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Abstract

This reportaddresses the ever increasing percentage of whole éoesgy use that is
attributable tamiscellaneous electricity loads (MELs) and major appliandiebuilds on earlier
U.S. Department of Energy (DOE) reports on the same subject and incorporates the 2005
Residential Energy Consumption Survey (RECS) puldi data set to determine how major
appliance use is related to the number of bedrooms in existing homesedata, coupled with
existing and proposed DOE appliance testing and labeling standards, are then used to determine
a set of baseline lighting drapplianceenergyend usevaluesfor use in the HERS Reference and
Building America Benchmarwhole house energy analysis proceduréie report makes
recommendations for revising the reference standards that are in current use and provides
mechanisms foexpanding the number and types of lighting and major appliances that are
considered to be rated features of a home.

The report also provides a section on the potential of energy feedback devices and home energy
management systems to reduce home enggy

Executive Summary

The introduction of energy codes and standards following the Arab Oil embargo in 1973 has,
over time, dramatically altered the energy use patterns in homes, with considerable relative
reductions in heating and cooling energy congtimm due to increasing minimum code
requirements for these energy end ugether major appliancesuch as refrigerators and
freezershave also seen major reductions. However, for lighting and appliances, the evidence is
that energy use has increaseshecially as related to advances in home electronics and
entertainment. For example, even moderately sized;deghition TVs now consume more

energy than modern refrigerators. Computer simulation studies on the impact of residential
energy codes in Blida show thatfor the same sized homehile heating, cooling and hot water
energy uses compris@@% of total new home energy use in 1980, these uses now comprise only



45% of total new home energy Uséccurate estimates of these appliance and tightinergy
uses becomes increasingly importanivasnove toward lower energy use objectives for
residences, culminating in net zero energy homes.

In 2004 the Residential Services Network (RESNB&gandevelopng standards for rating the
energy performare of homeshat includeprovisions or all of the energy uses irhame.The

result wasestablishedby RESNETas their Home Energy Rating System (HER&hdards in

20062 These standards incorporg®visions for estimating the total energy use in hobye

adding energy use estimates for lighting and appliances to estimations for heating, cooling and
hot water end usedt the same time, the U.S. Department of Energy (DOE), through their
National Renewable Energy Laboratory (NREL) in Golden, Colorado, devesopédr

methods for estimating lighting and appliance energy estgrfatDOES Building America

(BA) program®

Both the RESNET and the BA methodologies for estimating miscellaneous electricity loads

(MELsT i.e. lighting and appliances loade)homes used the International Energy Efficiency
Code(IECC) asa basis for comparison. The BA methodology used tB8 #OCC specification

for total internal gaingh homes (72,000 Btu/day) tmlibratefor residual energy uses that were

not accounted for by major appliance energy uses derived from appliance EnergyGuide labels

and other national studiesRESNET used aimilar methodology but developed a total

appliance and lighting energy use based on the internal gain equation used in the 2004

supplement to IECC, which was based on the conditioned floor area of the Bothanethods

produced similar results as the BAethodology assumed a base home size of 18a@dt
projected the r esul tldadstg otherchemdssines. | Aimi scell aneo

Following implementation of the BA and HER®Sethods for estimatingesidential MELSs
practitionerexpressed concern thaith methods tend to over predict MELs in large homes.

For the BA methodology, the proportion of MELSs that is attributed to home size has a value
equal to 2.47 kWh/yft? and for HERS that value is slightly larger at 2.69 kWAiiSr However,

both of thee valueriginatedfrom values contained in the IECC requiring that specific internal
gains be applied to performanbased code compliance calculations. The data supporting these
IECC internal gain simulation requirements are scant.

In 2008, a reportammissioned by the U.S. Department of Energy (DOE) examined trends in

lighting andmiscellaneous electricity consumption in U.S. homes in a comprehensive fashion

(Roth etal., 2008)Thesed at a, coupled with the U.S. Energy
(EIA) 2005 Residential Energy Consumption Survey (REG®)ic use micrdatd are usedy

t hi s r e-¢er iasetadstafidard MELenergy use profilesn particular, measured

energyuse of specific equipment is used along with saturation data depending on house size to
develop explicit relationships based on available d@@e important resutif the workis that

'Fairey, P., 2009, AEffectivenes$2 ®0 FIHLOR1IB80600HoridRe si dent
Solar Energy Center, Cocoa, Fhitp://www.fsec.ucf.edu/en/publications/pdf/FSER-1806.pdjJ.

RESNET, 2006, fAMortgage Industry National Home Energy
OceansideCA.

*Hendron, R., et al., 2004, ABuilding Ameri-658 Perfor man
35567, National Renewable Energy Laboratory, Golden, CO.

* http://www.da.doe.gov/emeu/recs/recspubuse05/pubuse05. html
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the proportion of MELSs that are directly attributable to the sizesiflences is moderated to
1.76 kWh/ykft®> compared with 2.47 and 2.69 KWhfigf as used by the current BA and HERS
methods, respectively. Thissulttends tasupportconcernghatpresenimethods overestimate
MELSs in large homes.

Thisreportalsoe x pands on the number of fAratedo applia
that are considered by comparative simulation methga@siding proposedewrating methods

for televisionsgclothes washers aradothes dryers Additionally, the report recommeis

modifying orimprovingrating methods for lighting, refrigerators, ranges and ovens and ceiling

fans.

Finally, in Chapter 10, this report summarizes the potential of smart meters, energy feedback
devices and automated controls in reducing MELs aner @nergy uses in the honiéis
chapter includes a thumbnail sketctrcaofrent but rapidly advancirtgchnologies.

Appendix Bof this reporfpresents aet ofproposed modificaticsito the 2006Viortgage
Industry National Home Energy Rating Standattu fully incorpomates the findings and
recommendations of theeport.

1 Introduction

As shown in previous research, miscellaneous electricity loads (MELS) in homes is the fastest
growing enduse and one that is difficult to appropriately characterize. A recent report
completed by TIAX for the U.S. Department of Energy (Roth et al., 20@8jded a
comprehensive examination i&cent trends in miscellaneous electricity consumption in U.S.
homesHowever, the information contained in this reg&oth et al., 2008)as not been fully
incorporated into analysis procedures with the Buildimgefica Benchmark simulation
methodology (Hendron, 2008) because the Benchmark is intended to represent houses built in
the mid1990s, when the Building America program was created. Similarly, the same data has
not yet been incorporated into the Home End®gjing (HERS) procedures (RESNET, 2006).

Similarly, the energy use of some major appliances, such as dishsastievasherdhave
advanced in recent years with complex influences on electricity consumption that have not been
well-captured in HERS predlures.

In this report, we use the TIAX data, as supplemented by the recently available 2005 Residential
Energy Consumption Survey (RECS) public use data set to make significant improvements in
the prediction methods for estimating energy use of misealanelectric loads. Also in

considering how best to incorporate the TIAX and RECS data, we further reviewed and
assimilated portions of the MELS calculation procedures developed by NREL (Hendron et al.,
2004; Hendron and Eastment 2006) and data table®foe small endses not covered by

TIAX but previously developed by LBNL (Sanchez et al. 1998; Mills et al., 2008). After critical
review of available attributes and approaches, we developed methods for incorporating the
information into the currently dized analysis procedures. Our approach was to balance
calculation complexity with the need to address elements that make a significant difference in



household energy use either for new buildings or retrofit applicatidrsecondary benefit of
the effot is to make the BA Benchmark and HERS procedures more similar in their treatment

for the covered energy enuse loads.

The original HERS process, introduced in 1999, only considers heating, cooling and water
heating Energy codes also typically accotior only these three large energy usds 2006 the
HERS process added appliance and lighting to its process, allowing specific ratings for
refrigerators, dishwashers, ceiling fans and lighting. Within this reperattempt to develop
methodologiesa cover the following ten endse categories in a consistent fashion using the

best available data:

Indoor lighting
Outdoor lighting
Refrigerators
Clothes dryers
Clothes washers
Televisions
Dishwashers
Ceiling Fans
Ranges and ovens
Residual MELs

Too Joo Too Too Too oo o oo o o

Figure 1 shows the average enerc
use of a typical American home in
2005 according to RECS data.
Those data summarized energy u:
in a typical U.S. household,
consisting of 2.57 occupants in a
building totaling 1,970 square feet
of conditioned floor aredThe
average U.Shouseholdreflecting
the most typicasaturation, has
natural gas heat, but uses an
electric range and dryer. Such a
household usesbout 10,918 kWh
and 589 therms of natural gas

As shown in the figure, the

Total = 96.2 x 10°% Btu

Average Energy Use in U.S. Homes

Space heat

Il Cooling

B Hot Water
Refrigerator

H Range/Oven
Ceiling Fan
Dishwasher

B \Washer/Dryer
Televisions
Lighting

[l Other

5% 2%1%%
L g "

Space heat42%

Title

analysis in this report addresses ofFigure 1. Average energy end uses in the average U.S. househc

revises the 28% of energy end
uses thatomprisdighting and

2005. Note that the exploded sections of the chart show the 28%
household energy use by the analysis in this report.

household appliances. It also improves the calculation of 60% of typical residential electric uses.

