



Memo 

To: AEP Subcommittee:

From: Tom Culp, Birch Point Consulting, Subcommittee Chair
June 30, 2006

Below is a draft of NFRC 901 “Guidelines to Estimate Fenestration 
Annual Energy Performance in Single Family Residences”.  I tried to use as much of the wording and structure from the previous version approved by the subcommittee in November 2001, updated with our new proposed approach and assumptions.  

I did incorporate some, but not all, of the comments received in the previous review of the assumptions in Jan – Mar 2006.  Proposed changes which were not incorporated in the draft language are shown in gray highlight.  Decisions to be made on incomplete technical items are shown in yellow highlight.  No final decisions have been made, and the subcommittee can decide to use or reject any of the proposed changes.  
This is not an official ballot, but we are looking for your comments on this draft.  Please provide your comments by Friday, July 21.  Although this is not an official ballot, we may take some votes in Minneapolis on some of the concepts or proposed changes, and an official ballot will be generated for the November meeting in Arlington.

Next steps …  

· Review comments on draft document (Minneapolis)

· Modified RESFEN runs to examine methodology and assumptions 

· Revise document and generate ballot for vote at Arlington

Thanks for your input,

Tom

Specific comments are included in the draft below.

General comments received but not incorporated in this draft are summarized here:
On one side:

· Too many variable or user-defined assumptions.  “Swallow hard” and define average home.  Fix all inputs except primary factors which affect window performance.  

· Don’t look at non-ideal “energy hog” situation.  At most, look at random vs. optimized operation to understand error bars.

· Don’t change anything from previous 2001 draft.  

On the other side:

· Too many fixed variables – don’t allow defaults where user can provide specific information.  

This draft attempts to have a middle path between these viewpoints, allowing high flexibility with the user specific home, and less flexibility with the default home.  However, to be consistent with the board’s previous direction, even the default home does account for homeowner variability by considering certain operational parameters over a range of conditions, which some commenters objected to.  Again, no final decisions have been made, and all these issues can be discussed by the subcommittee.
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	Foreword

	NFRC has developed standards to determine the energy related physical properties of fenestration products including windows, doors, and skylights.  Three of these properties, the U-factor, the Solar Heat Gain Coefficient (SHGC), and the Air Leakage (AL) rate, are directly related to energy loss or gain through the fenestration product as a result of temperature differences, direct solar radiation, and air pressure differences, respectively.  In combination, these three fenestration properties can be used in building energy analysis software to more accurately estimate fenestration annual energy performance, including the annual energy consumption for heating and cooling and the peak energy impacts resulting from use of a specific product.

The guidelines presented in this document are intended to permit an estimate of fenestration annual energy performance in single family residential buildings in the United States by using an NFRC-approved building energy simulation tool.  Future versions of these guidelines may expand the scope to include multi-family buildings and manufactured housing.

This document does not mandate a certain approach.  Rather it prescribes guidelines which represent the NFRC’s best recommendations as to how to estimate fenestration annual energy performance, balancing accuracy and simplicity.

These guidelines make use of DOE2’s computational procedures which are based on or validated against experimental data.  The combination of simplifying assumptions used in this procedure may not give results exactly consistent with your house.  Recognizing that homeowner behavior can vary, this procedure provides results over a range of certain operational variables such as thermostat settings and seasonal use of internal blinds.  However, other factors such as year to year variations in weather and differences between the assumed and actual housing characteristics will impact actual energy consumption and the role that fenestration products play in the building performance.  

The RESFEN computer program utilized by these guidelines is available from NFRC (www.nfrc.org) and from Lawrence Berkeley National Laboratory (windows.lbl.gov/software).

	Questions on the use of this procedure should be addressed to:

	
	National Fenestration Rating Council
8484 Georgia Avenue, Suite 320
Silver Spring, MD 20910
Voice: (301) 589-1776
Fax: (301) 589-3884
Email: info@nfrc.org
Website: www.nfrc.org
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1. Purpose

To provide a guideline for how fenestration annual energy performance may be estimated.
2. Scope

This guideline is applicable to single family residences in the U.S.  

