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4.9 End-of-pipe measures for the reduction of emissions to 
air from housing  

4.9.1 Introduction 

The treatment of the exhaust air from animal houses is a method that has lately gained 
importance since intensive farming needs to comply with stricter regulations and emission 
limits. Biofilters, biotrickling filters, acid scrubbers and multi-stage air cleaning systems are 
applied as an end-of-pipe technique for the removal of certain pollutants such as ammonia, 
odour and dust from the exhaust air of animal housing. An effective reduction of dust also 
reduces the emission of bioaerosols. Air cleaning system operate on the basis of different 
physical, biological and/or chemical removal principles. They also differ in applicability and 
removal performance. The general operating principles of the two main categories of air 
cleaning systems (wet scrubbers and biofilters) are briefly described in Section 2.4.

The different air cleaning systems and their combinations in use are presented in Table 4.129, 
together with an indication of their applicability to the various animal categories and their 
removal performances. 

Table 4.129: Types of exhaust air cleaning systems in animal housing, their applicability and 
removal performance 

Type of air cleaning system
Applicability Removal performance

Animal 
category

Manure removal 
system

Odour NH3 Dust

Biofilter Pigs Liquid manure system ++ NS +

Biotrickling filter Pigs
Solid and liquid manure 
system 

+ + +

Acid scrubber 
Pigs, dry
manure store

Solid and liquid manure 
system 

NS ++ +

MULTI-STAGE AIR CLEANING SYSTEMS 
Two stages

Water scrubber + acid scrubber 
All animal
categories

Liquid and solid manure 
system 

0/+ ++ ++

Water scrubber + biofilter
All animal 
categories

Liquid and solid manure 
system 

++ 0/+ ++

Acid scrubber + biofilter
All animal 
categories

Liquid and solid manure 
system 

++ ++ ++

Acid scrubber + biotrickling filter 
All animal 
categories

Liquid and solid manure 
system 

+ ++ ++

Three stages
Water scrubber + water scrubber + 
acid scrubber

All animal 
categories

Liquid and solid manure 
system 

++ + +++

Water scrubber + acid scrubber + 
biofilter

All animal 
categories

Liquid and solid manure 
system 

+++ +++ +++

NB: NS= not suitable; 0 = conditionally suitable; + = suitable ++ = good; +++ = very good

Source: [ 424, VERA 2010 ]

Wet scrubbers are required in some Member States in order to comply with acceptable emission 
levels for ammonia, PM10 and odour, particularly in densely populated areas, in regions 
characterised by a high animal density or in vulnerable natural protected areas (e.g. Natura 2000 
sites). However, they are still considered costly installations. Specific emission reduction 
efficiencies are usually associated with each type of air cleaning system. 

Achieved environmental benefits  
The maximum average ammonia removal efficiency that can be achieved with the different 
systems ranges from 70 % to over 90 %. In Germany, the required minimum removal efficiency 
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of air cleaning systems for ammonia and total dust is 70 % at any time. Ammonia separation is
assessed with the aid of a nitrogen balance covering the entire production system. Dust removal 
efficiencies from 80 % up to more than 95 % are reported as achievable [ 514, KTBL 2008 ]. 

Odour removal is, on average, 30 % for acid scrubbers and 45 % for biotrickling filters, 
although wide ranges are reported for individual measurements, since the efficiency of odour 
reduction is highly dependent on the raw gas concentration. The minimum requirement for 
odour reduction of air cleaning systems applied in Germany is defined as an odour 
concentration in the clean gas not exceeding 300 ouE/m3 and no typical process odours (e.g. 
animal house odour) are perceptible in the clean gas [ 514, KTBL 2008 ]. Odour intensity is a 
logarithmic function of concentration. Therefore, a 90 % removal might only reduce the 
intensity by around half [ 624, IRPP TWG 2013 ]. 

Environmental performance and operational data
In Germany, the Netherlands and Denmark, air cleaning systems are officially tested and 
reduction efficiency factors are certified for the removal of ammonia, odour and dust before 
being implemented on the farm. In order to harmonise the testing procedures and facilitate 
acceptance of the results in different countries, a joint initiative of parties from the 
aforementioned Member States developed a standardised protocol for testing and verifying 
different air cleaning systems: the 'Test Protocol for Air Cleaning Technologies' [ 424, VERA 
2010 ]. Hence, by applying the test protocol, it is possible to fit a housing unit with an end-of-
pipe technique that ensures a certain level of ammonia, odour and/or dust emissions. The 
assessment of the efficiency of air cleaning systems in animal housing is described in Section 
4.18.6. 

The maximum capacity of the scrubber in terms of airflow is designed in accordance with the 
maximum required airflow rate (warmer season) for the animals housed in the building, pen or 
compartment coupled to the unit. However, the airflow rate over the course of the year varies 
considerably, depending mainly on the outdoor temperature, and consequently the ventilation 
rate is only running at maximum capacity for a limited time over the year. As an example, a 
yearly average airflow of around 50 % of the maximum capacity is reported for Germany. In 
northern European coastal climates, for about half of the year the ventilation is applied at about 
25 % of capacity in pig houses. That means, if an air cleaning system is able to clean the first 25 
% of the maximum ventilation rate, then 100 % of the exhaust air is cleaned for about 50 % of 
the time during a year.  

The example given in Figure 4.70 reflects the strategy of partial treatment of exhaust air at 
lower than the maximum ventilation capacity, for two different emission limit concentrations of 
ammonia in the treated air. According to the data presented, an air cleaning system with a 
cleaning capacity at 50 % of the maximum ventilation capacity still enables around 70 80 % of 
ammonia removal, with 20 30 % of the total ammonia emissions to be vented untreated. This
strategy reduces investment and operating costs but hardly affects the average ammonia 
emission levels [ 13, Melse 2009 ] [ 55, Denmark 2010 ]. However, it may not be effective for 
the control of odour nuisance [ 624, IRPP TWG 2013 ]. 
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Source: [ 626, Denmark 2010 ]

Figure 4.70: Ammonia removal efficiency as a function of the proportion of the treated air by the 
air cleaning system 

The highest odour removal efficiency of air cleaning systems is achieved by adjustment of the 
design and operational strategy. Another approach is that of multi-stage scrubbing systems, 
where each stage aims to remove one type of compound.  

The air that is treated in wet scrubbers typically leaves the systems with high levels of humidity, 
over 95 %. In order to avoid aerosol discharge, droplet separators can be installed at the point 
where the clean air leaves the system [ 121, Germany 2010 ]. The generation of aerosols from 
these air cleaning systems raises concerns about the potential presence of Legionella. 

Technical considerations relevant to applicability  
An essential constraint for the implementation of air cleaning system is the centralisation of air 
extraction; in existing buildings, the ventilation configuration does not always permit central 
ducting of exhaust air. Additionally, air cleaning systems significantly increase the flow 
resistance of the forced ventilation system. Therefore, the ventilation system must be planned 
and designed efficiently, which is relatively easy in newly planned houses as these requirements 
(i.e. channelling of the air to a single point, sufficiently powerful fans) can easily be taken into
account at a reasonable cost [ 51, BE Flanders 2010 ]. 

Retrofitting existing houses will be difficult and expensive in most cases as the ventilation 
system is rarely adequate to support a scrubber since multiple air outlets may be present and 
flows might not be channelled to a single outlet point where the air could enter the scrubber. In 
addition, the design and capacity of the installed fans might not meet the increased capacity 
required to overcome the extra flow resistance that is inevitably introduced by the presence of a 
scrubber. Not only are the costs for the installation of air cleaning systems in existing houses 
normally significantly higher than those for the implementation of the same techniques in new 
houses, but the operating costs are also expected to be higher (compared to new housing), 
because of the difficult optimisation of the existing ventilation system. Air cleaning systems are 
not applicable to existing naturally ventilated houses. 
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In existing pig houses, separate air cleaning system may be also utilised to treat the exhaust air 
from each pen or compartment; in this way, the constraint of channelling the air extraction of 
the whole building can be overcome [ 261, France 2010 ]. 

Economics 
Investment and operating costs of air cleaning systems for livestock operations are generally 
high and this limits the widespread take-up of the system across the EU. The fixed costs are 
related to the air cleaning system size. Costs for energy use are notable, to run water pumps and 
to overcome the increased resistance to the mechanical ventilation due to the presence of the 
filters. The maximum ventilation capacity is of great importance for the cost of air cleaning, 
since the size of the air scrubber is proportional; recommendations for maximum ventilation 
capacity across Europe are not the same. 

Example plants 
An example of the locally widespread application of air cleaning techniques can be found in 
Germany in only three districts, Cloppenburg, Vechta and Emsland of Lower Saxony, where 
between 370 and 400 pig farms (around 17 % of all pig farms) had installed air abatement 
techniques (as of 2010). Two out of three newly built houses are fitted with air cleaning 
systems, of which 75 % are bioscrubbers and multi-stage devices and 25 % are biofilters [ 504, 
KTBL 2010 ]. 

The two main categories of air cleaning techniques (wet scrubbers and biofilters), applied alone 
or in combination within the sector for the intensive rearing of poultry or pigs, are presented in 
the following sections. 

Reference literature
[ 13, Melse 2009 ] [ 51, BE Flanders 2010 ] [ 55, Denmark 2010 ] [ 121, Germany 2010 ] [ 261, 
France 2010 ] [ 424, VERA 2010 ] [ 504, KTBL 2010 ] [ 514, KTBL 2008 ] [ 624, IRPP TWG 
2013 ] [ 626, Denmark 2010 ]

4.9.2 Water scrubber 

Description 
The exhaust air from the housing is blown through a packed filter medium by transverse flow. 
Water is continuously sprayed on the packing material. The dust is taken up by water and settles 
in the water tank, which is emptied when full. No flushing with water is required. Water and air 
can also flow in the same direction. The technique is also used in combination with other air 
cleaning systems in multi-stage scrubbers (see Section 4.9.6.2).  

Achieved environmental benefits 
Reduction of dust from the exhaust air is an environmental benefit of the technique. 

Cross-media effects 
The collected dust needs to be disposed of. Water requirements increase as well as the energy 
consumption for running the pumps. As a result of the relatively low pressure drop in the filter, 
the extra energy for ventilation is negligible.

Environmental performance and operational data 
For a filter surface load of 4 300 m3/m2 per hour, and a thickness of the contact bed packing of 
0.6 m, the reduction of fine dust (PM10) is calculated in a pullet farm to be approximately 30 %.
The reported average flow rate over the course of the year, in percentage of the maximum flow 
rate, is equivalent to 30 % [ 124, Netherlands 2010 ].  

Every week the packing material should be controlled for blocking by dust, as should the 
amount of circulating water to be sprayed on the column. The packing material should be 
cleaned once a year.  
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Technical considerations relevant to applicability 
In existing plants, the system is applicable only where a centralised ventilation system is used. 
Where the ventilation system has multiple fans or multiple outlet points, the implementation is 
hardly practicable. 

Economics 
The extra costs associated with the implementation of water scrubbers, estimated in the 
Netherlands for poultry housing, are reported in Table 4.130. 

