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Foreword
The aim of this Technical Guide is to serve as a reference work that is useful to both practising 
engineers and during different training courses. The Technical Guide deals with technical issues 
related to ventilation, air handling, indoor climate and energy resourcefulness, but does not claim to 
be comprehensive. 

It is fully possible to build poorly working systems with the best products available on the market. 
Consequently, it is extremely important to have knowledge of what is required to build well-
functioning systems with maximum possible comfort and the lowest possible energy consumption. 
A client rarely has the necessary skills to assess and predict the consequences of a specific decision. 
It is therefore the responsibility of the consultant to present the technical and financial possibilities 
of decisions made during a project. 

The client, of course, does not want to pay more than necessary for a particular action or solution. 
And here lies a be aware — you get what you pay for! Today the most common procurement 
methods focus primarily on the price at the time of procurement. We tend to forget the very 
purpose of the HVAC installation — to provide a good indoor climate that creates ideal conditions 
for working and residing in the served premises.

As there is also always considerable focus on realising as low energy consumption as possible, the 
likelihood of disregarding the requirement of good indoor climate increases. One condition for being 
able to achieve a good indoor climate without using excessive energy, is to have an understanding 
of the complete picture. This Technical Guide aims to provide essential basic information and 
knowledge about how the relationship appears.

Included at the end of this Technical Guide are definitions, designations, conversion factors, 
formulas, thermal data for air and water as well as further reading tips, publications which in 
neutral terms describe matters that may be useful to know from a designer, installer or user 
perspective.

Laws, standards and regulations may vary in different countries and it should be noted that this 
Technical Guide in many cases refers to Swedish standards and regulations. It should also be noted 
that standards and regulations change with time.

A large number of industry experts have contributed with content and have reviewed and proofread 
the guide, but Swegon assumes no liability or responsibility for any errors. 

Swegon 
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Why ventilation?
The word ventilation comes from the Latin, ‘ventilare’, which 
means being exposed to the wind. Today, we have given the 
word vent a more specific meaning, namely air exchange. We 
replace used air with clean air.

To replace used air with clean air requires energy. New, more 
stringent energy requirements risk leading to reduced airflow, 
which in turn can result in a repeat of the mistakes made in 
the 1970s in Sweden. When a new building code (SBN 75) came 
into effect in the mid-1970s, airflows were restricted at the 
same time as demands on the air tightness of buildings were 
strengthened. The result was what came to be known as “sick 
buildings” and SBS (“Sick Building Syndrome”). These sick buil-
dings have been shown to have the following negative effects 
on the health of individuals:

• Irritation of eyes, nose and throat

• Rhinitis and nasal congestion

• Repeated respiratory infections

• Headaches

• Tiredness

• Heavy headedness, concentration difficulties

• Nausea and dizziness

The cause of “sick buildings” is a complex issue. The following 
points represent an attempt to compile the most significant 
causes:

• An attempt to minimise production costs

• Inadequate documentation

• Procurement procedures

• Built-in moisture in houses

• Neglected operation and maintenance

• Energy savings through reduced airflow

• New and unproven building materials

• Inadequate cleaning

Lessons
What we can learn from history is that demands on energy 
savings must never be pushed so far that demands on 
adequate airflow are jeopardized. Accordingly, good ventilation 
is not only important for the indoor climate to be perceived as 
good, but also central to the health of people.

Purpose of the climate installation
Ventilation air is utilised for different purposes. Its main task is 
to remove contaminated air and replace it with clean and tem-
pered air. Contaminated air can refer to impurities in the form 
of gases and particles, but excess heat can also be regarded as 
an impurity in some cases.

Another important task of ventilation is to create a good indoor 
climate without draughts and with small temperature differences 
in the occupied zone. The room climate is composed of a number 
of factors including air velocity, air temperature and radiation 
temperature. An imbalance of one or more of these factors in 
rooms used by people may cause draughts.

In order to maintain these basic functions the air handling 
installation must be designed so that:

• it is stable against interference. Interference may be partly 
external, mainly wind and temperature as well as partly 
internal interferences, for example, convection currents from 

various heat sources. Stability against external interference 
requires, among others, that the installation is designed with 
a minimum pressure drop.

• they are easy to control and measure. The installation must 
be designed for air terminals with fixed measuring tappings 
or fixed measuring devices in main and branch ducts. The 
installation of fixed measuring devices significantly reduces 
the time needed for commissioning as well as the overall 
cost.

A fully functional total solution requires collaboration between 
installation technicians, builders and architects. The ventilation 
consultant needs to enter the construction process at an early 
stage to specify requirements for requisite areas, the consequences 
of the building design, etc. so that the demands on the indoor 
climate can be met at the lowest possible cost.
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Performance 
What we perceive as an ideal indoor climate is always individual, 
and studies show that the performance capacity follows the 
perception of an individual. In his research Professor David Wyon 
has, among others, studied people in different work situations.

The diagram shows that the deviation from the ideal 
temperature is important. It is possible to measure a decline in 
efficiency, even after a few degrees deviation from the ideal. 
This means that it is possible to make a calculation of what an 
investment in the indoor environment can signify, and in doing 
so, motivate that the experience is not only positive but also 
efficient.

Efficiency as a function of the deviation from the ideal temperature.

Is comfort cooling motivated to create a 
good working environment?
Several independent trials and research projects have 
demonstrated significant economic benefits, linked to 
improvements in the working environment. The results relate 
among others to normal office work (Seppänen and Fisk as well 
as Wyon and Wargocki) but also students’ school work (Wyon 
and Wargocki).

As school work is difficult to measure in money, we limit 
ourselveshere by focusing on how the thermal indoor climate 
affects those who work in an office environment. The following 
effects have been possible to establish:

• A too high indoor temperature distracts those working in the 
room, creating complaints, which result in increased mainte-
nance costs

• A too high indoor temperature makes us lethargic, aggrava-
tes sick building symptoms, and have a negative impact on 
our mental capacity

• A too low temperature gives cold fingers so that we become 
less dexterous

• Quick changes in temperature have the same effect on office 
work as a slightly increased room temperature, while slow 
temperature changes only causes discomfort

Studies of how the performance capacity of office employees is 
influenced by the room temperature have also come up with the 
following results (Seppänen et al. 2006b):

Most people who work in an office environment with typical 
office duties, perceive 22°C as the optimum temperature. 
Greatly simplified it is possible, based on existing studies, to 
conclude that for every degree the temperature deviates from 
the ideal (up or down), our efficiency drops by about 1%. At an 
indoor temperature of 30°C, we have lost approximately 10% of 
our capacity. By considering the wages at a workplace and the 
number of employees and put the reduced performance in rela-
tion to the cost of investing in comfort cooling, it will soon be 
concluded that it is a very profitable investment. The payback 
period is often no longer than approximately two years.

Heating and cooling load in a normal office 
Here is an example that illustrates the heat balance in an office. 
The room has windows with energy-efficient glass, U-value 
approx. 1.3 W/m2,K. The graph shows the heating and cooling 
needs in the room are affected by different heat sources that 
usually affect an office.

The person emits about 100 W. When the lighting is switched on a 
further 120 W is added. When the person, lighting, computer and 
solar incident radiation are taken into account the load amounts 
to about 650 W in the room. At an outdoor temperature of –18°C, 
the heat loss through the exterior wall, window, etc. for the room 
is approx. 180 and 300 W respectively, depending on how the 
room is located in the building. The higher value refers to a corner 
room. The room’s cooling load is, in almost all cases, greater than 
the room’s heating requirement even when the outside tempera-
ture is –18°C.

Heating balance in a normal office
A = Solar incident radiation

B = Computer
C = Lighting 120 W
D = Person 100 W
E = Transmission

Why a good indoor climate?

Expected percentage of dissatisfied (PPD = Predicted Percentage  
Dissatisfied) as a function of the thermal comfort experienced  

(PMV = Predicted Mean Vote).
Example (dashed line): If the temperature is 1 degree warmer than 

the ideal temperature, 25% will be dissatisfied.

Experienced indoor climate
An individual’s indoor climate experience is an interaction of 
several factors that affect our thermal comfort:

• Activity level, the body’s heat production

• Clothing’s heat resistance

• Ambient air temperature

• Ambient surface temperature

• Relative air velocity

• Relative air humidity

 

According to professor P O Fanger an ideal indoor climate is 
produced when individual experiences thermal comfort, i.e. when 
a person is thermally neutral. However, one of the problems 
always faced when creating a good indoor climate with the help 
of a climate installation, is that people perceive the environment 
differently. No matter how well you succeed, about 5% will still be 
dissatisfied. The percentage of those dissatisfied then increases 
for each degree of variance from the average person’s most ideal 
temperature.

The diagram shows the percentage of dissatisfied when the 
temperature varies from the average ideal temperature.
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The air quality is affected by many factors, such as, emissions from building materials, secretion from people etc. Smoking is an example of 
pollution that has a negative effect on air quality. 

Air quality
General 
The ventilation system is a very important element in maintaining 
good indoor air quality. Sometimes poor air quality may be sus-
pected, but the problem is in fact too high temperature. In order 
to ensure good air quality in a room it is important to take into 
account the airflow requirement, as it will take away both conta-
mination and excess heat. How well this is carried out has a great 
impact on comfort, which in turn affects both work performance 
as well as safety. 

Uncertainty is greater with respect to people’s perceptions of 
air quality than for thermal environment. Danish studies show 
that the number of dissatisfied users is approximately 14%, if 
everyone is exposed to a carbon dioxide level of 800 ppm*. A 
carbon dioxide level of 800-1000 ppm has also become a widely 
used requirement level for air contamination. 

The carbon dioxide level is detected by a carbon dioxide sensor, 
which is usually placed in the extract air. There are a number 
of other emissions that can be generated in an occupied 
zone and an air quality sensor for volatile organic compounds 
(VOC) detects in addition to carbon dioxide numerous other 
contaminants.

From requirement to technical solution
Air velocity in the occupied zone and the operating temperature 
have a major effect on the perceived comfort.

Noise is one of the environmental disruptions indoors that is 
perceived by most as extremely troublesome. Target values for 
noise from installations are specified in the Swedish standard 
SS 025267 and SS 025268. There are good reasons to try to 
produce indoor environments, which with a good margin meet 
the authorities’ sound requirements. Three sound quality classes 
- NQ1, NQ2 and NQ3, where NQ1 is the best class, are used to 
specify the demands on sound requirements.

The lighting conditions are of great importance for how to 
perceive a room. The perception of the visual environment is 
largely subjective and also dependent on our age. An elderly 
person needs significantly more light than a younger person 
to experience the light as sufficient. The lighting system in a 
room must be performed according to the current versions 
of the Swedish standard SS-EN 12464-1 and SS-EN 12665. A 
requirements specification must be drawn up in accordance 
with the standard, which prescribes appropriate target values 
for illuminance, glare index and colour reproduction index for a 
large number of rooms and activities. 

All factors that contribute to the perceived indoor climate, also 
affect to some extent the energy requirement, which is why the 
indoor climate should be considered from a holistic perspective.

Indoor climate requirements
In order to select and design a ventilation system that creates 
both good air quality and good comfort, it is important to take 
into account all relevant factors - above all the demands made 
by the client/user. The climate concepts normally thought of 
include:

• Air quality 

• Air velocity

• Thermal climate

• Acoustic environmental

• Lights/lighting

• Air humidity

The Swedish Indoor Climate Institute’s “R1 Classified indoor 
climate systems - Guidelines and specifications”, describes in 
detail how the different requirements need to be formulated.

Indoor air quality requirements are usually stated according 
to the air quality classes AQ1 and AQ2. It is assumed for 
both classes that the air does not contain contamination in 
concentrations that can be considered to have a negative 
effect on the health of humans. Even though the level of carbon 
dioxide in indoor air does not constitute a major problem, it has 
been shown to act as an indicator and for some time been used 
to evaluate the quality of indoor air.

Thermal climate requirements are stated based on the current 
version of SS-EN ISO 7730. Several factors need to be foreseen 
and defined for each situation/room, for example, the users’ 
physical activity level and clothing. The physical activity is 
measured in the unit “met” and the affect of clothing in the 
unit “clo”. We speak about two different classes for thermal 
climate, TQ1 and TQ2. It is important to set target values for 
the floor temperature and limits for the vertical difference 
in temperature, radiation temperature symmetry and risk of 
draught. 

Air humidity
Air humidity is the parameter that normally has the least effect 
on the experienced comfort. At times, it may even be so that 
other parameters such as air contamination are associated with 
the air humidity. 

However, if the capacity of the chiller to dehumidify the supply 
air is insufficient, moisture in the air will be a troublesome factor 
during the summer.

*) ppm = parts per million
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18 l/h CO2

600 ppm

AQ2: 1000ppm

Outdoor 400 ppm

General initial concentration (Cin) is at its lowest about 350 
ppm. Significantly higher values can occur in a city centre.

Airflow, air quality
A properly planned and dimensioned ventilation system 
gives a slightly higher air exchange efficiency, if the system 
is implemented according to the principle of displacement 
ventilation compared with a mixing system. However, in 
practice the differences are not so great. The same airflows can 
therefore be used for both options. 

The requisite airflow for an office where sedentary work is performed 
and with air quality AQ2

Max. airflow as a function of the air quality. 
(Seated persons, 70 kg)

Generally, the following formula can be used to determine the 
requisite airflow from an air quality perspective:

qv =                (l/s)

 
qv = ventilation airflow (l/s) 
m = generation of contamination (l/s) 
C = recommended highest level of contamination (ppm) 
Cin = the initial concentration of contamination(ppm)

General CO2 release (m, generation of compounds) from a 
human per kg body weight

Activity CO2 l/h/kg CO2 l/s/kg

Rest, lying 0,17 0,00005
Seated 0,26 0,00007
Standing 0,30 0,00008
Walking 0,35 0,00010

Example:

Office with individuals as the dominant source of contamination. A 
seated individual weighing 70 kg produces about 18 litres of CO2 per 
hour, i.e. 0.005 l/s. At an initial concentration of 400 ppm CO2 the 
required airflow per person would thus be: 

qv =                 (l/s, person)

If the requirement of the highest permitted CO2 level in air qua-
lity class AQ1 is 600 ppm and in air quality class AQ2 1000 ppm, 
the requisite air flows will be:

AQ1 (≤ 10% are expected to be dissatisfied with the climate) = 
25 l/s, person

AQ2 (≤20% are expected to be dissatisfied with the climate) = 
8.3 l/s, person

Room air, air quality
Target values for good air quality based on an evaluation in 
terms of the expected percentage of dissatisfied occurs in for 
example published European guidelines. In Swedish guidelines 
the two air quality classes are instead described in qualitative 
terms according to the table below:

Air quality class Meaning
AQ1 Normally very little risk of disturbances 

in the form of odours
AQ2 Normally little risk of disturbances in 

the form of odours However, odours 
are perceived briefly immediately after 
the premises are occupied.

 
It is assumed for both quality classes, in addition to that set out 
in the table, that the air does not contain contamination in con-
centrations that can be considered to have a negative effect on 
the health of humans.

Air quality class Premises
AQ1 The carbon dioxide concentration of the 

room air should not permanently exceed 
800 ppm during normal room usage 
(about 400 ppm above the carbon 
dioxide level in the outdoor air)

AQ2 The carbon dioxide concentration of 
the room air should not permanently 
exceed 1000 ppm during normal room 
usage (about 600 ppm above the 
carbon dioxide level in the outdoor air) 
This class corresponds to the Swedish 
authorities’ general advice.

The airflows required to achieve the desired air quality class, are 
highly dependent on a number of external factors. Generally, 
it applies that regulatory requirements and general advice 
concerning the maximum permitted concentrations of airborne 
contaminants and hygiene airflows must be followed. Some 
guidelines regarding the maximum permitted contaminant 
concentrations to reduce the risk of ill health, are also given 
in “R1 Classified indoor climate systems - Guidelines and 
specifications”.

5000
C - 400

m  .  106

C - Cin
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C

A

B

Heat emissions from the body during different types of work.
A = Convection (green)

B = Radiation (red)
C = Evaporative emissions (yellow)

1 = Total rest
2 = Light office work

3 = Normal office work
4 = Computer work

5 = Light physical work
6 = Gentle walk

7 = Painting work

Heat transfer
An individual’s heat exchange with the surroundings occurs 
mainly in three ways, which are:

• Heat emissions through radiation to the surrounding surfaces 
or to free space.

• Heat emissions through convection to the surrounding air.

• Heat emissions through evaporation of liquid, which is mainly 
due to sweat, evaporative release.

A fourth form of heat exchange can also occur through conduc-
tion to solid or liquid objects in direct contact with the body 
surface. However, in normal cases this element is so small that 
it is completely negligible.

As the diagram shows, the heat emissions from the body vary 
with the type of activity. Especially the evaporative emissions 
which increase with higher activity.

Thermal indoor climate
General
When formulating the requirements for the thermal indoor 
climate, the target value for the operative temperature should 
be determined according to the current version of the standard 
SS-ISO 7730. A temperature range that is normally expected to 
be experienced as comfortable needs to be determined. What 
is a suitable range, depends on users’ physical activity and their 
dress. Accordingly, these factors must be predicted for each 
situation/room. The physical activity is measured in the unit 
“met” and the affect of the clothing in the unit “clo”. In order to 
determine these parameters, see “R1 Classified indoor climate 
systems - Guidelines and specifications”.

The target value for the operative temperature should be stated 
in the requirements specification as well as details to what 
extent deviations are accepted. The ventilation system designer 
should show the client what various alternative levels will mean 
when it comes to the  complexity and cost of the installa-
tion.

Temperature concept
• Temperature: typically shows clear differences between 

people.

• Operating temperature: approximate mean value of the 
surrounding room surfaces’ temperature and the room air 
temperature.

• Directed operative temperature: large difference due to the 
radiant heat exchange. For example, local heat deficiency is 
created at a cold window, which is perceived as draught.

• Temperature radiation asymmetry: the difference between 
the plane radiant temperature on the two opposite sides of a 
cross-section of an individual’s physical centre. 

Air velocity has an impact on the perceived indoor climate.

Air velocity
That the air velocity has an impact on the perceived indoor 
climate is a known fact, but perhaps not how it relates to the 
interaction between air temperature and air velocity. A simple 
analogy can be made by stretching out your arms through the 
side window on a hot summer day and let the speed of the wind 
cool you. The experience will not be as enjoyable if you do the 
same experiment in the winter when it’s -10°C in the air. You can 
then understand that it is not only the velocity of the air that is 
interesting, but also the temperature. ISO 7730 demonstrates this 
through something called a draught rating index (Dr-index), a 
ratio that is made up of:

• Air velocity

• Turbulence intensity

• Air temperature

The Dr-index can be calculated e.g. for a given position in a room 
by measuring the air temperature and air velocity over time (and 
calculate the turbulence intensity, which is a measure of how much 
the air velocity varies during the measurement procedure, how 
“agitated” the air is) The result is that the colder it is in a room, 
the lower air velocity can be tolerated and vice versa, a higher air 
velocity can be accepted if the temperature is higher.

The aforementioned is the reason why there often are different 
maximum velocity requirements in the summer and winter. In the 
winter, it is preferable that the air velocity in the occupied zone 
does not exceed 0.15 m/s. The corresponding velocity in the 
summer should not exceed 0.25 m/s.
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Forced convection

Convection
If a surface is warmer than the room air, it emits heat to the 
room air. Similarly, the room air emits heat to a surface that 
is cooler than the room air. This form of heat transfer is called 
convection, and is divided into:

• Natural convection

• Forced convection

Natural convection is obtained through the differences in 
density in the different layers of air, which are created by the 
temperature difference between the air and the different bodies 
that the air flows against or around. The air closest to the body 
surface has a different temperature than the air outside of its 
boundary layer, and on account of this, the individual layers 
have a different density and different types of flows occur in 
relation to the shape, temperature deviation and location of the 
bodies.

Forced convection is obtained for example, by the action of a 
fan, i.e. the fan determines the air’s flow. In this case, the air is 
driven around the body surfaces by forces other than differen-
ces in density.

In summary, convective heat transfer is affected by the air’s 
flow along the body surface, the size of the surface and the 
temperature difference between the body and air.

The heat exchange per unit area increases with increased air 
velocity, reduced size of the surface and increased temperature 
difference between the body surface and the air.

Radiation exchange occurs between all surfaces that have different temperatures independent of direction.

The heat exchange via radiation between separate room surfa-
ces is usually expressed with the following equation:

PS = αS · A1 · (t1 - tm) [W]

PS = exchange of heating capacity in W between surface A1 in 
m2 which has the temperature t1 with all other room surfaces 
which combined have an average surface temperature tm

αs = thermal exchange constant for radiation in W/m2 K

With good accuracy (deviation less than 2.5%) as within the 
temperature range 0 to +100°C can be noted for t1 and tm.

αs = ε0 · (4,38 + 0,034 · (t1 + tm))    [W/m2 K]

ε0 = emissivity

Radiation
Radiant heat is emitted continuously from warm to cold sur-
faces and increases with the temperature difference between 
these. In summary, radiant heat exchange is dependent on the 
following factors:

• Size and placement of surfaces = solid angle relative to each 
other

• Temperatures of individual surfaces

• Condition of the surfaces which determines emission and 
absorption indices, i.e. the ability to emit and receive radiant 
heat

There are two different types of radiant heat:

• High temperature radiation from bodies with temperatures 
above approx. +500°C

• Low temperature radiation from bodies with temperatures 
below approx. +250°C

The above temperature limits are only approximate specifications.

As room surfaces and conventional heaters have relatively 
low temperatures, an individual’s heat exchange with 
ambient indoor surfaces occurs in the form of long-wave 
low-temperature radiation. In the event of low temperature 
radiation, the structure and colour of the surfaces have 
practically no effect on the ability to emit and absorb thermal 

radiation, with the exception of pure untreated metal surfaces. 
Examples of low temperature radiation sources are panel 
radiators and ceiling and under floor heating systems.

For calculations of the indoor climate within the temperature 
range –50 to +100°C the heat exchange between the room 
surfaces is made up of invisible long-wave low-temperature 
radiation. One can also completely neglect the radiation 
exchange through emission and absorption from and to the 
room air. Accordingly, for room heat balance calculations 
consideration should only be given to low temperature 
radiation from the different surfaces of the room, walls, floors, 
ceilings, furniture, heaters, etc., and from any incoming high 
temperature radiation from the sun.

Induction
Induction is a form of forced convection that occurs when a 
high speed jet of air passes stagnant air which is then drawn by 
the air jet. The air jet then grows in volume.

The induction principle is used in both active chilled/climate 
beams as well as in induction devices

Evaporation, evaporative release
When liquid turns to gas vaporization heat is consumed. When a 
human sweats, this vaporization heat is mainly taken from the 
body surface which is then cooled. Humans emit heat through 
evaporation. The heat transfer through evaporation and convec-
tion also occurs via breathing.

Heat emissions due to evaporation depend on the relative 
humidity of the room air. At normal room temperatures between 
about +18 °C to +25 °C and normal relative humidity of approx. 
20-50%, this effect is however very small.

Unless the relative humidity level is maintained at a good level, 
max 45% at 25 °C, but rises up to 60% and above, the skin 
surface will be moist. When this occurs vaporization is more 
difficult. It is therefore important that the climate installation is 
designed so the moisture content in the building is not too high. 
This is done by equipping the central supply air unit and comfort 
cooling installation with sufficient cooling capacity in order to 
dehumidify the incoming air before it is fed to the premises.
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Relation between the optimal operative temperature,
met and clo values.

A = Activity level
B = Operative temperature (optimal) °C

C = Clothing clo

clo = unit of measurement for the insulation ability of clothes to 
experience good comfort at given external conditions. Usual indoor 

clothing during the winter has 1 clo while normal indoor clothing 
during the summer has 0.8 clo. Being naked is equivalent to 0 clo.

Activity level
The activity level, or simplified, which work duties performed, is also a highly significant parameter. More physically active work 
requires a lower temperature than sedentary work and combining different levels of activity in one and the same premises may 
therefore be challenging.

An individual’s perception of the indoor climate is affected by the activity being conducted. The greater the activity, the lower the desired 
temperature.

Clothing is extremely important for how climate is percieved.

Clothing
The effect of clothing is simple to understand, but no less complex to manage. A normal situation on a summer’s day is that women 
are more lightly dressed than men, for example, a skirt and thin blouse in comparison to the men’s trousers and shirt, and that this 
is a sufficiently strong parameter in itself to justify different temperature levels in the room. Thus, the summer situation can directly 
be a source of conflict in an office landscape where many 

Changes in work performance with the indoor temperature
(according to Wyon).

A = Vigorous work (0.6 clo)
B = Sedentary (1.0 clo)
C = Work performance

D = Manual work
E = Finger dexterity, feeling

F = Mental performance (at effort)
G = Work rate (work in progress)

°C = for sedentary work (60 W/m2) and summer clothing

The accident rate for factory work changed with
the indoor temperature (according to Wyon).
A = Increase in the number of accidents in %

B = Accidents
C = Men

D = Women
E = Vigorous work (0.6 clo)

F = Sedentary (1.0 clo)

Temperature
The air temperature is the parameter that is easiest to 
understand and where most have their own experiences of 
human differences.

The sanitary inconvenience limit in terms of the air temperature in 
a room is below 18 °C or above 28 °C.

The temperature range for good comfort is considerably nar-
rower and typically in the range 20-24 °C. It is difficult to satisfy 
everyone’s need of appropriate temperature and clothes will 
always have to be used as comfort controller. A person’s 
perception of the indoor climate is also vastly affected by the 
physical activity performed. The greater the physical activity, 
the lower the desired temperature.

Work performance
The impact of the room temperature on a person’s work per-
formance is shown in the diagram in the top, right-hand corner. 
The diagram shows schematically and extremely simplified 
results from different trials with mental and physical perfor-
mance. It is striking how quickly mental performance and the 
work rate fall with an increasing room temperature. It is there-
fore easy to show that it is profitable with a good air conditio-
ning system.

Example: 
Summer dress, sedentary work (office). 
Room temperature 25 °C. 
In relation to the comfort temperature the work rate has drop-
ped to 70% and mental performance to 90%, i.e., the employer 
gets a most 70% from his employees at this higher tempera-
ture.

Assume that the cost per hour and employee including lost 
contribution margin = SEK 500. 
Assume that the room temperature exceeds 25 °C, about 100 
hours per year. The loss per year is then: 
0.3 x 500 x 100 = SEK 15,000/employee. 
Additional investment for a good air conditioning system is at 
most about SEK 300 /m2.

With 20 m2/person results in an increases investment cost of 
SEK 6000/person, that is to say the investment pays for itself 
after the first summer season.

Accident frequency
Another incentive for a good indoor climate is specified in the 
diagram to the bottom right. The diagram shows schematically 
and extremely simplified the relationship between workplace 
accidents and deviations from the comfort temperature.
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q =        P         (l/s) 
 r . Cr(tf-tt)

where   q = air flow in l/s 
        P = cooling load in W 
        tf = extract air temperature °C 
        tt = supply air temperature °C 
        r = air density (1.2 at 20 °C) 
        Cp = air’s specific heating capacity (1.0 at 20 °C)

The following equation can be applied to determine the 
requisite ventilation flow to remove excess heat:

Max. airflow as a function of the cooling load.

Airflow, excess heat
The required ventilation airflow to remove excess heat is deter-
mined for both mixing and thermally controlled systems by the 
temperature difference between the extract air and the supply 
air. 

For a mixing system, the extract air temperature (tf) normally 
does not differ more than a degree or so from the room tem-
perature 1.1 m above the floor (usually the reference point for 
the room’s temperature). However, for a thermally controlled 
system, tf can with normal ceiling heights, adopt values 3-5 °C 
above the room temperature. 
 
