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Summary 
In the present study, emission factors for an animal welfare stable equipped with state-of-the-art tech-
niques to reduce emissions were determined on the basis of odour surveys according to EN16841-1 
and passive collector measurements of ammonia. The emission factors, which were determined on 
the basis of dispersion calculations using the GRAL model, were significantly lower than the base fac-
tors currently applied in Styria in approval procedures for fattening pigs. For odor, a factor of 8 
GE/GVE/s was determined, which means almost a 95% reduction compared to the standard factor of 
140 GE/GVE/s. The corresponding factor for ammonia is 0.73 kg/TP/a, which corresponds to a reduc-
tion of around 80% compared to the standard factor of 3.64 kg/TP/a. The massive emission reductions 
compared to conventional housing technology with full-column flooring, single-phase feeding and 
closed housing are mainly due to the following emission-reducing measures in housing and feeding 
technology: 

• Multiphase feeding 
• Outdoor climate/open front stable 
• Minimization of faeces 
• Feces-urine separation 

The investigation method used on the basis of immission surveys in the vicinity of the stable and prop-
agation simulations does not allow the observed emission reductions to be directly assigned to the in-
dividual techniques.  
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1. Introduction 
The SaLu_T project – Clean Air in Animal Production deals with measures and technologies to reduce 
emissions and increase animal welfare in agricultural practice. A major focus of this project is the re-
duction of ammonia emissions (NH3), which is particularly important for compliance with the NEC Di-
rective [NEC 2016]. The focus is on the development and testing of the first low-emission animal wel-
fare stable for fattening pigs in Austria, which is technically breaking new ground in the areas of animal 
husbandry and emissions. The combination of emission reduction and optimisation of production is 
developed through the use of modern techniques and their evaluation by several research teams. The 
emission reduction also has a positive effect on odour emissions. The overall scientific management is 
in the hands of HBLFA Raumberg-Gumpenstein. Other project partners are the Austrian Society for 
the Environment and Technology, Schauer Agrotronic GmbH, Lorber & Partner, the Department of An-
imal Husbandry and Animal Welfare, TÜV Austria, the Bavarian State Institute for Agriculture, the Ger-
man Agricultural Society and the Medical University of Graz. The operator of the animal welfare stable 
is the Fam. Neuhold in Leitersdorf in southern Styria. 

The studies available so far in the literature on such housing systems – in particular on removal meth-
ods with feces/urea separation in the fattening pig area – are manageable. Dynamic flag inspections 
and model calculations with the GRAL model by TÜV Austria (2018) at an open-front stable with multi-
phase feeding, permanent removal and feces-urea separation yielded an average emission factor of 
20 GE/GVE/s. Investigations by LUFA Nord-West, Oldenburg (Broer, 2021) using the tracer gas 
method according to the VERA protocol revealed factors between 54 and 132 GE/GVE/s. 

In the present study, in contrast to the above-mentioned work, the elaborate method of scanning ac-
cording to EN16841-1 was used. The collected odour hour frequencies at eight points in the vicinity of 
the animal welfare stable were subsequently used to determine the emission factors for odour by 
means of a propagation simulation using the GRAL model. In addition, ammonia measurements were 
carried out at ten points in the vicinity of the stable, which were also available for the determination of 
a corresponding emission factor via a propagation simulation with GRAL. 
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2. Short description of the animal welfare stable 
The research stable is located northeast of the village of Leitersdorf in the district of Leibnitz in a single 
location in the Schwarzautal (andAbb. 1Abb. 2). The stable is functionally separated into three bays: 

• Stable interior: Rest area 
• Planned outdoor area: Activity area and feed intake (Abb. 6) 
• Column area outside: Area of excretion 

 
From an emission perspective, the following abatement measures have been implemented: 

• Supply air cooling by means of cool-pads (Abb. 5) 
• Functional separation of activity areas (Abb. 6) 
• Multiphase feeding (Abb. 7) 
• Dust removal of bedding (Abb. 8) 
• Feces-urine separation (Abb. 9) 

