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ABSTRACT Animal husbandry is a major source of methane as well as ammonia. The 
quantification of emissions from livestock buildings with natural ventilation is a 
particularly difficult task and it is associated with uncertainties which are largely 
unknown. The main issue is the determination of the ventilation rate. Therefore, air 
volume streams were determined simultaneously by two different methods and compared 
with each other. Five field studies each lasting approximately four weeks during three 
different seasons have been conducted to study the air volume streams from a naturally 
ventilated building for dairy cattle in Northern Germany. The air volume streams were 
determined on the basis of the carbon dioxide (CO2) balance method and by the decay of 
the radioactive tracer Krypton-85. During each field campaign continuous measurements 
of gas concentrations within and around the building and two to six tracer gas 
experiments were carried out. Both methods delivered high ventilation rates about 
1,000,000 m³ h-1 as an overall average. These high air volume streams were driven by 
complete open sidewalls and openings at the gable walls of the investigated building. The 
CO2 balance method is a quasi-continuously estimation of the ventilation rate whereas the 
Krypton-85 tracer gas measurements are discontinuous. However, both methods showed 
large scatter for the single measurement periods and should be further developed.  
 
Keywords: Livestock management, Emission, Animal housing, Natural ventilation, 
Ventilation rate.  

INTRODUCTION Animal husbandry is a major source of atmospheric emissions of 
greenhouse gases such as e.g. Methane (CH4), nitrous oxide (N2O) and carbon dioxide 
(CO2) as well as other atmospheric pollutants e.g. ammonia (NH3), which is likely to 
cause health and environmental damages. The EU member states aim to reduce not only 
the emissions of greenhouse gases within the scope of the climate change discussion, but 
also emissions of other pollutants, especially ammonia. Therefore, upper limits for 
specific pollutant gases are defined in national EU regulation guidelines (NEC-
guidelines). To take Germany as an example, emissions of ammonia should be reduced 
by 28% in 2010 (reference year 1990) (Umweltbundesamt 2002, NEC-RL). 
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To establish effective regulatory measures for emissions from animal husbandries, 
current emissions need to be quantified and typical dispersion scenarios need to be 
studied. In many studies dispersion processes from livestock buildings with forced 
ventilation were investigated, where pollutant gases are exhausted through chimneys. 
Here, the outgoing emission flux can be easily determined measuring the ventilation rate 
and gas concentration. In agriculture however naturally ventilated livestock buildings are 
commonly used (especially for dairy cows). The outgoing emission flux of pollutant 
gases from a naturally ventilated building is directly dependent on the wind and 
turbulence fields within and around the building, so that the source strength (emission 
mass flow) is highly variable and difficult to estimate. Only few reliable datasets exists 
which provide the measured emission streams of naturally ventilated livestock buildings. 
The results of these studies also show a large variability of the estimated emission 
streams (Ngwabie et al., 2009; Van Buggenhout et al., 2009). More datasets are needed to 
provide information on the emission behaviour and dispersion processes as well as wind 
and turbulence fields within and around naturally ventilated buildings.  

OBJECTIVES The determination of ventilation rates from naturally ventilated buildings 
is a key factor in ascertaining emission flows in animal husbandry. There is a need to 
improve the accuracy of ventilation rate measurements. The investigations are to get 
better knowledge about the use of different methods for the determination of ventilation 
rates from naturally ventilated buildings and to improve these methods. Ventilation rates 
were determined by the use of the CO2 balance method and by using the decay of the 
radioactive tracer Krypton-85.  

MATERIALS AND METHODS Measurements were done at a building for dairy cattle 
in different seasons and weather conditions. Each investigation period lasted about four 
weeks of measuring gaseous concentrations (CO2) inside the building continuously. 
Within these periods single measurements were done with the tracer Krypton-85, 
between two and six per period.  

Site description The investigations were carried out in a cubicle for dairy cows located 
in the north-east of Germany. The building was 96 m long and 34 m wide. The roof top 
varied from 4.2 m at the side to 10 m at the gable top (Figure 1). The room volume 
amounted to 25,500 m³ (70 m³ animal-1). In the building on average 360 dairy cows were 
kept in a loose housing system with lying boxes. The liquid manure system was equipped 
with a winch-drawn dung channel cleaner. The natural ventilation system used the air 
draft from a permanently open ridge slot, openings in the gable walls (space boards) and 
adjustable openings in the sidewalls. During the summer season, three additional ceiling 
fans were used to increase mechanically the natural ventilation. The fans were mounted 
on the ceiling along the building centreline and had a diameter of 7.2 m with a maximum 
fan efficiency of 546,000 m³ h-1. The temperature inside the building ranged between 
4.8°C and 31.3°C during all investigations periods. Outside temperature was in the range 
of 3.4 and 31.2°C during that time.  
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Figure 1. Investigated building housing dairy cattle.  

 

Ventilations rate measurements Inside the livestock building the gas concentrations of 
CO2 and H2O as well as NH3, N2O and CH4 were measured at a height of 2.5 m at twelve 
uniformly distributed points (Figure 2). Gas concentrations were determined using a 
infrared photo-acoustic analyser (INNOVA 1312). The concentration measurements took 
place in a continuous sequence, from measuring point one sequently to measuring point 
twelve. In that way data were gained from each sampling point in intervals of about 
12 minutes (approximately 1 minute per sampling point).  