The supply air temperature is generally limited to:

• 15 °C with mixing ventilation 

• 18 °C with displacement ventilation

The temperature difference (tf - tt) is therefore at maximum 
cooling load virtually the same for the different ventilation 
principles and thus the required airflows. One condition in order 
to utilise large temperature differences between the extract air 
and the supply air is that:

• For mixing systems:  
The supply air diffusers are dimensioned correctly

• For displacement ventilation: 
The supply air diffusers provide very good air distribution over 
the entire floor surface and that the air distribution can be 
controlled according to the layout of the occupied zone

Cold surface above the head Dtpr < 14K
Warm surface above the head Dtpr < 5K

Warm surface to the side Dtpr < 23K

Cold surface to the side Dtpr < 10K

Operative temperature
The operative temperature is an approximate mean value of 
the surrounding room surfaces’ temperature and the room air 
temperature. Consequently, the perceived temperature is affected 
equally by the temperature of surrounding surfaces and the 
room air. Since different room surfaces such as windows, exterior 
walls, interior walls, floors and ceilings, etc. have different and 
varying temperatures and orientation in the room, the operative 
temperature can also vary for different directions.

Directed operative temperature
One can perceive the radiation that arises at a cold window at 
the same time as perceiving a slightly higher temperature on 
the room’s interior surfaces. The reason for this phenomenon 
is that the radiation heat exchange to the cold window is 
substantially greater than in towards the room.

At a great difference in directed operative temperature, body 
parts facing the window will be cooled. This local heating defi-
ciency is perceived as draught. The cause of the draught percep-
tion does not need to be due to excessive air movement, but can 
also be caused by local parts of our body being subjected to a 
large radiation heat exchange to a cold room area.

Temperature radiation asymmetry
It is well known that it can be uncomfortable to remain close 
to a cold surface for a long period, for example, a large window 
of inferior quality, or a hot surface, such as a hot radiator. This 
relationship has been examined more closely at the Heating and 
Air-conditioning Engineering Laboratory at Technical University of 
Denmark. Where, in a climate chamber, they exposed subjected 
people to different irregularities in the thermal radiation field.

They discovered the thermal limits where no more than 5% of 
the subjected people, meaning only 5% experienced thermal 
discomfort.However, this is when they are in heat balance with 
the environment, i.e. when the comfort equation is satisfied. 
These limits are shown in the illustrations to the right.

Radiation asymmetry is defined as the difference between the 
plane radiant temperature on the two opposite sides of a cross-
section of an individual’s physical centre. The images show the 
values of Dtpr* which in typical situations will result in 5% expe-
riencing thermal discomfort due to the oblique radiation field. 
The air temperature is estimated to be equal to the surface 
temperature of the room’s other surfaces. 

It is evident that people can accept large irregularities in the 
form of cold radiation from above and hot radiation from the 
side. However, they are less tolerant of cold radiation from the 
side and have very little tolerance when it concerns hot radia-
tion from the ceiling.
*) Dtpr stands for the difference between the room temperature and 
the temperature of a surrounding area and should not be too large so 

that the operative temperature is experienced as unpleasant.
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instance, the total use of electricity decreases for increased SFP 
as the electrical power to the cooling compressor decreases in 
the event of recovery. A holistic approach is sometimes missing 
for electricity usage to service systems in a building. In order 
to ensure proper decision making data and to avoid sub-
optimization, a careful analysis is recommended where available 
opportunities are calculated and evaluated. 

BOVERKET’s Building Regulations recommend that the specific 
fan power for a ventilation unit or ventilation system must not 
exceed SFP 2.0.

Energy requirements
Increasingly stringent requirements are made on energy effi-
ciency, partly because of the resource savings and partly due 
to efforts to reduce climate impact. An energy efficient climate 
system usually means a slightly higher initial investment, but it 
pays for itself as a rule quickly through lower operating costs.

Specific energy consumption
FIn Sweden the Swedish National Board of Housing (BBR) applies.

The regulations state the maximum specific energy consump-
tion and with that concerns all energy for  ventilation, air 
conditioning and hot water, but not energy consumption for 
activities in the building. Dwellings have slightly more generous 
requirements compared to  commercial premises. 

It should be noted that at the same time as energy requirements, 
requirements on indoor climate, the building’s usability and 
condition must always be met.

In the winter Sweden experiences large differences in regional 
temperature levels and requirements are therefore divided into 
three climatic zones according to the following table:

The building’s specific energy consumption, kWh/(m2 . 
year)

Similar demands are also made on the design of the building 
with the highest permissible average coefficient of thermal 
transmittance.

Optional requirement levels
In addition to BOVERKET’s Building Regulations there are various 
optional requirement levels with stricter requirements. For 
example, the organization BELOK, an association of Sweden’s 
16 largest property owners, has stricter requirements than 
BOVERKET’s Building Regulations.

In addition there are special requirement levels for e.g. Passive 
houses, Green Buildings, etc.

Specific fan power
The specific fan power (SFP), states how much power a fan 
requires to transport one m3 of air per second and is stated in 
the unit kW/(m3/s). 

The electrical output requirement of a fan, airhandling unit and 
an entire building may be affected by placing demands on the 
SFP value. 

Important benefits are that both the selected equipment and 
flow system solutions are included in the valuation, and that 
value can be verified. 

The disadvantages are for the valuation of alternative system 
solutions (constant flow versus variable flow) and for heat 
recovery, where it is possible to reduce the use of energy for 
heating and/or cooling by choosing an energy recovery system 
with a higher thermal efficiency, but also with a higher pressure 
drop, which results in a higher SFP value. Note that in the cooling 

Demands on acoustic comfort
In order to ensure that all noise levels are sufficiently low and at the 
same time have a character that is acceptable without a dominant 
low frequency noise, it is recommended that demands are made on 
both dB(A) and dB(C). It is important to check the impact of the 
products on the low frequencies. In documentation values are often 
specified down to the standard value of 63 Hz. Calculations are 
required for lower frequencies.

Example of requirement values
For an acceptable sound level in the room, it is recommended 
that the requirement on the dB(C) value is at most 15 dB higher 
than the requirement value in dB(A).

Residences 30 dB(A) 45 dB(C)
Offices 35 dB(A) 50 dB(C)
Classrooms 30 dB(A) 45 dB(C)
Conference room 30 dB(A) 45 dB(C)
Hospital ward 30 dB(A) 45 dB(C)
Cleaning room 45 dB(A) 60 dB(C)

It is important that all areas where individuals reside have a noise 
requirement. Values higher than 45 dB(A), 60 dB(C) should not 
be accepted in rooms other than plant room, machine rooms 
and the like with their own loud noise sources. In all contexts, 
sound levels should be sought so noise from the ventilation sys-
tem does not become dominant.

Why dB(C)?
Historically three different weighting curves were formed, A, B and 
C. It was thought that A-weighting would be used to measure 
weaker sounds, B-weighting for the medium strength and C-
weighting for the loudest noise. In all contexts, the loudness was 
to be measured in a similar way as the ear does. International 
comparisons showed that none of the suggested measurement 
values were better than any other. In order to specify loudness the 
measurements were simplified to only use A-weighting. In many 
contexts, this provides a reasonable understanding of the sound’s 
audible strength. However, sound generated by noise sources with 
a very low frequency are judged incorrectly because A-weighting 
obviously attenuates low frequency too much. Especially when 
the assessment is not only loudness, but more the strength of 
disturbance in the room for individuals during their activities. Fans 
in the ventilation system can be a source of noise with strong low-
frequency content.

When selecting products their low frequency properties should 
also be taken into consideration. Data for sound attenuators, 
throttle dampers, insertion loss from devices, etc. are stated in 
octave bands down to 63 Hz, which in most cases is sufficient to 
assess the noise generation and propagation in dB(C) from the 
fan and other components. Inherent sound generation from the 
devices is normally only stated in dB(A) as the device’s inherent 
flow noise is usually dominated by mid and high frequencies and 
consequently does not contribute specifically to the C-value in 
the room. Background values in octave bands are available as 
corrections from the given dB(A) value, so for those who want 
to, it is always possible to calculate the C-value.

Sound/Acoustics
General 
Today noise from the ventilation systems is one of the most 
common causes of complaint about the indoor climate at 
workplaces and homes, and a common source of disturbance 
to the surroundings. Unfortunately, standards and requirements 
are not always met in practice and the requirements are not 
always comprehensive. In order to design a fully functioning, quiet 
ventilation system with a high degree of comfort, all components 
must be of highest quality and used correctly.

Totality
All quality products are designed based on their impact on the 
four climate areas, which first and foremost determine com-
fort in the room. In addition, energy efficiency and economic 
aspects are also weighed into the product design. The four 
climatic areas are:

• Air quality

• Thermal climate

• Acoustic climate

• Visual climate

Actions on the ventilation system directly affect the three top 
areas while actions in the room also affect the fourth. This wor-
king method means that the acoustics, noise from the ventila-
tion system and other acoustic effects of the ventilation system, 
are of the same importance as the main task the ventilation 
system is designed to perform.

Requirements specification for sound
The Swedish Indoor Climate Institute’s “R1 Classified indoor 
climate systems - Guidelines and specifications”, describes the 
following:

Requirements to limit noise from installations in the premises 
must be formulated in line with current version of SS 025 268 
Acoustics - Sound classification of spaces in buildings - Institu-
tional premises, rooms for education, preschools and leisure-time 
centres, rooms for office work and hotels.

Target values for different types of premises can be found in the 
standard.

Requirements concerning traffic noise, step sound insulation, 
airborne sound insulation and reverberation in rooms should be 
formulated based on SS 025268.

Requirements to limit noise from installations in the homes must be 
formulated in line with current version of SS 025 267  
Acoustics - Sound classification of spaces in buildings - Dwellings.
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Demand-controlled ventilation
To cope with both energy and comfort requirements, a system for 
demand controlled ventilation is often needed. The concept also 
includes demand-controlled heating and in appropriate cases also 
cooling.

Demand-controlled ventilation involves ventilating and 
conditioning the air in a room or premises precisely to meet 
our needs – no more and no less. This occurs through sensors 
for occupancy and/or air quality and with control systems and 
products that adapt to the current airflow and temperature 
requirements.

The potential for savings is substatial. Savings can especially be 
made in premisses such as offices, classrooms and hotel rooms 
where there is considerable variation in activity and occupancy.

Using demand-controlled ventilation, it is possible to meet the 

all the required products. This will ensure the desired 
functionality.

Construction and commissioning
Generally speaking, the system’s products are installed and 
commissioned in accordance with the supplier’s instructions. 
The system should be inspected twice a year, once before the 
cooling period in the spring and once before the heating period 
in the autumn.

Upgrades and rebuilding work
If the system solution is designed using products that offer a 
high degree of flexibility, there are many change options that do 
not require products to be replaced.

Air throws and air distribution patterns from air terminals can 
be altered as required. Via the control system, the air volume 
between different zones and products can be redistributed via 
the control system, without any physical intervention.

Most high quality products have an additional tolerance that 
allows a slightly higher load than the design load. All products 
and accessories should be available for at least 10 years after 
the date of purchase.

Recycling and demolition 
Complete lists of used materials and proportions should be 
included in the products’ building materials declarations.

The service life of high quality products varies between 15–25 
years, depending on usage and provided that regular and pro-
fessional maintenanace has been carried out. 

General
The life cycle cost (LCC) is the total cost of a certain piece of 
equipment throughout its lifetime, from installation to finally 
being taken out of service. The most important components in 
a LCC calculation are:

• Energy costs during the life of the product. 

• Investment costs for the product. 

• Maintenance costs for the product during its lifetime

It is important when purchasing energy-consuming products, 
to not only look at which product is cheapest at the time, but 
also the product with the lowest energy costs and which is the 
least expensive to maintain. Energy costs during the life of the 
product are almost always more important in the overall cost 
than the investment cost.

Project planning 
In order to achieve an optimal end result requires a holistic and 
system approach. A clear picture of responsibility should be 
sought when choosing a supplier. All calculations must include 
the investment cost as well as energy usage and the mainte-
nance cost. The supplier must be able to provide guidance with 
the help of key figures, communication interface, energy calcula-
tions, etc.

Procurement 
The supplier must be able to submit a tender with clear 
specifications, demarcation lists and provide all the necessary 
documentation. The tender must be possible to submit on a 
product level or system level, including 

The lifecycle of a building

DCV

CAV

ever-increasing requirements on energy efficiency. As much as 
80% fan electricity and 40% of heating and cooling energy can 
be saved with demand-controlled ventilation compared with 
constant airflow and temperature.

At the same time, it gives the opportunity for maximum 
comfort for the people occupying the premises through 
demand-controlled air, heating and cooling regulation.

Other positive effects are that smaller units and dimensions 
can frequently be used for ventilation, heating and cooling 
as the maximum airflow and air conditioning can be reduced 
compared with constant flows and temperatures. Usually 
flexibility will also be greater if walls are moved or conversions 
are made in the future.

The diagram below shows an example of the difference between 
constant air volume (CAV) and demand controlled ventilation 
(DCV).
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The presentation does not claim to be comprehensive. 
For details of products, refer to respective manufacturer’s 
documentation.

Indoor climate products
This chapter provides a brief summary presentation of the 
different products and product groups that can occur on 
different levels in an indoor climate system.

Environ-
mental 
Class

Air aggres-
siveness

Environment example

C1 Very low Indoors in dry air, such as in heated 
premises.

C2 Low Indoors in air with varying tem-
peratures and humidity and neg-
ligible levels of air pollution, e.g. in 
unheated premises. Outdoors in 
areas with low levels of air pollution.

C3 Moderate Indoors at moderate effect and 
moderate levels of air pollution. 
Outdoors in areas with a specific 
amount of salt or moderate air pol-
lution.

C4 High Outdoors in air with moderate 
amounts of salt or substantial 
amounts of air pollution. Indoors 
in areas with high humidity and 
large amounts of air pollution, such 
as swimming pools and industrial 
premises

C5-I Very high 
(industrial)

Indoors with almost permanent 
moisture condensation and high 
levels of air pollution. Outdoors in 
industrial areas with high humidity 
and aggressive atmosphere.

C5-M Very high 
(marine)

Indoors, see above.  Outside in the 
coastal and offshore areas with high 
degree of salinity.

Environment classes
In some cases, products and solutions are required that can 
withstand the effects of air pollutants, aggressive atmospheres, 
moisture and salt. Demands that can then be made are that 
products must meet a specific environmental class.

Environmental classes according to the Swedish National Board 
of Building, Planning and Housing’s steel structural manual, BSK 
99, are based on SS-EN-ISO 12944-2:
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Air-cooled water chillers with free cooling

Typically, large air-cooled water chillers

Air handling unit with integrated  
reversible heat pump

Chillers with direct expansion for docking to the 
ventilation unit

Chillers with direct expansion for airborne cooling of 
the premises

Water-cooled water chiller

Typical smaller air-cooled water chiller

A typical application example within comfort ventilation is that the 
chiller supplies the air handling unit’s cooling coil with chilled liquid.

Cooling agent, supply

Cooling agent, return

Chilled 
supply 

air

Air handling unit

Cooling coil

Outdoor 
air

Water chiller
In a water chiller it is the liquid (pure water or water with anti-
freeze mixture) that makes up the cooling agent. The cooling 
agent is led out to the user, via tanks, pumps and pipes, usually 
a liquid coil in the air handling unit and/or chilled beams and 
similar room products. 

Air-cooled water chiller
The units are designed for placement outdoors and the 
condensers are cooled by the ambient air via fans. Some 
models may be designed for free cooling when the fans at 
low temperatures blow cool air through a heat exchanger 
connected to the evaporator. 

Water-cooled water chiller
The units are designed for placement indoors and have an 
externally placed cooling agent chiller.

Units with direct expansion
This type of unit cools the air that is either led directly through 
the evaporator via fans, or via a secondary circuit to the evapo-
rator. 

Standalone chillers with direct expansion are usually used in 
computer halls and equipment rooms. Another type of chiller 
with direct expansion is docked or integrated in the air handling 
unit.

Heat pumps 
Heat pumps work in a similar way to a chiller with the difference 
that heat is emitted by the condenser and coolant cooling 
occurs in the evaporator.

Reversible unit
Chillers and heat pumps are often reversible. 

A reversible chiller is optimized for cooling, but can also be used 
in reverse mode to heat by switching the valves so that the 
cooling agent flows in the reverse direction.

Conversely, reversible heat pumps are optimized for heating, 
but can be used in reverse mode to cool.

Multifunctional unit 
Multifunctional units are reversible heat pumps that can also 
produce domestic hot water.

They have a circuit for each function and can thus maintain 
cooling agent, heating agent and hot water simultaneously.

Chillers and heat pumps
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Coil heat exchangers

Counter-flow plate heat ex-
changer

Cross-flow plate heat exchan-
ger

Rotary heat exchanger

Outdoor air Supply air Extract air Exhaust air

Heat recovery in air handling units
Air handling units can be equipped with different types of heat 
exchangers. In many cases, one and the same unit can be 
chosen with different types of heat exchanger.

The three most common types of heat exchangers are presen-
ted below.

Rotary heat exchanger
The rotary heat exchanger consists of a rotating wheel with a 
multitude of small passages, ‘ducts’, made of aluminium. The 
warmer extract air heats the ducts and transfers heat to the 
colder supply air.

Its temperature efficiency may be as high as 85% if the supply 
air and extract air flow at the same rate. Normally, frost never 
forms inside a rotary heat exchanger. As a result, it can keep its 
high temperature efficiency regardless of the outdoor tempera-
ture. 

The rotary heat exchanger recovers cooling energy just as effi-
ciently and with treatment for hygroscopicity or sorption also 
recycles moisture, which saves the cost of cooling.

A rotary heat exchanger should not be used if the same air 
handling unit serves mixed activities, for example an office and 
restaurant, as the same surfaces come into contact with both 
extract and supply air.

Plate heat exchanger
A cross-flow plate heat exchanger consists of thin aluminium 
plates that form air passages arranged at right angles to one 
another. The warmer extract air heats the plates and transfers 
heat to the colder supply air. 

A counter-flow plate heat exchanger is designed in the same 
way as a cross-flow, however, it is constructed so that there is 
also a parallel section. This makes the contact area larger than 
a cross-flow plate heat exchanger.

Its temperature efficiency is as high as 65% in a cross-flow plate 
heat exchanger and up to 80% in a counter-flow plate heat 
exchanger, if the supply air and extract air flow at the same 
rate. 

The supply air and extract air have completely separate air 
passages therefore possible odours or particles in the extract air 
cannot be transferred to the supply air. 

Coil heat exchangers
Coil heat exchangers are generally used when separate air pas-
sages for large air flows are required. It has one liquid coil in the 
supply air and one in the extract air. The liquid in the extract air 
coil is heated by the extract air and is pumped to supply air coil 
which heats the supply air. 

Its temperature efficiency is as high as 60% if the supply air and 
extract air flow at the same rate.

Room unit

Supply air unit

Modular air handling units

One-piece air handling units with rotary heat exchanger

General
There are several different types of air handling units. Common 
to all is that they should transfer filtered air to and from the 
premises and with recovery of the relative heating, possibly also 
cooling, present in the premises.

One-piece air handling unit
The one-piece air handling unit is a complete air handling unit 
with supply air and extract air fans, supply air and extract air 
filters and a heat exchanger.

If supplementary functional sections such as dampers, air hea-
ters and sound attenuators are required, these are docked to 
the one-piece air handling unit or installed in the ductwork.

The heat exchanger can be of the type rotary heat exchanger, 
plate heat exchanger or coil heat exchanger.

As it is possible to have integrated sensors for temperature and 
flow in a one-piece air handling unit, it usually also features in-
built control equipment.

Modular air handling units
Modular air handling units are characterised by each function, 
or possible combination of functions, consisting of a separate 
module. Thereby permitting a relatively large range of optional 
functions.

The units are generally supplied in modules that are assembled 
on site. Control equipment can be included in the delivery or be 
provided by an external supplier.

Supply air and extract air handling units
Air handling units for separate supply air and extract air may 
be of standardised or modular type. They are used when supply 
and extract air cannot be combined in one unit, often due to 
limited space.

Control equipment can be included in the delivery or be provi-
ded by an external supplier.

Room unit
Room units are complete air handling units with integrated 
control equipment located in the premises to be served. They 
are usually used in classrooms, day nurseries, conference halls, 
small offices, workrooms, shops, restaurants and similar public 
premises.

Air handling unit
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Grille diffuser
The grille diffuser is made up of some form of grille. Grille dif-
fusers can be designed for a fixed distribution pattern, but can 
also be equipped with adjustment options by turning the grille’s 
fins.

Duct diffuser
The duct diffuser can consist of grilles or nozzles mounted 
directly on the visible air ducts in the premises.  

Jet diffuser
Jet diffusers are used for large airflows and often in industrial 
premises, stadiums and the like. The jet diffusers are particularly 
suitable for delivery of heated air. 

Displacement diffusers
Displacement air terminals are designed for cooled air supplied 
at low air velocities. Usually it is possible to direct the air flow 
more or less sideways.

Extract air diffuser
Extract air diffusers are usually simpler in design than supply air 
diffusers as draughts, distribution patterns and the direction of 
airflow do not have to be taken into account. They are usually 
designed with some form of disc or grille.

Air transfer grille
Air transfer grilles are usually designed with some form of sound 
attenuator to reduce crosstalk between rooms.

General
Air diffusers are available in several different designs. The function 
differs between different main groups, but as it is a room product 
there are usually several designs available within each main group 
depending on the installation method and design.

Below follows a summary of the most common main groups of 
air diffusers.

Nozzle diffuser
These air terminals have a large number of nozzles, usually made 
of plastic, which the air passes through. This creates a large 
number of air jets, which promotes a good and rapid air mixture 
and jet diffusers are particularly suitable for the delivery of cooled 
air. The distribution pattern can be controlled for optimum 
comfort by rotating each individual nozzle.

Guide-vane diffuser
These air diffusers have some form of guide vanes, usually 
through the terminal openings being folded up at the rear 
of the diffuser. This creates vanes for the air, which is then 
distributed to each opening. Guide-vane diffusers are usually 
perforated with elongated openings or with some kind of hole 
pattern. Guide-vane diffusers withstand low temperatures and 
offer a high air flow capacity.

Perforated air diffuser
Perforated air diffusers have some form of perforated holes or 
grilles that the air passes through. These air diffusers have an 
impermeable middle section to direct the air towards the outer 
sides of the terminals. They are suitable for large airflows.

Slot diffusers
Slot diffusers or conical diffusers often consists of a type of disc, 
which distributes the air to the slots on the outer sides of the 
diffuser. The air diffuser type gives a high co-ejection with the 
room air.

Air diffusers
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Induction units for installa-
tion along the facade

Induction units
Wall placement
Induction units are usually installed along the inside of exterior 
walls and are therefore also called facade or window units. In 
principle, they work as climate beams where the primary air 
creates both mixing and circulating room air through induction. 
They ventilate, cool and heat.

It is usually possible to choose different casings according to 
requirements and appearance and are often combined with 
space for electrical and data cables.

Floor placement
Induction units can also be placed horizontally and lowered into 
raised floors.

Ceiling placement
A modified type of induction units can also be used for ceiling 
placement. Installation examples are hotel and ward rooms, 
where the unit is placed in the ceiling angle between the hall 
and room.

Passive chilled beams for surface mounting

Comfort modules for flush mounting in 
suspended cassette ceilings.

Passive chilled beams
Passive chilled beams emit the cooling capacity primarily through 
the room air self-circulating through the chilled beam’s water coil. 
The warm room air is “drawn” into the top of the chilled beam, 
through the cooling coil and flows downward. 

Chilled/climate beams
Active chilled beams are a combination between air terminal 
and cooling unit. They provide the room with the designed level 
of primary air. Room air also circulates though the integrated 
flange coils by means of induction and in doing so cools the 
room air. Different flow patterns can be created depending on 
the form of the room, the placement of the heat load and how 
the chilled beams are placed. 

This type of beam can be used for both cooling and heating of 
premises which is why many manufacturers call them climate 
beams.

Comfort modules
Comfort modules are a hybrid between a traditional chilled 
beam, an air diffuser and a radiator and combine the following 
properties:

• The high cooling capacity of the chilled beam at low airflows. 

• The rapid mixing of supply air with room air offered by the 
nozzle air diffuser

• The radiator’s heating capacity  

Spreading the supplied air in four directions creates a large 
mixing zone. This means that high cooling capacities may be 
supplied with a product, which requires   signifi-
cantly less space in the ceiling than a traditional climate beam.

Climate beam for flush mounting in suspen-
ded cassette ceilings.

Waterborne indoor climate products
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Active comfort module

Active damper at room level

Active damper at zone level

General
The basic idea with products for flow control is to ventilate and 
condition air precisely to meet our needs – no more and no less. 
Demand-controlled ventilation involves optimising the amount 
of power consumed to operate the fans in the air handling unit 
and minimising the costs for heating or cooling the building. 

Active damper at zone level
The active zone damper is used to manage flow changes faster 
in large systems. The motorised damper controls the airflow 
according to a signal from the pressure sensor to maintain a 
constant duct pressure in the zone. The duct pressure can be 
kept low in the zone, which gives a quiet ventilation system and 
economical operation.

Active damper at room level
Active dampers are available in several different designs. A 
common feature is a motorised damper to regulate airflow. 
The active damper at room level usually regulates the airflow 
according to a signal from sensor for either the occupancy or air 
quality.

Active air terminal at room level
In principle the active air terminal works as an active damper 
at room level. Air flow regulation occurs through a built-in 
motorised damper or by motorised slot opening on the terminal.

Active comfort modules at room level
Active comfort modules regulate both the airflow and 
temperature according to the requirement. Airflow regulation 
occurs through a built-in motorised damper according to a 
signal from sensor for either the occupancy or air quality. The 
temperature is regulated by a motorised valve actuator, which 
increases or decreases the fluid flow according to a signal from 
the temperature sensor.

Control
Products for flow control are as a rule always controlled from a 
central system where it is viable fo  get an overview of all the 
products in the installation and where settings on a product 
level may be configured. The control system communicates with 
the air handling unit and with a main control system.

Flow control products

Example of sound attenuating exterior wall grilles.

Example of duct sound attenuators

Example of unit attenuators

General
Acoustic products for comfort ventilation consists mainly of unit 
attenuators, duct sound attenuators, and sound attenuating 
exterior wall grilles.

Modern attenuators often feature materials on the inside that 
can be cleaned. They can be designed to be opened for access 
for cleaning or that the duct system before and after the atte-
nuator provides access for cleaning.

They can also be designed to support different fire-resistance 
grades.

As a rule, manufacturers strive towards the damping capacity 
being as high as possible, but that air resistance - and hence 
the pressure drop - shall be as low as possible.

Unit attenuators
The unit attenuators are generally placed as close to the air 
handling unit as possible. They are often docked directly to the 
air handling unit or installed in the immediate vicinity of the 
unit.

The unit attenuators usually have sound absorbing materials 
on the insides and some form of beams with sound absorbing 
materials in the middle section.

They are usually available in both rectangular and circular 
designs.

Duct sound attenuators
The duct sound attenuators are designed for installation in the 
duct system. They usually have sound absorbing material along 
all interior sides and are usually designed to take up as little 
space as possible. 

They are usually available in both rectangular and circular 
designs.

Sound attenuating exterior wall grilles
Sound attenuating external wall grilles can be used as intake or 
exhaust grilles for fan and machine rooms. The sound is atte-
nuated on passing the sound absorbing fins in the grille.

Acoustic products
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Indoor climate systems
Ventilation principles
General
A lot of people have probably at sometime complained about 
the ventilation at the workplace, in a lecture hall or in any other 
large building. It is too hot or too cold, blows too strongly, the 
air does not feel fresh, etc. It is difficult initially to install the per-
fect ventilation system in a given room. As common rules may 
not be applied to all possible solutions, all installations are to 
some degree unique.

Full scale tests in a laboratory, where e.g. an office is built with 
the intended ventilation system, is the safest way to examine 
how a planned system will work in reality. The laboratory for full 
scale testing gives designers and developers the opportunity 
to try a hypothetical ventilation system early in the building 
process.

A distinction is made between two main principles for the venti-
lation of premises:

• Mixing ventilation

• Thermally controlled ventilation

We can also mention:

• Piston flow

• Short-circuit flow

The principles are presented in detail on the following pages of 
this chapter.

The chapter also presents practical guidelines for the principal 
supply air system normally used in premises in connection with 
comfort ventilation.

Designer cooker hood for installation 
against the wall or suspended aboveRecess mounted cooker 

hood

Classic cooker hood for 
cabinet integration

Ventilation unit with counterflow 
plate heat exchangers

Ventilation unit with rotary heat 
exchanger

General
Products for residential ventilation are designed for small air-
flows. The ventilation units are compact to take up little space 
and can often be installed with wall or ceiling brackets.

