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1. INTRODUCTION
People are spending 80-90% from their lives in closed spaces. Jenkins et al. (1992)
performed a state-wide survey of activity patterns of Californians over 11 years of age
in order to improve the accuracy of exposure assessments for air pollutants. The results
show that Californians spend, on average, 87% of their time indoors, 7% in enclosed
transit and 6% outdoors. Similar results were obtained by Chau et al (2002) in Hong
Kong. Leech et al. (2002) published the results of a survey comparing the time–activity
data bases of USA (9386 interviews) and Canada (2381 interviews) and their study
showed less than a 1% difference. In Germany Brasche and Bishof (2005) performed a
comprehensive time-activity study, for estimate the personal exposures. The overall
mean time spent at home, 15.7 h per, is in accordance with results from US-American
(15.6 h/day) and Canadian (15.8 h/day) human activity surveys.
In order to provide healthy and comfortable indoor environment buildings has to be
equipped with sophisticated heating, ventilation and air condition systems (HVAC) and
lighting which can lead to considerable energy use.
According to the Directive 2010/31/EU of the European Parliament and of the Council,
buildings account for 40 % of total energy consumption in the Union. In the Directive it
is specified that the sector is expanding, which is bound to increase its energy
consumption. Therefore, reduction of energy consumption and the use of energy from
renewable sources in the buildings sector constitute important measures needed to
reduce the Union’s energy dependency and greenhouse gas emissions. The Directive
specify that together with an increased use of energy from renewable sources, measures
taken to reduce energy consumption in the Union would allow EU to comply with the
Kyoto Protocol, and to honour both its long term commitment to maintain the global
temperature rise below 2 C, and its commitment to reduce, by 2020, overall
greenhouse gas emissions by at least 20 % below 1990 levels, and by 30 % in the event
of an international agreement being reached.
Member States shall ensure that by 31 December 2020, all new buildings are nearly
zero- energy buildings; and after 31 December 2018, new buildings occupied and
owned by public authorities are nearly zero-energy buildings. The definition of nearly
zero-energy buildings is given by Member States, reflecting their national, regional or
local conditions, and including a numerical indicator of primary energy use expressed
in kWh/m2a.
In Hungary related to the energy performance of buildings a three level requirement
system was developed. At first, the structures and elements of the building envelope
(opaque, transparent areas, doors and windows) have to comply with the requirements
established in 7/2006 Decree. The requirement of some building structures/elements is
given in the Table 1.
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1. Table Admissible values of the heat transfer coefficient
Building element
Heat transfer coefficient, U [W/m2K]
External walls
0.24
Flat roofs
0.17
Ceiling above the cellar
0.26
Attic below unheated
0.17
ceiling
Floor on the ground
0.30
Windows with wood or
1.15
PVC frames
Windows with Al frames
1.40
Roof windows
1.25
Entrance doors
1.45
It is well known that the building shape, the orientation of the facades, the percentage of
glazed area have important influence on the building energy need, so the second level
of the requirement system is related to the building specific heat loss, qm [W/m3K].
Naturally, this requirement is variable depending on the A/V ratio (building envelope
area/heated volume). The requirement is calculated using Eq. 1, (7/2006 Decree).
0.12 if  A / V  0.3


q m  0.05143 0.2296 A / V


0.28 if  A / V  1.0

if 0.3   A / V  1.0

(1)

The third level of the energy performance requirements is related to the total primary
energy use of the building. Primary energy consumption refers to the direct use at the
source, or supply to users without transformation, of crude energy, that is, energy that
has not been subjected to any conversion or transformation process. In a building
different types of final energy are used: heat, electricity which can be generated from
different fuels, the primary energy transformation factors (e) presented in Table 2. are
used.

2. Table: Primary energy factors, (7/2006 Decree)
Energy source

e
2.5
1.8
1.0
1.0
1.0

Electricity
Electricity (out of the peak period)
Natural gas
Oil
Coal
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Renewable: firewood, biomass, biogas,
wood pellet, agro-pellet
Renewable:
solar,
wind,
hydro,
geothermal, air
District heating using natural gas, oil, coal,
nuclear as primary energy carrier with at
least 50% cogeneration
District heating using natural gas, oil, coal,
nuclear as primary energy carrier without
cogeneration
District heating using biomass, wood
pellet, agro-pellet, biogas, landfill gas,
sewage gas with at least 50% cogeneration
District heating using biomass, wood
pellet, agro-pellet, biogas, landfill gas,
sewage gas without cogeneration

0.6
0.0
0.83

1.26

0.50

0.76

The requirement related to the primary energy use is given in Table 3, (7/2006 Decree).

3. Table Requirement of primary energy use
Residential buildings (without lighting)
Office buildings and commercial buildings
up to 1000 m2 net floor area (including the
energy use of artificial lighting)
Educational buildings (including the
energy use of artificial lighting)

100 kWh/m2a
90 kWh/m2a
85 kWh/m2a

The energy demand of heating, ventilation, air conditioning, cooling and lighting (if
needed) are calculated and using the primary energy transformation factors the primary
energy use is calculated and compared with the requirement. Depending on the relation
between the primary energy demand (Epd) and the requirement (Epr), buildings are given
an energy efficiency label (Table 4).

4. Table Buildings energy labelling in Hungary
No.
1.
2.
3.
4.

Energy label
AA++
AA+
AA
BB

Epd/Epr, [%]
<40
40-60
61-80
81-100

Description
Minimal energy demand
High energy efficiency
Better than nzeb requirement
Nearly zero energy building
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5.
6.
7.
8.
9.
10.
11.
12.

CC
DD
EE
FF
GG
HH
II
JJ

101-130
131-160
161-200
201-250
251-310
311-400
401-500
>500

Modern
Nearly modern
Better than average
Average
Nearly average
Weak
Poor
Extremely poor

To get the nzeb (nearly zero energy building) or better labelling 25% from the energy
demand has to be covered from renewable energy sources (solar, geothermal, air, etc).

2. ENERGY BALANCE OF BUILDINGS
In order to provide the indoor environmental conditions prescribed in standards (EN
15251, ISO 7730, ASHRAE 55) complex heating, domestic hot water (DHW),
ventilation, air conditioning, cooling systems with sophisticated control elements are
installed. It can be stated that the energy need to provide DHW depends only by the
building function and number of occupants (of course the occupants’ behaviour plays
an important role either). So, the energy need for DHW production is not influenced by
the climatic conditions or by the thermal properties of the buildings’ envelope. On the
contrary, the energy need for heating and cooling is mainly influenced by the climatic
conditions and thermal properties of the buildings envelope. It should be mentioned,
that the occupants’ needs and behaviour have an influence either on the heating and
cooling energy demands, because important differences may occur between energy use
if the indoor set point temperatures are 20 C instead of 24 C during the heating
period, or 26 C instead of 22 C during the cooling period. Furthermore, by set back or
intermittent operation of the heating or cooling systems important energy saving may
be realized, if the occupants tolerate the variation of the indoor temperature in a certain
interval. The energy demand for ventilation is influenced by the fresh air need by the
occupants (this is a function of the performed activity or building function, with other
words) and climatic conditions, since the fresh air has to be heated up (in winter) or
cooled down (in summer) to the indoor set point temperature.
According to a study of Guo et al (2017), in the EU countries on average 66% from the
total end energy use of a building is spent for heating, while cooling represents only
3%. In US on average heating represents 37%, cooling covers 8% from the total end
energy use of a building. In China the percentage values are 31% (heating) and 3%
(cooling). The distribution between different energy needs of a building is different in
other climatic zones.
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During the heating period the heat losses and gains of a building are presented in Figure
1.

ta
Qtb

Qc
te
Qv
ti

Qi
Qwa

Qwi

Qs
Qh
Fresh air
Qf

1. Figure Heat losses and gains in the heating season
During the heating season the indoor air temperature is set to 20-24 C and the outdoor
temperature is lower than this value. Consequently, the building envelope splits two
spaces (systems) with different temperatures. Through the building envelope the heat is
flowing from the warmer space to the colder one. Having different building elements
the heat losses are appears through the external walls (Qwa), through windows and doors
(Qwi), through the floor (Qf) and ceiling (Qc). At the junctions of different building
elements the thermal bridges have to be taken into account (Qtb) and to heat up the fresh
are the ventilation heat losses have to be determined (Qv). Because of the heat losses the
indoor temperature may decrease, but the heat gains (Qg) are counterbalancing the heat
losses in a certain amount. Heat gains can be internal gains (Qi) occupants, household
equipments, PC’s, other electronics, lighting, etc. and solar gains (Qs). When the total
heat losses are equal to the sum of heat gains the building is in thermal balance (the
indoor set point temperature is obtained without heating). In case of thermal balance,
the outdoor temperature is called the balance point temperature (for heating) of the
building. If the indoor temperature falls below the set point value the heating system is
started (Qh) and the delivered heat is controlled in order to keep the indoor temperature
around the set point value (1 K or 2 K, depending on the accuracy of the control
system).
The heat balance equation can be written as follows:
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Qh  Qs  Qi  Qwa  Qwi  Q f  Qc  Qtb  Qv  0

(2)

During summer, the process is quite similar, but usually there are heat gains instead of
heat losses even through the opaque building elements, because of the high outdoor
temperatures. The maximum value of the indoor temperature is set to 24-26 C, and in
those periods when the indoor temperature is higher than the maximum value the
cooling system is started to remove the excessive heat. The cooling capacity of the
chiller is continuously controlled and adjusted to the cooling demand of the building.
The outdoor temperature which leads to the emergence of the maximum admissible
indoor temperature is called balance point temperature (for cooling) of the building.

3. THERMAL PARAMETERS OF BUILDING MATERIALS
Thermal conductivity is the property of a material to conduct heat (it is denoted , or ).
The SI unit is Wm-1K-1. Since W represents the energy (heat in our case) in the unit
time, (Js-1), the unit of the heat conductivity can be written as: Js-1m-1K-1.
Consequently the thermal conductivity of a material is equal to the heat which passes in
the unit time (1 s) through 1 m thick material, if the thickness of the material is 1 m.
The specific heat of a material represents the heat released or absorbed by 1 kg of
material, if its temperature decreases or increases by 1 K. The specific heat is denoted
with c and the SI unit is Jkg-1K-1.
There is a strong relation between the thermal conductivity and density of a material
(Table 5).

5. Table Physical parameters of building materials at + 10 C temperature
1
Material



2
c

3



kg/m3 kJ/kgK W/mK
Reinforced
concrete
Ballast concrete
Sand
Ballast
Boiler slag
Furnace slag
Wood chips board
Expanded clay
concrete

2400
2200
1600
1800
800
1500
650

0.84
0.84
0.84
0.84
0.75
0.75
2.34

1.55
1.28
0.58
0.35
0.29
0.45
0.16

750
900
1050

0.96
0.96
0.96

0.29
0.35
0.41
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Perlite concrete

Gas silicate

Wood
Pine
perpendicular to
fibers
parallel with fibers
Oak
perpendicular to
fibers
parallel with fibers
Fiberboard

Bricks
cladding blocks
fired clay brick
without cavities
wall from fired
clay brick
TB 25 tuff
concrete cladding
blocks
walls from TB25
TB 35 tuff
concrete cladding
blocks
walls from TB35
TB 50 tuff
concrete cladding
blocks
walls from TB50
wall from clay
brick
(without cavities)
Wall from brick
B30

1200
1350
1500
300
400
500
600
550
750
950

0.96
0.96
0.96
1.17
1.17
1.17
1.17
0.88
0.88
0.88

0.47
0.52
0.58
0.12
0.14
0.16
0.20
0.22
0.30
0.36

400
550
400
550

2.51
2.51
2.51
2.51

0.13
0.19
0.23
0.36

750
750
400
450
500

2.72
2.72
2.26
2.26
2.26

0.22
0.40
0.10
0.11
0.12

1700

0.88

0.72

1730

0.88

0.78

1100
1200

1.00
1.00

0.47
0.52

1150
1250

1.00
1.00

0.52
0.58

1300
1350

1.00
1.00

0.58
0.64

1800

0.88

0.91
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(with cavities)

1460

0.88

0.64

Wall from brick
PTH 38 (vert. cav.)

