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Output [W]
Dimensioned output 
requirement

Energy require-
ment

Output requirement

Outdoor temperature
Temperature [°C]

The need to heat a building arises from heat losses that 
are caused by the temperature differences between 
indoor air and outdoor air.

Heat losses can be divided into two parts:

• Transmission losses: Losses via parts of the building 
(roof, walls, etc.).

• Ventilation losses: Losses through ventilation, un-
sealed areas and openings.

Desired indoor temperature

A common method of illustrating the energy require-
ment for heating is to use a Duration diagram. The Dura-
tion diagram has two axes. The X axis shows the number 
of hours in one year, the Y axis the outdoor temperature 
in °C. One can draw a curve to describe the duration of 
the outdoor temperature in each place. If the average 
temperature for the year,  is +8°C, then it is colder than 
+8°C for six months or 4380 hours. 
If a line for desired indoor air temperature is inserted 
into the diagram, e.g. 20°C, this line will intersect with 

Average yearly temperature

Outdoor temperature

Temperature [°C]

Time [h/year]

Indoor temperature

The outdoor air temperature varies with the season and 
place but indoor air temperature should remain even 
and comfortable. 

The dimensioned output requirement for a building is 
the output necessary to maintain the desired indoor 
temperature when the outdoor air temperature is at its 
coldest.

The energy requirement is the total energy requirement 
of the year for each hour, i.e. the area below the output 
requirement curve in the diagram.

the duration diagram to show the number of degree 
hours that are needed for heating to 20°C. The number 
of degree hours is a measurement that is proportional to 
the energy requirement for heating. For any particular 
place, one can either calculate based on such a diagram 
or consult climate tables, see table on page 158.

Temperature [°C]

Outdoor temperature

Energy re-
quirement

Time [h/year]

Heating - Energy

Duration diagram
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Heating systems

The heating system must cover all heat losses, both from transmission and ventilation.
Three main types of heating systems can be outlined:
• Radiant heating
• Convective heating
• Air heating 

Radiant heating transfers heat to surfaces and objects 
without warming the air on the way. Surfaces are heated 
and then in turn heat the air within the room. People 
experience the direct contribution of radiant heat as 
warmth. The room feels comfortably heated even if the 
air temperature is relatively low. Radiant heating also 
prevents overheated air gathering under the ceiling. The 
equalized distribution of temperature vertically as well 
as the somewhat lower air temperature contributes to 
large energy savings. 

Radiant heat effectively counteracts cold radiation and 
cold draughts from large windows, for example.

Heating with warm air covers transmission and ventila-
tion losses by supplying heated air to the building. The 
warm air cools along the outer walls, due to transmis-
sion losses. Therefore, the supply air temperature must 
be higher than the desired room temperature.

Because the heated air is lighter and rises in the room, 
large temperature differences between the ceiling and 
the floor can occur. At times, it may be necessary to 
equalize the differences with e.g. ceiling fans.

Convective heating transfers heat to the room by warm-
ing the air as it passes hot surfaces, radiators, or con-
vectors. The air flow past the radiator or convector is 
maintained by thermal currents. The warmed air rises 
and is replaced by colder air. Rotation, or convection, of 
the air occurs.

Cold draughts from e.g. windows are effectively counter-
acted by the rising stream of warm air if the heat source 
is placed under the window.

Radiant heating

Air heating

Convective heating
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Improved insulation of a building naturally reduces heat 
losses and increases energy savings, but there are other 
methods of reducing heating costs as well.

Warm air is lighter than cold air and is gathered in the 
highest spot inside a building. Vertical temperature dif-
ferences between floor and ceiling occur. The tempera-
ture gradient (°C/m) is a standard of the temperature 
rise per metre of height and varies depending on the 
heating system and the season. In rooms with high ceil-
ings, the temperature difference between the dwelling 
zone and the ceiling is often very big, between 10-15°C. 
Equalizing the temperature differences can reduce heat 
losses by as much as 30% while making optimal use of 
the heat.

• Radiant Heaters 
Heating with a ceiling mounted radiant heater is indi-
rect. The heat develops when heat rays meet surfaces 
such as floors, walls, machines, etc. The surfaces then 
heat the air in the dwelling zone. The temperature dif-
ference between ceiling and floor thus becomes very 
small.  

Heat losses

The ventilation in a building is either mechanical or of 
the natural type. Mechanical ventilation most often con-
sists of a supply and exhaust air unit that makes heat 
reclamation possible. Natural and involuntary ventila-
tion consists of thermal currents causing warm air to 
rise and leak through openings and unsealed areas.

The size of transmission losses varies according to the 
areas of the building parts and insulation. The losses 
are proportional to the temperature differences between 
indoor air and outdoor air.

Methods to reduce heat losses

• Ceiling Fans
Heating with e.g. fan heaters or radiators gives relatively  
high temperature gradients. The installation of ceiling 
fans is a very simple and inexpensive way to equalize 
the temperature difference. The heated air is pushed 
down from the ceiling to the dwelling zone.

Indoor temperature in 
the dwelling zone

Ceiling tem-
perature

Outdoor tempera-
ture

Temperature [°C]

Energy saving

Time [h/year]

Energy savings

Transmission losses Ventilation losses

Equalizing temperature differeces
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To reduce ventilation losses when ventilation is mechan-
ical, a portion of the energy content of the exhausted air 
can be reclaimed. One simple method is to immediately 
recycle portions of the warm exhaust air to the supply 
air unit, so-called return air. Another way is to use a 
heat exchanger that takes in and returns portions of the 
heating energy to the building.

Another method of saving energy is to lower the indoor 
temperature. However, this must be done without sacri-
ficing the comfort.

Indoor temperature 
before reductionTemperature [°C]

Indoor temperature 
after reduction

Outdoor temperature

Time [h/year]

Energy saving

A temperature reduction of 1°C gives 5% energy saving.

Temperature [°C]

Room temperature 

Supply air temp. after 
heat reclamation

Time [h/year]

Outdoor temperature

Energy saving

• Spot and zone heating
Radiant heaters can supply varying temperatures to 
different zones of the same building. The whole building 
does not then need to have the same high temperatures 
if workstations are far apart, for example. Spot heating 
can be seen in the same way as spotlighting.

• Radiation heat contribution
With radiant heaters, the air temperature of a room can 
be lowered somewhat and still be experienced as being 
at a high temperature, the so-called operative tempera-
ture. The operative temperature is a function of the 
room air temperature and the radiation heat contribu-
tion.

• Time control
When there is no-one in the building, e.g. at night and 
on holidays, the temperature can be lowered. 