® The source for the data is given in Appendix 1. Note that the breakout of the minor appliances agree very closely
with the RECS estimate for lighting and other appliances in that accounting.
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Importance of Correct Assessment of Residual Miscellaneous Energy Use

Properly accounting for miscellaneous electricity use is mapt particularly if one is

concerned with reducing all energy loads (e.g. Zero Energy HoRrepkerly accounting for
miscellaneous electricity loads is also criticahtwuratelypredicting influences on heating and
cooling. Currently, the HERS ratiagystem place an emphasis on making certain that
simulation software adequately predict the influence of various design variations. However, the
suite of tests clearly shows that variations in internal heat loads in buildings has large impacts,
not only an energy use of the appliances and lighting involved, but also on the heating and
cooling loads experienced by the buildings (Judkoff and Neymark, 1995).

This study finds thatiscellaneous electricitysedoes not vary with house size as aggressively
asspecified by the current HERS Reference schediigs,designers looking to achieve low

energy buildings will best evaluate conditions under more realistic influences as proposed in this
document. Here are the implications:

A Smaller (e.g. Habitat size) tmes will do best to concentrate on reducing appliance and
lighting energy in hot climates to achieve lower energy use since internal gains will
dominate cooling loads.

A Larger homes will show that improving the building shell is relatively more important
since much of iis relative to the internal gains.

In particular,anyoneusing a simulation metric that examirakbuilding electrical endisesfor
instance trying to design Zero Energy Horrgd®uldensure thathey use the methods provided
below to béter estimate the miscellaneous electricity use.

Finally, while acknowledging that differences are certain to reamaitas previously described
(Fairey et al., 2006), it is desirable that the BA Benchmark and the HERS Energy Rating system
standardsbe & consistent as possible. Thtlge current work is viewed as a possibility to

improve the consistency of the analysis methods while advancing the calculation methodology
itself for lighting, appliances and miscellaneous electric lo&tisvever, applicatin of these
recommendations to the Benchmark mustdmpletedn the context of a comprehensive
modernization to 2009 construction practices, appliance standards, consumer products, and
occupant behavior, along with a revision to the Building Americaggreavings targets for
consistency with the revised Benchmark.

2 Clothes Washers and Clothes Dryers

DOE test procedures for clothes washers and clothes dryers are described in 10 CFR 430,

Appendix J and-1 of the U.S. Federal Register. These appliances are intimately linked
because the clothes washerbés efficacy defines
The linkage iddue to the fact that clothes washers not only determine the amount of hot water

energy necessary to wash thetltes, buthey arealso a very large determinant in the amount of

water that must be removed by the clothes dryer. The Modified Energy Factor (MEF) is a major



determinant of the energy use required for drying the cl§tiesseparate the energy use the

clothes washing machine itself, hot water for the wash cycle and the later influence on dryer

energy use, it is necessary to use the test procedures of Appendix1 torskparatehe clothes

washer energy use from the test procedures. A sibiitadependent procedure must be used to
estimatethe energy use of clothes dryers alone. Only afteptioseduras accomplished can

the two devices be fAimixed and matchedo to det
combinations of the two appliancesdan various sets of fuel options (i.e. electricity or natural

gas).The proposedalculation proceduresrebased on a simplification of the procedures

originally created by Eastment and Hendron (2006).

2.1 Clothes Washers

Clothes washers are a very aown household appliance; 95% of U.S. households have them.

As seen in Figure 1, their direct impact on energy use is&rtedbs than half a percent of total
household energy consumption. However, clothes washers have large impacts on two other
energy usingppliances: water heaters and clothes dryers. Thus, relative to energy impacts,
clothes washers are also complicated since they have three influences on household energy use.

A They directly use electricity to run the machine, typically for the agitatom anotor
and valves and controls.

A The amount of hot water used to operate clothes washers directly impacts the amount of
household hot water that must be supplied by the water heating system.

A The effectiveness of the spin cycle at the end of the waspiergion influences how
much water must be removed by the clothes dryer, and hence impacts its energy use.

Clothes washaradd water, agitate and clean, rinse and then spin dry clothes prior to their being
removed for final drying in the clothes dryer.

2.1.1 Variation of Clothes Washer Use

The 2005 RECS data reports on how many clothes washing loactsngpéetedn the typical
American household. The data shows that 301average laundry loads apedaze. It should

be noted that the RECS data gefigighows a considerably lower number of laundry loads done
per yeawith anaveragenf 30lloadsversusthe 392 loads per yetratwereused in the U.S.

DOE washing machine performance labelprgcedures.

However, the RECS data does show the laulahgts varying by household size:

. regress loadsyr bedrooms

Source| SS df MS Number of obs = 3610
+ F( 1, 3608) = 170.67
Model | 6357371.21 1 6357371.21 Prob>F = 0.0000

® The clothesvasher MEF intrinsically includes the energy use of the washing machine, its hot water and energy
used for drying clothes. Within the DOE Energy Guide label for clothes washers, the labeled kWh, and MEF can be
used to derive the specific energy use ferdtothes washer machine, hot water use and energy used for clothes
drying.



Residual | 134395506 3608 37249.3086 R -squared = 0.0452
------------- + AdjR -squared = 0.0449
Total | 14 0752877 3609 39000.52 Root MSE = 193.00

loadsyr| Coef. Std.Emr. t P>[t] [95% Conf. Interval]

bedrooms | 45.61842 3.49189 13.06 0.000 38.77215 52.4647
_cons| 164.423 10.93953 15.03 0.000 1429748 185.8713

Standard Loads per Year (SLY) = 164+ 45.6*Nbr
where:
Nbr= Number of bedrooms

Although the Rsquare is very low, thedtatistic shows an undeniable relationship with the
number of bedrooms in the home. Given this formulatios averag¢hreebedroomhousehold
will wash301 laundry loads per year:

Bedrooms Loads
210
256
301
347
393

apbhwnN ek

Different washing machines have different volumetric capacities. To account for thes fact

Nominal Cycles per Year (NCY) is calculated based on the SLY and a standard washing

machine capacity of 3.0%tFor thi s purpose, the capacity of
ft%) used in the DOE engineering analysis for development of theesletasher test standard is

used to create a ratio that can be applied across the variety of clothes washer capacities such that
the same quantity of clothes is washed for the household regardless of washer capacity. Thus,

the nominal cycles per year faashers become:

NCY = (3.0/2.847) * (164 + Nbr+45.6)

Within our proposed estimation procedure we explicitly assume that a clothes dryer load is done
for each clothes washer loadihe BA Benchmark currently assumes that 84% of washer loads
result in drer loads (Dryer Utilization Factor, DUF= 84%) based on the DOE test method for
clothes washers (10 CFR Part 430, Appendix J1). However, here we assume that all clothes
washer loads are dried using the clothes dryer unless otherwise specified.

" The average size of standard sized clothes washers in the EPA Energy Star database is 3.31 cubic feet so the
average capacity of clothes washers in use in the U.S. is gdwirfect also agreed upon by the Association of
Home Appliance Manufacturers (AHAM) in recently described annual trends. Thus, we assume that the base
volume of the clothes washer linked to the number of cycles per year was approximately 3 cubic feet.



2.1.2 Procedure to Estimate Clothes Washer Energy Use

The procedures to account for all the various impacts identified above have already been
evaluated by Eastment and Hendron (2006). These procedures use data from the clothes washer
energy guide labelndthe mabdine Modified Energy Factor (MEFThey also usbkasic algebra

to solve for machine electricity use per cycle, hot water energy use per cycle and residual water
remaining in clothes at the end of the cycle. We proposéthlaing America and RESNET

adopta slightly simplified procedur® show the complex influence of washing machkiore

household energy use. The full procedure is described below.

kWh/yr = ((LER/392)-((LER*($/kWh) -AGC)/(21.9825*($/kWh) -
($/therm))/392)*21.9825)*ACY Eqgn. 1
where:
LER = Label Energy Rating (kWh/yr) from Energy Guide Label
$/kWh = Electric Rate from Energy Guide Label
AGC = Annual Gas Cost from Energy Guide Label
$/therm = Gas Rate from Energy Guide Label
ACY = Adjusted Cycles per Year
where ACY = NCY * ((3.0*2.08+1.59)/(CAPw*2.08+1.59))
where
NCY = nominal cycles per year based on RECS data
CAPw = washer capacityirucbi ¢ feet from the manufactur el
databas® or the EPA Energy Star webstiter use default of 2.874%%t

Daily hot water use is calculated as follows:
DHWgpd = 120.5* therms/cyc * ACY / 365 Eqgn. 2
where:
therms/cyc = (LER * $/kWh AGC) / (21.9825 * $/kWh $/therm) / 392

Rating and label Data on clothes washer may be found at the following web sites:

EPA: www.energystar.gov/index.cfm?c=clotheswashclothes washers
CEC: www.enerqgy.ca.qgov/appliances/database/excel based files/Clothes Washers/

2.1.3 Default Vintage (pre 2008) Clothes Washer

For a functional rating method, we need data for the characteristitdenfunlabeled clothes
washers and also unlabelegw clothes washers manufactured before 2008 when the Modified
Energy Factor (MEF) increased to 1.27. Thus, the default unit &sdase \were there is no

label data and for a unit older than those manufactured in 2008.

