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ABSTRACT Restrictions on ammonia emission from animal production are a growing 
challenge for farmers in many countries. Effective - but still costly - technologies for 
removal of ammonia from ventilation exhausts exits, but its use is limited to mechanical 
ventilation systems. Studies in mechanically ventilated pig units with slatted floor has 
shown that evacuation of a minor part of the exhaust air, beneath the slats, makes it 
possible to collect a relatively large share of  the entire ammonia emission. And, in 
addition, cleaning of this minor part of the total air change is often sufficient to fulfill 
requirements for ammonia emission reduction.  In this work CFD (Computational Fluid 
Dynamics) methods were used to investigate the potentials of transferring the experience 
from pig units to naturally ventilated cattle buildings. The analyses were based on a 2-
dimensional cross section of a proposal for a 72 m wide well insulated milking cow barn. 
The developed CFD model included ammonia evaporation from slurry pits and from 
slatted floor, and it aimed to quantify the emission through the pit exhausts and through 
the openings in the building (in walls, roof and ridge) depending on outdoor temperature, 
wind speed and different adjustment of wall, roof and ridge openings. On a yearly basis 
under Danish weather conditions the results indicated that a pit exhaust system, treating 
80 m3h-1HPU-1, has the potential to reduce ammonia emission with around one third 
assuming fixed ventilation openings, and with controllable openings this figure will 
probably be above 50 percent. 
 
Keywords: Ammonia emission: Natural ventilation: CFD: Pit ventilation. 
 
INTRODUCTION Restrictions on ammonia emission from animal production are a 
growing challenge for farmers in many countries. Effective - but still costly - 
technologies for removal of ammonia from ventilation exhausts exits, but its use is 
limited to mechanical ventilation systems. Studies in mechanically ventilated pig units 
with slatted floor has shown that evacuation of a minor part of the exhaust air, beneath 
the slats, makes it possible to collect a relatively large share of the entire ammonia 
emission, and, in addition, cleaning of this minor part of the total air change is often 
sufficient to fulfill requirements for ammonia emission reduction (Bjerg et all., 2008b).  
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In this work CFD (Computational Fluid Dynamics) methods were used to investigate the 
potentials of transferring the experience from pig units to naturally ventilated cattle 
buildings. The analyses were based on a 2 dimensional cross section of a proposal for a 
72 m wide well insulated milking cow barn. The developed CFD model included 
ammonia evaporation from slurry pits and from slatted floor, and it aimed to quantify the 
emission through the pit exhausts and through the openings in the building (in walls, roof 
and ridge) depending on outdoor temperature, wind speed and different adjustment of 
wall roof and ridge openings. Calculation of ammonia emission after air cleaning was 
based on the assumption that the air exhausted through the pit ventilation system were 
cleaned to a level of 1 ppm, which corresponds to the performance of acid based air 
cleaning systems used for removal of ammonia from exhausted air from  pig units in 
Denmark. 

METODS   

The building The analyses were based on a proposal for a well insulated 72 m wide 
milking cow barn with large controllable ventilation openings in side walls and in the 
roof, see figure 1. 

 

Figure 1. Section of the investigated proposal for a new milking cow barn with large 
controllable ventilation openings in side walls and in the roof. 

The proposed building included eight 3 m wide slatted floor aisles. Side walls of each pit 
contained openings for air exhaust at one side and for air inlet at the other side, see figure 
2. 

 

Figure 2, Slatted floor aisle area an pit with pit exhaust at right hand side, and pit inlet at 
left hand side. 
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Assumption for simulations 

Weather conditions.  Yearly average outdoor temperature in Denmark is around 7° C, and 
that temperature was assumed in all the simulations. The average wind speed 10 m above 
ground in Denmark is around 5 m/s and that level was assumed in most of the 
simulations. But to investigate the influence of wind speed a few simulation were carried 
out at 1 and 10 m/s which approximately corresponds to the lower and the upper 10 
percentile for wind speed in Denmark. Table 1 shows an overview of condition that was 
varied in the simulation. 

