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3.1 
Dimensioning 
compressor 
installations

3.1.1 General

A number of decisions must be made
when dimensioning a compressed air
installation for it to suit the user’s needs,
give the best operating economy and be
prepared for future expansion.

The foundation is the applications or
process that will use the compressed air.
Therefore, you must start by mapping out
these to gain the correct basis for continu-
ed dimensioning.

The areas to be looked at are calculation or
assessment of the air requirement and the
reserve capacity and the space for future
expansion. The working pressure is a criti-
cal factor, as this significantly affects the
energy consumption. Sometimes it can be
economical to use different compressors
for different pressure ranges.

The quality of the compressed air is
not just a question of the water content,
but has also become increasingly directed
towards environmental issues. Odour and

the microorganism content are important
factors that can affect the product quality,
rejections, the working environment and
the outdoorenvironment.The issue of whe-
ther the compressor installation should be
centralised or decentralised affects the 
space requirement and perhaps future
expansion plans. From economic and 
environmental standpoints it is becoming
more important to investigate the possibi-
lities of recovering energy at an early
stage, this often gives very quick return on
the investment. 

It is important to analyse these types
of issues with regard to current as well as
future requirements. It is then possible,
and only then, to design an installation
offering sufficiently flexibility.

3.1.1.1 Calculating the working pressure

The compressed air equipment in an
installation determines the requisite work-
ing pressure. The right working pressure
does not just depend on the compressor
but also on the design of the compressed
air system with piping, valves, compres-
sed air dryers, filters, etc.

Different types of equipment can
demand a different pressure in the same
system. Normally the highest pressure
determines the requisite installation pres-

3:1

The air requirement for connected equipment is obtained from, e.g. tool catalogues and descriptions of
production equipment. By analysing and assessing the utilisation factor you can easily attain upper and

lower limits for the overall air requirement.
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for all tools, machines and processes to be
connected, bearing in mind the utilisation
factor that experience tells us will be perti-
nent. Additions for leakage, wear and
future changes in the air requirement must
also be considered. 

A simple method to estimate the present
and future air requirement is to compile
the air requirement for connected equip-
ment and the utilisation factor.

This type of calculation requires a list
of machines, supplemented with respec-
tive machine’s air consumption and expect-
ed utilisation factor. If you do not have
data for the air consumption or utilisation
factor, standard values can be used. The
utilisation factor for tools can be difficult
to estimate, therefore calculation values
should be compared with measured con-
sumption in similar applications.

For example, when large power con-
sumers such as grinders and sand-blasting
machines are used, it is frequently for long
periods (3–10 min) under continuous op-
eration, despite the low overall utilisation
factor. This does not really correspond to
intermittent operation, which is why it is
necessary to estimated how many machi-
nes will be used simultaneously to judge
the total maximum air consumption.

The compressor capacity is essenti-
ally determined by the total nominal com-
pressed air requirement. The compressor’s
free output flow rate should cover this rate
of air consumption. The calculated reserve
capacity is primarily determined by the
cost of lost production with a possible
compressed air failure.

The number of compressors and the mutu-
al size is determined principally by the
required degree of flexibility, control sys-

sure and other equipment is fitted with
reducing valves at the point of consump-
tion. In more extreme cases the method
can be uneconomical and a separate com-
pressor for special needs can be a solution.

Also bear in mind that the pressure
drop increases quickly with an increasing
flow. If a change in consumption can be
expected, it is makes economic sense to
adapt the installation to these conditions.

Filters, special dust filters, have a low
initial pressure drop, but in time become
blocked and are replaced at the recom-
mended pressure drop, which here will be
a factor in the calculation. The compres-
sor’s flow regulation also brings about
pressure variations and shall be included
in the assessment. It may be appropriate to
systematise the calculations according to
the following example:

Description Pressure drop bar(e)

End user 6

Final filter 0.1–0.5

Pipe system 0.2

Dust filter 0.1–0.5

Dryer 0.1

Compressor’s regulation range 0.5

Compressor’s max

working pressure 7.0–7.8

Primarily it is the end user together with
the pressure drop between the compressor
and the consumer that determines the
pressure that the compressor needs to pro-
duce. By, as in this example, adding the
pressure drop in the system the working
pressure can be determined.

