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n With the signing of the Kyoto Protocol and the Framework 
Convention on Climate Change (UNFCCC), Germany undertook 
to regularly report on the emissions of climate relevant gases. 
Along with numerous other business sectors, German agricul-
ture contributes to national greenhouse gas pollution. Apart 
from emissions from arable land and enteric fermentation, one 
of the most important sources of climate relevant gases in agri-
culture is the management of farmyard manure. 

For the compilation of the greenhouse gas inventory, guide-
lines with default emission factors for greenhouse gases from 
farmyard manure are given (IPCC Guidelines). These emission 
factors are to be applied as long as no justified national emis-
sion factors are available. The IPCC 1996 and 2000 Guidelines 
to be applied currently [1; 2] give a uniform factor for emissions 
from solid manure systems of 0.02 kg N2O-N (kg N)-1. More re-
cent IPCC Guidelines from 2006 [3] differentiate between solid 
manure storage with 0.005 kg N2O-N (kg N)-1 and animal hous-
ing on deep litter with 0.01 kg N2O-N (kg N)-1. 

The discrepancy between the officially validated values in 
the 1996 and 2000 IPCC Guidelines and those of 2006 provid-
ed a good reason for evaluating the available literature on N2O 
emissions from the storage of solid pig and cattle manure and 

the applicability of the results for agricultural practice in Ger-
many. The aim is to derive an emission factor for solid manure 
storage. 

Gas exchange and oxygen availability
Increased N2O emissions can occur in the presence of average 
or small-scale alterations in O2 availability [4] whereas strictly 
anaerobic conditions, occuring for instance in liquid manure 
storage without floating cover, inhibits N2O production because 
no nitrification, and therefore also no denitrification, takes 
place. Under strictly aerobic conditions also no N2O production 
occurs because complete nitrification takes place (no nitrifier-
denitrification; [4; 5]). Denitrification as obligate anaerobic con-
version does not occur either. 

The inhibition of N2O production by very low as well as very 
good O2 availability can lead to an opposite effect, depending 
on manure conditions (Figure 1): In a loosely-structured solid 
manure heap (case 1) N2O emissions are increased through ob-
structing gas exchange, e. g. by compaction or covering (light 
arrows). Encouraging gas exchange, e. g. through increasing 
straw content or through ventilation (dark arrows), reduces 
N2O production. In a compact solid manure heap of high den-
sity with high moisture content and low gas exchange (case 2) 
the opposite effects are achieved. This explains apparently con-
tradictory  literature information.

A positive relationship of gas exchange and N2O emissions is 
observed repeatedly. Aerobic composting of manure with good 
O2 availability through increased gas exchange, for instance by 
frequent mixing of the the manure heap, can encourage N2O 
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production through N mineralisation and self-heating [6; 7].    
Conversely, increased compaction in the heap, increased mois-
ture content, or precipitation, as well as covering the manure 
heap, can reduce gas exchange, self-heating and the tempera-
ture in the heap [8]. On the other hand, other studies report a 
negative relationship between gas exchange and N2O release. 
High straw and dry matter contents, which are associated with 
increased gas exchange, caused reduced N2O emissions [9; 10; 
11; 12]. In [13] an increase in N2O emissions when obstruct-
ing gas exchange through compacting or covering of deep litter 
heaps was observed. In general, high N2O emissions tend to 
occurre from solid manure with an increased density in the 
manure heap [5]. A clear relationship between emissions and 
substrate type is also recognisable here. On average, cattle deep 
litter shows reduced emissions compared with cattle solid ma-
nure from other housing systems. Because deep litter contains 
more straw than other types of solid manure, the substrate has 
a reduced density and therefore, presumably, higher gas ex-
change rates. High straw content with the associated wide C/N 
ratios might also cause microbial N immobilisation suppress-
ing N2O production [12]. 

Length of storage and temperature
Often maximum emissions are observed during the starting 
phase following the building of a heap [11; 14; 15; 16]. As a 
rule, emissions increase in this phase parallel to self-heating of 
the heap. Often, however, an increased N2O release is observed 
only after the starting phase [6; 13; 17; 18; 19]. The delayed 
release is explained by the fact that nitrification and denitri-
fication are not thermophilic processes and therefore could be 
restricted through the initial self-heating process [20]. 

Repeated measurements at different times of the year show 
higher N2O emissions in the warmer seasons [8; 21; 22; 23]. 
A diurnal pattern of emissions concurrently with temperature 
was observed by [24]. On the whole, however, a close link be-
tween temperature and N2O release is not clear as in solid ma-
nure heaps zones with very different conditions concerning 
temperature can occur at the same time [15]. 

