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RECOMMENDATION

concerning

AIR FILTERS FOR BETTER INDOOR AIR QUALITY

The need to separate impurities from air or other gases has increased as regards both the
degree of separation and the necessity to separate both gases and finer particles. Correct
specification of filters is a prerequisite for the correct functioning of ventilation systems, for
sensitive production or to protect humans and the environment and to improve indoor air
quality.

Eurovent has always led the field in measuring and characterising air filters and provided the
basis for common European Standards.
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WHY AIR FILTERS

A filter is a component of a system which, in
conjunction with other components, can contribute
towards a better indoor environment.

Ventilation System Protection
A precondition for maintaining function for a good
number of years is that the system should be effectively
protected, both on inlet and exhaust systems

Impurities must be stopped at the inlet and not be
allowed to get into the system.

HYGIENE REQUIREMENT
Every day we breathe ca. 20-30 kg of air and take in
one kg of solid and three kg liquid food. We should
therefore make the same requirement of the air as we do
of food and drink.

Atmospheric air and dust
Size of particles  Studies of atmospheric particles show
that their distribution is often bimodal, i.e. the particles
are made up of two separate fractions, one with fine and
one with coarse particles. The coarse particles, from ca
2.5µm upwards, are made up of natural dust from the
effect of wind, erosion, plants, volcanoes, etc. The finer
fraction is made up of particles smaller than 2.5µm and
consists primarily of particles from human activity,
combustion, traffic and processes.

Hygiene requirements for particle concentrations in the
air have been based on concentrations of particles
smaller than 10µm (particulate mass, PM10). Studies have
shown a direct connection between the death rate and
finer particles and official requirements are under review,
in both Europe and the USA, and are to be based on
particles smaller than 2.5µm (PM2.5).

To effectively eliminate these small particles and fulfil
official requirements, finer filters are needed and the
requirement for filtering of outdoor air, recycled air or
exhaust air is increasing.

The Number of particles varies considerably with time
and place. An urban environment or polluted
environment thus requires an increasingly better filter
quality.

Place Particles/m3

Clean Room 103

Arctic 107

Countryside 109

City 1011

Tobacco smoke 1014

Allergy. The problem of allergies has increased during
the last few years and this can largely be attributed to
airborne allergens such as pollen, spores, living or dead
bacteria, dust, diesel fume, cigarette smoke etc. Tests
have shown that an EU7 (F7) filter can effectively reduce
allergens in the air /12/.

Carcinogenic potential of pollutants. It is known that
the urban traffic environment is carcinogenic due to
automotive gases and polyaromatic hydrocarbons. An
EU8 (F8) filter reduces their effect by 80 % /12/.

Odours/gases. A large number of odours are borne by
particles but for effective separation, chemical filters are
very often required, something which can be justified in
an urban environment.

AIR FILTERS in OPERATION

Separation
It is important to be aware of the filter’s properties in real
application. The following diagram shows how, in the
case of new filters, separation varies with particle size
and filter class. The filter class is based on the average
efficiency and a new filter normally has much lower
initial efficiency. In the case of electrostatically charged
filters, separation may be significantly higher for new
filters. The figure should then be seen as an indication
of minimum separation during actual operation.

As the filter accumulates dust, the pressure loss
increases and the dust removed improves the normal
separation.  Another effect can be seen with
electrostatically charged filter material. During operation,
the impurities neutralise the material and the filter’s
capacity to separate is reduced. Example shows where

the efficiency of such EU7 (F7) filters drop dramatically
from more than 80 % to less than 20 % after a few weeks’
operation /10/.
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Average pressure loss
The average pressure loss during operation is
dependent on the characteristics of the plant and is
often taken to be the average value of initial pressure
loss and final pressure loss of the filter. With the lower
energy requirement, more and more systems are being
designed for constant flow, and average pressure loss is
the integrated value of the pressure loss. Significant
savings can thus be made using filters with a low
pressure loss and small increase in pressure during the
period of operation.

Energy consumption
A filter’s energy consumption, E, based on average
pressure loss and constant air flow, can be calculated

E
Q P T

=
η 1000

        (kWh)

where Q   is Air flow (m3/s)
P Average pressure loss (Pa)
T Operation time (hours)
η Efficiency of fan

Over one year (8760 hours), a 1 m3/s filter with an
average pressure loss of 100 Pa requires 1250 kWh if the
fan’s efficiency is set at 70%. The energy cost is
generally greater than the filter cost and pressure loss
reduction becomes increasingly significant for energy
reductions. 10 Pa lower pressure loss means 125 kWh
less energy in the example above.

Filter Replacement
Airflow changes in the plant have been the main
criterion for changing filters, i.e. when pressure loss
increases to the extent that the fan cannot maintain a
specific minimum airflow. Reduction of effect levels,
energy consumption or economic evaluation, i.e. when
the energy cost and filter cost reach a minimum, are
becoming increasingly significant.

