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Materials Solar absorptivity Solar reflectivity Longwave emissivity

Clay 0.65-0.80 0.85-0.95
Asphalt 0.85-0.98 0.90-0.98
Brick 0.65-0.80 0.85-0.95

Concrete 0.65-0.80 0.85-0.95
Dark stone 0.65-0.80 0.95

Marble 0.56 0.93
Clear glass 0.05 0.08 0.90-0.95
White paint 0.12-0.18 0.89-0.97
Red paint 0.74 0.96

Black paint 0.97 0.96
Whitewash 0.20-0.50 0.85-0.95

 Absorptivity and emissivity Radiation 



Reflectivity, ρ(λ)
Absorptivity, α(λ)

Transmissivity, τ(λ)
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Almost all buildings materials are opaque to solar radiation. 
Glass transmits solar radiation, but is opaque to longwave radiation.

 Solar radiation Radiation 



Radiative heat transfer
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• Heat transfer by thermal radiation 
requires no matter. 

• Buildings assumptions: 
- The air between buildings do not 
interact in the heat transfer process, 
it is fully transparent; 
- Buildings components are opaque 
and diffuse for long-wave radiation 
(including windows).
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hr

hs = hc + hr

Rs = 1/hs

 Radiative heat transfer Radiation 
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"1 = "2 = 0.9 ! "⇤ = 0.8

"1 = 0.9, "2 = 0.2 ! "⇤ = 0.2

"1 = 0.2, "2 = 0.2 ! "⇤ = 0.1

current glass (both emissive)

low emissivity coating (one reflexive)

 Two parallel surfaces Radiation 



standard overall thermal resistance* [m2K/W]

*only for air gaps, not valid for other gases and 
assuming hr=4.33 W/m2K (Both emissive)

Surfaces Heat flow
Gap width [mm]

5 10 15 25 50 100 300

Vertical 0.11 0.15 0.17 0.18 0.18 0.18 0.18

Horizontal upwards 0.11 0.15 0.16 0.16 0.16 0.16 0.16

Horizontal downwards 0.11 0.15 0.17 0.19 0.21 0.22 0.23

 Non ventilated air gaps Radiation 



standard overall thermal resistance* [m2K/W]

*only for air gaps, not valid for other gases and 
assuming hr=0.54 W/m2K (one emissive and one reflexive)

Surfaces Heat flow
Gap width [mm]

5 10 15 25 50 100 300

Vertical 0.18 0.33 0.45 0.56 0.56 0.56 0.56

Horizontal upwards 0.18 0.33 0.40 0.40 0.40 0.40 0.40

Horizontal downwards 0.18 0.33 0.45 0.65 1.34

 Non ventilated air gaps Radiation 
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Solar geometry
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Opaque solar gains Windows solar gains

 Opaque solar gains Radiation 
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Opaque solar gains: 
• solar radiation 
• collecting area 
• opaque U-value 
• solar absorptivity

 Opaque solar gains Radiation 



Window solar gains: 
• solar radiation 
• collecting area 
• shading 
• incidence angle 
• glazing g-value

 Window solar gains Radiation 
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Glazing with low g-value Shading devices

 Solar control Radiation 
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 No shading Radiation 
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