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Abstract—Electrical power consumption data and load profiles
of major household appliances are crucial elements for demand re-
sponse studies. This paper discusses load profiles of selected major
household appliances in the U.S., including two clothes washers,
two clothes dryers, two air conditioners, an electric water heater,
an electric oven, a dishwasher, and two refrigerators. Their elec-
trical power consumption data measured in one-second intervals,
together with one-minute data (averaged over 60 one-second read-
ings), are provided in an online data repository (URL: www.ari.vt.
edu/research-data/). The data were gathered from two homes in
Virginia and Maryland during July–October 2012. In this paper,
demand response opportunities provided by these appliances are
also discussed.

Index Terms—Appliance power consumption data, demand re-
sponse, load profiles, major household appliances.

I. INTRODUCTION

D ESPITE THE fact that large commercial and industrial
customers provide majority of demand response (DR) op-

portunities in today’s environment, Federal Energy Regulatory
Commission (FERC) indicates that the residential sector has the
most untapped demand response potential. With the advent of
smart grid technologies, full DR participation from residential
customers is expected to provide roughly half of the total peak
demand reduction potential in the U.S. [1].
To enable demand response in the residential sector, home

energy management algorithms are needed. Many recent pub-
lications present a variety of algorithms for appliance-level de-
mand response [2]–[8]. In most studies, appliance power con-
sumption is considered to be constant at its rated power without
any cycling or variation during its operation. The main reason
underlying the flat appliance power consumption assumption is
the lack of knowledge about detailed appliance operating char-
acteristics, and most importantly the lack of publicly available
measurement data. Variation in appliance power consumption is
an intrinsic characteristic of most major household appliances,
such as washing machines, clothes dryers, dishwashers, air con-
ditioners, and refrigerators. Using realistic load profiles of indi-
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vidual appliances for such studies will lead to more accurate
research findings and analyses.
To date, there are only a few comprehensive sources of en-

ergy use data at a household level. These include a free forum
for the public to share their energy usage data developed by
Lawrence Berkeley National Laboratory (LBNL) [9]; a publicly
available data set called Reference Energy Disaggregation Data
Set (REDD) [10]; and the data from Pacific Northwest GridWise
testbed demonstration projects [11].
For the forum developed by LBNL, the public can share

time-series power consumption data of selected household
appliances. However, most data available in the LBNL library
are for low-wattage appliances, such as gas-based clothes
dryers, fans, and light bulbs. In addition, the LBNL data are
of varying time intervals (1-second, 1-minute, 5-minute, etc.)
obtained from different individuals using assorted measuring
devices, which may not be calibrated to provide consistent
results. This inconsistency prevents the use of this data from
analyzing DR opportunities of different appliances. The REDD
data set contains detailed power usage information from sev-
eral homes. The data available for each home includes current
and voltage measurements from the whole house and each
individual circuit. The data are logged at a frequency of about
once a second for a main circuit panel and once every three
seconds for each circuit [12]. In this data set, when a circuit
supplies different types of appliances, it is categorized by its
main type of appliance. This indicates that electrical load pro-
files of individual appliances may not always be available. For
the data set from Pacific Northwest GridWise testbed projects,
selected appliance data are not available in high resolutions,
i.e., one-minute intervals or less, which may not be granular
enough to allow comprehensive DR analysis at the appliance
level. Apart from these three libraries, very few other publica-
tions discuss operating characteristics of household appliances
based on real-world measurement data [13]–[15]. In these
papers, load profiles of a very limited number of appliances are
discussed.
With the advent of the smart grid, detailed appliance-level

power consumption data is crucial for DR studies. This paper
bridges the gap of data unavailability by providing load pro-
files and associated raw data of selected major household appli-
ances measured in two U.S. households. These include 11 major
appliances of the following types: washing machine, clothes
dryer, air conditioner, electric water heater, electric oven, dish-
washer and refrigerator. For each individual appliance, time-se-
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Fig. 1. Household load profile (kW) between 11am and 4pm: (a) House 1: 1200
sq ft; and (b) House 2: 2500 sq ft.

ries power measurements are obtained in one-second intervals.
Opportunities to perform DR for these major household appli-
ances are also evaluated.
The value of this work lies in one-second appliance operating

characteristics, and associated raw data (in both one-second and
one-minute intervals). These data sets are made available at
www.ari.vt.edu/research-data. A sample data set in one-minute
intervals is presented in the Appendix. These data sets can serve
as a basis for researchers in the smart grid community to de-
velop, analyze and validate realistic DR algorithms, enable ap-
pliance-level load modeling methods, load identification, and
household load forecasting methodologies.