The default vintage washer is based on the unit described in the DOE engineering analysis with a
2.847 cubic foot capacity and the following energy related chaistits: ™

8 http://www.energy.ca.gov/appliances/database/excel_based_files/
% http://www.energystar.goiidex.cfm?c=clotheswash.pr_clothes washers
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LER =$704

$/kWh = $0.0803/kWh

AGC = $23

$/therm = $0.58

CAPw =2.847 ft

NYC = 320 (for 3 bedroom home)
ACY =333

Therms/cyc = 0.072

Substituting into equations 1 and 2, the annual electric energy and hot water tisesl&ault
vintage (pre 2008) washer become:

Annual energy use = 69.8 kWh/year
Daily hot water use = 7.94 gpd
Daily hot water savings: 7.947.94 = 0 gpd (this is the baseline hot water use)

2.1.4 Default Standard Efficiency New Clotheadher (post 2007)

We also propose a standard new clothes washer without label information. The unit would have
been manufactured after 2007. Our proposed standard Efficiency new clothes washer meets the
required minimum Modified Energy Factor of 1.27. Ht@ndard unit is an actual machine: ad

GE WJSR41603.2 cubic foot todoader (MEF= 1.27)

LER = $487

$/kWh = $0.0803/kWh

AGC = $23

$/therm = $0.688

CAPw = 3.2 ff

NYC = 320 (for 3 bedroom home)
ACY =304

Therms/cyc = 0.038

Substituting into equations 1 and 2, the annual electric energy and hot water uses become:

Annual energy use = 122.6 kWh/year
Daily hot water use = 3.82 gpd
Daily hot water savings: 7.943.82 = 4.12 gpd

The technical support document on ahthis calculation is based is the BA Benchmark:
http://www.nrel.gov/docs/fy060sti/39769.pdf
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2.1.5 Default Energy Star Clothes Washer

We also propose that a default Energy Star clotlesher be made available for use within the
RESNET/HERS procedures. The default minimum Energy Star Clothes Washer is a real model:
aGE WJR 5550H It has an MEF of 1.78 and a Water Factor of 7.9 gallahbarely complies

with the Energy Star requirenmteriWe suggest that thisit become the new default Energy Star
clothes washer for HERS/RESNET and potentially for BEopt as well.

Weblink for EnergyGuide label for GE unit:
http://products.geappliances.com/ApplProducts/Dispatcher?REQUEST=SPECPAGE&SKU=WJ
RES5550HWWA&SITEID=GEA

The following input parameters are used for the default Energy Star clothes,vaétbloeigh the
procedures can be aantated so the user does not have to input each parameter:

LER = $281

$/kWh = $0.0860/kWh

AGC = $14

$/therm = $0.910

CAPw = 3.5 ff

NYC = 320 (for 3 bedroom home)
ACY =282

Therms/cyc = 0.026
Substituting into equations 1 and 2, #reual electric energy and hot water uses become:
Annual energy use = 38.2 kWh/year
Daily hot water use = 2.46 gpd
Daily hot water savings: 7.942.46 = 5.48 gpd

Minimum Energy Star Clothes Washer
(GE WJR 5550H3.5 cubic foot togoader MEF= 1.78; Water Factor = 7.9)

Shownabove, the reduction in hot water use is a major impact of the more efficient clothes
washers.

2.2 Clothes Dryers

Some 93% of U.S. single family households have a clothes dryer in the 2005 RECS data. Of
theseclothes dryersabout 76% are electric. Themaining dryersire fueled by natural gas or
propane.

In most households, electric or natural gas clothes drgplace the need fatothing lines to

dry clothes.However, clothes dryers use an appreciab@unt of energy in the average
household. Electric clothes dryers typically have a 5,000 Watt heating element and a 0.375 hp
tumbler motor and fan blower. Typically, they use about 3 kWh per load of clothes dried.
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Natural gas clothes dryers typically ws@2,000 Btu/hr burner which can use a fifth of a therm
of natural gas for typical loamf clothesandanother 0.5 kWh per load for the electric motor
operating the tumbler and blower.

To add them to the BA Benchmark and RESNET standard applianceesstamined a

calculation procedure already developed by NREL and comiamémethodwith the measured
dryer energy use from various studies around North America. This calculation is described here
relative to the original equations. It is also includeca attached spreadsheet showing the
automated procedures.

2.2.1 Electric Clothes Dryers: End Use Studies

Considering a variety of engse metering projects, electric clothes dryer UEC values consume
about 900 kWh/yr. Below we summarize the varistuglies and measurement.

RECS (2001)

Esti mates within the EI A6s Residenti al Energy
averzlallge electric clothes dryer annual Unit Energy Consumption (UEC) to be 1,079 kWh per

year:

Southern California Edison gB1)
In the Southern California Edison, a sample of 92 monitored electric clothes dryers showed an
average annual electricity consumption of 1,070 kWh (Smith et. al., 1991).

BPA / ELCAP (1986)

The Bonneville Power Administration subetered dry ELCAP dat@ratt et al., 1989) showed:
Existing homes (n=206): 918 kWh/yr. In a sample of 77 new homes the average was
987kWh/yr

Progress Energy Florida (1999)

Data on 145 homes with monitored electric clothes dryers in 1999 showed an average
consumption of 88 kWh (Parker, 2002). As the project also collectedrilBbute data, the results
produce information on daily load shape and also information on how dryer energy use varied
with household size.

Multi-Housing Laundry Association

TheMulti-Housing Laundry Asociation(MLA) estimates 3.3 kWh typically per electric clothes
dryer load. Assuming 301 standard laundry loads per year, according to the RECS data for a
three bedroom household, tleistimateequates to about 993 kWh/yeathich is compaitae

with typical monitoring estimates.

1 http://www.eia.doe.gov/emeu/recs/recs2001/enduse2001/enduse2001.html
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Summary:

The average of all five samples with no particular weighting is 1,005 kWh/yr. Thus, a standard
BA Benchmar k/ RESNET standard electric clothes
range of 906 1100 kWh.

Although clothes dryers are not an appliance which the U.S. DOE labels, ostensibly because of
lack of significant product energy differentiation, technical evaluations suggest that clothes dryer
energy use can be reduced (see for instance, Bassily anel (28103). Of these, moisture

sensing with enhanced clothes washer spin cycles to remove initial moisture loads areralready
progressSlight changes to current manufacture:

A Improved drum seals to reduce dryer air leakage and shorten drying times
A Increase the outlet flow rate without increasing the inlet flow rate. This has the effect of
reducing the impact of drum leakage

Major design changes

A Heat exchanger from air outlet to inlet to allow downsizing of heating element and
improved drying efficiency

A Fully condensing clothes dryers

A Heat pump clothes dryers

It should be noted, however, that although clothes dryers do not have labels, their energy
efficiency is in fact rated. The tested Energy Factor of the clothes dryers, reported as the Ibs of
driedclothes per kWh per cycle is available in a database on the California Energy Commission
appliances website:

http://www.energy.ca.gov/appliances/databas@kyased files/Clothes Dryers/

2.2.2 Gas Clothes Dryers

Gas clothes dryers use both natural gas for heat and electricity for the 0.375 hp tumbler motor
and the blower and the 400 Watt {soirface igniter. However, measured data on gas clothes
dryer enegy use is considerably more limited than for electric dryers.

According to the MultiHousing Laundry Association (MLA), a typical gas clothes dryer will use
0.17 therms per drying cycle along with 0.5 kWh of tumbler and blower energy.

http://www.mlaonline.com/workback.htm

Assuming 301 laundry loads per year on average, this equates to 150 kWh and 51 therms per
year for gas clothes dryers. In agreement with this estimatAntieeican Gas Assait i on 0 s
2005 Fact Book shows that a gas clothes dryer will use an average of 51 therms per year. The
only monitoring study we could locate was @wenpletedn 1989 by Quantum Consulting

(Smith et al., 1991). They found an average of 43 therms used pén geamonitored units in
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California. Electricity use was not metered. In the KEMENERGY (2004) conditional

demand study, gas dryers in California were estimated to use 31 therms and 100 kWh/year. Thus,
the available data suggests that gas dryer enusgyyaries from 3153 therms per year for a

typical household and standard efficiency clothes dryer.

Our default clothes dryer in the evaluation procedure uses 35 therms/year and 77 kWh/year to
operate the drum, blower and igniter

2.2.3 Variationof Dryer Energy Use with Occupancy

Realistically, within the HERS/Benchmark procedure, the variation in the use of the clothes
dryer is linked with the number of laundry cycles done in the home. This, in turn, is linked to the
number of bedrooms arde clothes washer characteristics. We use the same relationship used
for clothes washers for the number of annual dryer cycles against bedrooms in the home.

Loads per Year = 164+ 45.6*Nbr
2.2.4 Procedure to Estimate Clothes Dryer Energy Use

As describd abovethe procedure to estimate clothes dryer energy use is linked to the same
procedure that estimates energy use of the clothes washer. An adequate procedure for BA
Benchmark and RESNET takes into account the various fuel uses as well as clothe®g mois
content and impact on dryer energy use. The NREL clothes dryer calculation procedure is based
on one used by the U.S. DOE for the evaluation of dryer energy associated with clothes washer
operation. The existing BA Benchmark procedure appears fuliguede and within our

analysis Here we check to see that emsks are being appropriately estimated.

An acceptable method for RESNET should also consider how added loads with greater

occupancy and the water contents of those clothes will affectenergyu A fist andar do
also needed for the sake of comparison. Thimparison is madsthatwe can estimate how

the efficiency of the clothes washer spin cycle affects the energy use of the dryer. Based on the
DOE test methods and pre 2008 clothesheas, the baseline dryer energy use is approximately
900-1100 kWhlyear.

