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In  2010,  as  one  of  many  energy  initiatives  within  a broader  economic  stimulus  program,  the  U.S. Depart-
ment of Energy  (DOE)  and  Lawrence  Berkeley  National  Laboratory  (LBNL)  initiated  development  of  a  new
web-based  computer  tool  and  method  for providing  an  energy  rating  of  existing  single-family  homes.
The  resulting  Home  Energy  Scoring  Tool  is  a key  component  of  the  DOE’s  Home  Energy  Score  Program
for  residential  building  energy  labeling,  a voluntary  national  asset  rating  method  that  employs  a  sim-
plified  and  standardized  energy  assessment  process.  The  tool-development  component  of  the  program
has  been  designed  to support  the  energy  audit  marketplace  by providing  a substantially  lower-cost,
entry-level  assessment  method  analogous  to the  fuel-economy  ratings  associated  with  vehicles.  Aver-
aged  over  a well-characterized  sample  of homes,  the Home  Energy  Scoring  tool  is accurate  to within
1%  of  mean  weather-normalized  energy  bills  (with  82%  of homes  having  an  absolute  error  of  25%  or
less),  significantly  better  than  two other  popular  methods  known  as SIMPLE  and  REM/Rate.  This  article
presents  technical  details  of the  Home  Energy  Scoring  Tool,  and  how  it has  evolved  over  time,  including

the  calculation  methodology,  accuracy  validation,  and  the  web  services  feature  that  allows  any  qualified
third-party  software  developer  to  integrate  the  methodology  into  their  own  web-based  applications  and
market delivery  strategy.  As of April  2014,  approximately  200  individuals  had  been  qualified  to  deliver
the  assessments  and  had  rated  10,600  homes  in  cooperation  with 23  partner  organizations  across  the
United  States.

© 2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

Globally, energy used in the buildings sector is responsible for 11
illion metric tons per year of greenhouse-gas emissions, or about

 third of all emissions from human activity [1]. The proportion is
imilar in the U.S., and corresponded to an energy bill of $431 billion
n 2010, of which homes were responsible for $252 billion [2].

Recognizing the magnitude of residential energy use – and the

otential for savings through enhanced energy efficiency – in 2010
he U.S. Department of Energy (DOE) tasked the Lawrence Berke-
ey National Laboratory (LBNL) to develop a new tool within the

∗ Corresponding author. Tel.: +1 5104866784.
E-mail addresses: EMills@lbl.gov (E. Mills), NJbourassa@lbl.gov (N.J. Bourassa),

IRainer@lbl.gov (L.I. Rainer), GKHoman@lbl.gov (G. Homan), Noel.Merket@nrel.gov
N. Merket), dparker@fsec.ucf.edu (D. Parker), Glenn Dickey@sra.com (G. Dickey),
oan.Glickman@ee.doe.gov (J. Glickman).

ttp://dx.doi.org/10.1016/j.enbuild.2014.05.044
378-7788/© 2014 Elsevier B.V. All rights reserved.
Home Energy Saver suite [3] (hes.lbl.gov, hespro.lbl.gov) to provide
an “asset-based” analysis of energy performance for homeowners,
buyers, and sellers of detached single-family and townhomes in the
United States. The primary goal of an asset rating is to provide stan-
dardized energy assessment information – isolating the physical
characteristics of the home from those of widely varying oper-
ational characteristics. The resulting Home Energy Scoring Tool
(“Scoring Tool”) is available at http://homeenergyscore.lbl.gov. In a
major update to earlier work [4], this article introduces the initial
version of the tool, describes how the conceptualization and ana-
lytical treatment of “asset” performance and scoring methodology
have evolved, provides new information on validation of estimates
against measured data, and presents new data on the status of
deployment in the residential market.
The Scoring Tool is a key component of the DOE’s residen-
tial labeling initiative within the Recovery Through Retrofit plan
of the American Recovery and Reinvestment Act of 2009. The
Home Energy Score Program (http://www.homeenergyscore.gov)

dx.doi.org/10.1016/j.enbuild.2014.05.044
http://www.sciencedirect.com/science/journal/03787788
http://www.elsevier.com/locate/enbuild
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2014.05.044&domain=pdf
mailto:EMills@lbl.gov
mailto:NJbourassa@lbl.gov
mailto:LIRainer@lbl.gov
mailto:GKHoman@lbl.gov
mailto:Noel.Merket@nrel.gov
mailto:dparker@fsec.ucf.edu
mailto:Glenn_Dickey@sra.com
mailto:Joan.Glickman@ee.doe.gov
http://hes.lbl.gov/
http://hespro.lbl.gov/
http://homeenergyscore.lbl.gov/
http://www.homeenergyscore.gov/
dx.doi.org/10.1016/j.enbuild.2014.05.044


