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In 2019, BiMissions from category 3.B (manure management) derived up tc
agricultural emissions, which is equal Wathi2 4B dBs&tekhblssions 47.2 % orig
cattle manure (~ 114.9 kt), 36.4 % from pig manure (ca. 88.5 kt), and 13.
32.4 kt). Calculations take into account the impact of anaerobic digestiol

NQ emissions from category 3.B (manure management) contribute only 1.z
agriculturaleMm@ssions. They are calculated p,/®pEantsenanly, tte®dl Ré6semann
(2027)

NMVOC emissions from category 3.B (manure management) contributed 9
agricultural NMVOC emissions (304.4 kt).

In 2019, manure management contributed, respectively, 71.1 % (42.9 kt),
% (3.7 kt) to the total agricylawmdaIlPMSPi,sPidns (TSP: 6§.3Kkt4 RPtM;PMA4
kt, respectively).

Activity data for all pollutants

The Federal Statistical Agency and the Statistical Agencies of the federa
order to collect, along with other data, the head counts of animals. The 1
used for emission calculations, for details see Rdsemann et al, 2021, Ch



The animal population G gures used in the inventory are presented in Tab
in the cattle population G gures, mules and asses are included in the hors
Ro6ésemann et al. (2021), Chapters 4.1 and 7.1. In the Grst years after the
animal livestock decreased markedly. The head counts for cattle continue
until 2006/2007, followed by a more or less stable period until 2014. Sin
occurred. In 2019, dairy cattle numbers are 63.1 % of 1990 numbers, whi
other cattle is at 58.1 % of 1990. Swine numbers decreased until 1995 ar
Since 2014 a slight decrease occurred (2019: 81.5 % of 1990). The 2019

and goats are, respectively, at 84.6 %, 55.5 % and 163.8 % of 1990.

Figures for broilers and turkeys are showing a massive increase since 19
population Ggures are at 154.1 % of 1990. A detailed description of the a
found in the National Inventory ReptdomaNIIRv2Zh2ary Report 2021 for the G
Greenhouse Gas Inventory 1990-2019. Av,iaObhbapeaeim5Apr8l. 2321

Table 1: Population of animals

Population of animals (in 1000)

1990 1995 2000/ 2005/ 2010 2011 2012 2013 2014 2015/ 2016/ 2017/ 2018 2019

dairy
cattle

other
cattl
bul alo NO N O I E 1E |
mules
and |
asses
horses 499.5 634.1 499.5 508.4 461.8 461.6 461.5 461.3 454[9 448.4 442,0 4355 429[1 422.6
sheep 3,266.2,990.2,743.23,643.2,245.0,979.1,965.9,877.2,892.4,866.92,851.0,863.2,846.0,813.
goats 90,0 100.0 140.,0 170,0 149.9 143,4 136,.8 130.2 1331 135.9 138.8 141.7 144.6 147.4
swine26,50226,38723,76722,74228,24422,78729,64823,39123,66629,97828,76[122,92028,01922,596.

6,354.6,229.4,569.8,236.4,183.4,190.4,190.8,267.6,295.4,284.6,217.4,199.0,100.9,011.7

113,13B10,660.%,968.8,800.8,62§.%,340.8,319.8,418.8,446.8,350.8,248.8,082.2,848.2,627.9

I
I
I
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T
T
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Ihaeyr:2953,45)45,31748,22536,20335,27939,51 149,75048,98649,30350,61953,93558,524583,56[153,901.

broile35,39340,02558,359568,76268,53171,40288,27497,14596,02798,90998,79193,79193,79193,791.
turkely5,029.8,742.8,8931D,61111,34410,98112,61818,25512,95712,65818,35919,35919,359192,359.
pulle/tk7,21018,59210,24018,30114,30313,74918,19513,64112,73413,82813,92118,92118,92118,921.
ducks 2,013.7,933.2,055.2,352.3,164.3,029.8,894.8,759.2,585.3,410.8,236.2,236.2,236.2,236.
geese 7815 617,0 404,8 329,5 2781 366.8 4555 5442 4725 400/8 329/0 329/0 329,0 3290
other animals: no data available a)

> oo w » b

a) Animal numbers of other animals are not available. Emissions of other
with estimated population Ggures for a single year (see R6ésemann et. al.
Résemann C, Haenel H-D, Dammgen U, Freibauer A, D6ring, U, Wulf S, E
Schreiner C, and Osterburg B (2017), Calculations of gaseous and partic
Agriculture 1990 2015. Report on methods and data (RMD), Submission
423 pand submitted to the TERT of the NECD-Review. The TERT cond rme
below the threshold of signili cance. For GHG emission reporting the UNF
the emissions from Germany's other animals are negligible. To ensure co

and UNECE/NEC reporting, no air pollutants from other animals are repol

Additional data

Emission calculations in accordance with a Tier 2 or Tier 3 method requil
performance (animal weight, weight gain, milk yield, milk protein content