II. IMPORTANCE OF DEMAND RESPONSE (DR)
IMPLEMENTATION FOR RESIDENTIAL CUSTOMERS

Fig. 1 illustrates examples of household load profiles mea-
sured from two selected houses in the U.S. House 1 (1200
sq ft) represents a very small house. All appliances in this
house, except the water heater and the stove/oven, run on
electricity. House 2 (2500 sq ft) represents a typical American
single-family home. All appliances in this house run on elec-
tricity.
As shown in Fig. 1(a), major appliances in operation in House

1 at the time of themeasurement were a clothes washer, a clothes
dryer and a window air conditioner. As shown in Fig. 1(b),
major appliances in operation in House 2 at the time of the
measurement were an electric range/oven, a washing machine,
a clothes dryer, a water heater, a dishwasher, and a central air
conditioning unit. Other background loads, such as lighting,
computers, and a refrigerator were also running in both houses
during the measurements.
It is interesting to note that peak loads of two houses of dif-

ferent sizes with different appliance ownerships, ratings and
usage patterns can vary significantly from 5 kW for a 1200 sq
ft house to 14 kW for a 2500 sq ft house. Information about ap-
pliance ratings and their operating characteristics are discussed
in further details in subsequent sections.

TABLE I
APPLIANCE MODELS AND THEIR RATINGS

In a typical U.S. distribution network setting, a 25 kVA dis-
tribution transformer serves three to seven homes in a neighbor-
hood. If there are more than three homes that have similar load
profiles to that shown in Fig. 1(b), the distribution transformer
can potentially be overloaded. This problem can become exac-
erbated for neighborhoods with electricity-only supply, i.e., no
gas supply, and with a cluster of electric vehicles. To prevent
transformer overloading and defer necessary upgrades of dis-
tribution transformers and switchgears, demand response (DR)
can be performed at an appliance level. In order to enable DR at
customer premises, it is necessary to understand operating char-
acteristics and load profiles of eachmajor appliance. Subsequent
sections discuss these points with real 1-second measurements,
and analyze DR opportunities at the appliance level based on
appliance operating characteristics and their electrical load pro-
files.

III. APPLIANCES UNDER STUDY AND MEASUREMENT DEVICES

This section describes selected appliances under study and
measurement methods.

A. Appliances Under Study

Power consumption data of selected appliances presented
in this paper are measured from two households located in
Virginia and Maryland. Major electrical appliances reported
in House 1 are a stacked clothes washer/clothes dryer unit, a
wall-unit air conditioner and a refrigerator. Major electrical
appliances available in House 2 are a front-load washing ma-
chine, a clothes dryer, a central air conditioner, an electric water
heater, an electric range/oven, a dishwasher, and a refrigerator.
Therefore, there are a total of 11 appliances under study. Table I
summarizes these appliances in terms of their model numbers
and ratings.

B. Measurement Devices

Two measurement devices were used in this study, namely
the energy detective device (TED), and EXTECH true RMS
power analyzer data logger. TED is designed to measure elec-
trical power consumption of the entire house (up to 200 A in
rating) by installing it in a circuit breaker panel. EXTECH is
designed to measure power consumption of a single appliance
(with rating of up to 2000 VA) by plugging in an appliance
directly to the EXTECH device. Both devices are capable
of measuring power consumption and power factor data in
one-second intervals. In this study, TED was used to measure
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Fig. 2. Load profiles of the GE WSM2420D3WW clothes washer: (a) normal
wash cycle; (b) permanent press cycle; and (c) delicates cycle.

one-second power consumption and power factor data of appli-
ances that are hardwired to circuit breaker panels. These include
the stacked clothes washer/dryer unit (GE WSM2420D3WW),
the front-loading clothes dryer unit (LG DLE2516W), the
central air conditioner (Bryant 697CN030-B), the water heater,
the range/oven, and the dishwasher. EXTECH was used to
measure one-second power consumption and power factor
data of other appliances that can be plugged in to a 120 V
standard outlet. These are the front-load washing machine (LG
WM2016CW), the wall-unit AC and the two refrigerators. Both
TED and EXTECH devices were calibrated before conducting
any measurements to ensure that their readings are comparable.

