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Technical Note No 46 
 
Introduction to building envelope energy transfer 

 
This Technical Note is one of four on the effect of building envelope performance on energy 
use in buildings. The series comprises: 

 
TN 46 Introduction to building envelope energy transfer 

 TN 47 Overall building envelope U-values  
TN 48 Energy loss through windows 
TN 49 U-values of curtain walls 

 
 
Introduction 
 
This Technical Note introduces the reader 
to the basic principles of heat transfer that 
are required to understand the contribution 
that building envelopes can make to the 
construction of energy efficient buildings. 
 
Information is given on heat transfer 
mechanisms, material properties and 
general calculation principles. 
 
A guide to relevant UK legislation and 
standards is also given. 
 
 
Energy transfer 
 
Energy is gained or lost from a building by: 
 

 Radiation or convection from the 
outer surface of the building 

And 
 

 Air leakage (mass transfer) into or 
out of the building. 

 
Energy transfer through a building envelope 
may cause heat gain or heat loss, either of 
which may lead to increased energy use in 
a building depending on the external 
climate.  The requirement for heating or 
cooling may be constant in tropical or polar 
regions but will otherwise vary seasonally 
as it does in the UK.  

 
 Internal 

heating 
required 

Internal 
cooling 
required 

Heat gain Good Bad 

Heat loss Bad Good 

 
Table 1 Effect of heat transfer 

 
Energy efficient facades have to: 
 

 Be insulated to keep the external 
surface as nearly the same as the 
external temperature 
(Reduces convection and radiation 
losses/gains from the outer surface) 

 Be sealed to prevent gross air 
leakage (reduces mass transfer 
losses/gains) 

 Shield internal surfaces (Reduces 
radiation losses/gains from/to 
internal surfaces)  

 Allow in sufficient daylight (Reduces 
energy used for artificial lighting) 

 
 
Units 
 
Energy 
Energy is the same as work and the unit of 
energy is the Joule (J).  The unit of force is 
the Newton (N) and 1 Joule is 1 Nm.  
Energy may also be measured in kilowatt-
hours (kWh), which is the common charging 
unit for energy.  1 kWh = 3.6 x 106 J. 
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Power 
The unit of power is the Watt (W).  Power is 
the rate of work (energy) and 1 Watt is 1 
Joule per second. 
 
Temperature 
Temperature is measured in degrees 
Centigrade (oC) or degrees Kelvin (K).  Both 
units have the same magnitude so that a 
change of 10 oC is the same as a change of 
10 K.  However 0 oC is taken as the 
temperature at which water freezes.  0 K is 
absolute zero (-273 oC) the temperature at 
which a body has no thermal energy. 
 
0 oC is the same temperature as 273 K and 
20 oC is the same temperature as 293 K. 
 
 
Energy transfer mechanisms 
 
Conduction is the mechanism by which 
heat energy travels through solids and 
stationary fluids and gases.  Materials such 
as metals are good conductors.  Materials 
such as mineral wool are poor conductors 
(good insulators). 
 
Good conductors have a high thermal 
conductivity  as shown in table 2.  Note 
that  has units of W / m K and is a property 
of the material not affected by its size or 
shape. 
 
Methods for determining the thermal 
conductivity of building materials are given 
in BS EN 12664, BS EN 12667, or BS EN 
12939. 
 
Heat conduction through a component is 
dependent on its shape and size.  It will be 
a better conductor if it is thinner (in the 
direction of heat flow) and has a large 
cross-sectional area. 
 
Heat flow is given by: 
 

d

TT
AλQ 12 -

=  

 
where: 
 

Q = rate of heat flow 
 = thermal conductivity 
A = cross-sectional area 
d = thickness 
T2 and T1 are temperatures at each end. 
 
 

Material 


(W/mK) 

Aluminium 160 

Carbon steel 50 

Stainless steel 17 

Marble 3.0 

Sandstone 2.3 

Slate 2.0 

Concrete 1.13 – 1.93 

Glass (soda lime) 1.0 

Hardwood 0.18 

Softwood 0.13 

Brick (outer leaf) 0.77 

Lightweight blocks 0.57 

PVC-u 0.17 

Mineral wool 0.035 

Polyurethane board 0.025 

Air (still) 0.025 

 
Table 2. Thermal conductivity of materials 

 
 
Radiation heat transfer occurs because all 
bodies at temperatures above 0K emit heat 
energy.  Two surfaces at different 
temperatures will emit energy at different 
rates and energy transfer will occur. 
 