Table 1. Specifications of varied conditions in CFD simulation, and estimated ammonia 
emission from the building and from the pits (W.s. = Wind side and L.s. = Lee side). 

# Wind 
speed, 

m/s 

Pit ventilation, 
m3/HPU 

Ventilation opening, Percent of fully open Est. ammonia 
emission, 

Kg N cow-1d-1 
Wall Roof Ridge 

Inlet Exhaust W.s. L. s. W. s. L. s. W. s. L. s. Building Pit 
1 5 0 0 100 100 100 100 100 100 0.0329 0 
2 5 0 40 100 100 100 100 100 100 0.0256 0.0080 
3 5 0 80 100 100 100 100 100 100 0.0212 0.0133 
4 5 0 160 100 100 100 100 100 100 0.0157 0.0213 
5 5 10 40 100 100 100 100 100 100 0.0255 0.082 
6 5 20 80 100 100 100 100 100 100 0.0207 0.0145 
7 5 40 160 100 100 100 100 100 100 0.0156 0.0244 
8 1 0 0 100 100 100 100 100 100 0.0186 0 
9 1 0 80 100 100 100 100 100 100 0.0083 0.0150 

10 10 0 0 100 100 100 100 100 100 0.0526 0 
11 10 0 80 100 100 100 100 100 100 0.0410 0.0121 
12 5 0 80 5 5 8 8 8 8 0.0059 0.0238 
13 5 0 80 5 100 8 8 100 8 0.0071 0.0208 
14 5 0 0 5 100 8 8 100 8 0.0174 0 

 

Vertical wind velocity and turbulences profiles were calculated as described in Bjerg et 
al. (2004), and in addition weather data from Bjerg et al (2004) were used in estimation 
of initial turbulence parameters for the simulations. 

Animal density and heat release from animals.  Related to the entire building area the 
assumed animal density were 12 m2 cow-1 corresponding to 9 m2 HPU-1 (Heat Production 
Unit). The assumed sensible heat production were 700 W HPU-1, and 500 W HPU-1 of 
this were distributed as convective heat in the animal occupied zone from 0-1.2 m above 
the floor in the stalls. The reason for assuming this relative high convective heat release 
was that it would secure a realistic temperature increase in the assumed well insulated 
building without modelling radiation heat transfer. The remaining part of the sensible 
heat – mainly radiation heat – is assumed to correspond to the heat loss through the 
building constructions, which the model does not take in to account. 

Slatted floor opening area and pit ventilation capacity. The assume slatted floor had an 
opening area of 15 % of the covered floor area, and the highest investigated pit exhaust 
capacity was 160 m3h-1HPU-1, which corresponds to an average downward velocity in 
slot openings of 0.1 m/s. The investigated combinations of pit inlet and outlet yield 
appear from table 1. 
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Airflow resistances in animal occupied zone.  Airflow resistance caused by animals was 
model as porous volumes including the animal occupied zone from 0-1.2 m above stalls 
floor. The used resistance parameter was calculated in a similar way as it is described for 
pigs by Bjerg et al., (2008a). 

Airflow resistance for partly open louvers in roof ventilation openings. Airflow resistance 
caused by louvers in ventilations openings was modelled as porous volumes including the 
full ventilation openings. The used resistance parameter for an 8 percent open louver was 
determined from CFD simulation using a geometrical model of a representative louver 
segment, se figure 3. 

 

 

 

Figure 3. Geometry and grid distribution of CFD model used for estimation of resistance 
parameters for flow through an 8 percent open louver. 

Ammonia release The developed CFD model was based on the assumption that the entire 
ammonia emission originates either from the surface of the slurry in the pit or from the 
surfaces of the slats.  Zhang et al (2004) found that acidification of slurry in the pit (to pH 
5.5) reduced the ammonia emission from a milking cow barn with 50 percent. In this 
work this figure was used as background for assuming that 50 percent of ammonia 
emission originates from slurry surface in the pit and 50 % originates from the surface of 
the slats if the investigated building was operated - without acidification – at average 
Danish weather conditions, at fully open ventilation openings and at no pit ventilation.  

