businesses.

ACEEE recently reviewed the savings potential of ENERGY STAR programmable thermostats; our
results are summarized in the attachment. We find no evidence from the five field studies found that
installation of programmable thermostats is associated with energy savings. We therefore conditionally
support your proposal to “transition” the program from an ENERGY STAR thermostat specification to an
educational program.

Our condition is that the term “transition” be taken to mean “suspend,” in the sense that ENERGY STAR
would review and reconsider its decision if robust field studies of sufficient size show that naive users
successfully use programmable thermostats to save energy, without instruction. We also recommend that
EPA and its partners evaluate a new feature, an interface to enable peak demand management and energy
savings. Public and utility program administrators may value programmable thermostats that will change
consumer behavior to save energy without negatively impacting peak demand. At times of peak demand,
line losses are highest, and in many situations the least efficient and “dirtiest” power plants may be
brought online to meet demand. Both factors suggest that demand control can save energy and prevent
pollution.

Because the engineering estimates of energy savings potential of programmable thermostats are large (5%
- 15% of annual energy use), ACEEE remains optimistic that units that save energy and please users
instead of frustrating them can make a difference. Until these are demonstrated, we support EPA’s
proposal to work with partners to develop an effective consumer education program.

Again, thank you for the opportunity to comment on the ENERGY STAR programmable thermostat
program proposal.

Sincerely,

Harvey M. Sachs, Ph.D.
Buildings Program Director
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1. Summary

This report evaluates the program potential of incentives for ENERGY STAR or
other classes of programmable thermostats. Although engineering analyses demonstrate
the potential for 15% or larger energy savings if reasonably large setbacks are used, the
available field studies do not show significant energy savings. The explanation may
involve technical characteristics of the thermostats evaluated (particularly ease of use), or
other human factors. Of these, the most important is that consumers who would save
energy by setting back thermostats at night (etc) seem to do so even without a
programmable thermostat, and those who are not interested may not be convinced by
automating the task. We thus recommend that program activity should be deferred until
there are field tests of units with interfaces as good as those in the next ENERGY STAR
specification (which is not yet available).

2. Introduction
This report was prepared for possible development into a market transformation program.

3. Technology

Thermostats are device controllers. In the simplest case (heating only, single-output
furnace or boiler), if the temperature falls enough, the thermostat causes the furnace to
turn on. When the space has warmed enough, the thermostat tells the unit to shut down.
Usually, the operator just sets the desired temperature. The unit’s installer sets another
parameter, generically a “dead band,” which is the temperature interval in which the
thermostat does not change the off-on state of the furnace. If the dead band is too tight,
the system will cycle off and on too frequently, which is inefficient. If it is too wide, the
temperature variations in the space will be too large for comfort.

Of course, anything this simple tempts engineers and marketers to offer improvements
and elaborations. The two-stage thermostat is used for heat pumps and for modulating
gas-fired furnaces. It is designed to operate equipment that has variable capacity. For
example, if the temperature drop is rapid, or the gap between the set temperature and
desired temperature is large, these will activate a second stage, such as resistance heat for
a heat pump, or high capacity for a modulating furnace. Extension to equipment that
does both heating and cooling is also straight-forward.

For simplicity, this narrative uses the winter heating mode as its default. “Set-up” for air-
conditioning in summer can be treated exactly the same way, and its value is included in
our analyses. For a given house, the heat loss is proportional to the difference in
temperature between the inside and the outdoors. Thus, setting a colder temperature set
point when the house is unoccupied (or when the occupants are asleep) reduces the
indoor-outdoor temperature difference, and thus decreases the load “seen” by the heating
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device. This saves energy, about 2% per degree Fahrenheit (°F) set-back (Wilson and
others 2003, p. 73).

Frugal homeowners and those who like sleeping in cooler spaces have long used “manual
setback” to save energy. Programmable thermostats seek to automate this process, thus
enabling consumers who do not do manual setback to save energy the same way as those
who employ manual setback strategies. These have been available at least since the
1980s. Early models were electromechanical, while current ones are predominantly based
on solid-state electronics. Prices range from $35 - $100,' and many models are designed
for do-it-yourself (DIY) installation. There is a current ENERGY STAR program for
programmable thermostats, which is under review.? In this sense, the programmable
thermostat is a mature technology, potentially well-suited for utility demand-side
management programs.

Unfortunately, as discussed in Section 7 (Energy and Economic Analysis), the field
studies and evaluation studies that have been done suggest that the programmable
thermostats that have been widely sold do not save energy, when compared with manual
thermostats.