IV. LOAD PROFILES OF MAJOR APPLIANCES UNDER TEST

This section illustrates load profiles of major appliances
under test captured in one-second intervals.

A. Washing Machines

Load profiles of two clothes washers are measured: one is
the bottom unit of the stacked washer/dryer unit (GE WSM
2420D3WW); and the other is the front-load washer (LG
WM2016CW). These are illustrated in Figs. 2 and 3, respec-
tively.
Figs. 2(a) –2(c) show load profiles of the GE WSM 2420D3

WW unit when operating in three wash settings: normal, perma-
nent press and delicates. The washer has three cycles of opera-
tion: wash, rinse, and spin. The washer starts its wash cycle by
filling in the water during the first 1–1.5 minutes. During water
fill times, the washer consumes 4–8 watts. Various washing
speeds are observed during a wash cycle, consuming between
430–688 W. Wash times are different for three wash settings.
The spray rinse cycle follows the wash cycle. During this cycle,
the washer also spins at different speeds. Then, the last cycle is
spin. The power consumption during the spin cycle is roughly
500–540 W. The power factor (PF) data of the washer were
recorded between 0.55–0.59.

Fig. 3. Load profiles of the LG WM2016CW clothes washer: (a) normal wash
cycle; (b) permanent press cycle; and (c) delicates cycle.

Figs. 3(a)–3(c) illustrate load profiles of the front load LG
WM2016CW washer for the same three wash settings: normal,
permanent press, and delicates. This is a high-efficiency washer
model, which appears to consume much less power than the
GE WSM 2420D3WW washer with much more complicated
operating characteristics. Similar to the GE one, this front load
washer starts its wash cycle by filling in the water, during which
the washer consumes 4–50 W. As the water fills in, the washer
also starts rotating. It can be seen that during the first couple
minutes of operation, its power consumption is low, and keeps
on increasing. This reflects an increasingmotor load as the water
level increases. Frequent variations in motor speeds (i.e., every
30 seconds) are observed during the wash cycle, during which
the washer consumes 4–350 W. Based on several washer runs,
peak power consumption during the wash cycle varies from 150
W to 350W depending on the laundry load size. The wash cycle
is followed by the rinse cycle, which consumes 45–76 W. The
last cycle is the spin cycle, during which the washer consumes
190–300 W. The power factor (PF) during its operation ranges
between 0.13 and 0.69.
Note that with the high-efficiency washer such as the LG

WM2016CW, the wash time can be longer than one hour if the
amount of detergent used is high compared to the amount of
washload to process.

B. Electric Clothes Dryer

Load profiles of two electric clothes dryers are measured:
one is the top unit of the stacked washer/dryer unit (GE WSM
2420D3WW); and the other is the LG dryer (LG DLE2516W).
Figs. 4(a)–4(c) shows load profiles of the GE WSM 2420D3

WW dryer unit for three drying modes: auto-regular, auto-per-
manent press, and timed (30 minutes). Similarly, Figs. 5(a)–5(c)
shows load profiles of the LG DLF2516W dryer unit for three
dryingmodes: auto-regular, delicates, and timed (30minutes). It
can be seen that the GE stacked washer/dryer unit has a power
consumption of about 2.95 kW at 1.0 PF for all operating cy-
cles when heating coils operate; and about 185 W at 0.44–0.47
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Fig. 4. Load profiles of the GE WSM2420D3WW clothes dryer: (a) auto-reg-
ular; (b) auto-permanent press; (c) 30-minute timed drying cycles.

Fig. 5. Load profiles of the LG DLE2516W clothes dryer: (a) auto-regular; (b)
delicates; and (c) 30-minute timed drying cycles.

PF when the dryer tumbles without heat. The LG dryer unit is
a much larger capacity electric dryer than the GE unit under
study. It has the power consumption of about 5.76 kW at 1.0
PF for auto-regular and timed modes; and about 3 kW for the
delicates cycle. When the dryer tumbles without heat, the dryer
consumes about 226W at 0.44–0.47 PF. Observations show that
the first ON cycle is always the longest, following by several
subsequences ON/OFF cycles depending on laundry loads. This
is because, in a typical clothes dryer, an automatic dry control
system is used to sense the air temperature in the dryer drum.

