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	Foreword

	This procedure has been developed by the National Fenestration Rating Council (NFRC) to meet the need for a uniform and accurate means for calculating Solar Heat Gain Coefficients (SHGCs) and Visible Transmittances (VTs) of fenestration products. The SHGC is calculated in accordance with ISO 15099 XE "ISO 15099" , except where noted, or measured using NFRC 201 XE "NFRC 201"  at a fixed set of environmental conditions and at normal incidence radiation. Consequently, the SHGC calculated using this procedure may not be appropriate for determining peak solar heat gains for other angles of direct beam incidence, nor for determining the solar heat gain produced by diffuse radiation incident on the fenestration system, nor for determining seasonal energy performance. The VT is also determined for normal incidence direct beam radiation and may not be appropriate for determining daylighting impacts or view through a fenestration product at other angles of incidence.

Consumers today have many new energy-saving fenestration product options to choose from. Advances in fenestration product technologies include the use of low‑emissivity coatings, dynamic glazing, selective tints, insulating spacers and new frame materials and designs. While the use of one or more of these components can improve fenestration product thermal performance it will also increase the complexity of the selection process. This procedure is offered as a uniform means to calculate total fenestration product SHGCs and VTs for the class of fenestration products that lend themselves to this calculation. It is hoped that in the future, the scope of this calculation procedure can be extended to include an even greater variety of fenestration products. 

This document supersedes and replaces NFRC 200-2001. This document contains the state‑of‑the‑art procedure at the time of its publication. This procedure will be updated as new research results become available and accepted. This is a metric document (SI); inch-pound (IP) units are for reference only.

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

	
	National Fenestration Rating Council
6305 Ivy Lane, Suite 140
Greenbelt, MD 20770
Voice: (301) 589-1776
Fax: (301) 589-3884
Email: info@nfrc.org
Website: www.nfrc.org
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1. Purpose

To specify a method for calculating Solar Heat Gain Coefficient XE "Solar Heat Gain Coefficient"  (SHGC) and Visible Transmittance XE "Visible Transmittance"  (VT) at normal (perpendicular) incidence for all fenestration attachment products that are co-planar to the fenestration Products, excluding products covered in NFRC 200 Section 2.1and Applied Films, with specular optical properties calculated or tested in accordance with NFRC 201 XE "NFRC 201" .

[Note  AUTONUM : This standard specifies a method for calculating the solar heat gain and visible transmittance from direct solar radiation through total fenestration products at normal incidence only.]

2. Scope

2.1 Fenestration Attachment Product Lines Covered

A fenestration attachment product line is a series of products with distinct structural configuration as listed and shown in Table 5.1. Only the product lines stated in Table 5.1 are covered for this technical procedure. 
2.2 Fenestration Attachment Individual Products Covered

An individual fenestration attachment product is a variation of a specific product line as defined in Table 5.1. The following are the variables of a product line, which are changed to build an individual fenestration attachment product.  Each individual fenestration attachment product based on manipulation of the following product line variables shall be simulated or tested in accordance with Section 4.1.  Specular optical properties criteria are based on the attachment materials, excluding the hardware.  The fenestration attachment product line variables are as follows:

2.2.1
Cellular Type Interior Attachment
An individual cellular type attachment product is characterized by, one or more of the following applicable variables. 


2.2.1.1

Cell structure is based on material fold manipulation as shown in Figure 6.1.  The different types of cell structures are:





2.2.1.1.1
Single Cell





2.2.1.1.2
Cell within a cell








2.2.1.1.2.1

Full cell within a cell








2.2.1.1.2.2

Split cell within a cell

2.2.1.2.3 Two cells through depth

2.2.1.2.4 Three cells through depth


2.2.1.2 
Cell size based on ¼ inch intervals.  Please refer to Figure 6.2 for an illustration on cell size determination.






2.2.1.3

Edge Seals





2.2.1.3.6.1

Track type seal





2.2.1.3.6.2.
 No seal


2.2.1.4
 
Material air permeability measured using ASTM D737 test method.

