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Definitions 
  

AFUE Annual Fuel Utilization Efficiency 

ASHRAE American Society of Heating, Refrigerating and Air-Conditioning Engineers 

ASTM American Society for Testing and Materials 

BA Building America 

CEC California Energy Commission 

CFA conditioned floor area 

cfm cubic feet per minute 

COU coefficient of utilization 

DOE U.S. Department of Energy 

DOE-2 building energy analysis program that can predict the energy use and cost for 
all types of buildings 

EF energy factor 

HSP House Simulation Protocols 

IECC International Energy Conservation Code 

IESNA Illuminating Engineering Society of North America 

MAT monthly average temperature 

MEL miscellaneous electric load 

NCTH New Construction Test Home 

NREL National Renewable Energy Laboratory 

NREMD National Residential National Residential Efficiency Measures Database 

SEER seasonal energy efficiency ratio 

SLA specific leakage area 
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Introduction 

Building America (BA) is an industry-driven research program sponsored by the U.S. 
Department of Energy (DOE) that applies systems engineering approaches to accelerate the 
development and adoption of advanced building energy technologies in new and existing 
residential buildings. This program supports multiple building research teams in the production 
of advanced residential buildings on a community scale. These teams use a systems engineering 
process to perform cost and performance assessments to improve each builder or retrofit 
contractor’s standard practice; the overall goal is to significantly reduce energy use with only a 
nominal increase in initial construction costs. The energy efficiency concepts incorporated into 
these houses are evaluated by conducting successive design, test, redesign, and retest iterations. 
This process results in innovations that can be used cost effectively in production-scale housing.  

Additional goals of the BA program are to: 

• Encourage a systems engineering approach in the design and construction of new homes 
and retrofits. 

• Accelerate the development and adoption of high performance residential energy 
systems. 

• Improve indoor air quality, comfort, and durability. 

• Integrate clean onsite power systems. 

Purpose of the House Simulation Protocols 
As BA has grown to include a large and diverse cross-section of the home building and retrofit 
industries, it has become more important to develop accurate, consistent analysis techniques to 
measure progress towards the program’s goals. The House Simulation Protocol (HSP) document 
provides guidance to program partners and managers so they can compare energy savings for 
new construction and retrofit projects. The HSP provides the program with analysis methods that 
are proven to be effective and reliable in investigating the energy use of advanced energy 
systems and of entire houses.  

The HSP document is divided into three sections.  

• Section 1 provides information about program design assumptions and analysis methods 
for new construction. In new construction, the project house (also known as prototype, 
or New Construction Test Home [NCTH]) is compared to a reference building that 
represents a “typical” code-built house at the time of the contract recompetition. The 
most recent contract recompetition was in 2010, so this benchmark house is referred to as 
the “B10 Benchmark” hereafter in this document. 

• Section 2 provides similar information for the analysis of existing homes, including 
design assumptions and analysis methods for comparing pre-retrofit to post-retrofit 
homes. Using as many aspects of the real house as possible, this section also provides 
default values for components of an existing house with unknown performance 
characteristics.  
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• Section 3 provides information about standard operating conditions for the analysis of 
new and existing homes. Standard user profiles, which represent an average of many 
occupants rather than actual profiles for an average or typical set of occupants, were 
developed based on review of the available literature.  

Purpose of the Addendum to the House Simulation Protocols 
Traditionally, the HSP has been updated annually to incorporate newly available research results. 
This year, BA is taking a new approach to this update, in which an addendum to the changes is 
released first. A public comment period will be offered so the changes can be tested and vetted 
before they are final. 

Specifically, one of the major goals this year for the HSP is to provide the opportunity to plot the 
benchmark building on BEopt optimization curves (Christensen et al. 2006)1. To do this, it is 
necessary to have physical options that can have costs associated with each measure. 
Fortunately, NREL also recently developed the National Residential Efficiency Measures 
Database (NREMD), which includes costs for all types of measures. View the NREMD at: 
http://www.nrel.gov/ap/retrofits/about.cfm. 

This addendum follows the same structure as the HSP and notes cases in which no changes were 
made. 

Analysis Tools 
A key decision in any building energy analysis is determining which tool or program to use to 
estimate energy consumption. An hourly simulation is often necessary to fully evaluate the time-
dependent energy impacts of advanced systems used in BA houses. Thermal mass, solar heat 
gain, and wind-induced air infiltration are examples of time-dependent effects that can be 
accurately modeled only by using a model that calculates heat transfer and temperature in short 
time intervals. An hourly simulation program is also necessary to accurately estimate peak 
energy loads. Because it has been specifically developed and tailored to meet BA’s needs, BEopt 
(using either DOE-2 or EnergyPlus as the simulation engine) is the hourly simulation tool 
recommended for systems analysis studies performed under the DOE BA program. 