4. Market Information

According to ENERGY STAR, there are about 25 million programmable thermostats in
the 91 million houses with thermostats (27% market share). The doubling of sales in the
last 10 years implies a compounded 8% annual growth rate (ENERGY STAR Summary
of Research Findings). However, the net application rate is certainly smaller than these
figures suggest. Cross and Judd (1997) found that relatively few programmable
thermostats installed in 1990 and 1991 in Connecticut were still in use 5 or 6 years later.’
Twenty percent of the programmable thermostats had been replaced, typically with
manual units. Houses changed occupants at a rate of 4.4% per year, a cumulative effect
greater than 20%. Typically, the new occupants did not use the programmable thermostat
features. Cumulatively, under the most favorable circumstances,* only 51% of customers
who had received dependable thermostats were still using the automatic setback feature
five to six years after installation (Cross and Judd 1997). Strikingly, these authors found
that “[t]here were no statistically significant differences in the number of set-backs, the
average setback amount (5°F), or the time required for homes to heat up after a setback,”
in a comparison of manual with programmable thermostats.

Logically, one would expect the programmable thermostat to be the next step in comfort
control: As the fireplace and wood stove gave way to coal-fired central boilers and
“gravity” furnaces, the significant difference to the occupant was the location of the

! Based on prices as www.homedepot.com; other channels will have different prices.

2 http://energystar.gov/index.cfm?c=thermostats.pr_thermostats.

® Some of the first year units proved defective, and were replaced.

* Customers interested in conservation who received dependable thermostats, and were still living at the
same address.
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heater: the amount of coal shoveled still determined the temperature in the house. The
significant comfort change came with the introduction of oil and gas heating. For both,
regulation of firing time was easy, and the thermostat became ubiquitous. As noted
above, frugal homeowners understood the value or virtue of setting back the thermostat at
night. The programmable thermostat offers the potential to automate and extend this
procedure.

Early workers assumed that the technology (programmable thermostat) would be
welcomed by those who did not do manual setback. Accordingly, savings were estimated
from engineering rules-of-thumb (such as 3% saved per degree of setback maintained at
least 8 hours). However, unused setback features save no energy, and the literature from
field studies strongly suggests that there is no significant difference in heating energy
consumption between houses with programmable and those with manual thermostats in
the five studies found (Nevius and Pigg 2000, Cross and Judd 1997, Conner 2001, Parker
personal communication, Haiad and others, in prep). Four of these were field studies;
Haiad and others (in prep.) combines a field survey with engineering simulations. Of
particular interest, Cross and Judd did a persistence study structured like a “case-control”
study. Instead of looking at before-and-after (programmable thermostat installation)
energy use, they looked at the persistence of usage of programmability and the
temperature mechanism utilized, up to five years after installation. Essentially as many
customers did manual as automatic setbacks, and there were *...[n]o significant
differences in the number of set-backs, the average setback amount (5°F), or the time
required for houses to heat up after a setback.”

Extrapolating from national penetration estimates (27%, ENERGY STAR, undated), we
estimate that mature market penetration is likely to be in the range of 90%, because of the
small price differential between base models and available ENERGY STAR models.
Unless, of course, there is widespread disenchantment because the units are not achieving
savings. Much will depend on current specification revision and other studies underway
for the ENERGY STAR program.

5. Market Barriers

In a real sense, there are no substantial market barriers facing programmable thermostats. They
have two decades of presence in the market, substantial market share (roughly % of all houses),
and costs that would give reasonable payback if they were used. They are spotlighted by being
included in the ENERGY STAR heating and cooling product program. There is only one
problem: In use, programmable thermostats are not saving energy. This will gradually cost
the support of program supporters such as utilities.

Programmable thermostats will continue to be sold as part of new (including
replacement) HVAC equipment installations, for several reasons: They are small but not
inconsequential profit centers, if call-backs and customer training time can be minimized.
Increasingly, we expect to see them as differentiators (or at least symbols) of higher
quality equipment. Finally, but coupled to the second reason, there are already
proprietary programmable thermostats for certain premium equipment, such as the
Rheem/Ruud continuously modulating (not 2-stage) furnaces. We expect this trend to
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continue, with additional features such as “call for service” warning lights,®> and believe
that all such “premium” products such as this will require programmability to be
recognized as premium in the market.

6. Marketing Strategy

The most important consideration for manufacturers and program supporters is to show
field performance, and to define the class(es) of consumers for whom programmable
thermostats are worth promoting, because they will be used in ways that are different
from their present practices. We believe that ENERGY STAR is correct in assuming that
interface (including programming) improvements are essential, but also believe that these
improvements will have to be shown to be efficacious to allow continued market
transformation product support for this equipment class.

