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Abstract: According to the European Commission, Austria is obliged to reduce ammonia emissions
by 12% between 2005 and 2030. Agriculture, in particular livestock buildings and the spreading of
manure, is the predominant source of ammonia in most countries, calling for stringent mitigation
measures in this area. This study investigated a combination of measures implemented in a newly
constructed fattening piggery in Styria (Austria) for reducing ammonia, particulate matter (not
subject of this publication), and odour emissions. Additionally, the livestock building should meet
standards to enhance animal welfare as well. Based on observed ammonia concentrations at several
locations in the vicinity of the farm as well as field inspections for odour according to EN 16841-1,
corresponding emission factors were derived using the Lagrangian particle model GRAL and in
situ measurements of meteorology. The resulting emission factor for ammonia was found to be 80%
lower compared to the standard emission factor of 3.64 kg a~! for fattening piggeries according to
the German guideline VDI 3894-1. Moreover, the emission factor for odour was 95% lower than the
standard factor of 0.180 oug kg~ s~! used in Styria for conventional fattening piggeries without any
reduction techniques.
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1. Introduction

In recent years, globalization has set Austria’s fattening-pig production under eco-
nomic pressure due to the comparably small farm sizes. According to the Austrian
Federal Ministry for Agriculture, Forestry, Regions and Water Management, roughly
2.8 million pigs are kept by 24,200 farmers (https:/ /info.bml.gv.at/en/topics/agriculture/
agriculture-in-austria/animal-production-in-austria/ pig-keeping-in-austria.html accessed
on 24 October 2022) resulting in an average of little more than 100 pigs per farm. The high
share of mountainous regions in Austria often sets natural limits for expanding farms
towards very large animal numbers. In Styria, which is among the most productive regions
in Austria concerning fattening pigs, only a few farms hold more than 1500 fattening pigs.
Therefore, alternative forms of production emphasizing animal welfare are on the rise.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.

Aside from that, the European Commission issued target values for 2030 for reducing
ammonia emissions in each member state [1]. As agriculture is responsible for more than
90% of ammonia emissions in the European Union [2], stringent abatement strategies
mainly within this sector must be developed. Moreover, complaints about odour nuisance
arising from livestock buildings are among the most frequent issues regional authorities
must deal with. Hooiveld et al. [3] found that odour annoyance can be associated with
reduced general health and increased reporting of respiratory, gastrointestinal, neurological
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and stress-related symptoms. As ammonia emissions from fattening piggeries are partly
correlated with odour emissions, reducing them would help to minimize this problem
as well.

To deal with these difficulties, a new kind of livestock building for fattening pigs
has been erected in southeaster Styria. Several novel technologies for reducing ammonia,
odour, and dust emissions have been implemented. In autumn 2020, pig production
started as well as the collection of meteorological (e.g., temperature, humidity, wind) and
air-quality data (e.g., particulate matter, ammonia), which has been collected within the
livestock building and in the surroundings of the fattening piggery. In the next section, the
abatement measures implemented in the livestock building are highlighted and in Section 3
the methodology used for deriving emission factors for ammonia and odour is outlined.
Results are presented in Section 4, followed by a discussion of emission rates found in
previous studies in Section 5. Finally, conclusions are drawn in Section 6.

2. Description of the Fattening Piggery

The livestock building for fattening pigs offers three compartments to foster animal
welfare: (i) a rest zone inside the shed with reduced light and a thin straw layer (approx-
imately 50 g per animal and day), (ii) a zone for taking up food and water outside, and
(iii) a small excretion area with a perforated floor made of plastic (Figure 1). The whole
area outside is covered by a roof and can optionally be protected from intense irradiation
or adverse weather conditions (e.g., strong winds, high relative humidity) by roller blinds.
The temperature inside can be conditioned either by an underfloor heating system for the
winter months or fresh air cooled by heat exchangers at the inlets (so-called ‘cool pads’).
In this way, a maximum degree of comfort for the pigs should be guaranteed, which in
addition shall keep the animals from excreting inside. Moreover, a mixture of organic oil
and water is sprinkled regularly via numerous nozzles in the compartments inside for
minimizing airborne particulate matter concentrations. The straw is initially cleaned using
dust filters before application.
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Figure 1. Sketch of the fattening piggery with the various areas for resting, feeding and excretion.

One of the key techniques for reducing ammonia and therefore odour emissions
is the separation of the liquid and solid fraction of excrements for avoiding urease. A
mechanical scraper under slats for the solid fraction of excrement operated every 2 h
in combination with a pit allowing the liquid phase to run off efficiently accomplishes
this. Loussouarn et al. [4] observed a reduction in ammonia emissions of at least 40%
using a V-shaped scraper in a fattening piggery. The share of protein in the fodder is
automatically adjusted according to the growing rates of the pigs in each partition, which
is also a well-known technique for reducing ammonia emissions, too (e.g. [5]).
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The rest zone inside is flexible in size offering typically 0.20~0.46 m? per animal. The
corresponding areas per animal for feeding is 0.40 m? and for dunging 0.24 m?. A total of
36 pens are used to separate the animals into smaller groups, whereby the time for moving
the piglets in varies from pen to pen (i.e., an all-in-all out system is not practiced). The
initial weight of the piglets is 30 kg while at the end a weight of 120 kg is reached. The
whole livestock building comprises space for 850 fattening pigs with an average weight of
75 kg, which did not vary significantly during the observational period.