The BA teams are also encouraged to use other simulation tools when appropriate for specialized 
building simulation analysis (new technologies, some multifamily projects, etc.), provided the 
tool has met the requirements of the Building Energy Simulation Test and Diagnostic Method in 
accordance with the software certification sections of RESNET (2006). Regardless of the tool 
selected, teams should present complete analysis results in their final project summaries.   

                                                 
1 The National Renewable Energy Laboratory (NREL) developed BEopt to simulate residential building energy 
performance. 
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1 New Construction 

To track progress toward aggressive multiyear, whole-house energy savings goals of 30%–50% 
for new homes, NREL developed the concept of a new construction reference building that 
represents the “typical” code-built house at the time of the contract recompetition. The most 
recent contract recompetition was in 2010, so this reference building is called the “B10 
Benchmark” or “Benchmark” in this document. This reference building is generally consistent 
with the 2009 International Energy Conservation Code (IECC), with additional definitions that 
enable the analyst to evaluate all residential end uses consistent with typical homes built in 2010.  

The goal is to essentially maintain the energy performance of the Benchmark construction 
throughout the contract period (in this case, through the end of calendar year 2014). However, 
updating the HSP is beneficial when a statement needs further clarification, or when more 
accurate information becomes available through research. These types of changes do not affect 
the overall reference point-in-time of the building.  

A series of user profiles, intended to be an average over many homes, rather than the behavior of 
an individual set of typical occupants, was created for use in conjunction with the Benchmark. 
The Benchmark is intended for use with detached and attached single-family housing, as well as 
multifamily housing.  

The following house designs shall be included as part of the analysis of a new home design: 

B10 Benchmark. A reference case representing a house built to the 2009 IECC, as well 
as the federal appliance standards in effect as of January 1, 2010, and lighting 
characteristics and miscellaneous electric loads (MELs) most common in 2010. The 
Benchmark is used as the point of reference for tracking progress toward multiyear 
energy savings goals established by BA.  

NCTH. A research home or prototype home built as part of a community-scale project 
that includes advanced systems and design features built as part of the BA program.  

B10 Benchmark Specifications 
The following sections summarize the Benchmark definition. NREL and other BA partners have 
also developed a series of tools, including spreadsheets with detailed hourly energy use and load 
profiles, to help analysts quickly and consistently apply the Benchmark. These tools are available 
on the BA website 
(http://www1.eere.energy.gov/buildings/residential/ba_house_simulation.html). BEopt can also 
automatically simulate the Benchmark when the specifications for an NCTH are entered. 

The Benchmark may be applied to either a single-family or a multifamily home. A single-family 
home is contained within walls that go from the basement or the ground floor (if there is no 
basement) to the roof. A single-family attached home is defined as a residence that shares one or 
more walls with another unit. This definition includes, but is not limited to, duplexes, row 
houses, and townhomes.  

http://www1.eere.energy.gov/buildings/residential/ba_house_simulation.html
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A multifamily home (or multifamily building) has at least five housing units. Each unit must 
share at least a floor or a ceiling with another unit.2 Also, a given multifamily building may have 
no more than three stories; otherwise, it is considered a commercial building, which is outside 
the scope of this document. These definitions are consistent with those provided by the DOE 
Residential Energy Consumption Survey (DOE 2005) database (except the requirement on the 
number of units).  

1.1 Building Envelope 
Modification 1.1.1—Modeling the Benchmark, Second Bullet 

Language was added to clarify this statement, which now reads, “…and for climate zones 3 
through 8, the basement or crawlspace, which shall be unvented and insulated at the walls…” 
This was simply a clarification of the basement insulation location, which was omitted in 
previous versions. The crawlspace and basement of the Benchmark will always be unvented and 
the floor will not be insulated in any case. Climate zones 1 and 2 will have unvented crawlspaces 
but no insulation anywhere. 

Modification 1.1.2—Modeling the Benchmark, Fourth Bullet 

The basement wall construction for the Benchmark building will be fixed at 8 in. of concrete 
instead of being the same type of construction as the NCTH. This decision is driven by the desire 
to cost a more fixed Benchmark building. 

Modification 1.1.3—Modeling the Benchmark, New Bullet 

Because BEopt has added capability, the following new language was added: “Surfaces adjacent 
to neighboring units (attached walls, floors, and ceilings) shall be modeled as adiabatic for both 
the Benchmark and NCTH.”  

Modification 1.1.4—Window Analysis, Option 2 

Currently, option 2 allows for equally distributed window area on each of the four walls 
(including attached walls). The goal of this analysis technique is to have the glazing influences 
on energy use become independent of the NCTH orientation. To maintain the goal of the fixed 
Benchmark building, the front door will now be fixed in the north-facing position, rather than 
following the NCTH. The latest version of BEopt will use option 2 with a fixed orientation, 
which will keep the simulation run time as low as possible.  