2.2.1.5

Material basis weight measured using ASTM D3776 test method.

2.2.1.6

Material Thickness measured using ASTM D1777 test method.

2.2.1.7

Non-metalized material translucency measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.1.8

Metalized material translucency measured using ASTM D7305-08a test method.


2.2.1.9

Material solar absorptance or reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.2
Slat or Louver Type Interior or Exterior Attachment

An individual slat or louver type attachment product is characterized by, one or more of the following applicable variables.


2.2.2.1

Slat/Louver size is based on ¼ inch intervals as shown in Figure 6.3.


2.2.2.2

Slat/Louver thickness is based on 0.01” intervals as shown in Figure 6.3.


2.2.2.3

Louver profile:  flat or curved or complex

2.2.2.5

Material translucency measured using ASTM D7305-08a test method.


2.2.2.6

Material solar absorptance or reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.3
Sheer Type Interior Attachment

An individual sheer type attachment product is characterized by, one or more of the following applicable variables.


2.2.3.1

Integrated Slat/Louver size is based on ¼ inch intervals as shown in Figure 6.4.


2.2.3.2

Material air permeability measured using ASTM D737 test method.

2.2.3.3

Material basis weight measured using ASTM D3776 test method.

2.2.3.4

Material Thickness measured using ASTM D1777 test method.

2.2.3.5

Non-metalized material translucency measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.3.6

Metalized material translucency measured using ASTM D7305-08a test method.


2.2.3.7

Material solar absorptance and reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.4
Shutter Type Interior or Exterior Attachment

An individual shutter type attachment product is characterized by, one or more of the following applicable variables.


2.2.4.1

Slat/Louver size is based on ¼ inch intervals as shown in Figure 6.5.


2.2.4.2

Slat/Louver thickness is based on 0.01” intervals measured at the thickest point as shown in Figure 6.5.


2.2.4.3

Shutter frame dimensions, as shown in Figure 6.5. 


2.2.4.4

Material solar absorptance and reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.5
Pleated Type Interior Attachment

An individual pleated type attachment product is characterized by, one or more of the following applicable variables.


2.2.5.1

Pleat size is based on ¼ inch intervals, as shown in Figure 6.6.


2.2.5.2

Material air permeability measured using ASTM D737 test method.

2.2.5.3

Material basis weight measured using ASTM D3776 test method.


2.2.5.4

Material thickness measured using ASTM D1777 test method.

2.2.5.5

Non-metalized material translucency measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.5.6

Metalized material translucency measured using ASTM D7305-08a test method.


2.2.5.7

Material solar absorptance and reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.6
Roller Type Interior or Exterior Attachment

An individual roller type attachment product is characterized by, one or more of the applicable variables.


2.2.6.1

Material air permeability measured using ASTM D737 test method.

2.2.6.2

Material basis weight measured using ASTM D3776 test method.


2.2.6.3

Material thickness measured using ASTM D1777 test method.

2.2.6.4

Non-metalized material translucency measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.6.5

Metalized material translucency measured using ASTM D7305-08a test method.


2.2.6.6

Material solar absorptance and reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.7
Roman Shade Type Interior Attachment

An individual Roman type attachment product is characterized by, one or more of the following applicable variables.


2.2.7.1

Segment spacing is based on 1/4 inch intervals as shown in Figure 6.7.


2.2.7.2

Segment loop overlap size is based on 1/8 inch intervals as shown in Figure 6.7.


2.2.7.3

Material air permeability measured using ASTM D737 test method.

2.2.7.4

Material basis weight measured using ASTM D3776 test method.


2.2.7.5

Material thickness measured using ASTM D1777 test method.

2.2.7.6

Non-metalized material translucency measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.7.7

Metalized material translucency using ASTM D7305-08a test method.


2.2.7.8

Material solar absorptance and reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.8
Drape Type Interior Attachment

An individual drape type attachment product is characterized by, one or more of the following applicable variables.