850

0.84

0.17

700

0.8

0.08

500
600
280
500
80
110
130

0.88
0.88
0.96
0.96
1.17
1.17
1.17

0.13
0.15
0.081
0.31
0.047
0.052
0.058

1000
1250
1000
400
500

0.84
0.84
0.75
0.96
1.00

0.24
0.40
0.30
0.17
0.20

100
150
175
200
30
15
20
28
135

0.75
0.75
0.75
0.75
1.42
1.46
1.46
1.46
1.26

0.042
0.044
0.048
0.051
0.045
0.040
0.042
0.047
0.044

Cork

115
210

1.76
1.88

0.046
0.051

Glass wool

160
200

0.84
0.84

0.046
0.058

Glass foam

350
400
45

1.13
1.13
2.02

0.093
0.105
0.039

Wall from brick
PTH 44 Thermo
(vert. cav)
Ytong (gas
silicate)
Expanded clay
Expanded perlite

Gypsum board
Gypsum plaster
Gypsum-perlite
Thermal insulation
materials
Mineral wool

Polyurethane foam
Polystyrene foam

PVC foam

Cellulose
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Stone, stone walls
Marble, granite,
Basalt
sandstone,
limestone
calc tuff
freestone wall
heavyweight
middleweight
lightweight
TB 50 tuff
concrete cladding
blocks
walls from TB50
Plastering
Lime plastering
Cement plastering
Gypsum plastering
Perlite plastering

Other materials
Bitumen
Tile
Steel
Aluminium
Copper
Rubber
Paper
Straw
Reed board
Loam

2800
2400
1700
1300

0.92
0.92
0.92
0.92

3.50
2.04
0.93
0.52

2400
2000
1200

0.92
0.92
0.92

2.32
1.28
0.58

1300
1350

1.00
1.00

0.58
0.64

1650
1800
800
500
420
320

0.92
0.88
0.84
1.13
1.13
1.13

0.81
0.93
0.29
0.16
0.14
0.12

1050
1800
7850
2600
8900
1200
700
150
175
1400
1100

1.68
0.88
0.46
0.46
0.46
1.26
1.47
1.47
1.47
0.65
0.4

0.17
1.05
58.1
198.0
372.0
0.15
0.17
0.06
0.06
1.3
1.1

It can be observed that the heat stored in 1 kg wood is almost three times higher than
the heat stored in 1 kg concrete (for the same 1 K temperature increase). Furthermore,
there is a strong relation between the density and heat conductivity. The higher the
density of the material, the higher is the thermal conductivity is.
In case of glazing elements, the thermal properties have to be discussed in detail.
The solar radiation that reaches the earth consists of 3% ultra-violet rays (UV), 55%
infra-red radiation (IR) and 42% visible light. These three components of solar radiation
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each correspond to a range of wavelengths. Ultra-violet extends
from 0.28 to 0.38 µm, visible light from 0.38 to 0.78 µm and infra-red from 0.78 to 2.5
µm, (Internet 1).
When solar radiation strikes glass, it is partly reflected, partly absorbed in the thickness
of the glass and partly transmitted. The ratio of each of these three parts to the incident
solar radiation defines the reflectance factor, the absorptance factor and the
transmittance factor of the glazing. If these ratios are plotted for the electromagnetic
spectrum, they form the spectral curve of the glazing. Factors which will affect these
ratios for a given incidence are the tint of the glass, its thickness and, in the case of a
coated glass, the nature of the coating, (Internet 1).
According to EN 410 Standard the total solar energy transmittance (solar factor, g)
represents the fraction of the incident solar radiation that is totally transmitted by the
glass; consequently is the sum of the solar direct transmittance e and the secondary
heat transfer factor qi of the glazing towards the inside:
g   e  qi

(3)
glass

transmission

reflection

primary transmittance
absorption

total solar gain

secondary transmittance

2. Figure Energy balance of a glass pane, (Internet 2)
The incident solar radiation flux, e is divided into transmitted part (ee), reflected
part (e) and absorbed part (ee).
In case of single glazing the secondary internal heat transfer factor, qi is calculated
using the formula, (EN 410):

qi   e

hi
he  hi

(4)

wherein e – is the solar direct absorptance of the glazing; he and hi are the heat transfer
coefficients towards the outside and inside, [Wm-2K-1].
The secondary internal heat transfer factor of double glazing is calculated using the
following relation, (EN 410):
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  e1   e 2  e 2 



he
 

qi 
1
1 1
 
 
 hi he  

(5)

where: e1 is the solar direct absorptance of the outer pane, e2 is the solar direct
absorptance of the second pane,  is the thermal conductance between the outer surface
and the innermost surface of the double glazing (this value should be determined in
accordance with EN 673).

Low-e coating

inert gas

The transmittance and reflectance of glazing depends on the angle of incidence of the
solar radiation, (Rubin et al., 1998; Karlsson and Roos, 2000; Karlsson et al, 2001).
Taking into consideration the relations (3)-(5), it can be stated that the solar factor is
dependent by the incident angle of solar radiation. However, in most of cases the solar
factor exceeds 10% at incident angles higher than 50-60, (Karlsson et al, 2001). The
number of panes, the filling gases and the coatings (Fig. 2) are other factors which have
an important influence on the solar factor, (Rubin et al, 1999; Nilsson and Roos, 2009).
glass

long wave radiation reflected back
into the room
short wave radiation transmitted
through the glass

3. Figure Triple pane glazing with Low-E coating and inert gas, (Internet 2)
To help reduce overheating the following steps can be taken, (Internet 1):
-ensure adequate ventilation
-use blinds (ensuring they do not increase the risk of thermal breakage). Interior
blinds are less effective since they only screen solar radiation which has already
passed through the glass. If external blinds are used, consideration for maintenance
must be taken into account
-use low energy transmittance glazing, known as “solar control glass”. This glass
allows only a specified fraction of solar radiation energy to pass through,
providing illumination but helping to prevent overheating.
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4. HEAT EXCHANGE BY CONDUCTION, CONVECTION
AND RADIATION
Heat transfer is the transfer of thermal energy from a body, at a high temperature, to
another at a lower temperature. This transfer of thermal energy may occur under steady
or unsteady state conditions. Under steady state conditions the temperature within the
system does not change with time. Conversely, under unsteady state conditions the
temperature within the system does vary with time.
Unsteady state conditions are a precursor to steady state conditions. No system exists
initially under steady state conditions. Some time must pass, after heat transfer is
initiated, before the system reaches steady state. During that period of transition the
system is under unsteady state conditions.
Clearly, no system can remain under unsteady state conditions perpetually. The
temperature of the system will eventually reach the temperature of the heat source, and
once this happens, the system will be at steady state.
Conduction is the transfer of heat between substances that are in direct contact with
each other. The better the conductor (the higher of thermal conductivity), the more
rapidly heat is transferred. Metal is a good conduction of heat. Conduction occurs when
a substance is heated, particles will gain more energy, and vibrate more. These
molecules then bump into nearby particles and transfer some of their energy to them.
This then continues and passes the energy from the hot end down to the colder end of
the substance.
Thermal energy is transferred from hot places to cold places by convection. Convection
occurs when warmer areas of a liquid or gas rise to cooler areas in the liquid or gas.
Cooler liquid or gas then takes the place of the warmer areas which have risen higher.
This results in a continuous circulation pattern. Water boiling in a pan is a good
example of these convection currents. Another good example of convection is in the
atmosphere. The earth's surface is warmed by the sun, the warm air rises and cool air
moves in.
Radiation is a method of heat transfer that does not rely upon any contact between the
heat source and the heated object as is the case with conduction and convection. Heat
can be transmitted though empty space by thermal radiation often called infrared
radiation. This is a type electromagnetic radiation. No mass is exchanged and no
medium is required in the process of radiation. Examples of radiation are: the heat from
the sun or heat released from the filament of a light bulb.
Thermal equilibrium of a body/system: temperature is constant in time and is the same
in every point of the body/system.
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The temperature field is the set of temperature values at all
points in a given space at a given instant. Mathematically, an unsteady-state threedimensional temperature field may be described by an equation that expresses the
dependence of the temperatures on the three spatial coordinates and time. For steadystate conditions, the temperature field is independent of time. In many cases the
dependence of the temperature field on two coordinates - and occasionally on one
coordinate - may be considered. A temperature field is represented graphically by
means of isothermal surfaces, each of which connects all points of the field having the
same temperature. A two-dimensional field is represented by means of a family of
isotherms. The distance between isotherms is inversely proportional to the temperature
gradient; in this case, the scalar temperature field is associated with the vector field of
the temperature gradients.
In reality always there is a temperature difference between different points of a
temperature field, consequently the heat is flowing from high temperature region to the
low temperature region.
If the heat transfer the temperature field is variable in time on every point of the body,
the process is called: unsteady state heat transfer. This is the most complicated and
complex heat transfer process.
If the variation of the temperature field in time is periodical, then the process is called:
quasi steady state heat transfer. If the temperature field throughout the body is constant
in time, the process is called steady state heat transfer.
The heat equation is a parabolic partial differential equation that describes the
distribution of heat (or variation in temperature) in a given region over time.
In heat transfer analysis, thermal diffusivity is the thermal conductivity divided by
density and specific heat capacity at constant pressure. Thermal diffusivity is usually
denoted α. It has the SI unit of m²/s. It measures the ability of a material to conduct
thermal energy relative to its ability to store thermal energy:




c

(6)

4.1 Conduction
Fourier’s law
The rate of heat per unit area through a surface (heat flux) is proportional to the
negative temperature gradient across the surface:
q   gradt

(7)

The temperature gradient is:
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gradt 

t t t


x y z

(8)

where: x, y and z the coordinates of a certain point of the temperature field.
The general equation of the temperature field is:
q
t
  2 t  V

c

(9)

where: t – is the temperature;  – is the time; qv – is the heat source (heat sink) placed in
the analysed volume V.
In a certain point of the space characterized by coordinates (x, y, z), the temperature will
be given by:

  2 t  2 t  2 t  q x, y, z, 
t
   2  2  2   V

y
z 
c
 x

(10)

If the analysed body does not contain internal heat sources (qV=0), the equation (10)
will be (Fourier equation):

  2t  2t  2t 
t
   2  2  2 

y
z 
 x

(11)

If the heat conduction process is steady state (the values are constant in time), the
equation (10) will become (Poisson equation):
  2 t  2 t  2 t  qV
 2  2  2  
0
y
z  
 x

(12)

If the heat conduction process is steady state (the values are constant in time) and the
analysed body does not contain internal heat sources (qV=0), the equation (10) will
become (Laplace equation):
 2t  2t  2t