Modification 1.1.5—Insulated Ceiling Analysis 

There is an inherent decrease in attic floor insulation levels near the attic perimeter and roof 
edges with most common construction practices. In the past, the HSP specified a workaround to 
model this effect by slightly increasing the ceiling framing factor. BEopt can now calculate the 
effect of the reduced insulation depth at roof edges, accounting for roof type, roof pitch, eave 
depth, and insulation thickness.  

                                                 
2 The qualifications for a project being labeled “multifamily” will be discussed in 2013. 
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Modification 1.1.6—Cathedral Ceilings 

To provide similar guidance to the IECC 2009, cathedral ceilings in the reference building 
(Benchmark in this case) required only R-30 in all climates. After much discussion, it was 
decided that in the future, all cathedral ceilings in the Benchmark building shall be modeled with 
the same insulation levels that are required in all other ceilings. 

Modification 1.1.7—Attached Walls Analysis 

Going forward, the Benchmark shall be modeled with attached walls where the NCTH has 
attached walls. 

Modification 1.1.8—Benchmark Framing Factors 

The framing factors for the Benchmark wood-framed walls in the HSP have been inconsistent 
with BEopt (see previous HSP values in Table 1).  

Table 1. Previous Benchmark Framing Factors 

Enclosure Element Frame Spacing 
(in. on center) 

Framing Fraction 
(% area) 

Walls (Above Grade) 16 23% 
Floors/Basement Ceiling/Crawlspace 

Ceiling 16 13% 

Ceilings Below Unconditioned Space 24 11% 
 

To make these values consistent and referenceable, wood-framed walls shall have the framing 
factors listed in Table 2. These are referenced from the ASHRAE (2009). Ceiling framing factors 
in Table 2 reflect the fact that BEopt now accounts for the attic perimeter insulation taper effect.  

Table 2. New Benchmark Framing Factors 

Enclosure Element Frame Spacing 
(in. on center) 

Framing Fraction 
(% area) 

2 × 4 Walls (Above Grade) 16 25%3  
2 × 6 Walls (Above Grade) 24 22%3 
Floors/Basement Ceiling 16 13% 

Ceilings Below Unconditioned Space 24 7% 
Roof, When Insulated At Roof 24 7% 

 
  

                                                 
3 2009 ASHRAE Handbook Fundamentals (I-P Edition), p.27.3 
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Modification 1.9—Benchmark Fenestration 

Because of the desire to cost the Benchmark, it is important to have the values associated with 
the Benchmark window properties to be more realistic and to reflect real-world availability and 
still comply with IECC 2009. Real windows that were chosen were similar for similar climates. 
(See Table 3.)  

Table 3. Fenestration Assembly Characteristics 

Climate Zone Vertical Fenestration U-Value 
(UF) (Btu/h·ft2·°F) 

Vertical Fenestration 
Solar Heat Gain 

Coefficient 
1 to 3 0.37 0.30 
4 to 8 0.35 0.44 

 
Modification 1.10—Solar Absorptivity of Roofs 

The solar absorptivity of roofs shall be equal to 0.85, which corresponds with medium-colored 
asphalt shingles. These are some of the most common shingles applied to new construction 
homes, and the Benchmark building should reflect that.  

1.2 Space Conditioning/Air Distribution Equipment 
Modification 1.2.1—Space Conditioning Equipment Type and Efficiency4  

In line with the goal to create a fixed Benchmark that can be graphed on a BEopt curve, the 
space conditioning equipment and fuel types for the Benchmark building are now fixed. (See 
Table 4 for details.) In the 2010 HSP, an NCTH with electric baseboard heat would be compared 
to a Benchmark building with a 7.7 heating seasonal performance factor (HSPF)/13 seasonal 
energy efficiency ratio (SEER) air source heat pump.  

Table 4. Benchmark Space Conditioning Equipment Efficiencies 

Function Benchmark Space Conditioning Device 

Heating 78% AFUE* gas furnace 

Cooling 13 SEER air conditioner 
 

* Annual Fuel Utilization Efficiency 

Modification 1.2.2—Stand-Alone Dehumidification 

Because research is still being conducted on the issue of universally recommending stand-alone 
dehumidification in homes, the Benchmark shall not include a stand-alone dehumidifier, 
regardless of whether the NCTH actively controls relative humidity.  

  

                                                 
4 This change will be further analyzed in the year 2013 to determine the exact impact on BA analysis.  
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Modification 1.2.3 – Number of Stories 

The following language will be added to the HSP that states, “For purposes of specifying the 
Benchmark duct system, the number of stories is defined as each level of living space in the 
home, including basements (finished and unfinished) and finished attics.” 