They are usually fitted with integrated control equipment. 
Airflows can, in the simplest form, be regulated by a number of 
fixed airflows by switching cables on a transformer. On quality 
products, airflows can be variably adjusted, and other functions 
can be selected and set via some type of terminal.

Ventilation units
Ventilation units are complete with supply air and extract air 
fans, supply air and extract air filters and some form of control 
equipment.

The most common heat exchangers are rotary heat exchangers, 
counter-flow plate heat exchangers and the cross-flow plate heat 
exchangers. Also see the previous section “Air handling units”.

Cooker hoods
The cooker hoods can be connected via a specific bypass duct to 
the ventilation unit. The exhaust air from the cooker hood does 
not pass the heat exchanger. Therefore the cooker hood does 
not require an own extract air duct or fan. In such instances, 
the air handling unit is controlled from the cooker hood control 
panel.

The cooker hoods can also have its own built-in fan or be con-
nected to a ceiling fan. 

Cooker hoods are available in a variety of designs and variations. 
From previously serving as a functional kitchen appliance, they 
have developed into a design product to give the kitchen the 
desired character.

Cabinet integration
The classic hood is mounted under a kitchen cabinet that is po-
sitioned over the cooker. These cooker hoods are often equipped 
with a hood, which give very good odour extraction. Cooker hoods 
for cabinet integration are also available in a version that can be 
pushed under the kitchen cabinet when not in use.

Flush mounted
Recessed cooker hoods are mounted above the cooker and 
between other kitchen cabinets. The front is equipped with stan-
dard kitchen cabinet door. When in use, the cover is lifted out 
and forms a hood that provides excellent odour extraction.

Wall mounted or suspended
Wall mounted or suspended cooker hoods are often called de-
signer hoods. They are usually made of stainless steel. They are 
equipped with some type of screen or expansion to provide good 
odour extraction.

Air diffusers
Air diffusers for homes are designed for small airflows. It is 
usually possible to adjust the airflow and in some cases also the 
direction of airflow.

Products for residential ventilation
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The sum of the latent and sensible cooling capacity gives the 
design cooling capacity.

Rule of thumb:
Ptot  = W/m2

qair  = l/s m2 

If Ptot/qair  >15 — use a waterborne system

If Ptot/qair  >10 — use a airborne system

If Ptot/qair  =10-15 — use a airborne system

Example
500 Watt cooling capacity 
water 0.04 l/s, 12 mm pipe 
air 42 l/s, 160 mm duct

• Water Takes up less space  
  Smaller unit 
  Improved energy carrier

• Air  Simple, inexpensive installation 
  Larger volumes of air (better quality) 
  Free cooling can be used

Three types of climate system for comfort 
cooling
The excess heat that must be removed from the building to 
maintain the indoor temperature below a predetermined maxi-
mum permitted temperature is called the cooling load. The 
climate systems used to actively cool the buildings, can gene-
rally be divided into three types.

• Systems with airborne cooling

• Systems with waterborne cooling

• Combined systems

It is important to distinguish the sensible cooling capacity load 
and the total cooling capacity including wet cooling. Sensible 
cooling capacity refers to the capacity that corresponds to 
the temperature difference between the desired temperature 
and the temperature achieved without comfort cooling. The 
total cooling capacity shall also include the latent cooling load 
that include wet cooling. This concerns the enthalpy difference 
that must be accomplished in order for the supply air to be 
dehumidified in the ventilation unit’s and/or fanned air cooler’s 
cooling coil, see the figure. If one include the latent cooling 
load, the total design cooling load  generally increases 
by over 100%.

Other factors that affect system selection:
• Customer requests

• Access to water and air

• Number of persons in the room/building

• Type of activity

• How the building is built

Units   Water  Air

Density d kg/m3  1000  1.2

Energy cp kJ/kg C 4.18  1.0

Air 
volume

Air cooled

W
ater cooled

Air system

Water system

Practical upper 
limit for comfort 
cooling

Supply air 
sub-tem-
perature

Transitional area 
where both air 
and water cooling 
can be chosen

Upper limit for 
displacement 
ventilation

With knowledge of the specific cooling capacity load and the speci-
fic airflow requirement, the diagram shows whether cooling can be 
done with air or whether supplementing with water should be done.

Cooling capacity
The following section, Air conduction in premises, includes 
more information about different principles’ possibilities to cool 
premises.

The given limits are highly dependent on, among others, 
the extent of the occupied zone. When specifying comfort 
requirements, it is important to make a connection to where in 
the room the requirements must be met. Since the requirements 
can change over time as the type of activity changes, it is 
important to be able to influence the distribution of air in 
the room in a simple way. This is done by selecting supply air 
diffusers with a flexible adjustable distribution pattern.

Stated cooling capacities for the different ventilation principles 
only apply in the instances when air is the energy carrier. If water 
is used as the energy carrier, i.e. the use of chilled ceiling of a 
radiation ceiling type or chilled beams for convective cooling of 
the air, a significantly larger heat load can be removed.

The figure gives an indication of when it is necessary to select 
either an airborne or waterborne system. Based on the requisite 
airflow (l/s, m2) for different types of premises, it is then easy 
with knowledge of the required cooling load, to determine the 
most appropriate option.

Climate systems air/water
Distinguishing characteristics for different 
climate systems 
Air is used in all system solutions, as only this medium can 
create good air quality. Air can also be used to manage the 
temperature, if a sufficiently large flow is used.

Water is a good energy carrier which at comparable flow rates 
and volumes with air, is capable of transporting significantly 
larger amounts of energy. The diagram below shows when coo-
ling with air or cooling with water is appropriate. 

Accordingly, when selecting a system air is always used for the 
ventilation requirement. When it comes to temperature, both 
air and water can come into question. Which medium is best 
to transport the energy depends on a large number of factors. 
The building’s design, operations, media access, as well as the 
client’s specific requests are examples of causes that can govern 
system selection in one way or another.
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Cooling system
Chillers in comfort ventilation are generally used to cool the 
supply air delivered by the air handling unit. The chiller can also 
supply cooling directly to room products, for example, comfort 
modules.

In this section the following methods are described to generate 
cooling:

• Conventional electrically powered compressor cooling is the 
traditional way to produce cooling. It also offers great flex-
ibility. 

• Free cooling can be used in waterborne systems and require 
some type of heat exchanger to the outdoor air. 

• District cooling is being offered to a greater number of indi-
vidual properties. Cooling water is supplied to a substation 
and secondary water is then distributed to the building to be 
cooled. The production units can range from cold seawater 
to heat driven chillers.

Two less common methods to cool air are also described briefly:

• Evaporative cooling lowers the air temperature as it passes a 
wet surface that creates water evaporation. There is a cool-
ing capacity as long as the air is not saturated with water 
vapour.

• Sorption cooling is in principle the same as evaporative cool-
ing, but the supply air is dehumidified before it is moistened 
again. 

Systems with airborne cooling
In these systems the design air flow is determined by the cooling 
load. Consequently, it is not the air quality  requirements that 
determine the size.

In existing buildings, it is usually difficult and expensive to 
change the duct system. If sufficiently large air flows may not 
be transported in the existing ducts to meet the  cooling 
load, a waterborne cooling system is usually installed during 
rebuilding. The cooling system must be able to take care of 
the variation in cooling load, both during the day and over the 
year. The two basic types of systems with airborne cooling are 
constant flow systems or variable flow systems (combinations 
of the two  methods are also available).

Typical application areas with air where high to medium airflows 
and maybe even variable air volumes come into question:

• Conference rooms

• Light industry

• Shops

• Clean rooms: hospitals

• Classrooms

• Restaurants

• Shopping centres

• Sports halls

Systems with waterborne cooling
These types of systems provide individual rooms with water-
borne cooling. The existing air system is solely used to meet the 
air quality requirements. 

In a rebuilding or renovation situation this type of cooling 
system is often preferred. When installing the system, there is 
usually space in existing suspended ceilings to install the pipes 
required for the distribution of chilled water in the building.

Systems with waterborne cooling may also be preferable in new 
builds, since the space requirement above the ceiling is less 
than with airborne cooling. In tall buildings, in some cases, it 
can even mean that a certain building height can fit extra floor 
levels.

Typical uses of waterborne cooling where low to medium air-
flows with a high cooling capacity come into question:

• Offices

• Conference rooms

• IT rooms

• Shops

• Hotels

• Classrooms

• Banks

• Restaurants
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Principle for fan equipped chiller with 
direct expansion 

1) Refrigerant
2) Compressor

3) Outdoor air-cooled condenser
4) Expansion valve

5) Evaporator
6) Fan

7) Warm air from the room
8) Cooled air into the room

9) Ambient air

Air handling unit with integrated reversible heat 
pump
In an air handling unit with a rotary heat exchanger and 
reversible heat pump, the coils for cooling/heating are located 
in sections for supply and exhaust air. Energy is taken up 
through the evaporator coil and emitted via the condenser coil.

The heating and cooling capacity is regulated with a variable 
speed control compressor, the air handling unit can ideally be 
equipped with sorption rotor for the highest possible energy 
recovery.

A major advantage of this type of air handling unit is the high 
capacity despite its minimal demand on installation space, 
which results in a very wide application area.

Chillers with direct expansion for docking to the air 
handling unit
Another type of chiller with direct expansion is docked or inte-
grated in the air handling unit. The evaporator is then placed in 
the unit’s supply air and the condenser in the exhaust air.

One advantage of this type of unit is that only the actual 
docking to the air handling unit needs to be done on site. The 
limitation may be capacity.

Principle for the air handling unit, complete with integrated rever-
sible heat pump

1) Reversible heat pump section including compressor, 4-way valve, 
etc.

2) Exhaust air coil cooling/heating
3) Supply air coil cooling/heating

4) Rotary heat exchanger (Sorption rotor)
5) Fan

6) Air filter

Principle for chillers with direct expansion docked to the 
air handling unit 

1) Chiller
2) Air handling unit

3) Compressor
4) Condenser

5) Expansion valve
6) Evaporator

7) Air filter

Chillers with direct expansion, fan equipped
The evaporator transfers direct cooling to the air that flows 
through. The air-cooled condenser is placed  outdoors.

This type of chiller is usually used in computer rooms, equip-
ment rooms, and the like.

Principle for water-cooled water chiller 
1) Refrigerant
2) Compressor

3) Outdoor dry coolers with fans
4) Expansion valve

5) Evaporator (heat exchanger)
6) Cooling agent (water)

7) Ambient air
8) Condenser/heat exchanger

9) Fluid circuit

Electricity driven compressor cooling
General
Cooling effect with a compressor cooling unit is the classic way 
to produce cooling. When machine cooling for comfort purpo-
ses is discussed, this is what is normally referred to.

A compressor-driven chiller offers great flexibility in terms of 
the method of supplying cooling to the building. It is possible to 
deliver cooling from the chiller to either the cooling coil in an air 
handling unit and/or cooling equipment placed directly in the 
rooms, such as chilled beams. 

Definitions
Chiller: Unit that produce cooling. 

Refrigerant: The energy carrier which, via a compressor, circula-
tes between the evaporator, expansion valve and condenser 
in the cooling unit. Usually some typ of HydroFluoroCarbons 
(HFC). See below.

Cooling agent: Usually water or water with antifreeze mixture 
which has been cooled in the chiller and carries cold to the user. 

Heating agent: Usually water or water with antifreeze mixture 
which has been heated in the heat pump and carries heat to 
the user.

User: Liquid coil on an air handling unit, chilled beam or the like 
that receives the cooling agent. 

Principle of operation for all cooling units
The cooling unit has a circuit filled with refrigerant, usually some 
type of HydroFluoroCarbons (HFC). The compressor increases 
the pressure of the refrigerant, which is then heated and trans-
forms into gas state. When the refrigerant passes the condenser 
it is cooled down and condenses, i.e. returns to a liquid state. 
It then passes through an expansion valve which quickly lowers 
the pressure, which causes the refrigerant to cool. The refrige-
rant then passes through the evaporator. This acts as a heat 
exchanger where the refrigerant transfers its coldness to the 
cooling agent.

Air-cooled water chiller
The cooling unit is placed outdoors and the condenser is cooled 
by the outside air.  

Water-cooled water chiller
The cooling unit is placed indoors. A condenser made up of a 
heat exchanger via a fluid circuit from an outdoor dry cooler is 
used to condense the refrigerant.

Heat pumps
The same basic principles apply as for the cooling unit, but the 
condenser is utilised to transfer heat to the  heating medium.

Multifunctional unit
These units can heat, cool and produce domestic hot water. 
They consist of a reversible heat pump with several circuits to be 
able to simultaneously produce heat water, cooling water and 
hot tap water.

Principle for air-cooled water chiller
1) Refrigerant
2) Compressor

3) Condenser with fans
4) Expansion valve

5) Evaporator (heat exchanger)
6) Cooling agent (water)

7) Ambient air



TECHNICAL GUIDE TECHNICAL GUIDE
Indoor climate systems Indoor climate systems 

4544

9

9

1

4

3

2

5

6

7

8

Princip för direkt evaporativ kyla Princip för sorptiv kyla

Princip för indirekt evaporativ kyla

Sorption cooling
In order to lower the supply air temperature as much as possible, 
it is advantageous to have the driest possible air when moistening 
process begins. In the sorption cooling process, moistening from 
the evaporative process is supplemented by drying of the supply 
air before it is moistened.

Accordingly, a sorption chiller consists of a dehumidifier section 
that dries the air and a section that cools the air (the evaporative 
part). The supply air is dehumidified with a moisture-absorbing 
rotor. On the extract air side, the absorbed water is driven out 
of the rotor. Heat is used for this. Accordingly, heat must also be 
supplied to a sorption chiller.

Principle of sorption cooling

Principle of the indirect evaporative cooling

Principle of the direct evaporative cooling

Evaporative cooling
Evaporative cooling of air utilises the drop in air temperature by 
moistening the air using water evaporation from a wet surface 
that the air passes. Cooling is possible as long as the air is not 
saturated with water vapour. The lowest temperature the air can 
take on with this type of cooling is limited by the air’s wet tempe-
rature, which is sometimes called the air’s cooling limit.

Direct evaporative cooling refers to a process where the supply 
air is moistened and the temperature is lowered. At the same 
time the supply air’s moisture content increases. With indirect 
evaporative cooling, the extract air is moistened, whereby the air 
temperature is lowered. Thereafter, a heat exchange occurs (not 
moisture-transfer) between the extract and supply air where the 
heat from the supply air can be transferred to the extract air.

The possibility to cool is basically determined by the current 
state of the outside air. The more moisture (the higher the value 
of twet) it contains the poorer its ability to cool. The method 
therefore is considered to be of limited use in offices and other 
commercial premises.

Free cooling
Definition
Free cooling refers to the possibility to supply cooling when there 
is a requirement without having to pay for the source of cooling. 
However, there are always other costs, such as for pumps and/
or fans.

Waterborne free cooling
For waterborne cooling systems there is a possibility to use so-
called free cooling. The most common is that some form of heat 
exchanger to the outdoor air is installed. This is usually carried out 
integrated in the chiller, where the heat exchanger is connected 
between the chiller’s refrigerant and cooling agent circuits.

When free cooling is utilised in waterborne cooling, it is common 
that, at a predetermined outdoor temperature, water is allowed 
to be cooled to the outdoor air. Thus, at temperatures lower 
than this the chiller is not used. The outdoor temperature at 
which switching occurs normally lies around 10°C.

District cooling
It is becoming increasingly common for energy companies to 
offer their customers district cooling. Cooling is produced and 
distributed in different ways in different places depending on 
the individual energy company’s prerequisites in terms of pro-
duction capabilities and customer base structure and density. In 
a district cooling system, production units can consist of anyth-
ing from “free cooling”(e.g. cold sea water that can be used 
directly for cooling purposes), to compressor cooling machines, 
or to heat driven chillers (absorption chillers).  

It is relatively common to utilise cold from existing heat pumps 
that are already used to supply heat to the district heating net-
work. Previously it was common for customers with a relatively 
large cooling load to be connected to a district cooling network, 
for example, a hospital or a shopping centre. However, it is now 
more common for individual properties to be offered the chance 
to be connected. 

For customers, cooling water is supplied to a substation, 
basically in the same way as in a subscriber station for district 
heating. From there, the secondary water is distributed to the 
building or buildings to be cooled.

Principle for an air-cooled water chiller with free cooling
1) Refrigerant
2) Compressor

3) Condenser with fans
4) Expansion valve

5) Evaporator (heat exchanger)
6) Cooling agent (water)

7) Heat exchanger for cooling agent

8) Three-way valve for cooling agent return 
9) Ambient air

Waterborne free cooling can also be used in connection with 
cooling towers, watercourses or geothermal pipes.

Free cooling without a chiller
In its simplest form, free cooling can be used without a chiller. 
The air handling unit’s outdoor air is then used for cooling and 
supplies cooled air to the air diffusers in different rooms. With a 
heating coil in the supply air, the supply air temperature is regula-
ted during the winter so it does not become too cold.

This works as long as the outside temperature does not exceed 
about 16°C, which makes the method useful especially in 
countries with a Nordic climate. In e.g. Stockholm, the outdoor 
temperature is normally lower than 16°C approximately 7800 
hours (out of a total of 8760 hours) per year.  Higher indoor 
temperatures are accepted on hot summer days or cooling is 
carried out in another way. Some air handling units have control 
functionality for so-called summer night cooling, when a higher 
airflow, without the heat recovery unit being in operation, cools 
the premises during the night.
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Cooling panels
A horizontal cooled surface that is suspended from the cei-
ling is called a cooling panel. Cold water passes through pipes 
connected to an aluminium plate in the cooling panel. Heat is 
transported from the plate to the cold water. The cooling panel 
then cools the hot air in the room as well as absorbs heat from 
the room through low temperature radiation. Cooling panels 
can be surface mounted on the ceiling, suspended or integrated 
in suspended ceilings. 

The output from the cooling panels is usually regulated on/
off with a control valve, sometimes several cooling panels are 
controlled depending on the required cooling capacity and 
flexibility.

Cooling panels work according to the principle of “dry” cooling 
(above dew point). The supply temperature of the cooling agent 
should always be higher than the dew point temperature of the 
air in the room to avoid condensation. 

Cooling panels provide good thermal comfort, but there are 
also some disadvantages that need to be considered. As the 
panels cover a large part of the ceiling, they become slightly 
inflexible and difficult to combine with other ceiling installations. 
They also constitute an acoustically hard material, which can 
give rise to echo.

Distinguishing characteristics for cooling panels
• Discrete solution

• Give cooling in the form of radiation

• Cooling effect limited to about 100 W/m2

Principle for cooling panels

Principle of active chilled/climate beams

Principle for comfort modules

Principle of passive chilled beams

Passive chilled beams
A passive chilled beam delivers its cooling effect primarily 
through convection, i.e. circulating room air flows through the 
cooling coil.

The chilled beam’s water load is usually regulated on/off or 
variably with a control valve, sometimes several chilled beams 
are controlled depending on the required cooling capacity and 
flexibility.

Chilled beams work according to the principle of “dry” cooling 
(above dew point). The supply temperature of the cooling agent 
should always be higher than the dew point temperature of the air 
in the room to avoid condensation. 

Active chilled and climate beams
A chilled beam with a connection for supply air is called an 
active chilled beam and can work at the same time as a supply 
air diffuser and in many cases increase the cooling effect 
through the so-called induction effect. This type of beam can 
be used for both cooling and heating of premises and is there-
fore also called for climate beam. 

Distinguishing characteristics for chilled/climate 
beams
• Cost effective solution with supply air and room cooling in 

the same unit

• High cooling capacity

• It is important that the supply air is dehumidified so that 
condensation precipitation and reduced capacity are avoided

• Under certain circumstances, can also be used for heating as 
an alternative to radiators

Comfort modules
The comfort module can be described as a hybrid between a 
climate beam, a supply air diffuser and a radiator.

The comfort module combines the high cooling capacity of the 
climate beam at low primary air volumes with the supply air 
diffuser’s ability to quickly mix the cooled air with the room air. 
This creates the possibility to supply large cooling capacities with 
a much smaller unit than with a climate beam. While the same 
function creates better conditions to heat the premises from the 
ceiling.

Some comfort modules are also equipped with the option 
of variable airflows based on the occupancy and energy 
requirement.

Distinguishing characteristics for comfort modules
• Small dimensions give greater space for other installations in 

the ceiling

• Four-way air distribution allows large mixing zone and high 
comfort

• Conditions and ventilates premises for high comfort regard-
less of the season (ventilation, cooling and heating)

• No moving parts, allows low maintenance costs

• Great flexibility throughout its service life
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Relative energy use depending on type of system.
1. Relative energy use fan (%)

2. Relative airflow requirement (%)
CAV = Constant Air Volume
VAV = Variable Air Volume

DCV = Demand Controlled Ventilation

Ventilation systems
Traditional grouping of ventilation systems
The choice of suitable technical solution is an important step 
in the design process. System selection should be made with 
regard to the following main factors:

Efficiency
The technical solution’s ability to meet the set requirements.

Operating reliability
The technical solution’s ability to provide satisfactory operation 
over a long period

Resource efficiency 
The technical solution’s energy efficiency, cost effectiveness, etc. 

Simplicity and tolerance
When choosing the technical solution, simplicity is key together 
with, comprehension and tolerance to fluctuations in operating 
conditions. Avoid technical solutions that do not permit the 
application area of the premises to be changed, windows to be 
opened, or is otherwise sensitive to external disturbances.

Basic principles and characteristics
There are different ventilation solutions that can meet the 
requirements of right airflow to all parts of a system. The main 
categories are:

• Constant Air Volume (CAV), system with a constant airflow. 
The simplest and generally “least expensive” option.

• Variable Air Volume (VAV), system with variable airflow, 
which is usually controlled by some type of room tempera-
ture sensor. The fan is equipped with some form of pressure 
control.

• Demand Controlled Ventilation (DCV), a system  similar to 
VAV but with extensive opportunities to control airflows and 
temperature, as a rule, through air quality or occupancy sen-
sors. 

• All system solutions can of course be implemented with 
either mixing or thermally controlled ventilation (displace-
ment ventilation).

Both CAV and DCV systems can be combined with alternative 
heating and cooling units for the possibility to manage room 
temperature requirements.

Principle for induction units

Principle for fan convector

Induction units
A unit via which the room can either be heated or cooled.

When the induction unit is used, ventilation air is supplied to the 
room via the induction unit. The ventilation air flows through a 
nozzle at high speed, which results in the room air being “drawn 
along” through a combined heating and cooling coil with two 
separate water circuits. In this way it is possible to heat or cool 
the room through a single unit without another fan other than 
the one in the central air handling unit.

Distinguishing characteristics for induction units
• Relative high cooling capacity

• Contains functionality for supply air

• It is important that the supply air is dehumidified so that 
condensation precipitation and reduced capacity are avoided

• Low operating and maintenance costs

• Requires no filter replacement

• Low sound level 

Fan convectors
A unit via which the room can either be heated or cooled.

A fan convector is equipped with a fan that circulates the room 
air through the unit. The air is heated or cooled in the unit in 
a combined heating and cooling coil with two separate water 
circuits. Hot or cold water is fed to the coil from a central facility 
in the building. Fan convectors are the room chillers that has the 
greatest cooling capacity, but also the highest sound level, and a 
significant service requirement.

Distinguishing characteristics for fan convectors
• High cooling/heating capacity

• Can manage wet cooling if a drainage system is fitted

• Relatively high noise level (at high output power)

• High operating and maintenance costs (for example, filter 
and fan replacement and cleaning of the drainage system) 

• Requires a separate system for supply air
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Principle for VAV system

VAV system
In VAV systems (Variable Air Volume) the airflow supplied to 
each room varies as required, but the temperature of the supply 
air is kept constant, i.e., the supply air temperature does not 
change with a change in load. However, a seasonal control 
normally occurs of the supply air temperature as a function of 
the outside temperature.

The airflow to each room is controlled by dampers in the form 
of terminal devices in direct connection to the room. The central 
supply and extract air fans are controlled by means of guide 
vane controls or variable speed controlled fan motors.

A constant static pressure is normally controlled and main-
tained with sensors in the supply air system’s farthest branch 
ducts. The flow varies from max. on the warmest day down to 
about 20% of max. during the coldest days, when the air only 
has the task of meeting demands on air quality.

Principle for CAV system
1. Extract air
2. Supply air

3. Air handling unit

CAV system
CAV systems (Constant Air Volume) are characterised by the 
airflow being constant. The rooms with the greatest cooling 
requirement normally determine the size of the supply air 
temperature that is prepared in the central air handling unit. In 
some rooms, such as conference rooms, the supply airmay need 
to be reheated. This is done because a room must not be percei-
ved as cold when no one has occupied it for some time. 

The supply air temperature in a CAV system can be constant 
or varied in relation to the outdoor temperature. When 
temperature control occurs centrally or with a constant supply 
air temperature a correction is made during the winter to the 
required room temperature in individual rooms, for example, 
with radiators.

CAV systems are used where both the generation of heat and 
contamination are low and fairly constant. The supply air flow 
is primarily determined by the air quality requirements. If the 
hygenic air flow is insufficient to remove the generated heat, 
products for waterborne cooling may be supplemented. The 
CAV systems are usually built up according to the branching 
principle with adjustment dampers in each branch. The pressure 
drop across devices is selected so that together with the 
pressure drop across the adjustment dampers they provide the 
correct flow distribution.

Although a CAV system supplies air at a constant flow, someti-
mes speed controlled fan motors are used, on which the speed 
is regulated down when the cooling load in the building permit. 
The air flow then drops in proportion to the speed. 

The disadvantage of this principle is that the system can easily 
become unbalanced due to disruptions from thermal lift forces, 
changes in damper positions, etc.

Another disadvantage is the relatively high pressure drop 
across dampers and terminals that is necessary to ensure that 
flow variations will not be too great. This in turn causes sound 
problems that can be troublesome while energy consumption 
is unnecessarily high. A lowering of the fan speed, to reduce 
energy usage during certain periods, means flow distribution 
cannot be maintained, this due to the decrease in pressure drop 
across the terminals and dampers decreases.

Principle for CAV system
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Tilluft, tak – Frånluft, tak

Summary for mixing air ventilation
• Common flow forms

• Schools, offices

• Low ceiling heights

• Supply air usually at ceiling level

• High comfort due to the small temperature differences in the 
room

• Withstands large temperature differences on room tempera-
ture when choosing the right terminal (cooling) 

• Low risk of draughts

Air conduction in premises

The diagram shows which air exchange efficiencies (era)
can be obtained as a function of the supplied power with air.

A = Supply air diffuser by the floor and extract air diffuser in the 
ceiling

B = Supply air diffuser in the ceiling and extract air diffuser in the 
ceiling

Supply air, ceiling - Extract air, ceiling

Mixing ventilation
Mixing ventilation can generally be used in conjunction with 
comfort ventilation, i.e., irrespective of whether the ventilation 
air is used for cooling or heating. Supply air is introduced here 
in such a way that the concentration of impurities is equal in all 
parts of the premises. Likewise, the temperature differences are 
very small in the building, which benefits comfort. This is the most 
common flow principle in our premises on account of the comfort 
benefits. Supply air is generally introduced at ceiling level or below 
the windows with a relatively high impulse. In order to prevent 
draughts, supply air diffusers must be chosen carefully so that the 
throw length, spread, etc are well balanced in relation to the size 
of the room.

The design work must take into account the following:

• Activity level/type of premises

• Room dimensions

• Airflow

• Possible cooling requirement

• Resulting air velocity in the room

• Resulting sound level

1. It is important that the degree of activity can be determined 
in order to assess the comfort levels that shall apply.

2. Room dimensions affect the flow pattern and thus the 
comfort in the premises. At the design stage, it is therefore 
important to adjust the throw data in accordance with 
applicable design rules.

3. The lowest possible airflow is determined according to the 
hygiene requirements. 

4. A calculation, where both internal and external loads such as 
energy accumulation in the building are taken into account, 
must form the basis for the calculation of the required cool-
ing. Together with the comfort requirements this gives the 
basis for choosing the system solution and an appropriate 
supply air flow.