This guideline does not address multifamily housing, manufactured housing, or nonresidential buildings.
3. Referenced Documents

NFRC 100-2004
Procedure for Determining Fenestration Product U-Factors

NFRC 200-2004
Procedure for Determining Fenestration Product Solar Heat Gain Coefficient and Visible Transmittance at Normal Incidence
NFRC 400-2004
Procedure for Determining Fenestration Product Air Leakage

4. Prerequisites
Fenestration annual energy performance can only be accurately determined when the total product U-factor, Solar Heat Gain Coefficient, and Air Leakage rate are known.  These properties are determined in accordance with NFRC 100, 200, and 400, respectively.  
If an NFRC-determined Air Leakage rate is not available, a default value of 3.0 L/s/m2 (0.6 cfm/ft2) shall be assumed for the purposes of determining fenestration annual energy performance.
5. Types of Houses
There are two classifications of houses for which annual energy performance may be estimated:

Default House: for estimating fenestration annual energy performance in a typical application for a specific climate.

Specific House: for estimating fenestration annual energy performance for a single specific client and/or house.  

5.1 Default House
For the Default House case, a standard house for each desired climate is defined using default settings for floor area, foundation type, fenestration area and distribution, HVAC system, insulation, and other parameters fixed by these guidelines.  In addition to these fixed parameters, certain operational parameters are specified as a range of conditions to account for variability in homeowner behavior.  These operational parameters include thermostat settings, use of internal shading devices such as blinds, use of dynamic windows, and opening of windows.  The procedure will calculate both higher and lower annual energy results based on the ranges of these operational parameters.  Both the fixed and operational parameters are listed in Table 1.

This house is not intended to represent a specific house but is intended to permit the determination of the fenestration annual energy performance of a typical house.  Construction specifics of the default house were developed such that fenestration product impacts on energy use would be representative of the average energy impacts of all houses in the specific climate region.  For this Default House case, the user need only specify climate (see section 6), and minimal house and fenestration parameters (see Table 1 and Section 7.2).  Other parameters are set by these guidelines.

5.2 Specific House

For a Specific House case, where the user desires to estimate fenestration annual energy performance for a specific home or situation, the user shall input the primary parameters that influence fenestration annual energy use (see Table 1 and Section 7.3).  Secondary parameters which do not vary significantly from house to house and/or which do not influence the relative performance of fenestration products are fixed (see Table 1).  This approach should be utilized whenever the user wishes to specify more parameters than permitted under the Default House approach.
6. Choosing a Representative Climate
Fenestration annual energy performance is a function of climate specifics.  Weather data used with the software (see Section 8) is available for 240 cities in the U.S.  Choose a city which best represents the local conditions.

Weather data used with the software (see Section 8) should be Typical Meteorological Year (TMY2) weather tapes from the National Renewable Energy Laboratory, which includes average weather data compiled from 30+ years of historical weather data. (National Renewable Energy Laboratory, 1995.)  Weather data for other locations may also be available in TMY2 format.  However, caution must be exercised for locations in countries other than the U.S., where assumptions made about the housing characteristics may not be valid.
7. User Defined and Fixed Parameters
Depending on the house type (Default or Specific), the following parameters shall either be fixed or shall be defined by the user.

7.1 Fixed Parameters 
For both the Default House and Specific House, fixed parameters are listed in Table 1.

7.2 Default House – User Defined Parameters
7.2.1 Climate
Define a climate in accordance with Section 6.

7.2.2 Construction Type
Choose between New or Existing.  The New home choice is intended to represent homes that are insulated in accordance with recent energy codes.  The Existing home choice is intended to represent older homes with no or minimal insulation.

Comment from G. Stone: do not include existing building option because too much variability in existing construction.  

7.2.3 Fenestration Type
Use NFRC U-factor, SHGC, and Air Leakage ratings to define the Fenestration Product Type.  Where multiple fenestration products are used on the same orientation, use an area-weighted average for the U-factor, SHGC, and Air Leakage (see example in Appendix B).   These properties can be obtained from NFRC’s Certified Products Directory or the manufacturer.