2.2.8.1

Material air permeability measured using ASTM D737 test method.

2.2.8.2

Material basis weight – individual layers measured using ASTM D3776 test method.
2.2.8.3

Non-metalized material translucency measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.

2.2.8.4

Metalized material translucency measured using ASTM D7305-08a test method.

2.2.8.5

Material solar absorptance and reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.
2.2.9
Flat Panel Type Interior or Exterior Attachment 

An individual flat panel type attachment product is characterized by, one or more of the following applicable variables.


2.2.9.1

Material air permeability measured using ASTM D737 test method.

2.2.9.2

Material basis weight – individual layers measured using ASTM D3776 test method.


2.2.9.3

Material translucency measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.


2.2.9.4

Material solar absorptance and reflectance measured using ASTM E1175 or ASTM E903 or EN 410 or ISO 9050 test method.
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Definitions

Refer to NFRC 600 document for a definition on each of the attachment products.  Following are some of the important terms definition referred in this document.
Fenestration product with attachment XE "Fenestration product with attachment" : the total fenestration product resulting when a fenestration attachment is combined with (i.e., installed on) a reference fenestration product in the manner recommended by the manufacturer.

Fenestration attachment XE "Fenestration Attachment" : a device designed to be physically attached to, incorporated with or covering a product that has been or may be rated according to NFRC procedures.
Reference fenestration product XE "Reference fenestration product" : the fenestration product that an attachment is combined with for the purposes of rating. A reference fenestration product comprises a reference glazing system and a reference frame with a specified construction.

Solar Heat Gain Coefficient (SHGC):

Solar Heat Gain Coefficient XE "Solar Heat Gain Coefficient"  (SHGC): the ratio of the solar heat gain entering the space through the fenestration product to the incident solar radiation. Solar heat gain includes directly transmitted solar heat and that portion of the absorbed solar radiation which is then reradiated, conducted or convected into the space.

Total fenestration product Solar Heat Gain Coefficient (SHGCt): the SHGC representative of the total fenestration product, as defined in NFRC 200-2004, Equation 4‑3 of Section 4.7.

SHGC0: the total fenestration product Solar Heat Gain Coefficient for a center-of-glazing Solar Heat Gain Coefficient of 0.0.

SHGC1: the total fenestration product Solar Heat Gain Coefficient for a center-of-glazing Solar Heat Gain Coefficient of 1.0.

Visible Transmittance XE "Visible Transmittance"  (VT):

Visible Transmittance XE "Visible Transmittance"  (VT): the ratio of the visible light entering the space through the fenestration product to the incident visible light. The visible light entering a space is weighted by the photopic response of the eye (refer to NFRC 300 XE "NFRC 300" ).

Total fenestration product Visible Transmittance (VTt): the VT representative of the total fenestration product, as defined in NFRC 200-2004, Equation 4-4 of Section 04.7.

VTo XE "VTo" : the total fenestration product visible transmittance for a center-of-glazing visible transmittance of 0.0.

VT1 XE "VT1" : the total fenestration product visible transmittance for a center-of-glazing visible transmittance of 1.0.

4. General 

4.1 Compliance

Fenestration attachment product ratings shall be determined by following the procedure outlined in Section 4.1 in accordance with the criteria specified in Sections 4.2 through Section 4.7.  This Section 4 presents and references methods for determining specific attachment product heat transfer properties or quantities used in the determination of these properties.

4.1.1 Product Line Simulation and Testing

The total fenestration attachment product Solar Heat Gain Coefficient XE "Solar Heat Gain Coefficient"  (SHGC) and Visible Transmittance XE "Visible Transmittance"  (VT) shall be evaluated in the position specified in NFRC 100A and in accordance with ISO 15099 XE "ISO 15099" , using the base case window sizes as given in Table 5-2 of NFRC 100A. All attachment products will be tested or simulated as an individual product without screens, applied film, removable grilles, or any other applied devices. 