5. The terminals are specified with a throw length with an 
end velocity of 0.20 m/s. This end velocity can be corrected 
for different operating conditions, to ensure correct flow is 
achieved without problems with draughts in the room. This 
guide includes information how this work can be performed, 
see section Designing for mixing ventilation.

6. The calculation of the resulting sound level from air terminals 
and duct system in relation to the current sound absorption 
in the room should always be performed. 

Other factors that must be considered are e.g. for vertical air 
supply:

When heated and cooled air is to be supplied to a room verti-
cally, this affects the throw length. For heated air it is shortened 
while it is extended for cooled air. This relation can be calculated 
using calculation software where the flow, temperature varia-
tions between the supply air and room air temperatures, and 
supply angle are stated.

Principle for DCV system
1. Extract air
2. Supply air

3. Air handling unit
4. DCV unit

DCV system
The DCV system is basically the same as the VAV system, but 
the DCV concept concerns more stringent control of the air flow 
and temperature. 

The DCV system is used when the occupancy varies. Heating 
is best performed with radiators. The room’s cooling load is 
controlled by a varied airflow. Under certain conditions, hea-
ting from the ceiling with the help of comfort modules is also a 
viable alternative.

The DCV systems differ from the CAV systems as there is pres-
sure control in the main ducts for the supply air and extract air. 
This is necessary from both energy and sound standpoints.

Another difference is that in the immediate vicinity of the room 
units (supply air diffusers, comfort modules, etc.) are control 
units that monitor the airflow through them. A fundamental 
problem with this is that when the flows decrease, the pressure 
drops. This is solved by also having controlled zone dampers. 

Demand-controlled ventilation
It is generally accepted that if we, as users of an installation, 
can simply influence its setting, then we perceive the installa-
tion as significantly better. For example in homes, this flexibility 
means residents in a very simple way are able to adapt their 
airflows. Being able to control the airflow according to the room 
requirements has previously been uncommon in traditional 
FTX systems. Instead it has been attempted to try to keep the 
airflow as constant as possible. Yet there is a clear advantage if 
the airflow within reasonable limits can be adjusted as required 
in individual rooms. This must be possible without the need to 
reduce airflows in other rooms. The minimum airflow rates in 
the different room units must also always be guaranteed.
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The air is supplied below room temperature at floor level 
and is drawn out at ceiling level. The supply air (qv) is 
distributed along the floor and rises up when it comes in 
contact with hot bodies. 
qv = ventilation air flow l/s 
qx = convection airflow in the impurity plume at level x 
(l/s) 
 
A = Contaminated zone 
B = Variable front with polluted air 
C = Clean Zone

Two zones are formed in the room, an upper zone with 
polluted air and a lower zone of “clean” air. In rooms with 
mobile work and a high level of activity, it is desirable 
to get the clean zone as high as possible and preferably 
above the breathing zone.

The requisite airflow is determined on the basis of appli-
cable standards and regulations about hygienic threshold 
levels.

Displacement ventilation
The illustration below shows a displacement ventilation 
system. The ventilation air is supplied below room tempe-
rature at floor level and is drawn out at ceiling level. The 
ventilation air is distributed along the floor and starts to 
rise upwards when it comes into contact with hot bodies, 
which generates upward convection currents. 

The warm point source in the illustration produces a 
impurity, for example, heated air which is lighter than the 
ambient air. The impurity rises towards the ceiling and 
more air is drawn into the plume-like shape.

If the volume flow of air into the impurity plume, when it 
reaches the ceiling, is greater than the ventilation airflow, 
the whole contaminated flow cannot be directly eva-
cuated by the ventilation air. A part of the impurities will 
therefore be re-circulated downwards in the room. We get 
a front with contaminated air that begins to move down-
wards in the room.

The front stops at the level where the volume flow of air in 
the upward rising impurity plume is equal to the ventila-
tion airflow.

Summary for thermally controlled ventilation

• Large air flows

• Large areas

• Heat source in the room

• High ceilings

• Limited cooling capacity

• Large near zone – risk of draughts

The diagram shows which air exchange efficiencies (era)
can be obtained as a function of the supplied power with air.

A = Supply air diffuser by the floor and extract air diffuser in the 
ceiling

B = Supply air diffuser in the ceiling and extract air diffuser in the 
ceiling

Thermally controlled ventilation
The thermally controlled ventilation is characterised by 
the supply air, which is below room temperature, being 
introduced at a low speed at floor level. The supply air 
spread more or less across the floor surface and is affec-
ted in the room where the heat sources occur. The supply 
air flows with the help of these heat sources upwards and 
is evacuated. The thermally controlled ventilation is split 
into:

a) displacement ventilation

b) equalising ventilation

One of the conditions in order for the principle to work 
without comfort problems is that the air distribution 
across the supply air diffusers can change, if necessary. 
By changing the air distribution depending on how the 
occupied zone is used prevents comfort problems. By 
adapting the supply air flow and the number of supply air 
diffusers to the heat emitting sources (machines, people, 
etc.), a ventilation system with high efficiency and good 
comfort can be produced.

Displacement ventilation

The displacement ventilation is characterized by:

1. Supply air is introduced at floor level 

2. No mixing of the room air in the supply air is  
    attempted

3. The supply air is entering at low speed

4. Supply air is below room temperature

5. The extract air is evacuated at ceiling level

Equalising ventilation

The equalising ventilation is named because attempts are 
made to equalise the temperature distribution within the 
occupied zone. The principle is characterized by:

1. Mixing of the room air in the supply air is attempted

2. The supply air is introduced at low speed

3. Supply air is below room temperature

4. The extract air is evacuated at ceiling level

Mixing of the room air in the supply air is achieved e.g. by

1. Place the supply air diffusers high in the room

2. Create co-ejection of the room air in or adjacent to the  
    supply air diffuser

Supply air, floor - Extract air, ceiling
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Tilluft, tak – Frånluft, tak 
(uppvärmd luft)

Tilluft, golv – Frånluft, tak.
Vid renodlad kolvströmning är luftut-

byteseffektiviteten lika med 100%

Takplacering

Takplacering, framkant

Bakkantsplacering

Fönsterbänksplacering

Golvplacering, låghastighet

Golvplacering, låghastighet 
med ejektor

Placering bakom radiator

Practical guidelines
The principal supply air systems normally used in premises in 
connection with comfort ventilation are specified below. The 
maximum cooling loads that are specified refer to airborne 
cooling capacity, and take into account accumulation in the 
building structure.

Ceiling placement
Be careful with the definition of the occupied zone. In cases 
where downward air currents can be accepted at the walls, 
the principle is advantageous. Look out for convection currents 
from the window wall.

Ceiling placement, front edge
For the supply of air below room temperature, a satisfactory 
result is usually obtained if the supply air diffuser is designed for 
a throw length, that is slightly longer (1 to 2 m) than the room 
depth.

Rear edge placement
Selection of the supply air diffuser is very important as the 
throw length is very important. For example, for an office where 
the workstation is located near the window wall, max. l0.2 should 
be equal to the depth of the room multiplied by 0.7 when air 
below room temperature is supplied. Longer throw lengths can 
ideally be used if the occupied zone does not go closer to the 
window than 0.75 m. 

Window seat placement
Be aware of the supply air and window temperature. In cases 
where these temperatures may be lower than the room air tem-
perature, there is a risk of air plunges in the zone closest to (1 to 
2 m) the window.

Placement behind radiators

This placement requires a high outlet velocity from the supply 
air diffuser to prevent plunging in the occupied zone. It is 
important that the windowsill is designed so as to not direct the 
air into the room.

Floor placement, low speed
If diffusers with a flexible distribution pattern are used, a tem-
perature difference between the room air and supply air of max. 
6°C can be applied. The maximal cooling load is about 35 W/m2 
at ceiling heights of approximately 2.8 m.

Floor placement, low speed with ejector
With a special ejector section as an add-on to the low speed 
diffuser, the temperature distribution in the room’s occupied 
zone is equalized. Temperature differences between 6 and 9°C 
between the room and supply air can therefore be applied.

The diagram shows which air exchange efficiencies (era)
can be obtained with different diffuser placements as a function of

the supplied power with supply air.
A = Supply air diffuser by the floor and extract air diffuser in the ceiling
B = Supply air diffuser in the ceiling and extract air diffuser in the ceiling

Supply air, ceiling - Extract air, ceiling (heated air)

Short-circuit flow
This is a type of flow, which as far as possible, must be avoided.

The flow means that a part of the supply air goes directly out 
with the extract air without benefiting the occupied zone, i.e. 
the supply air is short-circuited.

The condition, in order for the flow to form, is that both the 
supply air and extract air diffusers are located at ceiling level 
and that the supply air velocity is too low and the supply air 
temperature is higher than the room temperature.

The short-circuit flow can also be obtained in cases when the 
supply air diffusers are located at floor level (low velocity) and 
the supply air (which is below room temperature) escapes 
through open doors or low positioned extract air diffusers.

Supply air, floor - Extract air, ceiling 
In the event of pure piston flow the air exchange efficiency is equal 

to 100%.

Piston flow
Piston flow involves ventilation air being distributed in such a 
way that the airflow direction is uniformely determined and only 
moves in one direction. The air can be said to go like a piston 
through the room.

Relatively high air speeds are required for piston flow to work. 
Velocities ≥ 0.35 to 0.40 m/s are required to get a stable piston 
flow in the room. On account of these high velocities, piston flow 
never comes into question in connection with comfort ventila-
tion. The main use is instead associated with clean rooms which 
have very high demand on air quality.
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In this chapter a number of different system solutions are presented for different types of buildings. The solutions must be seen as 
typical examples of solutions with high energy efficiency and comfort.

System solutions in different building types Basic facts

Exchange time and air exchange efficiency 
The exchange time and air exchange efficiency of the air in 
the room at different air flow conditions
Airflow Exchange time of 

air in the room 
2 · tn

Air exchange ef-
ficiency 

era

Displacing and  
equalising

> tn 
< 2 tn

<100 % 
>50 %

Mixing 2 tn
50 %

Piston flow tn
100 %

Short-circuit > 2 tn
<50 %
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Advantages of the waterborne system
• Individual climate regulation

• Smaller duct dimensions

• Ventilation, heating and cooling in one system

• High cooling and heating capacities

• Maximum thermal comfort

The illustration shows a system application for office buildings 
comprising several storeys. Nowadays, many offices are sized for 
the maximum number of people present. The level of occupancy 
in an office varies according to the business in question. In many 
cases the office is far from fully occupied, which means that the 
installed ventilation system is oversized. This costs money and 
energy. The solution is a system that is demand-controlled with 
regard to occupancy and load in the office.

Each office storey has its own climate system that meets air 
quality and room climate needs. 

Room-controlled comfort modules provide exactly the desired 
temperature in each room. 

The air handling unit provides exactly the right amount of air 
via pressure regulation with the communication unit, as well as 
optimum temperature on the cooling and heating water via a 
function that controls the primary water circuit. 

Office, waterborne systems
As said in the previous section, the aim of a system designed 
for offices is to create the perfect indoor climate, at the lowest 
possible energy cost, so that the client can feel secure as 
regards both the investment and when operating the system.

Advantages of airborne systems
• Energy efficient free cooling can be utilised 

• Low installation cost

• Requires little space

• Best air quality

Again, the illustration shows a system application for office 
buildings comprising several storeys. Nowadays, many offices are 
sized for the maximum number of people present. The level of 
occupancy in an office varies according to the business in ques-
tion. As said in the previous section, in many cases the office is far 
from fully occupied, which means that the installed ventilation 
system is oversized. This costs money and energy. The solution is a 
system that is demand controlled with regard to occupancy and 
load in the office.

The office storeys are supplied by a system divided into two cen-
trally located air handling units and externally produced electri-
city, cooling and heating media. The air handling system demand 
controls the office building’s airflow requirement.

The offices are air conditioned and ventilated with the supply air 
diffusers and radiators. 

The conference rooms are air conditioned with variable flow 
dampers, ceiling terminals and radiators. 

Public areas, such as the reception, kitchenette and cafeteria, 
are air conditioned with air diffusers.

A communication unit connects the system with the air 
handling units.

Offices, airborne systems
The aim of a system designed for offices is to create the optimal 
indoor climate, at the lowest possible energy cost, in order for 
the client to feel confident in regards to both the investment 
and when operating the system.



TECHNICAL GUIDE TECHNICAL GUIDE
System solutions System solutions 

6362

Functions
• Air handling units with built-in control equipment

• The supply air diffusers are designed to deliver either heated 
or cooled air.

High quality air handling units and supply air diffusers can meet 
these requirements in a very efficient manner. 

A suitable air handling unit delivers air, heating and cooling, and 
has built-in control equipment. The unit should also be equipped 
with return air dampers, allowing for energy-saving and efficient 
heating at night and early morning. 

The supply air diffusers should be adapted to provide both 
heating and cooling. In the event of heating requirement, the 
supply air passes through the upper, nozzle-equipped, section. 
The air is forced at a high velocity, without causing draughts or 
noise, down towards the floor. In the event of a cooling requi-
rement, the supply air passes through the lower perforated 
section. The air is delivered at low speed and naturally moves 
towards the floor.

The air is delivered at low speed and naturally moves towards 
the floor.

Functions
• Unoccupied premises: 100% return air, heating if necessary

• Before the shift: 100% return air, morning adjustment where 
the temperature is raised to the desired value

• During the shift: Designed ventialtion flow

• In the event of a heating load, forced heating 

• In the event of a cooling load, forced cooling

• The supply air diffusers are designed to deliver either heated 
or cooled air

High quality air handling units and supply air diffusers can, 
again, meet these requirements in a very efficient manner. 

A suitable air handling unit delivers air, heating and cooling, and 
has built-in control equipment. The unit should also be equipped 
with return air dampers, allowing for energy saving and efficient 
heating at night and early morning. Similar to the set up in 
industrial buildings.

The supply air diffusers should be adapted to provide both 
heating and cooling. Again in the event of heating requi-
rement, the supply air passes through the upper, nozzle-
equipped, section. The air is forced at a high velocity, without 
causing draughts or noise, down towards the floor. In the event 
of a cooling requirement, the supply air passes through the 
lower perforated section. 

Industrial buildings
The indoor climate in an industrial building must meet special needs. Naturally as a workplace it requires ventilation. From a 
temperature standpoint, it has different needs during different seasons but usually a heating load prevails at night and in the morning 
and a cooling load during the day. The premises usually have large areas and ceiling heights.

Commercial buildings
Similar to the industrial building in the previous section, the indoor climate in large commercial buildings must meet special needs. 
The temperature must be uniform throughout the year and throughout the day. During large parts of the day there is excess heat and 
usually there are also large variations in different parts of the premises. Large glazed areas give a heating need. The premises usually 
have large areas and ceiling heights.
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Savings potential
• Demand controlled ventilation gives approximately 30% 

lower energy consumption

• Zonal supply air temperature

• Room heating with maintenance-free comfort modules

A proposal for a principle solution for hotels with a demand 
controlled ventilation system must be characterized by a holistic 
approach and complete with all necessary components. The 
example shows a system, based on a typical hotel with five 
floors, divided into two subsystems, which together create 
opportunities of substantial savings compared to the today’s 
standard hotel solutions.

Cooling and heating production is provided by a multifunctional 
unit. The individual hotel rooms are air-conditioned and ventilated 
with compact comfort modules and the control systems are 
connected to a centrally located air handling unit. 

Public areas such as the restaurant, lobby and conference room 
area are air conditioned with comfort modules, which, together 
with the air handling system, demand controls the airflows in 
these areas. 

In order to optimise fan operations and ensure the room climate 
in all rooms, flow control is linked together with the air handling 
unit.

Hotels
The most important economic key figure within the hotel sector is the occupancy level. The occupancy level is directly dependent on 
the well-being of the hotel guests, satisfied guests are more likely return. One of the most important requirements that hotel guests 
request, is that the room should be perceived as “fresh, quiet and comfortable”. Most also want to have an opportunity to influence 
the temperature in the room. The requirement of the system solution is thus to create an individual demand controlled indoor climate 
with optimal operating economy.

Functions
• Constant temperature on the supply air is set at the preset 

value and has provision for winter and summer compensa-
tion

• Constant pressure in the supply air duct

• The extract air is evacuated as common transfer air and is 
slave controlled to the same flow as the supply air

• Rooms with active air terminals

• Rooms with passive air terminals

A simple and cost effective solution permits mixing several 
types of zones, both with variable airflow and constant airflow. 
The concept is based on an air handling unit supplying the 
rooms with preheated/cooled air at a constant supply air 
temperature of 15-18°C. At room level, an intelligent room 
control manages temperatures and air quality in response to 
signals from temperature sensors and CO2 sensors, or occupant 
detection sensors. This solution provides a demand controlled and 
substantially energy saving ventilation system.

The air handling unit together with the active or passive air 
terminals and regulators constitute a flexible package solution. 
Ventilation is then demand controlled and several different con-
trol options can be utilized.

Public buildings
In public buildings, such as schools and libraries, the load caused by occupants varies substantially as the day progresses. This normally 
requires complicated solutions to achieve correct airflow and temperature at every individual point in time and for every individual load 
condition.
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Apartment buildings, central solutions

The example shows an air handling system for demand controlled 
indoor climate, where each apartment features damper control 
via a control panel. Energy consumption is below 20 kWh/m2, year, 
which by a wide margin is within the framework of the EU energy 
directives for buildings’ energy use.

An air handling unit manages the supply and extract air to 
an appropriate number of apartments via pressure control. 
The airflow is controlled in each apartment as needed via a 
control panel and a timer. The system controls to an economical 
low flow when no one is at home. At other times, the system 
operates at normal flow and when using the cooker hood with 
forced ventilation. An economic special function is that the 
supply air is principally directed to the living room during the 
day and to the bedroom at night. Thus, a lower airflow per 
apartment can be used and still satisfy the indoor climate in the 
occupied parts of the apartment. The solution is energy efficient 

A good indoor climate in apartments is a prerequisite for people to feel good. Increasingly stringent energy requirements demand new 
and energy efficient solutions. At the same time, the installation must handle cooking fumes and other odours without transferring these 
to other apartments or stairwells.

because the ventilation is adjusted to where the people are in 
the apartment and to what they do. 

Advantages
• Good air quality

• Simplicity for the user and installer

• Small energy use

With a decentralised solution for ventilation in apartment buil-
dings, each apartment has its own ventilation system.

Unit placement
The simplest solution is usually to place the ventilation unit in 
bathrooms or other suitable spaces. The downside is that ser-
vice personnel must enter the apartment to replace filters and 
conduct other maintenance.

It is also possible to build the ventilation unit into the stairwell. 
It may involve more complicated ducting, but the advantage is 
that the service can be performed without access to the apart-
ment.

Outdoor air and exhaust air
The simplest solution is usually that both outdoor air and 
exhaust air for each unit is taken via the facade. It is also 
possible to utilise the shaft or main ducts.

Cooker hoods
Installation and investment costs will be lower if the ventilation 
unit’s extract air fan is also used for the cooker hood’s airflow.

Another solution is for cooker hoods to be connected via a shaft 
or main duct to the central roof fan.

Miscellaneous
Local restrictions may prevent leading exhaust air to the 
facade. Local restrictions may also prevent leading the cooker 
hood’s exhaust air through the unit.

Irrespective of the solution, separate measures may be necessary 
to prevent air transfer, crosstalk and for fire protection.

The solution with outside air via the facade, cooker 
hood attached to a ventilation unit and separate 

exhaust ducts to a central exhaust hood.

Solution with outdoor air and exhaust air via the 
facade, the cooker hood connected via main ducts 

to the central roof fan.

Solution with outdoor air and exhaust air via the 
facade, the cooker hood connected via main ducts to 

the central roof fan.

Apartment buildings, decentralised solution
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Project planning
Introduction
The planning of an installation for indoor climate must take 
into account a number of factors. In addition to the specific 
demands by the client/user, the requirements as discussed in 
the previous chapter must be met.

This planning chapter provides instructions and guidance on 
how the different systems and components in systems can be 
designed.

In principle, detached and terraced houses always have a sepa-
rate ventilation system. 

Outdoor air and exhaust air
The most common solution is that outside air is taken via the 
facade and exhaust air is led to the roof hood. 

Cooker hoods
Installation and investment costs will be lower if the ventilation 
unit’s extract air fan is also used for the cooker hood’s airflow.

Another solution is to connect the cooker hood to its own roof 
fan, alternatively, that the cooker hood has a built-in fan.

Miscellaneous
Local restrictions may prevent leading the cooker hood’s 
exhaust air through the unit.

No specific actions are normally needed in detached and 
terraced houses against air transfer, crosstalk or fire protection.

The solution with outside air via the facade, exhaust 
air to the exhaust hood, cooker hood attached to a 

ventilation unit. 

The solution with outside air via the facade, exhaust air to 
the exhaust hood, cooker hood attached to a roof fan  

(or fan of its own in the cooker hood). 

Detached and terraced houses
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Project design for a good acoustic environment
Working method
This working method follows the traditional design 
management with idea sketches, system documents and 
construction documents. The method consists of:

• In the early stage - sketch phase, determine the measures 
necessary to attenuate the sound from fans to rooms and to 
the surroundings in terms of size and fundamentally design 
the system.

• Detail design is performed at the end of the stage and gener-
ally proposed measures are defined.

What to think about together with the architect in the first 
design phase:

• Determine the geometry and volume of the main body of the 
house.

• Suggest the number of units and machine rooms with 
respect to the building's layout and activities.

• Determine the size of the machine room. 
NOTE! The size has more dimensions than the length, width 
and height. It is vital to state the noise level and dynamic dis-
turbing forces on floor structures, power requirements, etc.

Ventilation systems impact on the acoustic 
environment
A ventilation system in a building affects the acoustics through 
sound generation, crosstalk in the duct system, leakage in cut-
outs and increased room attenuation of diffuser openings in the 
room.

In addition, there are the effects of vibration forces caused by 
fans. All these aspects must be considered during the design 
stage.

Sound generation
Sound is generated by several factors such as fans, dampers, 
diffusers and air currents.

Fans
Sound power levels in dB are usually stated by the manufacturer in 
octave bands and as the total sound power level.

Dampers
Sound power levels in dB are usually stated by the manufacturer 
in octave bands. The levels are often specified in the octave band 
between 63 Hz and 8000 Hz.

Air diffuser
Inherent sound to rooms is usually stated as the noise level in 
dB(A) related to the room attenuation 10 m2 Sabine, which 
means that the sound level applies at a distance from the 
diffuser in a room with 10 m2 of sound absorption area. If the 
room’s occupied zone reaches up to the diffuser, the fact that 
the noise level in the diffuser’s near field is much stronger than 
the noise level at a distance in the middle of the room must be 
taken into consideration.

Airflow
The air flow in ducts creates turbulence with unevenness, bran-
ches, connections, etc., and therefore sound. In most cases 
quality diffusers are designed with sufficient attenuation in order 
to meet the sound generation from an air velocity of 8 m/s in the 
main ducts and at most 4 m/s in the branch ducts. Variations 
occur, especially in rooms with demands for low background 
noise levels.

with high demands on sound insulation. Perform crosstalk 
calculations using calculation software. Here the RW values for 
duct routing are specified.

D 
All duct routing must be designed so that it can be 
implemented with good accuracy and air-tightness. It is 
important that the construction documents show the design of 
lead-through openings that can be carried out and sealed in a 
satisfactory manner. The responsibility for the detailed design is 
the planning engineer. The design must also be of such quality 
that assembly can take place without the risk of injury to the 
fitters, which is also the planning engineer's responsibility.

At the end of the project planning, the sound conditions are 
computed in some critical system branches. The whole system 
is rarely computed. In connection to the calculation, sound 
attenuators in the unit room are specified in detail as well as the 
sound attenuators in the duct system. Previously stated requi-
rements are interpreted into sound attenuator proposals of an 
adequate size.

The sound level must be determined with a 5 dB margin for each 
system in the detail design. This means that when the supply 
and exhaust air systems are run simultaneously, the margin will 
be 2 dB, which is a necessary margin in terms of the differences 
in performance and uncertainty in measurements. If the building 
contains additional systems such as systems for cooling, heating 
etc. which are likely to affect the noise level in the room, the 
margin must be extended by an additional 2 dB per additional 
systems. In the event of three such noise producing systems, 
these must be calculated against a demand that is 7 dB below 
the current requirement. If they contribute equally to the sound 
level in the room, this means together they answer for a noise 
level that is 5 dB over the design of each system, i.e. the margin 
will be 2 dB to requirement. This means that the supply air 
and exhaust air systems in a building with three systems incl. 
heating, should each be designed to handle 23 dB(A) in e.g. 
classrooms and residential rooms. 

E 
The construction documents should include, a document drawn 
up to show hole-making, lead-through openings and the sealing 
method and subsequent repair in terms of acoustic and fire 
protection requirements and flexibility. The sealing tightness is 
critical in order for sound requirements to be met in the finished 
building. Products that are initially designed to be easily reces-
sed in walls, floor structures, etc., can provide a satisfactory 
sealing tightness. 

The natural steps
A 
Knowing the ventilated volume, the size of the unit can be 
specified. Thus, the general sound power from the unit can 
be determined as well as the measures required in order 
for the unit’s sound to be accepted in the building and the 
surroundings. 
The machine room’s dimensions are specified, i.e.:

• The required area in m2 

• The requisite noise level in the machine room

• The need of vibration isolation with the required floor struc-
ture

The size of machine rooms is determined by if the attenuation 
measures have space to limit the noise emission to the 
surroundings and that the sound power level to the shaft does 
not exceed 60 dB(C) in the duct. All low frequency attenuation 
shall be achieved in the unit room.
All sound attenuators that contain porous sound absorbing 
materials must be accessible. Sound attenuators must be 
possible to open or be accessible by other means and the porous 
material to be cleaned or replaced.
The vibration isolation of the unit makes demands on the floor 
structure and the height in the unit room. This must be determi-
ned at an early stage so that the right floor structure or supple-
mentary measures can be designed.

B 
All sound requirements are compiled and shall include:

• Maximum design noise level dB(A)/dB(C) in the machine 
room, stated by the ventilation consultant

• Maximum design noise level dB(A)/dB(C) in the shaft, stated 
by the ventilation consultant

• Maximum design noise level dB(A)/dB(C) above the corridor 
ceiling, etc., stated by the ventilation consultant

• Noise level in the room dB(A)/dB(C), stated by an acoustic 
engineer or architect

• Sound insulation in partition walls and floor structure RWdB, 
stated by an acoustic engineer or architect

• Noise emission to surroundings, LW sound power in outdoor 
air and exhaust openings, stated by an acoustic engineer or 
ventilation consultant.

C 
Principle documents are drawn up where the size of the low fre-
quency attenuators is specified in the machine room and sound 
attenuators in the duct system are distributed as needed next 
to the room. 
Sound attenuators after throttle dampers to rooms in office 
buildings and the like. In school buildings and adjacent to 
meeting rooms with higher demands on crosstalk attenuation, 
this usually means 1200 mm sound attenuators between the 
throttle dampers and rooms. The different sound attenuators 
generally give class LD 1, 2, 3, etc.. and are designed in detail 
in the construction document phase. Duct routing should 
be designed in order to not have to go through separating 
structures 
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Construction phase
Common design issues that lead to unwanted noise are con-
stantly monitored during the construction phase. This includes, 
among others:

Changing material
Equivalence in terms of sound must be checked. The presenta-
tion of equivalence from all of the following aspects should be 
demanded.

Fan installation
Fans are normally vibration isolated in the unit. It is important 
to remember that there should be a flexible connection 
between the fan and duct system.

Duct design, air-tightness, pressure drop
Ducts must be joined without sharp interior edges. Leakage 
causes noise. Unnecessary pressure drops cause noise and an 
inferior working state for the fan. Make sure duct routing is 
smooth with gradual bends and transitions.

Refinishing
All seals around ducting in lead-through openings must be 
checked. Usually only the visible part of the hole has been 
sealed. Higher requirements on sound insulation should be mea-
sured. Measurements can be made early in production, and act 
as a guide to the contractor.

Final pressure drop
Excessive pressure drops across diffusers may result in sound 
generation. Most diffusers offer an adjustment option that 
must be used to equalize the flow between rooms in a branch 
duct, but not to throttle the entire system’s flow distribution.

Commissioning
Must be done so that the diffuser does not give too loud inhe-
rent sound to the room.