A standard on/off thermostat can be used to vary the 
temperature around a set value. If the desired tem-
perature should never be lower than 20°C, the average 
temperature is approximately 22°C. With a triac-con-
trolled output regulator, the room temperature can be 
set to 20°C and the temperature won’t deviate from the 
setting. Lowering the temperature by 1°C gives energy 
savings of 5%.

Temperature [°C]

Time

Energy saving

Tremendous energy losses often occur through openings 
such as doors and gates. Expensive heated or cooled 
(air-conditioned) air disappears through the opening. 
This can be prevented by the installation of air curtains. 
Air curtains create a block between different tempera-
ture zones. Balanced ventilation and shorter opening 
times also contribute to the reduction of energy leakage. 
Read more about Frico air curtains in Product catalogue 
Thermozone air curtains.

Lower indoor temperature Heat reclamation

Reduce leakage

Greater equalization of temperatures
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Heating with ceiling-mounted radiant heaters is indi-
rect, in that heat rays meet and warm surfaces such as 
floors, walls, etc. The surfaces in their turn warm the 
air in the dwelling zone. No losses occur on the way 
between ceiling and floor. Warm air is prevented from 

• Practical • Energy saving • Comfort increasing •

Several radiant heaters are included in the 
Frico assortment. Radiant heaters for differ-
ent application areas and with either electri-
cal or hot water heating are available. 

On these pages we explain what a radiant heater is and 
how it works. Further information can be found on the 
section of each radiant heater and on our webpage  
www.frico.se

Radiant heaters

rising and collecting under the ceiling while the radi-
ant heat contribution from the heaters allow a lower air 
temperature. Radiant heaters can in this way give large 
energy savings and lower heating costs compared to 
conventional heating.
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What is radiant heating?

Temperature radiation arises because all bodies emit 
energy in the form of electromagnetic radiation. Because 
the radiation comes from a warm body, it is called heat 
radiation. The figure below shows where temperature 
radiation is found in the electromagnetic spectrum. 
Wavelength and radiation intensity from radiant heat-
ers are temperature dependent. The higher the element 
temperature of the radiant heater, the shorter the wave-
length and the higher the radiation intensity.

Radio wavesRadiation

Long-wave IR

Infrared 
radiation

Ultraviolet 
radiation
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Temperature 
radiation

Wavelength [m]

Electromagnetic spectrum

• Ceiling mounting
Mounting radiant heaters on the ceiling or on the ceiling 
line (possibly together with lighting armatures) leaves 
the walls and floors free, making use of the room more 
flexible. Thermocassettes set into false ceiling systems 
and Thermoplus heaters in the ceiling angle are both 
elegant solutions.

• Quick heating
Radiant heaters heat quickly compared to conventional 
heating of the air. A building may for example have a 
longer period with reduced night temperatures, which 
saves energy. However, even in buildings used only 
sporadically, one most often wants a quick temperature 
rise.

• Mechanical ventilation
Radiant heaters work well in combination with me-
chanical ventilation. They do not give rise to any air 
currents that interfere with ventilation.

• Additional heating 
As additions to other heating systems and when expand-
ing, radiant heaters are often a simple, inexpensive 
solution.

• Outdoors
Outdoors and in poorly insulated buildings, the radi-
ant heat contribution can be used to increase heating 
comfort or for de-icing. Industrial infrared heater and 
Comfortinfra heaters can be used on loading bays, sport 
arena stands, station platforms, and outdoor restaurants, 
etc.

• Drying and warming
Radiant heaters can be used for drying and warming in 
various industrial processes. There are also many uses 
on construction sites, e.g. for the curing of concrete, 
spot and quick drying, paint drying, de-icing, and oc-
casional personal heating.

It is very important from the comfort aspect that the 
right type of radiant heater is chosen for the right 
purpose. An Industrial infrared heater or Comfortinfra  
with tube elements at approx. 750°C gives off intense, 
short-wave radiation. It can be compared to the radia-
tion given off by an open fireplace. It is well-suited to 
outdoor use or in rooms with high ceilings. A Ther-
mocassette with a large element surface and a surface 
temperature of approx. 100°C, gives off long-wave heat 
radiation, providing comfortable heating and good dis-
persion in rooms of normal height (2.7 m).

Two bodies only exchange radiation if there is a temper-
ature difference between them. Human beings constant-
ly exchange heat with their environment. When you 
loose a lot of heat you are cold. It is necessary to reach 
a thermal point where there is balance, this point cor-
responds with the so called comfort temperature. The 
comfort temperature is defined by the air temperature, 
wall temperature, air speed and atmospheric humidity. 
Heating with radiant heating is perfect to maintain a 
good comfort.

Practical

Choose the right radiant heater

Type Output 

 

[W]

Surface 

temperature 

[°C]

Rec. mount 

height 

[m]

Thermocassette 300-600 100 1.8-3

Thermoplus 300-900 180 1.8-3

Elztrip 600-4200 280-360 2.5-15

Comfortinfra 500-2000 750 1.8-2.5

IRCF 1500-4500 2.3-5

IR 3000-6000 700 4.5-20

Sunztrip see page 54-63
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Energy saving

Temperature  [°C]

Dwelling zone

Temperature 
gradient with e.g. 
fan heaters

Temperature gra-
dient with radiant 
heatersHeight [m]

• Temperature equalization
Ceiling mounted radiant heaters can be placed where 
heat is really needed, for example along outer walls 
where heat deficits arise. Thoughtful positioning pro-
vides equalized and comfortable temperatures.

• Draught-free rooms
Radiant heaters cause no air movements or thermal cur-
rents that cause cold draughts along the floor or similar.

• Higher surface temperatures
The surfaces in our surroundings are given a somewhat 
higher temperature with radiant heaters. The risk for 
cold radiation is eliminated. Together with a somewhat 
lower air temperature, this yields excellent heating 
comfort. 

• Prevents cold craughts
Cold draughts and cold radiation from e.g. large window 
surfaces are effectively counteracted with some type 
of radiant heaters by increasing the temperature of the 
surfaces.

• ”Soft” long-wave heat radiation
Radiant heaters for indoor use have relatively low ele-
ment temperatures that give off less intense heat than 
e.g. Industrial infrared heaters. By using an electric 
heating regulator that sends output in pulses, further 
”softness” can be obtained.

The temperature gradient [°C/m], the temperature rise 
per metre of height, is very low for radiant heaters, ap-
prox. 0.3°C/m. Warm air heating or heating with conven-
tional radiators causes significantly greater temperature 
differences per metre of height with temperature gradi-
ents of 2.5 and 1.7°C/m respectively, at full output.