Considerations of hygiene are being applied more and
more to filter replacement. Studies /13/ have shown that
with RH higher than 75% there is a risk of microbial
growth in the filter and in the ventilation system.
Filtering should take place in two steps. The first filter
can often be exposed to high humidity or to rain and
snow. Organic impurities also become caught in the
filters and could be released later. Particles and
endotoxins from micro-organisms can become loose in
low quality filters.

The first filtration step should thus be carried out using
a filter of at least EU7 (F7) quality and be changed after a
maximum period of one year’s continuous operation or
earlier if final pressure drop is reached. The second filter
step of at least EU7 (F7)-quality is not exposed to high
RH and effectively stops micro-organisms and particles
and can remain in place for ca. two years, provided the
final pressure loss is not reached within this period.

LIFE CYCLES
Environment - Life cycle analysis (LCA)
Global environmental questions have increased in
significance during the last few years. A life cycle
analysis (LCA) analyses the environmental effect with
reference to ecological effects, health effects and
consumption of resources.

LCA analysis of a filter shows that operation often
corresponds to 70-80% of the filter’s total environmental
load and is absolutely decisive as regards environmental
effect. Raw material, refining, manufacturing and
transports correspond to ca. 20-30%, whilst the used
filter contributes at most 1%. Filters of plastic or other
inflammable material can render 10-30 kWh energy when
burned, which correspondingly  reduces the total
environmental load with 0.5 to 1 %.  On the other hand, if
the pressure loss in the filter is reduced by 10 Pa, the
environmental load is reduced by 125 kWh per year or
approximately 5 % decrease in  total environmental load.

Life cycle cost (LCC)
Life cycle analysis (LCA) does not take account of
economic aspects while a life cycle cost analysis (LCC)
/4/, takes account of the costs of investment, energy,
maintenance and dumping the final waste product
throughout the lifetime of a plant.

Future costs of replacement filters and energy are
calculated according to the present value method. The
final result for a 1 m3/s filter with average pressure loss
of 200 Pa may be as shown by the following table, if the
calculation is based on a ten-year period.

Type of cost Relative cost (%)

Investment 4.5
LCCEnergy 80.8
LCCmaintenance 14.2
LCCDisposal 0.5
LCCTotal 100 %

The table shows that energy costs account for 80% of
the total cost during the plant’s period of operation.
The actual costs of the filter, investment and
maintenance correspond to ca. 20%, whilst the costs of
dumping amount to only 0.5 %.

LCC analyses provide an excellent tool for minimising
the filter costs of a plant. As in the case of LCA, the
operation and low pressure loss are absolutely decisive
as regards the costs of the filter function.



SUMMARY AIR FILTERS
The following should be borne in mind when planning filter installations.

• Great care is required regarding the positioning and
design of the air intake to avoid  drawing in local
impurities and rain or snow.

• The risk of microbial growth is low but to minimize
the risk, the ventilation system should be designed
so that RH is below 75 % in all parts of the system.

• For reasons of hygiene, the inlet air should be
filtered in two steps /6/. The first filter in the air
intake must be at least EU5 (F5) quality but
preferably EU7 (F7). The second filter step should be
effected by at least EU7 (F7) but preferably EU9 (F9)
quality. If there is only one filter step, the minimum
requirement is for EU7 (F7) quality.

• As regards recycled air, at least EU5 (F5) quality
must be used to cope with contamination of
components in the system, but the minimum
requirement is for EU7 (F7), if the environment in the
room is to be improved.

• The exhaust air system must be protected from
contamination by at least EU5 (F5) quality.

• Filters must not be installed directly after the fan
outlet, or across places where there is a big change
in area or flow.

• The final pressure drop is calculated and selected
with regard to permitted variations in flow, the filter’s
life cycle costs and life cycle analysis.

• Dust holding capacity and test results from
laboratory trials differ from performances in actual
use due to the coarse artificial dust used in
laboratory.

• The efficiency must not decrease or fall below
specific minimum values.

• The tightness and condition of the filter are checked
regularly by visual inspection of the plant. No visible
or traces of leakages should be accepted.

• Filters  and filter housings must be clearly marked
with the type and designation of the filter, date, etc.

• In the case of more stringent requirements, in situ
checks of the filter are carried out (Eurovent 4/10)

• Filters must be replaced when the pressure loss
reaches the specified final pressure loss or when the
following hygiene interval is reached, if this is earlier:

 -The first filter step should be replaced after a
maximum operating period of 8760 hours and
 -The second filter step and filters in exhaust or
recycled air systems should be changed after a
maximum of two years’ continuous operation.

• Filter Replacement. For reasons of hygiene, the filter
should be replaced after the pollen and spore season
in the autumn. In the case of high demand, filters can
also be changed in the spring after the heating
season to eliminate odours combustion products.

• Chemical filters  should be considered in urban
environment or to eliminate odours.

• Filters should be replaced carefully and using
protective equipment so that the impurities trapped
do not escape.

• Dumping/Disposal. It is a good idea to incinerate
filters in well-filtered furnaces in order to burn
trapped impurities, reduce quantities of waste, and
recover some energy. Filters from normal ventilation
systems could also be dumped at a landfill.
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