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 Residential sector, 3rd largest consumer of energy 
in Canada, consuming 17% of the total energy used 
and producing 15% of total GHGs (NRC, 2009) 

 

 In a typical home, 30-50% of the energy used is 
transmitted through the windows (Gustavsen, Grynninga, Arasteh, Petter 

Jelle, & Goudey, 2011) 

 

 Window frames account for 20 to 30% of the whole 
window area yet can be responsible for more than 
30% of the rate of heat transfer (Gustavsen, Arasteh, Petter Jelle, & Curcija, 

2008) 
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 Long disagreement between both methods; 
+/- 10% difference (Blanusa, 2001 and Weitzmann et al., 2000) 

 

◦ Calculation methods  

◦ Interior and exterior temperatures  

◦ Surface film coefficients  

◦ Wind velocities  

◦ Edge effects 
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(NFRC, 2010) 



 -  - 
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(RDH Building Engineering Ltd., 
2014) 

• NFRC center-of-glass U-values: up to 23% higher than CEN 
values 

• NFRC frame U-values: 5% lower to 24% higher than CEN 
values 

• NFRC whole window U-values:  14% lower to 18% higher 
than CEN values 
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1. What are the differences between the NFRC 
and CEN calculation methods for determining 
the U-value for window products? 
 

2. What parameters can be harmonized 
between the two U-value calculation 
methods?   
 

3. How are these parameters affected by the 
different boundary conditions in North 
America’s eight climate zones?  
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  North America (NFRC) Europe (CEN) 

ISO Standard Used ISO 15099 ISO 10077 

      

Interior Temperature 21°C 20°C 

Exterior Temperature -18°C 0°C 

Exterior Wind Velocity 5.5 m/s 4 m/s 

Exterior Radiant Mean 

Temperature  

Tr,m = Texterior Tr,m = Texterior 

Interior Radiant Mean Temperature Tr,m = Tinterior Tr,m = Tinterior 
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  NFRC  CEN  

Standard NFRC 200-2010 ISO 15099 

Interior temperature 24°C 25°C 

Exterior temperature 32°C 30°C 

Interior convective surface heat 

transfer coefficient, hcv,int 

7.7 W/(m2K) 

(NFRC 102 hc int and ASTM E1423) 

2.5 W/(m2K) 

Exterior convective surface heat 

transfer coefficient, hcv, ext 

15 W/(m2K) 8 W/(m2K) 

Radiant Mean Temperature, Tr,m Tex Tex 

Solar irradiance, Is 783 W/m2 500 W/m2 

Wind Velocity 2.75 m/s  4 m/s 
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(Chen and Wittkopf, 2011)  



Climate Zones (inland) Winter Design 

Temp.  (°C) 

Summer 

Design Temp.  

(°C) 

Annual Low 

Average 

Temp. 

(°C) 

Annual 

Average 

Temp (°C) 

Annual High 

Average 

Temp. 

(°C) 

Wind Velocity 

(m/s) 

1  **             

2  Austin, TX -1 37 14.4 20.3 26.2 7.6  

3  Atlanta, GA -4 33 11.8 17.0 22.2 7.7  

4  Albuquerque, NM -6 34 7.5 14.0 20.4 9.3  

5  Indianapolis, IN -14 32 6.6 11.8 16.9 8.4  

6  Toronto, ON -16 29 5.6 9.2 12.7 9.1  

7  Winnipeg, MB -30 29 -3.1 2.6 8.3 9.8  

8  Yellowknife, NT -40 24 -9 -4.6 -0.2 7.7  

Climate Zones 

(coastal) 

Winter 

Design 

Temp. (°C) 

Summer Design 

Temp. (°C) 

Annual Low 

Average 

Temp. 

(°C) 

Annual 

Average 

Temp. 

(°C) 

Annual High 

Average 

Temp. 

(°C) 

Wind Velocity  

(m/s)  

1  Miami, FL 11 33 21.2 25.1 29.1 7.7 

2  Jacksonville, FL 0 34 14.3 20.3 26.3 7.3 

3  San Francisco, CA 5 26 10.6 14.1 17.6 10.6 

4  New York City, 

NY (JFK airport) 

-8 30 8.3 12.3 16.2 9.6  

5  Vancouver, BC -4 24 6.5 10.1 13.7 7.6  

6  St. John’s, NFLD -14 23 0.6 4.7 8.7 12.3  

7  Whitehorse, YT -35 23 -5.9 -0.7 4.5 8.4 

8  Iqaluit, NU -38 14 -13.6 -9.8 -6.0 11.1 



 The NFRC SHGC values were 24- 46% lower 
than CEN values (standard methods) 

 NFRC SHGC values were 2-5% higher than 
CEN values for the triple and quad IGUs (IGU 
only) 
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 Radiation coefficient: cannot be interchanged due 
to temperature dependent variable 

 

 Convective coefficient:  no significant difference 

 

 Higher surface film coefficients contribute to 
higher Uwindowvalues 
 

 Inland and coastal locations:  no significant 
difference 



 

23 



(2%) 

(4%) 

(-3%) 

0 0.5 1 1.5 2

CEN FCM

NFRC FCM

CEN FCM

NFRC FCM

CEN FCM

NFRC FCM

CEN FCM

NFRC FCM

F
ib

e
rg

la
s
s

S
o
li
d

 w
o
o
d

T
B
 W

o
o
d

U
-
P
V

C

Uframe (W/m²K) 

jamb

sill

head



0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

-40 -30 -18 -10 -5 0 5 10 15 30 40

P
s
i-

V
a
lu

e
 (
W

/
m

K
) 

Temperature (°C) 

Spacer A Head

Spacer A Sill

Spacer A Jamb

Spacer C Head

Spacer C Sill

Spacer C Jamb

 

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

-40 -30 -18 -10 -5 0 5 10 15 30 40

P
s
i-

V
a
lu

e
 (
W

/
m

K
) 

Temperature °C 

Spacer A Head

Spacer A Sill

Spacer A Jamb

Spacer B Head

Spacer B Sill

Spacer B Jamb

Spacer C Head

Spacer C Sill



(4%) 

(8%) 

(3%) (4%) 

(-1%) 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Dbl High SHGC Dbl Low SHGC Tpl High SHGC Tpl Low SHGC Quad High SHGC

TB Wood

U
w

in
d
o
w

 (
W

/
m

²K
 )
 

NFRC

CEN

TBSW Frame 



(-5%) 
(-7%) 

(-4%) 

(-5%) 

(-7%) (-4%) 

0

0.5

1

1.5

2

-40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40

U
w

in
d
o
w

 (
W

/
m

²K
) 

 

Temperature (°C) 

NFRC High SHGC

CEN High SHGC

NFRC Low SHGC

CEN Low SHGC

Climate Zones 
1 2 3 4 5 6 7 8 

Solid Wood, Triple IGU 



 Exterior temperature symmetry 

 Frame cavity method 

 Material thermal conductivity 

 Uframe method 

 



 SHGC (with and without the frame) 

 Ucog method 

 Climate specific U-values 

 Single International Calculation Method 

   (UW-ITN’L) 

 

 

 

 

 



(Miller, 2010) 