The calculation procedure here for clothes dryers is taken directly from the evaluation by
(Eastment and Hendron, 2006) and is reproduced below. E@arigy labeling is not required

for clothes dryers; however, a DOE test procedure for clothes dryers does exist for the purpose of
determining clothes dryer compliance with federal appliance minimum efficiency regulations. In
addition, clothes dryer energy use is dependent on moisintent of the wash load. This

method incorporates equations used to determine the Modified Energy Factor (MEF) for clothes
washers and equations from the DOE test procedure for clothes dryers in order to model any
combination of clothes washer and clotdeger in a coupled fashion.

The method uses the tested Energy Factor of the clothes dryers, reported as the Ibs of dried

clothes per kWh per cycle. Data for individual units can be found in this database on the
California Energy Commission appliances wehs
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From this data, the standard minimum efficiency clothes dryer efficientyrfig 2.67 for

natural gas dryers and 3.01 for electricity. For the 516 standard sized electric clothes dryers, the
measured EF varied from 2.9 to 3.9. For the 456 gas dryers, the tested EF varied from 2.67 to
3.44. Thus, for our proposed calculation noet, we assume that the efficiency of clothes dryers

is 3.01 Ibs/kWh for electric and 2.67 lbs/kWh for natural gas.

Natural gas dryers also have some electricity use for the operation of the blower and the rotating
drum. Within the analysis done by Eastmhand Hendron they estimatide electric energy use

at ®b of total natural gas dryer energy use. Spot measurements by FSEC on a natural gas dryer
verified these numbers as being approximately carambut 300 Watt hours per cycle for these
operationdor a standard natural gas dryer.

The procedure also includes an assessment of whether or not the clothes dryer has a moisture
sensing termination. Those with this featumost new models will see consumption lower by
about 12%.

Annual clothegdryer energy use is calculated by equation 3 as follows:

kWh/yr = 12.5*%(164+46.5*Nbr)*FU/EFdry*(CAPW/MEF -
LER/392)/(0.2184*(CAPw*4.08+0.24)) Eqgn. 3
where:
Nbr = Number of bedrooms home
FU = Field Uilization factor =1.18or timer controlsor 1.04 for moisture sensing
EFdry = Efficiency Rctorof clothes dryetlbs dry clotheddWh) from the CEC databasé
or usefollowing defaults: 3.01 for electric or 2.67 for natural gas
CAPw =Capacityof clothes washe(ft®) fromthemanuf act ur er 6s data or |
or the EPA Energy Star websiteor use default of 2.874%%t
MEF = Modified Energy Bctorof clothes washer from Energy Guide Label
(default = 0.817)
LER = Labeled Energy &ing of washer (kWh/yrfirom Energy Guié Label
(default = 704)

We did make small modifications to the Eastment/Hendron procedure. diissgesvere to
assume that the clothes dryer cycles per year is linked with clothes waslvehizbe weight

of clothes washed remains a function of tikenber of bedrooms and is equal to that of a
standard 3 cubic foot washer with a dry clothes weight of fols 3bedroom home
Thisapproximation was madses there was no reliable data showing how clothes washed varies
with clothes washer volume.

2 http://www.energy.ca.gov/appliances/database/excel_based_files/
13 hitp://www.energystar.gov/index.cfm?c=clotheswash.pr_clothes washers
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2.2.5 Comparison of Calculation to Measured Data

It can be readily shown that the procedures recommended for raticigsingthe statistical

data and measured ende, all agree that average electric clothes dryers energy use is about 850
1100 kWh/yr wvith existing clothes washers. Similarly, annual gas dryer energy use varies from
43- 53 therms per year for a typical household.

The above calculation procedure is recommended for computing energy use of clotreesndryer
addition, we have identified ndel characteristics denoting the following classifications which
would not need further information:

A Default electric clothes dryer
- 3.01 Ibs/kWh for electric
A Default gas clothes dryer
- 2.67 Ibs/kWhequiv for natural gas.

Our defaultelectricclothes dryer uses 970 kWh/year in baseline condition (FU=1.18) and 855
kWh/year with moisture controlled cycle termination (FU=1.04). SityiJdhe default natural

gas clothes dryer uses 35 therms/year and 77 kWh/year; and with moisture controlled
termimation, it uses 31 therms/year and 67 kWh/year.

3 Dishwashers

Dishwashers have two impacts to household energy use: the energy used by the machine itself
and associated impact on household hot water use. The energy use of the machine is not very
largei typically 100- 200 kWh per year depending on frequency of use and vintage. There have
been few actual monitoring studies of dishwashers where the units were actualigtendd. A
notable exception was one study performed by the Bonneville Poweinidration in 1988

which measured an average consumption of 106 kWh per year in 70 monitored dishwashers
(Pratt et al., 1989). However, other studies for the California Energy Commission-(Kema
Xenergy et al., 2004), LBNL (Wenzel et al., 1997) and A.td.{1999 estimated 8&Wh, 179

kWh and 121 kWh, respectively. Of these, the LBNL study had the strongest basis as it
considered measured per cycle energy use rather than reliance on regression methods.

Recently, Hoak and Parker (2008) carefully estaddahe machine energy of three widely

differing efficiency levels of tested dishwashers and found consumption to vary from 0.9 to 0.35
kWh/cycle with 0.9 kWh/cycle being typical of a standard unit. Assuming that annual cycles per
year can easily vary from007 400, this would indicate household energy use for dishwashers
varying from 90¢ 360 kWh with the average at around 200 kWh strongly depending on the
typical number of annual dishwasher cycles. Currently, the LBNL Home Energy Saver software
assumes@8 kWh per year from the dishwasher machine itself. However, associated impacts on
hot water use can often be greater than the energy directly used by the dishwasher.
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3.1 Dishwasher Energy Factor Calculation

The energyrelated rating of dishwasherstigir Energy Factor. This is defined as 1/ kWh used
for doing one load of dishes. Energy factor varies from 0.46 for standard dishwashers all the way
up to 1.11 for very efficient models. Energy Star dishwashers have an EF of 0.65 or greater.

Dishwasherfiave been the focus not only of an analysis of how to derive dishwasher

performance from label data (Eastment and Hendron, 2004), but also of an assessment and
monitoring of real world dishwasher energy use characteristics (Hoak et al., 2008). Although the
Eastment/Hendron analytical method can be used to derive the components of dishwasher energy
use, like the evaluation methods for clothes washers, it is complicated and difficult to apply,
requiring extensive information both from the dishwasher enerigle dabelandfrom the EPA

and/or CEC websites. Here, we propose a simpler method for the HERS/Benchmark procedures
which utilizes that Energy Guide label or EF value for the dishwasher and the size of the
dishwasher (standard vs. compact) to predict itgpae machine energy and associated hot

water demand.

End-Use Electricity for Various

The advantage is that the calculation is Generic Dishwasher Types
easily done and only needs the dishwasl .. "
EF or the Energy Guide label kWh which 22§ 7y m—achive Pover *
are easily available. The source is U.S. ¢ 23 N External Water Heat Power |
' . S 1.8 \ —-4A— Hot Water Use: liters/cycle
DOE's National Impact Assessment for ¢ "1 N .
dishwashers and analysis. See Figure 2 3 14 NN 2 g
a summary ofhe source data fromthe 3 12 A\\,\ e B
< Q
Hoak et al. (2008) analysts. 4o A A X 2
< 084 | 4l \ Y AN AN A N 10
L . S oc] B | 7 B L
We suggest this simplification since data = ,, 1+ = - R N .
we havecollectedfrom real dishwashers 02 ‘ ‘
suggests it will work well and be simpler ~ co === ; . ; . : -
. ||Cat|0n for raters DOEMin EStar CEET1 NewEstar CEET2  Int. 1 Int. 2 Best
In app ) Model Type

Figure 2. Dishwasher impacts on energy use showing that
largest savings stem from reduced hot water use.

3.11 Cadculating Dishwasher Machine Energy

The test Energy Factor (EF which is 1/kWh per cycle) and the label for dishwashers can be used
to relate to the annual machinaly energy use separate from the external water heating. The
assumed cycles per year is 215 in the DOE test procedure.

kWh/yr = 86.3+ 0.222 * 215 * 1/EF
or:
kWh/yr = [(86.3 +47.73/EF)/215*dWcpy Eqgn. 4
where:
dWcpy = dishwasher cycles per year
EF = Labeled dishwasher energy factor

1 hitp://fsec.ucf.edu/en/publications/pdf/FSEXR-177208.pdf
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(Source for this regression showing how internal machine power relates to totaiptraer
the National Impact Assessment by DOE for Dishwashers).