• Lower air temperatures.
Using radiant heaters, the air temperature in a room 
can be lowered by a few degrees while still maintaining 
an experienced high temperature, the so-called opera-
tive temperature. A reduction of the temperature by 
1°C results in energy savings of around 5%. Operative 
temperatures are those temperatures which human 
beings feel. They are the sum of the air temperature 
and radiation temperatures. All objects provide radiant 
temperature changes. Cold surfaces cause a subtraction 
and warm surfaces an addition. Operative temperatures 
can be described thus:

• Zone and spot heating
With radiant heaters, different zones of a building may 
have varying temperatures. The entire building does not 
have to have the same high temperature if for example 
work stations are far apart. Even the comfort aspect 
means that different work situations require different 
temperatures. Spot heating can be regarded in the same 
way as spotlighting. When someone is there, the heating 
or lighting is increased.

• Heat accumulation
Lower electricity rates at night can be taken advantage 
of by storing heat in building parts, machines, etc. 
Heating does not then tax the electricity grid during 
critical periods, such as when an industry starts up in 
the morning. The size of the main fuse can possibly be 
reduced. Radiant heaters are suitable to use for heat 
accumulation as heat is first developed when the rays 
meet a surface.

• Low temperature gradient.
Heating with radiant heaters provides a highly equal-
ized vertical temperature distribution. The heat devel-
ops when the rays meet surfaces such as floors, walls, 
machines, etc. The surfaces in turn heat the air in the 
dwelling zone. The temperature differences between the 
ceiling and the floor become very small and ”overheat-
ing” minimal. Especially in buildings with high ceilings, 
great energy savings are obtained compared to conven-
tional heating systems.

where t
air 

 =  air temperature
 t

rad. 
 =  radiant temperature (incl. air temperature)

 ∆t
rad. 

 =  radiant temperature change (excl. air tempera-  
   ture)

   t
op

 =                       =                                     = t
air

 +  t
air

 + t
rad.

       2  
t

air
 + (t

air
 + ∆t

rad.
)

               2
∆t

rad.

2

Comfort increasing



145

17 °C 20 °C 

17 °C 

20 °C 

H

a

∆h

Heating & energy handbook

Fig. 1. Vertical positioning.

Plan sketch: Temperature zones with radiant heaters.

Radiant heaters are used for total heating as well as for 
zone and spot heating. 

Total heating
To estimate approximately how many heaters that are 
needed to heat a room the formula is:

Min. amount of heaters = 

This formula is a basic estimation of the minimum 
amount of heaters needed to maintain the comfort. To 
calculate the right output for each heater, the total heat-
ing requirement must be calculated, see page 160.

Vertical positioning
When planning the installation, the distance between 
the heaters should not be bigger than the height be-
tween heater and floor, that means (a) should be less 
than (H). See Fig. 1. In rooms seldom used, the distance 
can be increased. In rooms frequently used, the dis-
tance between a sedentary person and heater should 
be at least between 1.5 to 2 metres (∆h). When these 
two guide lines are followed, the difference in operative 
temperature will not exceed the comfort level ∆t

op
= 5°C. 

This means that the difference between the real tem-
perature and the temperature that man senses, will not 
be more than 5°C.

Zone heating
Different work situations require different temperatures. 
With radiant heaters such as Elztrip, it is simple to di-
vide the building into temperature zones or to spot heat 
individual work stations. This results in lower heating 
costs and better heating comfort.

Examples of usage of various radiant heaters

Loading bay: Industrial infrared heater IR

Warehouse with high ceiling: Elztrip EZF or Industrial infrared heater IR

Shop: Elztrip EZ100

Cashier: Thermocassette HP

Area of the room [m2]
(Installation height [m])2

Positioning of radiant heaters
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On/Off control, termostatic control
For electrical heat it is enough with an accurate on/off 
regulation through thermostat. A 2-stage thermostat 
improves the accuracy and makes it possible to run on 
higher or lower output, depending on the heat demand. 
The electrical heat output can also be controlled by an 
output selector. Hot water heat is controlled by a single 
stage thermostat.

Thermostats can be divided into two types :
• Mechanical thermostats, with e.g. bimetal or capillary 

tubes as external sensors
• Electronic thermostats, with resistance sensors as 

external sensors

Both types of thermostats control the output on/off 
around the desired temperature, which means that the 
temperature fluctuations around the set value can be 
wide. By using electronic thermostats, the precision 
of regulation can be adjusted to achieve somewhat 
lesser fluctuations. See the temperature curve for on/off 
control.

The choice of thermostat depend on among other things 
in which environment it should be used. In a shop 
setting an electronic thermostat is often selected. It 
is visually more appealing, but has a lower protection 
class. In an industrial setting with higher demand on 
protection class, a capillary tube thermostat is often 
selected.

Electronic output regulation
Electronic, proportional output regulation results in the 
optimal contribution of heating energy to the building 
based on the current temperature. Output is turned on 
and off in pulses of varying length depending on how far 
the temperature is from the set value.

The temperature reaches the desired level faster and 
fluctuations around the set value are avoided.

Example: After a night time reduction period, the 
regulator call for full output until the temperature is 
approx. 1.5 - 2°C below the set value. Afterward, the 
heat is turned on and off in determined time cycles 
according to the approach of the set value. At 1°C below 
the set value, the in/out connection time is approx. 30 
seconds and at 0.5°C below the set value, the time is 15 
seconds.

Programmable heating regulation
Modern electronics allow very advanced, completely 
customised heating regulation. Microcomputers 
consider several affective factors simultaneously and 
adapt (regulate) the heating sources for the best comfort 
and energy effectiveness.
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Output requirements
Heat losses from a building consist of two parts. 
Transmission losses through walls, floors, windows, 
doors and the roof, and ventilation losses.

Transmission losses:
P

T
 = A • U • (t

room
 - DUT)

Ventilation losses:
P

v
 = q • c • ρ • (t

room
 - DUT)

or
P

v
 = Q • (1- α) • (t

room
 - DUT) • 0.33

where
U = thermal transmittance value [W/m² °C]
  (=K-value)
A = area of enclosed surfaces [m²]
t

room
 = room temperature [°C]

DUT = lowest dimensioned outdoor temperature of
  the district [°C]
q = calculated outdoor air flow [m³/h];
  forced air flow need not be regarded
c = specific heating capacity [J/kg°C]
ρ = density [kg/m³]
Q = air flow [m³/h]
α = efficiency of heat reclamation, 0 - 1

The thermal transmittance values, U-values, can be 
read in tables and diagrams or be calculated if the 
constituent materials are known. See page 159.

Energy requirement
The energy requirement for heating is determined by 
the output requirement and the number of degree hours 
required for heating to the desired temperature. The 
theoretical energy requirement goes down due to inter-
nal heating energy El.