Table 4.130: Extra costs related to water scrubbers in poultry housing 

Type of 
animal

Housing 
capacity in

animal places 
(ap)

Extra 
investment 

costs
(EUR/ap)

Annualised
extra 

investment
costs

(EUR/ap)

Annual 
operating 
extra costs
(EUR/ap)

Total 
annual 
extra
costs

(EUR/ap)

Total annual 
extra costs
(EUR per

animal 
produced)

Pullets 50 000 2.32 0.32 0.33 0.66 0.25

Laying hens 
(aviary)

40 000 2.97 0.41 0.45 0.86 0.98

Broiler 
grandparents

33 000 3.34 0.47 0.48 0.94 0.46

Broiler 
breeders

19 000 6.26 0.87 0.92 1.79 1.75

Broilers 90 000 3.26 0.46 0.46 0.92 0.134

Turkeys 20 000 22.36 3.15 3.19 6.34 2.19

Ducks 40 000 4.84 0.68 0.70 1.38 0.21

Source: [ 503, Vermeij 2011 ]

Driving force for implementation 
In the Netherlands, the incorporation of the system in new or existing farms makes it possible to 
grant an environmental permit in situations where this would otherwise not be possible under 
the local legislation, due to exceeding the maximum permissible values for fine dust 
concentrations. 

Example plants 
This system has been applied in the Netherlands since 2009, where several farms use this 
technique. 

Reference literature 
[ 124, Netherlands 2010 ] [ 503, Vermeij 2011 ]

4.9.3 Bioscrubber (or biotrickling filter) 

Description 
This is a packed tower trickling filter with inert packing material that is normally maintained 
continuously wet. Pollutant removal is achieved by means of absorption of the contaminants in 
the liquid and breakdown by microorganisms on the filter. The terms bioscrubber and 
(bio)trickling filter are used as synonyms.  

Contaminated exhaust air is passed upwards (counter-current in vertical bioscrubbers) or 
horizontally (cross-current in horizontal bioscrubbers) over the filter elements which are 
continuously sprinkled with water. Due to an intensive contact between air and water, dust,
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ammonia and odour contained in the contaminated air are absorbed in the liquid phase and 
subsequently degraded by microorganisms, settling on the filter elements as a biofilm. The 
effluent is collected in a storage tank before being recycled back to the top of the scrubber. In 
this way, the biomass in the system grows partly as a film on the packing material of the filter 
and is partly suspended in the water that is recirculated [ 13, Melse 2009 ]. 

Ammonia is degraded by bacterial conversion into nitrites and nitrates (nitrification), while 
odorous compounds are oxidised by bacteria to CO2, H2O and by-products; dust is dissolved in 
water. Water circulation keeps the biolayer moist and provides the nutrients for the 
microorganisms; the accumulated nitrites and especially nitrates (which may be toxic to the 
microorganisms) are discharged with the scrubbing water, so that the pH remains in a 
favourable range (between 6.5 and 7.5) for microorganisms. The pH is determined by two 
counteracting processes: oxidation of NH3 reduces the pH value in the scrubbing water whereas 
NH3 input causes the pH value to increase. For this reason, a pH controller is often 
recommended with an acid metering system to maintain the pH value within the target range, 
even in unfavourable operational conditions (such as starting up, excessive ammonia input and 
temperatures < 12 °C) [ 514, KTBL 2008 ]. 

The bioscrubber can be preceded by a simpler filtering stage to reduce dust and odour as a first 
step, which often is done by a , where a simple flush of water and air flow in the 
same direction. A droplet separator can be installed before the cleaned air leaves the system. 
The typical workflow of a bioscrubber is shown in Figure 4.71. 

Source: [ 121, Germany 2010 ]

Figure 4.71: Bioscrubber workflow 

Achieved environmental benefits 
Ammonia, odour and dust emissions are simultaneously reduced. The odour reduction is 
effective for neutral compounds, as well as for odorous substances attached to dust particles.  
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Cross-media effects 
Increased energy use is required to operate the pumps for water circulation and to overcome the 
increased flow resistance for ventilation. In addition, water consumption is increased, as is the 
requirement to discharge waste water. A discharge of water up to 10 times higher than with a 
chemical scrubber may result. If conditions in the bed media are not properly controlled,
transient aerobic/anaerobic zones might risk N2O emissions formation.  

Environmental performance and operational data 
Ammonia emission reductions between 70 % and 90 % have been reported. Removal 
efficiencies higher than 90 % have been measured only at high elutriation rates or at a pH-
regulated and conductivity-controlled elutriation rate [ 121, Germany 2010 ] [ 129, Netherlands 
2010 ] [ 127, Netherlands 2010 ] [ 135, Netherlands 2010 ] [51, BE Flanders 2010 ].

The odour reduction strongly depends on the raw gas concentration; the average achievable 
odour removal efficiency varies between 45 % and 76 %. The minimum requirement for odour 
reduction of air cleaning systems applied in Germany is defined as an odour concentration in the 
clean gas not exceeding 300 ouE/m3 and no typical process odours (e.g. animal house odour) are 
perceptible in the clean gas [ 514, KTBL 2008 ]. A removal of total dust of at least 70 % can 
usually be obtained, while the reduction of the PM10 fraction is reported to reach at least 70 %, 
and can be as high as 95 %, especially with the use of a dedusting filtering stage. 

A summary of the emission reductions achieved by applying bioscrubbing in pig production is 
shown in Table 4.131, as reported by different Member States. 

Table 4.131: Emission reductions achieved by the application of bioscrubbers in pig production 

Achieved emission reductions
(%)

Ammonia Odour Total dust PM10 Reference

92 (1) 76 (1) 70 (2) 90 (2) NI [ 665, Riis 2012 ]

90 (70 95) 70 (50 90) (3) 70 96 80 [121, Germany 2010]

70 45 NI 60 [135, Netherlands 2010]

(1) The level is achieved after two filters.
(2) The level is achieved after three filters in summer.
(3) The minimum requirement in Germany for odour concentration in the clean gas is 

< 300 ouE/m3, which is comparable to a reduction efficiency of about 70 %.

NB: NI = no information provided.

Specific emission levels achieved with the application of bioscrubbers are presented in 
Table 4.132, as reported by Denmark and the Netherlands.  
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Table 4.132: Reported emission levels achieved with the application of bioscrubbers 

System

NH3

reduction 
efficiency

(%)

Animal category

Ammonia PM10

Reference
kg/ap/yr g/ap/yr

Bioscrubber 
with partial air 
treatment

50 85 Fattening pigs

0.44 (100 %
air cleaned)

0.56 (60 % air 
cleaned)

0.88 (20 % air 
cleaned) 

NI [53, Denmark 2010]

Bioscrubber 
with droplet 
separator (3)

70

Weaners 0.18 0.23 (1) NI

[ 135, Netherlands 
2010 ]

Farrowing sows 2.5 NI
Mating/gestating 

sows
1.3 NI

Fattening pigs 0.8 1.1 (1) NI

Bioscrubber (3)

70 95 Fattening pigs 0.12 0.75 (2) NI [ 121, Germany 2010 ]

70 Laying hens 0.095 21 33 [ 640, Netherlands 
2013 ]

[ 644, Netherlands 
2014 ]

70 Broilers 0.024 5 9

(1) The higher end of the range is with more space available per animal.
(2) Values are calculated from a standard emission from the housing system of 2.9 kg/ap/yr.
(3) Ammonia emission data listed are based on the implementation of an air cleaning system in the reference 

housing system in the Netherlands.

NB: NI = no information provided.

Energy is required to operate pumps for water circulation. In addition, in order to ensure the 
requisite air rates, particularly in the summer, higher capacity fans with a higher specific power 
requirement may be necessary due to the increased flow resistance. Airflow rates related to 
these systems are typically from 10 000 m3/h to 100 000 m3/h; volumes up to 255 000 m3/h are 
reported for farms with a capacity of 3 000 pigs.  

Electricity consumption is associated with modules of 1 000 m3/h of the installed capacity of the 
scrubbing system (around 11.8 pig places covered at a flow rate of 85 m3/animal place per 
hour). On a yearly basis, the electricity consumption is around 12.7 15.3 kWh/animal place for 

, control, etc.) and 11 20 kWh/animal place to compensate 
for the additional pressure drop required to operate the ventilation system (up to 150 Pa for 
biotrickling beds) [ 121, Germany 2010 ]. In France, for a bioscrubber with a capacity of 
150 000 m3/h in a farm with 2 100 fattening pig places, it is necessary to install a pump of
3 kW, which is equivalent to an electricity consumption of 12.5 kWh/fattening pig place/year [
261, France 2010 ]. 

The total water consumption is composed of the required water discharge and the quantity 
which is evaporated. Evaporative losses range between 5 litres and 7 litres per 1 000 m3 of 
treated air. In general, a sufficient discharge of the contaminated scrubbing water is of vital 
importance for the operational reliability and the removal efficiency of the bioscrubber [ 514, 
KTBL 2008 ]. For example in Germany, for bioscrubbers without pH control, a removal 
efficiency of at least 70 % for ammonia emissions is only achieved at an elutriation rate of 0.2
0.3 m3 per kg of NH3 input which corresponds approximately to 0.6 0.9 m3 water discharge per 
animal place per year [ 121, Germany 2010 ] [ 514, KTBL 2008 ]. Also in Germany, water 
consumption in the range of 1.6 2.4 m3/pig place per year is reported for modern systems, with 
pH control (in order not to exceed a set pH value above which ammonia is released from the 
scrubbing water into the exhaust air), and elutriation based on water conductivity; otherwise the 
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consumed volumes are higher. Furthermore, in Germany, around 0.3 0.4 m3 of waste water per 
fattening pig place per year are reported for systems equipped with pH control and elutriation 
based on water conductivity [ 500, IRPP TWG 2011 ]. In Denmark, the total water consumption 
per pig produced is estimated at around 0.25 m3 [ 53, Denmark 2010 ].

Data concerning total water consumption and the amount of water discharged from the 
scrubbing system are presented in Table 4.133 for different farms applying bioscrubbers for air 
treatment. 

Table 4.133: Examples of water consumption and water discharges for fattening pig farms 
applying bioscrubbers 

Location
Total water 

consumption
(m3/ap/yr)

Water discharged 
from the air 

cleaning system
(m3/ap/yr)

Remarks

Denmark 1 0.43

Calculated values with the assumption of 4 
fattening pigs produced per year per animal 
place (values reported: 0.108 m3/pig produced,
respectively)

Germany 1.6 2.4 0.3 0.4

Calculated values from 4 800 7 200 m3/yr
reported for fresh water requirements (with pH 
control, elutriation according to water 
conductivity) for a capacity of 255 000 m3/h and 
for 85 m3/fattening pig/yr of airflow capacity

The 
Netherlands

0.9 3.1 1 4

With water curtain. Calculated values from the 
reported data: 1.9 m3/day for winter and 
6.5 m3/day for summer, for a farm of 
520 fattening pigs and 240 weaners

The 
Netherlands

0.8 1.8 0. 17 0.68

With water curtain. Calculated values from the 
reported data: 2.27 m3/day for winter and 5.25
m3/day for summer, for a farm of 1 080 fattening 
pigs. This unit is reported to have a relatively 
low amount of flushing water due to an 
optimised flushing water management.