 
With the exception of the supply of cooled outside air via a horizontal ventilation shaft in the centre of 
the aisle indoors, the ventilation and venting takes place via natural convection. The resulting emis-
sions are transported diffusely into the open air via the lateral openings (Abb. 3). In addition, emis-
sions can also escape via two vertical surfaces above the stable building due to the special roof shape 
(Abb. 4). According to the operator, the side-mounted windbreak nets in the form of roller blinds are 
closed, especially in the three winter months and at night. During these periods it can therefore be as-
sumed that the emissions are mainly released via the vertical openings above the stable. For the re-
mainder of the period, it is assumed that 2/3 of the emissions will escape to the ground and 1/3 to the 
open air via the vertical surfaces above the stable mentioned above. 

The maximum number of animal places is 850 fattening pigs with an average weight of about 75 kg. 
The resulting liquid manure is regularly pumped into a closed slurry storage, whereby emissions occur 
in the area of the inlet opening during the pumping process. Solid manure is transported several times 
a week, whereby odour emissions are also released here for relatively short time intervals (Abb. 10).  
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Abb. 1 Location of the animal welfare stable northeast of the village Leitersdorf in the district Leibnitz 

 

Abb. 2 Sites in the vicinity of the research stable 
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Abb. 3 View of the animal welfare stable from the south 

 

Abb. 4 Outdoor area with ventilation openings in the ridge area 
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Abb. 5 Cool pads for  
Supply air cooling 

Abb. 6 Outdoor area for feeding  
and excretions 

  

Abb. 7 Multiphase feeding Abb. 8 Dust removal system for bedding 
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Abb. 9 Disposal (scrapers)  
with fecal urine separation 

Abb. 10 removal of the mooring;  
left in the picture: closed manure pit 
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3. Odour surveys 
The essential resource for field inspections is a sufficiently large pool of subjects whose sense of smell 
was previously determined under normative conditions. The specification of the corresponding 
ÖNORM EN 13725 is the selection of suitable persons whose sense of smell is not too sensitive or too 
insensitive. In order to ensure repeatability, the olfactory sensitivity of the examiners must be within a 
defined range, which is much narrower than the range of variation in the population. The standard-
compliant selection of the test persons on the olfactometer (Abb. 11) was carried out by TÜV Austria 
under the direction of Mr. Ing. Robert Mair. The reference odour was n-butanol (CAS 71-36-3) in nitro-
gen.  

Abb. 11 Test persons at the olfactometer (symbol photo) 

 

In order to determine whether the participants - within the meaning of ÖNORM EN 13725 - are suita-
ble, at least 10 individual threshold estimates must be made with the reference odour. The data of 
each subject shall be collected on at least three measurement days, with an interruption of at least 
one day in between. Finally, in order to obtain normative approval as a test subject for a field visit, the 
following two criteria must be met (see alsoAbb. 12): 

• the standard deviation of the total number of threshold estimates shall be less than 2,3; 
• the geometric mean of the individual threshold estimates shall be between 0,5 times (20 ppb) and 

2 times (80 ppb) the reference value of the reference odour n-butanol; 

Abb. 12 Result of the test subjects tested with n-butanol and suitable 
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Abb. 13 Team of the odour surveys at the enrolment on 16.12.21 at the research stable 

 

 

The field inspections to determine the odour frequencies at the 8 survey points (Abb. 14) were 
planned and carried out in the period from 10.1 to 12.7.2022 on the basis of standard EN16841-1. The 
standard stipulates that the odour impression is recorded by a calibrated subject every 10 seconds for 
a period of 10 minutes per survey point. The protocol used for this is Abb. 15 shown in. The odour im-
pressions ‘Schweinestall’ and ‘Güllegrube’ were combined to calculate the odour frequencies. Odours 
caused by ‘slurry application’ and other odours were not taken into account. The participants were en-
rolled on 16.12.21 directly at the research stable (Abb. 13). 

