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For the calculation of the separation distance to avoid odour annoyance, the odour emission rate of the
livestock building has to be known as input for the dispersion model. In general, an annual mean value is
used although the influence of the live mass growth of the animals as well as of indoor air temperature and
ventilation rate on the emission rate is known. This simplified approach was compared with various
emission scenarios for a continuous fattening system with a constant live mass of 75 kg and an all-in/all-
out system. For the last one a Monte-Carlo based model (inverse transfer sampling technique) was used
to avoid an interaction between the growth of the animals and the annual variation of the outdoor
temperature. The variation of the emission factor was taken into account twofold, first by a schematized
diurnal emission pattern for the various seasons and second by a steady state simulation of the indoor
climate to calculate indoor temperature and ventilation rate which both influence the odour release. The
results indicate an underestimation of the odour emission rate of a livestock building during summer
compared with winter when using an annual mean value. For the all-in/all-out system, this effect is
superposed by an overestimation at the beginning of the fattening period and an underestimation at the
end. Using emission models which take into account the growth function and/or the indoor climate, a more
realistic description of the odour emission characteristics can be achieved. This will help to increase the
goodness of the assessment of environmental odour by dispersion models.

1. Introduction

For dispersion modelling of environmental odour, the emission rate is typically estimated as an annual
constant value (e.g. Guingand, 2003; Hayes et al., 2006; Nicolas et al., 2008; VDI 3894 Part 1, 2011). In
general this annual mean is calculated as a product of the mean live mass of the animals and the odour
emission factor. In reality, however, the two parameters show distinct variations over time. This was
discussed in detail in Schauberger et al. (2013a) for fattening pigs.

Therefore the use of an annual mean to represent livestock odour emission rates is inappropriate for
dispersion model inputs. For fattening pigs, an emission model is used with the indoor temperature, the
ventilation rate which are calculated by a simulation model (Schauberger et al., 2000b) as well as the
animal activity as predictors (Schauberger et al., 2013a).

As a reference, a constant odour emission rate is used, which is conventionally calculated by an annual
mean live mass and a constant odour emission factor. Then, step by step, this constant value is
substituted by a live mass which increases during the fattening period using an animal growth model
and/or the emission model which takes into account the influence of the indoor temperature, ventilation
rate, and animal activity. Six emission scenarios with increasing complexity are thus obtained and
presented in the paper.
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2. Materials and Methods

2.1 Growth model

For an all-in/all-out (AIAO) production system, an animal growth model describes the increase of
emissions by the growing of the animal live mass of the herd. If the AIAO production system is applied only
to individual pens within the building, a constant mean live mass value for the entire livestock building is
used over time. This is called the continuous flow production system (CONT).

We used a growth model with a constant average daily gain (linear increase) of the live mass m (kg) as a
function of time t (days), applied here to fattening pigs reared in an AIAO system. The live mass values at
the beginning and end of the fattening period were selected to be my,:=30kg and myg= 120 kg,
respectively. The average daily gain is assumed to be ADG = 0.780 kg d™". This results in a duration of the
fattening period of t; = 116 d. The duration between two consecutive fattening periods, when the livestock
building is empty, is assumed as t. = 10 d. In this period, the odour emission is set to zero. Hence the
overall duration of a fattening period is t, = t; + t. with 126 d or 18 weeks. The growth function is given by
m=mg,, + ADG t.

The time course of the live mass of fattening pigs behaves like a saw tooth wave with a period duration of
18 weeks (about 1/3 year). These growth periods are superimposed and interact with the time course of
the outdoor temperature. To avoid this interaction we calculate the live mass on the basis of a Monte Carlo
method, called inverse transform sampling, a useful tool for environmental sciences (e.g. Schauberger et
al., 2013b; Wilks, 2011). This method was applied to the growth function (Schauberger et al., 2014). For
each half hour mean value, a live mass m for AIAO pig production systems is calculated using this Monte-
Carlo approach.

2.2 Simulation of the indoor climate

We adapted a simulation model for the indoor climate of a livestock building which calculates inside air
temperature and the ventilation rate. The model is reduced to the sensible heat balance of a livestock
building in a moderate climate (Schauberger et al., 2001). To reduce the complexity of the simulation, the
influence of the latent heat balance to the sensible heat balance is neglected. The two parameters indoor
air temperature @ (equal to the temperature of the exhaust air) and the volumetric ventilation rate V are
calculated as a function of the outdoor temperature under the assumption of steady-state conditions. The
simulations were conducted for an AIAO system, taking into account the growth of the animals, and for a
continuous flow production system CONT with a constant live mass of m= 75 kg.

2.3 Meteorological data

The air temperature for the simulation of the indoor climate was measured at Wels, a site representative of
the Austrian flatlands north of the Alps, with a temporal resolution of 30 minutes over a 2 year period
between January 30, 1992 (JD=30) and January 31, 1994 (JD=761).