Dishwasher Cycles per year in the 2005 RECS analyzed is:

dWcpy = 88.4 + 34.9*Nbr

. reg DWcycyr bedrooms

Source| SS df MS Number of obs = 2480
------------- + F( 1, 2478) = 112.48
Model | 2863098.28 1 2863098.28 Prob>F = 0.0000
Residual | 63074734.5 2478 25453.888 R -squared = 0.0434
------------- + AdjR -squared = 0.0430

Total | 65937832.7 2479 26598.561 Root MSE = 159.54

cycyr| Coef. Std. Err. t P>[t] [95% Conf. Interval]
_____________ +

bedrooms | 34.89742 3.290427 10.61 0.000 28.44515 41.34969
_cons| 88.44945 1055624 8.38 0.000 67. 74949 109.1494

We make a final adjustment to the cycles per year based on the capacity of the dishwasher. This
modificationis madesince most households use dishwashesoas as they approach being
fully-loaded.

dWcpy = (88.4 + 34.9*Nbr) * 12/dWcap
where:
dWcpy= Dishwasher cycles per year
dWcap = Dishwasher place setting capacity; (Rangé} Defaults = 12 settings for
standard sized dishwashers and 6 place setting®fopact dishwashers

This estimates 193 cycles per year for a three bedroom home with a standard sized dishwasher
and the resulting general equation for the standard dishwasher (12 settings; EF=0.46) as a
function of the number of bedrooms is:

dWash MVh/yr = 78 + 31*Nbr
3.1.2 EstimatingDishwasheiHot Water @nsumption
Dishwashers, particularly the more efficient modeigact the hot water needed for each cycle

asshownin the U.S. DOE data from its National Impact Assessment (NIA) for dishwashers
Thus, they have direct impacts on daily residential hot water consumpiibe.water use per

15 http://mww1.eere.energy.gov/buildings/appliance standards/
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cycle equation used in the DOE Life Cycle Cost Analystsat underpins the latest revision to
the federal dishwasher standisas follows":

Gallons per cyle (gpc) =4.6415*(1/EF) 1.9295
where EF = labeled Energy Factor of the dishwasher

So, the base dishwasher will use 8.035 gallons per cycle; a minimum Energy Star washer will
use 5.3 gallons per cyclend the best available dishwasher will use 2.3 gallons per cycle. The
change to daily hot water use is then calculated as follows:

dWdelta_gpd=[(88.4+34.9*Nbr)*8.085 - (88.4+34.9*Nbr)*
12/dWcap* (4.6415*(1/EF)- 1.9295]/365 Eqn. 5
where
dWcap= Dishwasher capacity in number of place settings (default = 12).

Below we list EF and dWdelta_gpd fotb@droom homes for a dishwasher with 12 place
settings:

EF deltaGals

0.46 0.00
0.58 0.98
0.62 1.27
0.65 1.47
0.68 1.66
0.72 1.89
0.80 2.29
111 3.05

3.2 Comparison of Method with Measured Dishwashers

The default Dishwasher (EF= 0.46; setting =12) thraebedroom home would show 179
kWh/year for machine energy with 4.3 gallons of hot water used each day to supply the
dishwasher.

A minimum efficiency Energy Star dishwasher (EF=0.65; settings =12) would show 152
kWh/year and a reduction in daily hot watsewf 1.47 gallons. The various interactions are
specified in the HERS/Benchmark spreadsheet.

How does all this compare with real tested dishwashers? Faothigarisorwe have data from
the Hoak and Parker assessment (2698here, the measured elécity use and gallons
consumed by the dishwashers was measured.

®Based on AHAMdata showing historical relationship between total energy use (kWh/cycle) and total water use
(gal/cycle)

" Revised on 05/23/2011 based on better information.

18 hitp://fsec.ucf.edien/publications/pdf/FSECR-177208.pdf
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Standard Kenmore 665658220 Dishwasher

EF= 0.49, Measured gallons per cycle = 6.7; Measured electric use: 0.76 kWh/cycle (0.96 with
resistance drying).

Model prediction: 7.5 gallons per cgclPredicted electric use: 0.85 kWh/cycle

EnergyStar Kitchen Aid KUDSO11 Dishwasher

EF= 0.68, Measured gallons per cycle = 5.0; Measured electric use: 0.66 kWh/cycle (0.86 with
resistance drying).

Model prediction: 5.3 gallons per cycle, Predicted electse: 0.73 kWh/cycle

Bosch XHX98MO09 Lowest EF Dishwasher

EF= 1.14, Measured gallons per cycle = 2.3; Measured electric use: 0.35 kWh/cycle (1.11 with
heavy soiling)"®

Model prediction: 2.3 gallons per cycle, Predicted electric use: 0.60 kWh/cycle

As se@, the model works well and should be adequate both for HERS and Benchmark purposes.

4 Refrigerators

Virtually all homes in the U.S. have refrigerators with an estichd83 million units installed
thatconsune one quad of energy in the national econoRefrigerators are estimated by the
RECS survey in 2005 at average electricity consumption in U.S. households of 1,360 &$vh.
modern refrigerators use less than 800 kWh/yehile those manufactured before 1980 often
used more than 2,000 kWh per y&hiscircumstancelustrates two facts regarding this
important appliance:

A A significant number of U.S. homes have more than one refrigerator
A Many U.S. homes have older refrigerators

The RECS data itself provides important information about both thests?® Fully 22% of all
households have two of more refrigerators and 30% of detached single family homes have a
second or even third refrigerator. Refrigerators also last a long time. In some 31% of households
the most used refrigerator is older thamyears in age; in 6% of househsttie main

refrigerator is more than 20 years old! The second refrigerator is typically smaller and older;

fully 52% of the second refrigerators were older than ten years and 17% were older than twenty
years.

The most comnon refrigerator size and type is still the top freezer with a typical volume around
19 cubic feet, but the larger stdg-side units with througtthe-door ice and water are nearly as
common. Generally, newer refrigeratoend particularly those in new m2$ are of these

types.

¥ This very high efficiency dishwasher does not have an electric resistance drying cycle, but is unusually sensitive
to the level of dish soiling.
20 hitp://www.eia.doe.gov/emeu/recs/recs2005/hc2005 _tables/detailed_tables2005.html
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RESNET standards currently show a standard refrigerator with an energy use of 775 kWh in its
reference house. Energy Star refrigerators are at least 20% more efficient than standard types.
For instance, a quick evaluani of available Energy Star refrigerators skowany models with

an estimated energy use of 618 kWh in the populartsrede type of the common 25 cubic

foot size.Consumptiorof refrigerators is highly dependent on size; the estimated maximum
annual casumption of a 21.7 cubic foot side by side unit built to the most recent 2005 standards
is 671 kWh (U.S. DOE, 2005}.However, for this analysis we examined all 5,039 refrigerator
freezers in the California Energy Commission 2009 dataf3agee highest consuming currently
manufactured unit, which had a volume of 30 cubic feet, had an estimated annual consumption
of 790 kWh. Thus, thifinding shows that the choice of the reference refrigerator at 775 kWh a
year is a good indicator for typicanergy use assuming that the RESNET standard wishes to
reward the choice of both more efficient and smaller units. §gesificationalso seems a
reasonable choice for the BA Benchmark which wishes to compare consumption to a fictitious
home built in tle late 1990s.

4.1 Reference Standard Refrigerator

This report recommends that the reference standard for new refrigerators be updated to account
for the number of occupants in the home, which according to 2005 RECS data impacts
refrigerator size, and taccount for the most recent minimum requirements for refrigerator
efficiency. To accomplish thissk the 2005 RECS data were regressed to determine the
relationship between refrigerator size and the number of bedrooms with the following result:

Frig size No.(y) vs. Number of bedrooms (x)
SUMMARY OUTPUT

Regression Statistics

Multiple R 0.321481
R Square 0.10335
Adjusted R 0.103145
Square

Standard Error  0.688125
Observations 4378

2L http://www1.eere.energy.gov/buifdys/appliance _standards/pdfs/refrigerator_report_1.pdf
22 http://www.energy.ca.gov/appliances/database/excel_based_files/Refrigeration/
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Coefficients Standard t Stat

Error
Intercept 2.850387  0.02925 97.45024
X Variable 1 0.22248 0.009906 22.45858
However, this regression result is in terms o

refrigerator volumes within it (see Figure 3), so some additional analysis is nedesgeiryo an
equation that can be used to define refrigerators in terms of volulnan@number of
bedrooms (Nbr).

To aid in this analysis a histograrhtbe 2,500
refrigerator size categories was
developedas shown in Figure 3. These 2,000
data were then used in conjunction with
the regression data to revise the regressi
eqguation in terms of refrigerator volume
instead of nds,thee n

1,500
1,000
original regession equation was solved <00
using the average number of bedrooms i
the sample of 2.8. Thisquationyielded o, — 1l | | H

Weighted Average = 18.4 cu.ft.
Source: 2005 RECS

Number of Homes

an average refrige <113 11-14ft3  15-18f3  19-22fi3 223 f

3.473. The weighted average refrigerato Refrigerator Size (cu.ft.)

size of 18.4 ftis shown in Figure 3. Figure 3. Histogram of refrigerator size categories from 2(

However, since average new refrigeratorSECS data for existing U.S. homes

are considerably | arger than the stock of exi

weighted average size was 22.3 cubic feet in 2003), we choose to use that relationshiéo alter t
above equations so as not to bias against newer units which tend to b&|aHgervolume was
divided by this size number (3.473) to determine a conversion factor that could be applied to
modify the coefficients of the original regression equatidhis modificationresulted in the

following equation for refrigerator size as a function of the number of bedrooms:

frigVol (ft®) = 18.3 + 1.43*Nbr

The current 10 CFR 430.32 equation for class 7 refrigeratorsk{gidiele) with through door ice
is as bllows:

kWh/yr = 10.1*AV + 406
where:
AV = adjusted volume = (refrigerator compartment volume) + 1.63*(freezer compartment
volume), where the refrigerator compartment = 3/5 of the total volume and the freezer
compartment = 2/5 of the total volume.