Abb. 14 Location of the survey points for the odour inspections 
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Abb. 15 Odour log used during inspections 

 

 
As Abb. 16 Abb. 17 can be seen, the requirements of EN16841-1 with regard to the most even distri-
bution of the 53 survey dates over weekdays and daytime hours could be met and very well. Several 
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sick leave (mainly Covid-19) and short-term scheduling collisions led to the need to correct the inspec-
tion plan several times, making it impossible to divide the inspections evenly among the team of sub-
jects (Abb. 18). In order to comply with the 10 second cycle as precisely as possible, an electronic de-
vice was developed that set the cycle both acoustically and visually (Abb. 19). 

Abb. 16 Number of surveys per weekday Abb. 17 Number of surveys over the course of the 
day 

  

Abb. 18 Number of surveys per subject 

 
 

Abb. 19 Acoustic and optical 10 s clock (developer: Ing. Heinz Gressenberger, A15) 
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For each survey point, a plausibility check was carried out on the basis of locally collected wind direc-
tion data at the time of the survey. The individual odour protocols were evaluated according to the cri-
teria ≥ 6 odour perceptions, ≥ 3 odour perceptions (upper uncertainty limit) and ≥ 9 odour perceptions 
(lower uncertainty limit). While the VDI 3940-1 explicitly indicates the sampling error of an odour sur-
vey based on a binomial distribution, the EN 16841-1 specifies a method for estimating the uncertainty 
due to the different odour perception of the subjects. An upper and lower uncertainty limit is deter-
mined by evaluating the odour frequencies with the above criteria (≥ 3 and ≥ 9 perceptions per point). 
In fact, both assessments of uncertainties must be considered completely independently of each 
other. It should be noted that the sampling error caused by the choice of a 10-minute observation pe-
riod instead of an entire hour is not addressed in VDI 3940-1 or EN 16841-1. 

The error estimation of EN 16841-1 to take into account the different odour sensitivities within a team 
of subjects does not represent any uncertainty of the survey. In fact, in dispersion models to calculate 
odour hours, this fact is taken into account by integrating the product of the simulated distribution func-
tion of the odour concentrations and the perceptual function of the respective odour type and then de-
termining the odour hour (𝜅𝜅 ≥ 0,1): 

𝜅𝜅 = � 𝑃𝑃0(𝑐𝑐)𝑓𝑓(𝑐𝑐)𝑑𝑑𝑑𝑑
∞

0
 

𝑃𝑃0(𝑐𝑐) is the probability of odour perception for a certain concentration c and 𝑓𝑓(𝑐𝑐) the distribution func-
tion of the concentration fluctuations. The function 𝑃𝑃0(𝑐𝑐) can be determined in the context of olfactom-
etry and is usually described by a logarithmic normal distribution. The odour model implemented in 
GRAL (Öttl and Ferrero, 2017) implicitly takes into account the different odour perceptions of the sub-
jects (Öttl et al., 2018). A correction of the inspection results or the indication of an uncertainty range is 
therefore not necessarily expedient for a comparison with model results. 

The Tab. 1 determined odour frequencies for the eight survey points are listed in. The highest values 
are found in the immediate vicinity of the stable building at points S1 and N1 with 54% and 50% odour 
hours, respectively. Both points are only about 10 m from the stable building. The survey points W1 
and O1, which are in the close range (less than 50 m to the emission sources), but outside the main 
wind directions, have significantly lower frequencies of 34% and 20%, respectively. The decrease in 
the determined odour frequencies with increasing distance to the stable is very clear. For example, the 
values for points S2 and S3 dropped sharply from 28% to 16% at a distance of around 60 m and 140 
m respectively from the stable. Particularly positive is the fact that the odour frequencies collected (≥ 6 
perceptions) are at all points significantly lower than the odour frequencies forecast in the course of 
the official approval procedure (Bachler, 2019) (Abb. 20). The emission abatement measures there-
fore work even better than those adopted in the investigation procedure at the time. 

