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INTRODUCTION 
 
Generally, the traditional dairy cattle buildings are naturally ventilated in mild climate 
regions. It is a challenge to maintain appropriate thermal conditions in the building with 
natural ventilation (NV) in cold weather due to the difficulty in controlling the momentum of 
ventilation air. In addition, It is extremely difficult (almost impossible) to clean the exhaust 
air from dairy cattle building with NV system, which results in the ammonia and other 
contaminant gases exhaust to the atmosphere directly. In order to reduce the odor emissions 
in livestock production buildings, mechanical ventilation (MV) system is an alternative 
method for collecting the pollutant air and cleaning it at the exhausts. However, the primary 
disadvantage of mechanical ventilation system is energy consumption and noise. In addition, 
it requires high investment and running cost to clean the whole volume of ventilation air. In 
this context, the concept of partial pit ventilation system has been developed. This concept 
has been tested successfully in fattening pig bars in Denmark. Saha et al. (2010) found that 
the ammonia emissions can be reduced up to 53% when the partial pit ventilation rate was 10% 
of the maximum ventilation rate. To combine the advantages of natural and partial pit 
ventilation system, hybrid ventilation (HBV) system is proposed. This study is aiming to 
quantify the NH3 and CH4 emission from the hybrid ventilated dairy cow building and to 
analyze the effects of climate factors on ACH.  
 
METHODOLOGIES 
 
Gases inside and outside the buildings were sampled along five 20 m lines using Teflon tubes 
(diameter was 8mm). Each tube had 20 uniform distributed sampling openings. By using this 
method, the measured gas concentration was actually the average value of the 20 sampling 
openings. Concentration of carbon dioxide (CO2), ammonia (NH3) and methane (CH4) were 
continuously measured by INNOVA. The odor compounds were also measured by Proton 
Transfer Reaction-Mass Spectrometry (PTR-MS) in order to analyze the odor compound 
distribution in the building and the pit. During the measurements, it was found that the cross 
interference from some compounds in the cattle building has an important effect on the 
ammonia concentration measurements by INNOVA. Therefore, the data of CO2 and CH4 in 
this paper was from measurements by INNOVA while the data of NH3 was from 
measurements by PTR-MS. Air velocities were measured by three-Axis ultrasonic 
anemometers (WindMaster, Gill instruments Ltd.). Seven positions of air velocity were 
measured in the cattle building and one was installed outdoor, 10m high and 30 meters away 
from the side wall to measure the wind speed and direction. The indoor and outdoor 

temperature was measured by Type T thermocouples with an accuracy of ±1.0 ℃. One was 

placed outdoor and 27 sensors were installed indoor. For determination of ventilation rate via 



NV openings, the CO2 production model for dairy cows was used (Pedersen and Sallvik, 
2002). The emission rate is calculated by multiplying ventilation rate with the concentration 
difference between indoor and outdoor. The pit ventilation rate was around 25% of the 
maximum ventilation rate (450 m3 cow-1 h-1) in summer and it was reduced with lower indoor 
temperature until reaching the minimum ventilation rate.  
 
RESUTLS AND DISCUSSION 

ACH was calculated by using CO2 production model and only the effects of parameters on 
ACH via NV were presented. ACH increased with wind speed slightly but not be affected by 
wind direction in winter. In order to assure the indoor thermal conditions, the opening ratio of 
windows was reduced due to the low outdoor temperature. The opening ratio of some 
windows was small (4-12%) in winter. Under this condition, the ventilation system was 
mainly driven by the mechanical force (pit ventilation) and buoyancy force. The ACH was at 
a very low level (~1.8) even the wind speed increased.  In summer, wind-driven ventilation 
was dominating. Both the wind speed and direction had impact on ACH.  

The average emission rate via NV during the whole measuring period for NH3 was 4.53 g 

HPU-1 d-1 with indoor average air temperature in 7.8 ℃ in winter and 17.72 g HPU-1 d-1 with 

indoor average air temperature in 19.9 ℃ in summer, which was lower than 14.0 g HPU-1 d-1 

with indoor average air temperature of 9.6 ,	 and	 27	 g HPU-1 d-1 with indoor air temperature 

of 19.0 ℃ found	 by	 Zhang	 et	 al.	 2005 . Through pit ventilation, 83% of average ammonia 

emission rate was collected in winter and 64% of average ammonia emission rate was 
collected in summer. The pit ventilation collected 50% of CH4 emissions in winter while only 
10% of CH4 emissions were collected in summer. The concentration of CH4 in the building 
was in line with the concentration of CH4 in the pit ventilation. It indicated that the main 
source of CH4 emission was from animals as Monteny et al. (2006) stated 75%-83% of CH4 
emission from dairy cow buildings was contributed by enteric fermentation.  

CONCLUSIONS 
 
Measurements were conducted in a hybrid ventilated dairy cow building in Denmark. ACH, 
ammonia and methane emissions have been quantified. Because pit ventilation could collect 
64%-83% of ammonia emissions, the hybrid ventilation system proposed in this study is 
effective to reduce the ammonia emission from cow buildings to the atmosphere. The wind 
speed and direction has a significant influence on ACH in summer. ACH was not influenced 
by neither wind speed nor wind direction and maintained at a small level under cold weather. 
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