442 E. Mills et al. / Energy and Build

F

p
a
s

c
s
h
r
m
t

w
S
m
E
a
v
c
t
e
o
S

d
B
t
t
p
r
h
d
h
e
h

r
m
t
t
f
i
t
t
o
a
u
w
s

third of the total energy consumption is due to the hot water
ig. 1. The Home Energy Score vs. Home Energy Rating System (HERS) granularity.

rovides the first nationally applicable asset rating method that
llows all localities to voluntarily participate in a simplified and
tandardized energy assessment process.

The Home Energy Score has been designed to support and
omplement the marketplace of home energy analysis tools and
ervices by providing a low-cost opportunity assessment of a
ome’s fixed energy systems and providing home owners or autho-
ized stakeholders with feedback that can help set priorities for
ore detailed attention from certified home performance diagnos-

ics and weatherization professionals.
Consumers are accustomed to energy efficiency ratings for a

ide variety of products, from refrigerators (EnergyGuide or Energy
tar ratings) to vehicles (EPA miles per gallon ratings), but deter-
ining such a metric for homes is a far more complex proposition.

arly in the project, a detailed review of existing home rating
pproaches was conducted and consumer focus groups were con-
ened to test a variety of label concepts [5]. This background work
reated a basis for designing visual presentations comprehensible
o consumers and support decision-making and implementation of
nergy-efficiency upgrades. This was followed up by an evaluation
f homeowner assessments of pilot versions of the Home Energy
core rating and label [6].

In the United States home energy audit marketplace, the Resi-
ential Energy Services Network, (RESNET, www.resnet.us) and the
uilding Performance Institute (BPI, www.bpi.org) currently cer-
ify home audit professionals. While both organizations provide
he same fundamental building science training, RESNET princi-
ally uses the Home Energy Rating System (HERS) standard [7] for
ating home performance and has historically focused on newer
omes built after 2004. In March of 2012, RESNET amended its stan-
ards in order to better address existing homes. BPI on the other
and provides a variety of professional certifications that target the
nergy performance improvement of both older and recently built
omes.

Fig. 1 depicts how the Home Energy Score is targeted with
espect to RESNET’s characterization of home rating assessment
ethods [8]. The intention is to help service providers establish

he potential energy savings and demonstrate to the homeowner
he value of pursuing a more comprehensive audit that produces a
ormal retrofit work scope proposal. The cost of existing audits was
dentified as a barrier for many consumers, and the project sought
o bridge this gap by developing a more streamlined assessment
echnique. Auditors surveyed as part of the DOE’s 2011 Pilot Test
f the Home Energy Score program reported that in a typical home
n experienced assessor could complete a Scoring Tool analysis in

nder an hour. Comprehensive audits, which produce an upgrade
ork scope and that require detailed diagnostic testing, can take

everal times that long, at correspondingly higher cost.
ings 80 (2014) 441–450

In keeping with the goal of supporting the existing retrofit soft-
ware market, we developed Application Programming Interface
(API) web  services within the Scoring Tool to enable DOE-
approved third-party energy software developers to embed the
nationally standardized Home Energy Score methodology into
their products and business processes. For documentation, see
https://developers.buildingsapi.lbl.gov/.

2. Methodology

2.1. Asset rating

In the strictest sense, an asset rating seeks to compare homes
based on differences in their fixed characteristics, while holding
occupant-determined factors and behaviors constant. An asset rat-
ing also excludes user-determined factors. Thus, the efficiency
of a furnace would be regarded as an asset attribute while the
operation of the thermostat controlling that furnace would be
deemed a behavioral (non-asset) attribute. Similarly, energy-using
devices such as televisions tend to move with the occupants, rather
than being a permanent part of a home. There is some subjec-
tivity in determining which energy-using components of a home
are “assets”. For the purposes of the Scoring Tool, space condi-
tioning and water-heating systems (and the associated building
envelope components) are considered asset components, while
non-hardwired appliances, lighting, and other equipment are not.