Neither is there a rule to the duration of emissions. With 
exception of [19], emissions are still identifiable - but often very 
low – by the end of the measurement period. If manure heap 
substrate is mixed within the measuring period high emissions 
can occur, even towards the end of the measuring periods [6]. 
Because, contrary to the conditions in nearly all the measure-
ments documented in the literature, heaps of solid manure usu-
ally have new manure continually added, it can be assumed 
that in practice there will be a continuance of N2O production 
during the complete time of storage.

Solid manure storage in Germany
In Germany, livestock farming with farmyard manure must 
provide stationary and paved storage capacities for a period of 
180 days [25]. Additionally, intermediate storage areas for solid 
manure on farmland may be used.

According to the KTBL working group ”Amounts of solid 
manure produced“, he manure storage period until application 
on the fields mostly is around 6 months. Because the heap of 
manure is continually added to, the storage period averages 3 
months. The most important application time for solid manure 
is spring and late summer/autumn. As a rule, neither active 
compaction of the manure heap nor mixing of the solid manure 
to encourage aerobic activity is done.

Literature research
For calculating emission factors primary literature was used 
in which measurements of N2O emissions from manure store 
heaps under practical conditions are documented. Not included 
were measurements of emissions from small-scale experimen-
tal setups (floor area 1 m2 or smaller, amount smaller than 1 m3 )  
or experiments where the information on measurement condi-
tions was not sufficiently detailed.

Calculation of emission factors
The results and measurement conditions of N2O emissions were 
compiled in tables and standardised as kg N2O-N per kg total-N. 
The results most representative of the conditions in Germany 
were selected and assessed  using the following criteria:

In Germany solid manure is usually not compacted or com-
posted, therefore only results from untreated stored solid ma-
nure were considered (Table 1).

In Germany DM contents of solid manure from cattle and 
pigs typically range from 20 to 25 % and N contents from 4.8 to  
9.7 g/kg FM (N contents take into account storage losses [26]). 
Substrates with values near this range were considered: DM from 
18.5 % [22] to 25.8 % [8]; N from 4.3 g/kg FM [6] to 12 g/ kg FM.  

Model concept depicting the relationship between  
O2 availability and N2O emissions (according to [4])

Fig. 1

Verminderung des Gasaustausches
Obstructed gas exchange
Erhöhung des Gasaustausches
Increased gas exchange
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Literature information on N2O emissions from solid manure and boundary conditions of measurements. Untreated manure heaps only

Tierart
Animal type

Festmist-Typ
Manure type

TM/DM
[%]

N 
[g/kg FM]

Lagerdauer
Duration

[d]

Randbedingungen
Climate information

Emissionsfaktor
Emission factor 

[kg N2O-N/kg N]

Ahlgrimm et al. 2000 
[17]

Schwein/Pig Tretmist/Straw courts 100 0,01158

Ahn et al. 2011 [6] Rind/Cattle - 24 4,3 80 −5 bis10 °C 0,00588

Amon 1998 [18] Rind/Cattle
Anbindestall, Festmist
Tie stall, solid manure

20 6,4 80
Juni–September
June–September

0,008

21 6,3 82
März–Juni

March–June
0,013

Brown et al. 2002 [24] Rind/Cattle - 16 5,7 ca. 90 ⌀ 18,5 °C (0,42 g N m-2 d-1)

Chadwick 2005 [8] Rind/Cattle Tiefstreu/Deep litter

20,2 5,3 96
Mai–August
May–August, 
12 bis 22 °C 

0,023

25,8 5,2  90
Dezember–März

December– March, 
 0 bis 10 °C

0,001

19,9 3,3 109
Juni– September
June–September;  

16 bis 26 °C
0,013

Espagnol et al. 2006 
[28]

Schwein/Pig Tiefstreu/Deep litter 36,1 12,0 90
Okt.–Dez./Oct.–Dec.;

 −2,5 bis 23 °C
0,032

Hao et al. 2001 [7] Rind/Cattle
Feedlot-Festmist

Feedlot solid manure
29,5 17,7 90 5 bis 25 °C 0,00621

Hao et al. 2011 [29] Rind/Cattle
Feedlot-Festmist

Feedlot solid manure

49,5 18,3 99
Sommer–Herbst

Summer–Autumn, 
⌀ 11,3 °C

0,00029

44,9 20,3 99
Sommer–Herbst

Summer–Autumn, 
⌀ 11,3 °C

0,00057

Mathot et al. 2012 [22] Rind/Cattle
Anbindestall, Festmist
Tie stall, solid manure