4.1.2 Testing Alternative XE "Testing Alternative" 
The total fenestration attachment product SHGC shall be tested in accordance with NFRC 201 XE "NFRC 201" .

The total fenestration attachment product VT shall be tested once a test procedure has been approved.

4.2 Product Lines and Individual Products

4.2.1 Product Lines

Refer to Section 2.1 for a complete list of product lines. XE "NFRC 100" 
4.2.2 Individual Products

Refer to Section 2.2 for a complete list of individual products. 

4.3 Fenestration Attachments Standard Simulation and Test Conditions

This section presents procedures for determining total fenestration attachment product Solar Heat Gain Coefficient (SHGC) XE "Solar Heat Gain Coefficient"  and Visible Transmittance (VT) XE "Visible Transmittance" . For rating Solar Heat Gain Coefficient and Visible Transmittance of individual products at model sizes, follow Section 4.4.

4.3.1 
Attachment Requirements for Testing and Simulation

4.3.1.1
Interior Attachment Requirements 

Refer to Section 4.1.1 of NFRC 100A document for interior attachments requirements for testing and simulation.

4.3.1.1 Exterior Attachments Requirements

Refer to Section 4.1.2 of NFRC 100A document for exterior attachments requirements for testing and simulation.

4.3.2 Simulation
When available, approved simulation procedures will be used to simulate all attachment products to determine SHGC and VT.

4.3.3 Testing

Specified testing conditions in this section shall be used to determine the SHGC of the individual fenestration products. See section 4.6.1.

4.3.4 Environmental Conditions during NFRC 201 XE "NFRC 201"  Testing

A.
Average nominal inside air temperature shall be 24ºC (75ºF).

B.
Inside surface coefficient (as measured on a vertical CTS XE "CTS"  per Section 5.5.1 XE "NFRC 201:Section 5.5.1"  of NFRC 201 XE "NFRC 201" ) shall be 7.7 W/m2K ± 5% (1.4 Btu/h·ft2·ºF ± 5%).

C.
The solar irradiance shall never be less than 680 W/m2 (200 Btu/h·ft2).

D.
The incident angle of the direct solar irradiance shall be maintained at less than or equal to 5 degrees from normal to the plane of the solar calorimeter XE "solar calorimeter"  aperture (i.e., perpendicular to the outside surface of the surround panel); and 

E.
The aperture of the solar calorimeter XE "solar calorimeter"  (i.e., the plane of the outside surface of the surround panel) shall not be tilted more than 60 degrees from vertical unless the laboratory can demonstrate that their calorimeter can meet the inside surface coefficient tolerance specified (Section 4.3.3.B) at the greater tilt angle. 

4.4 Model Sizes and Configurations

Total fenestration attachment product Solar Heat Gain Coefficient XE "Solar Heat Gain Coefficient"  and Visible Transmittance XE "Visible Transmittance"  shall be determined using the base reference window size shown in Table 5.2 of NFRC 100A.

4.5 Simulation Procedures

When available, approved simulation procedures will be used to simulate all attachment products to determine SHGC and VT. Until then, test only procedures will be used to determine SHGC and VT for all attachment products.

4.6 Test Procedures

If a product cannot be simulated in accordance with Section 4.5, the test procedures in this section shall be used to determine the SHGC of the total fenestration attachment products. However, these test procedures shall only be used for the reporting of SHGC and VT if the size conditions in Section 4.4 are met. The only time a product line shall contain tested total fenestration attachment product SHGC is when an accredited simulation laboratory states in writing that it cannot simulate an individual product(s) to a reasonable accuracy by using the computational procedure. In addition, the written permission of NFRC is required for products not specifically addressed in this document.

4.6.1 Reference Window Test Procedure

Testing is conducted as detailed in NFRC 201 to determine the Reference Window SHGC and VT.