2.4 Odour release model

In general, the odour emission rate of a livestock building is calculated by a live mass specific emission
factor (ous™ LU") and the total live mass (LU, 1 LU is equivalent to 500 kg) of the animals inside the
building. The odour release is also modified by the indoor climate (e.g. temperature, ventilation rate and
time of the day) of the livestock building described in the Sections above. Therefore we developed an
odour release model to describe the modifications based on these parameters.

The live mass specific odour emission factor e (ou s’ LU'1) is calculated by multiplying the standardized
live mass specific odour emission factor ey, by the release modification factor R, which modifies the odour
emission due to the indoor climate

e= g R (1

In this paper two different release modification factors R were selected. The first one R; is derived from
Nicholas et al. (2002) in a schematic way using rectangular functions with different durations of the
day/night cycles and different emission levels to describe the diurnal variations for winter, summer, and
spring/autumn (Figure 1).
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Figure 1.Diurnal course of the release modification factor R, for winter, spring/autumn, and summer time
derived from Nicholas et al. (2002).

Second we use the emission model of Schauberger et al. (2013a) to calculate the release modification
factor R, on the basis of the indoor air temperature @, ventilation rate V, and physical activity of animals A
as a function of daytime t. The release modification factor R; is calculated by

R,=Fs F, Fy (2)
with Fo for indoor temperature, Fy for ventilation rate and F, for relative animal activity.

The release modification factor R; is thus given by
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with the reference temperature @k = 20°C, the the normalized ventilation rate V, per animal place. The
ventilation rate per animal place V is normalized to unity by Vg, according to V, =V / V4. This ventilation
rate is the maximum ventilation rate for growing pigs of V4 = 200 m*h’ (55.6 10° m? s'1) per animal place
(MWPS-32, 1990). The relative animal activity depends on the period 7= 24 h, time of day t (h), and the
time lag ¢=-6 h.

2.5 Odour emission scenarios 1
The odour emission rate E (ou s™') is calculated for one animal place with a time resolution of one half hour

according to

E=¢-R-m 4)
with the standard live mass specific odor emission factor g,, the live mass of one animal m (LU; 1 LU =
500 kg), and the release modification factor R. The entire emission rate of the livestock building can be
calculated by multiplying this emission rate E by the number of animals N.

Table 1. Input parameters for odour emission scenarios with growing complexity to calculate the odour
emission rate E (ou s™) per animal place by the standard live mass specific odour emission factor e
(ou s*t LU'l), the release modification factor R, and CONT (m = 75 kg) and AIAO pig production systems.

Scenario Release modification factor R Pig production system
SCo R=1 CONT
SCn R=1 AIAO
SCr1 R, = f (season, t) CONT
SCri+m R, = f (season, t) AIAO
SCr2 R,=f(6,V, A) CONT
SCro+m R,=f(6,V, A) AIAO

The input parameters of the scenarios are summarized in Table 1. The standard live mass specific odour
emission factor e, is selected from Schauberger et al. (2013a) with e, =48 OU s LU™. For the first two
emission scenarios, the release modification factor is set to R=1. For scenario SCy a continuous pig
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production system is assumed, which means that the live mass of the pigs is constant over the year with
m= 75 kg or m= 0.15 LU. For scenario SCn, the odour emission rate per animal place is calculated for an
AIAO pig production system where the live mass is calculated by the Monte Carlo based growth model
(Section 2.1). The next four emission scenarios differ by the way the release modification factor is
calculated, either R, (Nicholas et al., 2002) or R, (Schauberger et al., 2013a). Both are applied either to a
continuous flow (m= 75 kg) or to an AIAO production system.

15 ——SC, CONT 154

14 SC, AIAO 14
134 134

——sC,, CONT
- SC,,. AIAO

12 12
11
10
9
8
74
64 &

5] X
4]

114
104

34

Odour emission rate per animal place E (ou/s)

24

Odour emission rate per animal place E (ou/s)

14

T T o T T
0 365 730 0 365 730

Time (JD) Time (JD)
a b
154
14 ——SC,, CONT
13 SC,,,., AIAO

Odour emission rate per animal place E (ou/s)

T
0 365 730
Time (JD)

Cc

Figure 2 Time course of the odour emission rate E (ou s'l) per animal place for the six odour emission
scenarios, calculated for the two year period (JD Julian day; 1.1.1992 = 0) (zero values during the service
period are not displayed). (a) SCo: Continuous fattening: m= 75 kg and release modification factor R=1,
SCn: all-in/all-out and release modification factor R=1, (b) SCgri: Continuous fattening: m= 75 kg and
release modification factor R; (Nicholas et al., 2002), SCgri+m: all-in/all-out and release modification factor
Ry, and (c) SCr2: Continuous fattening: m= 75 kg and release modification factor R, (Schauberger et al.,
2013a), SCgo+m: all-in/all-out and release modification factor R,. (Source: Schauberger et al. (2014)). The
CONT emission scenarios are shown as black lines, the AIAO data as grey dots.