However, a process of determining the characteristics and uti-
lization of non-asset features is required for the stipulation of many
factors about the home within the Scoring Tool. These include appli-
ance power, saturation and use, lighting power and use, and the
exclusion of non-standard features such as pools, workshops, and
other rare miscellaneous loads. The Scoring Tool thus has limited
application for informing home occupants on how to optimally
operate their home, or for identifying retrofit opportunities for non-
asset components. Asset ratings thus should not be expected to
match individual utility bills. For these needs, the home must be
modeled using full-fledged operational assessment tools such as
the Home Energy Saver.

To ensure that assessors proactively define every asset char-
acteristic, no input values are defaulted, and all input questions
must be answered. For those systems not considered fixed assets
(e.g., type of lighting and hours of use), values are not adjustable by
the user and are set to be consistent with the defaults according
to the Home Energy Saver methodology. For home character-
istics that are not considered fixed assets and not individually
entered into the Scoring Tool, key standardized default assump-
tions and algorithms largely match those of the Home Energy Saver
Consumer and Pro tools, which are based on the best-available
data and methodologies for modeling the energy use, costs, and
greenhouse-gas emissions of homes in the US building stock [9–12].
For the latest engineering methods and a full list of sources, see
http://hes-documentation.lbl.gov/.

2.2. Modeling considerations

2.2.1. Occupancy
The number of occupants is one of many influential drivers of

energy use in the model, although not the most dominant. In the
model occupancy affects hot water fixture draw and clothes washer
and dishwasher cycles. Other miscellaneous loads and lighting are
driven by floor area. To best put this in perspective, less than one-
and miscellaneous end uses (including lighting). As implied by
the formulas below, occupancy-sensitive loads increase roughly
in proportion to 1.1–1.2 times number of occupants, with the

http://www.resnet.us/
http://www.bpi.org/
https://developers.buildingsapi.lbl.gov/
http://hes-documentation.lbl.gov/
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trength of the effect declining as number of occupants increases.
hus, for example, doubling the number of occupants (with oth-
rwise identical relevant end-use devices) would correspond to
n approximately 10% increase in whole-building energy use (30%
f energy × 30% increase in demand). HVAC energy use repre-
ents a greater share of whole-building energy use than these
ccupant-driven loads, and thus a doubling in overall efficiency
equipment + envelope) would correspond to an even greater effect
n final energy use than would a doubling in number of bed-
ooms/occupants.

While in its pure definitional form, an asset rating excludes
he effects of occupancy and energy-using behavior, domestic
ot water in particular cannot be meaningfully modeled without
onsidering the number of occupants in a home. In particular, hold-
ng the number of occupants constant results in an insensitivity of
ot water energy use across a wide range of conditions, leading to
ver-predictions for homes with low occupancy (but mitigated by
he fact that a default of, say, three people can only overestimate the
ctual conditions by two people) and significant under-predictions
or homes with high occupancy.
For this reason, we take the number of bedrooms (an “asset”
haracteristic) as a proxy of occupancy, using the Building America
alculation method [13,14]. Since the HVAC model inputs require
n integer and the formula produces a fractional result, we  added

ig. 2. (a–d) Predicted energy use with Home Energy Scoring Tool air leakage sub-model e
ings 80 (2014) 441–450 443

a rounding function to the nearest integer. The implemented cal-
culation and results relationship is the following:

Occupants = ROUND(0.59 × Nbr + 0.87)

Nbr = Number of bedrooms

A secondary benefit of the bedrooms/occupancy calculation is a bet-
ter scaling of the internal gains (which, in turn, affect heating and
cooling energy use). Testing of these refinements in the model (in
comparison to measured energy use for large numbers of homes)
showed much better predictions of total home energy use than
was the case with fixed occupancy and no dependence of MELs
or lighting on floor area. Occupants/Nbr derived from RECS 2009
[9].

2.2.2. Space conditioning
Heating and cooling energy use is modeled using the DOE2.1E

model. The current methodology is applicable to single-family
homes and townhomes in the continental US and Hawaii. TMY3
(Typical Meteorological Year) weather data files for approximately

1000 US locations are used to simulate weather for a given building
for the purpose of estimating heating and cooling energy use.

In keeping with the requirement to assess the asset rather
than house-specific occupant behavior, the thermostat set point

stimates versus in-field blower door measurements (with and without air sealing).
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s scheduled 24.4 ◦C (76 ◦F) (night)/23.3 ◦C (74 ◦F) (day) in cooling
ode, 18.3 ◦C (65 ◦F)/20.0 ◦C (68 ◦F) in heating mode, with a

asement set point offsets upward for cooling and downward for
eating, based on national survey data and other analyses [15].
hile an operational assessment requires set point inputs that
atch actual use for each individual home, an asset rating requires

 standardized thermostat setting so that the performance of the
ubject home can be compared to that of others, controlling for
he otherwise confounding effects of individual behavior.