Multiphase feeding has been applied over the investigation period using five different
feed compositions during the growing phase. Table 1 lists some important components
differentiated according to animal weight. As can be seen, the share of raw protein, which
is the dominant source of potential ammonia emissions, is reduced from 15.90% at the
beginning down to 13.83% at the end of the fattening period. The metabolizable energy is
being kept rather constant, while lysine is also reduced over the fattening cycle.

Table 1. Composition of the feeding stuff dependent on animal weight for a dry mass of 880 g.

<35kg 35-45 kg 45-70 kg 70-90 kg >90 kg
Dry mass [g] 880 880 880 880 880
Raw protein [%] 15.90 15.18 14.77 14.15 13.83
I\’iif:g;h[ﬁ?]le 12.83 12.91 13.00 12.96 12.99
Lysine [g] 11.77 11.41 11.01 10.24 9.25

3. Methodology

As the livestock building is naturally ventilated via lateral openings causing fugitive
emissions, it is impossible to measure the source strengths of ammonia and odour in a direct
manner. In this study, dispersion modelling has been used for assessing the corresponding
source strengths (e.g. [6]). Therefore, ammonia concentrations have been observed at ten
monitoring sites in the vicinity of the livestock building at distances of approximately
15 m, 130 m, and 250 m (Figure 2). According to the observed wind-direction distribution
(note that the wind measurements started prior to the ammonia observations), sampling
points have been placed along the axis of the main wind directions, which is approximately
north-south orientated (Figure 3). Two additional samplers (W2 and W3) have been placed
lateral to this axis to capture background concentrations.

Source strengths in the dispersion model have been varied until the mean absolute bias
(MAB) between observed (O,,) and modelled concentrations (M;,) had become a minimum.

1
n

Ammonia was measured using passive samplers ([7]) at 2.5 m above ground level.
The exposure time was four weeks and analyzation was carried out following the German
standard VDI 3869-4 [8] by means of ion chromatography. At each monitoring site, two
passive samplers have been placed in parallel for quality control. The average difference
between each pair was 0.2 pg m 3 over the entire period. In addition, blind samples have
been analyzed for each period. The concentration for these samples was <0.1 ug m~3 in
all cases.
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Figure 2. Sitemap of the monitoring sites for ammonia, the fattening piggery including two silos at
the east side of the building, and the closed slurry pit north of the livestock building. The modelling
domain is marked by the grey rectangle.
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Figure 3. Observed wind-direction and wind-speed frequencies averaged over the period of the field

inspections (10 January-12 July 2022).

Odour concentrations cannot be measured by any technical device. Therefore, a
different approach had to be adopted for assessing the source strength. The European
standard EN 16841-1 outlines how field inspections by trained panellists must be carried
out for obtaining odour-hour frequencies. To keep field inspections in a reasonable frame,
the time a panellist must evaluate odours at each location is limited to 10 min and the
observation frequency is strictly 10 s according to the EN16841-1. At least six odour
detections are necessary for the identification of an odour-hour. Simply explained, an
odour-hour can be described as the recognition of odour for at least six minutes within an



Atmosphere 2023, 14,75

5o0f 14

hour by at least 50% of the people exposed to it. A more detailed definition is provided in
the German guideline VDI 3788 [9] for instance.

Odour-hours can also be simulated by suitable dispersion models. Based on the work
of [10] and [11], 1 OUg m~3 was taken as threshold for the 90th percentile. In other words,
if the simulated odour concentration of the 90th percentile is above this threshold, an
odour-hour is counted. Using the aforementioned MAB it is possible to derive a source
strength for odour in a similar way for ammonia. The Lagrangian particle model GRAL
(Graz Lagrangian Model [12]) has been used for the dispersion modelling. It is particularly
suited for assessing odour-hour frequencies [11,13,14], taking into account horizontal wind
meandering in low wind speed conditions [15], and the influence of buildings and/or
vegetation on the microscale flow field [16,17]. For a comprehensive discussion about the
implementation of methodologies for assessing odour-hours in a dispersion model the
reader is referred to [18] or [14].

It should be noted that it is not possible to provide an estimate of the uncertainty of
the derived emission factors introduced by the dispersion modelling. However, GRAL
has been thoroughly evaluated using various tracer experiments carried out in different
environmental settings regarding meteorology, source configurations, and building geome-
tries. Chang and Hanna [19] suggested using an upper bound for the normalized mean
square error below 4, and a max. fractional bias of +/—0.3 as criteria to define acceptable
model performance. GRAL fulfils these criteria in 28 out of 29 experiments used for model
evaluation [12]. Moreover, the GRAL model has also been tested using data from a field
inspection according to EN16841-1 for a fattening piggery [11]. In this study, no bias was
found between computed odour-hour frequencies and observed ones. Brancher et al. [14]
evaluated the concentration-variance model used in GRAL for computing odour-hours
and found a fractional bias of —0.25 for the computed 90 percentile of the concentration
distribution, which were observed at some sampling points in the surroundings of a fatten-
ing piggery in Germany [20]. Based on these studies one might expect that the emission
factors derived by dispersion modelling with GRAL have a bias of less than £30%.