Coupling the above equation for refrigerator volume (frigVol) with the 10 CFR 430.32 equation
for annual energy use, one obtains the following standard refrigerator annual energy use as a
function of the number of bedrooms in the home:

% RosenstockSteve, April 2005. Edison Electric Institutetp://www.peaklma.com/files/publiosenstockei.ppt
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Nbr cu.ft kWhl/yr
1 19.7 655
2 21.2 674
3 22.6 692
4 24.0 710
5 25.5 728
6 26.9 746

These data can then be represented using the following general equation for the standard
refrigerator annual energy use:

frig (KWh/yr) = 637.4 + 18.1*Nbr

4.2 Rating NewRefrigerators

Since theEnergyGuiddabel for refrigerators is both widely available and typically visible, it
remains the recommended procedure both for RESNET and for the BA Benchmark procedures
to input the energy use of the rated home based denngyGuidelabel for the evaluated or

rated home. If the guide is not available, the annual kWh is typically available from the data in
the CEC website.

We also conducted an analysis of the minintumergy Stamodels now available for
refrigerators of varios size classes based on evaluating the EPA Energy Star Refrigerator
website:

Size (Adjusted cubic feet) Annual KWh

Small (17- 18 ft3) 433
Medium (2122 {t3) 443
Large (25-26 ft3) 532
Extra Large (3631 ft3) 571

Even though this data is made available, it is suggested tHahéngyGuiddabel still be used
for estimating the energy use ofiefg er at or s i n the evaluated home
refrigerator has not yet been chosen.

It is alsoimportant to realize thatincerefrigerator efficiency has changed so dramatically over
timel and many homes with second refrigerators are an older vintageuseful to suggest
methods to estimate their energy use if no other label data is available.

The 1993 National Appliance Energy Conservation Act (NAECA) standard for minimum

refrigerator efficiency provides a ready method to accomplish this ést{es. DOE, 1995).

We break the estimated annual kWh into refrig
minimum levels of performance:
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4.3 Estimating Annual Refrigerator kWh for Older Units

Annual energy use may be estimated for exigtafiggerators bsed on 1993 NAECA
procedures.

Type Annual kWh
Top-freezer: [16.0*AV + 355 * VR
w/TTD [17.6*AV + 391]* VR
Bottomfreezer: [16.6*AV + 367] * VR
Side-by-Side: [11.8*AV + 501] * VR
w/ TTD [16.3*AV + 527] * VR
where:

AV = Adjusted volume = (refrigerator compartment volume) + 1.63*(freezer
compartment volume)

VR= Vintage Ratio

TTD = thruthe-doorice feature

Increase consumption by 5% for standard models without TDI butawttimatic ice maker
Fortunately, available data suggests how the 1993 NAECA standard can be used to estimate
energy from older refrigerators of the same types.

Refrigemtor Vintage Vintage Ratio

1972 or before 2.50
1980 1.82
1984 1.64
1988 1.39
1990 1.30
1993+ 1.00

Source: ESource Residential Appliance®oulder, CO, 1995, p. 4.4.4.5.2

5 Range and Oven Energy Use

Cooking is generally an energy end use in every American household, albeit one that has been
trending downward as cooking at home has receded over the last two decades. Cooking uses two
primary fuels: gas and electricity. In single family homes in the, @l8ctric range/ovens

account for about 62% of the population; the rest use natural gas or pfbpane.

Below, we show the measured range kWh fromRtagress Energgubmetered data taken in
Central Florida. There were some limitations that should berstogel relative to the
monitoring. The study only measured a single range. If there was a etamisland range that
was separate or an "other side of the kitchen" avenenergy use aly oneof these
appliancesvas typically recorded. That meahsit the average numbers are a likely somewhat
low, although thicircumstancevas not that common. Also, the energy use of other kitchen

24 Sourcehttp://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hc9homeappliance/pdf/alitables.pdf
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appliancessuch as microwave and toaster ovevesnot recorded anid not part of this
characterization.

.sumrang ekwh

Variable | Obs Mean Std. Dev. Min Max
_____________ +

rangekwh | 67 309.8687 218.5101 87.6 1401.6

Average range annual electricity was 310 kiWkhe 67 homes which were measured. This
averages likely somewhat low. Another monitoring study Quantum Consultingf 92
monitored households in California in 1989 found 385 kWh as the aSauth et al., 1991)

As part of our evaluation, we axaned sources for cooking energy use data. Within the ELCAP
data (Pratt et. gl.taken in 198485 in the Pacific Northwest, a sample of 206 homes they found
range/over energy use to average 510 kWh/year. Those same data did not correlate cooking
energy us with bedrooms, but they did summarize consumption with occupancy:

Occupants Annual kWh

1 350 (n=9)

2 453 (n=83)
3 517 (n=31)
4 526 (n=47)
5+ 695 (n=26)

It might be noted that in most recent census data, we find that the average number occupants
tends to be lower than bedrooms by about 0.5 occupants.

We also examined a monitoring study done by Pacific Gas and Electric in California (Brodsky,
1987) in whch 199 range and range/ovens were monitored from-1986. Total cooking

energy use averaged 656 kWh/yr. The study noted that many households had both ovens and
range tops and range tops with ovens. However, in this studyappkances wer metered
seprately with the following average UECs: Oven and Range/Oven: (334 kwh) and range top
(322 kWh).

Examining the RECS data, the EIA shows oven/range energy use averaging 440 kwWh/yr.
Although this number is derived by the regression procedures withiREICS analysis and thus
is less reliable than the other emse studies, it stitllignswell with the ranges observed in the
monitoring studies.

http://www.eia.doe.goemeu/recs/recs2001/enduse2001/enduse2001.html

We also examined the RECS data to see how frequency of oven use varied with number of
bedrooms and found the following:

RECS OvenUses = 140 + 16.5 * Nbr.
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Assuming 2.8 bedrooms and 440 kWhdgrthe standard, the equation for range energy use as a
function of the number of bedrooms becomes:

Range (kWh/yr) = 331 + 39 * Nbr = 448 kWhly for 3 bedrooms.

5.1 Gas Ranges

There are few studies that can be located on the energy use of gas ranges. One measurement
study byQuantum ConsultingePRI, 1991) of 92 monitored households in California in 1989

found 32 therms per year was the average consumption for gas rangesehhi€EMA-

XENERG Yevaluation for CEC (2004) estimated 43 therms per year for cooking and the LBNL
Energy Source Data Book (1997) estimated 56 therms. However, the later estimates are perhaps
less compelling in that they are based on conditional demanabssi.

Another analysis by RMI estimated that a natural gas range would use 30 therms of natural gas
per year. However, the oven part of the range also uses a 350 Watt electric resistandadet
igniter so that the two average hours of over per week wilalsouse 0.7 kWh of electricity.

From a heat transfer standpoint, gas ranges are inherently less efficient than electric resistance
elements. Tests described by LBNL (1998) in a comprehensive assessment of cooking
technologies, showed a%efficiency in transferring heat for resistance coils/halogen elements
vs. about 40% for natural gas burners. Induction electric ranges have showed approximately a
90% efficiency in the similar tests.

The same detailed analysis conducted by LBNL (1998 gy est s t hat the f#fgl oo
ovens consumes an average of about 48 kWh/year for standard op@ratitrin our analysis,

we assume that gas ranges experience the same frequency of use as electric ranges but that their
consumption is about 1 kikatt hour per therm to yield similar values that are consistent with

the LBNL work.

5.2 Cooking Trends and Occupancy

Home cooking has beeateclining(eating out more often) and likely microwave use and toaster
oven use has taken away a part of thissoonption. Thus, it is not surprising that the older
studies identified above show the highest consumption 1&els.

We further examined the data to see how cooking varied with occupancy using the Central
Florida data. However, we didn't suggest much eéwtlay of explanatory varialdéo explain
cooking energy use. Conditioned floor area was not signifi¢éwet ledroomsvariablewas as
robustas occupants in the little explanatory power in the examined relationship:

22 http://www1.eere.energgov/buildings/appliance_standards/residential/pdfs/cookgtsdSeaf Table 1.13.

fiCooking Trends: Are We Really Becoming a Fast Food C¢
http://www.eia.doe.gov/emeu/recs/cookingtrends/cooking.html
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. regress rangekwh bedrooms

Source | SS df MS Number of obs = 67
------------- + F( 1, 65)= 3.53
Model | 162149.489 1 162149.489 Prob>F = 0.0649
Residual | 2989131.51 65 45986.6386 R -squared = 0.0515
------------- + Adj R -squared = 0.0369
Total | 3151281.00 66 47746.6818 Root MSE = 214.44

rangekwh |  Coef. Std.Err. t P>|t| [95% Conf. Interval]

_____________ +

bedrooms | 43.24213 23.02847 1.88 0.065 -2.748904 89.23317
_cons| 202.7314 62.78305 3.23 0.002 77.345 328.1178

Interestingly, one occupants were accounted for, larger houses had a negative relationship to
cooking energy. One interpretation might be that higher income households in big houses eat out
more often. Againit is important tonote that these numbers are probably abodb 30w (see

the RECS data above).