Fig. 6. Load profiles of the wall AC unit: (a) captured for a 12-hour period;
and (b) zoomed for a one-hour period (between hours 9 and 10).

Fig. 7. Load profiles of the central AC unit: (a) captured for a 12-hour period;
and (b) zoomed for a one-hour period (between hours 9 and 10).

For all drying cycles, dryers tumble without heat during the last
five to ten minutes of operation.
The measured data shown in Figs. 4(c) and 5(c) demonstrate

the dryer’s load profiles when the timer is set at 30 minutes.
Several ON/OFF cycles are also present for the timed cycle. It is
interesting to see that the drying function completion time in the
timed drying mode varies from manufacturer to manufacturer,
and frommodel to model. For the GE stacked dryer unit, heating
coils are OFF at exactly 30 minutes and the dryer continues to
operate without heat during the last 10–15minutes, while for the
LG unit, the dryer stops its operation exactly after 30 minutes.

C. Air Conditioner (AC)

Load profiles of two types of AC units were captured during
our experiment, namely a wall AC unit (LG LW1212 ER) and a
central AC unit (Bryant 697CN030-B). Operations of both AC
units were captured for 12 hours. These are illustrated in Fig. 6
for the wall AC unit and Fig. 7 for the central AC unit.
Fig. 6(a) illustrates operating characteristics of the wall AC

unit for 12 hours from (when the wall AC unit was
manually started) to (shortly after the unit was manu-
ally turned off between hours 11 and 12). Fig. 6(b) shows the
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Fig. 8. Load profiles of the 50-gallon water heater, showing (a) its 14-hour
operation; (b) its 1-hour operation between 7 P.M. and 8 P.M. on the same day.

zoomed version of the wall AC operation during the one-hour
period between hours 9 and 10. This measurement was cap-
tured in July 2012 starting at around 7 P.M. when the home-
owner arrived home from work and manually started the AC.
The one-second measurement indicates that the wall AC unit
consumes between 1.10 and 1.25 kW when the compressor was
ON. At the beginning, the compressor operates for over three
hours to bring the room temperature down to its set point. The
length of compressor operation depends on ambient tempera-
ture as compared to the AC temperature set point. It can be seen
that during compressor OFF durations, the AC fan (measured
at 120–150W) turns ON and OFF several times to circulate the
air in the house. The average AC fan ON time is 30 seconds,
and OFF time is 2.5 minutes. See Fig. 6(b). The wall AC unit’s
power factor is recorded at 0.95–0.97 during the compressor op-
eration, and 1.0 during the fan only operation.
Fig. 7(a) illustrates operating characteristics of the central AC

unit for 12 hours form to . Fig. 7(b) shows the
zoomed version of the central AC operation during the one-hour
period between hours 9 and 10. This measurement was cap-
tured in September 2012 starting from 10 A.M. to 10 P.M.. The
one-second measurement as shown indicates that the central AC
unit consumes between 1.84 to 2.34kWwith the power factor of
0.90–0.92 during its operation. The fan for the central AC unit
is supplied by a separate circuit. The fan consumes about 250
watts at 0.54–0.56 PF (not shown), which comes on about 30
seconds after the AC starts, and goes off 30–60 seconds after
the AC stops.

D. Electric Water Heater (WH)

One-second electrical power measurement of a 50-gallon
electric WH unit (E52–50R-045DV) was captured during our
experiment. The WH operation was monitored for 14 hours
from 6 A.M. to 10 P.M., as shown in Fig. 8(a). Fig. 8(b) expands
the WH load profile between 7 P.M. and 8 P.M. on the same
day. The WH consumes approximately constant power at about
4.5kW at a PF of 1.0 during its operation.
Based on our observation for this particular case, the

50-gallon WH unit is ON after about five minutes of hot water
usage from a combination of showers, dish washing at a kitchen
sink and clothes washing by a washing machine. For the load
profile as shown in Fig. 8(a), WH operations at around 6 A.M.,

Fig. 9. Load profiles of an electric range/oven: (a) small burner; (b) large
burner; (c) bake at ; and (d) broil.