Actual energy requirement

E =

Internal heat energy
E

l
 = P

i
 • A

floor
 • Operation • 8760

°Ch = number of degree hours for heating
El = internal heat energy [Wh/year] (depending on room 
activities, is read off in tables and diagrams)
P

i
 = internal heat output [W/m²]

Operation = operation time factor for internal heat 
output

Output and energy calculation

Operation time factor is calculated from the operation 
time for the activity and is:
Operation = (hours/24) • (days/7)
hours = number of hours per day in operation
days = number of days per week in operation

Ventilation systems can also have operation time
factors if they are run at half speed or stopped during
the night.

Technical support
Frico Technical support offered free of charge :

• Output and energy calculations
• Solutions to heating problems and energy saving
advice
• Dimensioning and positioning
• Solutions for heating and comfort

Contact us to discuss heating and energy savings.

Computer calculations
As a basis for output and energy calculations, you 
can fill out the calculation form on the next page. 
Copy it and mail it or fax it to us for calculations and 
suggestions for savings.

The more precise your information is, the more certain 
will the results of the calculation be. However, even 
if all values are not available, we can still do usable 
calculations. If, for example, the U-values are missing, 
supply materials, thickness, and insulation information 
can be given instead. Please attach any explanatory 
drawings or sketches.

P
v

t
room

 - DOT
 •°Ch - E

l

P
t

t
room

 - DOT •°Ch+
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Calculation form
Copy the page and fill out all known details. We assist 
you with calculation and dimensioning. Send by mail 
or fax to Frico Technical support or visit our webpage 
www.frico.se

Company: Contact person:

Address: Telephone:

Fax:

Project:

Building Length:

Location: Width:

Construction year: Height:

Flat or irregular ceiling:

Number of windows: Window heights:

Mounting height of window: Window widths:

Number of doors: Door heights:

Door widths:

Wall surface of heated space:

Window type or U-value: 1-,2-,3 pane:

Door type or U-value:

Number of openings per day: Duration of each open time:

Outer wall type or U-value: 

Ceiling type or U-value:

Floor type or U-value:

Desired temperature (day): Desired temperature (night):

Internal heat (from lighting, machinery etc): Activities in the building:

Infiltration day time (cha/h): Infiltration night time (cha/h):

Efficiency of reclamation: Natural ventilation:

Operation time/day, day temperature: Operation time/day, night temperature:

Present heating system:

Present energ price and energy form:
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For those who do not know all the facts about the 
premises an estimation of the output requirement can 
still be made. If you know the room volume and the 
desired room temperature you can read off the output 
requirement in the diagram below. The basis for the 
diagram is output requirement calculations made 
according to accepted methods. In the calculations, the 
air flow is set to one air change in the room or building 

per hour. It is provided that the four walls are outer 
walls and the roof above the ceiling is outdoors. In the 
output requirement diagram A, the average U-value is 
set at 0.4 which is equivalent to a properly insulated 
building. In diagram B, the average U-value is set at 1.0, 
indicating that the building is less well insulated. The 
curves ∆t in the diagram show the difference between 
room temperature and the lowest outdoor temperature.

Ready reckoner, output requirement

Output requirement diagram A 
Average U-vallue 0.4

Room value [m³]

Output requirement of the room [kW]

Output requirement diagram B 
Average U-vallue 1.0

Room value [m³]

Output requirement of the room [kW]
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Tables and diagrams for dimensioning

Amperage

Direct current and  

1-phase alternating  

current at cosϕ=1 

3-phase alternating 

current  

Y-connection 

3-phase alternating 

current  

∆-connection 

I=U/R=P/U If=I I=If √3 

Voltage

Direct current and  

1-phase alternating  

current at cosϕ=1 

3-phase alternating 

current  

Y-connection 

3-phase alternating 

current  

∆-connection 

U=RI U=Uf √3 U=Uf

Output

Direct current and  

1-phase alternating  

current at cosϕ=1 

3-phase alternating 

current  

Y-connection 

3-phase alternating 

current  

∆-connection 

P=UI P=√3 UI cosϕ P=√3 UI cosϕ

U = operating voltage in volts: with DC and singlephase 
AC between the two conductors, with 3-phase AC two 
phases (not between phase and zero).
U

f
 = voltage between phase and zero in a 3-phase cable.

√3 ≅ 1.73
I = amperage in ampere
If = amperage in ampere in phase wire
R = resistance in ohm
P = output in watt

Basic electrical formulas

Symbols for model types

 = normal design (no symbol)
 = drip-proof design
 =  splash-proof design

 =  jet-proof design
 =  water-tight model

IP, first figure Protection against solid objects

0 No protection

1 Protection against solid objects ≥ 50 mm

2 Protection against solid objects ≥ 12.5 mm

3 Protection against solid objects ≥ 2.5 mm

4 Protection against solid objects ≥ 1.0 mm

5 Protection against dust

6 Dust-tight

Protection classes for electrical material

IP, first figure Protection against solid objects

0 No protection

1 Protection against vertically dripping water

2 Protection against dripping water max 15°

3 Protection against sprinkled water

4 Protection against spraying with water

5 Protection against water jets

6 Protection against heavy seas

7 Protection against short immersion in water

8 Protection against the effects of long-term  

immersion in water

Installation wires, 

open or in conduit

Connecion wires

Area [mm²] Fuse [A] Area [mm²]

Continous 

current [A] Fuse [A]
1.5 10 0.75 6 10
2.5 16 1 10 10
4 20
6 25 1.5 16 16
10 35 2.5 25 20
16 63 4 32 25
25 80 6 40 35
35 100 10 63 63
50 125
70 160
95 200
120 250
150 250
185 315
240 315
300 400
400 500