Checks
Sound levels must be checked during commissioning. Sound to 
the surroundings must be measured.

Example of the fan diagram
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Example of correction factors, KOK , dB

Noise from fans 
Normally the generated sound power level is specified for fans.

The data is presented in eight octave bands and for different 
sound paths. The value in each octave band is obtained by 
reading the total sound power level, Lw, tot, in the fan diagram 
and adjust with the current correction factor, Kok according to 
the table below in fan diagram.

Measurements are normally made according to ISO 3741 or ISO 
5136.

ISO 3741 is used for measuring the sound power level emitted to 
the fans’ or units’ surroundings and ISO 5136 is used for measur-
ing the sound power level emitted to the duct.

In order to obtain the most realistic values , the sound measure-
ments should be made according to the ISO methods and with 
the fan in its casing.

If the measurement is done with free standing fans, the result 
will be a lower sound level. The trade association ASHRAE in the 
USA states in the Application of Manufacturers Sound Data:

“For sound measurements, free standing fans have a 5-10 dB 
lower noise level in octave bands from 250 Hz and lower than 
fans in the unit casing.” 

Measurement accuracy
ISO has, when designing the measurement method for sound 
power level to the duct, also investigated inaccuracies in 
different octave bands (90% certainty)

Octave band (Hz) 63 125 250  500 
Inaccuracy (dB) ±5.0 ±3.4 ±2.6 ±2.6 

Octave band (Hz) 1000 2000      4000      8000 
Inaccuracy (dB) ±2.6 ±2.9 ±3.6 ±5.0

Acoustic calculations
On the right hand side is a typical fan diagram. The fan’s wor-
king area is within the hatched area. 

The total sound power level LW, tot to the outlet ducting can be 
read (blue colour) from the diagram. The following formula can 
be used for breaking down the sound power level into octave 
bands: LW, ok= LW, tot+ Kok.  

Correction factors for different sound paths, Kok can be obtai-
ned from the table.

The calculation program can usually produce accurate values 
for a specific operating case.

Anechoic
connection

Microphone

Fan in casing

Measurements are made inside a duct with a specified design and 
anechoic connection. Measurements and calculations are made on 

1/3 octave band.

Anechoic
connection

ISO method

  * The integral attenuation of filters and heat exchanger has been 
taken into account.

**  Total sound power level emitted to the surroundings is calculated 
as the sum of the levels in the supply air and the extract air.

Octave band, no./mid-frequency, Hz
Sound path 1 2 3 4 5 6 7 8

63 125 250 500 1000 2000 4000 8000

To the outlet duct -4 -9 -7 -5 -8 -9 -11 -11
To the inlet duct* -9 -10 -10 -21 -29 -32 -36 -33
To air handling unit 
surroundings**

-15 -23 -30 -26 -41 -42 -45 -42
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Example
In a room with 50 m2 of equivalent absorption area, the dis-
tance between the occupied zone and a supply air diffuser is 2 
m. The air terminal is mounted in the ceiling (Q = 2). The noise 
level from the supply air diffuser and the duct system is accor-
ding to catalogue information 43 dB(A). Lp - Lw will according to 
the diagram be (9 dB - 4 dB) 5 dB. 
The sound pressure level in the room is then Lp = 43 - 5 i.e. 38 
dB(A).

Calculating the difference between the sound power level (Lw) 
and sound pressure level (Lp) as a function of the equivalent sound 
absorption area (A) and the distance to the sound source (r) at 
different air terminal placements (Q) is performed as follows:

where

Q = direction factor
r = distance to sound source (m)
A = equivalent sound absorption area
am = mean absorption factor for the total limitation surface

Direction factors for different diffuser placements. 
Q = 1 Middle of the room, free blowing  

Q = 2 Wall or ceiling
Q = 4 Wall near the ceiling  

Q = 8 Corner placement

Difference between the sound power level and sound pressure level
Lp– Lw = Difference between the sound power level and sound  

              pressure level (dB).
A = Equivalent sound absorption area (m2)

B = Free Field
r = Distance from sound source (m)

Sound power level and  
sound pressure level
The diagram below, you can easily determine the difference 
between the sound power level and the sound pressure level at 
different distances, r, and equivalent room absorption, A.

Mid-frequency (octave band)
63 125 250 500 1000 2000 4000 8000

Output 
level dB

57 57 57 57 57 57 57 57

Correction 
acc. figure 
below

-5 -6 -7 -8 -9 -10 -15 -20

Octave 
band level

52 51 50 49 48 47 42 37

The octave band distribution of the total sound power level is 
obtained approximately according to the following figure:

The sound power level for sound generated in a straight duct is 
obtained according to the equation:

Lwtot = 10 + 50 log v + 10 log s
v = air velocity in the duct, m/s
s = the duct’s cross-section area, m2 

Example
Air velocity, v = 10 m/s 
Duct area, s = 0.5 m2 
The sound power level, Lwtot, then becomes 57 dB

The total sound power level is divided on the octave bands as 
follows:

Octave band distribution of total sound power level in straight ducts
A = Relative sound power level dB/octave (dB above 1 pW)

B = Mean frequency octave band (Hz)

Sound generation in straight ducts
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Attenuation for different weighting filters

When the dB(A) value is calculated, the measured values are 
corrected with the A-filter’s approximate values as set out in the 
table. The resulting sound levels by octave band are then added 
logarithmically.

Example
A sound measurement gives the sound pressure levels 45 dB 
(125 Hz), 40 dB (250 Hz), 36 dB (500 Hz), 37 dB (1000 Hz), 34 
dB (2000 Hz) and 25 dB (4000 Hz). The resulting sound level 
expressed in dB(A) will then be 41 dB(A).

Frequency 125 250  500 1000 2000 4000
Measured values 45 40 36 37 34 25
Corr. for filter A -16 -9 -3 0 +1 +1
Result 29 31 33 37 35 26

Correction for A-filter

Recommended octave bands according to ISO

NR curves
Lp (dB) = Sound pressure level  

A = Mid-frequency (Hz)

Mid-frequency Filter A Filter B Filter C
Octave band (dB) (dB) (dB)
Hz    
63 -26.2 -9.3 -0.8
125 -16.1 -4,2 -0.2
250 -8.6 -1.3 0
500 -3.2 -0.3 0
1000 0 0 0
2000 +1.2 -0.1 -0.2
4000 +1.0 -0.7 -0.8
8000 -1.1 -2.9 -3.0
16000 -6.6 8.4 -8.5

Weighting filters for sound measurements

Octave 
band

Mid- 
frequency

Band  
limits

Wavelength

Nr Hz Hz m
2 125 88-177 2.720
3 250 177-354 1.360
4 500 354-707 0.680
5 1000 707-1410 0.340
6 2000 1410-2830 0.170
7 4000 2830-5660 0.085
8 8000 5660-11300 0.043

Comparisons
In order to get an idea of how disruptive a sound can be, it may 
be compared with the frequency analysis of the sound with the 
normalized noise criteria curves so-called NR curves. The NR 
value is stated with the number of the highest NR curve, which 
is touched by the curve for the frequency analysis.

A direct recalculation of a dB(A) value to an NR value cannot be 
done. As an indicative value, the dB(A) value is usually considered 
to be five units higher than the NR value. However, the difference 
is dependent on the sound’s frequency distribution.

Sound attenuation
Unit attenuators
Unit sound attenuators are usually used on air handling units.  

Sound attenuators resistive
The most common type is an absorption attenuator where the 
air flows along the sound absorbing material; the longer the 
sound attenuator, the greater the attenuation. Resistive sound 
attenuators provide better attenuation at higher frequencies. 
The attenuation is stated in dB in octave bands, which cor-
responds to the attenuation that is obtained if the correspon-
ding duct is replaced with the attenuator. Sound attenuators in 
elbows give efficient damping.

Sound attenuators reactive
A reactive sound attenuator can give good attenuation at low 
frequencies if the volume is large enough. An example of a 
reactive sound attenuator is a pressure box, lined inside with 
sound absorbing material. The sound energy is assumed to be 
uniformly distributed over the surface and attenuation cor-
responds proportionately to the size of the opening relative to 
the entire interior surface. Preferably the inlets and outlets must 
not be placed opposite each other as high frequency sound can 
be short-circuited through the sound attenuator. 

Branches
Normally, the sound energy may be distributed in the duct 
system’s different branches in proportion to the area size. An 
approximate method is to distribute the sound energy in pro-
portion to the air distribution in the system. There are devia-
tions, for example, duct branches in straight connections close 
to the fans that can give more sound at certain frequencies 
than what this approximate method states. However, with care, 
the method gives a good estimate of the system’s sound atte-
nuation properties.
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Equivalent sound absorption area
A = Equivalent sound absorption area (m2) 

V = Room volume (m3)

Type of room Mean absorption factor am

Radio studio, music room 0,30 - 0,45
TV studio, store,  
reading room

0,15 - 0,25

Homes, offices, hotel rooms, 
conference rooms, theatres

0,10 - 0,15

Classrooms, nursing homes, 
small churches

0,05 - 0,10

Factory halls, swimming 
pools, large churches

0,03 - 0,05

The reference values for different premises’ mean absorption factor.

Example
A local shop for clothes with dimensions of 20 x 30 x 4.5 m (i.e. 2700 
m3) has a mean absorption factor of am = 0.40. The premises’ equi-

valent room absorption will be 500 m2.

Room absorption
The room’s volume, condition of the surfaces and interior furnis-
hings significantly affect the resulting sound level. The table with 
reference values for the absorption factor a and the diagram 
can be used to calculate a room’s equivalent sound absorption 
area.

It generally applies that the equivalent sound absorption area 
(A) is calculated as follows:

 A = S . am

where   S · am = S·a1+ S2·a2 + .....+ Sn·an 
 S= the room’s total limitation area (m2) 
 S1...Sn= area of sub-surfaces (m2)  
 a1...an= absorption factors of sub-surfaces  
 am = mean absorption factor for the total  
 limitation surface

Sound attenuation  
DL = Attenuation (dB) 

B = Placement of the duct opening (see illustration above to the 
right) 

A = Cross-sectional area of the duct with rectangular cross section 
(m2) 

D = Opening diameter for ducts with circular cross section (m) 

Placement of the duct opening
1. Middle of the room 

2. Wall or ceiling 
3. Wall near the ceiling  

4. Corner

Sound attenuation in duct openings

The sound level at the inlet from the duct to the room is reduced 
through the sound’s propagation, which normally occurs radially. 
This reduction is called orifice attenuation.

The attenuation (ΔL) for each air terminal is specified in octave 
bands. The orifice attenuation is calculated in these values. The 
diagram below is used to calculate orifice attenuation for a 
freely ended duct.

Example

A rectangular duct opens into the room according to placement 
option 3 in the illustration to the right, and its cross-sectional 
area is 0.15 m2.

According to the diagram, the following orifice attenuation is 
obtained.

Octave band (Hz) 63 125 250 500
Orifice attenuation dB 7 4 1 0
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The relationship between the % branched air and attenuation
A = Attenuation (dB)

B = Air volume to room/terminal (%)

Branch attenuation
At a branch the sound effect separates in relation to the duct 
areas, i.e. (A1/A2 as shown below). In cases where the air velo-
city in all ducts is relatively similar, the sound effect will divide in 
the same way as the air volume. A branch duct that transports 
10% of the total air volume will also contain 10% of the sound 
effect.

As high frequencies can be compared to rays of light, in the 
illustration below we see that only a small part of the high 
frequency sound propagates in the branch. Thus, in this case, 
we under dimension the attenuation at high frequencies      (> 
500 Hz). However, in a T-pipe, the sound energy divides itself ac-
cording to the same relationship as the duct areas.

Sound propagation in branches

The diagram below can be used both when looking at the rela-
tionship between air volume and area.

Attenuation in interior suction or  
pressure chambers 
If the sound on its way from the fan to the room passes an inte-
rior lined chamber, the sound will be attenuated in proportion 
to the difficulty the sound has in leaving the chamber.

The following figure can be used to determine the attenuation in 
a chamber that is internally lined with 100 mm mineral wool.

Attenuation in pressure and suction chambers internally lined with 
100 mm thick mineral wool. (Note! The inlet and outlet must not be 

placed opposite to each other.)
A = Attenuation (dB)

B = Lined area divided by the outlet area.

Internally lined elbows with damping

Attenuation in rectangular elbows with and without absorption linings

Duct width Attenuation in dB at octave mean frequency (Hz)
mm 125 250 500 1000 2000 4000 8000

Without absorption lining 125 1 5 8 4 3
250 1 5 8 4 3 3
500 1 5 8 4 3 3 3

1000 5 8 4 3 3 3 3
Lining before the elbow 125 1 5 8 6 8

250 1 5 8 6 8 11
500 1 5 8 6 8 11 11

1000 5 8 6 11 11 11 11
Lining after the elbow 125 1 7 11 10 10

250 1 7 11 10 10 10
500 1 7 11 10 10 10 10

1000 7 11 10 10 10 10 10
Lining before and after the elbow 125 1 7 12 14 16

250 1 7 12 14 16 18
500 1 7 12 14 16 18 18

1000 7 12 14 16 18 18 18

Attenuation in elbows
When the sound in a duct hits an elbow, some of the sound is 
reflected back. The amount reflected depends on the duct’s 
dimensions and the wavelength.  
 
The attenuation in rectangular elbows is significantly greater 
than for circular elbows. Normally attenuation is not calculated 
in circular elbows. Attenuation for rectangular elbows are shown 
in the table below. 
 
The lining must have a length corresponding to at least twice 
the duct width; thickness of the lining material, t, must be at 
least 0.1 × B.

Duct attenuation
Only small attenuation is obtained in the duct system apart 
from elbows, bends and changes in size where so-called reactive 
attenuation is obtained. 

Integral attenuation
The attenuation of terminals is specified in dB in the octave 
bands and usually refers to the attenuation from the sound 
effect in the duct to the sound level in the room at 10 m2 Sabine 
room attenuation. Be aware of misunderstandings, there are 
other ways to describe room attenuation. Also note that some 
terminals act as amplifiers, i.e. the integral attenuation can be 
negative.

The attenuation for larger terminals designed for industrial app-
lications is specified for 150 m2 room attenuation. 
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Addition of sound levels
All sound sources in the room are added logarithmically. Addi-
tion can be done by using the diagram below for the addition of 
a number of equal or different sound sources.

Logarithmic addition of several equal levels
A = Number of sound sources

B = Increase to be added to the level of the sound source, dB

Example
In a room there are three extract air diffusers which each give 
25 dB(A). 
Together these give a sound pressure level of 25 + 5 = 30 dB(A).

Logarithmic addition of two different levels
A = Difference between levels to be added (dB)

B = Increase to be added to the higher level (dB)

Example
Total of 30 dB(A) and 36 dB(A) is 37 dB (A).

Logarithmic subtraction of two different levels
A = Difference between total level and the level from sound source 1 

(dB)
B = Reduction to be subtracted from the total noise level (dB)

Example
In a room with both supply and extract air systems the total 
noise level is 35 dB (A). Only the supply air system gives 32 
dB(A). The difference is 3 dB(A), which means that the extract 
system gives 35 - 3 = 32dB(A).

Basic facts
All sound sources in the room in question are added logarithmi-
cally. 

Mathematic formula for logarithmic addition and subtraction if 
character change occurs:

LAtot = 10 Log (10(LA1/10) + 10(LA2/10) + ....)

Examples of the right and wrong duct design after a fan
A = Correct design 
B = Wrong design

C = Elbow angled 45 degrees on the outside  
D = Correct design - duct elbow should be aligned with the fan's 

direction of rotation.
E = Wrong design

Counteracting crosstalk
a) Low sound insulation 

b) High sound insulation. High attenuation can be obtained especi-
ally at duct lengths of 1-3 m.

The same procedure can be used for supply air diffusers to pre-
vent crosstalk and attenuate duct sound.

Selection of air terminal
Terminal selection should be done so that the terminal’s sound 
generation is 5 dB below the requirement specified for the room 
in question.

Sound attenuators for extract air diffusers
One way to counteract crosstalk via a common ventilation duct 
is to fit a sound attenuator between the main duct and the 
terminal. Placing the sound attenuator as shown in the figure, 
can remove the resonance effects and thus significantly improve 
the sound insulation.

Design tips for sound
Duct connections to fan outlets  
The duct's connection to the fan is the first place that may 
generate unnecessarily high pressure drops and thus unneces-
sarily high sound levels. When deflecting the air via an elbow, 
consideration must be taken to the velocity distribution in the 
duct before the bend.

An incorrect design with a cross elbow directly next to a tra-
ditional radial fan with scroll-shaped housing will increase the 
total sound power level by 4 dB. In addition, if the fan is turned 
“upside and down” the sound level will be about 6 dB higher 
than with a correct design. So-called plenum fans are much 
more forgiving.

Some examples of right and wrong design and examples of noise 
increases that can result are given below.
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Distance between the duct and terminal 
The specified values in different types of documentation 
regarding pressure drop and sound generation apply on 
the condition that the velocity distribution in the terminal 
connection is balanced. A common issue is that the terminal is 
placed too close to the branch duct with accompanying sound 
problems. One recommendation is that the branch of the duct 
is at least 3 times the diameter of the duct. See the example 
below.

The branch from duct to the terminal should be at least 3 x D.

Duct routing with low speed terminals
Duct routing is extremely important for the size of the sound 
generation. Duct elbows directly before the terminal can give 
substantial increases in sound generation. See the example in 
the illustration and table below.

Example of how different connections to the terminal affect sound 
generation

Sound effect at duct connections
Duct connections

v m/s A B C D
4-5 m/s + 2 + 6 + 3 + 3
6-8 m/s + 4 + 10 + 6 + 6

Sound effect (dB) for different duct connections and different air 
velocities in the connecting duct

Calculation model dB(A) to dB(C)
The model shows an example with a supply air diffuser for 
displacement ventilation, which at a flow of 170 l/s with open 
damper gives 30 dB (A) according to the sizing diagram. 

Sound power level 
Correction factor, KOK

Mid-frequency (octave band) Hz
63 125 250 500 1000 2000 4000 8000

dB(A) 30 30 30 30 30 30 30 30

KOK 12 8 4 2 0 -10 -22 -23

LW 42 38 34 32 30 20 8 7

Plus 
C-filter

-0,8 -0,2 0 0 0 -0,2 -0,8 -3

Result 
B(C)

41,2 37,8 34 32 30 19,8 7,2 4 44

Room attenuation at 10 m2 Sabine. 4

Result 40

Result: 
At 170 l/s with the damper in the open position gives the same 
as the supply air diffuser 40 dB (C).

Designing for fans  
A fan is intended to provide flow transport of air or other gas.

For such a flow to take place, for example, in a duct system, 
requires a pressure increase of the gas in a suitable location in 
the system. The requisite pressure rise can be accomplished with 
a fan or - in instances when a particularly large pressure increase 
is required - with a compressor.

Explanation of terms used in the equations below:

q = volume flow at the fan inlet  ........... m3/s (m3/h) 
Dpt= total pressure increase between the fan’s
  connections  .................................. Pa (mm vp)
n = fan speed  .................................................. rpm
Pu = theoretical power ........................................ kW
Pr = fan impeller’s power load ............................. kW
Pe = consumed active power effect from the network  kW
ηr = fan impeller’s efficiency .................................  %
ηe   = total efficiency for the fan .............................  %

3

=
2

=

=

Working method
Flowing gaseous mass is supplied energy in a fan through one 
or more blade-equipped fan impellers. When passing through 
the fan impeller(s) both the gas’s dynamic and static pressure 
usually increase.

The outlet velocity from the impeller is transformed usually to 
static pressure during the passage from the impeller outlet to 
the fan outlet.

In radial fans this transformation from velocity energy into static 
pressure takes place in the spiral casing. Fans that are connected 
to the duct system generally have the same connection area on 
the inlet and outlet. In such instances, the gas velocity and thus 
the dynamic pressure is equal in the fan connection and the fan’s 
total pressure increase is only perceived as an increase of static 
pressure between the fan’s connection flanges.

However, a free-drawing fan draws air from a room, where both 
the static pressure and the velocity is 0, and delivers the air in 
the fan outlet at a specific velocity and increased static pres-
sure. Accordingly, in this case the fan’s total pressure increase is 
perceived as an increase of both the static and dynamic pres-
sure.Definition of efficiencies for fans 

Fan impeller efficiency:

    
   η r=       x  100%
        Pr

The fan’s total efficiency
  
    ηr=                 x  100% 

    

where Pu is the theoretical effect according to

     Pu=    

Pu

Pu

Pe  

q x Dpt

1000 kW

The speed’s effect on the fan power
In the event of unchanged load conditions (unchanged 
throttling):

1. The air volume in direct proportion to the speed
    q  n 
   q1 n1

2. Static, dynamic and total pressure in direct proportion 
   to the square of the speed change

    p   n
    p1  n1

3. The power load in direct proportion to the cube of the  
  speed change.  
    p       n 
    p1      n1
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Relative humidity

Atmospheric pressure = 1013 mbar

Air temperature at the fan inlet, °C

C
or

re
ct

io
n 

fa
ct

or
, K

2

Height above the sea, m

C
or

re
ct

io
n 

fa
ct

or
, K

1

Atmospheric pressure, mbar

Fan data at differing density 
The diagram and data for fans specified by manufacturers of 
fans and air handling units usually apply for a density of 1.2 
kg/m3 at the fan inlet.

The density is 1.2 kg/m3 for air with a temperature of 20°C at 
relative humidity of 50% and at sea level (1013 mbar). The fol-
lowing relation applies for recalculation of fan data to another 
density.

1.  The air flow in m3/s does not vary with density.

2.  Static, dynamic and total pressure is taken from: 

 p = p1.2 x K1 x K2. 

3.  Power load is taken from:

 P = P1.2 x K1 x K2

4.  The density is taken from:

 r = 1.2 x K1 x K2  

 where K1 and K2 is taken from the diagram

In many contexts normal cubic metres, nm3, or normal cubic 
metres per second, nm3/s are used. 

Normal cubic metres, nm3, refers to the quantity of gas which 
at a pressure of 1 bar and a temperature of 0°C, has the volume 
1 m3.

Accordingly, airflow expressed in nm3/s is constant independent 
of whether the air is cooled or heated. Conversion from airflow 
expressed in nm3/s to actual airflow in m3/s is as follows:1.06

K1 x K2

q = qn  x 
   

where qn is the airflow in nm3/s.

Correction factor, K2

Correction factor, K1

1,7 m 1,5 m

A plenum fan has a low air velocity and gives an even distribution 
pattern immediately after the outlet.

ν=4 m/s

Airflow 4 m3/s

Large
pressure

loss

*) 100 Pa ≈ 6 000 kWh/year. 

ν=11 m/s ν=4 m/s

100 Pa*

Conventional radial fan with a transition

Airflow 4 m3/s

13 Pa

ν=11 m/s ν=4 m/s Requires
a large 

amount
of space

Conventional radial fan with straight duct and diffuser

Conventional radial fan with air distributor

Airflow 4 m3/s

Large
pressure

loss

ν=4 m/s

105 Pa

System losses for radial fans 
Radial fans work at higher air velocities. The air is led out 
through a scroll-shaped housing, which means that there will be 
an uneven distribution pattern. 

This means that sharp duct elbows directly on the outlet give 
large pressure losses. The only way to reduce the pressure losses 
is to have a long straight duct before the elbow.

0 Pa

5 Pa

0 Pa

DuctFan

System losses fans
System losses plenum fans
Fans with an even spread pattern and low outlet speed minimi-
ses system losses at the duct connection. 

A sharp duct elbow fitted directly to the outlet only gives rise to 
the elbow’s normal pressure loss of approx. 5 Pa. It is even pos-
sible to choose outlets upwards without extra pressure loss. 
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Ps

Pd

The optimal duct system
The ideal duct system should basically be symmetrical and divided 
into sub-systems with short ducts. This design simplifies commis-
sioning. The conditions for building a symmetrical duct vary from 
case to case, but considering symmetry during the design phase, it 
usually produces a better result.

Reality in many cases
It is quite common that the duct system is designed with long 
ducts with many branches, which means that there will be large 
pressure drop difference between the first and last terminals on 
the main pipe work, which in turn gives rise to sound problems. 
The smaller the pressure that needs to be throttled in the ter-
minal, the quieter the system. A system with long duct routing 
and many branches are also very difficult to trim. Preferably use 
branch dampers in the system for improved air distribution.

Ring feed system - good option
In order to balance out the pressure conditions the duct sys-
tem may be designed for ring feeding. It is then important to 
remember that the manifold duct should be the same size all 
the way round, as it will then be easier to maintain the same 
pressure throughout the entire manifold duct. If terminals are 
connected with a relatively high pressure drop, this is a simple 
solution. Ring feed systems in the ventilation industry have 
always existed, but has become increasingly common in recent 
years.

Project design for duct systems
For mechanical ventilation the system is usually divided up:

• Extract air system

• Supply air and extract air systems 

• Supply air and extract air systems with energy recovery

Today, as the energy recovery systems systems are  commonly 
used only this will be described and specified in illustrations etc.

Design
As it costs energy to power a ventilation system, it is desirable 
that the system is as energy efficient as possible. The system 
must therefore have certain characteristics. A good design is 
necessary to produce a duct system that is energy efficient, has 
low sound levels and minimal leakage.

The duct system should be designed for the lowest possible fric-
tional pressure drop, which means that it must be as aerodyna-
mic as possible and cause a minimum of air vortices. In this way, 
the sound levels will also be low.

Energy has a cost, it is therefore vital to ensure that air is not 
lost through leakage. It is wise to strive towards an airtight 
system which is easier to provide if proved ducts with sealing 
components, primary circular ducts and duct fittings are used.

In order to achieve good overall economy, the system should 
also be installation-friendly and easy to adjust.

Pd = Dynamic pressure

Ps = Static pressure

Basic facts 
A fan’s additional energy is a total pressure Pt, which is 
composed of a static pressure Ps (potential energy) and a 
dynamic pressure Pd, (kinetic energy).

Airflow q (m3/s) 
Duct area a (m2) 
Velocity v (m/s)

q = v . A    m3/s 
v = q / A   m/s

Pressure drop (Pa)

Total pressure   pt = ps + pd

Ø d mm Smooth inside Braced inside
v m/s  q l/s  v m/s q l/s

100 2,8       22
125 3,2       40
160 3,7       75
200 4,3      135
250 5,0      250  4,4    220
315 6,0      470  5,1    400
400 7,0      880  5,6    700
500  7,7     2,4
630 11,4   14,0

Recommended air velocities
What velocities must be maintained to produce an energy effi-
cient system?

The Swedish Indoor Climate Institute recommends the velocities 
below to produce such a system.

The recommendation says 0.8-1.2 Pa/m.

Since the circular ducts usually have a braced inside with rein-
forcement grooves from size 250, the table shows the conse-
quences of this bracing.

Recommendations of this kind can of course vary between 
countries, but this is nevertheless a strong guideline in terms of 
just electrically efficient systems.

Sizing
How to design a duct system? Where to begin?

Airflow
It is recommended to start with the different room functions in 
the building and determine the supply and extract air flows for 
each room. Adding together, these flows form the total air flow 
that the air handling unit must be able to produce in order to 
provide the building with the right amount of air. The air flow is 
stated in m3/s, l/s or m3/h.

In order to size the duct system correctly it is needed to take into 
account the air velocity, duct area and the frictional pressure 
drop.

Air velocity, duct area and frictional pressure drop
Using the air flows in the ducts and the duct area, it is possible 
to calculate the velocity at which the air moves through the 
ducts. However, the frictional pressure drop as the air is enclo-
sed in a duct system must be taken into account. This makes it 
harder for the air to reach the room, but on the other hand, it 
ensures that it finds the right room. The frictional pressure drop 
is measured in the unit P, Pascal.

The frictional pressure drop is in ducts with its elbows and 
branches, but also in the unit, sound attenuators, dampers, air 
terminals, etc.

The design conditions for the ventilation system’s heart, the air 
handling unit, are taken from the combination of the total air 
volume and the total pressure loss. The total pressure drop is 
often divided into unit + duct system.

We must therefore make a calculation for the supply air system 
and one for the extract air system.