3.1.1.2 Calculating the air requirement

The nominal compressed air requirement
is determined by the air consumers. This is
calculated as a sum of the air consumption
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tem and energy efficiency. In an installa-
tion where, due to reasons of cost, only one
compressor shall answer for the compres-
sed air supply, the system can be prepared

for the quick connection of a portable com-
pressor in connection with servicing. An
older compressor, used as a reserve source,
can be used for inexpensive reserve power.

3:3

During an operating analysis the compressed air production is continuously measured, for example,
during a week. This is the results in diagram form for a compressor with the capacity 260 m3/min where

the different curves represent the days of the week.

3:2

The principle for an operating analysis.
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as well as the operating method for the
installation. For example, the working
pressure can often be reduced at certain
times and the control system can be modi-
fied in order to improve compressor usage
with changes in production. Another
important factor is to check whether there
is any leakage.

For the production of small quanti-
ties of air during the night and weekends,
you must consider whether it is worth-
while installing a smaller compressor to
cover this requirement.

3.1.2 Centralisation or 
decentralisation

3.1.2.1 General

There are several factors that affect the
choice between one large or several smal-
ler compressors to meet the same compres-
sed air requirement. For example, the cost
of a production stoppage, the availability
of electricity, loading variations, costs for
the compressed air system and the avail-
able floor space.

3.1.2.2  Centralised 
compressor installations

A centralised compressor installation is in
most cases the solution of choice, as it is

3.1.1.3 Measuring the air requirement

An operating analysis provides key factors
about the compressed air requirement and
forms the basis for assessing how much
compressed air it is best to produce. Most
industrial companies develop continuous-
ly, which means that the compressed air
requirement also changes. It is therefore
important that the compressed air supply
is based on the current prevailing condi-
tions, at the same time as an appropriate
margin for expansion is built into the
installation.

Operating analysis involves the measure-
ment of operating data, possibly supple-
mented with the inspection of an existing
compressed air installation during a suit-
able period of time. The analysis should
comprise at least one week of operations
and the measurement period should be
selected with care in order to serve as a
typical case to ensure that a relevant pic-
ture is obtained. The stored data also pro-
vides an opportunity to simulate different
measures and changes in compressor op-
erations and to analyse the significance for
the installation’s overall economy.

Factors such as the loading times and
off-loading times also have a bearing on
the total assessment of compressor opera-
tions. These provide the basis to assess the
loading factor and the compressed air
requirement, spread over a day or work-
ing week. Accordingly, the loading factor
can not just be read off on the compres-
sor’s running hour meter.

An operating analysis also gives a basis for
the potential energy recovery. Frequently
more than 90% of the supplied energy can
be recovered. Furthermore, the analysis can
provide answers relating to dimensioning

3:4

Even small leakage can result in large costs
and downtime.
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short peaks is to solve the problem by
positioning a buffer (air receivers) at stra-
tegic places. 

A unit or building normally supplied
from a compressed air central and which is
the sole consumer of compressed air at
specific periods can be sectioned off and
supplied with its own compressor. The
advantage of this is you avoid “feeding”
any leakage in the remaining part of the
system and that the localised compressor
can be adapted to the smaller requirement.

3.1.3 Dimensioning at high altitude

3.1.3.1 General

The ambient pressure and temperature
diminish at heights above sea level. This
affects the pressure ratio, for compressors
as well as the connected equipment, which
in practice means an influence on the
power and air consumption. At the same
time the changes also affect the available
rated power from electric motors and com-
bustion engines.

You should also be aware of how the
ambient conditions influence the end user.
Is it a specific mass flow rate, e.g. in a pro-
cess or is it volume flow rate you require?
Is it the pressure ratio, absolute pressure
or over pressure that was used for dimen-
sioning? Is the compressed air temperature
significant? 