Output Connecion wires

[kW] 127/1 230/1 400/1 230/3 400/3 500/3
1.0 7.85 4.34 2.50 2.51 1.46 1.16
1.1 8.65 4.78 2.75 2.76 1.59 1.27
1.2 9.45 5.22 3.00 3.02 1.73 1.39
1.3 10.2 5.65 3.25 3.27 1.88 1.50
1.4 11.0 6.09 3.50 3.52 2.02 1.62
1.5 11.8 6.52 3.75 3.77 2.17 1.73
1.6 12.6 6.96 4.00 4.02 2.31 1.85
1.7 13.4 7.39 4.25 4.27 2.46 1.96
1.7 14.2 7.83 4.50 4.52 2.60 2.08
1.9 15.0 8.26 4.75 4.78 2.75 2.20
2.0 15.8 8.70 5.00 5.03 2.89 2.31
2.2 17.3 9.67 5.50 5.53 3.18 2.54
2.3 18.1 10.0 5.75 5.78 3.32 2.66
2.4 18.9 10.4 6.00 6.03 3.47 2.77
2.6 20.5 11.3 6.50 6.53 3.76 3.01
2.8 22.0 12.2 7.00 7.03 4.05 3.24
3.0 23.6 13.0 7.50 7.54 4.34 3.47
3.2 25.2 13.9 8.00 8.04 4.62 3.70
3.4 26.8 14.8 8.50 8.54 4.91 3.93
3.6 28.4 15.7 9.00 9.05 5.20 4.15
3.8 29.9 16.5 9.50 9.55 5.49 4.39
4.0 31.15 17.4 10.0 10.05 5.78 4.62
4.5 35.4 19.6 11.25 11.31 6.50 5.20
5.0 39.4 21.7 12.50 12.57 7.23 5.78
5.5 43.3 23.9 13.75 13.82 7.95 6.36
6.0 47.3 26.1 15.0 15.1 8.67 6.94
6.5 51.2 28.3 16.25 16.3 9.39 7.51
7.0 55.0 30.4 17.50 17.6 10.1 8.09
7.5 59.0 32.6 18.75 18.8 10.8 8.67
8.0 63.0 34.8 20.0 20.1 11.6 9.25
8.5 67.0 37.0 21.25 21.4 12.3 9.83
9.0 71.0 39.1 22.5 22.6 13.0 10.4
9.5 75.0 41.3 23.75 23.9 13.7 11.0
10.0 78.5 43.5 25.0 25.1 14.5 11.6

For outputs between 0,1 and 1 kW, the amperage read is multiplied 
by 0.1. For outputs between 10 and 100 kW, the amperage read is 
multiplied by 10.

Dimensioning table  
Amperage at different outputs and voltages

Dimensioning table for cables and wires
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Climate data

Place

Av. daily 

temp  

[°C]

Extremes  

in Dec.  

[°C]

Av. wind 

speed  

[m/s]

Scandinavia

Tromsö 2.9 -14.9 3.0

Karesoando -1.5 -30.2 1.5

Sodankyle -0.4 -43.1 3.0

Trondheim 4.9 -20.2 3.2

Vaasa 3.5 -30.2 3.8

Bergen 7.8 -8.4 3.2

Oslo 5.9 -20.2 2.2

Stockholm 6.6 -16.3 3.8

Göteborg 7.6 -15.8 4.0

Copenhagen 8.5 -11.4 2.3

British isles, France, Belgium, The Netherlands, Luxemburg

London 10.4 (-12) -

Eelde 8.7 -14.6 5.3

De Bilt 9.3 -20.8 3.3

Ostend 9.9 -13.5 6.5

Brussels 9.9 -16.0 3.8

Lille 9.7 -14.0 4.5

Luxemburg-City 8.8 -15.2

Le Havre 10.6 -7.8 -

Paris 10.9 -13.2 3.9

Strasbourg 9.7 -21.0 2.2

Brest 10.8 -5.0 5.0

Tours 11.2 -18.0 3.7

Nantes 11.7 -10.8 3.6

Lyon 11.4 -24.6 3.0

Bordeaux 12.3 -13.4 3.1

Tolouse 12.5 -10.5 3.6

Marseilles 14.2 -12.8 4.4

Ajaccio, Corsica 14.7 -3.6 2.6

Iberian Peninisula

Santander 13.9 -0.2 3.6

Barcelona 16.4 -2.5 2.2

Oporto 14.4 -3.7 5.1

Madrid 13.9 -6.5 2.7

Palma de Mallorca 16.8 -1.5 2.8

Losbon 16.6 0.0 4.1

Sevilla 18.8 -2.8 1.7

Malaga 18.5 2.0 2.1

Poland, Czech Republic, Slovakia, Hungary

Gdynia 7.9 -14.8 3.6

Warsaw 8.1 -18.9 4.1

Cracow 8.6 -17.1 2.7

Prague 7.9 -20.4 -

Ostrava 8.1 -27.9 -

Bratislava 9.6 -22.8 3.4

Budapest 11.2 -19.1 2.3

Pecs 11.5 - 3.3

Temperature gradients

Convector heating 2.5 °C/m

Hot air heating - fan heaters 2.5 °C/m

Radiators and hot air heating 17 °C/m

Radiator heating 12 °C/m

Radiant heaters 0.2 - 0.4 °C/m

Floor heating 0.1 °C/m

Values apply at full output.

Place

Av. daily 

temp  

[°C]

Extremes  

in Dec.  

[°C]

Av. wind 

speed  

[m/s]

Central Europe

List auf Sylt 8.4 -8.0

Greifswald 8.3 -17.4

Hamburg 8.4 -16.4

Dresden-Wahnsdorf 8.6 -20.3

Aschen 9.7 -16.5

Karlsruhe 10.1 -21.5

Vienna 9.8 -15.3

Salzburg 8.1 -27.7

Garmisch-Partenkirchen 6.3 -22.7

Zurich 8.5 -19.3

Innsbruck 8.6 -24.8

Graz 8.3 -19.0

Geneva 10.3

Italy

Milan 3.8 -7.0

Genoa 9.2 -2.8

Florence 14.4 -8.0

Rome 15.6 -5.0

Naples 16.8 -1.6

Mesina 17.9 -0.2

Southeast Europe

Zagreb 11.6 -26.3

Belgrado 11.8 -19.3

Bucharest 11.1 -19.9

Sarajevo 9.8 -22.4

Sofia 10.4 -20.3

Skopje 12.4 -21.8

Tirana 16.0 -8.0

Thessalonki 16.1 -

Athens 17.8 -

Eastern Europe and Russia

Murmansk region -0.6 -

Arkhangeslk region -1.0 -

Moscow 4.9 -

St Petersburg region 4.4 -

Baltic Countries 6.2 -

Belarussia 6.3 -

Kiev 7.6 -

Novosibirsk 1.0 -

Internal heat

Activities W/m² floor area W/employee

Shop 15

Cafeteria 15

Office 15-20 100

Sports centre 10

Bakery 30

Steel mill 50-70

Car workshop 15

Mechanical workshop 20

Heavy workshop 50

Sheet metal/welding 25
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Heat insulation, U-value
U = thermal transmittance value [W/m²°C]
U-values indicate the heat insulating capacity of a
building section. The following equation can be used
to calculate U-values:
1/U = R

si
 + R + d

1
/λ

1
 + d

2
/λ

2
 +........+ d

n
/λ

n
 + R

se

R = heat resistance [m²°C/W]
R-values indicate the heat insulating capacity of a prod-
uct or building section.
R

si
 = heat transmission resistance upon transmission 

from internal air to wall surface [m²°C/W].
R

se
 = heat transmission resistance upon transmission

from fresh air to wall surface [m²°C/W].
d1, d2, ....dn = thickness for respective materials [m].
λ1, λ2,....λn = heat conductivity [W/m°C].

