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INTRODUCTION:  

THE NECESSITY FOR ESTABLISHING A WINDOW ENERGY RATING SYSTEM  

 

In January 2007, the Commission proposed the recast of the European Directive (2002/91/EC) on the energy 
performance of buildings, which included targets of 20% reduction of energy consumption and greenhouse gas 
emissions, as well as increased share of renewables by 2020. These targets have been adopted in the light of 
the mounting scientific evidence of climate change, high energy prices and the growing import energy 
dependency and its possible geo-political repercussions. Towards this direction, the reduction of energy 
consumption can clearly make a significant contribution; especially the buildings sector provides many cost-
efficient opportunities for action, while at the same time contributing to the welfare of EU citizens. 

The buildings sector – i.e. residential and commercial buildings - is the largest user of energy and CO2 emitter in 
the EU and is responsible for about 40% of the EU's total final energy consumption and CO2 emissions. The 
sector has significant potential for cost-effective energy savings which, if realized, would mean that in 2020 the 
EU will consume 11% less final energy. This in turn translates to a number of benefits, such as reduced energy 
needs, reduced import dependency and impact on climate, reduced energy bills, an increase in jobs and the 
encouragement of local development. 

Buildings essentially correspond to the needs and preferences of all European citizens in their specific 
environments and are therefore often regarded as a key matter of competence for local, regional and national 
authorities. At the same time, construction products, appliances and services are an important part of the EU 
internal market and nowadays many workers and businesses are not limited to a single country.  

While thermal insulation and more attention for reducing infiltration and controlled ventilation have helped to 
already strongly reduce fossil energy needs, the impact of windows, fenestration and glazed structures is 
becoming more and more important. This is particularly the case because these structures combine many vital 
functions of the building (aesthetics, provision of view to the exterior, daylight, thermal comfort, protection 
against noise/ sun/ cold/ wind, safety, etc), which ask for properties that are easily conflicting and time variant, 
both diurnal and seasonal. Heat transfer through windows accounts for a significant proportion of all energy 
used in the energy sector, for covering both heating and cooling needs, since installation of cooling equipment 
in European countries continues to increase rapidly. At the same time, considerable advances have been made 
in window technology in recent times. The energy saving potential from windows is therefore very large.  

Towards that direction helps the energy rating and labelling of windows, which can provide consumers with the 
simple, straightforward data they need to make well-informed energy efficient decisions and make an important 
contribution to the implementation of the Directive. In anticipation of the implementation of energy rating of 
fenestration products, consumers rely on information provided by the window manufacturer or the retailer. The 
buyers’ are also mislaid to believe that the energy performance of the glass, Ug, is the overall window 
performance, Uw.  

In general terms, the establishment of a window energy rating system will:  

- allow direct comparison of the energy performance of products from different manufacturers on a like-for-
like basis,  

- enable consumers and designers to select windows based on their real energy performance,  

- provide a common set of tools and methodologies throughout the EU and avoid the development of a 
multitude of separate and incompatible rating systems, as well as 

- provide the basis for a pan-European window energy rating system. 

The impact of this information on the European market is predicted:  

- to provide significant encouragement to window manufacturers to develop improved windows, based on the 
knowledge that the market will be able to recognise and penalise poor performance and to reward better 
than average performance,  

- to encourage building designers to develop imaginative uses for high performance windows with some 
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certainty that products will perform as claimed,  

- to improve the efficiency of the market for windows in new and existing dwellings and substantially improve 
the prospects for high performance windows in that market.  

By a pan-European energy rating and labelling, the market will be transformed towards more energy efficient 
windows, resulting in energy savings, substantial CO2 reductions, better indoor comfort and less electricity for 
funs and cooling. In the long run this will lead to economic benefits for households, building owners and in a 
general national and international context. Other important arguments for a rating are that professional buyers 
will be forced to buy energy efficient windows. Today they buy the cheapest windows and calculate the benefits 
in terms of simple payback time rather than in terms of Life Cycle Cost. 

It must be mentioned that according to joint studies carried out year 1995 and updated year 2000 by the 
Standing Committee of Glass Industries and Fachinformationszentrum Karlsruhe for the European Commission, 
nearly 60 per cent of the dwellings in the 15 European countries studied are still single glazed. This results in 
excessive heat losses and hence carbon dioxide emissions. The energy saving potential in the studies, only by 
upgrading glass U-values from 5,7 and 2,9 to 1,6W/m2K could save 1,115 MGJ (million gigajoules or 26 million 
Toe (Tonnes of oil equivalent) each year. The CO2 reduction was estimated to 82 million tonnes per year. In 
such a case the introduction of energy rating of windows can rapidly and cost effectively transfer the market 
towards more energy efficient windows. The expected result is a considerable decrease in energy demand for 
heating and cooling and in CO2 emission.  

However, the development of a scheme for rating the energy performance of windows is more difficult than for 
other building components and is significantly more difficult than energy rating for domestic products such as 
white goods because:  

- Many window configurations are possible from a given window system.  

- There is a significant effect of local geography and climatic conditions in terms of window performance. 

- There is a significant concern about rating windows from a ‘standard’ European size when the markets and 
‘typical windows’ vary considerably across the EU.  

- There is a significant effect of local shading and external factors in cooling dominated climates, i.e. related 
to the building and the local conditions (trees etc.) but not related to the actual window.  

There is ongoing work in several countries with the purpose of establishing a system for energy labeling, or 
energy rating, of windows and fenestration products, which would indicate the possible savings of an advanced 
window, compared to a standard window. The promotion of labeling and the exploration of ways to regulate 
factory built fenestration products are promising efforts to reduce the energy needs. The intention is that 
consumers will prefer more energy efficient windows, resulting in less efficient products eventually being 
withdrawn or decommissioned. 

Currently, USA, Canada, Australia, New Zealand and Great Britain have adopted systems for energy rating of 
the fenestration products. Above them, only Australia and New Zealand have taken into account the cooling 
performance.Finland has launched a pilot program for energy rating window products, while Denmark has 
developed a labeling scheme for glazing components.  

In the following chapters the window energy rating systems of the above mentioned countries are presented in 
detail. 

 

REFERENCES 

COMMISSION OF THE EUROPEAN COMMUNITIES, Proposal for a DIRECTIVE OF THE EUROPEAN 
PARLIAMENT AND OF THE COUNCIL on the energy performance of buildings, 2008 

Diana Avasoo: Energy Transparency for Energy Efficiency, paper presented at the Future buildings forum event 
Cooling Buildings in a Warming Climate, Sophia Antipolis, France, 2004. 
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1. A REVIEW ON THE EXISTING WINDOW ENERGY RATING SYSTEMS: 

USA 

 

The energy performance of all windows, doors, and skylights must be independently tested and certified 
according to test procedures established by the National Fenestration Rating Council (NFRC). NFRC is a third 
party, non-profit organization that sponsors certified rating and labeling programs to help consumers compare 
the energy and performance features of windows, doors, and skylights.  

 

1.1. The description of the label 

The National Fenestration Rating Council (NFRC) energy performance label helps to determine how well a 
product will perform the functions of cooling a building in the summer, warming a building in the winter, keeping 
out wind and resisting condensation. By using the information contained on the label, builders and consumers 
can reliably compare one product with another, and make informed decisions about the windows, doors, and 
skylights they buy.  

NFRC adopted a new energy performance label in 2005. It lists the manufacturer, describes the product, 
provides a source for additional information and includes ratings for one or more energy performance 
characteristics (Figure 1.1). All energy performance values on the label represent the rating of windows/doors as 
whole systems (glazing and frame).  

The energy performance indicators on the label include:  

- The U-Factor: it measures the rate of heat of a window assembly. U-Factor ratings generally fall between 
0.20 and 1.20. The insulating value is indicated by the R-value which is the inverse of the U-value. The 
lower the U-value, the greater a window's resistance to heat flow and the better its insulating value. 

- The solar heat gain coefficient (SHGC): it is the fraction of incident solar radiation admitted through a 
window (both directly transmitted and absorbed) and subsequently released inward. SHGC is expressed as 
a number between 0 and 1. The lower a window's solar heat gain coefficient, the less solar heat it transmits 
in the house. 

- Visible transmittance (VT): it is an optical property that indicates the amount of visible light transmitted. VT 
is expressed as a number between 0 and 1. The higher the VT, the more light is transmitted.  

- Air Leakage (AL): it is indicated by an air leakage rating expressed as the equivalent cubic feet of air 
passing through a square foot of window area (cfm/sq ft). Heat loss and gain occur by infiltration through 
cracks in the window assembly. The lower the AL, the less air will pass through cracks. 