A key potential tradeoff involved in designing a data-collection
ethodology (audit) that can be conducted in roughly an hour is the

ack of time for conducting air-leakage testing with a blower door.
hile the Scoring Tool allows the entry of measured air-leakage, it

s not required. If air-leakage is not entered, the model estimates air
eakage based on an extensive database of leakage measurements
nd associated building characteristics maintained at Lawrence
erkeley National Laboratory. Predicted energy use using actual
nd predicted air-leakage rates showed excellent agreement in
nsealed homes (Fig. 2).

.2.3. Hot water demand
The number of bedrooms directly affects the amount of calcu-

ated domestic hot water consumption for the household, including
egular fixtures, dishwasher and clothes washer hot water use.
he method [16] estimates total daily hot water use as a func-
ion of fixture use where skin sensitivity makes the consumption
emperature-delivery dependent versus that for machines that are
ot:

otal hot water use = Fixture liters per day + CWlpd + DWlpd

ith1

ixture liters per day = Fmix × 3.785 × (30 + 10.0 × Nbr)

here Fmix = the fraction of fixture water consumption that is hot.
Fmix is determined by the target temperature, assumed to be

0.6 ◦C (105 ◦F) at point of end-use (Tuse), the hot water supply
emperature (Tset), and the inlet mains water temperature (Tmains).

Estimates of clothes washer and dishwasher hot water use are
lso taken from [16], where the actual hot water use is derived from
he DOE energy guide label. We  update that value to be consistent
ith the more recent RECS 2009 household survey data, based on

ccupancy to determine cycles per year for clothes washers and
ishwashers.

lothes washer cycles per year (CWcpy)

= 164 + 45.6 × Number of bedrooms

iven the water factor and estimated hot water use in [16], one can
how that about 38% of the estimated water use (the Water Factor),
s hot. However, another report [17] showed about 13% of washing

achine water was hot in actual metering of 115 laundry systems.
ther studies (detailed in [17]) showed about 18%, but nothing close

o 38%. Given that, we make a simple adjustment that the estimated

ot water use from the DOE procedure is reduced by 50% (0.5) to
atch what is seen in the field.
Again, from [16] Clothes washer hot water use per cycle:

lothes washer liters per cycle (CWlpc) = 36.4 × 0.5 = 18.2

1 Showers: 14.0 + 4.67(bedrooms); Baths: 3.5 + 1.17(bedrooms); Other faucets:
2.5 + 4.16(bedrooms). Aggregate total = 30.0 + 10(Bedrooms) × Fmix.
ings 80 (2014) 441–450

Clothes washer hot water liters per day (CWlpd)=CWlpc × CWcpy
365

For dishwashing the stock average dishwasher has an energy
factor (EF) of 0.46.

Dishwasher cycles per year (DWcpy)

= 88.4 + 34.9 × Number of bedrooms

Dishwasher liters per cycle (DWlpc)

= 17.56 × 1
0.46

− 7.30 = 30.87

Dishwasher hot water liters per day (DWlpd) = DWlpc × DWcpy
365

2.2.4. Miscellaneous loads and lighting
In addition, we make Miscellaneous Electric Loads (MELS) and

lighting electricity use proportional to floor area or numbers of
bedrooms [16].

Residual miscellaneous electricity use (kWh/year)

= 9.79 × Conditioned floor area (m2)

and

TV electricity use (kWh/year) = −3 × (Number bedrooms)2

+ 89 × (Number of bedrooms) + 390

Scaling televisions by number of bedrooms captures the effects of
occupancy more effectively than would simply linking television
use to house size. The remaining plug loads are scaled by floor area.

We employ the following algorithms to estimate lighting use,
based on [16]:

Interior lighting electricity use (kWh/year)

= 455 + 8.6 × Conditioned floor area (m2)

Exterior lighting electricity use (kWh/year)

= 50 + 0.538 × Conditioned floor area (m2)

Lastly, in keeping with a standardized asset-based framework,
the predicted energy cost savings assume state-average energy
prices and include improvements to home envelope and major
equipment, but do not include upgrades of non-asset lighting and
appliances or usage changes. As a result, predicted energy costs for
a given home can be expected to differ from actual utility bills to a
greater degree than in fully-specified operational assessments. The
extent of these variations will depend on additional factors such
as local economic conditions, how the occupant maintains their
home, appliance ownership and amount of use, actual number of
occupants, and year-to-year weather variations.