All these create different conditions
for dimensioning a compressed air instal-
lation installed at a high altitude and can
be fairly complex to calculate. If you feel
unsure you should always contact the
manufacturer of the equipment.
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less expensive than several, locally situa-
ted compressors. Compressor plant can be
efficiently interconnected, which result in
lower energy consumption. A central
installation also involves lower monitoring
and maintenance costs as well as better
conditions for recovering energy. The
overall, requisite floor area for the com-
pressor installation is less. Filters, coolers
and other auxiliary equipment and the air
intake can be optimally dimensioned and
installed. Noise insulation will also be easi-
er to fit.

A system comprising several, diffe-
rent sized compressors in a central installa-
tion can be sequence controlled to improve
efficiency. One large compressor has dif-
ficulty in meeting large variations in the
compressed air requirement, without effi-
ciency dropping.

For example, systems with one large
compressor are often supplemented with a
smaller compressor, for use during periods
such as a night shift or at weekends.
Another factor worth considering is the
effect the start of a large electric motor has
on the mains supply.

3.1.2.3 Decentralised 
compressor installations

A system with several decentralised com-
pressors involves a smaller, simpler com-
pressed air system. The disadvantages of
decentralised compressors is the difficulty
in inter-regulating the compressed air sup-
ply, the expense and that maintenance
work is more demanding as well as it is
hard to maintain a reserve capacity. De-
centralised compressors can be utilised to
maintain the pressure in a system with a
large pressure drop if the intermediate
processes temporarily draw too much air.
Otherwise an alternative with extremely
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3.1.3.2 The effect on a compressor

To choose the right compressor where the
ambient conditions differ from those sta-
ted on the data sheet, you should take the
following factors into consideration:

• Height above sea level 

or ambient ressure

• Ambient temperature

• Humidity

• Coolant temperature

• Type of compressor

• Power source

These factors primarily affect the follow-
ing:

• Max. working pressure

• Capacity

• Power consumption

• Cooling requirement

The most important factor is the intake
pressure variations at altitude. For examp-
le, this means a compressor, with a pressu-
re ratio of 8.0 at sea level, will have a pres-
sure ratio of 11.1 at an altitude of 3000
metres (under the condition that the work-
ing pressure is constant). This affects the
efficiency and thereby the power require-
ment. To what degree is dependent on the
type of compressor and the design as set
out in figure 3:6. 

The ambient temperature, humidity
and coolant temperature interact and

3:6

A rule of the thumb for the altitude’s effect on the compressor at 7 bar(e) working pressure and constant
ambient temperature. Bear in mind that each compressor has a top pressure ratio that can not be exceeded.

The table shows the standardised pressure and
temperature variations at different heights. The
pressure is dependent on the weather and varies
approx. ± 5%, while the local season dependent

temperature variations can be considerable.

3:5
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affect the compressor’s performance to dif-
ferent degrees on single or multi-stage
compressors, dynamic compressors and
displacement compressors.

3.1.3.3 Power source

3.1.3.3.1 Electric motors

Cooling becomes impaired on electric
motors by the thinner air at high altitude.
It should be possible for standard motors
to work up to 1000 m and with an ambient
temperature of 40°C without the rated
data deteriorating. With greater heights
table 3:7 can be used as a guideline for
standard motors. Notice that for some
types of compressor the motor perform-
ance is impaired more than the
compressor’s requisite shaft power at high
altitude. 

3.1.3.3.2 Combustion engines

A reduction in the ambient pressure, a
temperature increase or a reduction in
humidity reduce the oxygen content in the
intake air and thereby the extractable
power from the engine. The degree of
shaft power degradation depends on the
type of engine and its breathing method as
set out in figure 3:8. The humidity plays a
lesser part (<1%/1000 m) when the tempe-
rature falls below 30°C.

Notice that the engine power falls
more rapidly than the compressor’s requi-
site shaft power, which means that for
each compressor/engine combination
there is a maximum working height.
Generally, you should let respective sup-
pliers calculate and state the specific data
that applies to the compressor, engine and
air consumption equipment in question.

3:7

The table shows the permitted load in % of the electric motor’s rated power.

3:8

The table shows how combustion engines are affected by altitude and temperature.
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compressed air quality specified by the
consumer.

When the compressed air’s part in
the process is clearly defined, the answer
to which system is the most profitable and
efficient will be found. It is a question,
among others, of establishing whether the
compressed air will come into direct con-
tact with the product or whether, e.g. oil
mist can be accepted in the working envi-
ronment. A systematic method is necessa-
ry to select the right equipment.