Danish guidelines (Poulsen 2009) that must be used in appliance for new milk production 
facilities in Denmark states an ammonia emission of 12 kg N cow-1 year-1 if the building 
is designed with slatted floor aisles and daily circulations of slurry in the pits. In this 
work these  12 kg N cow-1 year-1 was used to calibrate the ammonia concentration on 
slurry and slat surfaces so the ammonia emission becomes 6 kg N cow-1 year-1 from 
slurry surface and 6 kg N cow-1 year-1 if the investigate building is operated - without pit 
exhaust and with fully open ventilation openings – at average Danish weather conditions. 
These concentrations were 65 ppm and 8.7 ppm for slurry and slats surfaces respectively, 
and those magnitudes were used in all simulations in this work. 

The used CFD method did not automatically include the influence of emitting surface 
temperatures on the ammonia emission. In the simulation with fully open ventilation 
openings this influence was assumed to be insignificance because the temperature 
differences were small. But in the simulation with restricted ventilation openings there 
were a significant temperature increase, and, consequently, the estimated ammonia 
emission in these cases were adjusted with a factor 1.068(t-7) where t is simulated average 
temperature on emitting surfaces. 

Building geometry and grid The CFD model included a 0.1 m long section of the building 
and the surroundings approximately 100 m above and on both sides of the building. 
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Figure 4 shows above the geometry and grid distribution on the surface in and around the 
building.  

 

Figure 4. Geometry and grid distribution on the surface in and around the building. 

The grid consisted of 63.344 hexahedral cells and in the building length direction the 
model included a half slat and a half slot of the slatted floor. Above the slatted floor one 
cell only were allocated in the building length directions and, consequently, the flow were 
simulated in 2 dimensions only. Around and beneath the slat more cells were allocated in 
the building length direction, and this way it became possible to include 3-dimensional 
airflow around the slat. Figure 5 shows the geometry and the grid distribution on surfaces 
above, in and beneath the slatted floor.  

 

Figure 5. Geometry and grid distribution on surfaces above, in and beneath the slatted 
floor. 

Each slot in the assumed type of slatted floor was divided into three shorter pieces. This 
division of the slot where model by a simple wall boundary. 

Code and Turbulences model The widely used standard k-ε turbulence model (Launder 
and Spalding, 1974) and the Fluent 12 commercial numerical simulation code was 
generally used in this work. 

Boundary Condition on model surfaces. Symmetry boundary condition were assumed on 
top and on both sides of the geometrical model. Adiabatic wall boundaries and standard 
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wall functions were assumed at ground, slurry and building surfaces. Velocity inlet 
boundaries were assumed at wind side of the model and at pit inlets. Velocity outlet 
boundary condition was assumed at pit outlets and at the lower part of the leeward side of 
model. To ensure balanced inlet and outlet pressure condition where assumed at the upper 
part of the lee side of the model. 

RESULTS AND DISCUSSION Estimated ammonia emission from the building and 
from the ventilated pit appears from table 1.  Figure 6 shows the estimated reduction of 
ammonia emission as function of pit exhaust air change at outdoor wind velocity of 5 m/s 
and fully open ventilations openings. 

 
Figure 6. Estimated reduction of ammonia emission as function of pit exhaust air change 
at outdoor wind velocity of 5 m/s and fully open ventilations openings. 

At appears that cleaning of 80 m3h-1HPU-1 exhausted through the pit reduce ammonia 
emission whit about one third and that pit inlet seams to have a limit influence. 

Figure 7 shows estimated reduction of ammonia emission as function of outdoor wind 
velocity, at a pit exhaust air change of 80 m3h-1HPU-1 and fully open ventilations 
openings. 

 
Figure 7. Estimated reduction of ammonia emission as function of outdoor wind velocity, 
at a pit exhaust air change of 80 m3h-1HPU-1 and fully open ventilations openings. 
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The estimated reduction levels at the three different wind speeds indicates that a level of 
one third would be a reasonable assumption  for the entire year at Danish wind conditions 
at fully open ventilations openings. 