Tab. 1 Results of the odour surveys for the individual points for stable odours 

# perceptions N1 N2 O1 S1 S2 S3 W1 W2 

≥ 6 50% 24% 20% 54% 28% 16% 34% 4% 

≥ 3 64% 32% 28% 68% 34% 26% 44% 16% 

≥ 9 48% 24% 16% 50% 24% 10% 20% 2% 
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Abb. 20 Comparison of the collected odour frequencies based on field inspections with the forecasted 
frequencies from the submission project (Bachler, 2019) 
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4. Ammonia measurements 
At a total of ten points, NH 3 measurements with passive collectors (type ‘Radiello’) were carried out by 
the LFL – Institute of Agricultural Engineering and Animal Husbandry (Bavaria) (Abb. 21). A double 
sampling was carried out at a height of about 3 m above ground (Abb. 22), whereby the mean value 
was used for the further evaluations. The measurement period covered the period from October 2020 
to February 2022, with the change of passive collectors taking place on a monthly basis. 
The results of the immission measurements are Tab. 2 listed in. There was a clear decrease in the 
measured NH 3 concentrations with increasing distance to the stable building, with the lowest values 
recorded at site W3 at 3 µg/m ³. In addition to the greater distance to the stable, this is mainly due to 
the fact that the most common wind directions are north and south. The highest concentrations of 
around 28 µg/m ³, on the other hand, were measured at point S1, as this was positioned closest to the 
stable building on the one hand and directly in the main wind direction on the other. The influence of 
the stable building on the NH 3 immissions is therefore clearly visible from the measurement results. 

Tab. 2 Measuring averages of NH 3 measurements in [µg/m³] for the evaluation period from January to 
November 2021 

 N1 N2 N3 E1 S1 S2 S3 W1 W2 W3 
MEAN 25,6 6,8 6,1 7,8 28,4 9,9 7,3 7,2 4,0 3,0 

 

Abb. 21 Location of survey points for ammonia measurements 
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Abb. 22 Collector's equipment for NH 3 measurement  

 

 

5. Propagation modelling 
 

For the propagation calculation, the Lagrange propagation model GRAL was used. A comprehensive 
description of the model, including evaluation based on numerous propagation experiments, can be 
found in Öttl (2020). The propagation of air pollutants is determined by spatial flow and turbulence pro-
cesses. In addition to the propagation conditions, these are also dependent on the terrain structure, 
constructions and different land uses for near-ground sources. With Lagrange's particle models, diffu-
sion can also be simulated physically correctly in the close range of emission sources, which, in con-
trast, is not possible with prognostic Euler models. In Lagrange’s particle models, the dispersion of 
pollutants is simulated by a large number of particles, the movement of which is determined by the 
predetermined mean wind field and superimposed turbulence. In addition, inhomogeneous wind and 
turbulence conditions and any forms of pollutant sources can be taken into account. 

 
In Austria, there are no legally binding rules for the use of a specific propagation model. Therefore, the 
technical basis ‘Quality Assurance Spread Calculation’ (BMWFJ, 2013) and the ÖNORM M9440 set 
out the following requirements with regard to proof of model suitability: 

• Presentation of model physics, preferably in peer-reviewed journals 

• Presentation of evaluation studies, in particular if buildings or vegetation, odour, flue gas 
plume elevations, wind-weak weather conditions, terrain influence, sedimentation, deposition 
or air-chemical reactions are important for the application. 

Evaluation studies using the GRAL propagation model have been published so far in 21 scientific pa-
pers in internationally peer-reviewed journals. In particular, scientific evidence has been provided in 
the following specialist areas: 
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Weak weather conditions: 
Weather conditions with low wind speeds lead to large wind direction rotations, which cannot be mod-
elled with sufficient precision by many available models. The algorithm implemented in GRAL is based 
on scientifically recognized methods, which have been published in several articles (e.g. Öttl et al., 
2005). 

Development: 
Construction can lead to significant changes in the small-scale spread of pollutants and odours. To 
take these effects into account, the GRAL model has an upstream microscale flow model. This prog-
nostic, non-hydrostatic model was developed on the basis of VDI guideline 3783 sheet 9 ‘Prognostic 
microscale wind field models. evaluation for building and obstacle flow.’; The results can be found in 
detail in the documentation of the GRAL model or have been published partly scientifically (Öttl, 2015). 