2.3. Required inputs
The Scoring Tool has five screens of required user inputs used to
describe the home construction and equipment (Fig. 3). The total
number of required inputs is typically less than 50 if the home has
the same window and wall types on each building side. Unlike the
Home Energy Saver website, the Scoring Tool does not pre-populate
inputs with defaults; all inputs must be provided and authorized
by the user. A concise list of the inputs is provided in Table 1.
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Extensive model input sensitivity analyses, balanced with con-
iderations of audit time implications, were conducted with the
oal of determining which inputs to require [18]. The study con-
ucted an analysis of 88 measures and determined that air leakage,
uct leakage, ceiling height, and building shape (in order of results
ensitivity) were important to include in the final Scoring Tool. The
rst three have been implemented in the national release version,
hile building shape may  be considered in future versions.

.4. Scoring
Many factors and available data sources were considered in
n effort to develop a scoring system that could fairly compare
he energy performance of existing homes. The objective was

Fig. 4. Home Energy Scor
e example.

to provide a simple system that helps consumers understand
how homes compare in energy performance anywhere in the
country, accounting as much as possible for regional construction
differences, dominant energy sources, and differing climate.
The resulting methodology is applicable to single-family and
townhouse residential dwellings.

The Scoring Tool rates a home on a 10-point scale, where a 10
corresponds to highest efficiency (lowest energy use) (Fig. 4). Each
point on the scale corresponds to a specific band of source energy
use [19]. National average source energy factors were selected

instead of site energy, since a key requirement of the program is
to adequately characterize the wider energy system impacts and
different mixes of energy types. Given that heating and cooling
loads vary considerably across the U.S., the system uses a suite of

e label – front page.
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Table 1
List of required inputs.

About this home • Assessment date
•  Year built
• Number of bedrooms
• Stories above ground
• Interior floor-to-ceiling height
•  Conditioned floor area
• Direction faced by front of house
• Measured or estimated air leakage rate
•  Whether home was  professional air-sealed

Roof, attic and
foundation

• Roof construction

•  Roof color or exterior roof absorptance
• Attic or ceiling type
• Insulation level of the attic floor
•  Foundation type
•  Foundation insulation level
• Insulation level of the floor above the basement or
crawlspace

Walls • Building type; townhouse or otherwise
• Building position; if townhouse
•  Walls construction same on all sides

◦  Front; back; right; left
� Materials
� Insulation levels

Windows and
skylights

• Does house have skylights

•  Skylight size
•  Skylight type

◦  Glazings, frames, fill
◦ U-Factor
◦ Solar heat gain coefficient

•  Window areas
• Window types are same on all sides

◦ Front; Back; Right; Left
�Glazings, frames, fill
� U-Factor
� Solar heat gain coefficient

Systems • Type of heating system
•  Heating system efficiency
•  Year heating system installed
•  Type of cooling system
•  Cooling system efficiency
•  Year cooling system installed
•  Duct location; up to three
•  Percentage of total ducts in each location
•  Duct insulation
• Duct sealing
• Water heater type

c
i
c
E
p
i

h
a
b
a
w

3

3

a

mendations are categorized as either “Repair Now”, items such
as envelope and duct improvements, or “Replace Later”, items for
upgrades that make economic sense only at the time of replacement
• Year water heater installed
• Water heater energy factor

ustomized source energy scoring bins and bin ranges vary accord-
ng to region, with the lowest bin always defined as the 80th per-
entile of the building stock for that area (per the 2009 Residential
nergy Consumption Survey) and the highest defined as the 12th
ercentile, with intervening bins defined by equal-sized bins (rang-

ng from 5 to 30 GJ/bin (5–28 MMBtu/bin), depending on location).
A score is assigned for the base home, and another for the

ome as evaluated when applicable energy upgrades are applied
nd the simulation re-run. To most fully reflect the value of asset-
ased upgrades, scores are computed based on the energy use
ssociated with those features (essentially heating, cooling, and
ater-heating).