Material U-value [W/m²°C]

Walls

Single brick 12 cm 1.8

1 1/2 brick 18 cm 1.1

Light concrete block 20 cm  0.8

Light concrete block 30 cm 0.6

Concrete 15 cm 2.8

Concrete with 5 cm insulation 0.8

Concrete with 10 cm insulation 0.4

Frame wall with 5 cm insulation  0.8

Frame wall with 10 cm insulation 0.4

Frame wall with 15 cm insulation  0.3

New construction 0.3

Roof 

Concrete beam frame 15 cm  2.8

Concrete beam frame with 5 cm insulation 0.8

Concrete beam frame with 10 cm insulation 0.4

Light concrete 20 cm 0.8

Light concrete 30 cm 0.6

Sheet metal roof, uninsulated 4.0

Sheet metal roof with 5 cm insulation 0.8

Sheet metal roof with 10 cm insulation  0.2

Sheet metal roof with 25 cm insulation 0.2

New construction 

Windows 5.0

1 pane window 3.0

2 pane window 2.0

3 pane window 1.8

3 pane window insulation pane 

Energy equivalents

Quantity and substance Energy quantity 

[MWh]

1 m³ oil 8.000

1 Nm³ liquid propane gas 0.022

1 Nm³ natural gas 0.009

1 Nm³ town gas 0.004

1 kg liquid propane gas 0.087

1 kg natural gas 0.007

1 kg town gas 0.003

Heat conductivity

Material λ-values [W/m°C]

Natural stone 2.4-3.6

Chalky sandstone 1.0

Concrete 1.7

Light clinker concrete 0.6

Brick and concrete hollow block 0.6

Cement mortar 1.0

Woos, particle board 0.14

Plaster board 0.22

Plywood 0.13

Fibre board 0.08

Mineral wool 0.045

Cellular plastic 0.04

Heat resistancer

Material R heat resistance 

[W/m°C]

Internal + external transmission 

resistance Rsi + Rse
0.17

Cellar wall, underground 

1-2 metres
1.0

Below floor on ground 

Outer verge zone
0.7

Below floor on ground 

inner verge zone
2.0

Ventilation air flow
The following equation can be used for calculating
the ventilation air flow:

Q = q•A
floor

•3.6 or Q = n • V
bldg

.

where q =air flow [l/sm²]
 n =number of air changes per hour
 A

floor
 =floor surface of the building [m²]

 V
bldg

 =volume of the building [m³]

Airflows below are only recommendations.

Building l/s m² l/s person Air change/h

Shop 2.1  7 4-5

Cafeteria 5  7 6.0

Public building 0.35 +7 3.0

Office 0.35 +7 1-2

School 0.35 +7 4-5

Sports centre 2.1  7 2.0

Bakery 6  6.0

Steel mill 40.0  10-15

Car workshop 30  3.0

Mechanical workshop 0.35 +7 5.0

Sheet metal/welding 5.0  5.0

Meeting-hall/smoking  20 8.0

Meeting-hall/no smoking 7  7 6.0

Minimum req. 0.35  ca 0.5
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Input
Object: Industrial building

Building dimensions
Length:  40 m
Width:  20 m
Height:  8 m
Window area: 130 m²
Doors:  25 m²

Construction materials
Walls:   Light concrete block 30 cm U = 0.6
Roof:  Light concrete block 30 cm U = 0.6
Windows:  2-pane, 6 m above floor U = 3.0
Doors:   Ins. sheet metal, folding door U = 1.0

Time in operation:  12 hrs/day, 5 days a week

Ventilation
Natural ventilation, day:  0.4 ch./h
Natural ventilation, night: 0.3 ch./h
Internal heat output:  5 W/m²

Indoor temperature
Desired day temperature: +18 °C
Desired night temperature:+15 °C

District data
Dimensioned outdoor temperature DOT:  -18 °C
Annual average temperature:   5 °C
Average wind velocity:    4,0 m/s

Calculation example

Estimation

Output requirement
Transmission losses: P

T
 =  A • U • ∆t

Area 

m²
U-value

∆t 

°C

Output 

W

Outer wall 805 0.6 36 17388

Roof 800 0.6 36 17280

Floor 800 0.3 36/2 4320

Window 130 3.0 36 14040

Doors 25 1.0 36 900
Total transmission losses: 53 928 W

Ventilation losses: P
V
 =V

building
 • n • ∆t • 0,33

Bldg. air volume 

m³

air changes 

[ch./h]

∆t 

°C

Output 

W

Day 6400 0.4 36 30413

Night 6400 0.3 33 20909

The maximum ventilation losses are during the day.
Dimensioned output requirement: 
53 928 + 30 413 = 85 kW

Energy requirement
Transmission energy: E

T
 = P

T
/∆t • °Ch

E
T
 = 53 928/36 • 97 330 = 146 MWh/yr

Ventilation energy: E
V
 = P

V
/∆t • °Ch

Day: 30413/36 • 97330 • 12/24 • 5/7 = 29 MWh/yr
Night: 20909/33 • 97330 • (1 - 12/24 • 5/7)= 40 MWh/yr

Internal heat: E
I
 = P

I
 • A

floor
 • 8760

E
I
 = 5 • 800 • 8760 • 12/24 = 12,5 MWh/yr

Total energy requirement: E
T
+ E

V
-E

I
 = 202,5 MWh/yr
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Heating with fan heaters
Assume that the industrial building in the example 
is to be heated with fan heaters. Based on that, we 
make a computer calculation of the energy and output 
requirements especially for this method of heating. 
The calculation program also takes the temperature 
gradient °C/m (temperature rise per metre of height) 
into consideration which is of great importance with 
reference to the height of the building and the method 
of heating. Fan heaters have a temperature gradient of 
2.5°C/m.

Recommendations and positioning
The output requirement for the industrial building is 
just over 100 kW. 