The rate at which energy is emitted from a 
body depends on its absolute temperature 
(K), the surface area, and a property of the 
surface called emissivity.  Black surfaces 
are the best radiators while white and shiny 
surfaces are poorer radiators.  Black 
surfaces are also the best absorbers. 
 
The rate at which energy is emitted from a 
surface is given by: 
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4ATεσQ =  
 
where: 
 
Q = rate of heat loss 
 = emissivity 
 = 5.64 x 10-4 (W/m2K4) 
A = surface area (m2) 
T = surface temperature (K) 
 
 

Material 
Black body 1.0 

Painted/coated surface 0.8 - 0.9 

Glass 0.845 

Brick/block/concrete 0.0 – 0.9 

Metal coated glass 0.05 – 0.2 

Polished metal surfaces 0.01 – 0.2 

 
Table 3. Surface emissivity of different 
materials 
 
 
Convection heat transfer occurs when a 
gas or fluid moves carrying heat with it.  
When the movement is driven only by 
temperature difference it is known as free 
convection, otherwise it is forced 
convection. 
 
In practice it is only necessary to know the 
rate at which heat is carried to or from a 
surface by convection.  This can be 
calculated by: 
 

)TT(AhQ fsc -=  

 
where: 
 
Q = rate of heat transfer 
hc = convection coefficient 
Ts = surface temperature 
Tf = fluid/gas temperature 
 
The convection coefficients hc are multiplied 
by a factor C to account for forced 
convection. 
 
 

Situation 
hc 

(W/m2K) 

Horizontal 
 Warm face up 
 Cool face down 

 
4.3 
4.3 

Horizontal 
 Cool face up 
 Warm face down 

 
1.5 
1.5 

Vertical 3.0 

 
Table 4. Convection coefficients for free 
convection 
 
 

Air velocity 
(m / s) 

C 

 

0 1.0 

0.5 1.3 

1.0 1.7 

2.0 2.4 

3.0 3.1 

 
Table 5. Factors applied to convection 
coefficients for forced convection 
 
 
Mass transfer of air through the building 
envelope will carry heat energy into or out 
of the building. 
 
The rate of heat transfer is proportional to 
the rate of air leakage as follows: 
 

)TT(CρqQ eip -=  

 
where: 
 
Q = rate of heat transfer (W/m2) 
q = rate of air leakage (m3/sm2) 
 = density of air (1.23 kg/m3) 
Cp = specific heat capacity  
 (1008 J/kgK) 
Ti = internal temperature 
Te = external temperature 
The rate of air leakage depends on the air 
permeability of the building envelope and 
the pressure difference across it. 
 

67.0)( ie ppq    
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where: 
 
= air leakage coefficient 
pe = external pressure 
pi = internal pressure 
 
Although the wall is tested at a pressure 
difference of 50 Pa the average pressure 
difference over time will be less.  In the 
absence of further information of actual 
pressure difference the advice given in 
CIBSE TM23.  This states that: 
 

 
20

50q
q   

 
Where q50 = air leakage at 50 Pa. 
 
 
Insulation 
 
In a layered construction all layers resist 
heat transfer but a layer that has a 
significantly greater resistance to heat flow 
may be provided (an insulation layer) to 
reduce heat flow through the wall. 
 
Thermal resistance is given by: 
 

Q

T
  

 
Assuming the cross section area A = 1m2, 
the thermal resistance for conduction is: 
 


d

R   

 
In layered constructions the resistance to 
heat flow may be calculated by considering 
the layers as separate resistors connected 
in series as follows: 
 

.......321 RRRR   

 
 
Heat transfer through a sandwich panel 
 
Assuming that a sandwich panel comprises 
a 120mm core of mineral wool with thermal 

conductivity of 0.035 W/mK that is faced on 
both sides with a 1.5 mm aluminium sheet 
with thermal conductivity of 160 W/mK. 
 
If no additional heat transfer occurs at the 
edges (see thermal bridging), and ignoring 
thermal resistance at the surfaces, the 
thermal resistance of the panel can be 
calculated as: 
 

160

0.0015

0.035

0.120

160

0.0015
RR n   

 
3.43R   m2K/W 

 
The heat transfer through the panel is 
proportional to the temperature difference 
across the panel T, and is given by: 
 

3.43

TT
Q







  W 

 
 
Surface resistance 
 
The heat transfer calculated above can only 
occur if heat is gained at one surface and 
lost at the other by convection and/or 
radiation. 
 
