Livestock climate control systems as a potential ammonia abatement technique

In an animal house the ventilating air, through interaction with animals and manure affects ammonia emission to the atmosphere (figure 1). Indoor air quality is regulated to comply with the animal welfare and productivity requirements. Outlet (exhaust) air concentrations

Figure 1.The place of climate control system in release and transportation of ammonia and other contaminants into the atmosphere as a result of interaction of two media – air and manure – in animal house
and airflow rates are used to calculate all emissions to the atmosphere. In the animal housing system with extraction of dirty and contaminated air from the underfloor manure pits, which are an additional ammonia emission source, the concentration of ammonia and other unwanted gases in the outlet air increases. This is shown schematically by the dotted line. 
Since the quantity and quality of the inlet air are adjusted in air control systems, this might be considered an ammonia abatement measure.

Data on the links between ammonia emissions, the ventilation rate and indoor temperature experimental data were found in the following literature: (Maximov, 2000, Gallman et.al., 2005, Gustafsson et.al., 2003, Jeppsson, 2003). All these research results differed in trial aims, experimental techniques, methods of data handling, and further interpretation of results. But they show that there exists a correlation between the ventilation rate and hazardous emission, and between temperature and emission, and this correlation is strong.

As for numerical evaluations, it is clear, that they are very specific.  Our  data show that the amount of ammonia emissions into the outdoor atmosphere might grow by up to 50% with the variation of ventilation rates, for the same feeding and manure removal system. 

Simulation of operating modes of the climate control systems in a dairy barn and a pig fattening house was used to identify the control factors for the ventilation rate and the indoor air temperature under different outdoor climate conditions, the type and weight of animals.

In a pig fattening building for 600 pigs with the initial weight of 40 kg and 100 kg slaughter weight, the optimal ventilation rate must vary from 10,000 to 70,000 kg/h, and heat consumption varies from 0 to 150 kW with variation of animal weight and outdoor climate - to maintain the acceptable indoor air temperature and relative humidity levels under typical St. Petersburg climate conditions. In a livestock building, where the ventilation rate is not controlled, fattening periods with excess ventilation air and increased ammonia emissions occur. Natural ventilation systems with the controllable inlet and outlet units are more efficient, as in this case it is possible to decrease ventilation rates in winter, or when the animals are yet small.


Simulation results have demonstrated that from the standpoint of ammonia emissions, evaporative cooling of animals should be preferred to avoid the heat stress of the dairy cow in summer instead of over-ventilating the animal house.

To reduce ammonia emission from the animal house it is necessary to control the operation factors of  the ventilating and heating system in order to keep the ventilation rate, indoor air temperature and air flow over the manure surface as low as possible. At the same time, the ventilation system must maintain an acceptable indoor air quality to comply with the animal welfare requirements.

Investigation outcomes have shown that optimization of the livestock climate control system as ammonia emission abatement also can impact energy usage. Furthermore,   the energy demand per product unit   decreases, and as a result    emissions become lower   in a global sense.
  It is found that, in    BREF recommendations concerning efficient use of energy by ventilating  systems,   exactly   correspond to the  demands  for  the ammonia emission  abatement.  

  I would like to suggest to add to the Guidance Document EB.AIR/WG.5/2007/13 concerning "section V, livestock housing, A, housing system for dairy and beef cattle and B, housing systems for pigs" the recommendation on improvement of the ventilating systems for animal houses as a potential ammonia abatement technique.  On this stage  it is practically better to formulate the idea in compliance with   BREF text.
Suggested text   is arranged from the   citation from BREF .
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SUGGESTED ADDITION TO THE TEXT of Guidance Document EB.AIR/WG.5/2007/13 
General operational measures to reduce   ammonia emission in animal houses among others are:  

(to paragraph 59)
-   lowering the indoor temperature as animal welfare and production allow.

-  reducing ventilation rate taking into account the minimum levels required for animal welfare reasons.

- reducing air flow over the manure surface
(new paragraph 69a)
69a.The ventilation system should be designed so that it   has sufficient capacity to control the house temperature in warm summer months when the house is fully stocked with the heaviest animals, and to also have sufficient control to provide a minimum ventilation rate in colder winter months when the house is stocked with the lightest animals.   

Significant reduction in power consumption and ammonia emission can be achieved by a combined system for controlling heating and ventilation systems that are optimally aligned to the requirements of the livestock. Ventilation control strategy must restrict ventilation rate according to the actual animal weight, outdoor temperature and desired indoor climate 
69. Other systems which could reduce NH3 include increasing the depth of the under-floor manure pit further (1.2 m is suggested instead of 0.45 m) to maintain the slurry at a lower temperature, and mixing bedding straw with peat. The use of peat, however, is considered unsustainable in many countries.70. It is possible to treat the ventilated air from the pig/poultry housing using biofilters based
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