6 P.M., 7 P.M., and 10 P.M. were due to hot water usage in the
kitchen sink; and WH operations at around 6:30 A.M., 8:30
A.M., 8 P.M., and 8:30 P.M. were from showers. The 50-gallon
WH unit also operates once in a while to maintain the water
temperature in the tank even without hot water consumption.
This happened at about 2 P.M. in this case. For this particular
case, WH operation duration is approximately six minutes to
maintain the water temperature inside the tank. For other uses,
the WH operation duration can range from three minutes to 15
minutes. This can vary, depending on the amount (and duration)
of hot water drawn, hot water temperature set point, and the
water inlet temperature.

E. Electric Range/Oven

Load profiles of an electric range/oven (Kenmore 790.9131
2013) are shown in Fig. 9. This electric range/oven has four
cooktop burners: two small and two large; and an oven, which
allows a homeowner to bake or broil the food.
Electric power consumption of a small cooktop burner and

a large one was captured as illustrated in Figs. 9(a) and 9(b),
respectively. For the small cooktop burner, the control knob
was set to the high-heat setting during the first nine minutes.
Then, the knob was set to the medium-heat setting for the next
five minutes. Lastly the knob was set at the low-heat setting.
It can be seen that after the burner was turned ON, a radiant
element operates to heat the food. The power consumption of
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Fig. 10. Load profile of a dishwasher.

Fig. 11. Load profiles of the top-freezer refrigerator unit: (a) no activity; and
(b) with door opens and a defrost cycle.

this small burner is about 1.3 kW at 0.95 PF. The radiant el-
ement cycles ON/OFF once the right temperature is reached.
More frequent cycles with shorter ON periods were observed
when the knob was changed to lower heat settings. For the large
cooktop burner, similar heat settings were set, i.e., changing
from high-heat to medium-heat setting at minute 11, and from
medium-heat to low-heat setting at minute 16. Similar oper-
ating characteristics are observed. The power consumption of
this large burner is about 2.3 kW at 0.95 PF.
Figs. 9(c) and 9(d) illustrate oven characteristics when bake

and broil settings are selected, respectively. For the bake setting,
the oven power consumption is roughly 2.8 kW at 0.98 PF. No-
tice that there are periodic brief 400-watt increases during the
operation. This seems to be the operation of a thermal switch.
The temperature was set at , and it took about 19 min-
utes for the oven to reach the set temperature, after which the
oven operates in an ON/OFF cycle until it is turned OFF. For
the broil setting, radiant heat from the upper broil element in
the oven is used, and its power consumption is approximately
3.0 kW at 0.98 PF. The heating element operates in a periodic
cycle with 50-second ON and 10-second OFF, until the oven is
turned OFF.

F. Dishwasher

Load profile of a dishwasher (Kenmore 665.13242K900) was
captured during our experiment, as shown in Fig. 10. The dish-
washer operated for about 105 minutes.
The dishwasher has three main operating cycles: wash, rinse

and dry. As shown in Fig. 10, the first 50 minutes are associated
with the wash cycle. The rinse cycle follows from minutes 50
to 80. Then, the last is the dry cycle.

Fig. 12. Load profiles of the side-by-side refrigerator unit: (a) no activity; and
(b) with door opens, an ice-making cycle and a defrost cycle.

The first 10 minutes of operation during the wash cycle be-
long to the pre-wash phase. Pre-wash involves filling in water
and shooting the water through jets to get dishes clean. The dish-
washer consumes 250–300 watts at 0.62–0.65 PF. Then, the real
wash cycle begins when the water is heated by the heating ele-
ment inside the dishwasher until the water temperature reaches
the proper temperature, i.e., 115 in this case. During heating
the water, the dishwasher consumes about 1180 watts at 1.0 PF.
Then, the hot water is sprayed to clean dishes. A series of pauses
during the wash cycle are observed. The dishwasher then drains
dirty water, consuming about 36-44 watts.
The rinse cycle that follows starts by filling in water and

heating the water to the proper temperature, i.e., 135 for
this particular dishwasher. Then, the dishwasher sprays water on
dishes to rinse them. The water is then drained; and the dry cycle
starts. During the dry cycle, the dishwasher consumes about 600
watts at 1.0 PF.