 

Figure 1.1. 

The NFRC label for rating the energy performance of 
fenestration products in the USA.  



1. A review on the existing window energy rating systems: USA 

 8 

- Condensation Resistance (CR): it is the ability of a product to resist the formation of condensation on the 
interior surface of that product. The higher the CR rating, the better that product is at resisting condensation 
formation. While this rating cannot predict condensation, it can provide a credible method of comparing the 
potential of various products for condensation formation. CR is expressed as a number between 0 and 100. 

NFRC's programs do not distinguish between “good” and “bad” windows, set minimum performance standards, 
or mandate performance levels. This is where ENERGY STAR comes in. ENERGY STAR enables consumers 
to easily identify NFRC-certified products with superior energy performance.  

 

1.2. The procedure for energy rating – the role of NFRC 

The National Fenestration Rating Council has developed and operates a uniform national rating system for 
energy performance of fenestration products. The Rating System determines the U-factor, Solar Heat Gain 
Coefficient (SHGC) and Visible Transmittance (VT) of a product, which are mandatory ratings for labeling NFRC 
certified products, and are supplemented by procedures for voluntary ratings of products for Air Leakage (AL), 
and Condensation Resistance (CR). Together, these rating procedures, as set forth in documents published by 
NFRC, are known as the NFRC Rating System.   

The Rating System employs computer simulation and physical testing by NFRC-accredited laboratories to 
establish energy performance ratings for fenestration product types. The Rating System is reinforced by a 
certification program under which NFRC-licensed responsible parties claiming NFRC product certification shall 
label and certify fenestration products to indicate those energy performance ratings, provided the ratings are 
authorized for certification by an NFRC-licensed certification and inspection agency (IA). The requirements of 
the rating, certification, and labeling program (the "Certification Program") are set forth in the NFRC PCP 
Product Certification Program. Through the Certification Program and its companion laboratory accreditation 
program (the "Accreditation Program") NFRC intends to ensure the integrity and uniformity of NFRC ratings, 
certification, and labeling by ensuring that responsible parties, testing and simulation laboratories, and IAs 
adhere to strict NFRC requirements.  

In order to participate in the Certification Program, a licensee shall rate a product to be certified for mandatory 
NFRC rating procedures. At present, a licensee may elect to rate products for U-factor, Solar Heat Gain 
Coefficient (SHGC), Visible Transmittance (VT), Air Leakage, Condensation Resistance, or any other procedure 
adopted by NFRC, and to include those ratings on the NFRC temporary label (Figure 1.2.) affixed to its products 
(or the NFRC Label Certificate). U-factor, SHGC and VT, Air Leakage, and Condensation Resistance rating 
reports shall be obtained from a laboratory, which has been accredited by NFRC in accordance with the 
requirements of the LAP. The rating shall then be reviewed by an Independent Inspection and Certification 
Agency (IA) which has been licensed by NFRC in accordance with the requirements of the CAP. NFRC-licensed 
IAs also review label format and content, conduct in-plant inspections for quality assurance in accordance with 
the requirements of the CAP, and issue a product certification authorization report (CAR), or an NFRC Label 
Certificate for site-built products and attachment products. The IA is also responsible for the investigation of 
potential violations (prohibited activities) as set forth in the NFRC Compliance and Monitoring Program.  

 

Figure 1.2.  
The NFRC temporary label. 
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Products that are labelled with the NFRC Temporary and Permanent Label, in accordance with NFRC 
requirements, are considered to be NFRC-certified. NFRC maintains a Certified Products Directory, listing 
product lines and individual products selected by the licensee for which product certification authorization has 
been granted.  

NFRC manages the Rating System and regulates the Product Certification Program (PCP), Laboratory 
Accreditation Program (LAP) and Certification Agency Program (CAP) in accordance with the PCP, the LAP, 
and the CAP procedures, and conducts compliance activities under all these programs as well as the 
Compliance and Monitoring Program. NFRC continues to develop the Rating System and each of the programs.  

NFRC owns all rights in and to each of the PCP, LAP, CAP, Compliance and Monitoring Program and each 
procedure, which is a component of the Rating System, as well as each of its registration marks, trade names, 
and other intellectual property.  

 

1.3. Product evaluation 

Under the Certification Program, products may be authorized for certification only if they have been rated in 
accordance with NFRC-approved procedures, computer programs and test methods (Figures 1.3., 1.4.).  

For certification authorization, a licensee shall obtain ratings for U-factor, Solar Heat Gain Co-Efficient (SHGC), 
and Visible Transmittance (VT). If there are no technical procedures available for obtaining a required rating for 
a particular product at the time of certification authorization, the product is exempt from the rating requirement. 
Optional performance ratings available to licensees for certification authorization are Air Leakage (AL) and 
Condensation Resistance.  

NFRC accredits simulation laboratories and testing laboratories to conduct computer simulations and physical 
testing of fenestration and attachment products. A current contact listing of accredited labs is maintained on the 
NFRC website. The results of simulations and tests conducted by NFRC-accredited laboratories are reported to 
the licensee and to the NFRC-licensed Certification and Inspection Agency (IA) selected by the manufacturer.  

A licensee shall obtain from an NFRC-accredited laboratory NFRC required ratings for each product to be 
authorized for certification. Such ratings shall be obtained by complying either with the Validated Computational 
Procedure, Computational Procedure, or Testing Alternative.  

 

Figure 1.3. The typical procedure followed for energy rating of fenestration products by NFRC.  
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Figure 1.4. The flowchart for the product certification program. 

 

The Validated Computational procedure is used for obtaining U-factor ratings. The licensee shall obtain a 
simulation report from an NFRC-accredited simulation laboratory for each product line to be authorized for 
certification. The licensee shall then obtain a physical test report from an NFRC-accredited test laboratory. The 
test report shall contain the test results of the baseline product (the representative product of the product line) 
chosen by the licensee in order to validate the simulations conducted for the product line.  
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The Computational Procedure is used for obtaining SHGC, VT and Condensation Resistance ratings. Under this 
procedure, the licensee shall obtain a simulation report from an NFRC-accredited simulation laboratory for each 
product line to be authorized for certification.  

The Testing Alternative procedure is used for products that cannot be simulated and/or for ratings that can only 
be obtained through physical testing. The licensee shall request that the simulation laboratory provide written 
confirmation to the IA that the product line cannot be simulated. The licensee shall select products for testing, 
which shall be test samples in the sizes set forth by applicable NFRC technical procedures. As in validation 
testing, the licensee shall supply the test laboratory with product drawings and other applicable information as 
required. The licensee shall authorize the testing laboratory to deliver a copy of the test report, along with copies 
of supporting data, to the selected IA. Air Leakage ratings can only be obtained using the Testing Alternative 
method of evaluation; there are no procedures for the simulation or computation of air leakage ratings.  

 

1.3.1. Procedures for Simulation  

For each product line to be rated, the licensee shall deliver bill of materials, product assembly drawings, detailed 
dimension die drawings, and all individual product options within the product line to an NFRC-accredited 
simulation laboratory. Individual products to be rated shall meet the requirements set forth in NFRC rating 
procedures.  

The licensee shall direct the simulation laboratory to conduct computer simulations of each individual product in 
accordance with applicable NFRC rating procedures (NFRC 100, 200, and 500) and to develop a matrix of 
individual products. The licensee shall direct the simulation laboratory to deliver the matrix and simulation report, 
together with copies of the complete supporting data to an NFRC-licensed IA selected by the licensee (See 
NFRC LAP-Reporting Requirements)  

A Lineal Supplier shall authorize each fabricator the supplier lists on the Schedule III to obtain the supplier’s 
simulation report by reissuing the report to the fabricator. The report shall include all individual product options 
authorized for certification.  

 

1.3.2. Procedures for Testing  

Where applicable, a licensee shall obtain a physical test report from an NFRC-accredited test laboratory for 
each product line to be authorized for certification.   

All test samples submitted for initial certification authorization shall be either new products or production line 
units. These test samples serve two purposes: validation of the baseline product and plant qualification. The 
sample submitted for initial certification shall be the baseline product.  

 

1.3.3. Validation (test procedure for obtaining U-factor computational validation)  

The licensee shall manufacture and deliver one representative test sample to a selected NFRC-accredited 
testing laboratory. The representative sample shall be the baseline product and the sample used for testing may 
be either a production line unit or a new product (prototype). If a product line(s) has been grouped with another 
product line for validation in accordance with NFRC 100, then the validation test conducted validates all grouped 
product lines.  