5.3 Calculation Procedure for HERS/Benchmark for Cooking Energy

Based on the above data, our suggested relationship for annual electricity for range/oven cooking
is based on the frequency of cooking with household sigedban the RECS data:

Electric Range kWh = 331 + 39*Nbr
5.3.1 Natural Gas

Preserving the same ratio of fixed to occupancy related consumption for natural gas cooking
based on th®uantumstudy of measured consumption for gas ranges (consider an apatexi
average target of 30 therms for a three bedroom home) and considering the fundamental
efficiency of the heat transfer process (74% for electric standard vs. 40% for gas) suggests the
following for annual energy use:

Gas Range therms = 22.6 + 2.7btN
Gas Range electric kWh = 22.6 + 2.7*Nbr

Note that we also account for electricity use by the natural gas range. Thus, in lieu of more
detailed data, we propose the above relationships for cooking energy end uses, both for the BA
Benchmark and for thRESNET standard.

5.3.2 More Efficient Cooking Technologies
There is now a more efficient electric cooking technology. Induction rangpgsh are now

widely available, have measured efficiencieth heat transfer efficiency about 17% better than
an electric resistance or hot surface range as seen in the LBNL?5tudy.

27 See alsohttp://theinductionsite.com/
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However, in application, only about half of this efficiency improvement can be expected since
cooking times/ boiling rates are radtvays regulategreciselyand the oven portion of an
induction range is not affected by the improvements to the burner efficiency.

Similar, convection ovens have been measured to reduce oven cooking energy by about 25%
30%, although the degree to whitlis feature is used and the fact that the oven is used for only
about half of cooking use, suggests that a convection oven can only be expected to reduce
cooking energy use by about 3% his estimate alsalignswith that in the LBNL study (1998).
This advantage for convection oveagpiesto eithernatural gas or electric ranges.

There is also at least one manufacturer of gas/propane ranges $isatlidsgtate ignition for the
oven and thus avoids the energy use of the electric resistance igniters.

5.4 Recommended Calculation Procedure for Rated homes

5.4.1 Electric Cooking

Electric Range kWh = BEF * OEF * (331 + 39Nbr)
where:
BEF= Burner energy factor = 0.91 for induction ranges and 1.0 otherwise.
OEF = Oven energy factor = 0.95 for coantien types and 1.0 otherwise
Nbr = Number of bedrooms

5.4.2 Gas Cooking

Gas Range therms = OEF*(22.6 + 2.7*Nbr)
Gas Range electric kWh = 22.6 + 2.7*Nbr
where:
OEF = Oven energy factor = 0.95 for convection types and 1.0 otherwise

6 TelevisionEnergy Use

There are about 275 million TVs currently in use in the U.S., consuming over 50 billion kwWh of
energy each yedr or 4 percent of all households' electricity use. In 2001, there were 2.3
televisions per household, with 20% of those being bigescTVs. By 2005, thisumberhad

grown to about 2.5 TVs pé&iouseholdand 2.8 in single family detached homisst

surprisingly, the number of big screen TVs hb® risen- 38% of single family homes had a

big screen TV in 2005. In 2009, the numbetastain to be higheand growing rapidly with the
saturation of large digital televisions

BCPUC, AEnd Use and Technology Specific Data, o Califor:i
http://docs.cpuc.ca.gov/published/Report/30174.I@onsumer data on measured saving of convection ovens:
http://www.sfgate.conaQi-bin/article.cqgi?file=/c/a/2003/11/19/FDGFQ33E3N1.DTL
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6.1 Televisions per Household

The regression of TVs against bedrooms within the RECS 2005 dataishengsting trends. It

only explains 17% of the variation, e tstatistic is hugely significarnt meaning the

coefficient of a television for every two bedrooms is a powerful influence on the average of
televisions found in households in the United States. The essential relationship from the RECS
data:

Typical TVs per household £.1+ 0.51 (Bedrooms) [n= 4330]

Source regression:

. reg tvcolor bedrooms

Source | SS df MS Number of obs = 4382
_____________ + F( 1, 4380) = 894.44
Model | 1271.34033 1 1271.34033 Prob>F = 0.0000
Residual | 6225.63389 4380 1.4213776 R -squared = 0.1696
------------- + AdjR -squared = 0.1694
Total | 749 6.97421 4381 1.71124725 Root MSE = 1.1922

tvcolor| Coef. Std.Err. t P>[t] [95% Conf. Interval]

bedrooms | .5128369 .0171476 29.91 0.000 .4792189 .5464548
_cons| 1.095679 .0506335 21.64 0.000 .9964112 1.194946

6.2 Issues with Energy Rating for Televisions

While, televisions comprise an estimated 4%miwinghousehold energy usinere are some
significant issues associated with rating televisions within HERS ratimysenergy use is tied
to more factors than the number of sets in the residdfics, the fact that second (or third,
etc.) TV exists in a home does not mean that it will be usedexs adtthe primartelevision
Second, the pmary TV setwill likely be larger and use more power than second or third TVs.
Both of these facts arevealed irrecentresearch on home electron@sergyuseby Roth and
McKenney(2007) Thecoredatafor analog TVsrom this study is as follows:

TV: hrs/day; avgSize! aciveW | stdbyW
primary 7.1 30 115 4
secondary 4.3 24 93 4
third 3.3 21 79 4
forth 3.2 21 78 4
fifth 2.0 18 67 4
sixth 1.2 18 67 4
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These data clearlshowthat the primary TV is both larger aused more often than secamng
and following TVs,confoundng a simplified rating methodology that woulde average annual
energy consumption for each TV. Fortunately, theseatatavell characterized by aguation
that is based on the logarithm (base 10) of
the TV numbers ithe home 8 71

OnHours = 6.876-7.054 * log (TV#)

. R Square=0.969
Figure 4presens theresults froma

regressioranalysisof these datahowing
that viewing hours for multiple TVs in
homesarewell correlated to the

logarithm of the TV numberFor these
purposes TVs are listed from their larges
screen size to their smallest screen size

On Hours per day

andwithin a given screen size from their o o1 o2 03 04 os o6 o7 o8
largest active wattage to their smallest log(10) of TV
active wattage. As seaémFigure 4 the # Actual —— Predicted

correlation coefficien(R Squarefor the  Figure 4. Showing the regression fit of TV viewing hours
resultingregression is reasonable. Thusfunction of the logarithm of primary and secondary TVs in
we recommend thahis procedure for homes.
ordering mitiple TVs in homes and the
resulting regressioaquation be used to determine the number of hours that multiple TVs will be
used in homes

onHours = 6.876 7.054*log0)T V#

or 0.5 hours, whichever is greater

Thesourcedata also show that TV size andiae power are related fBV order. The active

power data can be correlated to the logarithm of the TV nuntb@never, prior to performing

such a regression, it issefulto notethat the multiple TV data (Roth and McKenn@907) are

for analog TVs. The authors are not aware of a corresponding set of data for digital TVs. While
digital TVs are not likely to exhibit a significantly different pattern of use with respect to

viewing hours, their size and power demand candrefieantly larger than for analog TVs.

Roth, et al. (2008) report average unit energy consumption (UEC) for analcat ZY8kWh/yr

per unitwith a saturation of 2.0&8nalogTVs per home. For digital TVs, they report UBE392

kWh/yr per unit with asaturation of 0.35 TVs per home. Thus, total average energy
consumption for homes becomes 580 kWh per year with a saturation of 2.4 TVs per home, or an
average use of 242 kWh/yr per TV set.

This annual average TV energy use vatugsed along with theiewing hour datéao modify the
active power demand such that the TV energy use value for a tyfgealr8om home with
(1.1 + 0.51*Nbr = 2.63) TVs equsab36 kWh/year or 242 kWh/yr per TV seto accomplish
this equivalencyrequires that the active powsattagein the above list be increased 1% per
TV set Thisadjustmentesults in a correlation for the active wattage of standard TVs as
follows:

actWattgrp = 1241 69.1*log10)T V#

or 50 watts, whichever is less
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The above regression results a etation coefficient (adjusted R Square) of 0.975. Thus, for the
first TV, the active wattage would be 124 watts and the daily viewing time woul@®bdurs.

We propose that the standard TV standby power be maintained as found by Roth and McKenney
(2007) at 4 watts. Thus, theastdard primary TV would consum&24 watts *6.88hours + 4

watts *17.12 hours =) 922 waltours/day or 336 kWh/year.

6.3 Calculation Procedure for Television Enetdse

EPA has largely done the work for ratings and the eventual FTC label that will be seen on all

television sets within a year. Within the procedure, the standbyectore)wattageis measured

includingthe activewattagewhen in use. These values are teégte each television and will be

published on the FTC label. These data are already available within the EPA website for

EnergyStaicompliant televisions. The current spreadsheet can be downloaded here:
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw__
code=TV

It is important tonotethat the annual energy use valuesvided in the EPA tables are derived
assumindive hours of active viewing and 19 hours of standby wattage. afigoximation

differs from theprocedure describegbovebut the 5 hours is virtually identical to the viewing

hour average thatone wouldtoa i n from the first 3 TV6s wusing
equations.