Modification 1.2.4—Duct Return Registers 

To properly cost the Benchmark building, the number of return ducts must be fixed (instead of 
dependent on NCTH, as currently written). For single-family detached homes, the number of 
returns is equal to 1 plus the number of stories in the home. For multifamily and attached homes, 
the number of returns shall be equal to zero, which signifies that the only return is directly into 
the air handler with no ducts. Values chosen here were based on field experience from the 
Consortium for Advanced Residential Buildings (CARB), IBACOS, and NREL teams.  

Modification 1.2.5—Duct Insulation Levels 

For ducts to be part of a plottable Benchmark house that is not dependent on the options in the 
NCTH, the insulation levels were changed to R-6 for all duct locations. Previously, the 
Benchmark building was consistent with IECC 2009, which specified that supply ducts in 
unconditioned attics have an insulation level of R-8.  

1.3 Domestic Hot Water 
Modification 1.3.1—Hot Water Equipment Type and Efficiency 

Due to the goal of costing the Benchmark building, the Benchmark shall now have a fixed water 
heating type and efficiency (as opposed to changing depending on the NCTH). The Benchmark 
shall use a natural gas storage-type water heater, with recovery efficiency of 0.78.5 The volume, 
energy factor (EF), capacity, and tank location are specified in Table 5 and Table 6. EF must 
comply with the federal minimum standard (0.67–0.0019 x V) for the corresponding storage 
capacity (DOE 2001a). Real combinations of storage capacity, EF, and burner capacity are 
important for costing, so values in Table 5 were obtained from NREMD.  

Table 5. Benchmark Domestic Hot Water Storage and Burner Capacity 

# Bedrooms 1–2 3 4 5 6 

# Bathrooms All ≤ 1.5 ≥ 2 ≤ 2.5 ≥ 3 All All 
Storage (gal) 30 30 40 40 50 50 50 

EF 0.61 0.61 0.59 0.59 0.58 0.58 0.58 
Gas Burner (kBtu/h) 36 36 36 36 38 47 50 

     Source: ASHRAE 2007b and NREMD 

  

                                                 
5 This change will be further analyzed in the year 2013 to determine the exact impact on energy savings models. 
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Table 6. Determination of Benchmark Water Heater Location 

BA Climate Zone Benchmark Water Heater Location 

Hot-Humid, Hot-Dry Attached garage if one exists, otherwise in  
conditioned space 

Marine, Mixed-Humid, Cold, 
Very Cold, Subarctic Basement if one exists, otherwise in conditioned space 

Source: Lstiburek 1999 
1.4 Air Infiltration  
Modification 1.4.1—Separation of Infiltration and Ventilation  

The written HSP document will now have section separation between Infiltration and 
Mechanical Ventilation. 

Modification 1.4.2—SLA to ACH50 

Because the ACH50 metric is predominant (compared with specific leakage area [SLA]), the 
Benchmark air infiltration shall be specified in ACH50. The new Benchmark airtightness metric 
is 7 ACH50, The teams may now report infiltration in the form of ACH50.  

Equation 6 in the HSP (which references above-ground basement wall area) will be removed. 
Above-grade basement walls cannot be modeled in BEopt at this time.6  

1.5 Mechanical Ventilation 
Modification 1.5.1—Benchmark Ventilation Rate 

To accommodate costing the Benchmark, the ventilation rate for the Benchmark building shall 
be a single-point exhaust ventilation system, consistent with ASHRAE 62.2.  

There is much debate on the appropriate ventilation rate for homes. This is one case where more 
research is needed. The authors would like the analysts to remember that the Benchmark 
building is simply a reference point for comparing homes to each other. The ASHRAE 62.2 
standard is used because it can be referenced.  

Modification 1.5.2—Exhaust Fan Flow Rates in Benchmark 

Previously, some details about exhaust fan flow rates were not clear in the Benchmark 
specifications. Details are now presented in the HSP (see Table 7). 

  

                                                 
6 The best workaround for above-grade basement wall area is to increase the wall height of the first floor equal to the 
above-grade basement wall height.  
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Table 7. Benchmark Ventilation Specifications 

Ventilation Type Flow Rate (cfm) Power 
(W/cfm) Time 

Kitchen Spot Exhaust 100 0.30 6:00 p.m.–7:00 p.m. 
Bathroom Spot 

Exhaust 50 per bathroom 0.30 7:00 a.m.–8:00 a.m. 

Whole-House 
Ventilation Per ASHRAE 62.2 0.30 All-day 

Clothes Dryer 100 * 11:00 a.m.–12:00 p.m. 
* Clothes dryer fan power is already included in clothes dryer appliance energy. The authors realize the 
inconsistancy between the profile of the electricity use (spread out over a day) and ventilation (one hour discrete 
event) of the clothes dryer. The authors will explore this difference during discussions with the teams in 2013.  
 

The NCTH shall also provide whole-house mechanical ventilation consistent with ASHRAE 
Standard 62.2, or provide justification otherwise. It is important for the program to require 
ventilation rates consistent with ASHRAE 62.2 at this time so that decreased ventilation rates are 
not used as an energy efficiency measure.  