The licensee shall also deliver to the testing laboratory a copy of the product drawings, bill of materials, and 
other applicable information as is necessary to accurately define the representative sample to be physically 
tested. The licensee shall direct the testing laboratory to physically test the representative sample in accordance 
with NFRC 102. The licensee shall direct the testing laboratory to deliver a copy of the test report (electronically 
and/or hardcopy), together with copies of complete support data as required by provisions of the NFRC LAP, to 
the NFRC-licensed IA selected by the licensee.  

A Lineal Supplier shall authorize each fabricator the supplier lists on the Schedule III of the Lineal Supplier 
License Agreement to obtain the supplier’s test report by reissuing the report to the fabricator.  The product 
matrix simulated shall be considered validated if the results of the physical test meets the equivalence criteria 
set forth in the NFRC 100.   
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1.3.4. Special Cases  

Swinging door products rated in accordance with NFRC 100, with a glazing area less than or equal to 50% of 
the slab or panel area, are not required to label SHGC and VT ratings.  

For Tubular Daylight Devices (TDDs) ratings required for certification authorization are U-Factor and SHGC. 
TDDs use the simulation validation computational procedure for U-factor and the “test only” procedure for rating 
SHGC. TDDs are currently exempt from obtaining Visible Transmittance (VT) ratings.  

 

REFERENCES 

NFRC’s official documents of the Product Certification Program, Certification Agency Program (CAP) and 
technical documents:  

NFRC 100 - 2004_E1A6 Procedure for Determining Fenestration Product U-Factors 

NFRC 101-2006-E0A20 (May 2009) Procedure for Determining Thermophysical Properties of Materials for Use 
in NFRC-Approved Software Programs 

NFRC 102 - 2004_E0A3 Procedure for Measuring the Steady-State Thermal Transmittance of Fenestration 
Systems 

NFRC 103-2007 (E0A0) Verification Program for Thermophysical Property Data 

NFRC 200 - 2004_E1A4: Procedure for Determining Fenestration Product Solar Heat Gain Coefficient and 
Visible Transmittance at Normal Incidence 

NFRC 201 - 2004_E1A1: Procedure for Interim Standard Test Method for Measuring the Solar Heat Gain 
Coefficient of Fenestration Systems Using Calorimetry Hot Box Methods 

NFRC 300 - 2004_E0A1: Test Method for Determining the Solar Optical Properties of Glazing Materials and 
Systems 

NFRC 301 - 2004-E0A1: Standard Test Method for Emittance of Specular Surfaces Using Spectrometric 
Measurements 

NFRC 302 - 2004: Verification Program for Optical Spectral Data 

NFRC 303-2006: Creating a Laminate in Optics for NFRC Certification  

NFRC 304-2007-E1A0: Creating an Applied Film Layer in Optics for NFRC Certification  

NFRC 400 - 2004_E1A0: Procedure for Determining Fenestration Product Air Leakage 

NFRC 500 - 2004_E1A0: Procedure for Determining Fenestration Product Condensation Resistance Values 

NFRC 500 User's Guide - 2004_E1A0  

NFRC 600-Glossary and Terminology-2007-E1A2  

NFRC 901-2008_E0A0: Guidelines to Estimate the Effects of Fenestration on Heating and Cooling Energy 
Consumption in Single Family Residences 

NFRC Software Approval Guidelines  

NFRC Simulation Manual  

 

USEFUL LINKS 

Efficient Windows Collaborative (EWC): www.efficientwindows.org/ 

National Fenestration Rating Council: www.nfrc.org/  

Florida Solar Energy Center: www.fsec.ucf.edu 

U.S. Department of Energy's Office of Energy Efficiency and Renewable Energy (EERE): 
www1.eere.energy.gov 
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2. A REVIEW ON THE EXISTING WINDOW ENERGY RATING SYSTEMS:  

CANADA  

 

All windows and sliding glass doors must be rated for their airtightness, watertightness, wind load strength, 
resistance to forced entry, insect screen strength (windows only) and ease of operation (sliding glass doors 
only) when they are installed in new homes or buildings. Provincial/territorial and local building codes require 
different airtightness, watertightness and window load strength categories depending on the climatic conditions. 

CSA International is a Nationally Recognized Testing Laboratory (NRTL) accredited by Standards Council of 
Canada (SCC). The CSA standards allow for several levels of performance for:  

- Air tightness (A). Performance is indicated by a number rating from A1 to A3. The higher the number, the 
more airtight the product. 

- Water tightness (B). Performance is indicated by a number ranging from B1 to B7 for windows, and from B1 
to B4 for sliding doors. The higher the number, the more watertight the product  

- Wind load resistance (C).  There are up to five levels of wind resistance for windows (C1 to C5) and three 
levels (C1 to C3) for sliding doors.  

- Forced entry resistance (F). For windows, an F10 rating means that the window meets the standard level of 
resistance to forced entry.An F20 rating indicates that the window has achieved a higher level of resistance 
to forced entry. All sliding doors must have a lock or latching device. An F10 or F20 rating indicates that the 
product has passed forced-entry resistance testing. For both windows and sliding doors, an F20 rating 
indicates better performance than F10 rating. 

- Screen strength/ease of operation (S/E). For windows, a number rating ranging from S1 to S2 indicates 
screen strength.  They are tested for tear, damage or retention when subjected to loads. Please note that 
insect screens are not intended for any purpose other than to keep insects out. For sliding doors, a number 
rating from E1 to E3 indicates ease of operation. They are tested based on the force required to open and 
close the moveable section of the door. S2 is stronger than S1. E3 requires the least amount of effort. 

- Condensation resistance (I) - optional. Condensation resistance for windows and sliding doors is 
determined by a thermal characteristic called Temperature Index (I), which ranges from 40 to 80. The higher 
the number, the more likely the product will resist condensation.  Insulated steel doors are tested on a 
pass/fail basis and do not receive a graduated rating. 

- Energy rating (ER) – optional. The performance rating for energy efficiency in windows, sliding doors, and 
insulated steel doors is represented by the letters 'ER'. An ER rating for windows and sliding doors is 
derived from:  

- Solar heat gain  

- Heat loss through frames, center and edge of glass  

- Air leakage heat loss  

- The addition of a constant +40 ER number  

ER numbers range widely depending on the type of window and design options. For example, fixed 
windows score better ER ratings than operating windows. ER ratings for operating windows and sliding 
doors typically range from 5 (indicating weaker energy performance) to 40 (higher energy performance). 
Fixed windows can be designed to have positive ER numbers ranging from 15 to 45. A typical ER rating for 
insulated steel doors with wood frames is -13. 

In the final analysis, the Energy Rating number is the bottom line for energy conscious consumers, as it is 
the indicator of the window’s thermal performance during the heating season. It is a scale rating the 
comparative performance of windows, based on three factors: solar heat gains, heat loss through frames, 
spacers and glass, as well as air leakage heat losses, regardless of how or with what materials it was built. 
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2.1. Energy Rating 

For ENERGY STAR, windows and doors are qualified for their energy efficiency by either a U-value or Energy 
Rating (ER) for each of the four Canadian zones. Skylights are qualified by their U-value only. The energy 
efficiency values were developed primarily for low-rise residential dwellings (three floors or less). 

The ER system is based on a formula calculated for a specified window size (Figure 2.1) for each operator type 
(i.e. casement, slider, etc). Each specified window size has a different frame to glass ratio, which affects the ER 
rating. The calculated ER number applies only to that standard size, however because all evaluations are done 
the same way, direct comparisons within the same operator type can be made between different products 
designs and manufacturers.  

Energy star qualified windows and doors carry a label, samples of which is displayed in Figure 2.2. Furthermore, 
a more detailed label can be found (Figure 2.3.). 

 

2.2. ENERGY STAR Qualifications for Fenestration Products 

The Energy Rating (ER) value is calculated using a formula that balances a product's U-value with its potential 
solar heat gain coefficient (SHGC) and its airtightness. The ER scale was recently modified so that all products 
now have a rating of between 0 and about 50. (Under the previous rating scale, it was possible for a product to 
have a negative ER number). The higher the ER number, the better the product's thermal performance. 

Tables 2.1-2.2 show the ratings levels for each climate zone in Canada (for the entire product). Energy 
efficiency ratings for the glass portion only, often called "centre-of-glass", usually make the product appear more 
energy efficient than it really is. 

U value and Solar Heat Gain Coefficient (SHGC) values must be certified by the NFRC or an organization 
accredited for the certification of fenestration products by the Standards Council of Canada (SCC). Certified air 
tightness values are not required at this time. 

 

 
a 

 b 

Figure 2.1. Test window (a) and doors (b) sizes for energy rating. 