4.6.2 Total Fenestration Product Test Procedure

Testing is conducted as detailed in NFRC 201 with the following modification:  Attachment will be mounted as indicated in section 4.3.3 of NFRC 100A to the reference window.  The system shall be tested with the attachment in the full closed position. 

4.7 Total Fenestration Attachment Product Rating

The total fenestration product SHGC and VT shall be reported as follows:

4.7.1 SHGC

Report the final SHGC value to two significant digits (0.XX) for the whole system that is reference window and attachment.

4.7.2 VT

Report the final VT value to two significant digits (0.XX) for the whole system that is reference window and attachment.

5. Tables

5.1 Table 5.1 Fenestration Attachment Product Lines -- Interior and Exterior Attachments Generic Product Groups.

	Product Line / 

Individual  Product
	Product Description
	Picture / Sketch
	Slat or Louver Adjustment 

(Tilt to Open & Close)

Operable/non-operable

	Cellular Type

Cellular blinds
	An attachment made from fabric or laminated film or any combination of material, which has cellular construction.  Cellular structure is defined as two or more layers joined at the pleats to form compartments or cells that trap air.  Cellular construction can be single cell, multiple cell or cell-in-cell.  
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	No

	Slat or Louver Type

Venetian, Mini, Wood, Faux wood, Aluminum and Vertical blinds
	An attachment made from aluminum or wood or synthetic wood or fabric or any combination of material which has horizontal slats, one slat above another suspended by strips of cloth called tapes or by cords.  The slit width can be from 0.5" to 20".  The slat can be overlapping or non-overlapping.  
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	Yes

	Sheer Type

Sheer blind


	An attachment made from sheer fabric and with or without soft or semi-rigid louvers.  The attachment can have following construction:  a)  A single layer of sheer fabric without louvers; b) A single layer sheer fabric with louvers on the back; c) Two parallel layers of sheer fabric with horizontal vane in between the two layers of fabric. 
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	Yes

	Shutter Type

Wood shutter

Plantation shutter
	An attachment made predominantly from wood, synthetic wood or any combination of material, which is solid, stable and usually consisting of a frame of vertical stiles and horizontal rails (top, center and bottom). Set within this frame can be louvers (either operable or fixed), solid panels, fabric, glass and most any other item that can be mounted within a frame.
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	Yes

	Pleated Type

Single layer pleated blind
	An attachment made from a single layer of pleated fabric or any suitable flexible material. This attachment can be horizontal or vertical.
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	No

	Roller type

Roller binds, Solar shades

Roller Shutters
	An attachment made from fabric or any suitable material which can be retracted and rolled on a shaft.
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	No

	Roman shade Type

Traditional roman shade

Woven woods
	An attachment made from fabric or any combination of material which has horizontal loops at regular intervals.  This attachment can be made with or without non-folded backing.  
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	No

	Drape Type

Traditional drapes

Woven woods
	An attachment made from fabric or any material in drape form or in flat sheet form.  The drape is usually hung from rail or from a rod with hooks.
	
	No

	Flat Panel

Insulative flat
panels
	An attachment made from fabric or any combination of material with a rigid flat panel frame.
	
	No


6.
Figures

6.1
Figure 6.1 Illustration of different cell structure of cellular type attachment.
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	Single Cell
	Full cell
	Split cell
	Double Cell
	Triple Cell

	
	Cell within a Cell
	
	


6.2
Figure 6.2 Cellular type attachment cell size measurement illustration.
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	Outside cell dimension for Single Cell Cellular Shade
	Outside and Inside Cell Dimension for Cell-in-Cell Cellular Shade


6.8 Figure 6.3 Slat/Louver type attachment dimension measurement illustration.
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6.4
Figure 6.4 Sheer type attachment dimension measurement illustration.
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6.5
Figure 6.5  Shutter type attachment dimension measurement illustration.
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6.6
Figure 6.6 Pleated type attachment dimension measurement illustration.
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6.7
Figure 6.7 Roman Shade type attachment dimension measurement illustration.
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