Source: [ 53, Denmark 2010 ] [ 121, Germany 2010 ] [ 135, Netherlands 2010 ] [ 127, Netherlands 2010 ]
[ 129, Netherlands 2010 ] [ 624, IRPP TWG 2013 ]

The waste water is usually stored with the slurry and landspread, taking into account the 
additional supply of nitrogen. It might also be treated in a subsequent denitrification stage, 
where in a separate reactor the nitrogen compounds are transformed into gaseous N2, allowing 
for the reuse of the process water and its final discharge at lower costs. 

Technical considerations relevant to applicability 
In principle, this system is easy to implement, both as an addition to new buildings and in 
refurbishing existing buildings already applying forced artificial ventilation under a negative air 
pressure with centralised air extraction. In practice, the installation of a scrubber in an existing 
house requires, in most cases, a redesign of the ventilation system and the installation of new,
more powerful, fans. Where the ventilation system has multiple fans or multiple outlet points,
the implementation is not practicable. Therefore, the primary condition governing 
implementation in existing houses is the technical possibility to operate with centralised air 
extraction which depends on the configuration of the building [ 261, France 2010 ]. 

In pig housing, the design and the size of the pens are not critical for the applicability of the 
system. A dust filter may be necessary where dust levels are higher (straw systems), which will 
increase pressure in the system and also increase energy use. 



Chapter 4 

498 Intensive Rearing of Poultry or Pigs 

Bioscrubbers are more suitable for pig production as in poultry houses the high dust and feather 
load of the ventilation air increases the risk of blockage of the packing bed, which decreases the 
efficiency of the scrubber and increases maintenance costs. To overcome this, a dust filter may 
be applied but with a consequent increase of the pressure drop and energy use [ 51, BE Flanders 
2010 ]. In addition, in the all-in all-out system that is used at poultry farms, the microbes of the 
biolayer will be left without nutrients by the contaminated air for a certain period of time  
[ 135, Netherlands 2010 ]. During the periods when the animal house is empty, the bioscrubber 
can be fed by recirculating the liquid [ 624, IRPP TWG 2013 ]. 

Economics 
Reference costs related to the application of bioscrubbers in the Netherlands are reported in
Table 4.134. 

Table 4.134: Associated costs for bioscrubbers in the Netherlands by pig category  

Pig category

Housing 
capacity 
(animal 
places)

Associated costs (1) (2)
Investment costs

(EUR/ap)
Annual costs (3)

(EUR/ap/yr)
Without 

water curtain
With water 

curtain
Without 

water curtain
With water 

curtain
Weaners 2 016 15 16 3.0 4
Farrowing sows 130 170 170 30 35
Mating and 
gestating sows

477 90 100 20 23

Fattening pigs 4 200 40 50 10 12
(1) Bioscrubbers designed for 70 % ammonia removal efficiency and combined with a denitrification stage.
(2) All cost data are given without VAT.
(3) Annual costs include depreciation, interest, maintenance and all other operating costs.

Source: [ 135, Netherlands 2010 ] [ 589, Netherlands 2010 ]

Examples of investment, operational and total costs are presented in Table 4.135 for different 
housing capacities in pig production, expressed also by 1 000 m3/hour of capacity. For existing 
houses, higher costs are expected because of the additional costs for the adaptation of the 
ventilation system. From this table, it is deduced that, for example for applications to pig 
housing in Germany with 3 000 animal places, an investment of EUR 470 to EUR 720 is 
necessary for each 1 000 m3/hour of capacity. At the condition of standard ventilation of 85 m3/h 
per animal place, the annualised investments are around EUR 4 7 per animal place per year, 
and the annual operating costs vary between EUR 7.5 and EUR 9.5 per animal place per year  
[ 121, Germany 2010 ]. und 10 years. 
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Table 4.135: Cost ranges associated with the use of bioscrubbers for exhaust air treatment in 
fattening pig production, in Germany and Denmark 

Housing 
capacity

Associated costs (1)

Investment costs
Annualised 

investment costs
Operating costs Total costs

EUR per
1 000 m3/h

EUR/ap

EUR per 
1 000 

m3/h per 
yr

EUR 
per

ap/yr

EUR per
1 000 

m3/h per 
yr

EUR 
per

ap/yr

EUR per
1 000 m3/h
per year

EUR per
ap/yr

Germany
460 700
animal places
(39 000
60 000 m3/h) (2)

728 820 62 70 83 96 7.1 8.2 118 130
10.0
11.1

201 226
17.1
19.3

1 060 1 180 
animal places
(90 000
100 000 m3/h)
(2)

552 638 47 54 61 71 5.2 6.0 95 107 8.1 9.1 156 178
13.3
15.1

1 700 1 850 
animal places 
(150 000
157 000m3/h) (2)

463 542 39 46 52 58 4.4 4.9 90 101 7.7 8.6 142 159
12.1
13.5

3 000 animal 
places 
(255 000 m3/h)
(3)

600
(470 720)

40 61
65

(50 80)
4 7

100
(90 110)

7.5 9.5
165

(140 190)
12 16

Denmark
400 animal 
places (4)
(40 000 m3/h) 

678 NI 68 NI NI NI NI 12

(1) All cost data are given excluding VAT and are related to new houses.
(2) Costs are calculated on the following assumptions: amortisation period of 10 years for the installation and 20 years

for the building, 6 % interest rate for 50 % of the investment, labour costs EUR 20/h, electricity EUR 0.12/kWh, 
water EUR 0.5/m3, acid EUR 0.25/kg, landspreading of waste water EUR 2.6/m3, maintenance 1 % of investment, 
additional costs for larger slurry store EUR 120/m3, additional costs for more powerful fans EUR 3 per 1 000 m3 of 
installed air capacity.

(3) Costs are calculated on the following assumptions: amortisation period of 10 years for the installation and 20 years
for the building, 4 % interest rate, labour costs EUR 15/h, electricity EUR 0.15/kWh, water EUR 0.5/m3, acid 
EUR 0.35/kg, application of waste water EUR 3/m3, maintenance 1 % of investment, additional costs for larger 
slurry store and additional costs for more powerful fans are included.

(4) Average from different system suppliers in Denmark.

NB: NI = no information provided.

Source: [ 121, Germany 2010 ] [ 514, KTBL 2008 ] [ 53, Denmark 2010 ]

An example of costs for a biotrickling filter applied to a pig house, broken down for each cost 
factor, is given in Table 4.136.
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Table 4.136: Investment and annual operating costs for a biotrickling filter applied to a newly built 
facility for pig production 

EUR/ap/yr
Investment costs (1) 43.5
Operating costs

Annualised investment cost (10 %) 3.4
Maintenance (3 %) 1.8
Interest (6 %) 1.0
Electricity use (EUR 0.11/kWh) 3.8
Water use (EUR 1.0/m3) 1.7
Chemical use (EUR 0.6/litre H2SO4, 98 %) NA
Water discharge (2) 2.5
Total annual operating costs 10.8

Total annual costs 14.3
(1) The investment costs are based on a maximum ventilation capacity of 60 m3/ap/h.
(2) Waste water disposal costs are assumed to be equivalent to EUR 2/m3 for discharge from biotrickling 

scrubber.

NB: NA = not applicable.

Source: [ 568, Melse et al. 2010 ]

The annual costs associated with the installation of a bioscrubber correspond on average to EUR 
3 per pig produced in Denmark. Costs are lower with partial air cleaning; the cost per pig 
produced is reduced to EUR 1.9 when cleaning 60 % of exhaust air and EUR 0.7 when only 
40 % of the exhaust air is treated [ 55, Denmark 2010 ]. Cost data for the application of 
bioscrubbers in poultry housing are presented in Table 4.137. 

Table 4.137: Extra costs related to the application of bioscrubbers in poultry housing 

Type of animal

Size of 
housing

in
animal 
places 
(ap)

Extra 
investment 
(EUR/ap)

Annualised 
extra 

investment
(EUR/ap)

Annual 
operating 
extra cost 
(EUR/ap)

Total 
annual 
extra
cost

(EUR/ap)

Total 
annual 

extra cost 
(EUR per

bird
produced)

Pullets 50 000 2.93 0.41 0.59 1.00 0.40
Laying hens 
(aviary)

40 000 3.41 0.50 0.63 1.13 1.29

Pullets of broiler 
breeders

33 000 4.24 0.60 0.86 1.46 0.70

Broiler breeders 19 000 8.26 1.15 1.76 2.90 2.83
Broilers 90 000 3.71 0.55 0.64 1.19 0.173
Turkeys 20 000 25.83 3.57 4.71 8.28 2.86
Ducks 40 000 5.75 0.78 1.15 1.93 0.30
Source: [ 503, Vermeij 2011 ]

Driving force for implementation 
In some Member States, air treatment systems are frequently required by environmental permits 
in situations where it would otherwise not be possible to comply with the maximum ammonia or 
odour emissions allowed by local regulations. 

Example plants 
This system is commonly used. In the Flemish part of Belgium, 190 farms have installed this 
technique. At least 243 German farms are using this technique [ 505, Hahne J. 2011 ]. In the 
Netherlands, the installed capacity of bioscrubbers for ammonia removal in 2008 was reported 
to be 14 million m3/hour for 90 farms [ 568, Melse et al. 2010 ].  
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Reference literature 
[ 13, Melse 2009 ] [ 42, Netherlands 1999 ] [ 51, BE Flanders 2010 ] [ 53, Denmark 2010 ]
[ 121, Germany 2010 ] [ 127, Netherlands 2010 ] [ 129, Netherlands 2010 ] [ 135, Netherlands 
2010 ] [ 261, France 2010 ] [ 500, IRPP TWG 2011 ] [ 503, Vermeij 2011 ] [ 505, Hahne J. 
2011 ] [ 514, KTBL 2008 ] [ 568, Melse et al. 2010 ] [ 589, Netherlands 2010 ] [ 624, IRPP 
TWG 2013 ] [ 640, Netherlands 2013 ] [ 644, Netherlands 2014 ] [ 665, Riis 2012 ]

4.9.4 Wet acid scrubber 

Description 
The ventilation air of an animal house is passed through a filter (e.g. packed wall) where a 
circulating acid scrubbing liquid is sprayed. When the contaminated exhaust air is brought into 
contact with the scrubbing liquid, ammonia is absorbed in the low-pH solution and the clean air 
leaves the system (2 NH3 + H2SO4  2 NH4

+ + SO4
2-). The ammonium salt produced is 

removed from the system with the discharge water. Filters can be packed walls or made of 
lamellae of synthetic polymer fibres or plastic pads. No biofilm is formed on the contact 
surfaces. Diluted sulphuric acid is mostly used in this system and is automatically added to keep 
the pH of the circulating scrubbing water below 5 (1.5 5). Hydrochloric acid may also be used. 
The scheme of a wet acid scrubber does not differ substantially from the general design 
presented in Figure 2.27 (see Section 2.4).  