  

Figure 2.2. Label samples used for fenestration products rated with ENERGY STAR.  
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Figure 2.3.  

The label for energy rated fenestration products. 

 

Table 2.1. The ENERGY STAR Requirements for windows and doors. 

Zone Maximum U-Values 
and Minimum R-Values 

Minimum Energy Rating (ER) Values 
(Maximum U-Value 2.00 W/m2•K) 

 
U-Value 

(W/m2•K) 

U-Value 

(Btu/h•ft.2°F) 

R-Value 

(ft.2h•°F/Btu) 
 

Most Windows and All Doors 

(includes fixed casement style windows) 
Picture Windows Only 

      1998 2004* 1998 2004* 

A 2.00 0.35 2.9 or –16 17 –6 27 

B 1.80 0.32 3.2 or –12 21 –2 31 

C 1.60 0.28 3.6 or –8 25 +2 35 

D 1.40 0.25 4.0 or –5 29 +5 39 

*The methodology used to calculate Energy Ratings, as defined by the Canadian Standards Association, was recently 
changed. Under the new 2004 standard, all windows and doors have positive ER numbers. 

 

Table 2.2. the energy star requirements for skylights. 

Zone Maximum U-Value (W/m2•K) Maximum U-Value (Btu/h•ft.2°F) Minimum R-Value (ft.2h•°F/Btu) 

A 3.10 0.54 1.8 

B 2.80 0.50 2.0 

C 2.60 0.46 2.2 

D 2.38 0.42 2.4 
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The Energy Rating values (ER) are calculated with the following formula: 

ER = 57.76 SHGCW - 21.90 UW - 0.54 (L75 / AW) + 40, where: 

SHGCW = total product solar heat gain coefficient (dimensionless), 

UW = total product U-value in W/(m2•K), 

L75 = total airflow rate in m3/h at a pressure difference of 75 Pa, 

AW = area in m2 as per the reference sizes in Table 2.3.  

In the 2004 version of the CSA A440.2 standard, the ER formula underwent the following changes: 

- A 20 percent solar reduction factor was added.  

- A constant factor of 40 was added to make all ER numbers positive.  

In addition, window sample sizes were harmonized with the U.S. NFRC standards. 

All ENERGY STAR qualified sliding glass doors and operable windows must have at least an A2 for 
airtightness. Picture windows must receive a “Fixed” rating. Table 2.4. shows the range for each product type. 

 

Table 2.3: Size Reference 

Window Type (Includes fixed versions of operable products) Width (mm) Height (mm) 

Vertical sliding 1200 1500 

Horizontal sliding 1500 1200 

Tilt-and-turn 1200 1500 

Casement 600 1500 

Awning 1500 600 

Fixed 1200 1500 

Projecting 1500 600 

Doorlite (including frame) 575 925 

Door Type Width (mm) Height (mm) 

Sliding glass door 2000 2000 

Door system with a slab of this size 915 2030 

 

Table 2.4.Airtightness Categories – Windows and Sliding Glass Doors 

Type Least Airtight Most Airtight 

Most operable windows A1 A3 

Single-hung windows* A1/Fixed A3/Fixed 

Single sliding windows* A1/Fixed A3/Fixed 

Non-operable (fixed) casement windows A1 A3 

Picture windows Fixed (pass/fail rating) 

Sliding glass doors A1 A3 

*Operable and non-operable sashes may be tested and rated separately for single-hung and single sliding 
windows. 
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There are no minimum requirements for ENERGY STAR for the other categories. Table 2.5. shows the ranges 
for each product type.  

Windows and sliding glass doors must have an air leakage rate of less than or equal to 1.65 (m3/h)/m. Skylights 
and swinging doors are not required to meet an air leakage requirement at this time.  Airtightness testing must 
be done by an independent laboratory that has been accredited for the testing of fenestration products by the 
SCC or other signatories to the Asia Pacific Laboratory Accreditation Cooperation (APLAC) and/or the 
International Laboratory Accreditation Cooperation (ILAC) Mutual Recognition Arrangement. 

ISO 15099 compliant software may be used to calculate thermal performance values.  

The ENERGY STAR name and symbol are administered and promoted in Canada by Natural Resources 
Canada and are registered in Canada by the United States Environmental Protection Agency. 

Table 2.5. The minimum requirements for products rated for ENERGY STAR. 

Test Lowest Category Highest Category 

Watertightness B1 B7 

Wind load strength C1 C5 

Insect screen strength* S1 S2 

Resistance to forced entry F10 or F1 F20 or F2 

*This test measures only how well the screen mesh stays fastened to the screen mesh frame, not how well the insect screen stays 
fastened to the window frame. Most insect screens are designed to be easily removeable from the window to allow for egress in case of 
an emergency. An S1 rating is normally adequate for residential applications. 

Other Categories – Sliding Glass Doors 

Test Lowest Category Highest Category 

Watertightness B1 B4 

Wind load strength C1 C3 

Ease of operation E1 E3 

Resistance to forced entry F1 F2 

Note: Insect screen strength, resistance to forced entry and ease of operation ratings are not available in the ENERGY STAR qualified 
model listings.  

* Skylights must be tested or simulated for their thermal performance in a sloped position of at least 20 degrees. 

 

2.3. ENERGY STAR Zone Map for Canada 

There are four climate zones in Canada (A, B, C and D), based on an average annual temperature indicator 
called a heating degree-day (HDD). An HDD is the annual sum of the degrees of the average daily temperature 
for all days below 18°C. This accumulated sum is averaged over a 30-year period to provide a good indication 
of the average temperature in a given location. Canada was divided into climatic zones according to the 
following levels of Heating Degree Days (Figure 2.4.): 

Zone D: > 8000 HDDs  

Zone C: > 5500 to <= 8000 HDDs  

Zone B: > 3500 to <= 5500 HDDs  

Zone A: <= 3500 HDDs  
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Zone A is the mildest, and Zone D is the coldest. Colder areas require windows and sliding glass doors that are 
more energy efficient. Homes and apartments in colder locations are likely to require less air conditioning. 

The climate zones for which a window or sliding glass door is ENERGY STAR qualified will be shown on a label 
and in the sales literature. Many window and sliding glass doors qualify for more than one zone in Canada. The 
more zones a product qualifies for, the more energy efficient it is. So you can save even more on your energy 
costs by purchasing a product that is qualified for a zone that is colder than where you live. 

 
Test Standards 

The operational performance ratings for certified products are based on  

CSA A440.2: Energy Performance of Windows and Other Fenestration Systems 

CSA A453.0: Energy Performance Evaluation of Swinging Doors (Except for Energy Rating (ER) calculation)  

NFRC 100: Procedure For Determining Fenestration Product U-factors 

NFRC200: Procedure For Determining Fenestration Product Solar Heat Gain Coefficient and Visible 
Transmittance at Normal Incidence 

CSAA440.0: Windows  

CGSB82.1: Sliding Doors  

CGSB82.5: Insulated Steel Doors  
 
REFERENCES 
ENERGY STAR Qualifying Criteria for Residential Windows, Doors and Skylights Sold in Canada Version 2.0 – 
April 1, 2005 
 
USEFUL LINKS 

CSA – Canadian Standards Association: http://www.csa-international.org/ 

CGSB – Canadian General Standards Board: www.tpsgc-pwgsc.gc.ca 

CWDMA - Canadian Window and Doors Manufacturers Association: http://cwdma.ca 

Energy star in Canada: http://oee.nrcan.gc.ca/residential/energystar-portal.cfm 

 

Figure 2.4.  
Map of Canada’s climate zones. 
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3. A REVIEW ON THE EXISTING WINDOW ENERGY RATING SYSTEMS:  

AUSTRALIA 

 

The technical basis of the Window Energy Rating Scheme (WERS) was established in 1995 under contract by 
Unisearch Ltd at the University of New South Wales. The foundation work was carried out by Dr. Peter Lyons 
and PC Thomas in the Solarch group of the UNSW Faculty of the Built Environment. It enables windows to be 
rated and labelled for their annual energy impact on a whole house, in any climate of Australia.  

The window energy rating scheme (WERS) ranks residential windows for their energy performance in typical 
housing anywhere in Australia and complements manufacturer's existing standards for wind, water penetration 
and safety (AS 1288 and AS 2047). WERS is independent of any one manufacturer and acts as a fair, rigorous 
and credible system for testing performance claims. It must be mentioned that WERS rates the performance of 
a window, not the performance of the amount of windows used in a design. 