Today there is widespread access to computerized calculation 
software, which is why a detailed description of the calculation 
process is not given here. Basically it is a question of locating the 
most demanding distance between the unit and the end termi-
nal, which is not always, but usually the longest route. All partial 
pressure drops along this stretch are added - pressure drop 
in the duct, in elbows, branches and other duct components, 
pressure drop in air terminals, internal pressure drop in the unit 
and in other duct-mounted components, for example, sound at-
tenuators. Possibly add a factor for leakage. This factor can vary 
between 5 and 15% depending on the air-tightness class.
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Project design for mixing air ventilation

Principle for adjustable, round nozzles.

Nozzle diffusers give flexibility
The method of continuously adjustable round nozzles, provides 
in this respect much greater flexibility. Different characteristics, 
and opportunities, are obtained with different numbers of nozz-
les. Even the size of the nozzles affects the ventilation options. 
The more and the smaller the nozzles in a diffuser, the greater 
the variation.

The possible distribution patterns, provided by nozzles, can be 
varied infinitely. 

• All-round distribution

• 1-, 2-. 3 and 4 way distribution

• Tangential distribution

• Vertical distribution

• Simultaneous vertical and horizontal distribution  

The tangential distribution can be carried out in different 
ways. The most common is that all the nozzles are directed 
in the same way, i.e. either clockwise or anti-clockwise. This 
setting gives the highest co-ejection. If a short throw length is 
prioritised the nozzles can be adjusted so that an impulse loss is 
obtained. If the nozzles are arranged in rings, every other nozzle 
ring can be directed anti-clockwise and every other clockwise. 
This gives rise to a sharp impulse loss and with that a shorter 
throw length. 
 
Other factors of great importance, include the supply air’s outlet 
direction just as the air leaves the diffuser (nozzle). In order for 
the impulse loss not to become too large, the air must have an 
outlet direction, which is parallel to the ceiling surface, as shown 
below. This is important in cases where supply air temperature 
is significantly below room temperature. Meet the above 
requirement

 Use of rotation diffusers is motivated in this case because they 
suit large temperatures below room temperature. If the nozzle 
or the slot does not meet this, the thermal forces may become 
dominant compared to the Coanda effect. Undesirable flow 
patterns can then easily ensue. 

Ventilate with the right type of terminal
Characteristics that are normally important for supply air 
diffusers designed for mixing ventilation are:

1. High co-ejection of the room air so that the low supply air 
temperatures can be utilized.

2. Short throw lengths for ceiling and wall diffusers without air 
dropping from ceiling and entering the occupied zone to early 
resulting in draught problems.

3. Ability to supply large airflows without the throw lengths 
becoming too long.

One way of satisfying the characteristics 1 and 2 above is to 
ensure that:

• The outlet velocity of the air from the diffuser is high, which 
means that the terminal’s outlet area (A0) must be small.

• The terminal constant (k) must be low. 
The same principles apply to request number 3 above. 
However, with the limitation that there is a conflict between 
small A0 and large airflow. As the throw length is proportional 
to the expression: k/ √A0 ,the terminal constant must be 
small so that the throw length is short. Simultaneously, the 
extract area must be as large as possible. Conflicts arise with 
the need of high co-ejection, which is proportional to the 
expression:

   x/k · √A0 where x = the distance from the terminal  
 
The so-called rotation diffuser (swirl diffuser) is designed speci-
fically to give a low terminal constant and relatively high outlet 
velocity. Characteristic for typical rotation diffusers is the capa-
city restriction compared to e.g. perforated supply diffusers.

In order to obtain the lowest possible terminal constant, requi-
res the supply air to be supplied via ceiling diffusers and that it 
is distributed evenly over the terminal's whole outlet area. The 
distribution angle must be 360° for the lowest terminal con-
stant.

The traditional rotation diffuser is designed to supply the air via 
a number of long, rectangular slots, which are usually arranged 
radially in a circular shape. The principle of supplying air via a 
number of slots allows the outlet area to be limited and a high 
velocity can be maintained. One disadvantage of slots is that 
flexibility is limited in terms of the ability to provide variations in 
the distribution pattern.

Characteristic properties of different terminal types
The following table shows a basic overview of the most  
common terminal characteristics: 
Terminal type Characteristics
Nozzle diffuser, ceiling 
mounting

Installation flexibility, short and long throw lengths can be obtained. 
Both vertical and horizontal distribution patterns can be obtained. 
Large temperatures below room temperature can be utilized. 
Large variation range for airflow without air “dropping”. 
Manages large temperatures below room temperature.

Nozzle diffuser, wall mount-
ing

Flexible installation 
Distribution to the side and/or forwards. Short or long throw lengths.

Guide vane perforated ceil-
ing diffuser

Large temperatures below room temperature can be obtained. 
Fixed distribution patterns. 
Flush mounting in ceilings. 
Air flow capacity is generally higher than in nozzle diffusers.

Guide vane perforated wall 
diffuser

Large temperatures below room temperature can be obtained. 
Fixed distribution patterns. 
Air flow capacity is generally higher than in nozzle diffusers.

Perforated ceiling diffuser Relatively large temperatures below room temperature can be obtained, however, less than for 
nozzle diffusers.  
Short throw lengths on account of the impulse loss obtained by the perforation. 
Different distribution patterns possible through mechanical devices. 
Suitable for large airflows.

Perforated wall diffuser Relatively large temperatures below room temperature can be obtained, however, less than for 
nozzle diffusers.

Linear slot diffuser in the 
ceiling

Limited flexibility in the distribution pattern. 
Long throw lengths despite high co-ejection.

Circular slot diffuser in the 
ceiling (conical diffuser)

High co-ejection at narrow slots due to favourable conditions between terminal constant and 
outlet area. 
Relatively large temperatures below room temperature can be utilized. 
Limited flexibility in the distribution pattern.
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Deviating installation
The specified throw lengths for slot air diffusers, conical diffusers 
and perforated diffuser apply for ceiling mounting. If the supply 
air diffusers are suspended, and the jet is directed so it does not 
adhere to the ceiling, the throw length is reduced due to the co-
ejection that can occur on both sides of the supply air jet. 
The following conditions apply with suspended installation of 
supply air diffusers where the jet does not adhere to the ceiling: 

l0.2 suspended = ky · l0.2 

where ky = correction factor depending on the distance, y, bet-
ween the diffuser and ceiling

Correction factor k

For grilles, the specification applies to wall jets, i.e. with adhe-
sion to the ceiling. If the grille is installed more than 0.2 m from 
the ceiling the throw length decreases.

The following conditions apply when wall mounting the grille 
when the grille is more than 0.2 m from the ceiling: 
l0.2 close to the ceiling = ky · l0.2 where ky = correction factor depen-
ding on the distance, y, between the diffuser and ceiling.

For wall mounted grilles, where the throw length is measured for dif-
fusers mounted at a distance of 0.2 m from the ceiling, the diagram 
above applies (l0.2) for other distances between the grille and ceiling.

Throw lengths
General
According to the Swedish VVS-AMA (General gudielines) the 
throw length should be specified with a final velocity in the air 
jet of 0.2 m/s (l0.2). To calculate other end velocities, refer to the 
manufacturer's calculation program.

Conversion
Higher air velocity can be accepted, for various reasons, when a 
supply air jet reaches the occupied zone or hits an obstacle, for 
example, a wall. The air velocity can, within a limited area in the 
air jet, be calculated as shown below.

The calculation of the air velocity at distance x from the diffuser

x = distance in metres from the diffuser to the point in the air  
      jet where the air velocity is Vx m/s 
Vx = the air velocity at the distance x from the diffuser

Example
An air diffuser has a throw length l0.2 = 3 m. The throw length l0.3 
then becomes:

  l0.3 = . 02/03 = 2 m

Combining supply air jets
When two or more supply air diffusers are placed so close to-
gether that the jets combine the throw length is extended. For 
the calculation of this extension, use a calculation program.
 

Combining supply air jets
Minimum distance between supply air diffusers at the greater dis-

tance A + 2700. B = Occupied zone

Minimum distance Lm between supply air diffusers. 
B = Occupied zone  

The relationship between the correction factor kv and the tempera-
ture difference Dt °C (tsupply air – textract air).

Minimum distance between supply   
air diffusers
The minimum distance between two supply air diffusers, which 
have air jets directed towards each other, may be shortened due 
to the core jets’ final velocity can be permitted to be higher in the 
mixing point, without the total jet velocity in the occupied zone 
exceeding 0.2 m/s. This is due to a strong mixture of the two air 
jets taking place and their velocities are slowed down. The fol-
lowing relationship applies:

   Lm = kv (l0.2 diffuser 1 + l0.2 diffuser 2) 
 
Lm = Minimum distance between supply air diffusers. 
kv = Correction factor, according to the diagram on the right.

Example
Two supply air diffusers, each with a throw length l0.2 = 5.0 m get 
a minimum distance at a temperature below room temperature 
of 6 °C on Lm = 0.72 (5.0 + 5.0) = 7.2 m.

Minimum distance between supply air 
diffusers and the wall
An air jet, that hits a wall, is permitted to have a higher speed 
than 0.2 m/s because of the deceleration and deflection, which 
then occurs. The following relationship applies:

  Lv = kv · l0.2

Lv = Minimum distance between supply air diffuser and wall. 
kv = Correction factor, according to the diagram on the right.

kv is obtained from diagram to the right. Note that the above 
formula does not apply generally to outer walls, where convec-
tion currents or cold draughts may occur.

Example
A supply air diffuser with a throw length of l0.2 = 5.0 m and Dt = 
4 °C can be placed Lv = 0.67 · 5 = 3.35 m from the wall.

Minimum distance between supply air 
diffusers with high ceiling heights
The specified throw length applies for a normal ceiling height of 
2.7 m. For higher ceiling heights, the distance between the cei-
ling and occupied zone is counted as the deceleration distance 
for the air jet. The illustration in the top right corner shows the 
relationship for the distance between the two supply air diffu-
sers and the distance to the occupied zone.

  LmA = Lm- A

Example
Two supply air diffusers, each with a throw length l0.2 = 5.0 and 
Dt = -6 °C mounted in the ceiling with the ceiling height 4.5 m 
gets a distance Lm = (5.0 + 5.0) · 0.72 = 7.2 m Calculating the 
distance LmA = 7.2 - (4.5 - 2.7) = 5.4 m, i.e. the diffusers can be 
installed with spacing of 5.4 m

The illustration to the right shows the relationship for the distance 
between the supply air diffuser and the wall, which can also be cor-
rected due to the jet’s longer deceleration distance.

   LVA = LV- A
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For each option it applies that the minimum distance, Lmin, is 
dependent on the distribution pattern from the diffuser and the 
supply air temperature. The shape of the obstacle is also very 
significant. Obstacles with rounded or angled edges are a minor 
disturbance compared to those with straight edges.

The following guideline values can be specified:

Option 1 and 2.
It applies to air at most 6 °C below room temperature: 
 
   Lmin ≥ 25 · h 
 
50% higher values are recommended for larger temperatures 
below room temperature.

Option 3 
For grilles, these must be mounted at a distance from the cei-
ling that is ≥ 2h.

In addition, if the grille’s hydraulic diameter is greater than 1.4 x 
h there is no risk of plunging due to the obstruction. That is 2 ab
a + b

 > 1.4 · h

where a is the width of the grille grating and b its height.         

Option 4 
For this option, the obstacle’s height is limited for different Lmin 
according to the diagram below.

Critical heights for obstacles on the ceiling with air supply via the 
window sill, as a function of distance from the window sill.

Minimum distance between supply air 
diffusers and obstacles
Lighting fixtures and other items that may obstruct air distribu-
tion should not be placed too close to the supply air diffusers.

Different options are possible:

Different options for air supply with obstacles on the ceiling.  
1 = Ceiling diffusers 

2 = Rear edge diffusers 
3 = Grilles in the wall 

4 = Supply via window sill

Project design for displacement ventilation

Displacement ventilation

For ventilation according to the principle displacement flow, air is 
supplied at a very low air velocity. This means that the flow pat-
tern in the room is controlled by the density differences, in the air. 
The flow pattern is thermally controlled. This means that other 
factors must be taken into consideration than what is normal 
with mixing ventilation.

It is therefore important to carefully analyse the component 
conditions associated with the design planning. The following 
sub-elements can be distinguished: process analysis and 
calculation.

Process analysis
• Type of business/premises

• Degree of activity

• Convection currents

• Room dimensions

• Room layout

Calculations
• Airflow

• Energy balance

• Convection air flow

• Resulting sound level

• Near zone
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Room layout / Open-plan office
Try to find places where people are not sitting permanently. 
Usually there are special “walkways” in whose vicinity the 
diffusers can be placed. 
 
Flat or semi-circular diffusers can be placed by pillars, or 
perhaps round diffusers in the form of “fake” pillars. 
 
Other areas that may be appropriate for diffuser placement in 
offices can be, for example the “central literature collection” or 
by the printer/copier.

Diffuser placement in an open-plan office
1 = Concentration of supply air diffusers far from the workplace

2 = Book shelves
3 = Copying

4 = Alternative supply air diffuser in the form of “fake” pillars

Process analysis
Type of business/premises
The use of low velocity diffusers in rooms with pollution are app-
ropriate as the diffusers have a very small  co-ejection of room 
air.

Degree of activity
In rooms where consideration must be given to comfort, it is 
important to determine the comfort requirements based on the 
applicable activity level.

Convection currents
Convection currents arising in the premises determine together 
with the supply air the flow pattern in the premises. Both the 
supply air flow and the supply air diffusers therefore have a very 
large impact on the final result. If the design is to be based on the 
generation of contamination and the maximum contaminant 
concentration in the occupied zone, the airflow must be designed 
according to local standards and regulations regarding hygienic 
threshold values.

Room dimensions
Room height has a great impact on the air exchange and venti-
lation efficiency that will be obtained.

A high ceiling allows more space for storage of contaminated 
air while low ceilings limit these possibilities.

Room layout / General
As the position of heat sources and their size are extremely 
important for the end result, it is important to know their pla-
cement.

Accurate analysis of for instance the placement of workshop 
machines is therefore a prerequisite for the design planning 
work.

In comfort systems, it is necessary to know how the rooms are 
to be furnished in order to determine the best possible place-
ment of supply air diffusers. 

The supply air diffuser where the sha-
pe of the near zone has been adap-

ted according to the room's furnishings.

The supply air diffuser, where no redistribution of 
the flow pattern has been made.

Flexible distribution patterns, near zones
In most cases it is a clear advantage if supply air diffuser’s dist-
ribution pattern can be altered to prevent seating coming inside 
the air diffuser’s near zone.

Each air diffuser will then have a number of circular rotatable air 
deflectors behind the perforated front panel. The distribution pat-
tern is influenced by turning these. As the room’s layout or function 
may change over time, flexible distribution patterns are a distinct 
advantage.

A rule of thumb is that the specified near zone’s distribution 
above the floor area (m2), can be transformed besides the 
default setting to:

• Right-hand directed near zone

• Right-hand directed near zone

• Long and narrow near zone 

Common for these options is that the distribution area is the 
same as for the default settings.

Examples of optional settings.

Diffuser placement - individual office

Room layout / Individual office
In normal office rooms the depth is often greater than the 
width. Try to place the diffuser in or on the wall to the corridor. 
This gives a great distance from the diffuser to the person 
sitting at the desk. 

A
Often the diffuser can be installed in the stud compartment 
closest to the door as this surface is often unfurnished.

B
Diffuser placement behind the door panel is a less appropriate 
solution. The near zone is affected and increased air velocities 
occur along the wall, where in this case the visitors sit.

C
If the diffusers are placed by the facade, they should be displaced 
to one side depending on where the desk is positioned.

Occasional visitors that end up in the near zone are not as sen-
sitive to draughts as the person sitting in the office all day.
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Energy balance calculation
A calculation of internal and external heating loads that take 
into account the heat accumulation in the building must form 
the basis of a calculation of the requisite cooling load. This 
gives, together with comfort requirements, an appropriate 
system selection and supply airflow. Calculation of the 
displacement system's ability to provide cooling is evident from 
this planning guide.

Convection airflow
The convection airflow for different heat sources in industrial 
installations does not need to be calculated if the airflows are 
determined as described above. The size of the convection air-
flows can also be disregarded in comfort systems when selec-
ting the supply airflows.

Resulting sound level
The supply air diffusers typically have very low sound genera-
tion. Inherent sound attenuation is also often low, which is why 
an accurate sound calculation always should be carried out for 
the duct system. Correction for the current room absorption 
must be carried out.

Near zone
It should be noted that during the design work it is necessary to 
take into account the size of the near zone. One cannot count 
on anyone needing to permanently occupy the near zone. This is 
especially important in premises with a large number of people. 
Therefore choose first and foremost diffusers according to the 
shape and size of the near zone, and secondly according to 
diffusers’ sound generation.

Calculations
Airflow
For industrial installations, where the ventilation system must be 
designed for a certain maximum contaminant concentration in 
the occupied zone, it is important that the supply airflows are 
determined based on the amount of emitted contamination 
m (mg/s) in the premises and the permitted contamination 
concentration ctill (mg/m3).

The airflow q is obtained as:

  q = m/Ctill m3/s

The concentration, ctill must always be less than the hygienic 
threshold value according to applicable regulations. If the 
contamination in question can also be found in the supply air, the 
supply airflow q is calculated according to the equation:

  q = m/Ctill - Ct) m3/s

where ct = the contamination concentration in the supply air in 
mg/m3.

 
In comfort systems the lowest air flow is generally 0.35 l/s per 
m2 floor area. However, for individual offices, the outdoor airflow 
should not be less than 12 to 15 l/s per person. 

Methods for calculating the requisite airflow to limit 
vertical temperature gradients for different heating 
loads
An office room with a ceiling height of 2.7 m has a cooling load 
of 25 W/m2. The vertical temperature gradient must be limited 
to 1.7 °C/m. Calculate the requisite airflow and temperature 1.1 
m above the floor and on the floor.
Solution:
s x h = 1.7 x 2.7 = 4.6 °C
Diagram 1 gives q/A = 2.8 l/s,m2

Diagram 2 gives Dt1.1 - 1.1 x s = 3.6
which gives Dt1.1 = 3.6 + 1.1 x 1.7 = 5.5°C

Set the supply air temperature tt = 18°C
which gives t1.1 = 18 + 5.5 = 23.5°C
Diagram 3 gives
(q/A = 2.8 l/s,m2 or 10 m3/h,m2

As:
tf - tt = 25/2.8 . 1.2 = 7.5 °C  

gives ttg = 0.4 x 7.5 + 18 = 21°C

Result:
• requisite airflow = 2.8 l/s,m2

• air temperature at the level of 1.1 m = 23.5 °C
• air temperature on floor = 21.0 °C

The correlation between airflow, temperature gradi-
ents and thermal loads for displacement ventilation
A method to calculate the requisite airflow in order to limit 
the vertical temperature gradients for different heat loads are 
specified below. The method is taken from: Notice No. 16 of 
Building Services Engineering KTH, March 1991. 

The temperature gradient must be limited and not exceed the 
limit values set out in “requirements on the indoor climate”.

The requisite minimum ventilation airflow for a given maximum 
temperature gradient is obtained from diagram 1.

The temperature difference between level 1.1 m in the room and 
the supply air temperature is determined from diagram 2.

A check of the air temperature at floor level (tlg) is made with 
the help of diagram 3. This check is important to avoid problems 
with discomfort. tlg must not fall below 20 °C.

A practical guide is also that the supply air temperature should 
not fall below 18 °C.

Designations

tlg = air temperature at floor level

tt = supply air temperature

tf = extract air temperature

s = vertical temperature gradient (°C/M)
h = height of room, m
Dtt,1 = difference between the temperature at level 1.1 m 

and the supply air temperature

Diagram 1. The required ventilation flow as a function of the cooling 
capacity for different products of gradient and room height. A = 

Airflow (l/s,m2)      B = Cooling capacity (W/m2)

Diagram 3. Sizeless temperature difference in the floor zone at dif-
ferent airflows.

A = akg = 5 W/(m² · K) (thermal exchange constant due to convection 
on the floor surface). B =  akg = 3 W/(m² · K)

Diagram 2. The temperature difference between the air at floor level 
and the supply air as a function of the cooling capacity for different 
products of gradient and room height.   A = Cooling capacity (W/m2)
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SELECTION OF SYSTEM

DETERMINE 
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APPLICATION 
TENANT ADAPTATION 

ENERGY REQUIREMENTS

BUILDING 
USE

Sizing key

culation results (Airborne or waterborne; CAV, VAV or DCV; 
Control strategy, etc.)

5) Select the appropriate terminal products and the number 
of units (passive chilled beams, active chilled/climate beams, 
comfort modules or induction units).

6) Check the selected solution against the capacity, comfort 
and sound requirements, as well as throw length requirements. 
Correct the solution if necessary.

7) Proceed with the design of the unit and duct system based on 
calculated values for airflow, pressure drop and temperature.

Calculation procedure
1) Start with the current use of the building, the user’s require-
ments and applicable energy requirements.

2) Determine the comfort requirements that apply to the building 
with regard to applicable building regulations. Guidance is given in 
the Swedish Indoor Climate Institute’s “R1 Classified indoor climate 
systems - Guidelines and specifications”.

3) Determine the installation’s capacity needs for winter and 
summer using the heating balance/energy calculation software.

4) Select a system solution based on the obtained cal

Project design for waterborne climate systems

System proposal
1 = Water tank

2 = Water chiller
3 = Air handling unit

4 = Control unit
5 = Differential pressure valve

6 = Chilled beams 

System design
Cooling system
In a Nordic climate the cooling system should be designed with 
the evaporator placed indoors. Excess heat is either led off with 
a condenser placed outdoors or via the glycol system and dry 
coolers placed outdoors.

If in the Nordic climate, choose outdoor chillers instead, i.e. the 
evaporator is located outdoors, it is recommended that the 
intermediate heat is located indoors. This to avoid freezing point 
lowering agents (usually glycol) in the cooling water circuit. There 
are two factors why glycol should be avoided in the cooling water 
circuit. The pressure drop increases by 15-25% depending on 
the composition of the brine solution. Furthermore, the cooling 
capacity is reduced by approximately 15%, depending on the 
thermal exchange constant being lower on the water side.

Regulation of end devices
Chilled beams and perimeter units are almost exclusively fitted 
with 2-way valves. The advantages compared to the three-way 
couplings is a lower cost and simpler design and adjustment. In 
order to prevent high pressure at low loads, overflow valves are 
positioned in several places in the system. The fact that pressure 
controlled pumps can now be installed at a reasonable cost, also 
promotes the choice of a 2-way system. 
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Supply air compensation with regard to the outdoor air temperature. 

Condensation protection control via the shunt group.
1 = Evaporator/condenser

2 = Circulation pump
3 = Shunt

4 = Extract air duct
5 = Chilled beam
RC = Regulator

GX = Humidity sensor
GT = Temperature sensor

Condensation protection
The air humidity can be high on warm late summer days. The 
higher the moisture content in the air, the higher the limit tem-
perature (dew point temperature) for condensation on surfaces. 
This relationship may be read from a Mollier diagram (moisture-
enthalpy diagram). 

For example, at 25 °C and 50% relative humidity, the dew point 
is 14 °C (applies at normal atmospheric pressure 101 kPa), i.e. it 
starts to condense on a surface whose temperature is 14 °C or 
lower. During late summer days, the dew point temperature can 
sometimes rise to 15 °C, and in extreme cases, after a shower of 
rain, up 17 °C.

In order to avoid problems with condensation, always ensure 
that the system prevents condensation on end devices. The best 
way to do this is to always chill the supply air to ensure conden-
sation is removed in the supply air unit’s cooling coil. 

Another possibility is to use a sensor that measures the relative 
humidity of the extract air according to the illustration to the 
right. The shunt group valve is controlled to keep the water tem-
perature above the dew point temperature.

Outdoor compensation is applied to the supply air according to 
the diagram on the right to ensure drying of the air at high out-
door temperatures and high relative humidity. The engagement 
point +5 °C may vary slightly from system to system. See the 
dashed alternative curve. However, it is essential that when out-
door temperature is around +22 °C and above, to have dehumi-
dification after the air handling unit so that the supply air’s dew 
point temperature is lower or equal to the supply temperature on 
the chilled beam’s cooling agent.

Alt 2

Alt 1

System principle with flows and temperatures.

Project design
Proposals are given here for a suitable pipe system design with 
associated control and balancing valves for the interaction 
between the air handling unit’s drying of the supply air through 
condensation and the cooling agent temperature to the chilled 
ceiling side to prevent condensation on the chilled ceiling.

The system has been selected for the design outdoor 
temperature DUT = +25 °C and relative humidity RH = 50% 
which corresponds to a dew point of +14 °C, see the diagram 
to the right. The cooling agent side’s design temperature to the 
chilled beams is set to +13 °C supply and +17 °C on the return. 

On air treatment side, the cooling coil is designed for +8 °C flow 
temperature and +13 °C return temperature. These are tempe-
ratures that provide good conditions even for district cooling. 
Here an installation of 1000 m2 has been assumed with a supply 
airflow of 1.5 l/s m2.

For district cooling, note that suppliers often require a return tem-
perature of at least +16 °C. Consideration should also be taken 
when designing to the loss of at least one degree in the heat 
exchanger for district cooling. This means that the return tempe-
rature from the end device must be at least +17 °C.

As shown in the Mollier diagram’s curve for above the design 
data, an enthalpy difference Di of 16 kJ/kg is obtained.

PTL = qTL · ρTL · Di  [kW]

PTL = 1.5 · 1.2 · 11 = 19.8 kW

PTL = requisite power for cooling of the supply air with associated 
condensation precipitation at the design outdoor temperature 
DUT
rTL = supply air’s density in kg/m3

qTL = supply air’s flow in m3/s

The above gives a design cooling agent flow qw at Dtw = 5 K 
(+8°C to +13°C), and PTL = 19.8 kW

qw = PTL / (Dtw · cp) = 0.95 l/s

qw = 28.8 / (5 · 4.187) = 0.95 l/s

rw = water’s density in kg/m3

cp = specific heat of water in kJ/kg °C
4.187 = rw · cp / 1000

An equivalent procedure gives for the chilled beam side  
1000 m2 · 40 W/m2 = 40 kW in requisite cooling load. 
qwk = 40 / (4 · 4.187) = 2.38 l/s



TECHNICAL GUIDE TECHNICAL GUIDE
Project planning  Project planning 

105104

Recommended limit values
Recommended limits for the product are given in its 
documentation. On the water side, limits are given for the 
operating pressure and for pressure testing the completed 
installation. Stated pressures refer to the coils’ operating 
pressure and test pressure. In most cases, it is the fittings and 
valves that limit the system's total pressure.

The minimum water flow is stated for the cooling and heating 
water circuits. These refer to the minimum flow required for 
safe evacuation of air in the circuit. The lowest supply flow 
temperature is determined by the dew point temperature and 
should always be dimensioned so that the system works without 
condensation.

The highest supply flow temperature denotes the highest 
temperature recommended for continuous operation. Note that 
large and rapid temperature fluctuations, especially in radiation 
ceilings but occantionally also to some degree in climate beams 
with flange coils, can cause clicks due to the linear expansion 
in components. High supply flow temperatures (60-80 °C) 
may occur only when the heating load is significant and must 
always follow the outdoor temperature to match the demand 
of heating. This is also preferable from an energy standpoint as 
losses in the pipe system will then be lower.

High temperature systems where control of the room tempera-
ture is based on the products being continuously heated up and 
cooled down should be avoided.

Temperatures
The following temperatures should be seen as a recommenda-
tion. Discrepancies may naturally occur.

Recommended temperatures
Supply flow temperature cooling:  
>13 °C (see also the previous section “Condensation protection”

Temperature increase cooling:  
2-4K

Supply air temperature in cooling mode:  
See the diagram Supply air compensation in the previous 
section “Condensation protection”

Room control
Control of the room temperature is normally done individually 
in each room via a room temperature setting. The room units 
control cooling and (where appropriate) heating valves in 
sequence, so that heating and cooling are not supplied to the 
room simultaneously. Most common if the building is new.

In older buildings with poor insulation, it should not be assumed 
that the cooling and heating are supplied in sequence. Here it is 
recommended that the targeted operating temperature is control-
led. It may happen that heating is needed at the perimeter wall 
while there is a cooling demand in the internal climate zones. 