3. Results and Discussion

The time course of the six odour emission scenarios (Table 1) with increasing complexity is shown in
Figure 2. The grey dots represent the emission E, calculated by the Monte Carlo simulation. Therefore the
values are randomly distributed according to the live mass. The corresponding cumulative distribution
functions (CDFs) of the six scenarios are depicted in Figure 3. Whereas scenario SCy with a constant live
mass shows also a constant emission, the odour emission of scenario SC, changes with the changing live
mass of the AIAO production system (Figure 2a). Neither the influence of the indoor climate nor the
influence of the animal activity is considered.

An improvement of the odour release was reached for scenario SCr1 (CONT) and SCgr1+m (AIAQ) by a
schematised diurnal time pattern of the release modification factor for the winter, summer, and
spring/autumn (Figure 1).

The last two scenarios (Figure 2c) CSgr. and SCra+m are calculated with the release modification factor R;,
which relates the odour emission to the indoor climate of the livestock building. Therefore we combined the
simulation of the indoor climate of a livestock building of fattening pigs (Schauberger et al., 2000b) with an
odour emission model (Schauberger et al., 2013a) using indoor air temperature, ventilation rate as well as
the animal activity as predictors. In this way, the most realistic yearly odour emission cycle is obtained,
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with low emissions in winter and higher emissions in summer. The variability of the AIAO production
system is always larger than for the CONT system.
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Figure 3 Cumulative frequency of the odour emission rate E (ou s'l) per animal place for the continuous
flow production system CONT (a) and the all-in all-out (AIAO) production system (b), calculated for the two
year period. (a) CONT: SCo: m = 75 kg and release modification factor R=1, SCr1: m= 75 kg and release
modification factor R; (Nicholas et al., 2002), SCr: m = 75kg and release modification factor R,
(Schauberger et al., 2013a). (b) AIAO: SCo: m = 75 kg and release modification factor R= 1 (as reference),
SCr: animal growth model and release modification factor R= 1, SCr1+m: @animal growth model and release
modification factor Ry, SCgro:m: animal growth model and release modification factor R,. (Source:
Schauberger et al. (2014))

Even if the scenarios calculated with R; and R, do not show much difference in the shape of the CDFs,
only the release modification factor R, which is based on the indoor climate simulation, shows a high
correlation with the meteorological situation, which is to be expected. The scenarios with the AIAO
production system also deliver, in general, larger odour emissions and greater variability.

The odour emission rate of a livestock building is a major input to the calculation of separation distances
by dispersion models. These model calculations are generally based on hourly weather data (Capelli et al.,
2013; Schauberger et al., 2000a; Yu et al., 2009). Nevertheless, most of the calculations of separation
distances are performed with constant emission rates (e.g. Hayes et al. (2006); VDI 3894 Part 1 (2011)).
Due to the lack of data, none of the existing setbacks or odour dispersion models consider diurnal and
seasonal variations in odour emission rates, which may result in great uncertainty in the predicted results
(Guo et al., 2007). Capelli et al. (2013) pointed out the importance of the influence of meteorological
parameters on the odour emission rate. They suggested the recalculation of the emission rate of an area
source on an hourly basis taking into account the influence of wind velocity on the area-specific emission
factor. Sun et al. (2010) suggested the use of different emission rates on a monthly basis.

For other farm animals as fattening pigs, such emission models are unavailable in detail. If empirical data
on odour emission are missing then such odour emission models can also be based on other substances
or gases which are closely related to odour (e.g. PMyg for turkeys (Li et al., 2008)), ammonia for poultry
(Cheng et al., 2011). Even if such a model is only an educated guess, we are convinced that this will result
in a better prediction quality compared with a constant emission rate.

4. Conclusions

The odour emission rate of a livestock building is a major input to the calculation of separation distances
by dispersion models. In general, only an annual mean value is used even if it is evident that the growth of
the animals and the influence of the indoor climate on the odour release are neglected thereby. In this
paper we use a constant emission rate with an annual mean only as a reference. In addition, emission
scenarios with increasing complexity have been developed. Calculations were carried out for a continuous
flow production system with a constant live mass during the year and an all-in/all-out system with a
growing live mass during the fattening period. The emission scenarios which take into account the
modification of the odour release due to the indoor climate show an increasing variability of the emissions
year-round. During summer the odour release will be underestimated when an annual mean value is used.
This effect will be amplified when high outside temperatures and the ends of the fattening periods coincide.
In winter, using an annual mean value, the odour emission will be overestimated compared with variable
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emission scenarios. The step from an annual mean value to a more realistic emission scenario will thus
increase the reliability of the calculation of separation distances to avoid odour annoyance.
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