0
x 2 y 2 z 2

(13)

Plain slab without internal heat sources – one directional heat conduction, steady state
process
In case of unsteady sate thermal conduction process the equation of temperature field is
given by the Fourier equation:
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  2t  2t  2t 
dt
   2  2  2 
d
y
z 
 x

(12)

x, y and z the coordinates of a certain point of the temperature field; α – is the thermal
diffusivity of the material;  – is the time.
The heat flux is given by the Fourier’ law (equation 7). The heat flowing through the
plain wall is one directional (normal to the wall surfaces). Consequently, in the relation
of the heat flux and equation of the temperature field the y and z variables can be
neglected:
gradt 

dt
dx

(13)

The temperature field (equation 12) can be written as follows:
dt
d 2t
 2
d
dx

(14)

If the process is steady state (the temperature values are constant in time), the derivative
of the temperature in function of the time is zero:

dt
 0 . Consequently equation (14)
d

will become:



d 2t
0
dx 2

(15)

The thermal diffusivity α cannot be zero, because the heat conductivity cannot be zero,
and nether the density, nor the specific heat capacity is infinite. Consequently, for a
plain wall without internal heat sources the temperature field is described by the
equation:
d 2t
0
dx 2

(16)

Integrating the equation (16) it is obtained:
t  C1 x  C2

(17)

This equation shows that the temperature distribution in the wall is linear.
Assuming the temperature and x coordinates (d is the thickness of the wall), the
boundary conditions are (Figure 4.):
if x=0, the temperature is: t=t1
if x=d, the temperature is t=t2.
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Replacing the boundary conditions in the equation of the
temperature, the following equation is obtained:
t  t1  t1  t 2 

x
d

(18)
t
t1
x
t2
d
4.1 ábra Egy rétegű

4. Figure Temperaturesík
distribution
in a plain wall
fal
Deriving the temperature (eq. 18) in function of x, it is obtained:

t  t 
dt
 1 2
dx
d

(19)

The heat flux will be (according to eq. 7):
 t t 
q     1 2 
d 


or

q 

t1  t 2
.
d

(20)



The thermal resistance of the wall with thermal conductivity  and thickness d is:
R

d

(21)



In case of a multilayer building structure (with n layers), the thermal resistances are
connected in series. Thus, the total thermal resistance of the structure will be:
n

Rt  R1  R2  ...  Rn   R j

(22)

j 1

The heat flux can be calculated by using the following equation:
q 

t1  t n 1
Rt

(23)

but the heat flux is the same in each layer of the structure. Consequently, the following
equation can be written:
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q 

t t
t1  t n 1
t1  t 2
 1 3  ... 
R1
R1  R2
R1  R2  ...  Rn

t1

(24)

t2

…

tn+1

d1

d2

dn

5. Figure Temperature distribution in the case of a multilayer building structure
Taking the equality of the first and the last terms in the equation (24), it is obtained:
t1  t 2 t1  t n 1

R1
Rt

(25)

Using equation (25), the temperature between the layer 1 and layer 2 of the analysed
structure can be determined:
t 2  t1  t1  t n 1 

R1
Rt

(26)

Similarly, the relation of the temperature between layers 2 and 3 can be determined,
using equation (24):
t 3  t1  t1  t n 1 

R1  R2
Rt

(27)

In general, the temperature between layer m-1 and m will be:
m

t m  t1  t1  t n 1 

R

j

j 1

(28)

Rt

Thermal conductivity of insulation materials
The insulation materials are characterized by low thermal conductivities in comparison
with traditional building materials (concrete, brick, wood, etc). During the construction
process there are cases when the insulation material is taking up some water or its
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structure suffers some changes. These external effects can lead to
the change of the original thermal conductivity value of the insulation material,
determined in laboratories under certain environmental conditions (the temperature is
10 C). Consequently, the built-in thermal conductivity will be higher than the value
measured in the laboratory. The increment is taken into account by using a correction
factor:

  0 1   

(29)

The value of the correction factor , depends on the structure of the insulation material
and by construction technology used.
Moreover, there are cases when auxiliary tools (dowel, screw anchor) are used to fix the
insulation material on the building structure. These tools can be made from steel, wood,
plastic, etc. Consequently there will be points of the thermal insulation layer cross
section with a high thermal conductivity in comparison with the thermal conductivity of
the insulation material.
In order to obtain a correct value of the heat flux flowing through the thermal insulation
layer, the resultant heat conductivity has to be calculated. The calculation is done for 1
m2 structure:

r  0 Ains  sa Asa

(30)

Ains is the cross section of insulation material in 1 m2 structure; Asa –cross section of
screw anchors in 1m2 of building structure, 0 - is the thermal conductivity of the
insulation material; sa – is the thermal conductivity of the screw anchor.

4.2 Convection
The heat transfer process between a flowing fluid and a solid surface is called
convection. In buildings this process occurs between the building structures and
surrounding air. In the case of convection the transferred heat flux is determined using
the equation of Newton:
q  h t f  t s

(31)

where: tf is temperature of the fluid (air, for example); ts – is the surface temperature of
the solid body; h – is the convective heat transfer coefficient between the solid body
surface and flowing fluid.
In the SI the unit of the convective heat transfer coefficient is: Wm-2K-1. Practically,
the convective heat transfer coefficient h is equal to the heat transferred in unit time,
from (or to) 1 m2 surface if the temperature difference between the solid body surface
and flowing fluid is 1 K.
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The value of the convective heat transfer coefficient depends on the temperature
difference between the fluid and body surface, and the velocity of the fluid. To
determine the value of the convective heat transfer coefficient, Nusselt, Grasshoff,
Prandtl relations should be used.
There are some simplified equations, which can be used (Menyhárt et al, 1978):
-

for walls

h  2,564 t f  t w
-

(32)

for slabs
heat transfer direction: up:

h  2,7...3,24 t f  t s

(33)

heat transfer direction: down:

h  0,58...1,284 t f  t s

(34)

For convective heat transfer coefficients in case of simplified calculations, the values
presented in Figure 6 are used.

6. Figure Convective heat transfer coefficient values
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Overall heat transfer coefficient of multilayer building structures
If there is a difference between the indoor and outdoor environment, the heat is flowing
from the higher temperature zone to the zone with lower temperature. During the
heating season ti>te. On its way, the heat flow has to pass through several thermal
resistances (Figure 7).
In the case of a multilayer wall structure the total thermal resistance will be:
n

Rt  Ri   R j  Re

(35)

j 1

1
;
hi

where: Ri 

Re 

1
are the convective resistances on the internal and
he

external surfaces of the wall; R j 

dj

j

is the thermal conductivity resistance of layer j.

ti
t1

t2

…

tn+1

d1

d2

te

dn

7. Figure Heat transfer from indoor to outdoor air through a multilayer building
structure
The overall heat transfer coefficient U of a building structure with n layers is the
reciprocal of the total thermal resistance:
U

1
1

n d
Rt
1
1
j


hi j 1  j he

(36)

The heat flux can be calculated using one of the following relations:
q 

ti  te
Rt

or

q  U t i  t e 
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(37)

The temperature distribution in the building structure can be determined using the
equation (24), but the convective surface resistances have to be taken into
consideration:
t i  t e t i  t si
t t

 i 1  ... 
Rt
Ri
Ri  R1

t i  t se

(38)

n

Ri   R j
j 1

Thus, the inside surface temperature of the building structure will be:
t si  t i  t i  t e 

Ri
U
 t i  t i  t e 
Rt
hi

(39)

The temperature after the layer m in the building structure can be determined using the
following relation:
m

t m  t i  t i  t e 

Ri   R j
j 1

(40)

Rt

4.3 Radiation
All matter with a temperature greater than 0 K emits electromagnetic energy; the
amount of energy and wavelengths at which the energy is emitted are dependent on the
temperature of the body. The higher the temperature of the body, the greater the
magnitude of the energy radiated and the shorter the wavelengths at which that peak
energy is radiated. A body will radiate energy over a range of wavelengths, called the
body's radiation spectrum (a subset of the complete electromagnetic spectrum). The
radiation spectrum is presented in Figure 8.
UV-C UV-B UV-A
0.2

0.28

Light

0.32 0.38

Near infrared
0.76

Far infrared
4.0

100
Wavelength [m]

Ultraviolet

Visible

Infrared

Short wave

Long wave

8. Figure Thermal radiation spectrum of a body
To calculate the heat exchange by radiation between different bodies the laws of
radiation have to be known.
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Planck’s law
Planck’s law is a mathematical relation which gives the spectral-energy distribution of
radiation emitted by a blackbody. The equation determined by German physicist Max
Planck gives practically the dependence of the intensity of emitted radiation by the
temperature of the body and the wavelength of the emitted electromagnetic waves.
Planck showed that the intensity of radiation emitted by a black body is given by Eq.
(41):

I  , T  

c1

(41)

 c2

  e T  1


5

where: c1 – is the first radiation constant (c1=3.7410-16 Wm2); c2 – is the second
radiation constant (c2=1.44 3610-2 mK).
The law may also be expressed in other terms, such as the number of photons emitted at
a certain wavelength, or the energy density in a volume of radiation. The SI units are
Wsr−1m−3.
There is not uniform emission at every wavelength. There will be only one wavelength
at which the emission intensity is maximum; this is called lambda-peak or lambda-max.
At other wavelengths, particularly the shortest and longest ones, the emission intensity
is much lower (Figure 9).

9. Figure Radiation intensity in function the wavelength and temperature,
(Internet 3)
Stefan-Boltzmann’s law
The Stefan-Boltzmann Law states that the heat flux emitted by a black body, Qrb [W], is
proportional to the fourth power of the temperature:
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Q rb   b AT 4

(42)

where: b - is the Stefan's constant of the black body, (σb = 5.67040 × 10−8 Wm-2K-4);
A – is the surface of the body (emitting area), m2; T – is the temperature of the black
body, K.
Real bodies are called gray bodies. The gray body is a body that emits radiation at each
wavelength in a constant ratio less than unity to that emitted by a black body at the
same temperature (Figure 10). Emissivity of a surface indicates its ability to emit
radiation energy in comparison with a black surface at the same temperature level; it
represents the ratio of the emissive power of the surface to the emissive power of black
surface at the same temperature:



Q rg
Q

(43)

rb

According to the eq. (43) the heat flux emitted by the gray body will be:

Q rg   b AT 4
I, (, T)

(44)



10. Figure Radiation intensity emitted by black and gray bodies with similar
temperatures
Using special coatings the emissivity factor of a body may be changed. To reduce the
heat loss by radiation there are special Low-e coatings used for glazed surfaces.
Wien’s law
Wien's displacement law states that the black body radiation curve for different
temperatures peaks at a wavelength inversely proportional to the temperature:
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max 

b
T

(45)

where: b=2897.77 µmK.
Taking into account that the Sun's outer visible layer (called the photosphere) has a
temperature of 6000 K, the peak wavelength of solar radiation is about 0.5 m. In the
case of a body with a surface temperature of 300 K, the peak wavelength is around 10
m. According to Figure 8 the peak wavelength of solar radiation will be in the
shortwave interval, while the peak wavelength of a common body (with 27 C average
surface temperature), falls on the long wave radiation interval.
Kirchoff’s law
If a gray body is stroked by a radiation wave in the most general case a part of the
incident radiation (Qi) is reflected (Qr) a part is absorbed (Qa) and a part is transmitted
(Qt), (Figure 11).
Qi
Qr

Qa
Qt

11. Figure Energy balance of a gray body stroked by a radiation wave
The energy balance equation can be written as:
Q i  Q r  Q a  Q t

(46)

Q r  r  Q i
Q a  a  Q i
Q  t  Q

(47)

where:

t

i

where: r – is the reflectivity (reflexion coefficient) of the body surface; a – is the
absorptivity (absorption coefficient) of the body surface; t – is the transmissivity
(transmission coefficient) of the body surface.
Using the equations (46) and (47) it can be obtained:
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r  a t 1

(48)

In case of opaque materials the transmissivity is zero, so in their case the sum of
reflectivity and absorptivity is 1. In the case of silicate based common building
materials the reflectivity is about 10-20%, while the absorptivity is 80-90%.
Let’s consider a black body with temperature Tb and an opaque gray body with
temperature Tg (Tb>Tg). Each body has a plain surface and these surfaces are set in
parallel. Because of the temperature difference a heat exchange by radiation will occur
between the bodies. The black body will emit the radiation Qrb and will absorb all
electromagnetic waves that strike it, while the opaque gray body will emit the radiation
Qrg and will reflect a part from the incident radiation (Figure 12).

