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Ammonia Emissions of German Agriculture
Technical Reduction Potential
Ammonia emissions from agricul-
ture must be considerably reduced
in the future. Using two enterprises
as examples, the emission reduc-
tions attainable in pig fattening
and dairy farming are presented,
as well as the costs incurred per
animal place.
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According to [1], the ammonia emissions
from livestock alone amounted to about 

457500 t in 2002. Furthermore about 
108500 t were generated by mineral fertili-
sation and more than 30000 t are assumed to
be emitted from other sources (traffic, indus-
try and domestic animals). 

Distribution of ammonia emissions in
Germany

The largest proportion of ammonia emis-
sions from agriculture is caused by cattle
(52%), followed by pig husbandry (22%),
the application of mineral fertilisers (19%),
poultry (6%), horses (1%) and sheep (<1 %).
Although the figures for the total emissi-
ons of ammonia are relevant with regards to
their environmental effects, the regional con-
centrations of livestock production are espe-
cially important. In the intensive livestock
production areas of north-west Germany,
Bavaria, Baden-Württemberg, Thuringia
and Saxony, regionally high environmental
strain with ammonia can be found. In this
connection, pig and poultry husbandry lead
to locally increased emission concentrations,
for example in north-west Germany (in
terms of kg ammonia per hectare). The emis-
sions for Germany as a whole, however, are
mainly caused by cattle husbandry. 

Model farms, mitigation options, 
potentials and costs

In order to show the possibilities to reduce
ammonia emissions, a pig fattening farm
and a dairy farm are presented as examples. 

Pig fattening model farm
A pig fattening farm with 1000 fattening pla-
ces was chosen. This size of farm was cho-
sen because, bigger farms, particularly, have
faced and will continue to face increased de-
mands to reduce emissions. 

Calculations were carried out on the basis
of several measures, which represent the
whole production process, from feeding to
the status of the ammonia in the soil. Using
this single farm example, the possible cumu-
lative effects of measures to reduce emis-
sions are also presented. The assumptions
made for the scenarios are shown in Table 1.
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Fig. 1: Emissions, reduc-
tion in % and costs for a
fattening pig housing
system with 1000 places
iwith various reduction
scenarios [2]
Measure Scenarios
1* 2 2a 3 3a 4

Housing insulated and closed building, fully slatted floor, mechanically ventilated, small groups of 
12 animals, 1000 fattener places

Feeding Conventional feeding, one phase feeding, excretion 13 kg N Protein--
per fattening place per year adapted

feeding
Storage circular slurry tank, storage capacity 7 months,

no natural crust straw chaff tent 
Application splash plate splash plate splash plate splash plate splash plate splash plate

70 % 50 % 50 % 50 % 50 % 50 %
without with with with with with
incorporation incorporation incorporation incorporation incorporation incorporation
30 % on 50 % on trailing trailing trailing trailing
growing growing hose hose hose hose 
crops crops 50 % on 50 % on 50 % on 50 % on

growing growing growing growing
crops crops crops crops

*basic scenario (scenario 1) presents the situation before German fertilising ordinance came into force

Table 1: Scenarios for reducing ammonia emissions, pig fattening 
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When selecting the scenarios, adaptation
possibilities were considered, which can be
implemented on farms in the short term, e.g.
changes in the application period of slurry
and immediate incorporation of the slurry, as
well as in the middle term (replacement of
splash plate by trailing hoses) and long term
measures, e.g. changing the feeding techno-
logy to a protein adapted feeding regime.
The situation in 1990, i.e. before the German
fertilising ordinance came into force, which
requires that slurries have to be incorporated,
was taken as the basic scenario. 

The costs of the measures are presented
either as total costs considering the produc-
tion process, and as specific costs for the re-
duction in emissions in € per kg ammonia.
So the costs of cheap (e.g. incorporation)
and expensive measures were averaged. A
conversion rate of 10% of the organically fi-
xed nitrogen in the slurry into ammonia dur-
ing storage was included in the calculation. 