In practice when a building element is 
exposed to the environments, the surface 
temperature on the cool side will be warmer 
than the air on that side.  The surface 
temperature on the warm side will be cooler 
than the air on that side.  These 
temperature differences exist and cause 
convection and radiation heat transfer at the 
surfaces. 
 
It is possible to calculate the surface 
temperatures but it is more convenient to 
calculate heat transfer knowing just the air 
temperature on each side of the 
construction. 
 
The thermal resistance for convection and 
radiation at each surface can be combined 
into a surface resistance so that the total 
resistance to heat flow becomes: 
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sen1siT RR....RRR ++++=  

 
where: 
 
RT = total thermal resistance  
       (environment to environment) 
R1, Rn = thermal resistance of each layer 
Rsi = internal surface resistance 
Rse = external surface resistance 
 
Rsi and Rse can be calculated according to 
heat transfer coefficients of convection and 
radiation at the surface.  Standard values 
for surface resistance are given in BS EN 
ISO 6946. For horizontal heat flow, the 
surface resistances of a vertical surface are: 
 
Rsi = 0.13 m2K/W  
Rse = 0.04 m2K/W 
 
 
Internal and Point temperatures 
 
Temperatures throughout a layered 
construction can be calculated from the 
resistance of each layer. 
 
For a layered construction of timber and 
insulation shown in Figure 1. 
 

0.04Rse =  

0.092
0.13

0.012
RR  31  

 

7==2 2.85
0.035

0.100
R  

 
0.13Rsi =  

 
∑ == 2123.RR nT  m2K/W 

 
and: 
 

311.0
R

1
U ==  W/m2K 

 
The temperature drop across any layer can 
be calculated as: 
 

T

n

n R

R
TΔtΔ =  

 
and for internal temperature of 20o C and 
external temperature 0o C 
 

25.0
123.2

0.04
20t0 =×=  oC 

 

82.0
123.2

0.092
2050.2t1 =×+=  oC 

 

61.18
123.2

72.85
2020.8t2 =×+=  oC 

 

1819.
123.2

0.092
2061.81t3 =×+=  oC 
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Figure 1  Temperature distribution in a sandwich panel 
 
 
Annual energy losses 
 
Annual energy use for a building will 
depend on energy loss or gain due to: 
 

 Conduction 
 Air leakage 
 Radiation 

 
The rate of heat transfer through the 
building envelope due to conduction 
depends on the conductivity of the envelope 
components and the temperature difference 
across the envelope, which for a constant 
internal temperature depends only on the 
external temperature. 
 
The external surface temperature is not the 
air temperature but the solair temperature 
that takes account of solar warming of the 
surface by radiation.  The effect of solar 
warming of the external surface will depend 
on the surface materials and any air cavities 
behind the outer surface.  For facades 
containing 40 percent or more glass the 
effect of solar heating of the outer surface is 
small compared with the effect of solar gain 
through the glazing. 
 
Ignoring the effect of solair temperatures it 
is possible to calculate the total energy loss 
due to conductance provided the number of 
degree heating days (and or degree 
cooling) days is known. 

 

 


 Tt
R

1
t

R

T
QtE  

 
where: 
 

Tt  Is the number of degree heating 
seconds (86400 x number of 
degree heating days) 

 
The number of degree heating days for 
different locations in the UK can be found in 
CIBSE Handbook A. 
 
Note that the actual total annual energy 
transfer will differ from this calculated value 
due to radiation and solar warming of the 
outer surface.  
 
 
U-values 
 
Building components are used in different 
climates and it is desirable to measure their 
thermal performance independent of climate 
(temperature difference). 
 
The U-value is defined as the rate of energy 
loss through a unit area of wall for a 
temperature difference of one degree and: 
 

TR

1

TΔA

Q
U ==  
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For the previous example of a sandwich 
panel with R=3.212 m2K/W the U-value is 
0.311 W/m2K. 
 
The U-value has units of W/m2K and is 
always calculated using the principle of 
thermal resistance. 
 
The rate of energy loss Q for a panel of 
area A is given by: 
 

TΔUAQ =  
 
Provided account is taken of heat flow 
between components as well as through 
them (see lateral heat flow below), then for 
a collection of elements in parallel: 
 

∑= TΔUAQ  
 
 
Thermal bridging 
 
A thermal bridge occurs where a material or 
component of high conductivity pierces an 
insulating layer of lower conductivity.  This 
allows heat to bypass the insulation with 
two effects: 
 
a) The rate of heat transfer through the 

combined materials is greater than it 
would have been through the insulation 
alone. 

b) The warm surface is cooler and the cool 
surface is warmer 

 
This second effect gives rise to the term 
‘cold bridging’.  In cool climates thermal 
bridges cause localised cold patches on the 
inner surface of the building envelope and 
are associated with problems of 
condensation, dampness and mould 
growth. 
 