Tb

Tg

(1-a)Qrb
Qrb

Qrg

12. Figure Heat exchange by radiation between two parallel surfaces (black and
gray body)
Because of the heat exchange the higher temperature is decreasing, while the lower
temperate is increasing. The heat quantities released by radiation by the analysed bodies
will be equal as soon as the temperatures of the bodies will be similar. In that case, the
following relation can be written:

Q rb  Q rg  1  a Q rb

(49)

Arranging the equation (49), it is obtained:

Q rg  aQ rb

(50)
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If equation (50) is compared against equation (43), it is obtained
that:

a 

(51)

This means that, for an arbitrary body emitting and absorbing thermal radiation in
thermodynamic equilibrium, the emissivity is equal to the absorptivity.
The emissivity of some building material is presented in Table 6.

6. Table Emissivity of some building materials, (Internet 4)
Material
Aluminium Commercial sheet
Aluminium Foil
Aluminium Heavily Oxidized
Asbestos board
Asbestos paper
Asphalt
Basalt
Brick, red rough
Brick, fireclay
Clay
Concrete
Concrete, rough
Glass smooth
Granite
Gypsum
Limestone
Lime wash
Marble White
Masonry Plastered
Mortar
Oil paints, all colours
Plaster
Plaster board
Porcelain, glazed
Paint
Paper
Plaster, rough
Plastics
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0.09
0.04
0.2 - 0.31
0.96
0.93 - 0.945
0.93
0.72
0.93
0.75
0.91
0.85
0.94
0.92 - 0.94
0.45
0.85
0.90 - 0.93
0.91
0.95
0.93
0.87
0.92 - 0.96
0.98
0.91
0.92
0.96
0.93
0.91
0.90 - 0.97

Sandstone
Soil
Tile
Wood Oak, planned
Wood, Pine

0.59
0.90 - 0.95
0.97
0.885
0.95

Lambert’s emission law
The heat flux emitted by a surface in a certain direction in a unit solid angle is
proportional to the cosine of the angle between that direction and the normal direction
to the surface.
Qn
Q



13. Figure Heat emitted to a certain direction
The relation is:
Q   Q n  cos

(52)

Q
Q n  rb

(53)

where:



A material which obeys Lambert’s cosine law is said to be an isotropic diffuser (it has
the same radiance in all directions).
Inverse-Square Law
The Inverse-square law states that the intensity of the radiation being emitted from
some object decreases, as the distance from the object increases. It goes down by the
square of the distance because radiation is being spread over a sphere surrounding the
object, and the surface area of the sphere is proportional to the square of the radius
(which is the distance from the object). As radiation energy is spread over an increasing
amount of surface area, the intensity goes down proportionally.
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Id 

I
d2

(54)

where I – is the radiation intensity at the source; Id – is the radiation intensity at d
distance from the source.
Heat exchange by radiation between two surfaces
Let’s consider two bodies with temperatures T1 and T2, T1>T2, and areas A1 and A2
(Figure 14). Because of the temperature difference, heat exchange by radiation will
occur between the bodies.

A2, T2

2
1

d

A1, T1

14. Figure Heat exchange between two bodies
The heat exchange can be determined with the following equation:
 T1  4  T2  4 

Q12  C12 A1 
 
  F1 2
 100   100  

(55)

where: F1-2 – is the radiation shape factor or view factor (practically means the fraction
of energy emitted by surface A1 which reaches surface A2; C12 – is the common
radiation coefficient.
The common radiation coefficient is practically a resultant radiation factor of the
surfaces and depends on the emissivity of the materials (1 and 2) and StefanBoltzmann constant:
C12 

1

1



1
1

2



(56)

1
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The view factor depends only by the geometry and can be
determined using the equation (57):

F12 

1
A1

cos1 cos 2
dA1 dA2
A1
d 2

 
A2

(57)

The view factors F1-2 and F2-1 are not equal. There is a reciprocity relation between
them, according to equation (58):
A1 F12  A2 F21

(58)

It can be observed that the view factors are equal only the areas A1 and A2 are equal.

Heat exchange by radiation between two parallel surfaces
This is the situation of two planar surfaces (for example the floor and the ceiling in a
room, or two parallel walls). In this case the view factors are equal to 1. Equation (55)
will be:
 T  4  T  4 
Q 12  C12 A1  1    2  
 100   100  

(59)

4.4 Air gaps in the building structure
Air gapes can be found in roofs (flat roofs or pitched roofs) and in case of externals
walls (mounting facades). In the air gaps all three types of heat transfer processes will
occur (Figure 15).

qcd
qr

qcv

15. Figure Heat transfer in the air gaps
There is conduction through the air layer (qcd), there is convection because of the air
movement in the air gap (qcv) and there is radiation heat transfer between the boundary
surfaces of the air gap (qr).
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The air layer in the nearby of the warm surface is flowing up
because of the gravitational forces. Its temperature is increasing and its density is
decreasing. By flowing up around the warm surface its temperature becomes higher and
higher. At the top of the air gap the air flow is returning and its heat is transferred by
confection to the cold surface of the air layer. Because of the heat losses the
temperature of the air decreases and its density becomes higher. Consequently the air
flow is flowing down in the nearby of the cold surface and becomes colder and colder.
At the bottom of the air gap the air flow is returned and gets heat from the warm surface
and so on. The cycle is continuous until there is a temperature difference between the
surfaces of the air gap. Furthermore, because of the temperature difference there is a
heat exchange by radiation between the two surfaces. By using low-e coating on the
warm surface its emission can be reduced and using high reflecting coating on the cold
side, the heal loss by radiation can be reduced in some extent.
Consequently, the heat transfer through the air gaps is extremely complicated to be
determined with analytical relations. In practice, the air gaps are taken into account in
the calculations by a resultant heat conduction resistance. Its value depends of the
direction of heat flux, the thickness of the air layer, emission coefficient of the
boundary surfaces and the air velocity in the gap (Table 7).
By installing dampers at the bottom and top of the air gap, the outdoor air can be
circulated through the gap. The mass flow of the circulated air can be controlled by
moving the dampers (the stack forces decreases by closing the dampers). This solution
is advantageous in the summer period, when the envelope of the building is warmed up
and can reach quite high temperatures. In this situation, ventilating the air gap (both
dampers at the top and at the bottom are in the open position) the heat from the building
structure can be removed and the temperature of the building envelope can be reduced.

7. Table Resultant heat transfer resistance of air gaps, (Fekete et al, 1985)
Type of air
gap

Surface
configuration

Usual
Without
ventilation
Reflection

Air gap, Heat flux orientation
[mm]
horizontal
up
1
0.035
0.035
5
0.11
0.11
10
0.15
0.13
20
0.17
0.14
50
0.17
0.14
1
0.07
0.07
5
0.22
0.22
10
0.3
0.25
20
0.35
0.28
50
0.35
0.28
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down
0.035
0.11
0.15
0.20
0.21
0.07
0.22
0.30
0.40
0.42

Usual
Ventilated

Reflection

1
5
10
20
50
1
5
10
20
50

0.017
0.05
0.07
0.08
0.08
0.035
0.10
0.14
0.16
0.16

0.017
0.05
0.06
0.07
0.07
0.035
0.10
0.12
0.14
0.14

0.017
0.05
0.07
0.10
0.10
0.035
0.10
0.14
0.20
0.20

5. THERMAL BRIDGES
In terms of a building, a thermal bridge is part of the building envelope through which
heat is transferred at a substantially higher rate than through the surrounding area.
The heat losses of thermal bridges are considered independently of the U-values of the
elements. For example a thermal bridge is created when a lintel spans between the inner
and outer leaf of a cavity wall, allowing heat to flow through the path created by the
lintel from inside the building to the outside environment.
There are two main types of thermal bridges in buildings: repeating and non-repeating.
Repeating thermal bridges occur regularly within a typical dwelling; for example,
where timber studs bridge a layer of insulation in a cavity wall. These are taken into
account in the ‘U-value’ calculation (a measurement in m2 of the effectiveness of a
material as an insulator – see equation (30)).
Non-repeating thermal bridges occur at junctions between building elements and
around openings, these are measured as  values (linear thermal heat transmittance),
with SI unit: [Wm-1K-1].
Linear and point transmittances can simplify things by ignoring the area of thermal
bridges altogether. With this approach, the heat flow through the interface detail
assembly is compared with and without the thermal bridge, and the difference in heat
flow is related to the detail as heat flow per a linear length or as a point heat flow.
Thermal bridges can occur when the heat-emitting surface is larger than the heat
absorbing surface. Building corners are a typical example. Interior surfaces in the
corner can be colder than other interior surfaces because more heat can flow due to the
larger emitting surfaces (Figure 16).
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16. Figure Wall corner
In Figure 16 it can be observed that sectioning the corner (dashed lines) the outdoor
(cold) surface is much larger than the internal (warm) surface. In terms of heat transfer
this means that the wall corner practically operates like a cooling fin. The situation is
better in the case of the junction of the internal-external walls, or external walls-slab
junctions (Figure 17).

17. Figure Thermal bridges at junctions of building elements
A structural thermal bridge occurs at each structural connection of building elements. In
practice, structural connections often lead to extra heat loss and low surface
temperatures around the junctions.
Thermal bridges appear around the windows or doors placed in the building envelope
(Figure 18).