Comment from G. Stone: for default house, include fenestration area and orientation as operational parameter with range of options for higher / lower heating and cooling – e.g. equal orientation vs. predominantly north/south vs. predominantly east/west.
7.2.4 Utility Costs
Use default utility costs from Table 2.  These are 2005 average costs by state, available from the US DOE Energy Information Agency (EIA).  More recent annual state-average data from the EIA may be used (see section 7.3.15 for information), but shall be stated in the disclaimer of section 9.2.1.

7.3 Specific House – User Defined Parameters
7.3.1 Climate
Define a climate in accordance with Section 6.

7.3.2 Floor area
Define the floor area to the nearest 10 m2 (100 ft2).

7.3.3 Construction Type
Choose between the options in Table 1 for New or Existing home, Frame or Masonry construction, and 1-story, 2-story, or 1½-story split level. The New home choice is intended to represent homes which are insulated in accordance with recent energy codes.  The Existing homes choice is intended to represent homes with no or minimal insulation.  

Comment from G. Stone: do not include existing building option because too much variability in existing construction.
7.3.4 Foundation Type
Define the foundation type that covers the majority of the first floor area: basement, crawlspace, or slab-on-grade.

7.3.5 Fenestration Product Type
Use NFRC U-factors, SHGCs, and Air Leakage ratings to define the Fenestration Product Type.  Where multiple fenestration products are used on the same orientation, use an area-weighted average for the U-factor, SHGC, and Air Leakage (see example in Appendix B).  These properties can be obtained from NFRC’s Certified Products Directory or the manufacturer.

7.3.6 Fenestration Product Area and Distribution
Define the actual window and other fenestration product area on each of the four primary orientations in square meters (square feet), to the nearest 0.1 square meters (1 square foot).  Include total fenestration product area (frame and glass – e.g. rough opening area).  Skylights are defined separately from vertical fenestration.

7.3.7 External Shading
Define the type of external shading from Table 1 that best describes the site for each of the four primary orientations.  

7.3.8 HVAC System Type
Choose between (a) gas furnace and electric air conditioner, (b) electric heat pump for both heating and cooling, or (c) electric resistance heat and electric air conditioner.

7.3.9 HVAC Efficiency
Either input the specific efficiency for the selected HVAC system, or use the default values from Table 1.  

7.3.10 Dynamic Windows
If the home has dynamic windows in which the performance properties can be varied (e.g. windows with electrochromic glass, integral blinds between the glass, etc.), select the option from Table 1 which best matches how the occupant uses those windows.  The choices are (a) use the windows seasonally with the more open, higher SHGC setting in the winter and the more closed, lower SHGC in the summer, (b) use the more open, higher SHGC setting year-round, or (c) use the more closed, lower SHGC setting year-round.  

7.3.11 Heating Temperature Setpoint
Input the heating temperature setpoint, as well as the setback temperature at night (11 p.m. – 6 a.m.).

7.3.12 Cooling Temperature Setpoint
Input the cooling temperature setpoint, as well as the setup temperature during the day, if any (9 a.m. – 4 p.m.)

7.3.13 Internal Shading
Select the choice from Table 1 that best represents how the occupant uses internal shading (blinds, curtains, etc.).  The choices are (a) internal blinds used seasonally more open in the winter and more closed in the summer, (b) internal blinds mainly closed year-round, or (c) internal blinds mainly open year-round.

Comment from G. Stone:  include 2nd option for seasonal use, but opposite – blinds more open in summer and more closed in winter.  

7.3.14 Natural Ventilation
The software can simulate the effect of opening windows for natural ventilation when it is advantageous (e.g. when it is cooler outside at night and the humidity is relatively low).  Based on what best represents how the occupant uses the windows, choose to either include natural ventilation, or to consider the windows always closed.

7.3.15 Utility Costs
Recent local utility costs should be used whenever possible.  If this data is not available, default costs are provided in Table 2.  These are 2005 average costs by state, available from the US DOE Energy Information Agency (EIA).  More recent data may be available at:

http://www.eia.doe.gov/cneaf/electricity/page/at_a_glance/sales_tabs.html 
http://www.eia.doe.gov/oil_gas/natural_gas/nat_frame.html 
http://www.eia.doe.gov/pub/oil_gas/natural_gas/data_publications/natural_gas_monthly/current/pdf/table_21.pdf 
8. Software
Use RESFEN X.X or other NFRC equivalent software which allows for the specification and/or default of the parameters in Table 1.
9. Presentation of Results
9.1 Results Presented