Achieved environmental benefits  
A significant reduction of ammonia emissions to air can be achieved. Also, dust can be 
removed. Acid scrubbers are less effective in reducing odorous compounds, due to the low pH 
value that inhibits the development of microorganisms in the filter wall, and, therefore, 
microbial odorant degradation. Odour reduction is limited to compounds of an alkaline nature 
that can be diluted in an acid solution, as well as to odorous substances that can be attached to 
dust particles. 

Cross-media effects 
Where sulphuric acid is used, the discharged effluent contains ammonium sulphate that can be 
used as a fertiliser, taking into account the possible need to correct the acidity of the effluent 
(e.g. by liming). Smaller quantities of water have to be discharged in comparison with 
bioscrubbers. With the use of different acids, sludges might have to be disposed of.  

Air cleaning systems result in increased energy use for ventilation, due to counter pressure in 
the filter material and ducting, plus power for water and acid pumps. The fan should be able to 
overcome a pressure difference of at least 100 Pa in addition to the flow resistance of the 
animal house without noticeable capacity loss.  

Specific safety measures are required for the storage and handling of acids and chemical 
substances, according to national or local regulations. These may include constructional 
requirements, which may pose some limits to the possible implementation of the technique.
Training of the staff on acid management minimises the risks to human health and environment.  

Environmental performance and operational data 
An ammonia reduction of at least 70 %, and up to 99 %, in the exhaust air can be achieved. The 
odour reduction efficiency varies between 30 % and 40 %, and raw gas odours can still be 
perceived in the clean gas. Acid usage also makes the scrubber ineffective at scrubbing odorous 
organic acids [ 624, IRPP TWG 2013 ]. As a result, acid scrubbers are not generally considered 
suitable for odour elimination as a single-step process.  

A fine dust (PM10) removal efficiency of around 60 % can usually be obtained. If combined 
with a dedusting neutral stage, the removal efficiency of the system is expected to improve. 
(see Section 4.9.4). Data concerning the removal efficiency of chemical scrubbers applied in 
different animal types are reported in Table 4.138. 
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Table 4.138: Examples of removal efficiencies of chemical scrubbers applied in pig and poultry 
housing systems  

Animal category Source
Emissions reduction

(%)
Ammonia Odour Dust PM10

Pigs [514, KTBL 2008] 70 95 NI > 70 NI
Pigs [54, Denmark 2010 ] 90 99 NI NI NI

Pigs

[130, Netherlands 2010]
[132, Netherlands 2010]
[133, Netherlands 2010]
[134, Netherlands 2010]

95 99
70 (1)

30 NI 60

Broilers [ 374, Denmark 2010 ] 80 90 NI NI NI
Laying hens

[ 131, Netherlands 2010 ]
[ 644, Netherlands 2014]

70 90 40 NI 35

Pullets
Broiler breeders
Broilers
Ducks
Turkeys
(1) A lower removal efficiency (about 70 %) is achieved when the filter is operated with a higher filter 

surface area and, consequently, at lower costs.

NB: NI = no information provided.

In Table 4.139, reported ammonia emissions after treatment with an acid scrubber are presented. 
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Table 4.139: Reported emission levels achieved with the application of acid scrubbers 

System

NH3

reduction 
efficiency

(%)

Animal 
category

Ammonia Odour PM10

Reference
kg/ap/yr ouE/s/animal g/ap/yr

Acid scrubber 
with partial air 
treatment

90
Fattening 

pigs

0.4 (100 % air 
cleaned)

0.56 (60 % air 
cleaned)

1 (20 % air 
cleaned) 

NI NI
[ 54, Denmark 

2010 ]

Acid scrubber 
(6 500 m3/m2/h 
surface filter 
load, pH 3 4, 
bed thickness 
0.9 m)

Acid scrubber 
(10 000 m3/m2/h 
surface filter 
load, pH 0.5 4, 
bed thickness 
0.5 m)

95

Fattening 
pigs

0.13 0.18 (1) 12.5 16.1 (2) 31 99

[ 130, 
Netherlands 

2010 ]
[ 133, 

Netherlands 
2010 ]

Weaners 0.03 0.04 (1) 3.8 5.5 (2) 53
Mating and 
gestating 

sows
0.21 13.1 88

Farrowing 
sows

0.42 19.5 83

Acid scrubber 
(6 500 m3/m2/h 
surface filter 
load, pH 3 4, 
bed thickness 
0.9 m)

Acid scrubber 
(10 000 m3/m2/h 
surface filter 
load, pH 0.5 4, 
bed thickness 
0.5 m)

70

Fattening 
pigs

0.8 1.1 (1) 12.5 16.1(2)
31 99

[ 132, 
Netherlands 

2010 ]
[ 134, 

Netherlands 
2010 ]

Weaners 0.18 0.23 (1) 3.8 5.5 (2) 53
Mating and 
gestating 

sows
1.3 13.1 88

Farrowing 
sows

2.5 19.5 83

Acid scrubber 
with droplet 
separator

90

Laying hens 0.032 0.2 59

[ 131, 
Netherlands 

2010 ]

Broilers 0.008 0.14 15
Turkeys 0.07 0.93 16
Pullets 0.017 0.11 21

Pullets of 
broiler 

breeders
0.025 0.11 16

Broiler 
breeders

0.058 0.56 30

(1) The upper end of the range corresponds to more space being available per animal.
(2) The lower end of the range is associated with low-NH3-emitting housing systems.

NB: NI = no information provided.

The pH at which each system operates is different: generally, when the liquid reaches pH 4, acid 
is added to the circulating liquid to obtain pH values of 3, 1.5 or as low as 0.5. The 
concentration of ammonium sulphate should not exceed 2.1 mol/l to prevent the risk of 
crystallisation. On average, 90 litres of water and 3 litres of 96 % sulphuric acid are needed to 
remove 1 kg of ammonia from input air, which means a concentration of 0.3 mol/l 
[ 55, Denmark 2010 ]. The replacement of the circulating liquid is automatic and can be done 
after the pH has been corrected to the value needed a number of times (e.g. pH correction to 0.5 
five times) [ 134, Netherlands 2010 ] [ 130, Netherlands 2010 ]. Hence the system management 
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can be controlled by using electronic devices to control operating parameters. Filters and 
components need frequent maintenance and control. 

Under optimal conditions, it is reported from Germany that approximately 40 litres of scrubbing 
water need to be drained per fattening pig place per year in slurry-based pig housing. The fresh 
water requirements to compensate for evaporation losses amount to 5 7 l/1 000 m3 exhaust air 
[ 514, KTBL 2008 ]. For the high NH3 removal efficiency of 95 %, the waste water production 
is about 0.2 m3/kg of NH3 removed per year, which equals a yearly amount of 70 litres per 
fattening pig place or 2 litres per broiler place [ 13, Melse 2009 ]. 

In broiler houses, emissions are significant only after days 15 20 of the cycle and only at this 
time does cleaning of exhaust waste air become justifiable (see Figure 4.72).  

Source: [ 374, Denmark 2010 ]

Figure 4.72: Ammonia emissions from a broiler house  

Table 4.140 presents data from Denmark concerning the additional energy consumption in 
relation to the proportion of airflow at the maximum ventilation rate that is treated.  

Table 4.140: Additional energy consumption associated with air cleaning by an acid scrubber 
applied in pig farms in Denmark  

Animal type
Partial air cleaning capacity at the 

maximum ventilation rate
(%)

Additional energy 
consumption

(kWh/animal produced)
Fattening pigs (30 100 kg) 31 2 4 (1)
Weaners (30 kg) 100 6.8
Weaners (30 kg) 34 1.3
Gilts 100 24
(1) These values correspond to 8 16 kWh/ap/yr.

Source: [ 55, Denmark 2010 ]

Technical considerations relevant to applicability 
This system can be implemented in new and existing housing applying forced ventilation with 
centralised air extraction. Implementation in existing houses may be technically difficult 
depending on the configuration of the building due to the required installation of the necessary 
ducts for channelling the exhaust air (see Section 4.9.1).



Chapter 4 

Intensive Rearing of Poultry or Pigs 505 

In pig housing, the design and the size of the pen are not critical for the applicability of the 
system. In poultry housing, high dust levels in the exhaust air from the housing can affect the 
scrubbing performance; hence a dust filter may be necessary, which will increase pressure in the 
system and increase the energy use. The system can be easily turned on and off, making it 
suitable for poultry farms that apply all-in, all-out animal management. 

Economics 
Average costs have been calculated in the Netherlands and are reported in Table 4.141.  

Table 4.141: Associated extra costs for acid scrubbers by associated ammonia reduction efficiency 
and animal category in the Netherlands 

Animal category
Housing capacity 
(animal places)

Associated costs (1)
Investment costs

(EUR/ap)
Total annual extra costs 

(EUR/ap/yr) (2)
NH3 removal efficiency 70 % 90 % 70 % 90 %

Pigs
Weaners 2 016 10 12 2 3.5
Farrowing sows 130 105 120 20 30
Mating and 
gestating sows

477 60 70 15 20

Fattening pigs 4 200 30 35 8 11
Poultry

Broilers 90 000 NI 2.7 NI 0.63
Broiler breeders 25 000 NI 8.55 NI 2.37
Laying hens 30 000 (aviary) NI 3.10 NI 0.96
Laying hens 30 000 (deep litter) NI 3.95 NI 1.09
(1) All cost data are given without VAT.
(2) Annual costs include depreciation, interest, maintenance and all other operating costs.

NB: NI = no information provided.

Source: [ 131, Netherlands 2010 ] [ 132, Netherlands 2010 ] [ 133, Netherlands 2010 ]
[ 589, Netherlands 2010 ]

An example of investment and annual costs for an acid scrubber applied to a newly built facility 
for pig production, broken down for each cost factor, is given in Table 4.142 with separate 
values for each cost factor.  

Table 4.142:  Investment and annual operating costs for an acid scrubber applied to a new house 
for pig production 

EUR/animal place/yr
Investment costs (1) 32.8
Operating costs

Annualised investment cost (10 %) 2.6
Maintenance (3 %) 1.5
Interest (6 %) 0.8
Electricity use (EUR 0.11/kWh) 3.3
Water use (EUR 1.0/m3) 0.6
Chemical use (EUR 0.6/litre H2SO4, 98 %) 1.4
Waste water discharge (2) 0.6
Total annual operating costs 8.2

Total annual costs 10.8
(1) The investment costs are based on a maximum ventilation capacity of 60 m3/ap/h.
(2) Waste water disposal costs are assumed to be equivalent to EUR 10/m3 for discharge from acid scrubbing.