The average television energy use for standard cathode ray tube (CRT) televisions comes from
an evaluation done for EPA by tBadmus Groujin 2008%° This data set is usefin

determning the average active wattage of TVs as a function of diagonal screen size. A
regression analysis was conducted to make this determination with the following result:

actWattsy = 9.21 + 1.17*diag + 0.110*didg

This equation may be used to determinedtteve wattage of TVs that are not otherwise labeled.
Additionally, a standby wattage tur watts should be used as the default for TVs that are not
labeled. The active and standby wattage is then used in combination with the viewing hours
equaion to determine annudV energy use on anit-by-unit basis where TVs are ordered by
decreasing size and active wattage as described.above

Calculations used to determine annual energy use for either the HERS Reference or BA
Benchmark home and the Rater BA Prototype homes are as follows.

6.3.1 HERS Reference or BA Benchmbitme
The Referenceor Benchmarkhomeannual TV energy use determined based on the following:
actWattgtp = 1241 69.1*|0qlo)TV#

or 50 watts, whichever is greater
offWattssp = 4

2 hitp://www.energystar.gov/ia/partners/prod_development/revisions/downloads/tv_vcr/Dataset.xls
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onHours = 6.876 7.054*log10)T V#
or 0.5 hours, whichever is greater
offHours = 24i onHours

TVKkWh/yr = F(actWattssrp,i *onHours,i + offWattsstp,i *offHours,i)
+ p*(actWattsstp,m *onHours,m + offWattsstp,m *offHours,m) Eqn. 6

where:

i=1,n=TV#

n=INT(1.1 + 0.51*Nbr)

0=1.1+0.51*Nbr

p = o1 n (a fractioml TV)

m = n +1= TV# for partial TV

For reference homes with less than 12 bedrooms, the following table may be used to determine
the Reference home annual TV energy use:

Nbr { TVKWh/yr Nbr | TVKWh/yr
1 463 7 858
2 561 8 898
3 636 9 933
4 705 10 966
5 762 11 994
6 814 12 1020

6.3.2 HERSRatedor BA PrototypeHome

For the Rated or Prototype home, TV energy use is determined based on the following protocol.

1) No TV information availablé sameannualTV energy use as the Reference home
2) EPA Label informatior’ or number and size of TVs available
a. TVs shall be ordered in a list to determine TV# by decreasing screen size and
within the same screen size by decreasictgye wattage
b. The number of Rated TVs in the Rated home shall be a minimum of 1.1 +
0.51*Nbr
c. If number of Rated TVs is less than 1.1 + 0.51*Nbr, then remaining TVs (i.e.
1.1 +0.51*Nbr minus number of Rated TVs), including partial TVs, shall be
includedin the ordered TV list calculated as standard TVs using the following
formula:
actWattgrp = 1241 69.1*log10)T V#
or 50 watts, whichever is greater
d. If number of TVs is greater than 1.1 + 0.51*Nbr, then each TV shall be included
in the calculation of Rateldome annual TV energy use
e. If label information is available, active wattage and standby wattage as reported

30 http://www.energystar.gov/index.cfm?fuseaction=findp@duct.showProductGroup&pgw code=TV

31


http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=TV

on label shall be used for the calculation of annual TV energy use
f. If label information is not available, standby wattage shall be 4 wattaciive:
wattage shall be determined from the diagonal screen size using the following
formula:
actWattsy =9.21 + 1.17*diag + 0.110*didg
g. Viewing hours shall be determined on a djtunit basis using the following
formula:
onHours = 6.876 7.054*log0)T V#
or 0.5 hours, whichever is greater
h. Total annual Rated home TV energy use shall be calculated using the following
formula:
TVKkWh/yr = F(actWattsy,i *onHours,i + offWattsy,i *offHours,i )
+ p*(actWattgtp,m *onHours,m + offWattsp,m *offHours,n)
where:
i=1,n=TV#
n =INT(1.1 + 0.51*Nbr) or total number of Rated TVs, whichever is greater
o =1.1 + 0.51*Nbr or total number of Rated TVs, whichever is greater
p = oi n (a fractional TV)
m = n +1 = TV# for partial TV

7 Ceiling Fans

The saturation of ceiling fans in U.S. households has been quickly growing over the last decade.
In 2005, there were 111.1 million residential households in the United States; 77.2 million of
these households or 69 percent had ceiling Tafikis 2005 sattation representa 27% percent
increase over the 61.0 million households with ceiling fans that was reported in the1997 RECS.
In houses with ceiling fans, there was an average of 2.9 ceiling fans per household and 2.0
ceiling fans for all U.S. householddot surprisingly, the saturation of ceiling fans varied

strongly by climatic region fathe houses they were usddhe South (3.2 fans) and Midwest

(2.8) census regions had a higher percentage of ceiling fans than the Northeast (2.6) or West
(2.4) censusegions.

From the various EIA summaries, ceiling fans appear an importantsenenergy load in

American houses. According to the TIAX study, one of the largest categories of miscellaneous
electricity loads (MELs) was ceiling fans. The study also madsanable assumptions about the
average power use of the fans, the fact that ownership is strongly regional and that use varies
with the cooling season. Nationwide, the study estimates that each ceiling fan in a home will add
about 84 kWh per year. Howevyée study correctly posits that consumption varies regionally

so that the UEC is only 20 kWh/year in New England versus 123 kWh in the South Atlantic
region.

However, in this analysis we seek to address several issues associated witfaosilingrder
to improve the calculation methodology within HERS and the BA Benchmark process. In

31 http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hcO9homeappliance/pdf/alltables.pdf
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particular, we seelt characterization dfow many ceiling fans are typically installed in homes.
It is also vital to know how the weather in various locatiwill influence ceiling fan energy use
and thus potential savings around the U.S.

7.1 Power Use of Ceiling Fans

The TIAX study surveyed several studies of ceiling fan speeds and power consumption in both
California and Florida. They concluded thia¢ typical speed was medium (ceiling fans typically
have low, medium and high speeds). They also concluded that the typical operating wattage was
about 35 Watts.

In the past, FSEC has measured ceiling fan power in a number of studies. Low speedoends to
about 16 20 Watts, medium speed about£% Watts and high speed aboutdsWatts (Sonne

and Parker, 1998). As concluded by TIAX, we agree that medium speed is a good assumption for
the calculations. However, there are some differences in fan efiiesen

A survey of all norEnergy Star ceiling fans, available frafgsos Consultingshowed an average
medium speed power consumption of 42.6 Watts at a 3,000 cfm flow rate (Fairey, 2005). The
power consumption dEnergy Stamodels is at least 20% lowdTran that value but sometimes

as much as 40% lower depending on the motor/fan efficiency.

7.2 Hours of Use of Ceiling Fans

In an FSEC study of 400 Florideme in the 1990s, the mean average use of ceiling fans was

13.5 hours on weekdays and 14.2 hours on weekends (James et al.Ot8a@pants in over

onethird of these homeagported leaving their fans on 24 hours per day. For homes with fans,

the averag weekday use was 39.2 fan hours. When averaged over the year, we found 13.7 hours
per day for fans that were used but only about ten hours per day for all fans installed.

It is also important to account for the fact that the hours that ceilings aravilisglaiviously vary
with the climate and likely seasonally as well. With limited data, we attempt to describe methods
to show how ceiling fan use varies with time of year and withthex in a geographic location.

7.3 Load Shape

A larger utility survey (n=371) showed an average of 4.3 ceiling fans in each Florida house with
a mean average us€13.5 hours on weekdays and 14.2 hours on weekends. Ovérimhef
occupants in these homeported leaving their fans on 24 hours gay.

Field monitoring was done in two case studies where motor loggers were used to collect data on
ceiling fan operation in two very different households. Each home had five fans with data
collected over a full year at each home. Average fan use wafdrs/day in one house and 2.7
hours/day in the other where users were very diligent about turning off fans in unoccupied rooms
(Sonne and Parker, 1998). Figdrand6 show the two monitored consumption profiles over an
entire year.
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We found that fansiere used most in occupied bedrooms (8.6 hours per day) and to a lesser
extent in the living room (2.3 hours per day) and the study of the home (1.2 hours per day). The
resulting profiles clearly showed that the bedroom fan was used most at night.

Given he commonly increased use of ceiling fans in nighttime hours, it is logical to assume that
the largest use will occur at night but that, on average, there also will be significant daytime use
in living and family rooms. The proposed schedule is based®prgmise with 60% of

maximum available fan energy use occurring at night and 25% occurring during the day. The
resulting data are given in Table 1, where the sum of the total daily use fractions equals-10.5 full
load fan hours per day per fan. This stie is in close agreement with the TIAX evaluation

(Roth et al., 2008) of various sour@slthe weighted assessment by FSEC (James et al., 1996)
which showed approximatelyen hours per day in households with ceiling fans when total hours
are divided bythe number of installed fans. The proposed profile obthgme distribution data
areplotted in Figurer.

James: Master Bedroom Ceiling Fan Usage Profile
8/96 - 8/97

100 - 40

90

6 8 10 12 14 16 18 20 22 24
Time of Day (EST)
Figure 5. James home ceiling fan load profile Figure 6. Signore home ceiling faload profile
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In the TIAX report, a proxy for ceiling fan days was determined to be days in which the average

air temperature was 70 F or greater. Given that Cooling Degree Days are computed at a 65 F

base, thiseadingseems high. However, based on observation ohgeiéin use in Florida, there

is a ceiling fan fiseasono where behavior does
from month to month as the longer term temperatcoesinue tacool. One simplification we

propose might be to only assume ceilfags run in months in which the average temperature is

greater than 63 F but that they are then available on all days in that montasSungption

would automatically capture variations both in climate and seasonality.
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