To participate in WERS, window makers must obtain energy ratings for their products from a rating organisation 
that is accredited by the Australian Fenestration Rating Council (AFRC). Their windows must meet all Australian 
standards, including AS2047-1999 (Windows in Buildings-Selection and Installation) and AS 1288-1994 (Glass 
in buildings - selection and installation). The Window Energy Rating Scheme is managed by the Australian 
Window Association (AWA). WERS is independent of any manufacturer and acts as a fair, rigorous and credible 
system for testing performance claims. WERS-rated windows must meet all relevant Australian standards.  

The WERS ratings complement other energy rating schemes for consumer appliances, vehicles and buildings. 
The certified data from WERS plugs into the Nationwide House Energy Rating Scheme (NatHERS) and is used 
to provide star ratings for houses.  

In addition to WERS, a Skylight Energy Rating Scheme (SERS) has been developed. Some skylight 
manufacturers are currently using the system, which provides similar information to WERS, adjusted to skylight 
heating and cooling performance, as well as additional information about daylighting performance. 

 

3.1. Description of the Window Energy Rating Scheme 

The WERS scheme operates on three levels to convey information about the energy performance of custom-
rated windows and skylights:  

• Star ratings for cooling and heating performance: the more stars, the more energy-efficient the window. 

• Indicative percent reduction in heating and cooling needs for the whole house, compared with base-
case, single-glazed, standard aluminium window: the higher the percentage, the more energy will be 
saved by installing the window. 

• Basic thermal, solar and optical performance data including the U-value for the window; the Solar Heat 
Gain Coefficient; Visible Transmittance; Fabric Fading Transmittance and Air Infiltration. These figures 
help to determine if the window is right for specific applications and climate types. 

Rated windows carry a label which certifies that the window has been rated by the Australian Window 
Association (Figure 3.1.). The star ratings are shown at the top of the sticker. Heating performance is shown in 
red and cooling performance is shown in blue. The sticker also shows how much the window will reduce the 
energy used for heating and cooling compared to the base-case window (a single-glazed, standard aluminium 
window). At the bottom of the sticker is some AWC-certified data on the thermal, solar and optical performance 
of the window. 

As well as a sticker, the window manufacturer will issue a certificate and marketing material for the window type. 
This will show the same information as the sticker and spell out in detail the energy performance of the window. 
The window will be ranked against alternatives, either from the same company or its competitors. 
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The data derived is available for public access in the Certified Product Directory tables attached to the member 
name and allows for easy comparison of windows.  

 

 

Figure 3.1: The label for the Window Energy Rating Scheme in Australia.  

 

3.2. The basis for the Energy Rating Scheme 

Most windows are rated entirely by a two-stage process. The Window Energy Rating Scheme employs a 
combination of physical testing and computer simulation to generate energy ratings for fenestration products. 
WERS applies a suite of interlinked procedures including those used by the U.S. National Fenestration Rating 
Council (NFRC). As with the NFRC, WERS uses the software tools Window 5, Optics 5 and Therm 5. 
Occasionally, unusual or complex products may need to be measured by physical testing to establish their basic 
thermal behaviour. After initial modelling or testing, a second stage of computer simulation follows using 
NatHERS (Australia's Nationwide House Energy Rating Software), from which the final WERS rating is 
generated. 

Rating of a window for energy performance starts with establishment of basic solar, thermal and optical 
properties of the glazing unit and window frame. These properties are determined by a combination of 
laboratory measurements and computer simulations.  
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Most windows can be rated through computer simulation alone. Occasionally, unusual or complex products may 
need to be measured by physical testing to establish their basic thermal behaviour. Air infiltration must be 
measured according to procedures meeting Australian standard AS 2047. If air leakage data is not available, 
conservative default values are used as an input to the rating process. 

Basic data for the window assembly is then plugged into the NatHERS software to determine the annual energy 
impact of the window on "a model house". This is a measure of the amount of annual (heating) energy that must 
be added to a house, and the amount of annual (cooling) energy that must be removed to keep the house within 
a comfortable temperature range.  

WERS ranks windows in terms of their whole-house energy improvement when compared to the base-case 
window (a single-glazed clear window with a thermally unbroken aluminium frame). The rankings are then used 
to generate star ratings for cooling (summer and solar control performance) and heating (winter performance). 
Separate scales of 0-5 stars for heating and cooling impact are expressed in half-star increments. This gives 11 
levels of performance, which is sufficient to distinguish different products without confusing consumers.  

The window star ratings for heating and cooling rank the window against alternatives, using a scale based on 
'generic' window types. The generic windows range from very low performance to very high performance in 
heating or cooling. Generic windows are not real products but are intended to represent products that are 
available on the Australian market. The star rating of many "real" products can be estimated by finding the 
generic window that is most similar. A generic rating assigns default, conservative star ratings and basic 
solar/thermal data to a product according to the closest match in the list of generic windows. A custom rating is 
an exact rating for a real product based on the results of a computer simulation using real data for the window.  

The scales have been determined by rating 27 generic windows (Figure 3.2) with the 5-star benchmark applying 
to products that have a high performance for heating and cooling but are also readily available on the Australian 

 

Figure 3.2. The star ratings for generic windows established for the Window Energy Rating Scheme of Australia.  
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market. The base-case window (WIN01) has zero stars for cooling but receives one star for heating due to its 
solar gain in winter. The star ratings are valid for all orientations, all Australian climates and a wide range of 
window sizes, and both raised timber and concrete slab-on-ground floors.  

The ratings apply to the effect of the whole window including the relative contributions of glass and frame. These 
stars indicate the effect the window will have on the energy performance of the whole house. To provide 
consumers with a simple benchmark, a comprehensive range of representative windows has been rated for their 
energy performance which is illustrated in terms of stars. No star shows that the window is a very poor 
performer, 10 stars means excellent performance and a whole new world of energy efficiency and interior 
comfort. 

The following houses were modelled in AccuRate using all 17 windows, for the four cardinal orientations north, 
east, south and west. I am grateful to Tony Isaacs for his kind assistance in donating these house designs which 
he created to model a variety of effects over the Victorian housing stock. They are a very good match to a 
representative sample of 240 houses taken from 1999 building permits in Victoria. The three houses are shown 
in Figures 3.3. to 3.4. and are assumed to have BCA-compliant ceiling, wall and floor insulation, concrete slab-
on-ground floors, brick veneer external walls and plasterboard internal partitions. 

Each house is designed to have the same Victorian FirstRate software point score and window area that 
represents the smallest, the middle and largest thirds of the sample. Each house has the same area of glass 
facing in each of the four cardinal orientations as was found (on average) in the sample. The houses also reflect 
the fact that in the real world, glass-to-floor area ratios diminish as the house gets larger (29.6% reducing to 
26.1%). The house plans are based on the only systematic sample that has been compiled for the purpose of 
studying annual energy performance in Australia’s housing stock. 

 

Table 1. Houses modelled for their annual energy performance. 

House type Description Net conditioned floor area (m2) 

Small  Single-storey, BCA compliant 103.0 

Medium Single-storey, BCA compliant 172.5 

Large Two-storey, BCA compliant 241.3 

 

Figure 3.3. The small house type.  
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Figure 3.4. The medium house type.  

Since the objective of the AEP study was to quantify the response of the test houses to varying window 
performance, all AccuRate simulations were conducted in ‘non-rating mode’ without Holland blinds or any other 
confounding effects that might obscure the response of the houses to window type. 

WERS ratings will be less accurate where there are: 

• Very large glass areas where the total glass area is greater than 35 percent of the floor area, or 

• Large areas of overhead glazing, including sunspaces, attached conservatories and large skylights. 

The WERS ratings are independent of both climate and orientation but both these factors need to be considered 
when selecting the right window. Most of the rating data produced by WERS is at the level of the manufactured 
product and is therefore valid regardless of the final building type the product is employed in. Only the WERS 
star ratings are building-specific and relate to the annual energy impact of the rated product on a model house. 
All other WERS rating data is application-independent and can be adjusted and customised for any building 
type, usage pattern or climate.  
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Figure 3.5. The large house type.  

 

3.3. The application of WERS in praxis 

Accredited organisations wishing to demonstrate the energy efficiency of their products comply with the Window 
Energy Rating Scheme (WERS). It must be mentioned that some "real" products are already available on the 
Australian market that exceed the 5 star scale.  

To participate in WERS, window makers must obtain energy ratings for their products from a rating organisation 
that is accredited by the Australian Fenestration Rating Council (AFRC). The procedure that is being followed is 
illustrated in Figure 3.6.  

The Australian Fenestration Rating Council (AFRC) was established to provide an energy rating system for 
windows and doors that is fair, accurate and credible in application. The AFRC is the Australian operator of the 
NFRC. The Rating System employs computer simulation and physical testing by NFRC-accredited laboratories 
to establish energy performance ratings for fenestration product types.  
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Figure 3.6. The data process and auditing for the certification of fenestration products in Australia by AFRC. 