Source:[ 568, Melse et al. 2010 ]
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From Denmark, extra costs for the installation of new systems are reported to be in the range of 
EUR 0.5 5/ap/yr, depending on the farm size [ 54, Denmark 2010 ]. Extra costs based on the 
share of the maximum ventilation rate treated by the chemical scrubber range from EUR 2 to 
EUR 2.4 per pig produced when the air cleaning capacity of the scrubber is equal to the 
maximum ventilation rate. Meanwhile, extra costs of between EUR 0.1 and EUR 1.2 per pig 
produced are reported for a 20 % partial air cleaning capacity of the maximum ventilation rate,
with the low value corresponding to a large farm with approximately 8 000 fattening pig places 
[55, Denmark 2010]. 

Examples of extra cost data, for different animal categories and sizes of housing in the rearing 
of poultry, are presented in Table 4.143. 

Table 4.143: Extra costs related to the application of acid scrubbers in poultry housing 

Type of 
animal

Size of 
housing
animal 
places
(ap)

Extra 
investment 
(EUR/ap)

Annualised 
extra 

investment 
(EUR/ap)

Annual 
operating 
extra cost 
(EUR/ap)

Total 
annual 

extra cost
(EUR/ap)

Total 
annual 

extra cost 
(EUR per

animal 
produced)

Pullets 50 000 2.77 0.37 0.50 0.87 0.34
Laying hens 
(aviary)

40 000 3.44 0.46 0.63 1.10 1.25

Growing 
pullets of 
broiler 
breeders

33 000 3.95 0.52 0.71 1.23 0.60

Broiler
breeders

19 000 7.59 1.00 1.40 2.40 2.35

Broilers 90 000 3.69 0.50 0.62 1.12 0.163
Turkeys 20 000 24.7 3.39 4.37 7.76 2.68
Ducks 40 000 5.65 0.76 0.93 1.69 0.26
Source: [ 503, Vermeij 2011 ]

Driving force for implementation 
Local regulations on ammonia emissions can set maximum emission loads. In some Member 
States, air treatment systems are frequently required by environmental permits in situations 
where it would otherwise not be possible to comply with ammonia emission limit values.  

Example plants 
This system is commonly used in the Netherlands, Germany and Denmark. About 25 30 pig 
farms were reported to be applying acid scrubbers in Denmark  
[54, Denmark 2010], whereas one broiler farm was reported for the poultry sector  
[ 374, Denmark 2010 ]. In the Netherlands, the installed capacity of acid scrubbers for ammonia 
removal, referring to the year 2008, was reported as 64 million m3/h installed on a total of 
790 farms [ 568, Melse et al. 2010 ]. In the Flemish part of Belgium, 145 farms are equipped 
with acid scrubbers. 

Reference literature 
[ 13, Melse 2009 ] [ 42, Netherlands 1999 ] [ 54, Denmark 2010 ] [ 55, Denmark 2010 ] [ 130, 
Netherlands 2010 ] [ 131, Netherlands 2010 ] [ 132, Netherlands 2010 ] [ 133, Netherlands 
2010 ] [ 134, Netherlands 2010, ] [ 374, Denmark 2010 ] [ 503, Vermeij 2011 ] [ 514, KTBL 
2008 ] [ 568, Melse et al. 2010 ] [ 589, Netherlands 2010 ] [ 624, IRPP TWG 2013 ] [ 644, 
Netherlands 2014 ]
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4.9.5 Biofilter 

Description 
The exhaust air of the animal house is led through a filter bed of organic material, such as root 
wood or wood chips, coarse bark, compost or peat. These materials are generally arranged in 
layers, i.e. the filter bed consists of coarse material on the untreated exhaust air side and finer 
material on the clean air side. Fine-grained filter materials have a relatively large specific 
surface area that facilitates mass transfer but, on the other hand, causes higher pressure losses.  

The filter material is kept sufficiently moist at all times, so that microorganism populations can 
form a film. This is achieved by either humidifying the exhaust air to a relative humidity of at 
least 95 % and/or by controlled intermittent sprinkling of the surface of the filter material. 
Moistening of the entire filter surface is required in order not to compromise performance, even 
if the air entering is saturated; in particular in summer and in open surface filters, it is necessary 
to compensate for evaporation losses. Gaseous compounds are absorbed by the moisture film of 
the biofilter material and are oxidised or degraded by microorganisms living on the moisturised 
filter material. 

Achieved environmental benefits 
Biofilters are mainly used to eliminate odours arising from houses with no bedding material. 
They can also be used in litterless housing for dust separation, if coarsely structured filter 
material (which does not tend to clog) is used at least on the crude gas side.  

Ammonia is also degraded in biofilters, but the possible cross-media effects need to be taken 
into account. This aspect, together with the unknown decline of the performance over time, 
makes the ammonia removal efficiency of biofilters controversial. 

Cross-media effects 
The system involves an extra pressure drop of roughly 30 150 Pa [ 514, KTBL 2008 ], which 
depends on the filter surface load, the type and height of the filter material and its age. 
Ventilating fans must be able to overcome the added resistance; therefore, additional energy 
consumption is required for ventilation. The water consumed for moistening the substrate is 
reported to be in the range of 5 7 litres per 1 000 m3 of exhaust air. 

The system is not suitable as a sole process for ammonia reduction from exhaust air from
livestock houses with a high ammonia load. Due to the separation of ammonia, the microbial 
activity is influenced and the pH value is significantly lowered (no adjustments are possible), 
while the formed salts cannot be removed. Finally, secondary trace gases are formed, such as 
nitrous oxides and N2O, which risk the functionality of the whole system.

If the bed scrubber filter material consists of peat, a significant emission of greenhouse gases 
(GHG) would be associated with the peat mining process, while GHG emissions from the farm 
system itself may become significant due to the potential formation of N2O.

Environmental performance and operational data 
Biofilters function properly if: 

the pollutants to be treated are water-soluble and biodegradable; 

the residence time of the exhaust air to be cleaned is long enough that the odorants can be 
separated and degraded by microorganisms without these components or reaction 
products accumulating in the biofilter material; 

the operating conditions guarantee a sufficient supply of oxygen, water and nutrients to 
the microorganisms at temperatures of 10 °C to 35 °C [ 514, KTBL 2008 ].  
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A capacity of 440 m3/h of exhaust air per m2 of filter surface has been reported. Based on this 
value and knowing the airflow rate that has to be treated, the dimensions for a filter module can 
be estimated. The thickness of the active filter layer is normally between 0.3 m and 1.4 m,
depending on the material (for coarser materials a large bed height is necessary), whereas the 
residence (contact) time ranges from 4 seconds to 20 seconds depending on the filter height and 
surface load. Upscaling or downscaling of the treatment capacity, due to the modular design, is 
possible. 

The sprinkling of the filter with fresh water (approximately 5 7 litres of water/1 000 m3 of 
outgoing air, achieving a 60 70 % material moisture) is automatically controlled on the basis of 
the airflow volume. The filter is moistened from the surface by two nozzles per filter module.  

The resource demand for operating a biofilter with a capacity of 255 000 m3/h exhaust air 
volume, corresponding to an animal house of 3 000 animal places for fattening pigs, is reported 
in Table 4.144. About 21 kWh/animal place per year of energy is needed for pressure 
compensation in the ventilation system. Furthermore, 1.53 m3/animal place per year of water 
consumption is necessary. 

Table 4.144: Annual resources demand for the operation of a biofilter, in Germany  

Resource Unit
Consumption

(per 1 000 m3/h
capacity) (1)

Average annual 
consumption for 

255 000 m3/h of capacity
Energy Operation of the air 
cleaning system

kWh/yr 3.3 840

Energy Additional 
consumption for ventilation

kWh/yr 250 (220 280) 63 400

Fresh water m3/yr 18 (14 22.5) 4 600

Labour h/yr 0.35 0.40 90

NB: NA = not applicable.

Source: [ 120, Germany 2010 ]

As for all air cleaning systems, the odour removal efficiency depends on the crude gas 
concentration and is reported to be from 84 % to 97 % [ 120, Germany 2010 ]. The minimum 
requirement for odour reduction of air cleaning systems applied in Germany is defined as an 
odour concentration in the clean gas not exceeding 300 ouE/m3 and no typical process odours 
(e.g. animal house odour) are perceptible in the clean gas. Biofilters achieving a removal 
efficiency for odour of over 70 % have only been verified in pig housing [ 514, KTBL 2008 ].  

The dust abatement efficiency is reported to be from 80 % to 100 % [ 120, Germany 2010 ]
[ 644, Netherlands 2014 ]. Measurements of the finest dust fraction, PM2.5, indicate an 
abatement efficiency of 63 % [ 515, UR Wageningen 2010 ]. 

In Germany, the application of biofilters for ammonia reduction is not recommended, but, at the 
same time, it is acknowledged that a biofilter can also be operated as an ammonia abatement 
technique under certain conditions (e.g. in combination with a water curtain) and if carefully 
operated (comparable to the requirements for bioscrubbers) [ 500, IRPP TWG 2011 ]. The 
ammonia abatement efficiency is reported to be over 70 % [ 516, TÜV 2009 ] and up to 89 %, 
but it is not clear whether the removal efficiency can stay high over time due to the secondary 
effects previously described (see 'Cross-media effects') [ 515, UR Wageningen 2010 ]  
[ 500, IRPP TWG 2011 ]. 

In order not to undermine the removal capacity of the bed, regular replacement of the biofilter 
packing is necessary. Pretreating the air in order to remove the main part of the ammonia load 
before it enters the biofilter minimises the formation of nitrite/nitrate salts and allows a much 
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longer packing lifespan and thus reduces refilling costs [568, Melse et al. 2010]. Used biofilter 
materials are applied to land. No additional waste water is produced. 

Technical considerations relevant to applicability 
Biofilters are mainly used in houses with no bedding material (slurry-based plants). As the filter 
area requirement is approximately 0.2 0.25 m2 per animal place, a sufficient area must exist 
outside the facilities to accommodate the filter packages. 

The implementation in existing houses with forced ventilation must be planned with the 
adaptation of exhaust air ducts and with significant additional requirements for ventilation,
making biofilters in practice only applicable where a centralised ventilation system is used. 

Economics 
Data are given for a capacity of 255 000 m3/h exhaust air volume, equivalent to 3 000 fattening 
pig places. A total annual cost of between EUR 11.60/ap and EUR 13.10/ap results from the 
amortisation (20 years for construction and 4 % interest rate) of the investment requirements 
(EUR 59 64/ap, annualised investment costs from EUR 6.5/ap to EUR 6.8/ap) added to annual 
operating costs of EUR 5.10 6.30 per animal place. 

Driving force for implementation 
Local high emission loads or insufficient spatial distances from odour-sensitive receptors are 
drivers. 

Example plants 
At least 267 German farms are using this technique [ 505, Hahne J. 2011 ].  

