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Summary :

1. The building envelope. 

2. Common types of facades, walls and roofs

3. Heat losses through the envelope 

4. Thermal properties of a wall

5. Insulation products for buildings

6. Thermal properties of windows

7. Thermal Envelope Code Requirements.

8. Alternatives to improve the thermal envelope of existing 

buildings
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The term “building thermal 
envelope” is defined as being “the 
basement walls, exterior walls, floor, 
roof and any other building elements 
that enclose conditioned spaces.” 
This boundary also includes the 
boundary between conditioned space 
or provides a boundary between 
conditioned space and exempt or 
unconditioned space.
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Facade type I: Facade with double brick wall
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Facade type II: Ventilated facade

Plaster coating

Ventilated air chamber

Insulation layer

Brick wall

Caliza stone cladding
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Facade type III: Facade with timber wall
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Party wall: Wall with interior insulation and plasterboard covering 

Concrete or brick wall

Galvanized steel profile (C stud) 

Insolation layer

Gypsum cardboard
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Roof type I: Flat roof
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Roof type II: Tiled roof with brick walls
Ventilated air chamber 

Insulation layer

Ceramic roof tile

Brick wall

Ceramic deckMostar screed
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Roof Type III: Tiled roof with timber structure
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The thermal conductivity of a material is a measure of its ability to conduct heat. It is commonly 
denoted by k , λ or κ and is measured in W/m·K.
This property is independent of the thickness of the material
Heat transfer occurs at a lower rate in materials of low thermal conductivity than in materials of 
high thermal conductivity.
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- Mineral wool insulation (high bulk density range)   λ = 0.038 W/m·K
- Insulation board with a core of rigid polyurethane (PIR) λ = 0.022 W/m·K
- Polyurethane thermal insulation spray foam λ = 0.02 - 0.03 W/m·K
- Expanded polystyrene foam (EPS) λ = 0.035-0.037 W/m·K 
- Extruded Polystyrene or Styrofoam (XPS) panels λ = 0.024 W/m·K 
- Cellulose fibre insulation λ = 0.04 W/m·K 
- Cork-based thermal insulation panels λ = 0.037 – 0.040 W/m·K 

Tutorial about Building Thermal Envelope



18

Properties and behaviour of the building thermal envelope. Alternatives to improve BEE

Conductance (or thermal transmittance, or U-value) of an element (wall or window)

5.  Thermal properties of a wall or a roof:
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5.  Thermal properties of a wall or a roof:
Conductance (or thermal transmittance, or U-value) of an element (wall or window)

How to calculate the U-value of a wall:

RT the total thermal resistance of the wall [m2·K/W]:

R thermal resistance of a layer; e thickness of the layer; λ conductivity of the layer material
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Thermal inertia

Thermal mass is a property 
of the mass of a building that 
enables it to store heat and 
provide inertia against 
temperature fluctuations.

Thermal Inertia: Capacity of a 
material to store heat and to delay 
its transmission
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Solar Factor (SF) or Solar 
Heat gain coefficient (SHGC)
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Spanish Technical Building Code

Buildings must have a thermal envelope that limits their primary energy needs according to the 
climatic zone, its use and its compactness. 

In order to comply with this section, it is necessary to check five aspects:

1. Limitations in the global transmittance of the thermal envelope (K) and transmittances 
by elements (Ulim) 

2. Solar Control of the Thermal Envelope (qSOL; Jul) 
3. The air permeability of the thermal envelope (Q100 and n50) 
4. Limit imbalances between units of use (Ulim interior partitions) 
5. Condensation control.
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Spanish 
Technical 
Building Code

Hip: Thermal 
conductivity of the 
insulation layer  λ = 
0.032 W/m·K 

Cartagena: Zone B

Floor
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Spanish 
Technical 
Building Code

Cartagena: Zone B

Hip: Thermal 
conductivity of the 
insulation layer  λ = 
0.032 W/m·K 

Floors
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Exterior insulation:  Ventilated facade or SATE
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Exterior insulation

https://youtu.be/xLuRVxfHZSE
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Exterior insulation
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Interior insulation
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