Recommendation:
Seven fan heaters at 15 kW = 105 kW
We choose Frico Panther-series:
Seven SE15 fan heater
Two PP15 control panel

FRICO Technical support

U-value
Window U-value 3.0 W/m²°C
Door U-value 1.0 W/m²°C
Outer wall U-value 0.6 W/m²°C
Roof U-value 0.6 W/mv°C
Floor U-value 0.3 W/mv°C

Time in operation
TIO day temperature 12  hrs/day
TIO night temperature 12  hrs/day
Days per week in operation 5  days

Extra heat sources
Internal heat 5 W/m²

Energy price
Energy price, electricity 0.50 SEK/kWh

Energy

Energy req. daytime 130340 kWh/yr
Energy req. nighttime 88309 kWh/yr
Total gross energy req.           218649 kWh/yr
Internal heat 12514 kWh/yr

Total net energy req. 206135 kWh/yr

Annual operational cost 103067 SEK/yr

Input

Results

Temperature
Dim. indoor temperature 18 °C
Dim. outdoor temperature -18 °C
Annual average temperature  5 °C
Temperature gradient 2.5 °C/m
Night temperature 15 °C

Area and height
Bldg. ground area 800 m²
Roof area 800 m²
Building height 8 m
Window area 130 m²
Mounting height window 6 m
Door area 25 mv
Outer walls area 805 m²

Infiltration 
Air changes, day 0.4 ch./h
Air changes, night 0.3 ch./h

Output

Transmission losses 68684 W
Ventilation losses 35693 W
Total losses 104377 W

Internal heat 4000 W

Total net output req. 100377 W
Output req./m2 125 W/m²
Output req./m3 16 W/m³

Company name: Industry Ltd.
Contact person: Malte Svensson
Address: Middle town
Telephone: 0123-45678
Object: Industrial building example
Heating method: Fan heater Panther

Calculation performed by: Frico AB

Telephone: +46 31 336 86 00
Date: 02 09 27

Fan heater Panther
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Heating with radiant heaters
Assume that we instead choose to heat the industrial 
building in the example with radiant heaters, e.g. 
industrial infrared heater IR. Based on that, we 
make a computer calculation of output and energy 
requirements especially for this heating method.

Energy saving
A comparison of the energy requirement results from 
the calculations:

Fan heaters (p. 161) 206 MWh/yr
Industrial infrared radiant heater IR: 146 MWh/yr
Energy savings with radiant heaters: 60 MWh/yr

Radiant heater IR result in approx. 30% lower energy 
consumption when compared to fan heaters.

Savings factors
• Low Temperature Gradient
Radiant heaters have a relatively low temperature 
gradient (approx. 0.3°C/m) compared to fan heaters 
(approx. 2.5°C/m). Vertical temperature is better 
equalized, which means lower heat losses and better use 
of supplied heating output in the dwelling zone.

Temperature gradient at full output

Dwelling zone

Temperature [°C] 

Height [m]

Temperature gradient 
with e.g. fan heaters

Temperature 
gradient with 
radiant heaters

Output [W/m²]

R
ad
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n

t 
h

ea
t 
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n

tr
ib

u
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o
n

 [
°C

]

A-distance between the heaters [m]

H
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[m
]

• Radiant temperature contribution
Industrial infrared heaters also supply a radiant 
temperature contribution ”free of charge”. The air 
temperature in the room can be lowered somewhat with 
a maintained operative (experienced) temperature. The 
diagram below shows how large the radiant temperature 
contribution is with the IR 4500. The heaters are 
ceiling mounted at a height of 8 metres above the floor. 
Measurement is done 1.5 metres above the floor. (Height 
above point of measure = 6.5 m.) The diagram for 
radiant temperature contribution shows:
∆t

rad
 = 2oC, A-distance 6.5 metres between the units.

∆t = t
room

 + ∆t
rad

/2 => t
room

 = t
op

 - ∆t
rad

/2

In our example: t
room 

= 18 - 2/2 = 17°C 

• Fast heating
Heating with radiant heaters is faster than by airborne 
heat. If we have a lower temperature at night as in the 
example we can lengthen the night time temperature. 

Recommendation and positioning
The output requirement for the industrial building 
heated with infrared heater IR is just over 80 kW.
Recommendation: 18 Industrial infrared heaters IR at 
4.5 kW each.

Radiant heat contribution IR4500
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FRICO Technical support

Calculation perfomed by: Frico AB

Telephone: +46 31 336 86 00
Date: 02 09 20

U-value
Window U-value   3.0 W/m²°C
Door U-value   1.0 W/m²°C
Outer wall U-value  0.6 W/m²°C
Roof U-value   0.6 W/m²°C
Floor U-value   0.3 W/m²°C

Time in operation
TIO day temperature  11 h/day
TIO night temperature  13 h/day
Days per week in operation 5 days

Extra heat sources
Internal heat   5 W/mv

Energy price
Energy price, electricity  0.50 SEK/kWh

Energy

Energy req. daytime  88 075 kWh/yr
Energy req. nighttime  70 252 kWh/yr
Total gross energy req.  158 327 kWh/yr

Internal heat   12 514 kWh/yr

Total net energy req.  145 813 kWh/yr

Annual operation cost  72 906SEK/yr

Input

Results

Temperature
Dim. indoor temperature  17 °C
Dim. outdoor temperature  -18 °C
Annual average temperature 5 °C
Temperature gradient  0.3 °C/m
Night temperature  14 °C

Area and height
Bldg. ground area   800 m²
Roof area   800 m²
Building height   8 m
Window area   130 m²
Mounting height, window  6 m
Door area   25 m²
Outer walls area   805 m²

Infiltration 
Air changes, day   0.4 ch./h
Air changes, night  0.3 ch./h

Output

Transmission losses  54 201 W
Ventilation losses   30 202 W
Total losses   84 402 W

Internal heat   4 000 W

Total net output req.  80 402 W
Output req./m2   101 W/m²
Output req./m3   13 W/m³

Company name: Industry Ltd.
Contact person: Malte Svensson
Address: Middle town
Telephone: 0123-45678
Object: Industrial building example

Heating method: Industrial infrared heater IR
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Height [m]

Temperature [°C] 

Heat losses are lowered and the supplied heating output is 
better utilized.

Temperature gradient at full output

The optimal distance between fans is 8 metres, but an 
adjustment to the dimensions of the room increases 
the distance slightly. The automatic fan speed regulator 
senses the temperature difference between ceiling and 
dwelling zone and optimize the fan speed for max. 
equalization of the temperature.

Energy savings with ceiling fans
Assume that the industrial building in the example is 
heated with fan heaters. Now, we outfit the building 
with ceiling fans and do a new computer calculation of 
the energy and output requirements.

Dwelling zone

Ceiling height in 
the example

Temperature 
gradient with e.g. 
fan heaters 

Temperature 
gradient with 
ceiling fans

20

4
0

10 5

8
4

Energy saving
A comparison of the energy requirement results from 
the calculations:

Fan heaters (p. 161) :  206 MWh/yr
Fan heaters and ceiling fans: 163 MWh/yr
Energy saving:   43 MWh/yr

Ceiling fans result in approx. 20 % lower energy 
consumption in the industrial building.