In simulation 12 it was assumed that the wall, ceiling and ridge openings were restricted 
to 5, 8 and 8 percent of fully open, respectively, and the calculations shows that cleaning 
of 80 m3h-1HPU-1 exhausted through the pit, at outdoor air velocity of 5 m/s, in that 
configuration, reduce the ammonia emission with 77 percent compared to no pit exhaust 
and fully open ventilation openings. Consequently, restriction of ventilations opening is a 
effective method to improved the effectiveness of a pit exhausts air cleaning system. But, 
naturally, the suitability of restricting ventilation openings is highly depended on out door 
weather conditions. Results from simulations 12 showed that the ventilation  rate were 
reduced to a level where temperature inside the building increased with up to 6.6 °C 
above outdoor condition. In the assumed well insulated building a temperature increase of 
that level is probably acceptable if the outdoor temperature is below around 7 °C, which 
it is in 50 % of time in Denmark. Figure 8 shows the simulated temperature distribution 
for simulations 3, 12 and 13.   

 

Figure 8. Temperature distribution (°C) for simulation with different adjustment of 
openings (%), at outdoor wind speed of 5 m/s and pit exhaust of 80 m3h-1HPU-1. 

For simulation 12 it can be seen that the highest temperatures were located in the lee 
ward side of the building. In simulation 13 the wind side ridge opening and lee side wall 
opening were fully open which reduced the highest temperature  in the building to 3.6 °C 
above out door condition (see figure 8). But the estimated reduction of ammonia emission 
was still 74 % compared with no cleaning system in a building were all opening are open.  

Figure 9 shows the estimated air flow pattern and the velocity distribution for simulations 
3, 12 and 13.  
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Figure 9. Airflow pattern and velocity distribution (m/s) for simulation with different 
adjustment of openings (%), at outdoor wind speed of 5 m/s and pit exhaust of 80 m3h-

1HPU-1. 

 

Figure 10. Ammonia concentration distribution (ppm) for simulation with different 
adjustment of openings (%), at outdoor wind speed of 5 m/s and pit exhaust of 80 m3h-

1HPU-1. 

Comparison of simulation 12 and 13 shows that 100 percent open wind side ridge 
opening and lee side wall opening did not generally increase the air speed around the 
ammonia emitting surfaces, which indicated that intelligent adjustment of the assumed 
ventilation openings includes large potentials to optimize the use of a pit exhaust air 
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cleaning system. Assuming utilization of intelligent adjustment of ventilations openings 
the finding in this work indicates that a pit exhaust air cleaning system handling 80 m3h-

1HPU-1 will be able to reduce ammonia emission with at least 50 % as yearly average 
under Danish weather conditions. 

In simulations 14 was used same condition as in simulation 13 except that the pit 
ventilation system was not included, and the result was that the assumed restriction of 
ventilation openings under the assumed condition counted for a 47 % reduction of 
ammonia emission compared with a building with fully open building.  On a yearly basis 
it must be expected that this figure is significant lower - properly between 15-30 %. But if 
a reduction of that magnitude is sufficient to fulfill the requirements from authorities, it 
might be relative cheap way to handle the problem.     

The calculations in this work was based on the assumption that the wind direction was  
perpendicular to the building directions, but it can be expected that the results to some 
approximation will account for other wind directions as well.  But taken the varying wind 
direction in to account it becomes a serious challenge to adjust al the openings 
individually, in order to provide good condition for animals and to optimize the 
performance of pit exhaust air cleaning system. 

CONCLUSSIONS A CFD model were developed to asses the ammonia emission 
reduction potential of including pit exhaust ventilation system and controllable 
ventilation openings in natural ventilated buildings for cattle production. On a yearly 
basis under Danish weather conditions the results indicated that a pit exhaust system, 
treating 80 m3h-1HPU-1, has the potential to reduce ammonia emission with around one 
third assuming fixed ventilation openings, and with controllable openings this figure will 
probably be above 50 percent. In addition the work demonstrated the good potential of 
CFD methods to illustrate complicated air physics including the influence of different 
control strategies for openings used in naturally ventilated buildings. 

To improve certainty of the results it would be desirable to extend the analyses with 
validations studies, grid depended studies and models allowing other wind directions. 
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