The following results shall be presented: 

· Total House Space Heating Energy Use (in MBtu)

· Total House Space Cooling Energy Use (in kWh)

· Peak Cooling Energy (in kW)

· Peak Heating Energy (in kW or MBtu/hr depending on fuel type)

· Total House Space Heating Cost (in $)

· Total House Space Cooling Cost (in $)
For the Default House, each heating and cooling result will be expressed as a range (e.g. ##.# to ##.# MBtu or kWh), calculated by the software from the operational parameters in Table 1 as specified for lower and higher heating, or lower and higher cooling.  

For the Specific House, all operational parameters are set in one condition for the calculation, and each heating and cooling result is expressed as one number rather than a range. 

The following Note shall accompany the results:

“Note:  Energy use and costs presented are solely for space heating and cooling and will not correlate to utility bills since space heating and cooling are typically, at most, half of total energy use and costs.  Total energy use and costs for a house also include water heating, appliances, lighting, and other miscellaneous uses.  Comparing the total space heating and cooling energy use and costs presented here will provide the user with guidance on the approximate energy and/or cost savings between different fenestration product types.  Actual costs will vary with current local utility rates and user habits.”
9.2 Disclaimer

When results are presented, a disclaimer that explains how the results were determined shall be included.

9.2.1 Disclaimer for Default House Case
The following note shall be used with simulations for Default House cases, with items in brackets to be specified consistent with the chosen parameters from section 7.2:
“The fenestration annual energy performance figures reported here were generated using RESFEN [version number] for a [“new 1½ -story split level wood frame 2200 ft2”or “existing 1-story wood frame 1800 ft2”] house with [“330 ft2” for new, or “270 ft2” for existing] of fenestration area.  The fenestration products are distributed equally on all four sides of the house and typical exterior shading (overhangs, trees, and neighboring buildings) is assumed. The heating system is a natural gas furnace with air conditioning for cooling.  To account for differences in homeowner use, certain operational parameters such as thermostat settings, use of internal blinds, [“use of dynamic windows,” if appropriate] and opening of windows are considered over a range of conditions.  Performance values for any specific house can vary significantly. Utility rates assumed in calculating costs are [2005, or update per section 6.2.4] average rates for this region: [cents/kWh] for electricity and [$/therm] for natural gas.”

9.2.2 Disclaimer for Specific House Case

The following note shall be used with simulations for Specific House cases, with items in brackets to be specified consistent with the chosen parameters from section 7.3:

“The fenestration annual energy performance figures reported here were generated using RESFEN [version number] for a [new or existing] [1-story, 2-story, or 1½ -story split level] [“wood frame” or “masonry”] [floor area in m2 or ft2] house with [total fenestration area in m2 or ft2] of fenestration area.  The fenestration is distributed as follows: [north area in m2 or ft2] facing north, [east area in m2 or ft2]facing east, [south area in m2 or ft2] facing south, and [west area in m2 or ft2] facing west.  Exterior shading is assumed to be [insert appropriate choice from Table 1].  Interior shading is assumed to be [“used seasonally (more open in the winter than summer)”, “mainly open year-round”, or “mainly closed year-round”]. The heating system is [“a natural gas furnace”, “a heat pump”, or “electric resistance”] with air conditioning for cooling.  The heating temperature setpoint is [heating temperature] with a nighttime setback of [heating setback temperature], and the cooling temperature setpoint is [cooling temperature] with a daytime setup of [cooling setup temperature, or state “no daytime setup”].  Windows are assumed to [“be opened for ventilation when appropriate” or “always be closed”].  Utility rates assumed in calculating costs are [cents/kWh] for electricity and [$/therm] for natural gas.

Modifications to disclaimer:

(a) 
If the selected exterior or interior shading conditions vary by orientation, the appropriate condition for each orientation shall also be indicated.