Foliage: 
The influence of vegetation on microscale flow conditions is taken into account according to Green's 
(1992) proposal. Here, the flow resistance is calculated by vegetation areas over the leaf area density 
and the vegetation height, separated by trunk and crown area. 

 
The assessment of odours in Austria is based on so-called annual odour hours. An hour of smell is de-
fined in such a way that in 10% of an hour smell must be perceptible. Thus, it is necessary to deter-
mine the 90 percentile of the concentration distribution within one hour. This is calculated individually 
for each grid point depending on the mean total odour concentration distribution at each hour of the 
year and the turbulence state of the atmosphere and is thus spatially and temporally variable (Öttl and 
Ferrero, 2017). 

The odour threshold used in the calculations for the 90th percentile of the odour concentration distribu-
tion within one hour means that odour concentrations within one odour hour must be higher than this 
specified odour threshold in 10% of the time. If the odour threshold is 1 GE/m³, this means in the worst 
case that significantly higher odour concentrations often occur in 10% of the time, which not only lead 
to odour perception but also to odour detection. It could be demonstrated that this method achieves a 
very good agreement between model calculation and field inspection according to EN16841-1. 

 
Tab. 3 Methodology and input parameters for the GRAL propagation model used 

Model version GRAL 20.1 

terrain Not taken into account 

Terrain - GRAL Not taken into account 

Buildings, vegetation Microscale non-hydr. prognostic flow model, mixing path turbulence 
model 
Horizontal resolution: 3 m 
Vertical resolution: 1 m, vertical spread factor 1.00 

 Min. time steps: 100 
Max. time steps: 500 
Model upper edge for obstacle flow: 26 m 
Roughness of building walls: 0.001 m 

Counting grid for concen-
tration 

3 m horizontally, 1 m layer thickness, evaluation height 2 m above 
ground 

Area size 540 m x 490 m 

Number of particles 360,000 per hour 
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Soil roughness 0.1 m 
 

Abb. 23 Input parameters for GRAL 
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Abb. 24 Model area, building, vegetation and location of the stable 

 

 

Abb. 25 Distribution of diffuse emission sources for dispersion calculations 
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6. Determination of emission factors 
At the beginning of the odour inspections on 10.1.2022, the surrounding arable land lay fallow. Until 
the end of the ascents on 12.7.2022, these were predominantly covered with maize (approx. 3m 
height). As a roughness length 0.1 m was used uniformly in the propagation calculations. 

Over the entire survey period, meteorological measurements (278 m above sea level) were carried out 
on site (Abb. 26). The wind speed and direction were measured with several ultrasonic anemometers 
at different altitudes, as well as the air temperature at three altitudes and the global radiation. From 
these data, ÖNORM M9440 dispersion classes (GRAL method) were determined. Temperature values 
of the Klöch station at 415 m above sea level were used to determine the necessary nocturnal inver-
sion. 

Abb. 26 Meteorological measurements at the operating site 

 

 

 
 

As already mentioned, meteorological measurements were carried out at the site of the research sta-
ble from 10.1. to 12.7.22. As expected, the measured wind direction distribution has a north-south dis-
tribution due to the terrain structure. The average wind speed is 1.2 m/s and the calving frequency 
(wind speeds below 0.5 m/s) is almost 30%. At night, almost exclusively northern wind directions oc-
cur, during the day southern valley winds dominate.  
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Abb. 27 Measured wind direction and wind speed distribution at 8 m above ground at the farm site 
(top: Total, middle: Tag, below: night) 

  

  

  



Page 22 of 34 Odor surveys Project SaLu_T 1 

Abb. 28 Measured frequency of selected wind directions and mean daily wind speed in 8 m above 
ground  

  

Abb. 29 Frequency of propagation classes (top left: Total, top right: Tag, lower left: night) 

  

 