16,4/20,5 5,6/6,8 ca. 120 
Winter–Frühjahr
Winter–Spring

0,00104

Osada et al. 2001 [14] Rind/Cattle Tiefstreu/Deep litter 41 5,6 57
Juli–August
July–August

0,0022

Petersen et al. 1998 [4] Schwein/Pig - 24,6 11,5 ca. 60–100
Frühjahr–Sommer
Spring–Summer, 

⌀ 16,9 °C
0,001–0,005 

Sneath et al. 2006 [27] Rind/Cattle
Laufstall, Festmist

Loose housing, solid 
 manure

26,7 8,44 0,00511

Sommer 2001 [13] Rind/Cattle Tiefstreu/Deep litter 36 8,7 132
Oktober–März
October–March

0,0012

Sommer und Dahl 1999 
[19]

Rind/Cattle Tiefstreu/Deep litter 42 8,4 197

Oktober–Januar
October–January,  

Windeinfluss
influenced by wind

0,000046

Sommer und Møller 
2000 [11]

Schwein/Pig Tiefstreu/Deep litter 24 7,2 143
April–August
April–August

0,0081

Thorman et al. 2007 
[16]

Schwein/Pig Tiefstreu/Deep litter 25 7,8 ca. 360
ab Ende März

from the end of March
0,02630

Rind/Cattle Tiefstreu/Deep litter 19,8 5,2 ca. 360
ab Mitte April

from mid of April
0,04320

Wolter et al. 2004 [15] Schwein/Pig Tiefstreu/Deep litter 36 12,5 113
Oktober–Februar
October–February

0,019

Table 1
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One study with manure from a common sloping floor (straw-
flow) system is considered as well although no substrate char-
acteristics are given [17]. The average of these selected values 
was used as proposal for the emission factor. 

Results and discussion
On the whole, 17 publications containing practically-relevant 
measurements of N2O emissions from solid manure could be 
reviewed (Table 1). In three of these the experimental param-
eters or the results given were too imprecise for the calcula-
tion of emission factors or ambiguous, as no information on the 
amount of manure was given or the measurement period was 
too short [24], N2O results were only given as a range [4], or 
data in text and the illustrations were incompatible [19]. Fur-
ther studies did not include treatments that could be applied 
to German conditions (feedlot manure with wood shavings and 
composting [7], composting inside a barn [27]). 

Based on the validity of substrate characteristics for Ger-
man conditions seven studies remained with a total of ten in-
dependent N2O emission measurements from untreated solid 
farmyard manure (Table 2).

For most of the selected measurements, the storage condi-
tions also differed from those that would be regarded as typi-
cal for Germany. With some measurements a reduction in N2O 
production through increased straw content could be expected. 
On the other hand, measurements during the colder times of 
the year and therefore reduced N2O emissions are underrep-
resented. However, as there is no information that enables a 
more accurate evaluation of the measurements, all values were 
regarded as equally relevant and no further discrimination of 
the data was done.

The measurements used for calculating the average emission factor

Tierart 
Animal type

Emissionsfaktor
Emission factor 

[kg N2O-N (kg N)-1]

Ahlgrimm et al. 2000 [17] Schwein/Pig 0,01158

Ahn et al. 2011 [6] Rind/Cattle 0,00588

Amon 1998 [18]
Rind/Cattle 0,00518

Rind/Cattle 0,00802

Chadwick 2005 [8]
Rind/Cattle 0,023

Rind/Cattle 0,001

Mathot et al. 2012 [22] Rind/Cattle 0,00104

Sommer und Møller 2000 [11] Schwein/Pig 0,0081

Thorman et al. 2007 [16]
Schwein/Pig 0,0263

Rind/Cattle 0,0432

Table 2

Conclusions
The arithmetic mean of the ten measurements selected as rep‑
resentative equals 0.013 kg N2O‑N (kg N)‑1. This value is rec‑
ommended as national emission factor for N2O emissions from 
the storage of solid manure. The accuracy of the emission fac‑
tor and thus the inventory calculation can only be increased if 
more measurements over the total storage period and under 
practical conditions, in the best case on practical farms, are 
carried out and documented along with details of the measure‑
ment conditions. Also the conditions of animal housing under 
which the solid manure is produced needs to be documented. 
Important is the amount of bedding applied as well as the de‑
scription of the manure storage site and the meteorological 
conditions during measurement.
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