Reference literature  
[ 52, BE Flanders 2010 ] [ 120, Germany 2010 ] [ 500, IRPP TWG 2011 ] [ 514, KTBL 2008 ]  
[ 515, UR Wageningen 2010 ] [ 516, TÜV 2009 ] [ 568, Melse et al. 2010 ] [ 644, Netherlands 
2014 ]

4.9.6 Multi-stage scrubber 

Multi-stage air cleaning system clean exhaust air from forced ventilation livestock buildings that 
usually comprise two or three stages that work on different principles, e.g. acid scrubber to 
remove ammonia and a biofilter to remove odour. As a consequence, theoretically, there are 
many possible combinations. At least 438 German farms are using techniques of this type [ 505,
Hahne J. 2011 ]. There are several two- and three-stage exhaust air treatment techniques, which 
can differ substantially each other. The following descriptions are limited to a two-stage acid 
scrubber with a downstream bioscrubber and a three-stage installation with a water scrubber and 
acid scrubber as well as a downstream biofilter. 

4.9.6.1 Two-stage scrubber: wet acid scrubber combined with bioscrubber  

Description 
The air cleaning system consists of two stages in series: a chemical scrubber and a bioscrubber. 
The first stage is an acid scrubber to separate ammonia and dust (see Section 4.9.4). It consists 
of filter beds made of synthetic polymer fibres arranged in parallel with a high water storage 
capacity, followed by a drip separator. The filter beds are intermittently sprinkled with acidified 
water. Ammonia reacts with sulphuric acid, forming ammonium sulphate. With the aid of a 
controlled acid metering system, the pH value of the scrubbing water of the chemical stage is 
kept within a certain range (e.g. at a level of 1.5). When the pH value reaches a higher level 
(e.g. 4) due to ammonia absorption, acid is added until the pH value is reduced again. This cycle 
repeats itself a fixed number of times (e.g. five times). If again a high pH value has been 
achieved, complete blowdown takes place. Afterwards, the water storage tank is refilled with 
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fresh water and acid with a low pH value (e.g. 1.5). In the case of implementation in littered 
houses where dust loads are high, more frequent elutriation and cleaning are indispensable on 
the basis of differential pressure measurements [ 514, KTBL 2008 ]. 

The second stage is a biologically active wet scrubber, which is completely separated from the 
acid stage. Due to the biological activity in this step, odour is mainly reduced; fine dust is also 
reduced. The filter bed packing is made of plastic and is permanently sprinkled with water. The 
scrubbing water from this stage flows back into the water tank, which is equipped with an 
additional submerged contact bed for the improvement of the biological degradation of residual 
emissions of odorants. For the separation of aerosols from this stage, another drip separator is 
installed at the clean air outlet. Both stages are of transverse flow of exhaust air.  

A scheme of a two-stage system for air scrubbing is presented in Figure 4.73. 

Source: [ 122, Germany 2010 ]

Figure 4.73: Two-stage scrubber: acid scrubber combined with bioscrubber 

Another reported option for the first treatment stage is to install a water curtain before the 
bioscrubber, which is operating as a water scrubber [ 127, Netherlands 2010 ] [ 129, 
Netherlands 2010 ].  

Achieved environmental benefits 
Reduction of emissions of odorants, ammonia, and dust is an achieved environmental benefit. 

Cross-media effects 
The energy consumption is increased as the fans have to overcome a maximum pressure loss of 
150 200 Pa (total for the ventilation system in the housing and the air cleaning system) without 
any loss of capacity. 

The scrubbing water in the chemical stage, which contains ammonium sulphate, must be stored 
in a separate storage tank, whereas the scrubbing water from the separate water stage can be 
pumped into the external slurry store. Nitrogen has to be taken into account for fertiliser 
planning. Compared to a single-stage acid scrubber, the elutriation rate of the two-stage system 
corresponds to approximately threefold the amount. 
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Environmental performance and operational data 
The amount of water that has to be rejected from the chemical stage amounts to 0.05 m3 per kg 
of NH3 input, and from the biological stage 0.04 m3 per kg of NH3 input. Its volume generally 
corresponds to 1.65 m3 per 1 000 m3/h (0.14 m3/pig place per year) in the first cleaning stage 
(acid scrubber), and to 1.34 m3 per 1 000 m3/h (0.11 m3/pig place per year) in the second 
cleaning stage (bioscrubber). Water losses due to evaporation and the necessary elutriation have 
to be compensated by fresh water addition; this supply is automatically controlled and separate 
for each stage [ 122, Germany 2010 ]. Ranges for the resource demand related to a capacity of 
1 000 m3/h are shown in Table 4.151. 

Ammonia reductions are achievable in the range of 70 % to 96 %, along with a total dust 
reduction from 85 % to 98 %. The minimum requirement for odour reduction of air cleaning 
systems applied in Germany is defined as an odour concentration in the clean gas not exceeding 
300 ouE/m3 and no typical process odours (e.g. animal house odour) are perceptible in the clean 
gas [ 514, KTBL 2008 ]; on average, these results are equivalent to 70 % efficacy.  

Data concerning the emission reductions achieved by applying two-stage scrubbers in pig 
production are presented in Table 4.145. Reported emissions in pig production after treatment of 
exhaust air with two-stage air scrubbers are presented in Table 4.146.  

Table 4.145: Emission reductions achieved by the application of two-stage scrubbers in pig 
production 

Achieved emission reduction
(%)

Reference
Ammonia Odour Dust PM10

70 96
80 (average)

60 77
70 (average)

85 98
96 (average)

NI [122, Germany 2010]

84 93
85 (average)

40 72
70 (average)

94 96 80 [125, Netherlands 2010]

84 93
85 (average)

40 72 94 96 80 [129, Netherlands 2010]

87 98 75 94 96 80 [127, Netherlands 2010]

NB: NI = no information provided.

Table 4.146: Emission levels achieved with the application of two-stage scrubbers in pig production 

System

NH3

reduction 
efficiency

(%)

Animal 
category

Ammonia
(1)

Odour (2) PM10

Reference
kg/ap/yr ouE/s/animal g/ap/yr

Bioscrubber
combined with 
water curtain

85

Weaners 0.09 0.11 1.4 2.0 26 [ 127, 
Netherlands 

2010 ]
[129, 

Netherlands 
2010]

Farrowing sows 1.25 7.0 42
Mating/gestating 

sows
0.63 4.7 44

Fattening pigs 0.38 0.53 4.5 5.8 55

Acid scrubber 
combined with 

biological/water 
scrubber 

85

Weaners 0.09 0.11 1.6 2.3 26

[ 125, 
Netherlands 

2010 ]

Farrowing sows 1.25 8.4 42
Mating/gestating 

sows
0.63 5.6 44

Fattening pigs 0.38 0.53 5.4 6.9 55
(1) The higher end of the range for weaners and fattening pigs corresponds to more space being available per animal.
(2) The lower end of the range for weaners and fattening pigs is associated with low-NH3-emitting housing systems.
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Ammonia emissions between 0.062 kg and 0.065 kg/animal place/year were reported from an 
animal house for ducks, equipped with a two-stage scrubber, in Germany [ 646, COM 2013 ]. 

Technical considerations relevant to applicability 
Two-stage air cleaning systems are also applicable to littered housing. The bioscrubber stage is 
preceded by the acid scrubber, which contributes to dust and feather removal. Additionally, a 
simpler filtering stage (water curtain) can be added to reduce dust as a first step.  

The housing ventilation system requires proper planning (air inlet/outlet) and design (sufficient 
capacity of the fans for the increased pressure loss). In retrofitting existing houses, there are 
significant additional requirements for the adaptation of the air ventilation outlets and for the 
upgrading of the fans, making the system applicable only where a centralised ventilation system 
is used. Additionally, significant space must be available to host the various hardware. 

Economics 
Economic figures have been modelled in Germany for modules with a capacity of 1 000 m3/h,
equivalent to 11.8 pig places at a standard ventilation of 85 m3/h per animal place. Results are 
given in Table 4.147.  

Table 4.147: Cost ranges associated with the use of two-stage scrubber systems for exhaust air 
treatment in fattening pig production, in Germany 

Housing 
capacity

Associated costs (1)

Investment costs
Annualised 

investment costs
Operating costs Total costs

EUR 
per

1 000 
m3/h

EUR/ap

EUR 
per

1 000 
m3/h

per yr

EUR/ap/yr

EUR
per

1 000 
m3/h

per yr

EUR/ap/yr

EUR
per

1 000 
m3/h
per
year

EUR/ap/yr

460 700 animal
places
(39 000
60 000 m3/h) (2)

826 884 70 75
107
112

9.1 9.5
116
127

9.9 10.8
223
239

19.0 20.3

1 060 1 180 
animal places
(90 000
100 000 m3/h)
(2)

796 851 68 72
102
107

8.7 9.1
107
118

9.1 10.0
209
225

17.8 19.1

1 700 1 850 
animal places 
(150 000
157 000 m3/h)
(2)

746 802 63 68 94 99 8.0 8.4
102
113

8.7 9.6
196
212

16.7 18.0

3 000 animal 
places
(255 000 m3/h)
(3)

745
(720
770)

61 65
85 (80

85)
6.8 7.2

130
(120
140)

10 12
215

(200
225)

17 19

(1) All cost data are given without VAT and are related to hew houses.
(2) Costs are calculated on the following assumptions: amortisation period of 10 years for the installation and 20 years 

for the building, 6 % interest rate for 50 % of the investment, labour costs EUR 20/h, electricity EUR 0.12/kWh, 
water EUR 0.5/m3, acid EUR 0.25/kg, landspreading of waste water EUR 2.6/m3, maintenance 1 % of investment, 
additional costs for larger slurry store equal EUR 120/m3, additional costs for more powerful fans are EUR 3 per 
1 000 m3 of installed air capacity.

(3) Costs are calculated on the following assumptions: amortisation period of 10 years for the installation and 20 years 
for the building, 4 % interest rate, labour costs EUR 15/h, electricity EUR 0.15/kWh, water EUR 0.5/m3, acid 
EUR 0.35/kg, landspreading of waste water EUR 3/m3, maintenance 1 % of investment, additional costs for larger 
slurry store and additional costs for more powerful fans are included.

Source:[ 514, KTBL 2008 ] [ 122, Germany 2010 ]
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Data related to the investment and total costs are reported in Table 4.148 for different system 
capacities in pig production in the Netherlands. 

Table 4.148: Costs associated with the use of two-stage scrubbers with an 85 % NH3 reduction 
efficiency, in the Netherlands  

Pig category
Housing 
capacity

(animal places)

Associated costs (1)
Investment costs

(EUR/animal place)
Annual costs (2)

(EUR/animal place/year)
Weaners 2 016 16 4

Farrowing sows 130 170 35
Mating and gestating 
sows

477 100 23

Fattening pigs 4 200 50 12
(1) All cost data are given without VAT.
(2) Annual costs include depreciation, interest, maintenance and all other operating costs.

Source: [ 589, Netherlands 2010 ]

Driving force for implementation 
In densely populated areas (e.g. the Netherlands) or in areas with a high animal density, air 
cleaning systems give farmers the only possibility to construct new housing facilities or expand 
the existing farming activity and still comply with the maximum allowed levels for ammonia, 
dust or odour emissions. It allows large-scale farms to remain in operation in areas located close 
to residential areas and sensitive ecosystems.

The capacity to remove PM10 and PM2.5 has made multi-pollutant air cleaning systems more 
interesting for application in poultry facilities located in areas exceeding fine dust threshold 
levels in the air [ 424, VERA 2010 ]. 