 
One-dimensional heat flow occurs in 
layered structures with homogenous 
material layers, Figure 1, and where cold 
bridges exist but the bridging material has 
conductivity similar to that of the bridged 
material. 

 
Where the material causing the thermal 
bridge is prismatic and extends through the 
full thickness of a layer and the heat flow 
can be assumed to be one-dimensional.  
The overall conductivity (thermal 
transmittance) may be calculated assuming 
the elements acts in parallel.  A typical 
example is the concrete mortar joints in a 
blockwork wall. 
 
According to the Building Regulations Part 
L, the thermal bridging effect can be 
disregarded where the difference in thermal 
resistance between the bridging material 
and the bridged material is less than 0.1 
m2K/W,  (Note this cannot be applied for 
construction containing materials with 
higher conductivity such as metals). 
 
Therefore, in the case of Figure 2 the 
elements act in parallel and all of the heat 
flow is assumed to be perpendicular to the 
parallel surfaces of the construction: 
 

∑= UATΔQ  
 

 
 

Figure 2  Blockwork wall 
 
 
For the example in Figure 2: 
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se
block

si
Block

blockwork

R
λ

d
R

1

R

1
U

++
==  

 

04.0
57.0

101.0
13.0

1

++
=     

     
Km/W88.2 2=  

 

se
motar

si
mortar

mortar

R
λ

d
R

1

R

1
U

++
==

04.0
33.1

101.0
13.0

1

++
=  

 
 Km/W07.4 2=  

 
and: 
 

0.3050.075388.2(tΔQ ×××=  

 )0.3050.010207.4 ×××+  

 tΔ2220.=  W 
 

0.3050.01)20.075(3

2220.

tΔA

Q
UOverall ××+×

==  

 
          98.2=  W/m2K 
 
 
Two-dimensional heat flow occurs where 
the conditions described above do not 
apply.  Figure 3 shows an insulating layer of 
a construction bridged by a material of 
higher conductivity.  This is the example of 

Figure 1 with the addition of 50mm wide 
timber studs within the insulation at 400mm 
centres. 
 
The temperature gradient assuming one-
dimensional flow through section B-B alone 
(through the insulation) is the one 
calculated earlier but for one-dimensional 
flow thorough section A-A alone (through a 
stud) the temperature gradient is linear as 
shown. 
 
In this case the construction cannot be 
considered as components simply in 
parallel or series.  
 
 
Lateral heat flow occurs between the 
insulation and studs and along the facing 
timber.  This occurs because on planes 
parallel to the surfaces the temperature is 
not constant and a temperature gradient 
exists perpendicular to the principal 
direction of heat flow.  
 
 
Heat flux 
 
The flow of heat is called heat flux and it 
may be plotted as shown in Figure 4.  A 
further example of a steel stud wall can be 
seen in Figure 6. 
 
 
Isotherms 
 
Lines of equal temperature are called 
isotherms and these may be plotted to show 
the temperature distribution as shown in 
Figure 5.  A further example of a steel stud 
wall can be seen in Figure 6. 
.
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Figure 3 Timber stud wall 

 
 
 

 
 

Figure 4 Flux lines for timber stud wall 
 
 
 

              
 

Figure 5 Isotherms for timber stud wall 
 
 
 
 
 
 
 
 
 
 

 
Figure 6 Isotherms and heat flux for steel stud wall
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Notation 
 

A Area M2 

d Thickness m 

Cp Specific heat capacity J/kgK 

e Emissivity  

h Convection coefficient W/m2K 

hc Forced convection factor W/m2K 

P Pressure Pa 

q Rate of air leakage m3/sm2 

q50 Rate of air leakage at 
pressure difference of 50 
Pa 

m3/sm2 

Q Rate of heat flow W 

R Thermal resistance m2K/W 

  ???  

RSE External surface resistance m2K/W 

RSI External surface resistance m2K/W 

t Time s 

T Surface temperature K 

T Temperature difference oC 

U U-value W/m2K 

tn Temperature oC  

 Air leakage coefficient  

 Thermal conductivity W/mK 

 Density kg/m3 

 Constant  

1,2,n Numbers referring to a 
layer or position 
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