Another issue that might contribute to the uncertainty is existing background odour
concentration, which cannot be readily taken into account in the modelling because of
non-linear effects in the calculation of odour-hours. For instance, if an odour-hour is
triggered by the emissions from the fattening piggery at a particular location, an existing
background odour concentration would not contribute to this odour-hour anymore and
vice versa, although it does so regarding the odour concentration. Therefore, observed
odour-hour frequencies at greater distances from the fattening piggery, could not be used as
background value and added to modelled ones. To take background odour concentrations
in the modelling into account, one would need to know the odour-emission strengths from
all sources in the surroundings including their temporal patterns. For the estimation of the
source strengths information about the activity, feeding, manure handling, etc. for each
livestock is required. However, such data were not available for this study.

A total of 53 field inspections have been carried out between 10 January and 12 July
2022 at the same locations where ammonia has been observed, except at the sites N3 and
W3 which were not deemed necessary for assessing the odour-emission factor due to the
low expected odour impact at these locations. The European standard for field inspections
EN 16841-1 [21] requires at least a pool of eight panel members qualified according to EN
13725 [22]. This means that each participant must be able to detect a reference odorant
(n-butanol) within a prescribed concentration range (20-80 ppb in the case of n-butanol),
which is calculated as an average over at least 10 but not exceeding 20 tests. In addition, the
standard deviation needs to be lower than 2.3. Eventually, eight panellists were selected
and an additional one was picked as a standby in case of illnesses etc. The panellists have
been trained beforehand to make them familiar with the type of odour and the site itself
according to the suggestions in EN 16841-1. Surveys must be distributed evenly over the
days, hours, and the panellists, which required a lot of planning, particularly in cases of
illnesses or other unforeseeable events preventing a field inspection at a scheduled date
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and time. As can be seen from Table 2, the distribution of the inspections over time and
day was in accordance with the requirements of the EN16841-1, while the distribution of
the panellists was not. This was due to some COVID-19 cases that complicated the whole
study enormously.

Table 2. Sampling frequencies separated for staff, weekday, and time of the day of sampling.

Staff Samples Day Samples Time Samples
P1 7 Monday 8 0a.m. 4
P2 5 Tuesday 7 2 am. 4
P3 5 Wednesday 8 4am. 4
P4 5 Thursday 8 6 a.m. 4
P5 9 Friday 8 8. a.m. 4
P6 8 Saturday 7 10 am. 5
p7 7 Sunday 7 12 am. 5
P8 6 2 p.m. 5
P9 1 4 p.m. 5

6 p.m. 5
8 p.m. 4
10 p.m. 4
Total 53 53 53

A two-dimensional sonic anemometer was set up northeast of the livestock building
about 40 m away and 7 m above ground level. The in situ observed wind speed and
direction accompanied by measured air temperature (2 m above ground level) and incoming
solar radiation have been used for the model simulations. As mentioned previously, GRAL
uses a non-hydrostatic prognostic model to take into account the effects of buildings and
vegetation on the microscale flow field. At the inflow boundaries, a first-guess wind field is
prescribed, while at the outflow lateral boundaries homogeneous Neumann conditions are
imposed to avoid the reflection of waves [23]. Whether any lateral side of the modelling
domain is classed as an outflow or inflow boundary is determined at the beginning of
any simulation by the direction of the wind component normal to the specific boundary.
The first-guess wind field is a simple vertical profile determined by the wind observation
at 7 m above ground level and using a power-law function as suggested by US-EPA [24].
The power-law exponent is computed as a function of the aerodynamic roughness length
zg and the Obukhov length [12]. The latter is derived from the stability class as outlined
in the VDI 3783-8 [25]. For more information about the solution techniques used in the
microscale flow-field model the reader is referred to [15,16]. After a wind-field computation
has been completed, tracer dispersion is modelled with the Lagrangian dispersion module
of GRAL until a steady-state concentration field is achieved. Based on the Obukhov length,
roughness length and wind speed, turbulence quantities such as friction velocity, standard
deviations of wind-speed fluctuations, dissipation rate of turbulent kinetic energy are
calculated. For a comprehensive description of the turbulence parameterizations used in
GRAL the reader is referred to the model documentation [12].