 

 

Figure 2. Sketch of the investigated building. Triangles indicate Krypton-85 detection 
points, squares indicate gas sampling points.  

 

The measurements of temperature and relative humidity (Rotronic sensors) were made at 
four locations within the building. These measurements were taken every minute in order 
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to document the indoor environment of the housing. Temperature data were also used for 
the calculations of the heat production of the animals.  

Ambient wind conditions were measured by means of a wind tower built up near the 
livestock building. The tower was equipped with two Ultrasonic anemometers (GILL 
wind master pro) at heights of 7.5m and 10m, respectively. Local wind and turbulence 
quantities of all three velocity components were sampled at a frequency of 10Hz. 
Additionally, temperature and relative humidity (Rotronic) were measured at three 
heights (3, 6 and 9m).  

CO2 balance method CO2, formed by animal respiration, can be used as a natural tracer 
gas. Calculating the mass balance of the CO2 flow the air volume stream through the 
building can be concluded. Equation (1) explains the relationship between the air volume 
stream and the gas production rate assuming ideal mixing of the air inside the building.  

 CqCCqP voutinv ∆×=−= )(  (1) 

Where P (g h-1) is the production rate of a specific gas inside the building, qv (m³ h-1) is 
the air volume stream, Cin (g m-3) and Cout (g m-3) are the concentrations of gas inside and 
outside the building structure, respectively. But the gas concentration inside the barn Cin 
in real situations is not the same all over the building and changes with time, therefore 
equation (1) is an approximate estimating for gas production in dairy building. According 
to Pedersen et al. (1998), the use of the CO2 balance is the best method to estimate the air 
volume stream for non-insulated livestock buildings where only small differences 
between inside and outside temperatures occur. With the CO2 balance method, the CO2 
production (g h-1) is calculated according to heat and CO2 production models (e.g. 
DIN EN 18910-1). Thus, the estimated air volume stream depends on the accuracy of the 
CO2 production model in addition to other factors (e.g. outside conditions). Most of CO2 
is formed by the animals in the respiration. It can also be part of exhaust gases of heating 
systems being released in the barns, which can be measured. In addition a certain portion 
of CO2 is released by the manure. Van Quwerkerk and Pedersen (1994) considered that 
4% of total CO2 production occur from manure. CO2 release from pig urine and dung in 
stored manure should be less than 5% of the amount produced by pig respiration 
(Schneider, 1988; Aarnink et al., 1992). In consideration of the uncertainties in measuring 
CO2 concentrations and air volume streams CO2 production from the urine and dung has 
mostly been neglected in the mass balance models.  

Decay of Krypton-85 tracer During the CO2 measurements a second method was used in 
parallel to determine the air volume stream. An artificial tracer, Krypton-85, was spread 
and distributed within the building also assuming ideal mixing of the air and tracer inside 
the building as before for the CO2 balance method. The tracer was released between two 
and six times during an investigation period and the decrease of tracer concentration was 
measured respectively. The tracer was released at eight different locations or in a line 
along the feeding alley, which is located at the centre of the building. Eighteen radiation 
counters with a counting rate of 1/s were uniformly distributed across the whole area of 
the cow shed at a height of 2.5 m. Uncertainties of this method are caused by 
inadequacies of the mixing of the tracer gas within the building.  
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RESULTS AND DISCUSSION With about 1,000,000 m³ h-1 the determined air volume 
streams were rather high for both methods, the CO2 balance method as well as the 
Krypton-85 decay method. However, these high air volume streams correspond with the 
structure of the building, with its wide openings. The air volume streams also correspond 
with the ambient wind conditions.  

Figure 3 gives an example of a 24 hour window. The air volume stream is shown on the 
basis of the CO2 balance method (triangles). It corresponds with the outside wind speeds 
(grey line) and wind directions (stars). The air volume stream derived from the two tracer 
experiments (squares) is only a snapshot but in good correspondence with the results of 
the CO2 balance method.  

Both methods have in common that a high number of sampling / detection points should 
be used across the building. Measurements should be carried out at least over periods of 
24 hours, even to cover the diurnal cycles. Values for the calculation of CO2 from 
animals to be found in literature usually are based on diurnal average animal activities. 
The CO2 balance method has the advantage to be carried out quasi-continuously easily. A 
method using an artificial tracer needs higher efforts for quasi-continuously or high 
frequency measurements.  

 

 

Figure 3. Air volume streams calculated by the CO2

 

 balance method (triangles) and the 
tracer gas method (squares) as well as the ambient wind conditions: wind speed (grey 
line) and wind direction (stars). 
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CONCLUSION Five field studies each lasting approximately four weeks at three 
different seasons have been conducted to study the air volume streams in a naturally 
ventilated building for dairy cattle in Northern Germany. The air volume streams were 
determined on the basis of the CO2 balance method as well as the decay of a Krypton-85 
tracer.  

Both methods delivered high air volume streams of about 1,000,000 m³ h-1 as an overall 
average. These high values were driven by complete open sidewalls and openings at the 
gable walls of the investigated building. The CO2 balance method is a reliable method for 
a continuous estimation of the air ventilation rate during the whole measurement period. 
The Krypton-85 tracer gas measurements delivered comparable results but 
discontinuously. However, both methods showed large scatter for the single measurement 
periods and should find further development.  
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