(b) 
If dynamic windows are used, the following sentence shall be included: “Dynamic windows were assumed to be [“used seasonally with the high SHGC setting in winter and low SHGC setting in summer”, “ in the high SHGC setting year-round”, or “in the low SHGC setting year-round”].
(c) 
If HVAC system efficiencies other than the same values as the Default House are used, those system efficiencies shall be stated.
Table 1 
–  User Defined, Fixed, and Operational Parameters for Default House and Specific House

	PARAMETER
	DEFAULT HOUSE
	SPECIFIC HOUSE

	Floor Area
	New Construction: 2200 ft2 

Existing Construction: 1800 ft2

Stone: Here and below, do not have existing building option because too much variability.  
	User inputs actual floor area to the nearest 100 square feet

	House Construction
	New Construction:
1½-story split level, frame construction 

Existing Construction: 
1-story, frame construction
	User choice of:

· New or Existing Construction

· Frame or Masonry

· 1-story, 2-story, or 1½-story split level

	Aspect Ratio
	Square
	Fixed: Same as default house.

	Foundation
	Default foundation based on location:

· Basement in climate zone 5-8

· Crawlspace in climate zone 4

· Slab-on-grade in climate zones 1-3
	User choice of:

· Basement

· Crawlspace

· Slab-on-Grade



	Insulation
	New Construction: 

Envelope insulation levels based on location using 2006 IECC requirements in Table 402.1.

Existing Construction: 

· Foundation insulation R-0

· Wall insulation R-7

· Roof insulation based on location:
R-11 in climate zones 1-3
R-19 in climate zones 4-5
R-22 in climate zones 6-7  
	Fixed: Same as default house.

	Fenestration Type
	User inputs U, SHGC, AL (area-weighted average by orientation)
	User inputs U, SHGC, AL (area-weighted average by orientation)

	Fenestration Area & Distribution
	15% of total floor area.

Equally distributed on all four cardinal orientation.

Stone: use 18% of total area.  Treat orientation as operational parameter with range of options for higher / lower heating and cooling (e.g. equal orientation vs. north/south vs. east/west).
	User inputs area for each cardinal orientation.

	Exterior Shading
	Fixed set of average conditions:

· 1 ft overhang

· 67% transmitting same-height obstruction 20 ft away intended to represent adjacent buildings

SHGC multiplier also reduced by additional 0.1 to account for other sources of solar heat gain reduction (insect screens, trees, dirt, building & fenestration self-shading). 

Stone: do not use exterior shading in default house.
	User choice of set of conditions:

· None: no solar gain reduction

· Overhang: 2 ft overhang

· Obstruction: completely opaque same-height obstruction 20 ft away intended to represent adjacent buildings

· Overhang + Obstruction:  2 ft overhang and completely opaque obstruction 20 ft away

· Average: 1 ft overhang and 67% transmitting same-height obstruction 20 ft away
SHGC multiplier also reduced by additional 0.1 to account for other sources of solar heat gain reduction (insect screens, trees, dirt, building & fenestration self-shading).

Stone: do not include 0.1 SHGC reduction.

	Structural Mass 
	3.5 lb/ft2 of floor area

(Note: program currently uses custom weighting function which gives a different value than the cited 3.5 lb/ft2.  Either correct, or decide to use custom weighting.)
	Fixed: Same as default house.

	Internal Furniture Mass 
	8.0 lb/ft2 of floor area
	Fixed: Same as default house.

	Infiltration
	New Construction: 
   ELA = 0.77 ft2 (0.58 ACH)

Existing Construction: 
   ELA = 1.00 ft2 (0.70 ACH)
	Fixed: Same as default house.

	HVAC System
	Gas Furnace

Electric A/C 


	User choice of:

· gas furnace and electric A/C

· electric heat pump, A/C

· electric resistance and electric A/C

	HVAC System Sizing
	Size is based on use of DOE-2 auto-sizing using the defined house and specified fenestration.  

Sizing multiplier safety factor of 1.3
	Fixed: Same as default house.

	HVAC Efficiency
	New Construction: 

· Gas furnace AFUE = 0.78

· A/C SEER = 13

· Heat pump HSPF = 7.7

Stone: use higher AFUE in north?
Existing Construction:

· Gas furnace AFUE = 0.70

· A/C SEER = 8

· Heat pump HSPF = ? 
(what does RESFEN use now?) Prior fed min was 6.8
Batt: use federal minimum from 7 years ago?
	User choice of:

· input efficiency for each type of HVAC system

· same as default house

	Duct Losses
	10% for heating and cooling
	Fixed: Same as default house.