1.6 Lighting 
Modification 1.6.1—Lighting Takeback Effect 

Clarification: In all calculations, a takeback is included in the form of an increase in operating 
hours when incandescent lamps are replaced with energy-efficient lamps (Greening et al. 2000). 
The takeback factor is proportional to the ratio of the NCTH and Benchmark average efficacies. 
The modified operating hours are calculated using equation 1: 

Operating Hours =  �0.9 + 0.1 � Efficacy, NCTH
Efficacy, Benchmark

�� × Operating Hours, Benchmark  (1) 
 

1.7 Appliances and Miscellaneous Electric Loads 
Modification 1.7.1—Fixed Appliance Type 

Because the goal is to simplify the Benchmark building so that it may be graphed on a BEopt 
curve, the cooking range and clothes dryer will now be modeled as electric appliances in the 
Benchmark building, regardless of the NCTH.  

1.8 Site Generation 
No modifications. 

Modeling the NCTH 
No modifications. 
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2 Existing Homes 

This section in the HSP provides a set of guidelines for estimating the energy savings achieved 
by a package of retrofits or an extensive rehabilitation of an existing home. BA developed a set 
of standard operating conditions that will be used for a building simulation model to objectively 
compare energy use before and after a series of retrofits is completed. Actual occupant behavior 
is extremely important for determining the cost effectiveness of a retrofit package, especially if 
the homeowner is paying the bills. But for tracking progress toward programmatic goals, and for 
comparing the performance of one house to another, a hypothetical set of occupants with typical 
behavioral patterns must be used.  

Certain field test and audit methods are also described. These tests help establish accurate 
building system performance characteristics that are needed for a meaningful simulation of 
whole-house energy use. Several sets of default efficiency values have also been developed for 
certain older appliances that cannot be easily tested and for which published specifications are 
not readily available. 

Analysis Tools Specific to Existing Buildings 
NREL does not recommend that utility bills be heavily relied on as a tool for model validation in 
the context of research houses, except as an approximate check of model accuracy. There are two 
important reasons for this position: 

• Occupant behavior is extremely difficult to determine accurately during the period 
reflected in the utility bills. 

• The large number of uncertain input parameters allows multiple ways to reconcile the 
model with the small number of utility bills, and there is no reliable methodology for 
performing this calibration because the problem is mathematically undetermined. 

Instead, detailed inspections, short-term testing, and long-term monitoring should be used to the 
greatest extent possible to minimize the uncertainty in model inputs. Default values may be used 
when certain building features are inaccessible (wall insulation) or efficiency characteristics 
cannot be readily determined through inspection or short-term testing (furnace AFUE).  

Throughout the remainder of this section, the term pre-retrofit case refers to the state of an 
existing house immediately before it undergoes a series of upgrades, repairs, additions, or 
renovations. These measures may be limited to a focused set of energy efficiency improvements 
or may be part of a larger remodeling or gut rehabilitation effort. The term post-retrofit case 
refers to the same existing house after the package of improvements is complete.  

Pre-Retrofit Specifications 
Any element of the pre-retrofit case that is not specifically addressed in the corresponding HSP 
sections, or is not changed as part of the package of energy efficiency measures, is assumed to be 
the same as the post-retrofit case.  

2.1 Building Envelope 
No modifications. 
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2.2 Space Conditioning/Air Distribution Equipment 
Modification 2.2.1—Maintenance Factors 

When true equipment efficiency has not been tested, default values for simulations are provided 
in the HSP document. Previously, the HSP values projected a decrease in efficiency over time 
for all types of heating and cooling equipment. Values were dependent on different levels of 
homeowner maintenance. Further research did not verify whether all types of equipment degrade 
over time; thus, installation quality may be a more significant performance factor than age. More 
data are needed in this area.  

Until more data are available on the performance of the same installed equipment over many 
years, the authors have decided to remove the maintenance factor equations.  

A point of clarification is the use (or nonuse) of filters. In homes that have no filters or have 
significant filter bypass, coil fouling can lead to severe equipment degradation. However, 
because this usually leads to equipment failure and eventual replacement of the filter and 
cleaning of the coils, the authors have decided not to include this type of incident in the 
calculation.  

The decision is further backed by the requirement of a degradation equation that pertains to a 
single piece of equipment over its lifetime. With instances of failure and subsequent repair, there 
is no degradation equation that would capture such neglect. 

2.3 Domestic Hot Water 
No modifications. 

2.4 Air Infiltration and Ventilation 
Modification 2.4.1—Infiltration Units 

For the same reasons as discussed in the New Construction section, SLA values for existing 
homes will now be represented as ACH50 values in BEopt.  