18. Figure Thermal bridge around the windows
In practice, a building envelope will always have thermal bridges. For buildings the
junctions and/or material changes cannot be totally avoided. The heat flux will always
find the path with minimum thermal resistance, even though the overall heat transfer
coefficient of the structure in the sections of the building structure with and without
thermal bridge is similar (Figure 19).
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U1 = U2

19. Figure Thermal bridge (insulated pillar from reinforced concrete in a wall)
The heat flux is normal to the isotherm lines in each point of the structure. The thermal
bridge effect can be observed on a surface which has a width approximately equal to the
double of the structure thickness (Figure 20).
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20. Figure Heat flux and isotherms in the case of a wall corner
The surface temperature variation on the inner side of the wall along the O-C-A line is
shown in Figure 21.
tis
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d
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21. Figure The surface temperature variation on the inner side of the junction
The self scale temperature is the ratio between two temperature differences: the
difference between the indoor temperature and the temperature of a certain plain section
of the structure respectively the difference between the indoor temperature and outdoor
temperature Figure 22).
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22. Figure Self scale temperature
The self scale temperature can be determined using the equation (60).


ti  t
ti  te

(60)

It can be observed that for a certain building structure: 0    1 .
For different types of thermal bridges the self scale temperature can be found in thermal
bridge catalogues. For a wall corner the self scale temperature is shown in Figure 23
(Fekete et al, 1985).
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23. Figure The self scale temperature for a wall corner (masonry)
It can be observed that the self scale temperature can be read from the diagram
depending on the overall heat transfer coefficient ratio and internal convective heat
transfer coefficient. Having the value of the self scale temperature, based on the
equation (60), the surface temperature in the corner can be determined with relation
(61):
t c  t i  t i  t e 

(61)
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6. TRANSMISSION HEAT LOSSES
In general the transmission heat losses are calculated using the equation (62):
Q tr   A jU j t i  t e 

(62)

j

The heat losses through internal and external walls, windows, ceiling and slab above the
cellar can be calculated using equation (62). In the case of internal walls, the heat losses
are taken into consideration for temperature differences higher than 4K between the set
point temperature and the temperature of adjacent room. The te is the outdoor dry bulb
design temperature. In Hungary there are three regions with different outdoor design
temperatures: –15 C in the Northeast, –11 C in the Southwest and –13 C in the band
from Northwest to Southeast (starting from Sopron, through Budapest to Szeged). In
case of unheated cellar and attic the outer temperature will be higher than the outdoor
dry bulb temperature.
In the case of floors laid on the floor the heat losses cannot be determined analytically.
There are some simplified methods which can be used by the designers (EN ISO
13370:2007). A useful method for engineering calculations was given by the retracted
Hungarian Standard 04140.
According to this methodology the total thermal resistance of the floor Rf has to be
calculated using the equation (63):
Rf 

dj
1

hi
j j

(63)

The fictive linear heat transfer coefficient (f) can be found in Table 8 depending on
the Rf and parameter Z (Figure 24), which is the height difference between the ground
level and floor level.
Q f
Z
Rf
Z

Rf

Q f

8.7 ábra Padlószerkezetek hővesztesége

24. Figure Interpretation of parameter Z
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8. Table The fictive linear heat transfer coefficient at floors laid on the ground
Z, [m]
-6.00
-6.00…-4.05
-4.00…-2.55
-2.50…-1.85
-1.80…-1.25
-1.20…-0.75
-0.70…-0.45
-0.40…-0.25
-0.20…+0.20
+0.25…+0.40
+0.45…+1.00
+1.05…+1.50

Rf, [m2KW-1]
0.00 0.20… 0.40… 0.60… 0.80… 1.05…1 1.55…2 2.05…3
0.35
0.55
0.75
1.00
.50
.00
.00
0
0
0
0
0
0
0
0
0.20 0.20
0.15
0.15
0.15
0.15
0.15
0.15
0.40 0.40
0.35
0.35
0.35
0.35
0.30
0.30
0.60 0.55
0.55
0.50
0.50
0.45
0.45
0.40
0.80 0.70
0.70
0.65
0.60
0.65
0.55
0.45
1.00 0.90
0.85
0.80
0.75
0.70
0.65
0.55
1.20 1.05
1.00
0.95
0.90
0.80
0.75
0.65
1.40 1.20
1.10
1.05
1.00
0.90
0.80
0.70
1.75 1.45
1.35
1.25
1.15
1.05
0.95
0.85
2.10 1.70
1.55
1.45
1.30
1.20
1.05
0.95
2.35 1.90
1.70
1.55
1.45
1.30
1.15
1.00
2.55 2.05
1.85
1.70
1.55
1.40
1.25
1.10

In the calculations the length is practically the sum of width’s of external walls.
In the case of external walls in contact with the ground the calculation is similar to the
method applicable at floors laid on the ground. The values of the fictive linear heat
transfer coefficient are presented in Table 9.

9. Table The fictive linear heat transfer coefficient of walls in contact with the
ground
Uw, [W/(m2K)]
Z, [m] 0.40… 0.50… 0.65… 0.80… 1.00… 1.20… 1.50… 1.80… 2.20… 2.60… >3.10
-6.00
-6.00…
-5.05
-5.00…
-4.05
-4.00…
-3.05
-3.00…
-2.55
-2.50…
-2.05

0.49
1.40

0.64
1.65

0.79
1.85

0.99
2.05

1.19
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The interpretation of Uw and Z is shown in Figure 25.
Both for the floors laid on the ground and external walls in contact with the ground the
heat loss can be computed with Equation (64):

Q f / w  g / w  l t i  t e 

(64)

Uw
Q w

Z

25. Figure Interpretation of Uw and Z
The situation is similar in the case of thermal bridges. The heat losses through thermal
bridges are included in the transmission heat losses, but because of the complex heat
transfer process the heat flow cannot be calculated with relation (62). The Standard EN
ISO 10211 gives a useful algorithm for calculations, but there are also thermal bridges
catalogues which gives the linear heat transfer coefficient (tb) of the thermal bridge
with a certain configuration.
The retracted Hungarian Standard 04140 gave orientative values for some common
thermal bridges (Table 10).
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10. Table Orientative values of linear heat transfer coefficient of common
thermal bridges (retracted Standard 04140)
Thermal bridge

tb, [Wm-1K-1]

Masonry wall corner
Masonry wall corner provided with insulation on the external
side
External wall and internal wall junction
External wall and internal wall junction provided with
insulation on the external side
External wall and slab junction
External wall and slab junction provided with insulation on the
external side
Thermal bridge around the windows and external doors
Thermal bridge around the windows and external doors placed
in the external insulation layer
Shelf (at windows)
Balcony, loggia walls

0.10
0.15
0.06
0.03
0.15
0.03
0.15
0.00
0.20
0.25

The length of each thermal bridge has to be determined and multiplied with its linear
heat transfer coefficient. Thereafter the values should be added, according to Equation
(65):
Q tb   tbj l j t i  t e 

(65)

j

where: tbj – is the linear heat transfer coefficient of thermal bridge type j; lj – is the
total length of junctions (thermal bridges) type j.
Consequently, the transmission heat losses (Qtr) can be simply written as:

Q tr 

 C A U    l t
j

j

j

j j

i

 te 

(66)

where Cj is a correction factor which takes into consideration the difference between the
temperature of the external environment (tx), if differs from the outdoor one (te):

Cj 

ti  t x
ti  te

(67)

where: tx is the temperature of the closed space (unheated attic,/cellar/room), which has
a temperature lower than the indoor set point temperature in the dimensioned space.
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7. VENTILATION HEAT LOSSES
Besides the transmission heat losses, a room or a building has ventilation heat losses
too, because the fresh air needed by occupants has to be introduced in the closed spaces
and heated up to the indoor set point temperature.
In general the ventilation heat losses Qv, [W] can be calculated with relation (68):

Q v 

1
 a  ca  ACH  Vroom t i  t v 
3600

(68)

where a – is the density of the air introduced in the room, [kgm-3]; ca – is the specific
heat of the dry air, [Jkg-1K-1]; ACH – the air change rate of the room, [h-1]; Vroom – is
the volume of the room calculated with internal dimensions, [m3].
In case of engineering calculations in Equation (68) the density can be considered 1.2
kgm-3 and the specific heat is 1004 Jkg-1K-1, consequently the simplified equation will
be:
Q v  0.35  ACH  Vroom t i  t v 

(69)

If the ventilated air is the outdoor temperature (this is not common), the ventilated air
temperature can be assumed to be the outdoor design temperature.
Usually the fresh air is mixed with a part of the indoor air (recirculated) or there is heat
recuperation through a heat exchanger.
In case of residential buildings it is common the use of natural ventilation (stack
ventilation). Natural ventilation is the process of supplying and removing air through an
indoor space by natural means (without the use of a fan or other mechanical system). It
uses outdoor air flow caused by pressure differences between the building and its
surrounding to provide ventilation and space cooling.
Stack Ventilation
Buoyancy ventilation can be induced by temperature (known as stack ventilation) or by
humidity (known as cool tower). Most commonly used is the stack driven ventilation.
For stack ventilation to work properly there must be a temperature difference. As the
warm air (usually given off by the occupants and their computers), which is less dense,
in the building rises, the cooler air is infiltrated from the openings below.
The density of the air is temperature dependent (Equation 70).

a  0

273
273  t a

(70)
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where o – is the air density at 0 oC (o=1.2928 kg/m3); ta – is the
air temperature, [C].
Let’s consider a building, which has on its envelope orifices placed at different levels in
order to let the outdoor air entering in the space (A1) , respectively the indoor air
leaving the closed space (A2), (Figure 26).
2
p2, A2

te, e

ti, i

h2

h1

1
p1, A1

26. Figure Conditions of the stack ventilation
In case of buoyancy-driven natural ventilation the air flow is entering the building
because of the buoyancy forces generated by the differences between the indooroutdoor air densities.
At the air inlet orifice (A1), the pressure difference will be:
p1   e   i gh1

(71)

where: e - is the air density at the outdoor temperature (te), [kgm-3]; i - is the air
density at the indoor temperature (ti), [kgm-3]; g – is the gravitational acceleration,
[ms-2]; h1 – is the level difference between the middle of the air inlet orifice and neutral
plain, [m].
The neutral zone is that horizontal plain between the air inlet and outlet orifices
corresponding to which the indoor-outdoor pressures on the facade are equal (the
pressure difference is zero).
In the inlet air orifice the inflowing air velocity can be determined using the following
relation:

va _ in   2p1  e

(72)

where  is the contraction factor of the air flow (specific for the air inlet orifice, usually
between 0.7-0.9).
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The infiltrated air mass flow can be determined using:

m in   e A1 2p1  e

(73)

The level difference between the middle of the air inlet orifice and neutral plane, h1
depends on the cross sections of the air inlet and outlet orifices:
h1 

A22
h
A12  A22

(74)

By using ventilation chimneys the pressure diagram is modified (Figure 27).
Air infiltration caused by the wind
When wind comes across a building facade, it creates a positive pressure on it
(windward facade). Similarly, as it flows away from the building, a region of lower
pressure will be created (leeward facade). If windows are open in the building on both
the windward and leeward side (or the windows are not airtight, or there are orifices
placed on the facades), air will be forced through the building, because of the pressure
difference between the openings.
 out
m
pout
…
nth floor

.
.
.

h1

1st floor

Ground floor

 in
m
pin

27. Figure Pressure diagrams in the case of stack ventilation with chimneys

45

The dynamic wind pressure can be calculated by using the wind
velocity value w:
pd 

 a w2

(75)

2

where a is the air density given by equation (70).
The pressure difference between the outer and inner side of the facade will be:
p  Cd pd

(76)

where: Cd is the aerodynamic (drag) coefficient of the building.
To find the drag coefficient, the following equation can be used, (Borders and
Kneebone, 2013):
Cd 

Fd

(77)

1
 a w2 A
2

where:
is the resulting drag force, a is the density of air, w is the air velocity since
our object is stationary, and A is the frontal area of the object.
For a single room, in case of simplified calculations the drag coefficient can be
considered 0.33 (if the room has windows on a single external wall), 0.5 (if the room
has two windows on two adjacent external walls) and 0.67 (if the room has two
windows on two opposite external walls).
The infiltrated air can be determined by using the following equation:
V  a lp n

(78)

a is the air permeability coefficient of the openings (windows, doors).
Air permeability refers to the amount of air that will travel through a window or door
system in its closed position. Air permeability testing relies on the quality of the
systems sealing, engineering and manufacturing to ensure that all opening segments
seal together well and fully to stop as much air travel through a system as possible.
It is important in terms of comfort to the internal spaces to ensure minimal wind/breeze
intrusion and is also an important factor when it comes to environmental factors, to
limit the travel of energy from the internal to the external of the system.
The total air permeability through the test specimen, measured in accordance with prEN
1026 is divided by its overall area and the result recorded in [m3h-1⋅m-1] or [m3h-1⋅m-2].
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A range of classes is defined for air permeability related to the
overall area (or opening joints).
Orientative values for air permeability are shown in Table 11.