Savings factors
• Lower temperature gradient
Ceiling fans equalize the temperature differences 
between ceiling and floor. At full output, heating with 
fan heaters gives a relatively high temperature gradient 
of 2.5%°C/m. Ceiling fans push the overheated air down 
from the ceiling to the dwelling zone, thereby lowering 
the temperature gradient to 0 - 0.3°C/m.

Dimensioning
For optimal effectiveness of the ceiling fans, we use the 
diagram below for their most appropriate spacing.

Recommended distance between the fans

Ceiling height [m] 4 6 8 10 12

Fan distance a [m] 5 7 8 9 10

Recommendations and positioning
Recommendation: 10 ceiling fans ICF 440 
One automatic fan speed regulator, type CAR15.
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FRICO Technical support

Calculation perfomed by: Frico AB

Telephone: +46 31 336 86 00
Date: 02 10 27

U-value
Window U-value   3.0 W/m²°C
Door U-value   1.0 W/m²°C
Outer wall U-value  0.6 W/m²°C
Roof U-value   0.6 W/m²°C
Floor U-value   0.3 W/m²°C

Time in operation
TIO day temperature  12 h/day
TIO night temperature  12 h/day
Days per week in operation 5 days

Extra heat sources
Internal heat   5 W/mv

Energy price
Energy price, electricity  0.50 SEK/kWh

Energy

Energy req. daytime  103 787 kWh/yr
Energy req. nighttime  71 975 kWh/yr
Total gross energy req.  175 761 kWh/yr

Internal heat   12 514 kWh/yr

Total net energy req.  163 247 kWh/yr

Annual operation cost  81 623 SEK/yr

Input

Results

Temperature
Dim. indoor temperature  18 °C
Dim. outdoor temperature - 18 °C
Annual average temperature 5 °C
Temperature gradient  0.3 °C/m
Night temperature  15 °C

Area and height
Bldg. ground area   800 m²
Roof area   800 m²
Building height   8 m
Window area   130 m²
Mounting height, window  6 m
Door area   25 m²
Outer walls area   805 m²

Infiltration 
Air changes, day   0.4 ch./h
Air changes, night  0.3 ch./h

Output

Transmission losses  55 699 W
Ventilation losses   31 046 W
Total losses   86745 W

Internal heat   4 000 W

Total net output req.  82 745 W
Output req./m2   103 W/m²
Output req./m3   13 W/m³

Company name: Industry Ltd.
Contact person: Malte Svensson
Address: Middle town
Telephone: 0123-45678
Object: Industrial building example

Heating method: Fan heaters + Ceiling fans



166

Heating & energy handbook

Sound
In many environments sound levels are of great 
importance when chosing a product. Therefore, it is 
vital to know what sound is, how it is measured, and 
what the different concepts mean. 

What is sound?
Sound is a kind of air pressure fluctuations that occurs 
when a sound source of some kind vibrates. The sound 
waves that arise are compressed and rarefaction of air 
particles without the air in itself moving. Sound has 
different velocity in different media. In air the sound 
has a velocity of 340 m/s.

How do we hear?
The ear is divided into three areas:
• The outer ear (up to the eardrum)
• The middle ear (with the hammer, anvil and  

stirrup bone)
• The inner ear (with the cochlea)

The sound waves reach the ear through the ear conch 
and the auditory meatus. The eardrum is at the far end 
of the auditory meatus and it vibrates in pace with the 
air vibrations. Behind the eardrum are the hammer, 
anvil and stirrup bone. These three small bones transfer 
and amplify the vibrations of the eardrum. The stirrup 
is connected to a membrane, called ”the oval window”, 
which is on the cochlea. Vibrations are transferred 
through the oval window to the liquid and the ear cells 
that are in the cochlea. The brain receives the impulses 
through the auditory nerve. It is only when the sound 
reaches the brain that we hear. The smallest sound 
pressure that the ear can appreciate is called the hear 
threshold and the highest the ear can endure called the 
pain threshold.

Fundamental concepts

Sound pressure
Sound pressure is the sound waves with which sound 
moves in for example the air. The pressure waves 
is  perceived as sound and measured in Pascals (Pa). 
To clairify sound pressure a logarithmic scale is used 
which is based on the differences between the actual 
sound pressure level and the sound pressure at the hear 
threshold. The scale has the units decibels (dB), where 
the hear threshold is 0 dB and the pain threshold is 
120dB.  

The sound pressure decreases with the distance from 
the source but is also affected by the acoustics of the 
room. 

Equivalent room  
absorption.

Q = 1  Room centre
Q = 2  On wall   
 or ceiling 
Q = 4  Between wall  
 and ceiling
Q = 8  In corner

Sound effect
Sound effect is the energy per time unit (Watt), which 
the object emits. Sound effect is calculated from the 
sound pressure and also uses a logarithmic scale. Sound 
effect is not dependent on the sound source nor the 
acoustics of the room, which therefore simplifies the 
comparisons of different objects.  

Frequency
A sound source’s periodical oscillation is its frequency.  
Frequency is measured as the number of oscillations per 
second, where one oscillation per second is 1 Herz (Hz). 

Effect level and pressure level
If the sound source emits a certain sound effect level, 
the following will affect the sound pressure level: 

1. Direct factor, Q 
Specifies how the sound is distributed around the 
sound souce. See figure below.

2. Distance from sound source, r is the measurement 
distance from the sound source in metres.

3. The rooms equivalent absorption area, Aekv 
The ability for a surface to absorb sound can be 
expressed as an absorption factor, �, which has a 
value between 0 and 1. The value 1 corresponding 
to a fully absorbing surface and the value 0 to a fully 
reflective surface. The total absorption area of a 
room is expressed in m². This can be calculated by 
multiplying the room’s surface area by the surfaces’ 
absorption factor. With these known factors it is 
possible to calculate the sound pressure if the sound 
effect level is known.
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Switch 

Position limit switch

Temperature sensor of  
resistance type

Element group

Plinth

∼

3

2

1

˚C

˚C

321
L LL

0

X X
X

X

X
X

3 2 1
M∼

3 2 1

3a 2a 1a

TA

kW

Fan speed regulator

Regulated phase

Diagram showing the function of 
the switch

Alternating contact

3-pole contactor

Thermal cut out with 
manual reset

Thermostat or limiter with 
automatic function

Time controlled  contact

Element or resistor

Acceleration resistance

Element group

Switch-over plinth

Single phase motor with 
thermal protection

Diode

Triac regulator

Time delay  circuit

Transformer

Fuse

Light

Capacitor

Interference protection