	Part-Load Performance
	Part-load curves for DOE2 (Henderson 1998) for both new and existing construction.
	Fixed:  Same as default house.

	Internal Loads
	Need to decide upon one of the following: 

· Current LBNL model 
(sensible = 43,033 Btu/day + 
8.42 Btu/ft2/day × floor area;  latent = 12.2 kBtu/day)

· FSEC model in IECC
(17,900 Btu/day + 23.8×floor area + 4104×number of bedrooms)

· Building America model

· Average between these?
	Fixed: Same as default house.


Table 1 continued – Operational Parameters based on Homeowner Use
	PARAMETER
	Default House
	Specific House

	Dynamic Fenestration
	If dynamic fenestration is specified,

Lower Cooling / Lower Heating:

· High SHGC setting in winter

· Low SHGC setting in summer

Higher Cooling / Higher Heating:
Decide upon one of the following:
· SHGC fixed at intermediate position and does not vary with season (constant, intermediate SHGC setting).

· SHGC used in non-ideal manner for each season 
(low SHGC setting in winter 
high SHGC setting in summer).
Hayes: use the latter.
In all cases, if U is also variable, use U which corresponds with the specified high/low SHGC.
	If dynamic fenestration is specified,

User choice of:

· Dynamic windows used seasonally with high SHGC in winter and low SHGC in summer. 

· Dynamic windows in high SHGC setting year-round. 

· Dynamic windows in low SHGC setting year-round

In all cases, if U is also variable, use U which corresponds with the specified high/low SHGC.

	Heating Temperature Setpoint
	Lower Heating:

· 68ºF 

· 65ºF night setback (11 pm - 6 am)
Hayes: setpoint should be 2-3 degrees higher.  Average setback is 8-10 degrees, not 3, although many people don’t use setback..
Higher Heating:

· 72ºF

· No nighttime setback

Stone: use 75 F for higher heating
Basement (where applicable) is partially conditioned with a fixed setpoint of 62ºF.
	User inputs heating setpoint and nighttime setback temperature. 

Basement (where applicable) is partially conditioned with a fixed setpoint of 62ºF.

	Cooling Temperature Setpoint
	Lower Cooling:

· 78ºF 

· 80ºF day setup (9 am - 4 pm)
Hayes: use 80 F for lower cooling
Higher Cooling:

· 75ºF

· No daytime setup

Stone: use 70 F for higher cooling
Basement (where applicable) is partially conditioned with a fixed setpoint of 85ºF.
	User inputs cooling setpoint and daytime setup temperature. 
Basement (where applicable) is partially conditioned with a fixed setpoint of 85ºF.

	Interior Shading
	Lower Cooling / Lower Heating: 
Internal blinds used seasonally – more closed in summer, more open in winter 
(SHGC multiplier 0.7 in summer, 0.85 in winter)
Higher Cooling / Higher Heating:
Decide upon one of the following:
· Internal blinds fixed at intermediate position and does not vary with season (constant, intermediate SHGC multiplier).

· Internal blinds used in non-ideal manner for each season 
(0.7 multiplier in winter 
0.85 multiplier in summer).  

Stone: use the latter.

(Note: consider accounting for multiplier which also varies as function of window SHGC, based on the optical interactions between the glazing and blind reflectivity.  If so, what is the proper relationship?)
	User choice of:

· Internal blinds used seasonally – more closed in summer, more open in winter
(SHGC multiplier 0.7 in summer, 0.85 in winter). 

· Internal blinds mainly closed year-round (0.6 SHGC multiplier). 

· Internal blinds mainly open year-round (0.9 SHGC multiplier). 

Stone: include 2nd seasonal option, but opposite: internal blinds closed less in summer and more in winter (SHGC multiplier 0.85 in summer, 0.7 in winter).

	Natural Ventilation
	Lower Cooling: 
Windows opened when advantageous based on 78ºF / 72ºF / 4-day history Enthalpic-Sherman-Grimsrud ventilation model.

Higher Cooling:  
Windows always closed.

Stone: How model that only portion of window is opened (e.g. 10% in California) because of design or security concerns?
	User choice of:

· Windows opened when advantageous based on ventilation model. 