Example plants 
Several farms in Germany use the technique. 

Reference literature 
[ 122, Germany 2010 ] [ 125, Netherlands 2010 ] [ 127, Netherlands 2010 ] [ 129, Netherlands 
2010 ] [ 424, VERA 2010 ] [ 514, KTBL 2008 ] [ 589, Netherlands 2010 ] [ 646, COM 2013 ]

4.9.6.2 Three-stage scrubber: water scrubber combined with wet chemical 
scrubber and biofilter  

Description 
This combination consists of three stages (see Figure 4.74). The first stage is a water scrubber 
that generally removes dust and converts part of the ammonia into nitrate and nitrite by means 
of the microbial activity in the washing water. Different materials and designs can be used for 
the plastic packing of the filter beds (e.g. having a specific surface area of around 320 m2/m3

and one filter bed with a thickness of 0.15 m). The recirculating water is not mixed with water 
from the next stage. Given the large filter bed surfaces, it is particularly important for this type 
of installation that the ventilation system can achieve an even airflow under all climatic 
conditions.  

The second stage is an acid scrubber. The filter bed is continuously sprayed with diluted 
sulphuric acid solution and removes the main part of the ammonia content, as long as the pH is 
kept low (e.g. below 5), and dust. It is possible to use different combinations of specific surface 
area and filter bed thickness. A complete blowdown is needed after a fixed interval (e.g. 
2 months). Water losses due to evaporation and elutriation are compensated by fresh water 
addition.  
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The third and last treatment stage is a biofilter (see Section 4.9.5) made of a column packed 
with coarse root wood, which is frequently sprayed with water to keep it moist. The spraying 
frequency depends on the weather conditions. This filter has a larger bed height (at least 0.6 m) 
compared to the scrubbing stages. In this third step, microbes that are present on the root wood 
substrate remove odour compounds and part of the ammonia left from the previous stages. 

Source: [ 139, Netherlands 2010 ]

Figure 4.74: Three stage scrubber: water scrubber combined with wet acid scrubber and biofilter  

Achieved environmental benefits 
Emissions to air of ammonia, odour and dust are reduced. A reduced waste water volume is 
produced, in comparison with the application of a bioscrubber, as reported under 
'Environmental performance and operational data'.

Cross-media effects 
Additional energy consumption is required to run pumps and, especially, fans in order to 
overcome the increased pressure drop without any capacity loss (up to 150 Pa); the resulting 
energy consumption may double. Increased water consumption is required due to the necessary 
elutriation. Waste water can be disposed of or reused as fertiliser, e.g. together with the slurry 
for landspreading (see 'Environmental performance and operational data'), in which case the 
related load of nitrogen has to be taken into account for a correct planning of the fertiliser. 
Water from the acid scrubbing stage must be stored separately. Noise emissions can be 
associated with the intense operation of the fans. 

Environmental performance and operational data 
Emission reductions have been measured in pig farms in the Netherlands under the Dutch 
Livestock Farming Regulation. Ranges for ammonia reduction were from 64 % to 84 %, and for 
odour reduction ranges were from 64 % to 87.9 %. The achievable dust removal is from 94.8 % 
to 97.8 %, of which 80 % is related to PM10. The performance of three-stage systems applied in 
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housing for pigs and sows is reported in Table 4.149, expressed as removal efficiencies for 
ammonia, odour and dust.  

Table 4.149: Examples of removal efficiencies achieved with a three stage scrubber system (water 
scrubber, wet acid scrubber and biofilter)  

Housing system
characteristics

Removal efficiencies
Ammonia

(%)
Odour

(%)
Dust
(%)

PM10

(%)
3 000 animal places 
for fattening pigs

70 95 50 90 70 95 NI

1 320 animal places 
for fattening pigs

Filter surface load 
3 020 m3/(m2 h) 

82.5 97.5
(warm period)

68.1 96 (cold period)

85 (Dutch ammonia and 
livestock farming 

regulation)

79 87.9 (warm period)
71.1 82.3 (cold period)

75 (based on Dutch 
odour nuisance and 
livestock farming 

regulation)

94.8 97.8 80

600 animal places 
for sows

Filter surface load 
3 020 m3/(m2 h) 

70.1 79

70 (Dutch ammonia and 
livestock farming 

regulation)

64 84

80 (Dutch odour 
nuisance and livestock 

farming regulation)

95 80

NB: NI = no information provided.

Source: [ 123, Germany 2010 ] [ 126, Netherlands 2010 ] [ 128, Netherlands 2010 ] [ 514, KTBL 2008 ]

Reported emissions in pig production after treatment of exhaust air with three-stage air 
scrubbers are presented in Table 4.150. 

Table 4.150: Emission levels achieved with the application of three-stage scrubbers in pig 
production 

System

NH3

reduction 
efficiency

(%)

Animal 
category

Ammonia Odour (2) PM10

Reference
kg/ap/yr ouE/s/animal g/ap/yr

Water 
scrubber + 
acid scrubber 
+ biofilter 
combined with 
water curtain 

70

Weaners 0.18 0.23 (1) 1.1 1.6 (2) 26

[ 128, 
Netherlands 

2010 ]

Farrowing sows 2.49 5.6 42

Mating/gestating 
sows

1.26 3.7 44

Fattening pigs 0.75 1.05 (1) 3.6 (2) 55

Water 
scrubber + 
acid scrubber 
+ biofilter 
combined with 
water curtain 

85

Weaners 0.09 0.11(1) 1.4 2 (2) 26

[ 126, 
Netherlands 

2010 ]

Farrowing sows 1.25 7 42

Mating/gestating 
sows

0.63 4.7 44

Fattening pigs 0.38 0.53(1) 4.5 5.8 (2) 55

(1) The higher end of the range corresponds to more space being available per animal.
(2) The lower end of the range is associated with low-NH3-emitting housing systems.

Data for energy consumption and other resources demand, related to a capacity of 1 000 m3/h 
that is equivalent to 11.8 fattening pig places, are shown in Table 4.151. 
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Table 4.151: Annual resources demand for the operation of a multi-stage scrubber, in Germany 

Resource Unit
Three-stage scrubber

(consumption per
1 000 m3/h of capacity)

Two-stage scrubber 
(consumption per 

1 000 m3/h of capacity)

Energy - Operation of the air 
cleaning system

kWh/yr 130 (100 150) 190

Energy Additional consumption 
for ventilation 

kWh/yr 215 (180 250) 250 (220 280)

Fresh water m3/yr 20 (16 25) 21 (14.9 25.5)
Sulphuric acid kg/yr 27 (20 34) 100
Labour h/yr 0.3 0.4 0.4
Source: [ 122, Germany 2010 ] [ 123, Germany 2010 ]

The waste water arising from the bioscrubber, equivalent to about 1.8 m3 per 1 000 m3/h 
(0.15 m3/pig place/yr) should be stored (e.g. pumped into the slurry container) and reused taking 
into account the added nitrogen load. Waste water from the acid scrubber stage needs a separate 
storage; their volumes are around 0.7 m3 per 1 000 m3/h (0.06 m3/pig place/yr). 

A reduced amount of waste water is produced by a three-stage scrubber in comparison with a 
bioscrubber. While in the bioscrubber, a good removal efficiency can only be guaranteed if at 
least 0.2 m3/kg NH3 input are elutriated; in three-stage installations, whose removal efficiency is 
at least equal to bioscrubbers, only 0.055 0.083 m3/kg NH3 input has to be discharged 
separately. The difference in the scrubbing waste water produced is presented in Table 4.152,
for a house of 1 000 pigs located in Germany. 

Table 4.152: Waste water volume produced by air cleaning system in a housing system for 1 000 
fattening pigs 

Air cleaning system
Elutriation rate 

(m3/kg NH3 input)

Quantity of waste 
water

(m3/year)
Bioscrubber 0.2 730

Three-stage scrubber 0.055 0.083 200 300

NB: Results are based on an emission factor of 3.64 kg NH3/ap/yr (no crude-protein-adapted feed).

Acid consumption can be reduced considerably if the system is operated in such a way that the 
nitrification provides biogenous acid formation at the first scrubbing stage and the scrubbing 
water is changed often [ 123, Germany 2010 ]. 

Technical considerations relevant to applicability 
Three-stage air cleaning systems are also applicable to littered housing since the biofilter is 
preceded by the wet scrubbers which remove dust and/or feathers. 

The ventilation system requires proper planning (air inlet/outlet) and design (sufficient capacity 
of the fans for the increased pressure). In retrofitting existing houses, there are significant 
additional requirements for the adaptation of the air ventilation outlets and for the upgrading of 
the fans, making the system applicable only where a centralised ventilation system is used. 
Additionally, significant space is needed to host the various pieces of hardware. 

Economics 
Economic data for exhaust air treatment have been modelled in Germany for modules of a 
capacity of 1 000 m3/h, equivalent to 11.8 pig places at a standard ventilation of 85 m3/h per 
animal place. Results for different system capacities in fattening pig production are given in 
Table 4.153.  
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Table 4.153: Cost ranges associated with the use of three-stage scrubber systems (combining a 
water scrubber, wet acid scrubber and biofilter) in fattening pig houses  

Housing 
capacity

Associated costs (1) (2)
Investment 

costs
Annualised 

investment costs
Operating costs Total annual costs

EUR 
per

1 000 
m3/h

EUR/
ap

EUR per 
1 000 

m3/h per 
yr

EUR/a
p/yr

EUR per
1 000 

m3/h per 
yr

EUR/
ap/yr

EUR per
1 000 

m3/h per 
year

EUR/ap/yr

460 700
animal places
(39 000
60 000 m3/h)

700
1100

60
94

82 116
7.0
9.96

128 166
10.9
14.1

210 282 17.9 24.00

1 060 1 180 
animal places
(90 000
100 000 m3/h)

531
671

45
57

60 68 5.1 5.8 103 122
8.8
10.4

163 190 14.9 16.6

1 700 1 850 
animal places
(150 000
157 000 m3/h)

474
589

40
50

52 59 4.4 5.0 101 112
8.6
9.5

153 171 13.4 15.1

3 000 animal 
places
(255 000m3/h)

500
615

43
52

50 60 4.2 5 80 100
6.80

8.5
130 160 11 13.5

(1) All cost data are given excluding VAT.
(2) Costs are calculated on the following assumptions: amortisation period of 10 years for the installation and 20 years 

for the building, 6 % interest rate for 50 % of the investment, labour costs EUR 20/h, electricity EUR 0.12/kWh, 
water EUR 0.5/m3, acid EUR 0.25/kg, landspreading of waste water EUR 2.6/m3, maintenance 1 % of 
investment, additional costs for larger slurry store equal EUR 120/m3, additional costs for more powerful fans are 
EUR 3 per 1 000 m3 of installed air capacity.

Source:[ 514, KTBL 2008 ] [ 123, Germany 2010 ]

Investment and operating costs related to the application on a newly built facility of a three-
stage system with a bioscrubber as the third stage, in place of a biofilter, are reported in 
Table 4.154. 