7. Energy and Economic Analysis

Customer Cost: The web site of one national retailer shows 19 different models. Of these,
four are heating only or cooling only. There are 6 manual (heating+cooling) thermostats
from $17 - $40, and 9 programmable models. ENERGY STAR programmable
(heating+cooling) thermostats are priced from $35 to $100, exclusive of installation.®
Installation at the time a contractor is on-site is expected to take an hour or two. Other
distribution channels, such as HVAC contractors, are expected to show different prices.

Energy Savings: Manufacturers often assert 15% savings (or more’) of total heating and
air conditioning bills (EDU 2000), or 10% to 30% of the heating and cooling portion of
the bill (ENERGY STAR Summary). The ENERGY STAR web site suggests 14%
savings, stating:

Programmable thermostats that have earned the ENERGY STAR help you save
money and keep your home comfortable by automatically adjusting your
temperature settings while you are asleep or away, saving you about $100 per year.?

The Residential Energy Consumption Survey (RECS 2001) gives national space heating
and central air conditioning average expenditures of $480 and $240/yr, respectively.’
Thus, $100 savings would, on average, be 14%: $100/($480+$240).

Four field studies around 2000 explored the differences in energy use between houses
with and without programmable thermostats. Their findings confounded expectations,

> Sachs, H. in preparation. A robust feature set for residential air conditioners.

® http://www.homedepot.com/

" “Saves up to 30% on your heating/cooling bills. Works with all conventional 24 Volt heating and cooling
systems. Can be programmed differently for weekdays, Saturdays and Sundays.” Home Depot description
of (randomly noticed) Rite Temp GPMG8022C.

® http://energystar.gov/index.cfm?c=thermostats.pr_thermostats, checked Dec. 14, 2004

® Tables CE2-1e for space heating, and CE3-1e for central air conditioning.
http://www.eia.doe.gov/emeu/recs/recs2001/detailcetbls.html.
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since they found virtually no difference between houses with and without programmable
thermostats:

Authors # of Location Results
houses
Nevius & Pigg 299 total | Wisconsin -2.5%, +/- 7%
Conner 2001 25 of 150 | Pacific Northwest | ~-1%, not significant
Cross & Judd 100, all Connecticut Poor persistence of automatic
1997 pgm. setback use.
Parker (personal 22 of 167 | Florida ~2.5% more cooling energy
communication, with programmables,
2004) significant

The findings are counter-intuitive, and lead the investigators to infer that “behavioral”
factors are a key. For example, Parker finds that the seasonal average cooling season
interior temperature was lower in the houses with programmable thermostats than in the
others. This might imply that occupants of houses use control strategies that are not
available without the setback features. For example, they may program the unit to call
for cooling before they expect to return from work, so they arrive to a cool house. This
would lead to a lower average temperature than with manual control: they would arrive at
a hot house, and only then initiate the cooling cycle.

Another approach to this question has been taken in California, whose building code has
required clock thermostats since 1978. Haiad and others, 2004 ms. carried out a 2-stage
research project to look at the impact of programmable thermostats. They first used the
Residential Appliance Saturation Survey (RASS) to determine how houses use
programmable and other thermostats. They then used this information with building
performance simulations to determine the distribution of energy savings. For California
single family residences in all climate zones, energy savings are highly dependent on
occupant behavior. Despite this, use of a programmable thermostat is associated with
higher heating energy use than use of a manual thermostat. Cooling energy use does not
show a consistent pattern: Energy use can as easily increase as decrease, depending on
how occupants use manual and programmable thermostats.

Customer Demand Savings, and Season Perhaps because programmable thermostats are
not used, or not used as designers anticipated, we infer from the field reports and
simulation studies that no demand savings can be assumed.

Equipment life. Eleven years (CPUC 2003).

Non-electric energy savings and benefits. For those who master the programming

interface and choose to use the features, programmable thermostats assure that setback
savings are consistently realized.
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Non-energy savings and benefits. For those who master the programming interface and
choose to use the features, programmable thermostats assure that comfort objectives are
met.

8. Program Recommendations, Discussion

The available research results do not justify an incentive program for ENERGY STAR
programmable thermostats at this time. Probably because of a combination of behavioral
factors, field studies suggest that, on average, they are not saving energy relative to what
people are doing in the absence of these units. The large savings that have been assumed
in the past seem to be predicated on the assumption that people without programmable
thermostats do not use temperature setback/set-up, and that the installed programmable
thermostats will be used for significant setbacks for long periods of time. Perhaps the
simplest explanation is that those who want to use setback already do so, and those that
aren’t interested in this kind of temperature control will not be swayed by an incentive to
purchase the devices.

ACEEE recommends that progress in this field be tracked regularly. At such time as

field studies have confirmed savings with ENERGY STAR programmable thermostats,
the potential for a program should be re-evaluated.
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