The National Fenestration Rating Council Incorporated (NFRC) operates a uniform national rating system for 
energy performance of fenestration products. The Rating System determines the U-value, Solar Heat Gain 
Coefficient (SHGC) and Visible Transmittance (VT) of a product, and is supplemented by procedures for the 
ratings of products for Air Leakage (AL) and Condensation Resistance (CR). Together, these rating procedures, 
as set forth in documents published by NFRC, are known as the NFRC Rating System. The Rating System is 
expected to be supplemented by additional procedures for rating energy performance characteristics including 
annual energy performance, long term energy performance, ultra-violet (UV) and comfort.   

NFRC ensures the integrity and uniformity of NFRC ratings, certification and labeling by ensuring that 
responsible parties, testing and simulation laboratories and Independent Auditors (IAs) adhere to strict NFRC 
requirements.  

In order to participate in the Certification Program, a responsible party shall rate a product to be certified for 
mandatory NFRC rating procedures. At present, a responsible party may elect to rate products for U-factor, 
solar heat gain coefficient, visible transmittance, air leakage, condensation resistance, or any other procedure 
adopted by NFRC, and to include those ratings on a label affixed to its products (or Certificate for site-built 
products). U-factor, SHGC and VT, AL, and CR rating reports shall be obtained from a laboratory, which has 
been accredited by NFRC in accordance with the requirements of the Laboratory Accreditation Program (LAP).   

For each individual product, total fenestration product U-Factors shall be reported for the specified configuration 
at the model size as shown in Table 3.2.  

NFRC maintains a Certified Products Directory, listing product lines and individual products selected by the 
responsible party for which product certification authorisation has been granted and listing all NFRC-licensed 
IAs and NFRC-accredited testing simulation laboratories. NFRC manages the Rating System and regulates the 
Product Certification Program (PCP), Laboratory Accreditation Program (LAP) and Certification Agency 
Program (CAP) in accordance with the PCP, the LAP and the CAP procedures, and conducts compliance 
activities under all these programs as well as the Compliance and Monitoring Program. NFRC continues to 
develop the Rating System and each of the programs.  
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Table 3.2. The standard rating sizes of the fenestration products in Australia.  

NFRC owns all rights in and to each of the PCP, LAP, CAP, Compliance and Monitoring Program, and each 
procedure, which is a component of the Rating System, as well as each of its certification marks, trade names, 
and other intellectual property.  

The technical protocols and the procedures are described in ANNEX X. 

A list of certified products of an Australian window company is presented in Figure 3.7.  

Key to Rating Tables of figure 3.7. 

Column 1: A window ID number.  
Column 2: A glazing description listing the products used to make up the glazed parts of the window, where IG (or IGU) - 
means insulating glass unit, usually made up of 2 glass panes with a sealed space between them, filled with air, argon or 
other dry gas. Note that the space is not evacuated. /12/3 represents the order (from outside to inside) and the spacing 
between glass products. "toned" and "supertoned" refer to different grades of body-tinted glass products available in the 
market. Low-e indicates the presence of glass products with low-emittance (low-emissivity) coatings.  
Column 3: Cooling Stars when compared with the base case Generic Window 1 (3mm clear glass in a standard aluminium 
frame).  
Column 4: Heating Stars when compared with the base case Generic Window 1  
Column 5: Percentage improvement for cooling compared with the base case Generic Window 1.  
Column 6: Percentage improvement for heating compared with the base case Generic Window 1.  
Column 7: Whole-window U-value (Uw) that accounts for the performance of the frame, edge-of-glass and centre-of-
glasscomponents. Uw is calculated for the standard sizes given in Table 2  
Column 8: Whole-window solar heat gain coefficient (SHGCw) that accounts for the performance of the frame and glass 
components, calculated for the standard sizes given in Table2.  
Column 9: Whole-window visible transmittance (Tvis). Product of glazing Tvis and glazing/frame area ratio.  
Column 10: Air infiltration rate (L/s.m2) at positive (inward) pressure difference of 75 Pa. 
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Figure 3.7. A list of certified windows according to WERS. 
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4. A REVIEW ON THE EXISTING WINDOW ENERGY RATING SYSTEMS: 

NEW ZEALAND 

 

New Zealand has adopted the “Window Efficiency Rating Scheme” (WERS) as the official, independent system 
for rating the effectiveness of the fenestration products. WERS is coordinated by the Window Association of 
New Zealand (WANZ) and is supported by the Government agencies Energy Efficiency Conservation Authority 
and the Foundation for Research, Science and Technology (Figure 4.1.). 

A similar rating system operates in Australia, using different measure, and is valid for Australia only. The 
systems show how most of the common glass and frame types perform in terms of heating, cooling and fading.  

WERS uses computer simulation, based on real data gathered in scientific testing, to reflect the changes in 
performance in the key areas of heating, cooling and fading. It's these computer results which are translated to 
a generic star rating system, within given bands of performance, to allow you to evaluate the cost and benefit 
implications of various frame and glass combinations. 

The figures relate to an average New Zealand house, within one of three defined climatic zones (Figure 4.2.). 
The average house has 20 windows and doors. An accredited simulator, a person form an independent agency 
qualified to test the window systems, certifies the star ratings. The calculations are made using software 
developed by BRANZ, the Building Research Association of New Zealand. 

The stars rate the glass and glazing options used, the different types of frame and the various combinations of 
both. Frames include aluminium, thermally broken aluminium, composite timber and aluminium, timber, PVC. 
Glazing types include clear glass, tinted glass, laminate glass, double glazing and low emissivity double glazing. 
The stars are not intended to give an exact measure, but rather accurate indication within given bands of 
performance; often a half star will appear (Figure 4.3.). 

A rating certificate and a schedule outlining the star rating for each individual window type will be issued on 
request with the supplier's final invoice. It will set out a licence number and the star rating for cooling, heating 
and fading. The certificate will include a brief description of the makeup of the window or door. A branded label 
will be attached to the glazed units, verifying a WERS rated product. 

 

Figure 4.1. 

The label for the WERS of New Zealand. 

 

Figure 4.2. 

The climate zones of New Zealand. 
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Figure 4.3. The star rating of various fenestration products in New Zealand. 

 
 



5. A review on the existing window energy rating systems: GREAT BRITAIN 

 31 

USEFUL LINKS 

Window Association of New Zealand: www.wanz.org.nz 

Smarter homes: www.smarterhomes.org.nz/help/checklists-tools/rating-labelling-schemes/ 

WERS New Zealand: www.design-navigator.co.nz/WERS2.html 
 



5. A review on the existing window energy rating systems: GREAT BRITAIN 

 32 

5. A REVIEW ON THE EXISTING WINDOW ENERGY RATING SYSTEMS: 

GREAT BRITAIN 

 

The BFRC Scheme is the UK’s national system for rating the energy efficiency of windows and is recognised 
within the Building Regulations as a method to show compliance for windows installation.  

The BFRC Rating is designed to allow consumers and specifiers to compare competing products using a simple 
and easy to understand ranking and labelling system. A BFRC Rating does not provide an absolute measure of 
the energy performance of a specific window or application. The actual energy consumption for a specific 
application will depend on the location of the window in the building, the building parameters such as insulation 
and occupancy, the building geometry and orientation, the local climate and the indoor temperature set by the 
occupants. The BFRC Rating allows accurate comparison of window performance under identical conditions. 
The BFRC Rating refers only to the standard BFRC sample size - this is the same sample size used in both the 
relevant European Standards and in the Building Regulations.  

Energy labelling of many products is a statutory requirement under EU law and it is illegal to sell certain items 
without an energy rating and label attached to them. This is not the case with the BFRC Rating scheme. 
Although the scheme uses the standard and familiar energy rating label, the use of a BFRC Rating label is 
entirely voluntary. 

 

5.1. Description of the Window Energy Rating Scheme 

As well as calculating the overall accurate ‘U’ value for a specific size and design of window (frame and gaskets 
etc as well as the double glazed unit), Window Energy Rating also takes into account the significant benefit to 
be derived from solar gain along with the heat lost through air infiltration. 

Window Energy Ratings use a consumer-friendly traffic-light style A-E ratings guide similar to that used on 
‘white’ goods, such as fridges, freezers, washing machines etc (Figure 5.1.).  

 

Figure 5.1.  
The label for windows rated by the BFRC. 
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Each window rated by the BFRC has a unique label. This label displays the following information:  

i. The rating level – A, B, C, etc…  

ii. The energy index, e.g. -3kWh/(m²·K) in this example the product will lose 3 kilowatt hours per square 
metre per year.  