G. Refrigerators

One-second measurements of two refrigerators (Hotpoint,
15.6-cuft top freezer and Maytag, 25.6-cuft side-by-side) were
recorded for five consecutive days.
Fig. 11 presents load profiles of the Hotpoint refrigerator for

two specific periods. One is between 1 A.M. and 5 A.M. when
there is no refrigerator activity, as shown in Fig. 11(a). The other
is between 8 P.M. and midnight with several refrigerator door
opens and a defrost cycle, as shown in Fig. 11(b).
For this refrigerator model, the power consumption during its

ONmode is about 135 watts (at 0.992–0.999 PF), and there is no
power consumption during its OFF mode. Without refrigerator
door open, a typical ON time is about 7.5 minutes and a typical
OFF time is about 17 minutes. High spikes can be expected
during transitions from OFF to ON stages.
When the refrigerator door is open, its power consumption

is increased by 40 watts due to the incandescent light bulb in-
side the refrigerator. This is shown in Fig. 11(b) at about 8 P.M.,
8:15 P.M., 8:50 P.M., 9:10 P.M., 9:40 P.M., and 9:50 P.M.. No-
tice that opening the refrigerator door will prolong subsequent
refrigerator ON durations. A defrost cycle happened at about
10:05 P.M., when the refrigerator power consumption increases
to about 365 watts (at 1.0 PF). A typical defrost cycle for this
refrigerator lasts about 20 minutes, and happens every 30–40
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TABLE II
DEMAND RESPONSE OPPORTUNITIES FOR SELECTED MAJOR APPLIANCES

hours. As shown in Fig. 11(b), a refrigerator defrost cycle will
follow by a long refrigerator operating duration.
Fig. 12 illustrates load profiles of the Maytag refrigerator

for the same two periods. Note that this Maytag refrigerator is
a side-by-side unit with a built-in icemaker. Fig. 12(a) shows
the refrigerator operation without any activities. Fig. 12(b)
shows the refrigerator operation with a defrost cycle, an ice
making cycle and door opens. For this refrigerator model, the
power consumption during its ON mode is about 145 watts
(at 0.989–0.992 PF), and that during the OFF mode is about
2.7 watts to supply electronic devices. Without refrigerator
door opens, a typical ON time for this refrigerator is about
20 minutes and a typical OFF time is about 25 minutes. This
refrigerator appears to have a much longer ON time than the
one shown in Fig. 11. One reason could be that this is a much
larger capacity refrigerator (i.e., 25.6 cu ft vs 15.6 cu ft).
This Maytag refrigerator has a freezer on the left side and a

fridge on the right side. There is one 45-watt incandescent light
bulb inside the freezer, and two 45-watt bulbs inside the fridge.
Hence, the power consumption increases by 45 watts when the
freezer’s door is open; and by 90 watts when the fridge’s door
open. An ice making cycle will add about 200–250 watts more,
which can be seen in Fig. 12(b) at around 8:20 P.M.. A defrost
cycle at about 10:30 P.M. indicates the electric power consump-
tion of about 500 watts (at 1.0 PF). A typical defrost cycle for
this refrigerator lasts about 13 minutes. As shown in Fig. 12(b),
a refrigerator defrost cycle will follow by a long refrigerator op-
erating duration, i.e., 50 minutes in this case.

V. DISCUSSION ON DR OPPORTUNITIES

This section summarizes operating characteristics of appli-
ances under study. It also discusses opportunities for these appli-
ances to participate in a demand response (DR) program, along
with operation constraints for different appliances to reduce cus-
tomers’ comfort level violation.

A. DR Opportunities for Selected Major Appliances

Table II compares power consumption, peak power reduc-
tion potential, possible interruption/deferral period and DR po-

tential of selected appliances in two households. Possible in-
terruption/deferral periods as presented in column (e) estimate
the duration that a specific appliance can be interrupted/deferred
without impacting consumer convenience.
For House 1, as far as the peak power consumption is con-