11. Table Permeability coefficient a of different opening types, (Fekete, 1985)
Opening type
Old window: wood frame, one layer glass
Old window: connected wood frame, two layer glass
old window: wood frame, two layer glass
Old window: metallic frame, one layer glass
Old window: metallic frame, two layer glass
Internal door without door-step
Internal door with door-step
New window

a
0.6
0.5
0.4
0.3
0.25
8.0
3.0
<0.01

The total heat loss of a room or building (Qh) is the sum of transmission and ventilation
heat losses:
Q h  Q tr  Q v

(79)

Equation (79) can be written using the heat loss coefficient (K):
Q h  K t i  t e 

(80)

where: the heat loss coefficient of a room is given by:
K room   C j A jU j    j l j  0.35  ACH  Vroom

(81)

8. Climate conditions
8.1 Solar radiation
Radiant flux or radiant power is the radiant energy emitted. reflected, transmitted or
received per unit time.
Radiant intensity is the radiant flux emitted. reflected, transmitted or received, per unit
solid angle
Irradiance is the radiant flux received by a surface per unit area.
Solar irradiance is the power per unit area produced by the Sun in the form of
electromagnetic radiation.
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Irradiance may be measured in space or at the Earth's surface
after atmospheric absorption and scattering. Total solar irradiance (TSI) is a measure
of the solar radiative power per unit area normal to the rays, incident on the Earth's
upper atmosphere.
Insolation - Incoming solar radiation is the intensity of incoming solar radiation on an
object, [W/m2]. It measures the solar input on a horizontal surface.
The solar constant is the amount of energy received at the top of the Earth's atmosphere
on a surface oriented perpendicular to the Sun’s rays (at the mean distance of the Earth
from the Sun – 150 million kilometres). The generally accepted solar constant of 1368
W/m2 is a satellite measured yearly average. According to Pidwirny (2006) from the
incoming solar radiation only 51% is absorbed by the Earth’s surface (Figure 28).
Global radiation is the total short-wave radiation from the sky falling onto a horizontal
surface on the ground (Figure 29). It includes both the direct solar radiation and the
diffuse radiation resulting from reflected or scattered sunlight.
Direct radiation is also sometimes called beam radiation or "direct beam radiation". It
is used to describe solar radiation travelling on a straight line from the sun down to the
surface of the earth.
Diffuse radiation on the other hand describes the sunlight that has been scattered by
molecules and particles in the atmosphere but that has still made it down to the surface
of the earth.

28. Figure Global modification of incoming solar radiation by atmospheric and
surface processes, Pidwirny (2006)
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29. Figure Annual average solar irradiance, (Internet 5)
When the sky is clear and the sun is very high in the sky direct radiation is around 85%
of the total insolation striking the ground and diffuse radiation is about 15%. As the Sun
goes lower in the sky, the percent of diffuse radiation keeps going up until it reaches
40% when the sun is 10° above the horizon.

8.2 Temperature
The outdoor temperature is continuously varying during a day. In most of the cases this
variation can be well approximated with a sine or cosine function (Figure 30).

te

te

Time
30. Figure Daily variation of the outdoor temperature
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However for energy calculations (especially for heating) the
daily average value can be taken into account. For some rough calculations of the
heating energy demand the mean temperature of the whole heating season, or monthly
average temperature are also used.
In the case of temperate continental climate (northern hemisphere) the monthly mean
temperature is decreasing from September and increasing from February. The lowest
mean temperature is registered in January (Figure 31).

t em

A S O N D J F M A M

Time

31. Figure Variation of the monthly mean temperatures
A simplified method to determine the energy demand for heating is based on the degree
day curve. This curve presents the average daily temperatures of a region (settlement)
in a cumulative diagram (Figure 32). From this diagram it can be determined the
number of days having the average temperature below a certain value (or the number of
days having the average temperature between a minimum and maximum value).
It can be observed that the number of days with mean temperatures closed to the design
outdoor temperature for heating is around 2-3 days. This is similar in the case of
cooling demand. Consequently, the boilers (or chillers) which has to be chosen to cover
the maximal heating (or cooling) demand will operate only 2-3 days at nominal
capacity. Most of the heating (or cooling) season the boiler is operating at partial
capacity (lower than half of the nominal capacity). This means that the control of these
equipments is extremely important.
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32. Figure Degree day curve for Budapest (Hungary)

9. HUMID AIR (MOIST AIR)
Moist air is a mixture of dry air (which is itself a mixture of a number of gases) and
water vapour. The water vapour may exist in a saturated or superheated state. Dry air
and water vapour form a binary mixture. Both dry and water vapour can be considered
as perfect gases since both exist in the atmosphere at relatively low pressures. Water
vapour is present in the atmosphere at an absolutely low partial pressure.
The properties of moist air are called psychrometric properties and the topic which
deals with the behaviour of moist air is known as psychrometry.
Analysing the T-s diagram (Figure 33), it can be observed that the superheated water
vapours in the moist air can reach the saturation state by adding more vapours (AB).
The partial pressure of vapours in the air will increase (pvBpvA) and the temperature is
constant (TA=TB). Other possibility to meet the saturation state is a cooling process
(AC). The partial pressure of the water vapour is constant (pvB=pvA), but the
temperature is reduced (TC<TA), (Kalmar, 2002).
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33. Figure T-s diagram of water vapour
Let’s consider 1 kg of dry air. By definition, dry air contains no water vapour, and thus
its specific humidity is zero. Now let us add some water vapour to this dry air. The
specific humidity will increase. As more vapour or moisture is added, the specific
humidity will keep increasing until the air can hold no more moisture. At this point, the
air is said to be saturated with moisture, and it is called saturated air. Any moisture
introduced into saturated air will condense. The supra-saturated air is practically fog.
Dalton’s Law states that the total pressure of a mixture of gases is equal to the sum of
the partial pressures of the constituent gases. The partial pressure is the pressure each
gas would exert if it alone occupied the volume of the mixture.
Dalton’s Law of partial pressure for moist air can be expressed as:
p  p a  pv

(82)

where: p is total pressure of air (Pa, Nm-2); pa – partial pressure dry air (Pa, Nm-2); pv –
partial pressure water vapour (Pa, Nm-2)
Avogadro’s law states that equal volumes of gases at the same temperature and pressure
contain the same number of molecules regardless of their chemical nature and physical
properties. This number (Avogadro's number) is 6.0221023. These occupy 22.41 L for
all gases at temperature of 273.15 K (0 °C, 32 °F) and an absolute pressure of 100 kPa.
Moist air is lighter than dry air because number of molecules is the same for equal
volumes, and water is lighter than O2 or N2.
Properties of moist air

9.1 Mass
The mass of moist air is the sum of the mass of constituents: dry air and vapours:
m  ma  mw

(83)
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9.2 Absolute humidity
The amount of water vapour in the air can be specified in various ways. Probably the
most logical way is to specify directly the mass of water vapour present in a unit mass
of dry air. This is called absolute or specific humidity (also called humidity ratio) and is
denoted by x (w or ).

 kg 
g
  or  
 kg 
 kg 
From relation (83) is obtained:
m  ma 1  x  and for ma is 1 kg, the mass of the moist air will be:
x

mw
m

(84)

m  1 x
(85)
The absolute humidity represents the mass of the vapours which corresponds to 1 kg
dry air in the humid air.
Writing the general gas law
for dry air
paV  ma RaT
for water vapours

p wV  mw RwT

and dividing these two equations, it is obtained:
pw
p w Rw
Ra=287 J/kgK, Rw=461.5 J/kgK x  0.622

x
p  pw
pa
Ra

(86)

9.3 Relative humidity (, RH)
The relative humidity of the moist air is the ratio of the actual mass of the water vapour
in a given volume to that which it would have if it were saturated at the same dry bulb
temperature and the same total pressure of the air:



mw
mw, sat

p wV
R wT
p
100[%] 
100, [%]  v 100, [%]
p w, sat V
pv , sat
R wT

(87)

9.4 Partial pressure of water vapours
Using the formula of the absolute humidity, the partial pressure of water vapours will
be:

pv 

x
p
x  0.622

(88)
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9.5 Partial pressure of dry air
Using the Dalton’s law, the partial pressure of water vapours will be:

pa 

0.622
p
x  0.622

(89)

9.6 Enthalpy of the moist air
The enthalpy of moist air is the sum of the enthalpy of the dry air and the enthalpy of
the water vapour. Enthalpy values are always based on some reference value. For moist
air, the enthalpy of dry air is given a zero value at 0 C, and for water vapour the
enthalpy of saturated water is taken as zero at 0 C.
H  H a  H w  ma ha  mw hw

(90)

Dividing with ma, it is obtained: h  ha  xhw
where: ha  c pa t , [J/kgK]; hw  c pw t  r
The specific heat of dry air is 1.005 kJkg-1K-1, the specific heat of water vapours is
1.886 kJkg-1K-1. The latent heat of vaporization r at 0 C is 2500.84 kJkg-1.
Consequently, the enthalpy of moist air will be:
h  1.005t  x2501 1.886t 

(91)

9.7 Dry bulb temperature (DBT)
The dry bulb temperature is the air temperature measured with an ordinary thermometer
having the sensor protected by radiation.

9.8. Wet bulb temperature (WBT)
The wet bulb temperature is the air temperature measured with an ordinary
thermometer having its sensor covered by a wetted wick and protected by radiation.
Sling Psychrometer
A sling psychrometer consists of two thermometers mounted together with a handle
attached on a chain (Figure 34). One thermometer is ordinary. The other has a cloth
wick over its bulb and is called a wet-bulb thermometer. When a reading is to be taken,
the wick is first dipped in water and then the instrument is whirled around. During the
whirling, the water evaporates from the wick, cooling the wet-bulb thermometer. Then
the temperatures of both thermometers are read.
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air

34. Figure Psichrometer
If the surrounding air is dry, more moisture evaporates from the wick, cooling the wetbulb thermometer more so there is a greater difference between the temperatures of the
two thermometers. If the surrounding air is holding as much moisture as possible - if
the relative humidity is 100% - there is no difference between the two temperatures.

9.9 Dew point temperature
The dew-point temperature tdp is defined as the temperature at which condensation
begins when the air is cooled at constant pressure and absolute humidity.
The dry bulb temperature, the wet bulb temperature and the dew-point temperature of
saturated air are identical.
Mollier’s (h-x) diagram
Mollier’s diagram is a graphical representation of the thermodynamic properties and
states of materials involving enthalpy on one of the coordinates. The Mollier’s diagram
is a graphic representation of the relationship between air temperature, moisture content
and enthalpy, and is a basic design tool for building engineers and designers.
Having the DBT and WBT values measured by a psichrometer, the state of the moist air
can be determined in the Mollier diagram (Figure 35). By determining the state of the
air, all physical parameters can be read from the chart.