The Energy Index shows how much energy the window will save or lose once it has been installed. A 
positive value means the window will enable more energy (free heat) to pass through the glass and into the 
room than is going to be lost through the window, therefore the window is a 'free energy' supplier. 

BFRC Rating = 218.6 x gwindow - 68.5 x (Uwindow + Effective L50).  

This gives the numerical BFRC Rating (generally a negative number) that can be converted to an A-G band 
using table 5.1. 

iii. The window U value. 

U-value measures how good a product is at preventing heat from escaping. The lower the U-value the 
better the product is at preventing heat escaping. The value used is the whole window U-value (Uwindow) 
and not simply the glassU-value (Uglass).  

The U-value used for the BFRC Rating equation is that of the window (Uwindow) and not that of the glass 
(Uglass).This is as per the requirements of the current Building Regulations. The centre pane U-value of the 
glass is not to be used under any circumstances. The calculation of Uwindow is a detailed calculation and 
the use of simulation software is required. The Uwindow used in the BFRC Rating equation should always 
be provided from detailed simulations carried out by BFRC Certified Simulators to EN 10077-2. 

iv. The effective heat loss due to air penetration as L, e.g. 0.01 W/(m²·K)  

The factor L50 in the formula is the air leakage factor. A lower number means less uncontrolled air leakage 
and heat loss. Windows with high air leakage lose more heat.  

Air leakage rates for buildings and building components obtained from measurements are usually quoted for 
a pressure difference of 50 Pa. This is to provide a comparison between buildings or windows. The air 
leakage rate measured at 50 Pa (L50) is not suitable for use in energy calculations and a much lower value, 
related to typical or average conditions, is needed. The L50 value must therefore be scaled back to provide 
the appropriate realistic value for air leakage. 

To obtain the air leakage rate through the window for the purposes of the BFRC Rating equation divide the 
air leakage at 50 Pa by 20, i.e. L = L50/20 where both L and L50 are measured in m3/h/m2. The air leakage 
rate (in m3/h/m2) must be converted to a heat loss rate (in W/m2K) to be able to add the U and L factors in 
the BFRC Rating equation. This involves using the density and specific heat capacity of air and converting 
to the appropriate units. Thus: 

Heat loss (W/m2K) = 0.33 L and since L = L50 / 20: Heat loss (W/m2K) = 0.0165 L50 where L50 is 
expressed in m3/h/m2 of window. This is the value to use in the BFRC Rating equation.  

The air leakage rate (L50) to be used for this equation is that for the BFRC sample window (i.e. 1.48m x 
1.23m with a central mullion and one opening light) fitted with the relevant profiles and gasket system.  

It is unlikely that manufacturers will have current air leakage test results for the BFRC sample window at this 
stage. However, many manufacturers will have certified test results available from UKAS laboratories for air 
leakage testing to BS 6375 Part 1 (EN 42) fitted with the relevant profiles and gasket system. In this case 

 

Table 5.1. 
The energy rating label scale for determining where 
the window will sit on the descending A-G energy 
scale.  
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the air leakage results can be given as a value of m3/h/m length of opening light. Where this is the case the 
following procedure should be used to convert the values:  

- Calculate the total perimeter length of the opening light seal (m length of opening light) for the BFRC 
sample window. When using dual or multiple seal windows the perimeter length to be used is that of the 
innermost seal.  

- Calculate the total air leakage through the window (m3/h) by multiplying the perimeter length (m length 
of opening light) by the BS 6375 Part 1 (EN 42) value for air leakage at 50 Pa ( in m3/h/m length of 
opening light). 

- Calculate the effective L50 value (m3/h/m2) by dividing the total air leakage through the window (m3/h) 
by 1.8204 (the area of the BFRC sample window in m2, i.e. 1.48m x 1.23m). 

- Calculate the Window Air Leakage heat loss by multiplying the effective L50 value (m3/h/m2) by 0.0165 
to convert to the actual heat loss for the window.  

 

v. The solar heat gain e.g. g=0.43  

This measures the amount of heat gain from sunlight. The Solar Factor is expressed as a number between 
0 and 1. A lower Solar Factor means less heat gain. In most cases the g-value for the glass will be available 
from the manufacturer or from the chosen BFRC Certified Simulator. Unless otherwise confirmed by the 
glass supplier, it should be assumed that the given is the g - value. The conversion of the g - value to the 
required time-averaged gw-value is carried out according to the simplified method given in EN 832 where:  

gw = g x Fw where Fw = 0,9. 

This is the g-value for the glass only (g-glass). The actual g-value to be used in the BFRC Rating equation 
is g-window (the whole window g value). It is therefore necessary to know the window sightlines and the 
proportion of glass in the window to calculate g window. Calculate the proportion of glass in the BFRC 
sample window from the sightlines of the frame and gaskets to give a ‘glass fraction’ value and apply this to 
the gglass value to calculate gwindow value for use in the BFRC Rating equation. The window sightlines 
used must include the presence of all gaskets and the worst (i.e. largest) of the inner and outer sightlines 
should be used in the calculation of the glass fraction. 

 

5.2. The procedure for rating fenestration products 

Step 1: Before proceeding with the window rating by BFRC, it is sensible to ask a BFRC certified Simulator to 
undertake a rating on the behalf of the window manufacturer, in order to find out what the likely result is and 
have the opportunity to make amendments to the product specification to improve the final rating. The 
advantage of simulation is that the performance is concluded from the drawings and a component listing. By 
substituting components a price/cost benefit analysis can be undertaken, in order to decide on the way forward.  

Step 2: Adopt a recognised quality management system (ISO 9001 or similar documented system).  

Step 3: Contact one or more of BFRC’s four approved Independent Agencies (IA’s) to obtain a quotation for 
their audit work. The IA’s are responsible for auditing the simulation and the manufacturing systems to ensure 
that the manufacturer will be in a position to provide to consumers a product which will have been rated under 
the BFRC scheme.  

Step 4: The IA will submit the details of the rating and the independent audit to BFRC for the registration of the 
label.  

Step 5: BFRC will supply a unique pdf label for the rated product and a Marketing Toolkit, plus the label will be 
registered on the BFRC website.  

The manufacturer will need to pay the BFRC fees, prior to the release of the BFRC registration information and 
licence to make use of the BFRC marks including the window energy label.  
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5.3. BFRC rating and energy saving recommended certification mark 

The energy saving recommended certification mark was developed by the Energy Saving Trust to distinguish 
the most energy efficient products on the market. Only products that meet the strict requirements will be 
endorsed and given the certification mark. The certification scheme is managed by the Energy Saving Trust and 
backed by the Government. The energy saving recommended logo is strongly supported by marketing 
campaigns and is widely recognised by consumers as signposting the most energy efficient products available 
in the marketplace. The BFRC has worked with the Energy Saving Trust to enable suppliers of suitable BFRC 
rated products to apply for endorsement by the scheme and use of this prestigious mark on their product. 
Manufacturers and suppliers who achieve a BFRC rating of ‘C’ (or above) are eligible to apply to the Managing 
Agent of the energy saving endorsement scheme for approval to use the logo and to be listed on the energy 
saving recommended database. If a manufacturer or supplier’s product achieves a ‘C’ (or above) rating then the 
BFRC provides a WER label to this effect. The holder of the WER label contacts the Managing Agent of the 
energy saving endorsement scheme for an Application Pack. This is a simple 4-page form that is completed and 
returned with: 

- • The relevant BFRC Rating labels. 

- • A copy of the last Annual Return made to the Registrar of Companies. 

- • Copies of up to date certificates for Product Liability Insurance and Employers Liability Insurance. 

- • A copy of the procedures which monitor the quality of the product 

- • A commitment to annually report sales of the endorsed product. 

The Managing Agent completes the rest of the process and if successful manufacturers and suppliers are given 
permission to use the energy saving recommended logo and will be entered onto the energy saving 
recommended database. The energy saving recommended logo is a certification mark and usage of the mark is 
controlled by EST. Manufacturers and suppliers must abide by the logo usage requirements of the scheme that 
are part of the scheme rules. 