The average wind-direction and wind-speed frequencies are shown in Figure 3. During
nighttime winds from the north prevail, while during daytime wind directions were
mainly from the south. Low wind speeds (<1.5 m s~!) dominated more than 70% of the
time emphasizing the need for a dispersion model suitable for treating horizontal wind
meandering in such conditions. GRAL requires turbulence information, which has been
provided by stability classes derived according to the Austrian standard ON M9440 [26].
In 32% of the time convective conditions predominated, neutral conditions made up 17%,
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and stable conditions were found in 51% of the time. Figure 4 shows the same as Figure 3
but exactly for the times of the field inspections. It can be seen that the meteorological
conditions were comparable. Therefore, no significant bias between modelled and observed
odour-hours due to the underlying meteorological conditions is to be expected.
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Figure 4. Observed wind—direction and wind-speed frequencies exactly at the times of the

SE

<0.5m/s

SSE

0.5-1.0m/s
1.0-1.5m/s
1.5-2.0m/s
2.0-3.0m/s
3.0-4.0m/s
4.0-6.0m/s

field inspections.

The surroundings of the fattening piggery are very flat, hence, topography has been
neglected in the simulations. A small forested area is situated approximately 40 m east of
the stable, which has been taken into account in the dispersion modelling as well as the
livestock building itself by applying a non-hydrostatic prognostic flow-field model prior to
dispersion modelling [12,16].

4. Results
4.1. Odour

Figure 5 depicts modelled and observed odour-hour frequencies for the observation
period. The vertical bars indicate the 95% confidence interval of the field observations
evaluated according to the German guideline VDI 3940-1 [27]. Equivalence of modelled
and observed odour-hour frequencies is assumed when modelled values fall within the
95% confidence interval of the field inspections, which is the case for all observational
sites except for N2 and E1. Here, the model significantly underestimates observed odour-
hour frequencies. The discrepancy might be partly reasoned by occasional odour impacts
from other fattening piggeries located approximately 700 m north of the study site. An
elaboration of observed wind directions for all cases, where an odour-hour has been
detected by panellists at site N2, indicated that in two cases wind directions were exclusively
from the north. Excluding these two cases would lower the percentage of odour-hours from
24% to 20% and considering the 95% confidence interval would lead to an overlapping
with the corresponding modelled odour-hour frequency. It should be emphasized that
odour impacts of other fattening piggeries north of the study area are not likely to increase
the odour-hours perceived by panellists south of the livestock building, because in most
of the cases the stable itself would trigger an odour-hour even without any background
odour concentration caused by these farms.
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Figure 5. Observed and modelled odour-hour frequencies in the vicinity of the fattening piggery.
Vertical bars indicate the 95% confidence interval of the observations.

The simulated pattern of odour-hour frequencies is depicted in Figure 6. An emis-
sion rate of 3.5 MOUg h™! (OUg = European odour unit) provides the minimum MAB
(Equation (1)). Due to the frequent northerly wind directions the odour plume extends
mainly towards the south. The corresponding odour-hour frequencies derived from the
field inspections are depicted by the circles. Modelled odour-hour frequencies exhibit
particularly strong gradients close to the fattening piggery, thus, equal magnitudes of
modelled and observed odour-hour frequencies can be found just within a few metres
around the sites S1 and S2.

odour hours
10 %

R 20 %
30 %
40 %

60 %

W3 w2 E1
@ ® )
A
 ———
om 100 m

Figure 6. Simulated odour-hour frequencies with the Lagrangian particle model GRAL using an
emission rate of 3.5 MOUg h™!. Observed odour-hour frequencies are depicted by the circles. Sites
N3, W2, and W3 were not included in the field campaign.



Atmosphere 2023, 14, 75

9of 14

4.2. Ammonia

Observed ammonia concentrations at the locations as illustrated in Figure 2 for the
period from January to November 2021 were used for deriving corresponding emission
factors. Highest concentrations were between 25 and 30 ug m~2 at the sites S1 and N1
(Figure 7), which are located less than 20 m away from the fattening piggery. At the
sampling points W1 and E1, which are also very close to the livestock building, measured
ammonia concentrations were below 10 jtg m 3. This can be reasoned by the predominant
northerly and southerly wind directions. Less than 5 g m~3 were observed at the sampling
points W2 and W3. These two sites seem to represent already the prevailing background
concentration over the observational period in this area.

Observed W GRAL
30

25

20

| | I I
NI N2 N3 E1 S1 S2 S3 Wl W2 W3

Figure 7. Comparison of observed and modelled ammonia concentrations for each sampling point

NH, [pg/m?]
s

w

averaged over the period from January to November 2021.

The meteorological conditions in this period did not differ significantly from the
ones during the field inspections for odour. Dispersion modelling has been carried out
in a similar way as for odour, while Equation (1) has been slightly amended to take the
background ammonia concentrations By g3 into account:

1
MAB = Y |On — (M + Byms)| 2)

n

Equation (2) has been applied using monthly mean ammonia concentrations. Further-
more, the background ammonia concentration was assumed to be horizontally homogenous
for each month. This is likely a simplification of real conditions as other sources for ammo-
nia emissions such as fattening piggeries in the surroundings or manure spreading may
cause horizontally non-homogenous concentrations patterns. Nevertheless, very good
agreement between observed and modelled ammonia concentrations (Figures 7 and 8)
were found for an average emission factor of 0.07 kg h~! and a background concentration
for ammonia of 4.0 ug m 3 over the entire period. The latter is in very good accordance
with observed background concentrations in the region. In the period from April 2021 to
April 2022 a mean background concentration of 3.9 pg m 2 was measured at six sampling
sites, which were placed remote from any livestock buildings near the villages of St. Anna
and Heimschuh, Styria (Austria). Both are within a distance of about 25 km of the study
site and share the same characteristics regarding meteorology and agricultural activities.
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Figure 8. Simulated average ammonia concentrations with the Lagrangian particle model GRAL
using an emission rate of 0.07 kg h~!. Observed concentrations are depicted by the circles.