10. HEAT GAINS. HEAT LOAD
10.1 Internal gains
The heat released by household equipments, artificial lighting, electronic devices and
occupants is considered heat gain in the heating season, because this heat quantity
contributes to obtain the indoor set point temperature. The internal heat gains can be
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assumed 5 Wm-2 in case of residential buildings (7/2006
Decree). In summer period the heat released by internal heat sources is considered as
heat load which has to be removed from the closed space in order to obtain the indoor
set point temperature.

35. Figure Determination of the air state in the h-x diagram
10.2 Solar gains
Direct solar gains, [W] can be calculated using Equation (92):

Q sd   Ag gI

(92)

where: I – is the incident solar radiation, [Wm-2]; Ag – is the sum of transparent area for
a certain orientation of the facade, [m2]; g – is the total solar energy transmittance (solar
factor) of glazing.
According to EN ISO 13790 Standard the utilization factor of heat gains in the heating
season depends on the ratio of heat gains and heat losses (H), respectively on the
room/building zone/building time constant (). According to Yohanis and Norton
(1999) the heat gains utilization factor can be determined using equation (93):
k

 H  1  e  H D

(93)

where: k and D are correlation coefficients. For these coefficients Yohanis and Norton
(1999) proposed the following relations:
(94)
k  1,0785 0,0041  6  107  2
(95)
D  0,0087  0,007  7  108  2
The daily variation of solar radiation intensity on vertical surfaces in Hungary for
different orientations is presented in Figure 36 (Menyhárt, 1978).
It can be observed that the maximal values correspond to East and West orientations of
the facades.
For engineering calculations the total solar heat gains for a heating season in Hungary
can be determined with the following simplified equation:

56

Qsd    Ag gQTOT

(96)
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36. Figure Daily variation of ISRG on vertical surfaces
where:  - is the utilization factor of solar gains (0.75 for heavy structure buildings; 0.5
for light structure building); QTOT – specific solar gains during the heating season,
[kWh/(m2a)].
The heavy and light structure category is established in function of specific thermal
mass of the building (total thermal mass/heated floor area):

m  400 kg / m 2

- heavy structure building

m  400 kg / m 2

- light structure building

The total thermal mass for a building can be determined using the following equation:

M    ij d ij A j
j

(97)

i

where: ij – material density of layer i in the building element j; dij – thickness of layer i
in the building element j; Aj – area of building element j.
The specific solar gains are presented in Table 12.

12. Table Specific solar gains in a heating season (Hungary)
Orientation of the facades
Solar gains, [kWhm-2a-1]

N
100

S
400

E-W
200

10.3 Greenhouse effect
Let’s consider a closed space, having a window on the external wall (Figure 37). The
solar radiation hits the glazing and according to the energy balance equation a part of
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the solar energy is reflected, a part is absorbed and a part is
transmitted. In the case of clear glasses about 80% of the radiation is entering in the
space and stroke the floor and/or walls. These are opaque building elements and absorb
about 80-90% of the radiation and only 10-20% is reflected. The reflected radiation is
striking other opaque elements and at the end all the radiation entering the space will be
absorbed. The absorbed radiation will increase the temperature of the internal surfaces
of floors, walls and ceiling.

37. Figure Greenhouse effect in buildings
The heat is penetrating into the structures by conduction, but at the same time the air
layer around the structure is heated up by convection. Increasing the temperature of the
air, because of the buoyancy forces the air layers from the floor will rise and transfer
their heat to the surrounding walls and ceiling. After cooling the air density becomes
higher and the air mass is falling back to the floor. The process will lead to the increase
of the all building elements and the air in the room.
All building elements will release heat by radiation, but this heat exchange will lead to
the increase of the temperatures of all structures. The transmissivity of the common,
clear glass depends on the wavelength of the radiation (Figure 38).
It can be observed that the radiation with wavelength higher than 4 m is practically
totally reflected (partially absorbed) by the glass. Consequently, the heat cannot leave
the closed space and temperature will increase as long as the solar radiation is entering
the room.
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38. Figure Transmissivity of the clear common glass
10.4 Heat storage
The stored heat in a multilayer building element can be calculated using the following
equation:
n

n

j 1

j 1

W   W j  C j  j

(98)

where Cj is the heat capacity of layer j; j – is the over-temperature of layer j (with
reference to the lowest temperature of the whole structure).
The thermal capacity of a building element with n layers is:
n

n

n

j 1

j 1

j 1

C   C j  m j c j  A d j  j c j

(99)

where: A is the area of the building element (taking into account the internal
dimensions).

10.5. Time lag. Decrement factor.
The outdoor temperature is continuously varying during a day (see Figure 30). The heat
is flowing through the structure, but needs time to reach the inner surface of the
building element. In relation to the daily average temperature it can be a maximum and
minimum value of the outdoor surface temperature of the building element. The
difference between the maximum value and the average value is called amplitude of the
outdoor temperature (Ate). This variation of the outdoor surface temperature will
produce a variation of the inner surface temperature of the building structure, but the
amplitude of this variation is much lower than Ate, (Figure 39). Moreover, the inner
surface temperature amplitude is delayed in time in relation to the outdoor temperature
amplitude.
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The ratio between Ati and Ate is called decrement factor, which
can be determined for each building structure.

11. ENERGY NEED FOR HEATING
Neglecting the variation of stored heat, during the heating system operation, the
condition of thermal balance can be found to:
Q tr  Q v  Q i  Q s

(100)
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39. Figure Time lag and variation of the surface temperatures of the external
building element
Using the heat loss coefficient of the building and introducing the utilization factor of
the heat gains:



K t i  t e    h Q i  Q s



(101)

When the Equation (101) is true, the heat losses of the building are equal to the heat
gains of the building and the external temperature is called: balance point temperature
(tb). Based on the relation (101), the balance point temperature will be:
tb  ti   h

Q i  Q e
K

(102)
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Using the degree day curve, the balance point temperature will
determine the length of the heating season. The lower the balance point temperature, the
shorter the heating season is. After a thermal rehabilitation of a building, not only the
heat losses will decreased significantly, but the heating season will be shorter (Figure
40).

40. Figure Length of the heating season
The degree-day value corresponding for a certain day “j” with average outdoor
temperature tej lower than the balance temperature is given by the relation (103):
DD j  t i  t ej

(103)

The degree-day value for a period is the sum of the daily degree-day values:
N

N

j 1

j 1

DD   DD j   (t i  t ej )  N t i  t em 

(104)

where: N – is the number of days in the analyzed period of time; tem – the average
outdoor temperature corresponding to the considered period.
The maximum value of the energy demand for heating in Wh, (avoiding heat gains) can
be determined using the relation:
N

E H  K  DD  K  (t i  t ej )dt

(105)

j 1

where: DD – is the degree day value of the heating season, [hK]; tej – mean outdoor
temperature of the j heating day; t – time; N – number of days in a heating season.

12. ENERGY NEED FOR COOLING
According to the 7/2006 Decree, the calculation of the energy need for cooling is
similar to the method used for the calculation of the heating energy demand.
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First and foremost the balance point temperature (tb-c) has to be
determined:
t b c  t i   c

Q i  Q sd c
Kc

(106)

The solar gains can be calculated with equation (107):

Q sd c    Ag gI s

(107)

The solar gains (Is) which can be used for Hungary are shown in Table 13.

13. Table Specific solar gains in November, (Hungary)
Orientation of the facades
N
S
E-W
-2
85
150
150
Is, [Wm ]
The heat loss coefficient Kc can be calculated with the relation (81), but the air change
rate is:
- 3 h-1, if the building has windows on one facade and the night ventilation is not
possible;
- 6 h-1, if the building has windows on more than one facade and the night ventilation is
not possible;
- 5 h-1, if the building has windows on one facade and the night ventilation is possible;
- 9 h-1, if the building has windows on more than one facade and the night ventilation is
possible.
The energy demand for cooling, in kWh, will be:



Ec  0.024  N c  Q sd c  Q i



(108)

where: Nc - is the number of cooling days (having the daily mean temperature higher
than tb-c). The number of cooling days can be determined from the degree day curve.

13. INDOOR ENVIRONMENT QUALITY
Nowadays energy saving is extremely important but first and foremost in buildings the
thermal comfort and proper indoor air quality has to be assured for the occupants.
Thermal comfort is influenced by six parameters: indoor air temperature, mean radiant
temperature, relative humidity of the air, relative velocity of the air, thermal resistance
and vapour permeability of clothing and the performed activity.
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The core temperature of the human body is about 36.5 C (varies
during a day). Depending on the performed work or activity a certain quantity of energy
has to be produced. Because the work efficiency of the human body is low, the energy
produced in the body is higher than the energy amount required for the physical work.
The difference is heat, which has to be delivered to the environment, keeping at the
same time the core temperature constant.
The heat can be delivered to the environment by radiation, convection, conduction and
evaporation. Consequently, the indoor environment has to be designed in order to
assure proper conditions for these heat transfer processes. If the surface temperatures of
the surrounding building elements are high, the heat losses of the human body by
radiation will be low. By increasing the air velocity around the human body the heat
loss by convection will increase for air temperatures lower than 34 C. If the air
temperature is higher than, the air will warm up the human body. If the absolute
humidity of the indoor air is high, the heat loss by evaporation will be low.
If the heat in excess cannot be delivered to the environment, the core and the body
temperature will increase and the occupant will complain reporting too warm
environment. Increasing the air velocity, the heat loss of the body will increase but
draught may appear and cause discomfort. In the case of non uniform environments,
having on one side low surface temperatures and high surface temperatures on the other
side, asymmetric radiation may cause discomfort to the occupants.
The indoor air quality is affected by: gases (including carbon monoxide, carbon
dioxide, radon, volatile organic compounds), aerosols (particulates), microbial
contaminants (mould, pollen, bacteria). Source of contaminants are the occupants,
building materials, furniture, ventilation or air conditioning system and other
equipments.
The unit of contaminants source is [olf]. One olf is the sensory pollution strength from a
standard person defined as an average adult working in an office or similar nonindustrial workplace, sedentary and in thermal comfort, with a hygienic standard
equivalent of 0.7 baths per day and whose skin has a total area of 1.8 m-2.
The unit used to measure the perceived indoor air quality is the decipol. One decipol
[dp], is the perceived air quality in a space with a sensory load of one olf ventilated by
10 L/s.
The necessary fresh air flow can be determined by using the Equation (109):

V fresh  10

G
ci  ce 

(109)
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where: G – is the sum of all contaminants source in the closed
space, [olf]; ci – is the perceived air quality in the closed space, [dp]; ce – is the quality
air supplied in the room, [dp];  – is the efficiency of the ventilation system.
The efficiency of the ventilation system is the capacity to remove the pollutants from
the occupied zone and depends on the difference between the supplied air temperature
and indoor air temperature and by the supply and exhaust mode of the ventilation
system.
In order to provide proper indoor environment the methodologies and prescriptions of
the following standards has to be taken into account:
ISO 7730:2005 - Ergonomics of the thermal environment -- Analytical determination
and interpretation of thermal comfort using calculation of the PMV and PPD indices
and local thermal comfort criteria.
CEN - EN 15251 - Indoor environmental input parameters for design and assessment of
energy performance of buildings addressing indoor air quality, thermal environment,
lighting and acoustics.
ANSI/ASHRAE Standard 55-2017, Thermal Environmental Conditions for Human
Occupancy, ANSI/ASHRAE.