 
For the determination of the mean odour load over the observation period of the odour ascents from 
10.1. to 12.7.22, the measured meteorological data of the same period were used for the propagation 
calculation. The initial emission load was 1 MGE/h. This emission load was changed in post-pro-
cessing until the best possible agreement between collected and modelled odour frequencies was 
achieved. The mean absolute deviation between collected and modelled frequencies was used for the 
error calculation, taking into account the uncertainty of the surveys according to VDI 3940-1. This 
means that simulated frequencies, which were within the 95% confidence interval of the visits, were 
taken into account with 0% deviation. The minimum error over all eight points (2% deviation) was 
achieved for an odour load of 3.5 MGE/h (Abb. 30). In principle, there is a very good spatial correlation 
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between modelled and elevated odour frequencies. A conspicuous underestimation can be seen in 
points N2 and O1. In particular, the underestimation at point N2 could be explained by background 
contamination from existing livestock farms north of the research stable. 

Based on the mean number of animals for fattening of 850 pigs and the mean weight of 75 kg during 
the odour survey period, an emission factor of around 8 GE/GVE/s is obtained. State government, 
2021), this is a reduction of almost 95%.  

The guideline value for pig odours in the open air (30% annual odour hours) according to the Styrian 
Odor Immunity Directive (Öttl et al., 2021) is already complied with in the main wind direction at a dis-
tance of 120 m and in less than 40 m outside the main wind directions (Abb. 31). The corresponding 
guideline value for village areas (20% annual odour hours) is no longer exceeded in the main wind di-
rection from a distance of 170 m. 

Abb. 30 Collected and modelled odour frequencies with an average emission load of 3.5 MGE/h 
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Abb. 31 Result of the dispersion calculation for an average emission load of 3.5 MGE/h and compari-
son with the odour frequencies collected during the grid inspection 

 

 
The chosen methodology for determining the emission factors for odour and ammonia on the basis of 
immission measurements and dispersion calculations is not suitable for determining the reduction ef-
fects of the individual mitigation measures in the research stable.  

For conventional fattening pig houses in Styria, an emission reduction of 10% is usually assumed by 
the use of cool pads. Due to the separate functional areas in the research barn, the cooled supply air 
acts exclusively in the area of the resting bays inside the barn, where the animals do not fade. For this 
reason, it cannot be assumed that the cooled supply air can reduce emissions. Supply air cooling is 
therefore of exclusive importance for animal welfare and, in particular, has an impact on the behaviour 
of the animals in the summer, in the sense that the pigs increasingly visit the rest area during the day. 

In Styria, it is currently assumed that outdoor climatic housing will have a 20% reduction effect com-
pared to closed housing systems due to the lower annual average temperature and the associated 
lower evaporation rate (Eurich-Menden et al 2011, VDI 3894-1). 

The reduction factor for two- and three-phase feeding in the pig fattening area of 20% was determined 
by the studies of Öttl et al. (2018), Mösenbacher et al. (2011), Studies by Le et al. (2007) and the NH 

3reduction data of VDI 3894-1 estimated, assuming that the odour reductions are about half of the cor-
responding measured NH 3reductions, such as comparative measurements of odour and NH 3 reduc-
tions in feed additives (e.g. Mösenbacher et al., 2011; Zentner et al., 2010). 

The functional separation of the activity areas is accompanied by a reduction of the area for the feces. 
Based on the studies of Ogink and Lens (2001), a reduction potential of about 50% is indicated in Hol-
land for limited emission areas. 
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Field inspections and model calculations by TÜV Austria (2018) at an open-front stable with multi-
phase feeding, permanent removal and feces-urea separation yielded an average emission factor of 
20 GE/GVE/s.  

It should be noted that the average temperature during the ascent periods was 15.8°C. On the other 
hand, the average annual average temperature in the examination room is 9.4°C. As stated in the re-
port of TÜV Austria (2018), the actual odour emission in the annual average, based on studies by 
Schrade et al. (2013), is 50% lower, which corresponds to an annual average emission factor of 10 
GE/GVE/s. This factor is in very good agreement with the determined emission factor in this study, 
which already corresponds to the annual average emission factor due to the long investigation period. 

