Energy Labeling and Energy Billing Analysis
Philip Fairey® and David Goldstein?
September 4, 2009

Discussions of building labels worldwide have pointed out the difference between “asset value”
labels, which are based on how a building performs at standard operating conditions and
“operational value” labels, which are based on measurements of energy consumption using the
operating conditions that are in use at a particular time. Most products, such as cars or
appliances, are rated using asset value labels with a standardized operational component—for
example, cars are rating by EPA miles per gallon (mpg) but are not resold based on the mpg that
the seller actually obtained. But for buildings, analysts generally recognize that both results are
useful.

These two types of labels are very distinct and different ways of characterizing energy use, with
different purposes.

At this summer’s Westford Symposium, the U.S. Environmental Protection Agency (EPA) made
a presentation, entitled “ENERGY STAR Qualified Homes Stuff.” About one-third of the
presentation was dedicated to discrediting the HERS Index, which is, at present, an asset value
rating (although RESNET is in the process

of adding an operational component).

As illustrated by the slide in Figure 1,
much of the presentation was based on a
checklist prepared by EPA to evaluate the
differences between the HERS Index and
EPA’s Home Energy Yardstick. Figure 1
from the presentation shows the EPA
Yardstick to be acceptable and the HERS
Index to be unacceptable in every single
category!

What exactly is the EPA Home Energy

Yardstick? It is a web-based statistical Figure 1. Completed EPA “checklist” comparing the HERS
analysis tool that compares the reported Index and the EPA Yardstick.

energy use of a given home against data provided in the 2001 Residential Energy Consumption
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Survey (RECS) to determine the home’s percentile energy use compared against the reported
RECS data, adjusted for climate, number of occupants and house size. Thus, a home with a
Yardstick score of 9.9 would have an adjusted energy use that is less than 99% of existing homes
of that size, number of occupants and in that weather category. This is a completely operational
rating.

We need all the tools we can muster and the Yardstick is a useful tool. But it is certainly not all
things to all people as the EPA purports. For example, it is widely known in building science
circles that the independent variables used by the analysis (weather, home size and number of
occupants) can explain only a portion of the annual energy use of any given home. The
unexplained variance in home energy use, when using only these variables, is normally greater
than £40% of the mean. This is a rather large statistical variance and over an entire population
of £3 standard deviations, it can result in errors as great as £120% for any given home. Thus, the
physical attributes of any given home can be severely over or under estimated by the Yardstick.
In fact, more than 1/3 of all homes will have building energy use attributes that are more than
40% different than the Yardstick projection.

The heart of the issue is that, as examples of different types of energy indicators, the Yardstick
and the HERS Index have completely different (and complementary) uses and purposes. Neither
one is necessarily correct or incorrect — they simply measure different things. The Yardstick
uses utility bills to characterize the energy use of the home as it is used by its occupants. The
HERS Index provides a measure of the relative energy use of the home based on its physical
characteristics and a standardized set of operating characteristics. The HERS index, like a car’s
miles per gallon rating or an air conditioner’s SEER label, is based on an engineering “model” of
its physical attributes and a standard set of operating assumptions. This is called an “asset”
rating because it looks at the impacts of the home’s physical assets (energy attributes) rather than
at the way the home is “operated” by its occupants.

It is widely known in the building science community that a large fraction of actual home energy
use is driven by the lifestyle and operating characteristics of the inhabitants themselves. As a
result, the Yardstick actually says more about the energy habits of the inhabitants than it does
about the physical attributes of the home.

The HERS Index does the opposite. It speaks only to the physical energy attributes of the home
under a standardized set of operating assumptions. This is an important distinction that must be
addressed.

RESNET explicitly and purposefully chose to remove lifestyle from consideration in the HERS
Index. It does so by using set of consensus-based, standardized operating conditions that is
applied to all homes consistently. This has two results: first, only the physical attributes of the
home impinge on the HERS Index and second, the HERS Index does not predict the impacts of
lifestyle choices made by the specific occupants of the home.

When both ways of looking at home energy use are combined, together they can provide a
valuable tool for the home occupants, helping them understand how and why their energy use
habits differ from the standard operating conditions and providing a customized assessment of



the energy and cost impacts of improvements to the home. However, to do this, one needs to go
quite a few steps beyond the Home Energy Yardstick. The critical value of utility billing data is
that it provides a basis from which to “calibrate” the engineering model of the home to the
occupants’ lifestyle. Without the calibrated engineering model, the energy use history is not very
valuable because it contains no information about the physical attributes of the home. It is
analogous to saying that we can know something about the eating habits of households by
examining their monthly or annual grocery bill. In reality, we would know very little about their
eating habits without knowing the actual items (the attributes) contained in their grocery cart.

However, with a calibrated engineering model of a home, a large number of engineering
assessment opportunities becomes accessible. One can now ask multiple types of “what if”
questions; not only what happens if a physical attribute is changed but also what happens if a
particular operating characteristic is changed? A calibrated model also has great value in
assessing the cost effectiveness to the homeowner of a broad range of home energy retrofit
options. These options can be individually and collective evaluated very quickly to rank order
them by any number of economic indicators from internal rate of return to simple payback. Of
course, this same engineering exercise can be performed using the “standard” operating
assumptions that are used for the HERS Index if one wants to make similar decisions based on
an unknown “typical” user, as would be the case if the home is changing ownership or if a
standardized energy label is desired.

What is RESNT doing with these challenges?

Much of the national discussion on home energy ratings and especially retrofits has devolved to
an over simplified “slogan” — existing homes are different than new homes. But the physics that
determine their energy use are certainly not different. We badly need to change the
conversation. The national discussion needs to be re-focused and centered on “standard”
operating conditions and “calibrated” operating conditions rather than on “new homes” and
“existing homes.” Not using the correct terminology to describe the challenges only confuses
the issues. After all, a new home becomes an occupied home as soon as the first occupants move
in and an existing home is an unoccupied home as soon as the occupants move out.

And there are good and valid reasons to have both standard and calibrated operating conditions.
Energy “ratings” used for labeling should always use standard operating conditions; otherwise
the rating label has no basis for comparison. An energy rating label based on the previous
occupants’ energy use habits would say little to nothing about the physical energy attributes of
the home and would make it virtually impossible to compare the physical energy attributes of
one home against another. This would be unconscionable.

On the other hand, a calibrated engineering model is extremely useful for decision making by the
current occupants of a home. So there must be both capabilities if the home energy marketplace
is to be well served.

RESNET has established an Occupied Home Software Task Force and Working Group. This
group is working on standardizing methods and procedures that can be used to exploit utility
billing analysis to create calibrated engineering models of occupied homes. This would allow



analysts to much more accurately project energy use and savings potentials where there is a
billing history. RESNET is also working very closely with the National Renewable Energy
Laboratory (NREL) and the U.S. Department of Energy (DOE) on a new software verification
test suite called BESTEST-EX, which can be used in the accreditation of software tools capable
of creating calibrated engineering models for occupied homes.

In summary, there are two good and valid ways of characterizing home energy use:

e Anenergy “asset” rating (or label), based on a standardized set of operating assumptions,
which depicts the energy performance of the home’s energy attributes relative to other
homes

e An operational assessment of the home’s energy use based on an actual set of home
occupants, which includes the impacts of the inhabitants’ lifestyle.

Both have value in and of themselves. Additionally, they can be combined through calibrated
engineering models to provide powerful tools of significant value in assessing building retrofit
opportunities as well as to provide energy asset ratings and for energy labeling purposes for all
homes, new or old. RESNET will continue to work with all its partners and collaborators to
achieve national resolution and consensus on these important challenges of our time.




<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