64

14. LITERATURE
BORDERS, C. G. and KNEEBONE C.J., (2013), A Report on Aerodynamics of
Buildings, Fluid Mechanics course, School of Design and Engineering, Kanbar College
of Design, Engineering & Commerce, Philadelphia University.
BRASCHE S., BISCHOF W. (2005), Daily time spent indoors in German homes –
Baseline data for the assessment of indoor exposure of German occupants. Int. J.
Hyg. Environ.-Health, 208, 247–253.
CHAU C.K., TU E.Y., CHAN D.W.T., BURNETT J. (2002), Estimating the total
exposure to air pollutants for different population age groups in Hong Kong,
Environment International, 27. 617–630.
FEKETE I. (editor), (1985), Handbook of Building Physics. (in Hungarian). Műszaki
Könyvkiadó, Budapest.
GUO H.; LIU Y.; CHANG W.-S.; SHAO Y.; SUN C., (2017), Energy Saving and
Carbon Reduction in the Operation Stage of Cross Laminated Timber Residential
Buildings in China. Sustainability, 9, 292.
JENKINS P.L., PHILLIPS Th.J., MULBERG E.J., P HUI S.P. (1992), Activity patterns
of Californians: use of and proximity to indoor pollutant sources. Atmospheric
Environment, 26:12, 2141-2148.
KALMAR F., (2002), Building Physics (in Hungarian), Studium KKT, Nyíregyháza.
KARLSSON J., ROOS A. (2000), Modelling the angular behaviour of the total solar
energy transmittance of windows, Solar Energy Vol. 69. No. 4. pp. 321–329.
KARLSSON J., RUBIN M., ROOS A., Evaluation of predictive models for the angledependent total solar energy transmittance of glazing materials, Solar Energy Vol.
71. No. 1, pp. 23–31. 2001.
LEECH J.A., NELSON W.C., BURNETT R.T., AARON Sh., RAIZENNE M.E.,
(2002). It’s about time: A comparison of Canadian and American time–activity
patterns, Journal of Exposure Analysis and Environmental Epidemiology, 12, 427
– 432.
MENYHÁRT J. (editor), (1978), Handbook of building service systems (in Hungarian),
Műszaki Könyvkiadó, Budapest.
NILSSON A. M., ROOS A., (2009), Evaluation of optical and thermal properties of
coatings for energy efficient windows. Thin Solid Films 517, 3173–3177.
PIDWIRNY M., (2006), "Atmospheric Effects on Incoming Solar Radiation".
Fundamentals of Physical Geography. 2nd Edition Date Viewed,
http://www.physicalgeography.net/fundamentals/7f.html
RUBIN M., VON ROTTKAY K., POWLES R., (1998), Window optics, Solar Energy,
Vol. 62, No. 3, pp. 149–161.

65

RUBIN M., POWLES R., VON ROTTKAY K., (1999), Models
for the angle-dependent optical properties of coated glazing materials, Solar
Energy, Vol. 66, No. 4, pp. 267–276.
YOHANIS Y.G., NORTON B., (1999), Utilization factor for building solar-heat gain
for use in a simplified energy model, Applied Energy 63,227-239.
Standards and decrees
Directive 2010/31/EU of the European Parliament and of the Council of 19 May 2010
on the energy performance of buildings.
7/2006 (V.24) Decree of the Minister without portfolio.
176/2008 (VI.30) Governmental Decree.
EN 15251:2007, Indoor environmental input parameters for design and assessment of
energy performance of buildings addressing indoor air quality, thermal
environment, lighting and acoustics, CEN.
ISO 7730:2005, Ergonomics of the thermal environment - Analytical determination and
interpretation of thermal comfort using calculation of the PMV and PPD indices
and local thermal comfort criteria, ISO.
ANSI/ASHRAE Standard 55-2017, Thermal Environmental Conditions for Human
Occupancy, ANSI/ASHRAE.
EN 410:2011, Glass in building – Determination of luminous and solar characteristics
of glazing.
EN 673:2011, Glass in building – Determination of thermal transmittance (U value) –
calculation method.
ISO 10211:2007, Thermal bridges in building construction – Heat flows and surface
temperatures – Detailed calculations.
ISO 13370:2007, Thermal performance of buildings – Heat transfer via the ground –
Calculation methods.
EN ISO 13790:2008, Energy performance of buildings – Calculation of energy use for
space heating and cooling.
World wide web
Internet 1: http://uk.saint-gobain-glass.com/trade-customers/glass-and-solar-radiation.
(Retrieved: 16.02.2016)
Internet
2:
http://www.greenspec.co.uk/building-design/windows/
(Retrieved:
17.02.2016)
Internet 3: https://commons.wikimedia.org/wiki/File:Planck_law_log_log_scale.png
(Retrieved: 01.02.2018)
Internet 4: https://www.engineeringtoolbox.com/emissivity-coefficients-d_447.html.
(Retrieved: 01.02.2018).
Internet
5:
http://www.inforse.org/europe/dieret/Solar/solar.html.
(Retrieved:
02.02.2018).

66

Tables
1. TABLE ADMISSIBLE VALUES OF THE HEAT TRANSFER COEFFICIENT ...................6
2. TABLE: PRIMARY ENERGY FACTORS, (7/2006 DECREE) ..............................................6
3. TABLE REQUIREMENT OF PRIMARY ENERGY USE ......................................................7
4. TABLE BUILDINGS ENERGY LABELLING IN HUNGARY ..............................................7
5. TABLE PHYSICAL PARAMETERS OF BUILDING MATERIALS AT + 10 OC
TEMPERATURE ................................................................................................................10
6. TABLE EMISSIVITY OF SOME BUILDING MATERIALS, (INTERNET 4) ....................30
7. TABLE RESULTANT HEAT TRANSFER RESISTANCE OF AIR GAPS, (FEKETE ET
AL, 1985) ............................................................................................................................34
8. TABLE THE FICTIVE LINEAR HEAT TRANSFER COEFFICIENT AT FLOORS LAID
ON THE GROUND ............................................................................................................40
9. TABLE THE FICTIVE LINEAR HEAT TRANSFER COEFFICIENT OF WALLS IN
CONTACT WITH THE GROUND ....................................................................................40
10. TABLE ORIENTATIVE VALUES OF LINEAR HEAT TRANSFER COEFFICIENT OF
COMMON THERMAL BRIDGES (RETRACTED STANDARD 04140) ........................42
11. TABLE PERMEABILITY COEFFICIENT A OF DIFFERENT OPENING TYPES,
(FEKETE, 1985) .................................................................................................................47
12. TABLE SPECIFIC SOLAR GAINS IN A HEATING SEASON .........................................57
13. TABLE SPECIFIC SOLAR GAINS IN NOVEMBER .........................................................62

67

Figures
1. FIGURE HEAT LOSSES AND GAINS IN THE HEATING SEASON...................................9
2. FIGURE ENERGY BALANCE OF A GLASS PANE, (INTERNET 2) ................................14
3. FIGURE TRIPLE PANE GLAZING WITH LOW-E COATING AND INERT GAS,
(INTERNET 2) ....................................................................................................................15
4. FIGURE TEMPERATURE DISTRIBUTION IN A PLAIN WALL ......................................20
5. FIGURE TEMPERATURE DISTRIBUTION IN THE CASE OF A MULTILAYER
BUILDING STRUCTURE .................................................................................................21
6. FIGURE CONVECTIVE HEAT TRANSFER COEFFICIENT VALUES .............................23
7. FIGURE HEAT TRANSFER FROM INDOOR TO OUTDOOR AIR THROUGH A
MULTILAYER BUILDING STRUCTURE.......................................................................24
8. FIGURE THERMAL RADIATION SPECTRUM OF A BODY ............................................25
9. FIGURE RADIATION INTENSITY IN FUNCTION THE WAVELENGTH AND
TEMPERATURE, (INTERNET 3) .....................................................................................26
10. FIGURE RADIATION INTENSITY EMITTED BY BLACK AND GRAY BODIES WITH
SIMILAR TEMPERATURES ............................................................................................27
11. FIGURE ENERGY BALANCE OF A GRAY BODY STROKED BY A RADIATION
WAVE .................................................................................................................................28
12. FIGURE HEAT EXCHANGE BY RADIATION BETWEEN TWO PARALLEL
SURFACES (BLACK AND GRAY BODY) .....................................................................29
13. FIGURE HEAT EMITTED TO A CERTAIN DIRECTION ................................................31
14. FIGURE HEAT EXCHANGE BETWEEN TWO BODIES .................................................32
15. FIGURE HEAT TRANSFER IN THE AIR GAPS ...............................................................33
16. FIGURE WALL CORNER....................................................................................................36
17. FIGURE THERMAL BRIDGES AT JUNCTIONS OF BUILDING ELEMENTS ..............36
18. FIGURE THERMAL BRIDGE AROUND THE WINDOWS ..............................................36
19. FIGURE THERMAL BRIDGE (INSULATED PILLAR FROM REINFORCED
CONCRETE IN A WALL) .................................................................................................37
20. FIGURE HEAT FLUX AND ISOTHERMS IN THE CASE OF A WALL CORNER .........37
21. FIGURE THE SURFACE TEMPERATURE VARIATION ON THE INNER SIDE OF THE
JUNCTION .........................................................................................................................37
22. FIGURE SELF SCALE TEMPERATURE ...........................................................................38
23. FIGURE THE SELF SCALE TEMPERATURE FOR A WALL CORNER (MASONRY) .38
24. FIGURE INTERPRETATION OF PARAMETER Z ............................................................39
25. FIGURE INTERPRETATION OF UW AND Z ....................................................................41
26. FIGURE CONDITIONS OF THE STACK VENTILATION ...............................................44
27. FIGURE THE PRESSURE DIAGRAMS IN THE CASE OF STACK VENTILATION
WITH CHIMNEYS .............................................................................................................45
28. FIGURE GLOBAL MODIFICATION OF INCOMING SOLAR RADIATION BY
ATMOSPHERIC AND SURFACE PROCESSES, PIDWIRNY (2006) ............................48

68

29. FIGURE ANNUAL AVERAGE SOLAR IRRADIANCE,
(INTERNET 5) ....................................................................................................................49
30. FIGURE DAILY VARIATION OF THE OUTDOOR TEMPERATURE ............................49
31. FIGURE VARIATION OF THE MONTHLY MEAN TEMPERATURES ..........................50
32. FIGURE DEGREE DAY CURVE FOR BUDAPEST (HUNGARY) ...................................51
33. FIGURE T-S DIAGRAM OF WATER VAPOUR ................................................................52
34. FIGURE PSICHROMETER ..................................................................................................55
35. FIGURE DETERMINATION OF THE AIR STATE IN THE H-X DIAGRAM .................56
36. FIGURE DAILY VARIATION OF ISRG ON VERTICAL SURFACES ............................57
37. FIGURE GREENHOUSE EFFECT IN BUILDINGS ...........................................................58
38. FIGURE TRANSMISSIVITY OF THE CLEAR COMMON GLASS .................................59
39. FIGURE TIME LAG AND VARIATION OF THE SURFACE TEMPERATURES OF THE
EXTERNAL BUILDING ELEMENT ................................................................................60
40. FIGURE LENGTH OF THE HEATING SEASON ..............................................................61

69