3.2.2 Water vapour in 
the compressed air

Air in the atmosphere always contains
moisture in the form of water vapour.
Some follows with the compressed air and
can cause problems. Examples of which
are: High maintenance costs, shortened
service life and impaired tool performance,
high rate of rejection with spray painting
and plastic injection, increased leakage,
disturbances in the control system and
instruments, shorter service life for the

3.2 
Air treatment

3.2.1 General

It is a matter of vital importance to the
user that the compressed air is of the right
quality. If air that contains contamination
comes into contact with the final product,
rejection costs can quickly become unac-
ceptably high and the cheapest solution
can quickly become the most expensive. It
is important that you select the compres-
sed air quality in line with the company’s
quality policy and even attempt to judge
future requirements.

The compressed air can contain
unwanted substances, for example, water
in drop or vapour form, oil in drop or
aerosol form as well as dust. Depending
on the compressed air’s application area,
these substances can impair the produc-
tion result and even increase costs. The
purpose of air treatment is to produce the

3:9

The main components in a compressed air system when set up and installed. 
The equipment for air treatment determines the quality of the compressed air, 

which has a great effect on the economy of the installation.
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pipe system due to corrosion and more
expensive installation. The water can be
separated by using accessories, e.g. after-
coolers, condensation sepators, refrigerant
dryers and adsorption dryers.

A compressor that works with 7
bar(e) overpressure, compresses air to 7/8
the volume. This also reduces the air’s abi-
lity to hold water vapour by 7/8. The
quantity of water that is released is consi-
derable. For example, a 100 kW compres-
sor that draws in air at 20°C and with 60%
relative humidity will give off approx. 85
litres of water during an 8 hour shift.
Consequently, the amount of water to be
separated depends on the compressed air’s

application area. This in turn is decides
which combination of coolers and dryers
are suitable.

3.2.3 Oil in the compressed air

The quantity of oil in the compressed air is
dependent on several factors, among
others, the type of machine, design, age,
condition, etc. There are two main types of
compressor design in this respect, those
working with lubricant in the compression
chamber and those working without lubri-
cant. In lubricated compressors the oil
takes part in the compression process and
also follows with the compressed air fully
or partly. However, on modern, lubricated

3:10

3:11

A compressor that works with 7 bar(e) overpressure, compresses air to 1/8 of the volume.

ISO has quality classified compressed air with regard to the degree of contamination.
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control over any bacteria growth after the
filter.

The picture becomes even more com-
plicated as gases and aerosol can be con-
centrated into drops (through concentra-
tion or electric charging) even after pas-
sing several filters. Microorganisms germi-
nate through the filter walls and therefore
exist in the same concentrations on the
inlet and outlet sides of the filter.

During investigations it has been estab-
lished that microorganisms thrive in com-
pressed air systems with undried air and
thereby high humidity (100%). Contamina-
tion smaller than 1 µm and thereby micro-
organisms, can pass unimpeded through
the compressor’s intake filter. 

Oil and other contamination act as
nutrients for growth. The most decisive
factor is to dry the air to a humidity of
<40%, which is achieved by using an
adsorption dryer and at room temperature
also with a refrigerant dryer.

piston and screw compressors the oil
quantity is only small. For example, in an
oil injected, screw compressor the oil con-
tent in the air is less than 3 mg/m3 at 20°C.
The oil content can be reduced by means
of multi-stage filters. If such a solution is
chosen it is important to consider the qua-
lity limitations, risks and energy costs this
brings about.

3.2.4 Microorganisms 
in the compressed air

More than 80% of the particles that conta-
minate the compressed air are less than 2
µm and thereby easily pass through the
compressor’s intake filter. Thereafter the
particles are spread in the pipe system and
mix, among others, with the water and oil
residue and pipe deposits. This can result
in the growth of microorganisms. A filter
directly after the compressor can eliminate
these risks. Nevertheless, to have pure or
sterile compressed air you must have full

3:12

A view of an installation that can produce compressed air in
different quality classes in accordance with ISO 8573-1.
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