The energy saving recommended logo is one of the most highly recognised certification marks in the UK. 
Consumers both recognise the mark as defining energy efficient products and use it to select purchases. 
Surveys show that consumers trust the mark and use it to make purchase decisions. Using the mark shows that 
a manufacturer is the ‘best of the breed’. • Scheme members are listed on the energy saving recommended 
database free of charge. This is accessible via the Energy Saving Trust web site (www.est.org.uk/myhome) of 
information to customers who want to purchase energy saving products. • Scheme members benefit through the 
large-scale publicity that is carried out by the Energy Saving Trust to support and publicise the scheme. They 
benefit from the support of a multi-million pound advertising campaign including posters, press, PR and below-
the-line activity – throughout the year and during the energy saving week promoting the energy efficiency 
message and directing consumers to the website. Application and membership of the energy saving 
recommended endorsement scheme is free at present. There are no scheme charges, either initial or for 
renewal. If the Energy Saving Trust brings in scheme charges, it will give six months notice to the members. The 
level of charges shall not exceed that required to cover the reasonable administrative and operational expenses 
of Energy Saving Trust in respect of the scheme. 

 

 

Figure 5.2. 

The energy saving recommended logo in the UK. 
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5.4. Limits for BFRC rating 

The BFRC Rating refers only to the standard BFRC sample size - this is the same sample size used in both the 
relevant European Standards and in the Building Regulations. It is not possible to provide a BFRC Rating for 
any other specific style/shape or configuration of window.  

The BFRC Rating refers only to the general orientation of windows in UK homes. It is not possible to provide a 
BFRC Rating for a specific house or orientation of window.  

The BFRC Rating refers to the general UK climate zone. It is not possible to provide a BFRC Rating for a 
specific and local climate zone in the UK. 

 
REFERENCES 
www.bfrc.org 
 
USEFUL LINKS 

British Fenestration Rating Council: www.bfrc.org/ 
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6. A REVIEW ON THE EXISTING WINDOW ENERGY RATING SYSTEMS: 

FINLAND 

 

A window energy rating system has been studied in Finland since 1998. First there was a national project, which 
studied the basis of the system and afterwards there was a participation in a European project which tried to 
establish European wide rating system. At the same time, a national pilot project started.  

 

6.1. The pilot project 

Eight greatest Finnish window manufacturers, the total sales of which represent about 70 to 80 % of Finnish 
window markets, participated in the pilot project, since it was essential that the window manufacturers regarded 
window energy rating as a necessary system and a way to delimit unfair competition.. 

The pilot project started in summer of 2003, while rated windows were published in May 2004. As the pilot 
phase of the labelling system has come to an end (beginning of 2006) the routines for the control mechanisms 
are being established. 

During designing the pilot system special attention was given to develop a voluntary, not mandatory rating 
system, as cheap as possible, based on and easy to understand system and label. Towards that direction, only 
one rating value for a window for whole Finland would be issued, while only basic type of windows would be 
rated. The size of rated windows is 1.2 m x 1.2 m and the filling gas concentration of IG units is 90 %. The rating 
of windows should be done by an independent organisation. Furthermore, it was regarded essential that every 
manufacturer could participate in the rating system.  

The criteria to be applied in the labelling were established in co-operation between Motiva, the Technical 
Research Centre of Finland (VTT) and the Finnish window-manufacturing industry. The rating is based on tests 
carried out in VTT. The parameters tested are heat transmission, solar radiation transmission and air tightness, 
following the respective standard testing procedures.  

 

6.2. Rating method 

The rating is based on annual energy consumption of a window. The formula of annual energy consumption is: 

E = A * U + B * g + C * L  

Where: E = annual energy consumption (kWh/ m2a) 

U = U-value (W/m2K) 

g = total solar transmission (-) 

L = air leakage (m3/m2h) 

The constant A, B, C values were defined by simulations with TRNSYS program. The climate is the most 
important thing to these values. The second is indoor air temperature. So it is essential to choose the location 
that represents the whole country right. While doing the simulations, following matters were taken in account: 

- window size to each principal compass point, 

- window area compared to floor area, 

- indoor air temperature, 

- heat insulation of building envelope, 

- heat capacity of structures (light weight, normal and heavy), 

- U-value of windows, 

- heating system and its control, 
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- climate of different cities, 

- house type: single family house and apartment house. 

The reference city climate, which defines the constants A, B, C was evaluated so that a line drawn from west to 
east through that city divides the total residential building floor area to two equal sized parts. This line goes in 
Finland nearby Jyväskylä, which is used as a reference city. The values of A, B and C were averaged and 
rounded to nearest value ending to 0 or 5. After putting the values, the formula is: 

E = 140 * U - 160 * g + 50 * L  

 

6.3. Rating categories 

While designing the rating categories (A to G) there were following principles: 

• The windows that fulfil the building regulations belong to category D. 

• There shall not be many windows in category A in order to enable development of energy efficient windows. 

• There shall not be technical problems with windows in category A. 

• The step size of each category should be equal (linear scale). 

• Most of the windows sold nowadays should be in category B or C. 

These principles limited the possibilities to choose the steps freely. The rating categories chosen for the pilot 
project testing are shown in Table 6.1. Double pane float glass windows belong mainly to category G and triple 
pane float glass windows to category F. 

 

6.4. Window properties 

To keep the rating system cheap it was decided that the U-value of windows can be measured or calculated 
according to European standards EN 10077-2 and EN 673. To verify the accuracy of each method the U-value 
of 17 windows was tested and calculated. The results are shown in Figure 6.1. It can be noticed that the 
correlation between measured and calculated values is in most cases very good. On this ground, both methods 
could be accepted. 

The g-value of a glazing is calculated according to European standard EN 410. The g-value of a window is area 
weighted average of glazing/whole window. 

 

Table 6.1.  
Correlation between E-value and rating cat-
egories. 

  

Figure 6.1.  
Measured and calculated U-values. 
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Air leakage of window can be tested at 50 Pa pressure according to European standard prEN 1026. Other 
possibility is to use default value L = 0.3 m3/m2/h (operable window) or L= 0.1 m3/m2/h (fixed window). There 
are five operable window types defined and one fixed window type. If the window to be rated is of different type 
the only way is to test the air leakage (Figure 6.2.). 

 

6.5. Label design 

Window energy rating label was designed to be close to the European energy label. The reason for this was that 
people are used to the layout of the European energy label and they can understand the label. It is easier to 
establish a new rating system, if the rating organisation doesn’t have to put efforts to teach people to read the 
label. The pilot label is shown in Figure 6.3. 

 

 

Figure 6.3. 
Window Energy Rating Label. 

 
REFERENCES 
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Figure 6.2. The default values of air leakage (L) for different types of windows. 
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7. A REVIEW ON THE EXISTING WINDOW ENERGY RATING SYSTEMS: 

DENMARK 

 

In Denmark, The Danish Energy Agency, in collaboration with the glass trade, introduced a rating system for the 
sealed glass units. In Denmark most of the windows are sold without glazing. The glass is installed on site. 
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In the Danish energy rating and labelling system only glazings can be classified. The manufacturers 
participating in the Danish Energy rating and labelling system have to provide information on their products 
regarding the four energy labelling data for glazing: 

- Thermal transmission coefficient (centre of glazing) Ug,  

- Total solar energy transmittance (centre of glazing) gg,  

- Light transmittance(centre of glazing)  τg and  

- Equivalent thermal conductivity λk  

The above information must be available on paper or electronically. The energy rating class A, B or C for glazing 
must be given in the spacer profile. However, marking with the energy class is optional.  

By using typical climatic data for Denmark and by choosing a reference building, the relative areas for the main 
orientations of the windows can be used in calculating the energy gain as a function of the U-value and the g-
value of the glazing, the reference house used for the Danish energy rating system for glazing is a typical single-
family house, which has the following distribution of the windows: 41% south, 26% north and 33% east/west. 

A shadow factor of 0.7 is used for the corrections for the effects of shadows.  

Based on the Design Reference Year, the solar radiation on vertical surfaces corrected for the effects of varying 
incidence angles has been found for the heating season (24/9 – 13/5): 

South: 431 kWh/m2 

North: 105 kWh/m2 

East/west: 232 kWh/m2 

Combining these with distribution of the windows in the reference house and the shadow factor gives a weighted 
total solar radiation of 196.4 kWh/m2 during the heating season. The heat loss is determined on the glazing of 
the temperature difference between indoor and outdoor climate during the heating season. Based on DRY a 
total of 90.36 degree hours (kKh) are found. Thus the net energy gain, Eref, during the heating season can be 
found for specific glazings from the equation: 

Eref=196.4 x g – 90.36 x U (kWh/m2) 

Only glazings with positive net energy gain are given a rating based on the following classification: 

A: net energy gain of more than 20 kWh/m2 

B: net energy gain between 10 and 20 kWh/m2 

C: net energy gain between 0 and 10 kWh/m2 
The classification will depend on the climatic data and the reference housed used and is only meant to give the 
private consumer an easy way to compare products.  
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