. Market deployment
.1. Pilot test version

A pilot version of the Scoring Tool was tested in nine regions
cross the country during the spring/summer of 2011, in which
ings 80 (2014) 441–450

approximately 1000 homes were rated. Through these diverse pilot
programs, the DOE and the pilot test partners were able to explore
a wide range of issues associated with the modeling and scoring
methods. It was  confirmed that assessors could collect as well as
enter the required data into the tool in less than an hour. In addition
to gathering feedback from auditors, 151 homeowners were also
surveyed to gain understanding of their perception of the home
energy scoring process [7]. Of these homeowners, 83% was “satis-
fied” or “very satisfied” with the overall home scoring experience,
and a similar number reported that the reports would help them
prioritize their potential upgrades. In addition, 88% found the sco-
ring scale easy to understand, and a similar number reported being
convinced by the process to make energy-saving improvements.

For the development of a test version of the Scoring Tool, the
team used the Home Energy Saver website which extensively
employs EIA Residential Energy Consumption Survey (RECS) micro
data for model input defaults [10,20]. Within the Home Energy
Saver websites, the RECS micro data are categorized into 19 regions
(RECS Zones),2 originally developed by LBNL [21–23].

Drawing from the RECS data, different source energy ranges for
each RECS Zone were established. For example, the energy range for
the 10-point scale in Minneapolis is greater than the range in San
Diego – given that San Diego is a much milder climate. By calibrating
the range of potential energy results in each zone, the 10-point
score could be applied in a consistent manner nationally.

Within each of the 19 data sets, the top and bottom 2 percentiles
of high-energy and low-energy outlier points were excluded and
the remaining data were sorted by energy use. The RECS energy
consumption data were not normalized by home size or weather
location and the absolute energy consumption values were main-
tained throughout. Each data set was  then divided into 10 equally
sized energy bins and the energy value at the top of each bin was
extracted, producing a set of 10 scoring thresholds from low to
high energy use. The resulting scores reflected acceptably normal
distributions (Fig. 5).

As an adjustment method for the operational energy use com-
ponent that is implicitly embedded in RECS, Home Energy Saver
models constrained to asset-based assumptions were run in each
zone. The results were used to adjust the scoring bin range and
bin sizes with care taken to assure an acceptable range of score
mobility within each bin set. Key observations included the ability
of energy efficiency improvements to affect score improvements
(“score mobility”) and maintaining acceptable capacity at the high-
energy efficiency range to accommodate an improving building
stock over time.

3.2. Upgrade recommendations

In keeping with the asset-based methodology, a consistent set
of upgrade recommendation opportunities are analyzed for each
scored home (variations of which are ultimately recommended as a
function of home characteristics, cost-effectiveness, etc.). Upgrades
calculated in the Scoring Tool include improvements to the building
envelope and major equipment (the “assets”), but not to light-
ing and appliances or any occupant usage changes. The Scoring
Tool applies a fixed, national average standardized retrofit cost
derived from the NREL National Residential Efficiency Measures
Database (http://www.nrel.gov/ap/retrofits). The upgrade recom-
2 https://sites.google.com/a/lbl.gov/hes-public/calculation-methodology/
default-energy-consumption-and-house-configuration/average-energy-bills-
for-existing-houses.

http://www.nrel.gov/ap/retrofits
https://sites.google.com/a/lbl.gov/hes-public/calculation-methodology/default-energy-consumption-and-house-configuration/average-energy-bills-for-existing-houses
https://sites.google.com/a/lbl.gov/hes-public/calculation-methodology/default-energy-consumption-and-house-configuration/average-energy-bills-for-existing-houses
https://sites.google.com/a/lbl.gov/hes-public/calculation-methodology/default-energy-consumption-and-house-configuration/average-energy-bills-for-existing-houses
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Updates of the Scoring Tool energy calculation methods, reference
data and the included building components are released annually
as new assessment methods are vetted within the building science
community and modeling techniques improved. The necessary
Fig. 5. Pilot 

r repair. Savings are calculated as the difference between the exist-
ng home’s energy consumption and that with the given upgrades
pplied. Where available, upgrade efficiency levels corresponding
o Energy Star are assumed.

The label displays the existing home’s score, alongside the score
nd savings the home would obtain by implementing a package of
easures that pay for themselves within 10 years. In the suppor-

ing documentation provided with the label, all of the “Repair Now”
ecommendations are listed with their estimated annual energy
avings in dollars per year and the list is limited to items achieving

 simple payback of less than 10 years. All of the “Replace Later”
ecommendations are listed with their estimated annual energy
avings in dollars per year, with all items included that have annual
ost savings of greater than $20. Since simple payback is calculated
sing a national average measure cost and state-average energy
rices, these recommendations are only intended to provide a list
f likely opportunities to assist the homeowner in identifying areas
hat can benefit from a more comprehensive audit and retrofit rec-
mmendation report from a local home energy audit professional.