The calculated monthly mean background concentrations for ammonia by applying
Equation (2) are shown in Figure 9. A clear seasonal variability with a maximum in spring
and autumn is visible, which can be attributed most likely to enhanced manure spreading
during these months.

9.0
8.0

7.0

6.0
5.0
4.0
3.
2.
1- 11
0.0
Jan

Feb Mar Apr May Jun Jul Aug Sep Oct Nov

NH; [pug/m?3]

o o

o

Figure 9. Derived background concentrations for ammonia on a monthly mean basis for the entire
observational period from January to November 2021.
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5. Discussion

The main drawbacks of the observational campaigns are that they were limited to a
single fattening piggery and that the experimental layout did not allow for testing each
mitigation technique separately. Therefore, it might be useful to compare the emission rates
derived in this study with previously observed emission rates in fattening piggeries, where
either none or only single mitigation techniques were implemented. This can give some
more insight into the reduction potential of each mitigation technique.

Considering the average number and weight of the pigs over the investigation pe-
riod (850 animals; average weight 75 kg) would give an odour-emission rate (OER) of
0.015 OUg kg ! s~! per animal place. This OER is about 95% lower compared to previ-
ously measured odour emissions in Styria in conventional fattening piggeries without the
reduction measures outlined in chapter 2 [11,28]. Table 3 lists some OER observed in other
countries. To allow a comparison of reported OER in the various studies an average weight
of 75 kg (as in this study) for the fattening pigs was used to convert OER given in OUg
animal ! s~! into OUg kg~! s~!. Without any mitigation measures OER are mostly larger
than 0.250 OUg kg ! s1, except for the standard OER suggested by the VDI 3894-1 [5] of
0.100 OUg kg~ ! s~!, which does not compare well with OER from other countries as has
already been discussed in [18]. Nevertheless, the reduction potential for protein-adjusted
feeding is estimated to be 20% by the VDI 3894-1 [5]. Sun et al. [29] reported about 30%
reduction in OER between fully and partly slatted floors in Canada. A quite low OER of
5.9 OUg animal s~ ! was found in the Netherlands for a combination of a partly slatted
floor and a V-shaped manure belt [30].

Table 3. Comparison of published emission factors for fattening piggeries in the literature.

Emission Factor

Study [OUg kg 15-1] Remarks Country
Separation liquid/solid excrements
This work 0.015 Protein—adjusted. feeding Austria
Reduced excretion area
Excretion area outside
Oettl et al. [11] 0.277 No reduction measures. Austria
Mosenbacher et al. [28] 0.282 No reduction measures. Austria
Sun et al. [29] 0.299 No reduction measures. Canada
0.212 Partly slatted floor.
VDI 3894-1 [5] 0.100 No reduction measures. Germany
Hayes et al. [31] 0.246 No reduction measures. Ireland
Rzeznik and Mielcarek-Bocheriska [32] 0.419 No reduction measures. Poland
Calafat and Gallego-Salguero [33] 0.196 No reduction measures. Spain
0.299 No reduction measures.
0.128 Restricted emitting surface.
Ogink and Koerkamp [34] 0.144 Cooled surface of stored slurry. Netherlands
0.145 Flushing system (twice daily)
Santonja et al. [30] 0.079 V-shaped manure belts Netherlands

Partly slatted floor

It is worthwhile mentioning that the fattening piggery of this study had to undergo
the obliged licencing procedure as any other livestock building in Styria. As the exact OER
was not available at that time, the following OER was assumed in the odour assessment
carried out for the authorities:
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OER = 0.180 OUg kg’1 s~ x 0.8 (protein-reduced feeding) x 0.8 (open shed) x 0.9
(cool pads) x 0.25 (separation of excrements and urine) = 0.026 OUg kg’1 s1

The reference OER of 0.180 OUg kg~ ! s~ ! as well as the reduction factors were taken
from the Styrian guideline for estimating OER from animal husbandry as presented in [18].
As can be seen, the assumed reference OER and the reduction factors for each mitigation
technique have already been in fair agreement with the OER derived in this work.

An average emission factor for ammonia of 0.73 kg~! a~! per animal place can be
derived from this study. The EMEP/EEA (2019) emission inventory guidebook as well as
the German guideline VDI 3894-1 [5] suggest an emission factor for fattening piggeries
with slurry of 3.64 kg~! a~!. In comparison, the emission factor derived in this study is
about 80% lower highlighting the effectiveness of the implemented reduction measures.
Further emission rates of other studies are listed in Table 4. As for odour, strong reduction
potentials were found for partly slatted floors and V-shaped manure belts [29,30].

Table 4. Comparison of published emission factors for fattening piggeries in the literature
(AP = animal place).