Water quality
If air is permitted to enter the pipe system, all the steel will begin 
to rust and disperse corrosion particles in the system, with the 
result that heat exchanger performance will be affected and 
copper tubes risk corroding. It is therefore important that the 
pipe system where the cooled water passes is completely closed. 

Process water must be pure and clear and you should take samp-
les of the water initially so you are sure that the system was leak-
free from the start. Otherwise it takes only a few years before it 
starts to leak and then the damage is already done as the system 
by then is contaminated by rust.

Recommended placement of circulation air openings in the suspen-
ded ceiling to the chilled beam

Examples of different air deflector settings

Nozzle configuration
Capacity data for ceiling units is usually specified for different 
nozzle configurations. The configurations give each product 
unique K-factors so that it is possible to optimise the airflows, 
nozzle pressure and flow direction for each type of room and 
product placement. In most cases symmetrical two-way supply 
(50-50%) is used for climate beams, but can also be configured 
for asymmetrical two-way supply with greater airflow to the left 
or right (75-25%). Selected configurations can be changed later 
by plugging nozzles.

Comfort modules are also equipped with nozzles, but with a 
simplified operation. Through a simple adjustment, the units’ 
nozzle settings may be changed on all four sides individually for 
more or less air volume. This means that there is a possibility 
to adapt the air volume and air direction to the prevailing 
requirements throughout the product’s entire life. 

Air deflectors 
The different ceiling units’ distribution patterns are normally 
specified in the supplier's calculation program. The intention is 
to provide a basis to determine the distance to the wall or other 
obstacle, and the distance between the counter blowing units. 
Among the serious manufacturers, the given distances between 
the units and to walls are reference parameters based on both 
laboratory measurements and experience.

Using air deflectors the distribution pattern as well as the 
penetration depth can be individually modified on each ceiling 
unit, which helps to make them very flexible. The number of 
setting combinations is very large and the most common 
distribution patterns can be found in the documentation.

Distance between climate beams
Detailed recommendations about correct distances between 
the units and to walls are obtained with the help of the 
supplier's calculation program.

Chilled beams recessed in suspended ceilings
In order for the chilled beam to receive the right circulating air 
flow, it is important that circulation air openings are arranged in 
the suspended ceiling. Circulation air openings with a net area 
of at least 0.1 m2 in the suspended ceiling are required for every 
metre of climate beam.

If possible, the circulation air openings should be located by the 
unit's short sides. Where this is not possible, locate the circula-
tion air openings at a distance (L) of at least half the recom-
mended distance between the two units.
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Korridor-/fasadorienterad 
klimatbaffel i cellkontor

Bakkantsplacerad klimat-
baffel i cellkontor

Framkantsplacerad klimat-
baffel i cellkontor

Front edge placed climate beams in individual offices

Project planning climate beams

Rear edge placed climate beams in individual offices

Corridor/perimeter wall oriented climate beams in individual offices 

Individual offices
In an individual office there is always a long mixing zone before 
the low-temperature air that leaves the ceiling unit reaches the 
people in the occupied zone.

From the position of the climate beam, the air can follow the 
ceiling, wall and part of the floor and throughout this distance 
mix with room air and raise the temperature of the circulating 
air, so that air conditioning of the premises is performed without 
the risk of draughts. Thanks to the long mixing zone, the air 
volume and impulse can also vary over a wide area without the 
risk of draughts in the occupied zone becoming too high, so that 
the nozzle configuration does not necessarily need to be altered 
with a change in airflow.

Corridor – facade
This is an installation option for modular offices.The product can 
be freely placed either centrally in the middle of the room or 
along one of the partition walls. Central placement is the con-
ventional option to suit any beams, both with and without supply 
air and/or heating. Placement along the partition wall can be 
done with products with and without supply air. In the supply air 
instance it may be appropriate with an asymmetric air supply.

Advantages: Easy connection of water and air to the corridor. 

Rear edge
The rear edge solution suits modular offices and large offices. 
Depending on the volumes of supply air, either symmetric or 
asymmetric air supply is chosen. Given that most heat loads 
are normally found next to the perimeter wall, a downward 
air supply interacts with the heat load resulting in too high air 
velocity along the floor. Therefore at least 50% of the supply air 
should be directed to the perimeter wall and controlled using air 
deflectors. Products with radiant heat should generally be avoi-
ded at the rear edge. In order to obtain small radiation asym-
metry, it is recommended instead to install radiators or radiant 
heat on the outer wall.

Advantages: Easy connection of water and air to the corridor.

Front edge
The front edge solution suits modular offices and especially large 
offices. The placement is well suited for products with ventilation, 
cooling and heating functions. For placement near the facade 
with a high nozzle pressure and airflows an asymmetrical air 
supply is appropriate. With placement closer to the centre of the 
room uniform air supply works well.

Advantages: All the climate functions in one unit makes design 
and installation simple. It usually gives the opportunity of longer 
distances between the products in a large office than when 
mounted in the direction corridor – facade, which may increase 
the possibility of higher cooling capacities. Greater flexibility is 
created by leaving a space between the short sides of the units 
to construct or move partition walls without disturbing the com-
fort of the room.

Large rooms
Larger rooms can include shops or open-plan offices. In a large 
room the conditions for climate beams are different compared 
to individual offices. Usually there are no wall surfaces that the 
low-temperature air can flow along, other than the facade, 
which is why air deflectors are always recommended, especially 
for corridor/perimeter wall oriented installations with counter 
blowing units. Front edge placement according to the previous 
page can also be recommended. 

Many climate beams and comfort modules are able to produce 
different air distributions such as symmetrical, asymmetrical and 
displaced, which permits adaptation to the shape of the room 
(proximity to walls, other installations, etc.). With mixing systems 
an exchange occurs in the vertical direction between the room air 

and the cooled supply air. Due to the needs of flexibility in modern 
offices regarding free furnishing, partition wall placement, etc. the 
system must be planned from the outset in a way to eliminate 
exposure to draughts. The calculation program for climate beams 
includes all the necessary data needed to carry out design plan-
ning.

Advantages: Products with supply air give good mixing without 
the noise and draughts.

To consider: Passive chilled beams should be in the direction 
of the convection flow, otherwise there is a risk of reduced 
capacity. Similarly, air supply diffusers should be positioned so 
that they blow along the chilled beams. Air deflectors should 
always be fitted on the active units.
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Illustration from the full scale tests, heating with comfort module

Rear placed comfort modules in individual offices

Individual offices
A comfort module can be placed anywhere in an office room 
without causing a draught. By setting the airflow direction 
depending on the location of the unit it is possible to optimise 
the comfort in the room from case to case. A good example of 
this is a rear edge placed comfort modul in a suspended design 
as shown to the right. With 4-way air supply the corridor wall, 
ceiling and partition walls are utilised to mix the air with the 
room air. Unlike a traditional two-way supply this gives lower air 
velocities, particularly at floor level.

Advantages: The same product provides optimum comfort irre-
spective of placement in the room. 

Large rooms
In large rooms, the potential of the comfort module’s 4-way air 
supply may be fully utilised. Unlike climate beams’ tendency 
to give slightly higher air velocities locally in the large rooms, 
comfort modules give even distribution throughout the whole 
room. This means that the risk of draugh is lessened, and comfort 
level increased. As the life of the product is normally longer than 
the intervals between rebuilding or renovation of the premises, 
high demands are made on flexible systems. With the help of the 
built-in nozzle control and air deflectors there are vast possibilities 
to retain the existing installation, even when conditions change.

Advantages: Very even distribution of air velocity in the room. 
Great flexibility with respect to air flow changes and any chang-
ing conditions.

Heating function
Today in a new build, facades are constructed with very low 
U-values, since the quality of the windows has been significantly 
improved. That means a higher surface temperature on the 
inside of windows with less cold radiation as a result and a mini-
mum of cold draughts. A better facade also reduces the heating 
load in winter, which means heating rarely needs to be supplied 
to the room when the room is in use. Internal heat loads are 
usually sufficient to heat the room during the day. With less 
cold radiation, the need of traditional radiators to increase the 
operating temperature is reduced. 

As the comfort modules mix the supply air faster than a chilled 
beam the temperature difference decrease faster. This, combi-
ned with the improved construction technology makes it pos-
sible to heat rooms with comfort modules in a better way than 
with traditional climate beams. It is actually possible in many 
renovation projects to heat rooms with comfort modules. By 
using different software, it is possible to efficiently calculate the 
operative temperature. The illustration to the right shows tem-
peratures from full-scale tests in a simulated winter condition.

Project planning comfort modules

Principle for ceiling-mounted perimeter units for cooling function

Principle for wall-mounted perimeter units for cooling function

Project design for induction units
Facade placement
High quality systems always include the functions cooling, hea-
ting and ventilation. 

Advantages: Complete climate system including control equip-
ment. Suitable for low ceilings. Low maintenance and low service 
costs. Gives flexible room solutions where partition walls can be 
moved without disturbing the comfort of the room.

Ceiling placement
Another option is placement in the ceiling’s front and rear 
edges. A typical installation example is in a hotel room. Here the 
hall section is normally equipped with a suspended ceiling which 
leads into a room without a suspended ceiling. In the space 
above the hall’s suspended ceiling, a horizontal induction unit 
with the same basic design as a perimeter unit is installed. This 
provides the room with  ventilation, cooling and heating.

Advantages: Complete climate system including control equip-
ment. Normally compact in its size with low  installation 
hights.

Recessed in the floor
Induction units can also be placed horizontally and recessed in 
raised floors when fitted.

Advantages: Complete climate system including control equip-
ment. Enables solutions with windows that go down to the floor 
(so-called glazed facades) without the installation affecting the 
overall impression.
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25.5 °C floor

26 °C, height 1.2 m

26.5 °C, height 2.0 m

Full scale tests in the laboratory

Full scale tests in the laboratory environment
In well equipped ventilation engineering laboratories full scale tests 
can be performed where the indoor climate is simulated. The pur-
pose of these tests is to find the practical limits for the use of the 
products and what recommendations are needed for advice and 
guidance through the design phase.

A simulation in the laboratory requires a layout and furnishings 
that are so similar to the premises in question as possible.

A climate calculation should always form the basis of the 
climate system design to achieve the right level of heating and 
cooling.

CFD
An alternative to full-scale tests can be advanced computer 
simulations, computational fluid dynamics(CFD). This may be of 
particular interest in cases where it is not practical to physically 
replicate the premises in question. Examples of this include 
sports arenas, concert halls and other large spaces. Simulation 
with CFD provides a good indication of the course of events in a 
room and can easily be visualized with different colour scales.

The illustration below shows a simulation of vertical distribution of 
hot air, with cold walls and ceiling.

Simulation of temperature with CFD

To consider
Regardless of which standard is referred to, there is an 
underlying test method for producing product performance 
data. The new EN standards are very similar to the old and the 
difference is first and foremost how the reference temperature 
in the test room is measured. Previously, it was calculated at 
a level 1.1 metres above the floor whereas the new standards 
for chilled beams always refer to the “on coil” temperature, i.e. 
a temperature near the chilled beam. Previously it has been 
discussed whether chilled beams give a fully mixing system 
or whether it is warmer up by the ceiling. When we use “on 
coil” temperature as a reference, this discussion becomes 
uninteresting.

Note that the current standards’ test methods do not 
necessarily correspond with the operating instances that may 
come into question when designing an indoor climate system. 
In the standards, the cooling water system is designed for a 
2 degree temperature difference on the supply and return, 
while most systems are designed for a 3-4 degree difference. 
The standardised test methods are intended to simplify the 
comparison between different beams. To determine the correct 
cooling performance, the cooling capacity must therefore be 
recalculated for the applicable cooling water flow.

DIN 4715 

The V Method.

Guidelines waterborne climate systems
Test methods
Test standards are needed to be able to compare products from 
different suppliers. It is only then product data will be of equal 
value, comparable and unambiguous. 

The standards that have been applicable in Europe have been 
the Nordtest method NT VVS 078 "Ceiling Cooling Systems" and 
the so-called V Method in Swedish Association of Air Handling 
Industries V Publication 1996:1 (mainly in Sweden). At the same 
time in Germany, a DIN Standard has been drawn up for flat chil-
led ceilings, which is also used for passive chilled beams (chilled 
beams without supply air). 
Many climate beams and comfort modules are now Eurovent 
Certified, which guarantees correctly specified data. This will 
facilitate design and quality assurance.

Nordtest and V Publication
The V Method is a slightly revised version of the Nordtest method 
and was produced by the Swedish Testing and Research Insti-
tute and the then Swedish Association of Air Handling Industries 
(now: Svensk Ventilation, also called SwedVent) together with 
some suppliers from Sweden and Finland. The main difference 
between the two methods is at which water flow the products 
should be tested. In the Nordtest method, the water flow is fixed 
and related to the pipe diameter in the heat exchanger, i.e. all 
products are tested with the same water flow irrespective of the 
cooling capacity.
The purpose of the V Method was to allow products to be tested 
using an operating scenario that reflected true conditions and 
it was then chosen to steer towards the water flow that provi-
des a temperature difference of two degrees through the heat 
exchanger. This means that if two products have a different 
cooling capacity, then they should be tested at different water 
flows.
The test room consists of two rooms, where heat is indirectly 
supplied to the inner test chamber via the floor and walls. The 
heating balances the supplied cooling capacity during the 
measurement sequence on the test object so that the test 
chamber’s temperature is constant.

DIN 4715
In the German DIN 4715 the test chamber consists of an insu-
lated room. Inside the test chamber, the test object’s cooling 
capacity is balanced by means of “dummies” (occupant simula-
tors) that emit heat directly in the room.

EN Standards
A work was started in 1996 to produce common European Test 
Standards. Since the start, several suppliers have been active 
parts in this joint European effort, which has resulted in three 
new standards:
• EN 14240 for flat chilled ceilings
• EN 14518 for passive chilled beams
• EN 15116 for active chilled beams
Today most reputable suppliers have tested and certified climate 
beams and comfort modules through the Eurovent Certifica-
tion Company. Through this third-party certification, clients and 
consultants are guaranteed that the technical data presented 
corresponds with reality. 
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Project design for residential ventilation
General
Basic principles of indoor climate in premises also applies to 
residential buildings. This section therefore addresses only the 
specific requirements and considerations relating to residential 
buildings.

Airflows
Previously in Sweden there were general requirements for 
different rooms in the dwelling. Now overall requirements 
are stated instead to avoid standardized sizing, and special 
consideration is given to sensory pollution loads from persons, 
moisture and the occurrence of food odours. 

According to the rules established by the Swedish Board of 
Housing, Building and Planning, Boverket the supply of outdoor 
air to homes must continuously be at least 0.35 l/s per m2 floor 
area when occupants are in the home. If the ventilation system 
is demand controlled via a timer or air-quality sensors, for 
instance, the flow of outdoor air can be decreased to at least 
0.10 l/s per m2 floor area when no occupant is present in the 
home. 

In addition, it is recommended that the outdoor air flow should 
not be less than 4 l/s per person. It should be noted that signi-
ficantly greater airflow is required at Swedish workplaces, the 
recommendation for housing is seen as low.

Boosting
The system must allow for forced ventilation or a means of 
airing in rooms intended for activities of daily living, the prepa-
ration of food, sleep and relaxation as well as rooms for per-
sonal hygiene. A 30% increase of the normal airflow is usually 
estimated for boosting.

Circulation air
The use of air recirculation shall only be permitted within one 
and the same home and the extract air from the kitchen, hygie-
nic rooms and the like must not be re-circulated. If air is re-
circulated in the home, the supply of outdoor air with an airflow 
of at least 0.35 l/s per m2 floor area is required. 

Moisture load
Moisture load requires special attention as our habits over time 
have changed. For example, many people take daily showers, and 
washing and drying is often done in the dwelling. Tumble dryers 
that extract air or drying cabinets should not be connected to 
the ventilation system. Instead they should be equipped with 
their own local air extraction duct. Condenser type tumble dryers 
without duct connection are recommended.

Lower airflow
A lower airflow when no one is spending time in the home 
means operational economy. This saves fan energy and the 
home heating system does not have to heat as much outdoor 
air during the cold season. However, the lower airflow must be 
designed to extract emissions from furnishings and building 
materials and above all moisture. 

Negative pressure
The extract airflow should be approx. 5-10% more than the 

outdoor airflow.This way there will be a slight negative pressure 
in the building, which reduces the risk that moisture from inside 
the building will be pressed out into the walls and ceiling. 

Cooker hood
Cooker hoods are frequently equipped with a built-in fan or 
can be connected to a ceiling fan. Some ventilation units for 
residential properties are able to connect the cooker hood to the 
ventilation unit’s extract fan. However, there may be local and 
national restrictions in place that prevent this.

Installation and investment costs will be lower if the ventilation 
unit’s extract air fan is also used for the cooker hood. However, it 
does not affect heat recovery as the extract air from the cooker 
hood is rarely led through the heat exchanger.

Often negative pressure in the dwelling is accepted during the 
limited time the cooker hood is in use. Nevertheless, there is 
potential for negative pressure compensation, if the ventilation 
unit is equipped to speed up the supply air fan when the cooker 
hood is in use. This can be done via a differential pressure sensor 
in the cooker hood’s extract air duct or via a microswitch on the 
cooker hood damper.  

Example of design airflows
Example of the minimum airflows for a home with 120 m2 and 
without consideration given to the cooker hood:

– Normal outdoor airflow: 0.35 l/s x 120 = 42 l/s

– Outdoor airflow, no occupants: 0.10 l/s x 120 = 12 l/s
– Extract air flow: 42 l/s  + 10% = 46 l/s
– Boost: 46 l/s  + 30% = 60 l/s

Accordingly the ventilation unit must be able to manage an 
airflow of 60 l/s with the applicable pressure drop for the duct 
system and air diffusers. In addition, the energy and sound re-
quirements must be met see next(section).

Acoustics
The highest permissible sound pressure level for installations in 
homes that continuously generate sound is 30 dB in rooms for 
sleep, relaxation and activities of daily living and 35 dB in other 
rooms.

35 dB and 40 dB are permissible from installations that briefly 
generate sound. Installations that can be directly controlled 
by the user, e.g. forcing of the airflow in cooker hoods, are not 
included in the scope of the requirements.

The flow-generated sound from the ducting as well as the 
sound generatedby the air handling unit, emitted to the sur-
roundings, should be taken into consideration in the sizing of 
ventilation systems. The risk of counteract crosstalk via the 
duct system in multi-family buildings should also be conside-
red.

Sound emitted to duct systems
The duct system should be arranged with as few bends and 
branches as possible since these components generate sound. In 
most cases sound attenuators need to be installed in the supply 
air and extract air duct as well as in the air recirculation duct, 
whenever applicable. Normally, the sound attenuators should 
be placed as close to the air handling unit as possible.

Sound emitted to the surroundings
If the sound from the unit to the environment is too high, sound 
attenuation measures can be implemented using e.g. acoustic 
panels or the unit can be enclosed.

In order to avoid the transmission of sound in the building struc-
ture, the air handling unit should be installed against a wall and 
should be furnished with a intermediate insulation board, sound 
attenuating pads or the like. The wall itself should be 
insulated. However the unit should not be installed against a 
wall that borders a room intended for daily use, sleep or rest.

Energy use 
Residential buildings in Sweden must be designed in such way 
that the specific use of energy in the building (all energy over 
and above the electricity used for operating household applian-
ces) may at a maximum reach the  following levels:

Climate zone kWh/(m2 x 
year)

Climate zone I
(northern Sweden)

130

Climate zone II
(central Sweden)

110

Climate zone III
(southern Sweden)

90

Homes with electrical heating have strict requirements. The 
requirements are not particularly difficult to satisfy for homes 
with other sorts of heating energy.  A likely development is that 
energy requirements will be more demanding in the future.

The specific fan power of the ventilation system (SPFv) should 
not exceed SFPv 2.0 kW/(m3/s). Higher values are, however, 
acceptable for ventilation systems with variable airflows, such 
as reduction of the airflow when the home is unoccupied.

Ventilation systems for homes shall at least be equipped with 
control equipment that adjusts the power consumption accor-
ding to the outdoor temperature, usually via outdoor tempe-
rature sensors. If even operating times and airflows can be 
demand controlled, energy use is reduced even further.
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Software utilities for project design

The use of software designed for the purpose can facilitate dif-
ferent types of calculations during project planning. Some soft-
ware works locally on your own computer and over the Internet. 
Some are also linked to other software commonly used in the 
design calculations, for example, CAD software.

Development has accelerated in this field and therefore only 
some general examples are mentioned:  

• Calculation software for sizing of air handling units, cooling 
units, heat pumps, residential ventilation or air diffusers

• Calculation software for sound generation in duct systems as 
well as for sizing and selection of sound attenuators

• Calculation program for heat balance in the room

• Sizing tools for the different types of climate system

Measuring and commissioning

Measuring and commissioning
General
Insufficient commissioning is a common cause why many ven-
tilation systems do not work as intended. Often this is because 
the technical prerequisites for commissioning have not been 
met and there is a lack of knowhow in measuring and commis-
sioning.

The commissioning must be carefully prepared from as early as 
the design stage. Any changes during the construction period 
should also be taken into account in the planning of the instal-
lation phase. Commissioning work is time consuming if not 
prepared properly.

It is important that sufficient resources are allocated for the 
commissioning work. It should be seen as an investment to 
ensure that the installation works as designed

The recommendations on how airflow measurements are to be 
performed are documented in the report: “Methods for measur-
ing airflow in ventilation systems”, which can be obtained from 
the Swedish Building Centre.

Measurement
In a ventilation system, the deviation from the prescribed value 
for an airflow must not be greater than 15%, including measu-
rement error.

The instruments must be calibrated using a method that gives a 
known low error rate. Calibration curves where the correction is 
given as a function of the reading should be used.

Absolute accurate measurements can never be made. When 
measuring e.g. an airflow the following three possible errors 
should be taken into account. 

• Instrument error – labelled m1 and can for instance be due to 
friction within the instrument or be residual from systematic 
errors in a calibration.

• Method error – labelled m2 and may be due to incorrect 
measurement points. Method error m2 is obtained for the 
recommended measurement methods from the above 
report, “Methods for measuring airflow in ventilation sys-
tems”.

• Reading error – labelled m3 and may be due to poor scale 
resolution.

A probable measurement error can be calculated using the fol-
lowing formula:
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Method Designation Method error m2

Traversing with a 
Prandtl tube in the 
duct:

A1

Circular cross sec-
tion

A1 4-5% recommended meas-
urement plane, 7% alterna-
tive measurement plane

Rectangular cross 
section

A1 4% recommended measure-
ment plane, 7% alternative 
measurement plane

Fixed measure-
ment tapping

A2 See installation dimensions 
for error limits 5 and 10%

Determine the 
airflow using trace 
gas

A3 5 and 10%

Adjustable measuring unit

In order to reduce the time consumed and increase the accuracy 
of commissioning, it is recommended that fixed measuring 
devices (method A2) are used as far as possible. There are 
different types of measuring units to choose from:

Most of the large manufacturers’ products have fixed measuring 
tappings. In addition, there are adjustable measuring units, where 
the measurement function has been supplemented with a damper 
for easy adjustment of the airflow.

The airflow is determined by measuring the resulting pressure 
difference across the centre body. The flow is then obtained by 
using special measuring instructions.

Methods for measuring airflows in duct systems.

Measuring in ducts
There are three fundamentally different methods for measur-
ing in ventilation ducts:

A1 – measuring with Prandtl tubes

A2 – measuring with fixed measurement tappings

A3 – measuring with trace gas

Method Designation Method 
error

Pressure drop measurement with 
fixed measurement tappings

C2 5%

Bag method C5 3%
Measurements with conventional 
sleeve equipped anemometers, 
supplemented with extension con-
nection fitting

C3 5%

Two measurement tappings

One measurement tapping

Example of air diffusers with one or two measure-
ment tappings

The diffusers from major manufacturers are often equipped 
with fixed measurement tappings according to method C2. The 
measurement tappings are either directly in the diffuser or in 
the pressure reduction box, which is available as an accessory 
for most diffusers. A pressure gauge is connected to this and 
a characteristic pressure measurement is taken. The flow is 
obtained as a function of the characteristic pressure difference.

In the pressure reduction box is an adjustment damper, which 
should be accessible through the diffuser. The design of the box 
shall ensure good sound attenuation and a smooth inflow of air 
to the supply air diffuser, which will guarantee an even distribu-
tion pattern.

The damper in the adjustment box should be easy to remove to 
facilitate cleaning.

Depending on the type of pressure reduction box and the air 
diffusers, the number of measurement tappings varies between 
1 or 2 tappings.

Methods for measuring airflows on supply air diffusers.

Measuring on supply air diffusers
There are three recommended methods for measuring airflows 
on supply air diffusers.
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Example of air diffuser commissioning with control cord and measu-
rement tubeExample on how to adjust low velocity diffusers

Commissioning factor air diffuser
For each air diffuser or plenum box there are commissioning 
factors specifically drawn up for each product where the flow 
can be calculated. 

This way of determining the airflow applies to both A2 methods 
and C2 methods.

Continuous control of the commissioning data is carried out at 
the manufacturer’s laboratory. There is often separate docu-
mentation with instructions for diffusers installation, commis-
sioning and maintenance.

In order to simplify commissioning, the measurement tappings 
should be equipped with plastic tubing and the adjustment 
dampers should be equipped with cord control (different coloured 
cords for opening, closing the damper), so that commissioning 
can be carried out without the need of dismantling suspended 
ceilings or diffusers.

When sizing supply air diffusers with demands of very low sound 
levels or short throw lengths, a low total pressure drop over the 
diffuser is also obtained. This means the commissioning pressure 
Δpi becomes low, and difficulties with the pressure measure-
ment arise.

Commissioning the water flow
1. Check that the product to be adjusted is the right one for the 
particular application (the right type, size, nozzle configuration 
and setup of air deflectors).

2. Look up the design water flow and pressure drop across the 
coil from the supplier’s sizing software.

3. The pressure drop across the valve must be at least as high as 
the pressure drop across the coil in order for the valve to have 
sufficient authority.

4. Depending on the pressure drop required across the valve and 
the required water flow, the valve’s kv value can be calculated. 
Example: 0.05 l/s at 5 kPa...

kv=V (m3/h)/ √Dp (Bar) = 0.05 x 3.6/ √0.05 = 0.80

The kv value must therefore be set to 0.80 or less for the valve to 
have authority.

Commissioning chilled/climate beams 
and comfort modules
In comparison with a standard air diffuser, commissioning 
climate beams and comfort modules is more extensive as it also 
requires adjustment of the water flow for cooling and possibly 
heating.

The description below only shows how adjustment of the beam/
comfort module can be performed. When it concerns adjust-
ment of the entire distribution system, refer to the consultant 
who designed the system.

Commissioning the supply airflow
The extent of commissioning varies depending on the type 
of system in question. The simplest is for a ring feed system, 
where the pressure in the feed duct is low and constant. In these 
cases, the correct airflow can be set directly on the nozzles in 
the beam or comfort module. 

In more common types of systems with main ducts, branch 
ducts and adjustment dampers, the following workflow can be 
applied: 

1. Check that the product to be adjusted is the right one for the 
particular application (the right type, size, nozzle configuration 
and setup of air deflectors).

2. Look up the required commissioning pressure for the specific 
product in the supplier’s sizing software.

3. Connect a pressure gauge to the requisite pressure tapping 
and measure the static commissioning pressure.

4. Adapt the adjustment damper position until the planned 
commissioning pressure is set. The airflow will then also be 
correct.
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Example
Conference room with a heat surplus of 60 W/m2 has an airflow 
need of at least 4 l/s and m2. 
a) If the airflow 4 l/s and m2 are chosen, a solution with water 
as the energy carrier is required. A solution of convection beams 
can then ideally be selected. 
b) If instead the airflow is increased to 6 l/s and m2, the cooling 
load can be managed with an airborne option. In this case 
improved air quality is also obtained.

The figure illustrates schematically the airflow and cooling 
effects required by different activities.

Conference rooms

Offices

Shops

Classrooms

NightclubRestaurant

W/m2

Airflow l/s and m2

The airflow ranges in the diagram are based on carbon dioxide 
levels of 600 ppm (max flow) and 1000 ppm (minimum flow). 
The background level is assumed to be 350 ppm. Carbon dioxide 
production is 18 l/h and person.