 

 
The input data for the determination of the NH 3emission factors were the measured monthly mean 
values of the NH 3concentrations from January to November 2021. For this period, the required mete-
orological input data were also available as 10-minute averages.  

 

 
In contrast to the meteorological measurements carried out by the A15 – Air Pollution Control Unit, 
which only started at the beginning of 2022, the HBLFA Raumberg-Gumpenstein used locally meas-
ured data for the period from January to November 2021. In order to be able to determine the propa-
gation classes according to ÖNORM M9440, global radiation values from the Klöch station had to be 
used. The nocturnal temperature gradient was formed between the measured data in 15 m and 5 m. 

As expected, the measured wind direction distribution has a northwest-southeast distribution due to 
the terrain structure. The average wind speed is 1.4 m/s and the calving frequency (wind speeds be-
low 0.5 m/s) is 10%. At night, almost exclusively northwesterly wind directions occur, during the day 
southeasterly valley winds dominate.  
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Abb. 32 Measured wind direction and wind speed distribution at a height of 10 m above ground at the 
farm site (top: Total, middle: Tag, below: night) 
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Abb. 33 Measured frequency of selected wind directions and mean daily wind speed in 10 m above 
ground  

  

Abb. 34 Frequency of propagation classes (top left: Total, top right: Tag, lower left: night) 

  

 

 

 
Similar to the odour modelling, an initial emission load of 1 kg/h was assumed. This emission load was 
subsequently optimised to achieve the best possible agreement (minimum𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵) with the measured 
concentrations: 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 = ���|𝐵𝐵𝑛𝑛 − (𝑀𝑀𝑛𝑛 ∙ 𝑓𝑓𝑖𝑖 + 𝐻𝐻𝑘𝑘)|
⬚

𝑛𝑛

⬚

𝑖𝑖

⬚

𝑘𝑘

 

Here, 𝐵𝐵𝑛𝑛 the respective month-average measured concentration at the measuring point n, 𝑀𝑀𝑛𝑛 the 
month-average concentration at this measuring point modelled by GRAL, 𝑓𝑓𝑖𝑖 the modulated emission 
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and 𝐻𝐻𝑘𝑘 the modulated background load, which was assumed spatially homogeneously. The latter hy-
pothesis represents a certain simplification of the actual circumstances, since a certain inhomogeneity 
due to existing surrounding holdings must be assumed. 

Abb. 35 shows the total spatial load modelled in this way and the corresponding measured average 
values for the period from January to November 2021. The modelled and measured values at the indi-
vidual measuring points are also Abb. 36 shown in. It can be seen that with the optimised values 𝑓𝑓𝚤𝚤� =
0.07 of kg/h averaged over all months, and 
𝐻𝐻𝑘𝑘���� = 4.0 µg/m ³ very good matches can be achieved. This corresponds to an average emission factor 
of 0.73 kg/a/TP for 850 fattening pigs. Compared to the corresponding base factor of VDI 3894-1 of 
3.64 kg/TP/a, this results in a factor of around 80% lower. 

Abb. 35 Comparison of the modelled NH 3 immission load for an average emission load of 0.07 kg/h 
and an average background load of 4.0 µg/m ³ with the measured NH 3 concentrations 
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Abb. 36 Comparison between measured and simulated NH 3 concentrations at the individual measur-
ing points 

 

 

The calculated monthly averages of the emission factors Abb. 37 are shown. The low values in the 
months of June and July are particularly striking.  

Abb. 37 Calculated emission factors for each month 

 

 

The seasonal course of the simulated background loads can be Abb. 38 seen in. As expected, this 
shows that higher background loads occur in spring and late autumn, which is due to the application of 
manure to the surrounding fields. The mean value of 4.0 µg/m ³ for background load is in very good 
agreement with recent measurement results in southern and eastern Styria. 
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Abb. 38 Calculated monthly averages of NH 3 background concentration 
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