Emission Factor

Study [kg AP-1 a—1] Remarks Country
Separation liquid/solid excrements
This work 0.73 Protein-adjusted feeding Austria
Reduced excretion area
Excretion area outside
Mosenbacher et al. [28] 3.26 No reduction measures. Austria
5.68 No reduction measures.
Sun et al. [29] Canada
3.79 Partly slatted floor.
VDI 3894-1 [5] 3.64 No reduction measures. Germany
Hayes et al. [31] 3.66 No reduction measures. Ireland
Santonja et al. [30] 1.05 V-shaped manure belts Netherlands

Partly slatted floor

6. Conclusions

The study reveals that the placement of a V-shaped scraper in combination with a
pit for efficiently separating the liquid excrements from the solid ones, a protein-reduced
feeding adjusted for the actual growing rate of the pigs, and a reduced area for dunging
successfully minimizes the emissions of ammonia and odour from fattening piggeries. The
climate conditions prevailing in Austria characterised by very low ambient-air temperatures
in wintertime (e.g., the mean winter temperature in the southeast lowlands of Styria over
the period of 1981-2010 is approximately 0 °C) help also in reducing emissions when the
dunging area is placed outside of the livestock building. Consequently, using the emission
factors of this work in different climate conditions requires careful examination about
possible influences of ambient air temperatures and possibly wind speeds as well, due to
the impact on evaporation fluxes.

Taking the emission factor from the EMEP/EEA [35] for fattening pigs with slurry
as reference, a reduction potential of 80% was found for ammonia. Unfortunately, the
methodology does not allow for estimating the reduction potentials for each mitigation
technique separately. In the future, additional studies at other fattening piggeries will
certainly be necessary for confirming the obtained results and for discriminating the
reduction potential for each abatement technique. For instance, [29] found about 35% lower
ammonia emissions for partly slatted floors compared to fully slatted floors in a fattening
piggery in Canada.

It is worthwhile mentioning that an odour-emission factor of 0.02 OUg kg~ ! s~1, de-
rived in a study carried out in the region of Upper Austria at a similar fattening piggery [36]



Atmosphere 2023, 14,75 13 of 14

using dynamic field inspections and dispersion modelling, is in good agreement with the
corresponding emission factor found in this work.

Though odour emissions were found to be on a comparably low level, care must be
taken in odour assessment studies for regulatory purposes as emissions are emitted close to
the surface. In this study, the maximum setback distance in main wind direction (towards
south) would be 170 m based on the corresponding limit value of 20% odour-hours, which
is prescribed for rural villages in many regions in Austria [18].

Ultimately, there does not seem to be a trade-off between techniques supporting animal
welfare and methods for reducing ammonia and odour emissions in fattening piggeries.

Author Contributions: Conceptualization, D.O.; Methodology, D.O.; Investigation, R-M., A.Z., H.O.
and M.K,; Project Administration, E.Z.; Simulations, D.O.; Writing—Original Draft Preparation, D.O.;
Writing—Review and Editing, H.O., M.K.; Funding Acquisition, E.Z. All authors have read and
agreed to the published version of the manuscript.

Funding: This project received funding from the European Agricultural Fund for Rural Development
(EAFRD) under grant Nr. LE 14-20, and the Austrian Federal Ministry for Agriculture, Regions
and Tourism.

Institutional Review Board Statement: Ethical review and approval were waived for this study,
due to the fact that there exists a national Austrian law strictly regulating animal husbandry (1.
Tierschutzverordnung, BGBI. II Nr. 485/2004).

Informed Consent Statement: Not applicable.
Data Availability Statement: Data reported in this study is available on request from the authors.

Acknowledgments: We would like to express our gratefulness to the owners of the fattening piggery
Josef and Christine Neuhold for their support (e.g., catering with home-made products) while
carrying out the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

European Commission (EC). Directive (EU) 2016/2284 of the European Parliament and of the Council of 14 December 2016 on
the reduction of national emissions of certain atmospheric pollutants, amending Directive 2003/35/EC and repealing Directive
2001/81/EC. Off. ]. Eur. Union 2016, 59, 1-31.

European Environmental Agency (EEA). European Union Emission Inventory Report 1990-2020 under the UNECE Air Convention;
Rep. No 03/2022; European Environmental Agency: Copenhagen, Denmark, 2022; 170p.

Hooiveld, M.; van Dijk, C.; van der Sman-de Beer, F,; Smit, L.A.M.; Vogelaar, M.; Wouters, .LM.; Heederik, D.].; Yzermans, C.J.
Odour annoyance in the neighbourhood of livestock farming—Perceived health and health care seeking behaviour. Ann. Agric.
Environ. Med. 2015, 22, 55-61. [CrossRef] [PubMed]

Loussouarn, A.; Lagadec, S.; Robin, P.; Hassouna, M. V-shaped scraper: Environmental and technical assessment for seven years
in the Guernévez experimental farm. J. Rech. Porc. 2014, 46, 199-204.

VDI 3894-1; Emissions and Immissions from Animal Husbandries. Housing Systems and Emissions. Pigs, Cattle, Poultry, Horses.
German Engineering Association VDI: Diisseldorf, Germany, 2011; 84p.