Table 4.154: Investment and annual operating costs for a three-stage scrubber (water and acid 
scrubber + biotrickling) applied to a newly built facility for fattening pig production 

EUR/animal place/yr
Investment costs (1) 50.3
Operating costs

Annualised investment cost (10 %) 4.2
Maintenance (3 %) 2.0
Interest (6 %) 1.2
Electricity use (EUR 0.11/kWh) 3.7
Water use (EUR 1.0/m3) 0.6
Chemical use (EUR 0.6/litre H2SO4, 98 %) 0.7
Water discharge (2) 1.0
Total annual operating costs 9.2

Total annual costs 13.5
(1) The investment costs are based on a maximum ventilation capacity of 60 m3/ap/h.
(2) Waste water disposal costs are assumed to be equivalent to EUR 10/m3 for discharges from acid scrubbing 

and EUR 2/m3 for discharges from biotrickling or water scrubbing. Discharge water from the biotrickling 
and water scrubbing stages is reused in the acid scrubbing stage.

Source:[ 568, Melse et al. 2010 ]
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Driving force for implementation 
In individual cases of insufficient spatial distance from the nearest existing or planned 
residential buildings or other odour-sensitive constructions, as is the case in densely populated 
areas (e.g. in the Netherlands), or from nitrogen-sensitive ecosystems (e.g. forests), air cleaning 
systems give farmers the only possibility to expand the activity and still comply with the 
maximum levels allowed for ammonia, dust or odour emissions.  

The capacity to remove PM10 and PM2.5 has made multi-pollutant air cleaning systems more 
interesting for application in poultry facilities located in areas exceeding fine dust threshold 
levels in the air [ 424, VERA 2010 ]. 

Example plants 
The system is in operation in several pig farms in the Netherlands and Germany.  

Reference literature 
[ 122, Germany 2010 ] [ 123, Germany 2010 ] [ 126, Netherlands 2010 ] [ 128, Netherlands 
2010 ] [ 139, Netherlands 2010 ] [ 424, VERA 2010 ] [ 514, KTBL 2008 ] [ 568, Melse et al. 
2010 ]

4.9.7 Partial air treatment in air cleaning systems 

Description 
In forced ventilated houses, ventilation rates depend on the production stage and climatic 
conditions; the ventilation system does not operate at its maximum capacity over the course of 
the year. Therefore, maximum (for summer) and average exhaust airflow rates can be defined 
and air cleaning systems can be dimensioned accordingly. In this case, it is possible to install an 
air bypass system so that a portion of the exhaust air can be expelled from the house without 
being treated, whilst the remaining exhaust air passes through the air cleaning system. Hence the 
air cleaning systems are operated at designated airflow rates, which are lower than the 
maximum ventilation rates that can occur in the animal house. 

Achieved environmental benefits 
The size of the air cleaning system is reduced, resulting in an increased efficiency of scrubber 
utilisation (kg of NH3 removed per m3 of scrubber volume). The technique of partial treatment 
of exhaust air ensures that ventilation needs are met for the health and welfare of the animals 
and that air cleaning systems can be still operated efficiently. 

Cross-media effects 
The disadvantage of this technique is that peak emission management is not possible (e.g. 
summer heat, heavier animals requiring high ventilation rates). For ammonia emission levels,
which are generally set in terms of yearly averages, this disadvantage may be irrelevant;
however, for other pollutants such as dust and odour, for which peak emission levels are usually 
established, it may cause an above average nuisance to the neighbourhood.  

Environmental performance and operational data 
Ammonia emission levels and the associated costs for implementing the cleaning system are 
presented in Table 4.155. Data for a two-stage bioscrubber and for a two-stage chemical 
scrubber are reported for different percentages of exhaust air treated by the air cleaning system. 
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Table 4.155: Emission levels and cost data for different percentages of exhaust air treated by two-
stage air cleaning systems 

Type of cleaning 
system

Percentage of exhaust 
air treated (%)

Ammonia emissions
(kg NH3/ap/yr) (1)

Total costs
(EUR/ap/yr) (1)

Bioscrubber 100 0.44 12
Bioscrubber 60 0.56 7.6
Bioscrubber 40 NI 2.8
Bioscrubber 20 0.88 NI
Acid scrubber 100 0.40 NI
Acid scrubber 60 0.56 NI
Acid scrubber 20 1 NI
(1) Cost data are calculated on the basis of a production of four pigs per animal place per year.

NB: NI = no information provided.

Source: [ 53, Denmark 2010 ] [ 54, Denmark 2010 ]

Technical considerations relevant to applicability 
Bypasses may only be installed if local regulations allow (e.g. in the Netherlands, bypasses are 
not allowed). The principle of the technique is independent of the animal category; therefore, it 
is applicable in pig and poultry rearing. 

Economics 
The investment cost per m3 of exhaust air to be treated will be only slightly higher due to the 
additional costs of the bypass itself. On the other hand, the total costs for air cleaning are 
reduced as the investment and operating costs of scrubbers are related to their size.

Driving force for implementation 
Low emission levels can be achieved at reduced costs of treatment with air cleaning system. In 
this way, it is possible to design the ventilation/cleaning system on the basis of the required 
reduction levels set for a specific location by the competent authorities.  

Example plants 
This technique is commonly used in Denmark upon permit specification. 

Reference literature 
[ 13, Melse 2009 ] [ 53, Denmark 2010 ] [ 54, Denmark 2010 ] [ 514, KTBL 2008 ]

4.9.8 Dry filters 

Description 
The air being drawn to the exhaust outlet passes through a filter, placed in a plenum chamber in 
front of the exhaust fan, made of multi-layered plastic or paper filters for example, which forces 
the air to change direction many times within the body of the filter (see Figure 4.75). The 
centrifugal force of air circulating in the many cavities of the filter separates the dust from the 
airflow, allowing dust particles to fall and be collected in V-shaped filter pockets.  



Chapter 4 

520 Intensive Rearing of Poultry or Pigs 

Source: [ 136, UK 2009 ]

Figure 4.75: Schematic of a dry filter installed in a broiler house 

Achieved environmental benefits 
Reduction of dust emissions is the achieved environmental benefit. 

Cross-media effects 
The filters need to be cleaned regularly, and the collected dust can be spread on land with the 
manure. Filters do present a resistance to airflow, so fans must operate at a higher pressure. 
Therefore, the system must allow for the high air volume and air speed necessary for heat stress 
relief in broilers. 

Environmental performance and operational data 
Commercial results suggest a 70 % reduction in visible exhaust dust. The dust removal 
efficiency has been measured in one broiler farm as 41 % ± 4 for PM2.5 and 64 % ± 6 for PM10

fractions. Bacteria and fungi concentrations were reduced by 1 % and 20 % (on a logarithmic 
scale), respectively.  

Technical considerations relevant to applicability 
The system can be retrofitted in poultry houses with a tunnel ventilation system. 

Economics 
Investment, operating and maintenance costs are significantly reduced compared to wet 
scrubbing systems used for air treatment. The capital cost for the installation of a dry filter is 
estimated to be about EUR 1.14 (EUR 1 = GBP 0.88) per 30 m3 of air, the same cost as for 
treating 3 4 m3 of air with a wet scrubbing system.  

Driving force for implementation 
Local regulations imposing limit values for dust emissions are the driving force. 

Example plants 
Several examples have been fitted in UK broiler farms. 

Reference literature 
[ 136, UK 2009 ]
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4.9.9 Water trap 

Description 
The exhaust air is directed downwards onto a water bath (e.g. 15 cm pit containing water) to 
soak up dust particles, and then redirected 180 ° upwards to the air to disperse any pollutants 
further (see Figure 4.76). The water bath needs to be filled regularly to compensate for 
evaporation. 

Source: [ 136, UK 2009 ]

Figure 4.76: Scheme of the water trap 

Achieved environmental benefits 
Dust emissions are reduced. 

Cross-media effects 
None reported. 

Environmental performance and operational data 
Abatement of emissions has been reported for PM2.5 and PM10 as 19 % and 22 %, respectively. 
Abatement of bacteria and fungi has also been reported to be equivalent to 16 % and 4 %, 
respectively, on a logarithmic scale. Water can be landspread. 

Technical considerations relevant to applicability 
The system can be retrofitted in poultry houses with a tunnel ventilation system. 

Economics 
No information provided. 

Driving force for implementation 
Local regulations may impose limit values for dust emissions. 

Example plants 
The technique is used in poultry farms in the UK. One example has been reported from a farm 
that rears more than 30 000 broilers.  

Reference literature 
[ 136, UK 2009 ]



Chapter 4 

522 Intensive Rearing of Poultry or Pigs 

4.10 Techniques for the reduction of odour emissions 

Odours are indigenous to all livestock production operations. Odour mainly originates from the 
microbial conversion of feed (protein and fermentable carbohydrates) in the intestinal tract of 
pigs and by the microbial conversion of urinary and faecal compounds in the manure under 
anaerobic conditions. Odour is a complex mixture of many different compounds, such as 
sulphurous compounds (e.g. H2S, mercaptans), indolic and phenolic compounds, volatile fatty 
acids (e.g. acetic acid, n-butyric acid), ammonia and volatile amines [ 511, Le et al. 2007 ]
[ 270, France 2010 ].  

Odour is the principal concern of local communities in relation to both pig and poultry farms. 
Odour arises from animal housing, as well as from manure transfer, storage, and spreading. The 
odours are diffused in gas form and/or are conveyed by dust. 

The level of odour that arises from pig or poultry farms varies significantly and the degree of 
nuisance of a particular odour level varies according to location and context  
[ 204, IMPEL 2009 ]. Small volumes of very strong odours can, under unfavourable 
circumstances, travel far and cause a strong odour intensity to be perceived by persons 
downwind. As this perception can be of a high intensity, this can trigger annoyance and 
exacerbate nuisance [ 668, IE EPA 2001 ].  

4.10.1 General measures for odour prevention 

Odour can be reduced in a number of other ways, including: 

by good housekeeping; 

by storing the manure outside under a cover; 

by preventing an airstream from passing over the manure; 

by keeping straw-based manure under aerobic conditions in order to rapidly break down 
the odorous substances. 

For reasons relating to odour, application times and techniques have been developed for 
landspreading. Some additional techniques to reduce odour in the vicinity of the farm are 
applied on farm to animal houses with forced ventilation. These include: 

horizontal air outlet channel, which does not mean a reduction of odour, but which diverts 
the emission point of air from the housing to a different side of the farm, so as to reduce 
the potential impact for odour-sensitive receptors (e.g. residential areas);  

dilution of the concentration, which is explained below and is based on the proper design 
of the housing and dimensioning of the ventilation. 

4.10.1.1 Dilution of odorants 

The odorant concentration depends, essentially, on the degree of dilution of the odorants emitted 
during atmospheric transport in the airstream. Important factors affecting pollutant 
concentration are:

the odorant flow rate; 

the distance from the source; 

the effective source height and relative elevation of the source and the receptor;  

atmospheric conditions, local topography and features (surface roughness). 