The following categories of specific upgrades are currently pro-
ided by the Scoring Tool:

Type 1 – Improvements recommended now – These upgrades can
elp save energy right away. The incremental cost used for the
ost–benefit analysis is the full cost of installation.

Attic insulation
Basement/crawlspace wall insulation
Basement/crawlspace floor insulation
Building envelope air-sealing
Exterior wall insulation
Duct sealing
Duct insulation

Type 2 – Recommendations for when you need to replace equipment
These recommendations can help save energy when its time to
eplace or upgrade. The incremental cost used for the cost–benefit
nalysis is the cost differential between equipment complying with
urrent standards and cost of the upgrade (Energy Star, where
pplicable).

Central or room air conditioner
Boiler or furnace or heat pump

Roof – reflectance
Roof – insulated sheathing
Skylights
Siding – insulated sheathing
ome scores.

• Water heater
• Windows

It is important to note that the sum of the savings from the
individual measures in the recommendations report may  not equal
the total savings for the package of selected upgrades (the number
shown on the front page label). The difference is due to interactive
effects of individual energy improvements. When improvements
reduce energy consumption within the same end-use (e.g., a win-
dow upgrade plus an air conditioner upgrade), the resulting dollar
savings is less than the sum of the savings shown for the individual
improvements.

3.3. Evolution of versions in use

Pilot testing results suggested a need to reconsider bin values
in some climates, especially in more energy intensive heating cli-
mates. Immediately, at the beginning of the pilot test the pre-pilot
bins required adjustments for energy intensive regions.

In parallel with the pilot testing, an in-depth analysis and update
of the modeling defaults was  conducted. A significant number of
model defaults were updated and the changes are documented on
the public Home Energy Saver website.3

In response to scoring bin adjustments that were identified dur-
ing the pilot projects and from general public stakeholder input, we
converted to a more climate-responsive scoring method (described
in the previous section) by creating individual scoring bins sets
for each of the TMY3 weather files that the Scoring Tool uses for
the source energy use calculation. This enables the tool to issue a
Home Energy Score on a much finer climate resolution than the
19 RECS Zone set used in the pilot test version. Using custom Sco-
ring Tool batch API scripts, thousands of prototypical home models
were run through 245 USA weather climate locations (at the time,
TMY2 weather files were in use; currently TMY3). Once again, as
was done for the pilot test version, care was taken to design bin
sets that assure a fair range of scoring mobility in each weather
region.

The Home Energy Scoring Tool was initially deployed in 2012.
3 Release History section at https://sites.google.com/a/lbl.gov/hes-public/home-
energy-scoring-tool/release-history.

https://sites.google.com/a/lbl.gov/hes-public/home-energy-scoring-tool/release-history
https://sites.google.com/a/lbl.gov/hes-public/home-energy-scoring-tool/release-history
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Fig. 6. (a–c) Comparison of the Home Energy Scoring Tool, SIMPLE, and REM/Rate energy estimates.

Table 2
Statistical summary of validation exercise results (N = 451 homes).

HEScore v2014 Simple v0.9.12 REM/Rate v14.4

Mean measured energy use (MBTU) 200 GJ (190 MMBtu) 200 GJ (190 MMBtu) 200 GJ (190 MMBtu)
Mean  predicted energy use (MBTU) 199 GJ (189 MMBtu) 172 GJ (163 MMBtu) 256 GJ (243 MMBtu)

−14 28
67 49
99 81
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Mean  error (%) −1 

Percent within 25% of mean (%) 82 

Percent within 50% of mean (%) 97 

coring Tool system infrastructure has been put in place to facili-
ate a recalculation of prior scores when needed. The latest version
as released in January 2014.

. Accuracy assessment

The accuracy of operational energy use estimates by the Home
nergy Saver simulation system underlying The Scoring Tool has
een established, with predictions within 1% of actual bills averaged
cross a large cohort of homes located in a range of weather zones
24].