Flesch, TK.; Harper, L.A.; Powell, ].M.; Wilsdon, J.D. Inverse-Dispersion Calculation of Ammonia Emissions from Wisconsin
Dairy Farms. Am. Soc. Agric. Biol. Eng. 2009, 52, 253-265.

Puchalski, M.A.; Sather, M.E.; Walker, ].T.; Lehmann, C.M.B.; Gay, D.A.; Mathewe, ].; Robargef, W.P. Passive ammonia monitoring
in the United States: Comparing three different sampling devices. J. Environ. Monit. 2011, 13, 3156-3167. [CrossRef] [PubMed]
VDI 3869-4; Measurement of Ammonia in Ambient Air—Sampling with Diffusive Samplers—Photometric or Ion Chromato-
graphic Analysis. German Engineering Association VDI: Diisseldorf, Germany, 2012; 38p.

VDI 3788-1; Environmental Meteorology—Dispersion of Odorants in the Atmosphere—Fundamentals. German Engineering
Association VDI: Diisseldorf, Germany, 2000; 25p.

Janicke, L.; Janicke, U. Development of the Dispersion Model AUSTAL2000G; Berichte zur Umweltphysik, 5; Ingenieurbiiro
Janicke: Dunum, Germany, 2004; 122p. Available online: http://www. janicke.de/data/bzu/bzu-005-02.pdf (accessed on
22 November 2022).

Oettl, D.; Kropsch, M.; Mandl, M. Odour assessment in the vicinity of a pig-fatting farm using field inspections (EN 16841-1) and
dispersion modelling. Atmos. Environ. 2018, 181, 54-60. [CrossRef]

Oettl, D. Documentation of the Lagrangian Particle Model GRAL Vs. 20.1; Amt d. Stmk. Landesregierung: Graz, Austria, 2020; 208p.
Available online: https://www.umwelt.steiermark.at/cms/beitrag /12894598 /2222407 / (accessed on 24 October 2022).


http://doi.org/10.5604/12321966.1141369
http://www.ncbi.nlm.nih.gov/pubmed/25780829
http://doi.org/10.1039/c1em10553a
http://www.ncbi.nlm.nih.gov/pubmed/22009295
http://www.janicke.de/data/bzu/bzu-005-02.pdf
http://doi.org/10.1016/j.atmosenv.2018.03.029
https://www.umwelt.steiermark.at/cms/beitrag/12894598/2222407/

Atmosphere 2023, 14,75 14 of 14

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

Oettl, D.; Ferrero, E. A simple model to assess odour hours for regulatory purposes. Atmos. Environ. 2017, 155, 162-173. [CrossRef]
Brancher, M.; Hieden, A.; Baumann-Stanzer, K.; Schauberger, G.; Piringer, M. Performance evaluation of approaches to predict
sub-hourly peak odour concentrations. Atmos. Environ. X 2020, 7, 100076. [CrossRef]

Oettl, D.; Goulart, A.; Degrazia, G.; Anfossi, D. A new hypothesis on meandering atmospheric flows in low wind speed conditions.
Atmos. Environ. 2005, 39, 1739-1748. [CrossRef]

Oettl, D. Quality assurance of the prognostic, microscale wind-field model GRAL 14.8 using wind-tunnel data provided by the
German VDI guideline 3783-9. J. Wind Eng. Ind. Aerodyn. 2015, 142, 104-110. [CrossRef]

Oettl, D. Evaluation of the revised Lagrangian particle model GRAL against wind-tunnel and field experiments in the presence of
obstacles. Bound. Layer Meteorol. 2015, 155, 271-287. [CrossRef]

Oettl, D.; Ferrero, E.; Moshammer, H.; Weitensfelder, L.; Kropsch, M.; Mandl, M. Recent developments in odour modelling and
assessment in five provinces in Austria. Air Qual Atmos. Health 2022, 15, 1647-1657. [CrossRef]

Chang, J.C.; Hanna, S.R. Air quality model performance evaluation. Meteorol. Atmos. Phys. 2004, 87, 167-196. [CrossRef]
Béchlin, W.; Rihling, A.; Lohmeyer, A. Bereitstellung von Validierungsdaten fiir Geruchsausbreitungsmodelle—Naturmessungen;
Ingenieurbiiro Lohmeyer: Karlsruhe, Germany, 2003; 187p. Available online: http://www.lohmeyer.de/de/system/files/
content/download/publikationen/1408bericht.pdf (accessed on 19 October 2022).

EN 16841-1; Ambient Air—Determination of Odour in Ambient Air by Using Field Inspection—Part 1: Grid Method. Draft
Version; European Standard (EN): Vienna, Austria, 2016; 53p.

EN 13725; Air Quality—Determination of Odour Concentration by Dynamic Olfactometry. European Standard (EN): Vienna,
Austria, 2003; 71p.