· Windows always closed. 




Table 2  –  Utility Costs (EIA, 2005)
	State
	Electricity
cents/kWh
	Natural Gas
$/therm

	Alabama
	8.06
	1.53

	Alaska
	13.23
	0.56

	Arizona
	8.88
	1.31

	Arkansas
	7.96
	1.32

	California
	12.00
	1.16

	Colorado
	9.06
	0.99

	Connecticut
	13.63
	1.58

	Delaware
	9.02
	1.65

	District of Columbia
	9.03
	1.63

	Florida
	9.62
	2.03

	Georgia
	8.72
	1.68

	Hawaii
	20.66
	3.00

	Idaho
	6.28
	1.03

	Illinois
	8.34
	1.13

	Indiana
	7.49
	1.17

	Iowa
	9.36
	1.20

	Kansas
	7.97
	1.18

	Kentucky
	6.41
	1.26

	Louisiana
	9.01
	1.27

	Maine
	13.13
	1.57

	Maryland
	8.23
	1.44

	Massachusetts
	13.46
	1.50

	Michigan
	8.60
	1.01

	Minnesota
	8.34
	1.08

	Mississippi
	8.80
	1.30

	Missouri
	7.08
	1.23

	Montana
	8.10
	1.02

	Nebraska
	7.10
	1.05

	Nevada
	10.19
	1.21

	New Hampshire
	13.55
	1.45

	New Jersey
	11.75
	1.22

	New Mexico
	9.16
	1.07

	New York
	15.71
	1.43

	North Carolina
	8.77
	1.65

	North Dakota
	7.00
	1.11

	Ohio
	8.50
	1.27

	Oklahoma
	8.07
	1.13

	Oregon
	7.25
	1.25

	Pennsylvania
	9.92
	1.38

	Rhode Island
	12.92
	1.43

	South Carolina
	8.72
	1.47

	South Dakota
	7.77
	1.13

	Tennessee
	7.00
	1.32

	Texas
	10.84
	1.25

	Utah
	7.59
	0.95

	Vermont
	13.06
	1.18

	Virginia
	8.14
	1.49

	Washington
	6.54
	1.14

	West Virginia
	6.21
	1.27

	Wisconsin
	9.64
	1.16

	Wyoming
	7.37
	1.01
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IECC Climate Zones
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Appendix B
Area-Weighted Window Properties
This appendix gives an example showing the determination of area weighted window properties when multiple product types are used on the same orientation (see Section 7.2.3 and Section 7.3.5).
The total fenestration area (At) on the south side of the house is determined to be 75 ft2.  There are three different fenestration products used on this side of the house.  They have the following properties:

Product #1 (Casement Windows):


Area (A1) = 40 ft2


U-factor for product #1 (U1) = 0.45 Btu/hr-ft2-F


SHGC for product #1 (SHGC1) = 0.60


Air Leakage for product #1 (AL1) = 0.2 cfm/ft2
Product #2 (Hung Windows):


Area (A2) = 15 ft2

U-factor for product #2 (U2) = 0.51 Btu/hr-ft2-F


SHGC for product #2 (SHGC2) = 0.59


Air Leakage for product #2 (AL2) = 0.3 cfm/ft2
Product #3 (Door):


Area (A3) = 20ft2

U-factor for product #3 (U3) = 0.63 Btu/hr-ft2-F


SHGC for product #3 (SHGC3) = 0.75


Air Leakage for product #3 (AL3) = 0.1 cfm/ft2
The area weighted factors to be used are calculated as:

Area weighted U-factor 
= (U1A1 + U2A2 + U3A3) / At
                                       
= (0.45 × 40  + 0.51 × 15  + 0.63 × 20) / 75

                                      
= 0.51

Area weighted SHGC 
= (SHGC1A1  + SHGC2A2  + SHGC3A3) / At
                                           
= (0.60 × 40  + 0.59 × 15  + 0.75 × 20) / 75

                                      
= 0.64

Are weighted Air Leakage 
= (AL1A1  + AL2A2  + AL3A3) / At
                                             
= (0.2 × 40  + 0.3 × 15  + 0.1 × 20) / 75

                                      
= 0.2
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