2.5 Lighting 
Modification 2.5.1—Lighting Analysis Clarification 

If the home is unoccupied at the time of the pre-retrofit lighting audit, the pre-retrofit model 
should include additional plug-in lighting to meet Illuminating Engineering Society of North 
America (IESNA) illumination levels (Rea et al. 2000). If the home is occupied at the time of the 
lighting audit, no additional lighting is necessary; actual installed lighting levels should be used 
for the analysis.  

2.6 Appliances and Miscellaneous Electric Loads 
Modification 2.6.1—Default Internal Loads, Table Typographical Errors 

Two typographical errors in the table titled, “Default Internal Loads From Appliances and Small 
Electric End Uses in the Pre-Retrofit Case” were corrected. MELs sensible load fraction is 
actually 0.74 and latent load fraction is actually 0.02. The BA analysis spreadsheet did not have 
these errors.  
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2.7 Site Generation 
No modifications. 

Modeling the Post-Retrofit Case 
Modification—Post-Retrofit Lighting Modeling  

Previously, modeled post-retrofit lighting levels were specified to match those in the post-retrofit 
home. A slight change was made to declare that if the actual post-retrofit lighting levels do not 
meet IESNA guidelines in an effort to conserve more energy, the post-retrofit home shall be 
modeled with IESNA lighting levels.  

  



 

13 
 

3 Operating Conditions 

Operating conditions in the HSP shall apply to all simulations conducted for official BA 
reporting purposes, including the analysis of new homes and retrofits of existing homes, unless 
otherwise specified. 

Modification 3.1—Modeling Clarification 

For technologies such as ceiling fans that are designed to save energy related to operating 
conditions, the NCTH may use operating conditions that differ from those required for the 
Benchmark building. A published reference that proves those specific operating conditions can 
be changed and maintain occupant comfort, must be included in the analysis section of the 
related reports for the team to implement those changes in BEopt. The Benchmark shall always 
use the operating conditions outlined in the HSP. 

3.1 Vacation Periods 
No modifications. 

3.2 Space Conditioning 
Modification 3.2.1—Monthly Average Temperature (MAT) Basis 

A clarification was made so that the MAT measurement is less than 66°F for heating and greater 
than or equal to 66°F for cooling. 

Modification 3.2.2—Dehumidification Simulation 

Because the requirement for blanket stand-alone dehumidification is still in the early research 
phase, the Benchmark shall not be modeled with a stand-alone dehumidifier, regardless of 
whether the NCTH actively controls relative humidity.  

Modification 3.2.3—Natural Ventilation 

Previously, the logic for the natural ventilation stated that the windows were assumed to be 
closed once the indoor temperature dropped below 1°F above the heating set point. This could 
lead to overcooling during the heating season. Table 8 shows a new set of parameters that uses 
natural ventilation more intelligently throughout all seasons.  

Table 8. Natural Ventilation Seasonal Temperature Limits 

Season Windows Close If Indoor  
Temperature Drops Below: 

Heating Only 75°F (1°F below cooling set point) 
Cooling Only 72°F (1°F above heating set point) 

Both Heating and Cooling Enabled 72°F (1°F above heating set point) 
 

Windows in BEopt will only open if natural ventilation can meet the cooling load for that hour.  
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3.3 Domestic Hot Water 
No modifications. 

3.4 Lighting 
No modifications. 

3.5 Appliances and Miscellaneous Electric Loads 
No modifications. 

3.6 Occupancy 
No modifications. 

3.7 Internal Mass 
No modifications. 
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4 Reporting Energy Use and Energy Savings 

Modification 4.1—Cost Assumptions 

The motivation for some of the changes addressed in this report is to respond to the frequent 
requests made to have real costs associated with the Benchmark building. Table 9 shows the 
default values for the Benchmark house and their associated costs. These costs can be selected 
automatically in the BEopt software, by choosing “B10 Benchmark” as the reference building.  

There are two possible reasons a category is listed, but no cost is listed: (1) the option (for 
example, natural ventilation/opening windows) has no associated cost; and (2) it appears in 
BEopt, and is therefore part of this list, but is not part of the Benchmark building (for example, 
electric baseboards).  

These costs are currently consistent with the NREMD. Because this database is dynamic and 
changes as more relevant data become available, these values may change over time. However, 
the units will likely remain consistent.  
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Table 9. Cost Assumptions 

                                                 
7 This default value will be discussed in 2013 to determine the most “standard” across the country 

Group Category Option BA 
Zone(s) Cost Cost 

Units 2nd Cost 2nd Cost 
Units 

Building Orientation North All 0 $   
Neighbors North All 0 $   

Operation 

Heating set point 71°F All 0 $   
Cooling set point 76°F All 0 $   

Humidity set point 60% relative humidity All 0 $   
MELs 1 All 0 $   

Miscellaneous gas loads 1 All 0 $   
Natural ventilation Benchmark All 0 $   

Interior shading Benchmark All 0 $   

Walls 

Wood Stud      

 R-13 fiberglass batt, Gr-1, 
2 × 4, 16 in. o.c. 1,2,3,4 3.4 $/ft2 net exterior wall  