Airflows and cooling capacity levels for different activities Example of the airflow requirement for different premises
Airflow in l/s, m²

for CO2 content
Type of premises Pers/m² 600 

ppm
800 
ppm

1000 
ppm

Office 1)
- single person 0,1 2,0 1,1 0,8
- large office 0,12 2,4 1,3 1,0
- conference room 0,5 10,0 5,6 3,8
Schools
- classroom 0,5 10,0 5,6 3,8
- laboratory 0,3 6,0 3,3 2,3
- assembly hall 1,5 30,0 16,7 11,5
- gymnasium 0,3 6,0 3,3 2,3
Library 0,2 4,0 2,2 1,5
Shop 0,2-0,3 6,0 3,3 2,3
Restaurant
- dining room 0,7 14,0 7,8 5,4
- cafeteria 1,0 20,0 11,1 7,7
- bar 1,0 20,0 11,1 7,7
Nursing home 2) 0,4 3,8 2,2 1,5
Nightclub 3) 1,0 27,2 15,1 10,5
Waiting Hall/Lobby 1,5 30,0 16,7 11,5

Airflow requirement:
1) Average weight 70 kg, sitting 

2) Average weight 25 kg, walking 
3) Average weight 70 kg walking

Background level CO2 = 350 ppm
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Factual information

Sound pressure, sound pressure level
Sound pressure, measured in Pa, is a measure of the magnitude of 
pressure fluctuations in the air. The logarithmic function is called 
sound pressure level and the unit dB. 

Mass - weight - force
The international mass unit is 1 kilogram (1 kg). The unit kg 
should only be used to specify the material content of a body, 
i.e. mass. This will remain unchanged no matter how the body 
moves on the earth or in space. The word weight should be 
avoided as a synonym for mass where there is the potential for 
misunderstanding.

Weight refers to the force of gravity on the mass and is conse-
quently not a synonym for mass. The weight of a body varies if 
it is moved between different locations on earth. In a satellite 
where the G-force = 0, the body is weightless (not less weight), 
but still retains its mass.

The international power unit is 1 Newton (1 N). 1 N is the force 
needed to cause a 1 kg mass to accelerate 1 m/s2.

Octave band
A standardized division of the frequency ranges. Octave bands 
are named according to their mid-frequencies. 

Temperature
For absolute temperature the unit 1 Kelvin (1 K) is used. Usually 
in HVAC engineering the unit 1 degree Celsius (1 °C) is used. 
Temperature difference is indicated in unit 1 degree. The unit 1 
degree indicates the difference in temperature 1 °C or 1 K.

Total sound power level, Lw,tot

The logarithmic sum of sound power levels in octave bands 125-
8000 Hz. Used as the baseline value for calculating the sound 
power in an octave band when specifying sound generation. 

Pressure
Pressure is force per surface area. The unit of pressure is Pascal, 
Pa. In some cases, this unit gives impractically large numbers. The 
unit 1 bar = 100 kPa can be used. For barometric height the unit 
1 millibar (1 mbar) is used. That unit is used in meteorology.

Velocity
The unit of rotational speed in SI system is 1 radian per second 
(1 rad/s). This unit gives a fully divergent concept towards the 
unit 1 r/min. 1 r/m = 2π/60 rad/s. A move to the unit 1 rad/s will 
be made when motor manufacturers introduce this unit.

Terms and definitions
A-weighted sound level
Sound pressure level is determined with a sound level meter that 
has the A-filter engaged. Written dB(A).

Decibel
Decibel (dB), one tenth of a bel (B), is a logarithmic measure 
commonly used to define and measure the signal and noise 
level. A normal conversation is usually around 60-70 dB.

Density
Density (specific weight) expresses mass per unit volume. For 
gases the unit 1 kg/m3 is used.

Equivalent sound absorption area
A spatial equivalent absorption area is a measure of the limi-
tation surfaces’ area multiplied by their average absorbency 
capacity.

Power 
International unit 1 watt (1 W). The unit is used for all forms 
of power, for example, electric power, mechanical power and 
heating power.

Energy
The international unit is 1 Joule (1 J). This unit is henceforth 
used for, among others, thermal energy. For electrical energy 
the unit 1 kWh is normally used. 

Flow
Flow is expressed per unit of time 1 second (1 s). Volume per 
unit of time is given in m3/h , m3/s or l/s. In some contexts, 
there is need to use the concept of mass flow, which is usually 
indicated in g/s or kg/s

Frequency
In an acoustic context, frequency is the number of variations in 
pressure per second. Frequency has the unit Hertz (Hz).

Sound absorption
The reduction of sound energy (conversion to thermal energy in 
absorbent material).

Sound power, sound power level
The sound power, measured in W, is the power supplied to the 
air and causes variations in pressure (sound). The logarithmic 
function is called sound power level and usually has the unit dB. 
Unit B also occur occasionally (1 B = 10 dB).

Many ventilation product manufacturers do in fact use other 
colours to describe the air paths. In the Nordic countries, for 
example, it is common to use red for the supply air, as it is ima-
gined it is usually heated. 

Terminology and colours for different types of air according 
to EN 13779:2007:

7 4

3

2

1

8

7

6

5

1 Outdoor air Green
2 Supply air Blue
3 Transfer Air Grey
4 Extract air Yellow
5 Re-circulated air Orange
6 Exhaust air Brown
7 Circulation air Orange
8 Induction air Grey

Ventilation terminology Efficiency concepts for air
• Ventilation efficiency is a measure of how efficiently a pollut-

ant is removed

• Air exchange efficiency is a measure of how efficiently the air 
in a room is exchanged

A main goal for designers is therefore to size and position the 
supply and extract air diffusers so that both the air exchange 
and ventilation efficiency are as high as possible.

The ventilation efficiency depends on a number of different 
parameters:

• Placement of supply air and extract air diffusers

• Type of diffuser

• Supply air velocity

• Temperature difference between supply and extract air

• Occurrence of disturbances, for example, heat sources, activ-
ity, etc.

According to the proposal from the Nordic Ventilation Group 
the term “specific airflow” (n) is introduced instead of the term 
“rate of air change”.

Specific air flow denotes the relationship between the supply 
airflow’s share of outside air and the ventilated room volume. 
Specific flow was previously called “rate of air change” with the 
unit chge/h. However, this has often led to the perception that 
the air in the room is changed so many times per hour that the 
number indicates. How quickly the air in the room is changed 
is determined not only by the size of the supply airflow and the 
room volume, but also largely by how the air flows in the room.

Excess heat can be considered an impurity. It is therefore 
appropriate to introduce the concept “temperature efficiency”.

As excess heat can be considered an impurity, we can therefore 
exchange concentration with temperature to give temperature 
efficiency.

We distinguish between “average temperature efficiency” which 
applies as an average value for the whole room and the “local 
temperature index” that apply to a particular point in the room.
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tn = 
q
v

n =

Temperature efficiency, ert 
(mean value)
 

 ert = (tf-tt) / (tm-tt) 100%

where  tf = extract air temperature 
          tm = the rooms average temperature (at equilibrium) 
          tt = supply air temperature

Local temperature index, ept

 ept =  (tf-tt) / (tp-tt) 100%

where    tp = temperature at point p at equilibrium

 

Specific airflow, n
  

   q     m3/h   

  V       m3      

where    q = outdoor air flow (m³/h) 
         V = room volume (m³)

Nominal time constant, tn
Nominal time constant (tn) is the time that the supplied ventila-
tion flow’s share of outside air q, on average stays in the room.

  
       

where    q = outdoor air flow (m³/h) 
         V = room volume (m³)

Air exchange efficiency, era
 
Defined as the ratio between the nominal time constant and 
the exchange time for the air in the room.

  era = tn/ (2.  tm) 100%

where    tn = nominal time constant 
         tm = air’s average age in the room 
          2· tm= exchange time for air in the room

Note: 
The average age of the air is directly related to the time it takes 
to replace the air in the room. 
In order to replace all the air in the room, it takes on average a 
period equal to twice the average age of the air in the room. 
 
The average age of the air can be determined by measuring in 
the extract air duct.

Ventilation efficiency, erc
Defined at a given contamination discharge as the ratio bet-
ween the concentration in the extract air, and average concen-
tration in the room, i.e.

  erc = Ce/Cm 100%

where Ce = equilibrium concentration in the extract air 
where Cm = mean concentration in the room at equilibrium

Local air quality index, epc

where Cp = equilibrium concentration at point p

  epc = Ce/Cp 100%

Comfort zones

Room surface Normally the range of 
variation of the distance 
between the surface and 

the 
 occupied zone (Swedish 
Boverket's recommenda-

tions in parentheses)
Outer wall 0.2 - 1.0 m (1.0 m)
Inner wall 0 - 0.6 m (0.6 m)

Floor, lower limit 0 - 0.1 m (0.1 m)
Floor, upper limit standing 

person
1.8 - 2.0 m (2.0 m)

Occupied zone
The occupied zone is the part of the room where people are 
normally present, and is defined in consultation with the develo-
per and architect. Its volume is limited by the planes, which are 
parallel to walls, ceiling and floor. The distance between the oc-
cupied zone plane and room surfaces varies according to room 
usage.
The table provides a summary of the normal distances.

Coloured surface marks a defined occupied zone

Ceiling mounted low velocity diffusers

Floor and wall-mounted low velocity diffusers

Near zone
The near zone is a concept used in conjunction with low velocity 
diffusers and is therefore of primary interest in displacement 
ventilation.
According to the testing regulations SS EN 122 39 the near zone is 
defined by the dimensions av and bv as shown to the right.

The measurement av represents the greatest horizontal distance 
from the wall (or the middle of the diffuser for a cylindrical dif-
fuser) to the isovel1) for v m/s.
The measurement bv represents the greatest horizontal distance 
perpendicular to av between the isovel’s end points.

It should be emphasized in the test method that the isovel must 
be measured where the velocity is greatest, i.e. not at a specific 
distance from the floor. Velocity v m/s for the isovel has in the 
test method been set to:
• 0.2 m/s for low velocity diffusers designed for comfort venti-

lation
• 0.3 m/s for low velocity diffusers designed for industrial 

ventilation
For ceiling mounted low velocity diffusers, the near zone is defi-
ned as illustrated in the bottom right.

It is important that the ventilation designer is observant of how 
different manufacturers specify the near zones. Different met-
hods are used. For example:

• Comfort zone, which has its own special definition

• The isovel at the level 0.05 m above the floor

• The isovel at the level 0.10 m above the floor

Relatively large differences are obtained in the av and bv values 
when we abandon the agreed measurement and reporting met-
hods in the test method. 

A deviation from the method always gives shorter values for the 
near zone!

1) Isovel - The line that connects the same points with the same air 
velocity.
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Example:
Offices of the width 3.6 m 
Semi-circular low velocity diffuser placed at the rear edge 
Supply air temperature 18 °C 
Room temperature    24 °C 
Air flow             30 l/s

This air velocity should be considered as the lowest value that 
can be obtained where a density flow prevails.

The air velocity in the remote zone calculated using the 
following equation:

Where   q = supply airflow (m3/s) 
  Dt=difference between room temperature and  
         supply air temperature (K) 
  b = room width (m) 
  T = room’s absolute temperature (K) 
  vf = air velocity in the remote zone (m/s)

Remote zone in rooms with displacement air diffusers.

Remote zone
The remote zone is a concept used in conjunction with 
displacement ventilation. Remote zone is defined as the 
zone outside the near zone where the density flow prevails. 
Characteristics for density flow are:

• it is driven by the density difference between the supply air 
and the room air

• it gives small co-ejection of the ambient air

• it is very thin, usually about 10 cm

• it has slightly lower velocity fluctuations (turbulence) than a jet 

Air velocities in the remote zone are determined by:

• thermal load in the room

• room geometry (width)

 
The air speed in the remote zone is calculated when we have an 
equalisation of the airflow over the width of the room.

Conversion factors, symbols and units

Conversion factors
The table comprises a selection of the most common units in 
fan and air conditioning technology. Conversion factors are 
truncated where appropriate to three decimal places.

For practical purposes, useful approximations with an error not 
exceeding 2% are given in parentheses.

Magnitude Designation SI unit Previous 
unit

Conversion factor 

Power F N kp 1 N = 0,102 kp

(1 N  0,1 kp)

1 kp = 9,807 N

(1 kp  10 N)

Pressure p Pa mm vp  1 Pa = 0,102 mm vp

(1 Pa  0,1 mm vp)

1 mm vp = 9,807 Pa

(1 mm vp 10 Pa)

bar  kp/cm2 1 bar = 1,020 kp/cm2 

1 bar  1 kp/cm2
1 kp/cm2 = 0,981 bar

(1 kp/cm2 ≈1 Bar)

mbar torr1) 1 mbar ≈ 0,750 torr 

(1 000 mbar ≈ 760 mm Hg

1 torr ≈1,333 mbar

Flow q m3/s m3/h 1 m3/s = 3 600 m3/h 1 m3/h = 0,278 x 10-3m3/s

(1 000 m3/h ≈ 0,28 m3/s)

Power P kW

kW

hk

kcal/h

1 kW = 1,360 hk 

1 kW = 860 kcal/h

1 hk = 0,736 kW

al/h = 1,163 x 10-3kW

Energy W kJ kcal 1 kJ = 0,239 kcal 1 kcal = 4,187 kJ

Enthalpy i kJ/kg kcal/kg 1 kJ/kg = 0,239kcal/kg 1 kcal/kg = 4,187 kJ/kg

Specific heat capacity cp kJ/kg °C kcal/kg °C 1 kJ/kg °C = 0,239 kcal/kg °C 1 kcal/kg °C =  4,187 kJ/kg °C

Thermal conductivity λ W/m °C kcal/m °C 1 W/m °C = 0,860 kcal/m °C h 1 kcal/m °C h = 1,163 W/m °C

Thermal transmit-
tance

U  W/m2 °C kcal/m2 °C h 1 W/m2 °C = 0,860 1 kcal/m2 °C h 1 kcal/m2 °C h = 1,163 W/m2 °C

1) 1 dry = 1 mm Hg at 0°C and g = 9.80665m/s2.
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Conversion factors

PRESSURE
Pa (= 10-2 mbar) kp/cm2 mmvp lb/in2  

(psi, pound per square 
inch)

in of water 
(inch of water)

1 10,20 · 10-6 0,1020 0,1450 · 10-3 4,015 · 10-3

98,07 · 103 1 104 14,22 393,7
9,807 10-4 1 1,422 · 10-3 39,37 · 10-3

6,895 · 103 70,31 · 10-3 703,1 1 27,68
249,1 2,540 · 10-3 25,40 36,13 · 10-3 1

ENERGY
J (= Ws) kpm kcal kWh Btu  

(British thermal unit)
1 0,1020 0,2388 · 10-3 0,2778 · 10-3 0,9478 · 10-3

98,07 1 2,342 · 10-3 2,724 · 10-6 9,295 · 10-3

4,187 · 10³ 426,9 1 1,163 · 10-3 3,968
3,6 · 106 0,3671 · 106 859,8 1 3,412 · 103

1,055 · 10³ 107,6 0,2520 0,2931 · 10-3 1

 
POWER

W (= J/s) kW (= kJ/s) kcal/h hk Btu/h TR 
(ton of refrigera-

tion)
1 10-3 0,8598 1,36 · 10-3 3,412 0,2843 · 10-3

10³ 1 0,8598 · 10³ 1,360 3,412 · 10³ 0,2843
1,163 1,163 · 10-3 1 1,581 · 10-3 3,968 0,3307 · 10-3

735,5 0,7355 632,4 1 2,510 · 10³ 0,2091
0,2931 0,2931 · 10-3 0,2520 0,3985 · 10-3 1 83,33 · 10-6

3,517 · 10³ 3,517 3,024 · 10³ 4,783 12 · 10³ 1

Conversion factors

LENGTH
m in (inch) ft (feet)
1 39,370 3,281

25,4 · 10-3 1 83,33 · 10-3

0,3048 12 1

AREA
m² sq ft (square feet)
1 10,76

0,09290 1

VOLUME
m³ ft³ US gallon
1 35,32 264,2

28,32 · 10-3 1 7,481
3,785 · 10-3 0,1337 1

MASS
kg lb (pound)
1 2,205

0,4536 1

VOLUME FLOW
m³/s l/s m³/h cfm (cubic 

feet per 
minute)

1 10³ 3600 2119

10-3 1 3,6 2,119

0,2778·10-3 0,2778 1 0,5886

0,4720·10-3 0,472 1,699 1

VELOCITY
m/s fpm (feet per minute)

1 196,9
5,080·10-3 1
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Symbols and units

ACOUSTICS
Symbol Unit

A Absorption area m² Sabine
c Speed of sound m/s
D Level difference dB
f Frequency Hz
i Intensity W/m²
L Sound level dB ref 2·10-5 Pa
LA A-weighted sound pressure 

level
dB ref 2·10-5 Pa

Lp Sound pressure level dB ref 2·10-5 Pa
LW Sound power level dB ref 10-12 W
LWA A-weighted sound power 

level
dB ref 10-12 W

Li Sound intensity level dB ref 10-12 W/m²
Leq Equivalent sound level dB ref 2 · 10-5 Pa
Q Directivity factor
R Room constant
R Reduction index dB
T Reverberation time s
a Absorption factor
λ Wavelength

AIR EXCHANGE
Symbol Unit

erc Ventilation efficiency %

epc Local ventilation index -

era Air exchange efficiency %

ert Temperature efficiency %

ept Local temperature index -

tn Nominal time constant h

tm Room air’s mean age h

tr Exchange time of air in the 
room

h

n Specific airflow Room volume/h

ROOM
Symbol Unit

l Length m
b Width m
h Height m
d Thickness m
r Radius m
d Diameter m
A Area m²
V Volume m³

VENTILATION AND HEATING
Symbol Unit

CP Specific heat capacity kJ/kg · K
C Radiation coefficient W/m² · K4

dh Hydraulic diameter m
de Equivalent diameter m
E Energy J
F Power N
g Acceleration of gravity m/s²
h Enthalpy J/kg
m Mass kg
P Power W = J/s
Pr Prandtl number
p Pressure Pa = N/m²
pd Dynamic pressure Pa
ps Static pressure Pa

Patm Atmospheric pressure Pa, mbar
pt Total pressure Pa
Dp Pressure difference Pa
q Volume flow m³/s
r Heat of vaporisation kJ/kg
R Thermal resistance m² · K/W
T Temperature, Kelvin K
t Temperature, Celsius °C
t Time s

DT Temperature difference K
Dt Temperature difference °C
U Coefficient of thermal 

transmittance
W/m² · K

v Velocity m/s
a Coefficient of thermal 

transmittance
W/m² · K

e Emission factor, efficiency
ν Kinematic viscosity m²/s
r Density kg/m³
j Relative humidity %
η Efficiency
λ Thermal conductivity W/m · °C

Water, p = 1 bar
Temperature Density Spec.heat Thermal conductivity 
    °C  kg/m3 kJ/kg degree W/m degree 

 0 999.8 4.212 0.550
 20 998.0 4.187 0.599
 40 992.2 4.178 0.634
 60  983.3 4.180 0.659
 80  971.9 4.193 0.675
 100  958.4 4.216 0.684

Air, p = 1 bar
Temperature Density Spec.heat Thermal conductivity 
    °C  kg/m3 kJ/kg degree W/m degree  

 0 1.275 1.006 0.0242 
 20 1.188 1.007 0.0254 
 40 1.112 1.008 0.0267 
 60  1.045 1.009 0.0279 
 80  0.986 1.010 0.0295 
 100  0.933 1.012 0.0318 

Heating data
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kJ
kg ;
in

Mollier diagrams 
Mollier diagram for humid air -25 to +40 °C

Mollier diagram for humid air –25 till +55 °C
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Circular elbow

Circular ducts

Pressure drop diagrams ducts
In this section pressure drop diagrams for ducts and elbows are 
presented, both circular and rectangular. The diagrams are used 
when selecting the duct system.

Pressure drop diagram segment built circular 
elbows

A = Number of dimension increments
(Example from 020 - 016 = 1 dim. increment)

A = Number of dimension increments
(Example from 016 - 020 = 1 dim. increment)

Area reductionArea increase

Pressure drop diagram circular dimension 
changes

Pressure drop diagram pressed circular elbow
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The pressure drop includes any reduction as stated above, if 
S < 3 x D.

Pressure drop diagram for circular branches, 
T-pipes and manifolds

Rectangular elbows

Rectangular ducts

Ducts with the same equivalent diameter De, can have different cross sectional areas. The plotted velocity curves are therefore approxi-
mate. Maximum error <5%.



TECHNICAL GUIDE TECHNICAL GUIDE
Factual information Factual information 

139138

Cross-section circular duct, A m²
A = π · d² / 4
d = diameter of the duct, m

Circumference of a circular duct, O m
O = π · d
d = diameter of the duct, m

Air density, r kg/m³
rt = 1.293 · B / 1013 · 273 / (273 + t)
B = barometric height, mbar
t = air temperature, °C

Cooling/heating capacity for air, P kW
P = q · r · Cp · Dt
q = airflow, m³/s
r = air density, kg/m³
Cp = air’s specific heating capacity, kJ/kg, K (≈1.0 at 20 °C)
Dt = required temperature increase/reduction, °C

Throw length for alternative end velocity, Lx m
Lx = l0.2 · 0.2/Vx

l0.2 = throw length for end velocity 0.2 m/s according to      
        catalogue data, m
Vx = selected alternative end velocity, m/s

Airflow, q m³/s
q = A · v
A = cross sectional area, m²
v = air velocity, m/s

Dynamic pressure, pd Pa
Pd = r · v²/2
r = air density, kg/m³
v = air velocity, m/s

Hydraulic diameter, dh m
dh = 4 · A/O
A = cross sectional area, m²
O = duct circumference, m
dh = for rectangular ducts
dh = 2 · a · b / (a + b)
a and b are the duct’s sides
dh for circular ducts
dh = d = duct diameter

Total pressure – supply air, pt Pa
pt = ps + pd

ps = static pressure, Pa
pd = dynamic pressure, Pa

Total pressure – extract air, pt Pa
pt = (-ps) + pd

ps = negative static pressure, Pa
pd = dynamic pressure, Pa

Formulas Worth reading - bibliography
LUFT (Swegon Air Academy)  
ISBN 978-91-977443-0-0
AIR (English version)  
ISBN 978-91-977443-1-7     

EPBD Helt enkelt (Swegon Air Academy)
ISBN 978-91-977443-2-4
Simply EPBD (English version)
ISBN 978-91-977443-2-4

GRÖNT Helt enkelt (Swegon Air Academy)
ISBN 9789197744348
Simply GREEN (English version)
ISBN 9789197744355

REHVA Guidebooks (www.rehva.eu) 
No 1: Displacement Ventilation    
ISBN 82-594-2369-3 
No.2: Ventilation Effectiveness    
ISBN 2-9600468-0-3 
No.3: Chilled Beam Application Guidebook   
ISBN 2-9600468-3-8 
No.6: Indoor Climate and Productivity in Offices  
ISBN 2-9600468-5-4 
No.11: Air Filtration in HVAC Systems    
ISBN 978-2-930521-01-5

Achieving the Desired Indoor Climate (Studentlitteratur) 
ISBN 91-44-03235-8

R1 Classified indoor climate systems - Guidelines and 
specifications, the Swedish Indoor Climate Institute. Ordered via 
Energy and Environmental Technology Association  
(www.emtf.se), order number R1 J2624

Acoustics in Rooms and Buildings, Lennart Karlen, Byggtjänst. 
ISBN 91-7332-226-1.

Acoustics & Noise, Johnny Andersson. Ingenjörsförlaget.  
ISBN 91-7332-727-1.
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Swegon comes from a long line of indoor environment pioneers. Our roots reach all the way back to 1932 and a company called 
Farex. Defined from the very beginning by an unwavering commitment to quality and innovation, we have seen steady growth  
through the years.

Today, with the long-term support of our owner, the Swedish investment company Latour, we hold a strong position on the HVAC 
market. As we continue to grow, we remain true to the spirit of our founders, leading the way in indoor climates. At heart, indoor 
environments are about the air around us. Is it healthy? Is the temperature pleasant? Are the noise and humidity levels comfortable? 

Helping our customers meet these challenges is what drives us every day. The goal is to provide the products, systems and support 
they need to deliver an optimal solution. And because of our deep commitment to sustainability, we always consider the long-term 
effects of everything we do. 

Simply put, at Swegon we believe that indoor environments should help people feel, think and perform better. 

We are Swegon An optimal solution
Indoor environments are as unique and varied as the people who 
inhabit them. 

We therefore take a holistic view of the indoor climate projects 
we are in. Our products and systems are flexible, adaptable and 
easy to integrate with other systems. They are easy to maintain 
and reconfigure, thanks to a cloud platform that enables moni-
toring and proactive service.

Just as important, our products are long-lasting, energy efficient 
and designed to help our customers reach their own explicit 
environmental targets.

We take what we do seriously
Because our solutions have a direct and indirect impact on 
the people and environment around us. As we consider the full 
picture when helping to create productive and healthy indoor 
environments, it feels natural for us to do the same when wor-
king with sustainability.

We work in three key areas of sustainability:

Decreasing our carbon footprint

By establishing a lifecycle perspective for our indoor climate 
solutions.

Promoting gender equality

By educating colleagues and setting guidelines and targets that 
ensure equal treatment for all.

Reaching 100% renewable and fossil-free energy

By reviewing infrastructure and energy suppliers at our sites.
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A global company, a good work 
environment

Feel good inside
We create indoor environments that make people feel good 
inside. We also strive to create a work-place that does the same 
for our employees. 

Having that said, we believe that all our colleagues should feel 
equal and everyone’s voice should be heard. We offer a safe, 
friendly and stimulating work environment while giving the rest 
of life the space it needs.

We actively promote diversity in our workforce, knowing that 
real success comes from a blend of life experiences and a truly 
welcoming environment.

Our culture is rooted in our Scandinavian heritage but we offer a 
dynamic work environment where you can widen your horizons, 
and thrive. 

What can I do at Swegon?
At Swegon it’s not just about ventilation, we create technical 
solutions using in-depth knowledge, innovative thinking and 
advanced engineering to make people feel good inside. Sustai-
nability issues and minimal environmental impact are always of 
primary consideration.

Are you aiming for an international business career? Or would 
you rather delve into the depths of some technical specialty? 
Maybe you are service-minded and like to make customers hap-
py and satisfied? With close to 3000 employees, we have many 
areas you can work in, from production to sales and marketing, 
research and development and engineering.

We provide career opportunities which are both challenging and 
varied.

Spread worldwide
We need to be close to our customers, understand the demands 
of their market and provide fast, knowledgeable support. That is 
why we are a global company today.

We now have sales and service via subsidiaries in 16 countries as 
well as sales via distributors and partners round the world. We 
have around 20 production sites and factories, and a number of 
state-of-the-art laboratories and test facilities in a worldwide 
spread.

Different challenges, different  
solutions 
A challenging geographic location
We got to provide a complete solution that takes a number of 
factors of heat and cold, inside and outside, into account and 
secure a productive and comfortable indoor climate at this 
Lindt office. 

The customer emphasised the importance of a reliable energy 
consumption considering the vast variations in indoor and out-
door climate. We created a sophisticated solution including air 
handling units, a multifunctional unit for heating and comfort 
cooling, more than a hundred room units and a WISE system 
for optimisation. 

Serious business at Økern Portal
With the aim to achieve the BREEAM certification of Excellent, 
all five structures that make up Økern Portal were equipped 
with smart technology and energy-efficient solutions. 

The result is a highly sustainable suburban center that sup-
ports well-being of everyone inside. A total of 41 Swegon GOLD 
air handling units and 2,500 Swegon WISE products have been 
combined into a demand controlled indoor climate system that 
allows everyone to feel good inside.

Citizen M – a global partnership
Our partnership with citizenM began as a collaboration bet-
ween the hotel’s architects and our product experts. A replica 
of a citizenM hotel room was built in one of our labs and 
allowed us to test how various product combinations would 
perform in real life. 

Our experts carefully measured and analysed every detail in a 
variety of contexts and came up with a successful solution. Our 
ongoing collaboration with citizenM includes 25 hotels world-
wide to date – with more to come.
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