Grawe, D.; Schliinzen, K.H.; Pascheke, F. Comparison of results of an obstacle resolving microscale model with wind tunnel data.
Atmos. Environ. 2013, 79, 495-509. [CrossRef]

US-EPA. Meteorological Monitoring Guidance for Regulatory Modeling Applications; EPA-454/R-99-005; Office of Air and Radiation,
Office of Air Quality Planning and Standards: Research Triangle Park, NC, USA, 2000; 171p.

VDI 3783-8; Environmental Meteorology—Turbulence Parameters for Dispersion Models Supported by Measurement Data.
German Engineering Association VDI: Diisseldorf, Germany, 2012; 70p.

ON M9440; Dispersion of Pollutants in the Atmosphere—Calculation of Ambient Air Concentrations. Austrian Standards: Vienna,
Austria, 2019; 22p.

VDI 3940-1; Measurement of Odour Impact by Field Inspection—Measurement of the Impact Frequency of Recognizable
Odours—Grid Measurement. German Engineering Association VDI: Diisseldorf, Germany, 2006; 29p.

Mosenbacher, 1.; Huber, G.; Gasteiner, J.; Bachler, C.; Mayer, M.; Zainer, J.; Brettschuh, S.; Rudorfer, B.; Schauer, A.; Kitzer,
R.; et al. Untersuchung eines Futtermittelzusatzes im Hinblick auf Emissionsminderung und Leistungsdaten unter Beriicksichtiqung der
IEP (IPPC)-Richtlinie (Investigation of a Fodder Supplement with Respect to Lowering Emissions and Animal Growth in the Frame of the
IPPC Directive); Rep. Nr. 3594; HBLFA Raumberg-Gumpenstein: Irdning, Austria, 2011; 32p.

Sun, G.; Guo, H.; Peterson, J. Seasonal Odor, Ammonia, Hydrogen Sulfide, and Carbon Dioxide Concentrations and Emissions
from Swine Grower-Finisher Rooms. |. Air Waste Manag. Assoc. 2010, 60, 471-480. [CrossRef] [PubMed]

Santonja, G.G.; Georgitzikis, K.; Scalet, B.M.; Montobbio, P.; Roudier, S.; Sancho, L.D. JRC Science for Policy Report. Best Available
Techniques (BAT) Reference Document for the Intensive Rearing of Poultry or Pigs. Industrial Emissions Directive 2010/75/EU; Rep. EUR
28674-EN; EU Publications: Luxembourg, 2017; 898p. [CrossRef]

Hayes, E.T.; Curran, T.P; Dodd, V.A. Odour and ammonia emissions from intensive poultry units in Ireland. Bioresour. Technol.
2006, 97, 933-939. [CrossRef]

Rzeznik, W.; Mielcarek-Bocheriska, P. Odour Emissions from Livestock Buildings. Atmosphere 2022, 13, 254. [CrossRef]

Calafat, C.; Gallego-Salguero, A. Livestock odour dispersion and its implications for rural tourism: Case study of Valencian
Community (Spain). Span. |. Agric. Res. 2020, 18, e0106. [CrossRef]

Ogink, N.W.M.; Groot Koerkamp, P.W.G. Comparison of odour emissions from animal housing systems with low ammonia
emission. Water Sci. Technol. 2001, 43, 245-252. [CrossRef]

EMEP/EEA. Air Pollutant Emission Inventory Guidebook 2019; Technical Guidance to Prepare National Emission Inventories. Rep.
No 13/2019; European Environmental Agency: Copenhagen, Denmark, 2019. Available online: https://www.eea.europa.eu/
publications/emep-eea-guidebook-2019 (accessed on 11 October 2022).

TUV Austria. Geruchsbegehaungen und Ausbreitungsrechnungen am Auflenklima-Schweinestall Langdorf 3, 4714 Meggenhofen; Bericht
Nr. 17-IN-AT-UW-WE-EX-267; TUV Austria: Vienna, Austria, 2018; 97p.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.atmosenv.2017.02.022
http://doi.org/10.1016/j.aeaoa.2020.100076
http://doi.org/10.1016/j.atmosenv.2004.11.034
http://doi.org/10.1016/j.jweia.2015.03.014
http://doi.org/10.1007/s10546-014-9993-4
http://doi.org/10.1007/s11869-022-01207-x
http://doi.org/10.1007/s00703-003-0070-7
http://www.lohmeyer.de/de/system/files/content/download/publikationen/1408bericht.pdf
http://www.lohmeyer.de/de/system/files/content/download/publikationen/1408bericht.pdf
http://doi.org/10.1016/j.atmosenv.2013.06.039
http://doi.org/10.3155/1047-3289.60.4.471
http://www.ncbi.nlm.nih.gov/pubmed/20437782
http://doi.org/10.2760/020485
http://doi.org/10.1016/j.biortech.2005.04.024
http://doi.org/10.3390/atmos13020254
http://doi.org/10.5424/sjar/2020182-15819
http://doi.org/10.2166/wst.2001.0551
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019
https://www.eea.europa.eu/publications/emep-eea-guidebook-2019

	Introduction 
	Description of the Fattening Piggery 
	Methodology 
	Results 
	Odour 
	Ammonia 

	Discussion 
	Conclusions 
	References