cerned—as shown in Table II column (a)—the appliance that
has the highest power consumption is the electric clothes dryer.
This is followed by the wall AC unit, the clothes washer, and
lastly the refrigerator. For House 2, two appliances that have the
highest power consumption are the electric clothes dryer (5.76
kW) and the electric water heater (4.5 kW). These are followed
by the electric oven, the central AC unit, the dishwasher, the
refrigerator, and lastly the washing machine. Observations for
these two houses of different sizes point out that:
• An electric clothes dryer offers the highest DR opportunity.
This is because deferring or interrupting clothes drying
loads can reduce the overall household power consump-
tion by a significant amount. In today’s environment, it
is possible to interrupt a clothes dryer operation by dis-
connecting its heating coils while letting the dryer tumble
without heat. External hardware devices can now be ac-
quired [16] to enable such a control. For the case of two
houses under study, demand reduction potential is 2760
watts for a stacked washer/dryer unit; or 5534 watts for a
front-load dryer unit when a clothes dryer’s heating coils
are disconnected. The interruption period should not be
more than 30minutes to prevent excessive heat loss. Defer-
ring a clothes dryer start time is also possible with selected
smart clothes dryer models. Possible deferral periods can
be up to several hours depending on how quickly a cus-
tomer would like his/her clothes drying job to finish.

• Electric water heaters, if present in a house, can offer the
second highest peak power reduction potential. Electric
water heaters are well known for their demand response
potential in direct load control programs. The PJM inter-
connection has a pilot project underway to demonstrate
water heater participation in PJM’s energy and regulation
markets [17]. To allow controlling a water heater without
affecting customer comfort, monitoring the water temper-
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ature inside the water heater tank is necessary. Then, a
DR implementation can be performed to allow interrupting
water heater operation only when the hot water tempera-
ture is within a limit preset by a homeowner, i.e., 110-120
. In this case, as soon as the hot water temperature falls

below a specified threshold, the water heater should resume
its operation.

• AC units offer somewhat medium DR potential as per-
forming AC control on a residential AC unit can reduce
at least 1 kW of peak power consumption for a window
unit, and 2–4 kW for a central AC unit. At present, a
central AC unit can participate in AC cycling programs
in response to signals sent by a utility [18]. With new
technologies, a wall AC unit can also be controlled [19].
A more realistic way of controlling air conditioners is
underway by adjusting the AC temperature set point [20].
In this case, demand response can be performed on an AC
unit while simultaneously maintaining customer comfort
preference. For example, a customer may specify his/her
comfort range, e.g., room temperature can go up by 5
from the original set point during a DR event. As long
as the room temperature is within this specific range, the
operation of an AC unit can be interrupted.

• Demand response can also be performed on dishwashers,
which can offer about 1 kW demand reduction potential if
deferred. Some dishwasher models available in the market
today offer an ability to defer their start time. Potential de-
ferral periods can be up to several hours depending on cus-
tomer preference. However, if a dishwasher is in operation,
it should not be interrupted, as some dishwasher models
may not be able to resume their operation after the inter-
ruption.

• Clothes washers and refrigerators have low demand re-
sponse potential because of the following two reasons.
One, their power consumption is not as high. Two, there

is yet no external hardware device available that can en-
able their DR functions. Thus customers need to replace
existing appliances with emerging DR-enabled smart ap-
pliances, which is unlikely. With the smart appliance con-
cept, selected appliance manufacturers envision a smart
washer with a delayed start time, delayed rinse cycle, or
spin cycle. A smart refrigerator is also envisioned with de-
layed defrost cycle, and perhaps modification of run time
during peak demand.

• Electric ranges/ovens have no DR potential. These are the
loads that should not be controlled, as it will significantly
impact customer convenience.

To take into account load priority and customer comfort pref-
erence in managing household loads, an intelligent home energy
management algorithm will be needed. Operation of these ap-
pliances should also be cycling with each other based on the
preset load priority to avoid customer comfort violation. Such
an algorithm, along with its hardware demonstration in a labo-
ratory environment, have been proposed by the authors in [21],
[22].

VI. CONCLUSION

This paper presents electricity load profiles of selected major
household appliances in one-second resolution, and provides
their raw data in one-second and one-minute resolutions. It also
discusses DR potential for these major household appliances.
The main contribution of this paper lies in the set of high-res-
olution data at an appliance level—which are intended for use
by university and industry researchers to develop realistic load
models, analyze various DR algorithms for home energy man-
agement and thus ultimately gaining an insight into how indi-
vidual appliance operation can be controlled for an emerging
DR program.

APPENDIX A
SAMPLE RAW POWER CONSUMPTION DATA (WATTS) IN 1-MINUTE INTERVALS
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