 R-21 fiberglass batt, Gr-1,  
2 × 6, 24 in. o.c. 7,8 3.5 $/ft2 net exterior wall  

 R-13 fiberglass batt, Gr-1,  
2 × 4, 16 in. o.c., R-5 XPS 4C,5,6 4.4 $/ft2 net exterior wall  

Double wood stud None All 0 $   
Concrete masonry unit None All 0 $   
Structurally insulated 

panel None All 0 $   

Insulating concrete form None All 0 $   
Other None All 0 $   

Exterior finish Medium/dark stucco7 All 5.3 $/ft2 
Exterior   
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Wall 
Interzonal (e.g., between attached garage and 
conditioned space) walls      

 R-13 fiberglass batt, Gr 1,  
2 × 4, 16 in. o.c. 1,2,3,4 2.6 $/ft2 wall   

 R-21 fiberglass batt, Gr 1,  
2 × 6, 24 in. o.c. 7,8 2.7 $/ft2 wall   

 R-13 fiberglass batt, Gr 1,  
2 × 4, 16 in. o.c., R-5 XPS 4C,5,6 3.6 $/ft2 wall   

Ceilings/ 
Roofs 

Unfinished attic      

 Ceiling R-30 cellulose, 
vented 1,2,3 0.95 $/ft2 ceiling   

 Ceiling R-38 cellulose, 
vented 4,4C,5 1.1 $/ft2 ceiling   

 Ceiling R-49 cellulose, 
vented 6,7,8 1.2 $/ft2 ceiling   

Finished roof      
 R-30C fiberglass batt, 2 × 10 1,2,3 2.1 $/ft2 roof   
 R-38C fiberglass batt, 2 × 12 4,4C,5 2.7 $/ft2 roof   
 R-30 + R-19 fiberglass batt 6,7,8 3.2 $/ft2 roof   

Roof material Asphalt shingles, medium All 1.8 $/ft2 roof   
Radiant barrier None All 0 $   

Foundation/ 
Floors 

Slab      
 Uninsulated 1,2,3     

 2-ft R-10 perimeter, R-5 gap 4,4C,5 1.9 
$/ft2 slab 
insulation 

(perimeter) 
1.2 $/ft2 gap 

insulation 

 4-ft R-10 perimeter, R-5 gap 6,7,8 1.9 
$/ft2 slab 
insulation 

(perimeter) 
1.2 

$/ft2 gap 
insulation 

 
Finished Basement      

 Uninsulated 1,2,3     
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8 This default composition to meet code will be discussed in 2013 to determine the most “standard” across the country 

 Wall 8-ft R-10 XPS, furring 
strips, 0.5 in. gypsum board8 4,4C,5 2.7 $/ft2 wall   

 Wall 8-ft R-15 XPS, furring 
strips, 0.5-in. gypsum board 6,7,8 3.3 $/ft2 wall   

Unfinished Basement      
 Uninsulated 1,2,3     

 
Whole Wall, R-10 XPS, 

furring strips, 0.5-in. gypsum 
board 

4,4C,5 2.7 $/ft2 basement wall  

 
Whole Wall, R-15 XPS, 

furring strips, 0.5-in. gypsum 
board 

6,7,8 3.3 $/ft2 Basement Wall  

Crawlspace      
 Uninsulated, vented 1,2     
 Wall R-5 XPS, unvented 3 0.84 $/ft2 floor 0.97 $/ft2 wall 

 Wall R-10 XPS, unvented 4,4C,5,6,
7,8 0.84 $/ft2 floor 1.5 $/ft2 wall 

Interzonal floor       
 R-13 fiberglass batt 1,2 0.68 $/ft2 floor   
 R-19 fiberglass batt 3,4 0.81 $/ft2 floor   
 R-30 fiberglass batt 4C,5,6 1 $/ft2 floor   
 R-38 fiberglass batt 7,8 1.2 $/ft2 floor   

Carpet 80% carpet All 0 $   

Thermal 
Mass 

Floor mass Wood surface All 1.8 $/ft2 floor   
Exterior wall mass ½-in. drywall All 1.2 $/ft2 wall   
Partition wall mass ½- in. drywall All 1.2 $/ft2 wall   

Ceiling mass ½-in. drywall All 1.4 $/ft2 
ceiling   

Windows and Window areas 15.0% F25 B25 L25 R25 All 0 $   
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9 Overhangs are defined as the shading provided over each window. The Benchmark building does not have overhangs. 