Defining the expectations for accuracy of an asset-based mod-
ling protocol is more nuanced, given that behavioral factors are
ormatively held constant and standardized defaults are applied
o many loads, and unusual loads that would confound the sco-
ing process in a real home (well pumps, workshops, pools, etc.)
re assumed not to be present. Thus, significant differences can be
xpected between measured and predicted energy use for a given
ome, especially if that home is in any way non-average. These
aveats notwithstanding, an asset-based tool would ideally pro-
uce estimates near the average bill for a large, diversified set of
ctual homes.

This is indeed the case for Home Energy Score (Fig. 6), which
chieved excellent agreement with actual consumption among
ccuracy testing alongside two other popular asset analysis meth-
ds: SIMPLE (the basis of some other tools) and REM/Rate. The
nalysis is based on the audit and billing data of 451 occupied
omes in Oregon, Wisconsin, and Minnesota. Field data were trans-

ated into HES inputs from REM/Rate inputs in NREL’s Building
merica Field Data Repository, an updated version of which is used
ere [25].
Upon implementing improvements to the calculation
ethodology,4 as embodied in the current (2014) version of

he Scoring Tool, accuracy was found to be approximately −1%

4 Examples include improved modeling of duct-loss heat regain through flooring
ystems improved heat pump and air conditioner models, ability to define three
istinct duct runs and their locations, improved air-leakage model, an improved
ot-water draw model, switch from TMY2 to TMY3 weather data, updated upgrade
Fig. 7. Mean prediction errors: 451 homes.

of mean actual bills, with SIMPLE under-predicting by 14% and
REM/Rate over-predicting by 28% (Fig. 7). These are average results
over the entire test set; the variations can be seen in Fig. 6 and
Table 2.

The Scoring Tool’s results are the most symmetrically dis-
tributed (see Fig. 6). Note that the share of homes within a certain
error band in Table 2 arithmetically represents absolute values and
thus obscures the downward skew (under-prediction) exhibited
by SIMPLE and the upward skew (over-prediction) exhibited by
REM/Rate.

5. National program deployment
In order to use the Scoring Tool and the Home Energy Score
program, the user must become a DOE Qualified Assessor (QA) by
meeting the following requirements:

cost data, and additional technologies (e.g., geothermal heat pumps, heat-pump
water heaters, and evaporative cooling). See on-line documentation for full details.
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Fig. 8. Distribution of base and upgrade scores for 10,601 homes.

Be working directly with a Home Energy Score Local Partner,5

Be certified by the Building Performance Institute (BPI) or by a
Residential Energy Services Network (RESNET) Provider, and
Complete and receive a passing grade on the DOE’s Home Energy
Score online training module and test.

This approach was deemed important as a means to help dis-
ribute the front-line administrative functions to partners that are
ell established in specific localities and market segments. The

artners are then also able to play a constructive role in manag-
ng providers and ensuring quality of the services delivered. Homes
egan being scored in July of 2012. As of April 2014, 195 assessors
ad been trained and qualified to use the tool, and have collectively
cored 10,610 homes (Fig. 8).

The Program also contains an element that supports third-party
oftware developers. The Scoring Tool backend server calculations
re implemented as an API web service [26]. Eventually, as the pro-
ram grows and delivers scores in a majority of U.S. regions, the
aluable data can be combined with existing and future RECS data
o help improve the energy benchmarking capabilities of the Sco-
ing Tool. Additionally, the growing repository of data will help the
uilding science community better understand the relative energy
fficiency of the existing residential building stock, helping target
ffective energy efficiency programs and market support strategies.

. Conclusions

The Home Energy Score provides a simple, transparent and
ow-cost method for communicating how much energy a home is
ikely to use under standardized conditions. It is one strategy to
elp consumers understand that energy efficiency has value. The
ome Energy Scoring Tool underpins the DOE’s Home Energy Score
rogram for residential building energy labeling, analogous to the
miles-per-gallon” ratings associated with vehicles.

In-depth validation work found the tool to predict source energy

se, on average, within 1% of mean values across large numbers
f well-characterized occupied homes. Although the Scoring Tool
as been in the market for less than two years, the program has

5 Local partner details located at www.homeenergyscore.gov.

[

[

ings 80 (2014) 441–450 449

garnered a substantial user base, with 10,600 homes scored by 23
partner organizations as of April 2014.

DOE continues to evaluate and enhance the tool; improve pro-
gram offerings; and, assess how effectively the score motivates
homeowners, sellers, and buyers to invest in energy improve-
ments and place a premium on more efficient homes. Meanwhile,
DOE is increasing the number of partners throughout the country,
welcoming all local governments, utilities, and non-profit organi-
zations that have existing energy efficiency programs.
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