The results in Figure 1 show that with on-
ly a change in the management of the slurry
application, the losses of ammonia can be re-
duced by 20%. The costs for incorporation
are 0.77 €/m3, which is around 0.40 € per kg
ammonia (scenario 2). Only part of the ma-
chinery costs were attributed to the slurry in-
corporation, as a cultivation of the soil has to
be done anyway. However, the additional use
of trailing hoses on growing crops brings 
little additional effect, hence  the specific re-
duction costs almost triple (scenario 2a). 

A very cost effective practice is the com-
bination of optimised slurry application and
the covering of the slurry tank with chopped
straw (scenario 3). Although scenario 3 is ba-
sed on the use of costly trailing hose appli-
cation, the average reduction costs reduce
considerably due to the covering of the
slurry tank with chopped straw. In contrast,
these costs rise considerably (from 0.7 to 0.9
€ per kg ammonia) if the more efficient, but
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more expensive measure of covering the tank
with a “tent roof ” is employed (scenario 3a).
With covering the slurry tank and optimised
application management, ammonia emissi-
ons can be reduced by 40 % at specific cost
of 0,9 € perkg of ammonia.  

A further reduction of emissions is possi-
ble by implementing additional measures in
the stable. For the example, the long term
measure of the introduction of phased-feed-
ing technology was selected. This was done
with the assumption that a replacement of
parts of the existing feeding technology was
necessary. Through this measure the losses
can be limited to less than 50% (scenario 4). 

The exemplary farm with the large pig fat-
tening housing shows that for this size of
farm highly cost effective options to reduce
ammonia emissions exist. The average costs
amount only to about 0.5 € per kg NH3.
However, importantly, the example presents
an optimal situation which, although realis-
tic, cannot be extrapolated onto other farm
sizes, livestock species or another basic farm
scenario (i.e. before the German fertilising
ordinance came into force).

Dairy model farm
The assumptions which were made for the
dairy farm example are as shown in Table 2.
As in the example with the fattening pigs,
ammonia losses can be reduced by 20% with
just a change in the management of slurry
application (Fig. 2). Also in the case of the
dairy farm the costs for incorporation were
calculated to be 0.77 €/m3. The costs for the
reduction of ammonia emitted per kg a-
mount to 0.60 € (scenario 2). The use of the
trailing shoe on grassland, however, brings
only little additional benefits, although the
costs rise significantly to 1.7 € per kg NH3

(scenario 2a). 
Covering the slurry tank with a floating

foil (scenario 3), and also the combination of
foil and the use of a trailing shoe to apply the
slurry (scenario 3a), cannot be considered as
cost-effective measures because emission
reduction costs of 2.1 and 2.9 €/kg are in-
curred respectively.

The optimal timing of slurry application
and the immediate incorporation of the
slurry turned out to be the most cost-effec-
tive measures for dairy farms with arable
farming.
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Fig. 2: Emissions, reduction in
% and costs for a dairy cow
housing system with 70 cow

places with various reduction
scenarios (Source: calculati-

ons by KTBL. 2002)
Measure Scenarios
1* 2 2a 3 3a

Housing open cubicle housing, liquid slurry system, conventional feeding, 108 kg N excretion pro 
animal place and year, average annual milk yield of 6000 l; 70 cows plus young stock

Storage circular slurry tank, storage capacity of 5 months, 
natural crust foil foil

Application splash plate splash plate splash plate splash plate splash plate
30 % 25 % 25 % 25 % 25 %
on stubble on stubble on stubble on stubble on stubble
without  with with with with
incorporation incorporation incorporation incorporation incorporation
30 % 45 % 45 % 45 % 45 %
on growing on growing on growing on growing on growing
crops crops crops crops crops
40 % 30 % trailing shoe 30 % trailing shoe
on grassland on grassland 30 % on grassland 30 %

on grassland on grassland
trailing shoe trailing shoe

*basic scenario (scenario 1) presents the situation before German fertilising ordinance came into force.

Table 2: Scenarios for reducing ammonia emissions, dairy farming
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