Doors Windows      

 
Double-pane, low-

gain low-e, nonmetal 
frame, air fill 

1,2,3 22 $/ft2 
window   

 

Double-pane, 
medium-gain low-e, 

nonmetal frame, 
argon fill 

4,4C,5,6,
7,8 23 $/ft2 

window   

Eaves 2 ft All 5.8 $ft2 eave   
Overhangs9 None All 0 $   

Airflow Air leakage 7 ACH50, 0.5 shelter 
coefficient All 0.25 

$/ft2 
finished 

floor 
  

Mechanical ventilation Exhaust All 1100 $   

Major 
Appliances 

Refrigerator Benchmark All 1100 $   
Cooking range Benchmark All 920 $   

Dishwasher Benchmark All 880 $   
Clothes washer Benchmark All 590 $   
Clothes dryer Benchmark All 760 $   

Lighting Lighting Benchmark All 0.04 $/ft2 living 
+ garage   

Space 
Conditioning 

Central air conditioner SEER 13 All 64 $/kBtu/h 410 $ (labor) 
Furnace Gas, 78% AFUE All 9 $/kBtu/h 1200 $ (labor) 
Boiler None All 0 $   

Electric baseboard None All 0 $   
Air source heat pump None All 0 $   

Ground source heat pump None All 0 $   

Ducts 15% leakage, R-6 All 5.8 $/ft2 duct 
surface   
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Ceiling fan Benchmark All 240 $/fan 290 $/fan 
(labor) 

Dehumidifier None All 0 $   

Water 
Heating 

Water heater Benchmark All 10 $/gal 640 $ 

Distribution Uninsulated, 
TrunkBranch, copper All 8.6 $/ft Piping   

Solar water heating None All 0 $   
Solar water heating azimuth Back roof All 0 $   

Solar water heating tilt Roof pitch All 0 $   
Power 

Generation None   0 $   
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Clarification 4.2—Cash Flow Assumptions 

There have also been requests to state explicitly what the cash flow assumptions are for the 
Benchmark and retrofit analyses. These values are documented in Table 10 and are consistent 
with the default values in BEopt.  

Table 10. Cash Flow Assumptions 

Group Category Construction Type Value 

Economics 
Project analysis period All 30 years10 

Inflation rate All 3.0% 
Discount rate All 3.0% 

Mortgage 

Down payment New, existing with loan, and 
existing with tax deductible loan 0.0% 

 Existing, cash 100% 
Mortgage interest rate All applicable 7.0% 
Mortgage/loan period New 30 years 

 Existing with loan, existing with 
tax deductible loan 5 years 

Marginal income tax rate, 
federal New 28% 

 
The analyst should use OpenEI to find whatever utility rate is the closest to the actual rate the 
homeowner pays. This is applicable to all analyses, including for the Benchmark, NCTH, and 
pre- and post-retrofit. The site to source ratios for electricity, gas, propane, and oil are 3.365, 
1.092, 1.151, and 1.158, respectively in all locations and are automatically implemented in 
BEopt. 

  

                                                 
10 The analysis period versus the mortgage period for existing homes is part of a larger, ongoing discussion about 
how to report on energy savings metrics in existing homes. This will be discussed further in 2013. 
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5 Overall Document Format 

Recommendation 5.1.1—Internal Versus External 

Although the BA HSP document was never meant for use outside of the BA program, some 
people reference its values simply because few such references are available.  

There have been some suggestions for a change in the overall report format. Some believe that 
the report would benefit from a division of information. There would be two reports to represent 
the current HSP, one internal to the BA program, and one external for all simulation analysts. In 
cases where not enough research has been done to provide a recommendation to outside users, 
the external version of the HSP would be silent.  

Pros: It would be clear to outside users which values have proper justification for general 
use. All values that are meant only for programmatic calculations would be used only for 
the BA program, as was the original intent.  

Cons: The magnitude of effort required for such a task is unclear. However, the report 
used by outside stakeholders would be fairly short, because there are few statistically 
significant values for simulation assumptions in the current version.  

At this point, the report will remain the same because of budget constraints. However, feedback 
on this possible division is welcomed by the authors.  

Recommendation 5.1.2—Directions versus Justifications 

There are also discussions about the usefulness of the current written format, which consists of 
tables of data, followed by explanations and justifications. One suggestion was to break the 
report into two parts. The first part would be similar to an executive summary with only short 
tables of information for how to model the benchmark or retrofit building. The descriptions and 
justifications would be provided in the main body of the report. It has also been suggested that a 
separate report be created to describe only the operating conditions and corresponding separate 
section for the justification for those values.  

Pros: It will be easier for an analyst to choose inputs for any modeling program and 
know which values to use for the Benchmark without having to read the entire report.  

Cons: The magnitude of effort required for such a task is unclear. Separating the two 
elements might promote inappropriate use of some of the assumptions that are detailed in 
this report. 

 
At this point, the report will remain the same because of budget constraints. However, feedback 
on this possible division is welcomed by the authors.   
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