https://iir.umweltbundesamt.de/2021/nir_2021/national_inventory_report_2021_for_the_german_greenhouse_gas_inventory_1990-2019._available_in_april_2021
https://iir.umweltbundesamt.de/2021/nir_2021/national_inventory_report_2021_for_the_german_greenhouse_gas_inventory_1990-2019._available_in_april_2021
https://iir.umweltbundesamt.de/2021/sector/agriculture/manure_management/roesemann_c_haenel_h-d_daemmgen_u_freibauer_a_doering_u_wulf_s_eurich-menden_b_doehler_h_schreiner_c_and_osterburg_b_2017_calculations_of_gaseous_and_particulate_emissions_from_german_agriculture_1990_2015._report_on_methods_and_data_rmd_submission_2017._thuenen_report_46_423_p
https://iir.umweltbundesamt.de/2021/sector/agriculture/manure_management/roesemann_c_haenel_h-d_daemmgen_u_freibauer_a_doering_u_wulf_s_eurich-menden_b_doehler_h_schreiner_c_and_osterburg_b_2017_calculations_of_gaseous_and_particulate_emissions_from_german_agriculture_1990_2015._report_on_methods_and_data_rmd_submission_2017._thuenen_report_46_423_p
https://iir.umweltbundesamt.de/2021/sector/agriculture/manure_management/roesemann_c_haenel_h-d_daemmgen_u_freibauer_a_doering_u_wulf_s_eurich-menden_b_doehler_h_schreiner_c_and_osterburg_b_2017_calculations_of_gaseous_and_particulate_emissions_from_german_agriculture_1990_2015._report_on_methods_and_data_rmd_submission_2017._thuenen_report_46_423_p
https://iir.umweltbundesamt.de/2021/sector/agriculture/manure_management/roesemann_c_haenel_h-d_daemmgen_u_freibauer_a_doering_u_wulf_s_eurich-menden_b_doehler_h_schreiner_c_and_osterburg_b_2017_calculations_of_gaseous_and_particulate_emissions_from_german_agriculture_1990_2015._report_on_methods_and_data_rmd_submission_2017._thuenen_report_46_423_p

of births, numbers of eggs and weights of eggs) and on the relevant feed
feed components, protein and energy content, digestibility and feed el cit
recorded total numbers of turkeys into roosters and hens, the respective
need to be known. Details on data requirements for the modelling of emis
husbandry in the German inventory can be found in Résemann et al. (202

Most of the data mentioned above is not available from ol cial statistics
literature, from publications by agricultural association, from regulations
Germany and from expert judgments. For 1991, 1995 and 1999, frequency
strategies, husbandry systems (shares of pasturing/stabling; shares of v
storage types as well as techniques of farm manure spreading were obtai
RAUMIS agricultural sector model (Regionalisiertes Agrar- und Umweltinf
Deutschland/ Regionalised agricultural and environmental information sy:
has been developed and is operated by the Institute of Rural Studies of t
Research Institute for Rural Areas, Forestry and Fisheries). For an introt
Weingarten (D&%5)Regionalisierte Agrar- und Umweltinformationssystem f
Deutschland (RAUMIS). Berichte Uber die Landwirtsa ldeftaBlenddde3 crdp Ri-a3
provided in Henrichsmeyer Eerntalickl®®®)des gesamtdeutschen Agrarsektor
RAUMIS96. Endbericht zum Kooperationsprojekt. Forschungsbericht fur d
Braunschweig.

RAUMIS did not model complete time series but only selected years. RAU
1995, and 1999 are used in the inventory for years 1990 1993, 1994 1
respectively. For the year 2010, respective data are used that were deriv
agricultural census and the simultaneous survey of agricultural productio
(Landwirtschaftliche Zahlung 2010, Statistisches Bundesamt/ Federal Sta
2011 survey on manure application practices (Erhebung Uber Wirtschafts
Statistisches Bundesamt/ Federal Statistical OGO ce).

For the year 2015, data on techniques of farm manure spreading from the
census (Agrarstrukturerhebung 2016, Statistisches Bundesamt / Federal
The gaps between the latest RAUMIS model data (1999) and the Grst ol ci
by linear interpolation on district level. For 2011 to 2019 the 2010 data \
of data on techniques of farm manure spreading. For the latter the data v
between 2010 and 2015, and for 2016 to 2019 the 2015 data was kept. In
account that, as of 2012, slurry spread on bare soil has to be incorporat
description of the RAUMIS data, the data from ol cial surveys and additio
see Rdsemann et al. (2021), Chapter 3.4. Time series of frequency distri
storage systems and application techniques as well as the corresponding
provided in NIR 2021,Chapter 19.3.2.

NH3 and NOXx

must be updated

Methodology

N in manure manageNnertretion


https://iir.umweltbundesamt.de/2021/sector/agriculture/manure_management/das_regionalisierte_agrar-_und_umweltinformationssystem_fuer_die_bundesrepublik_deutschland_raumis_._berichte_ueber_die_landwirtschaft_band_73_272-302
https://iir.umweltbundesamt.de/2021/sector/agriculture/manure_management/das_regionalisierte_agrar-_und_umweltinformationssystem_fuer_die_bundesrepublik_deutschland_raumis_._berichte_ueber_die_landwirtschaft_band_73_272-302
https://iir.umweltbundesamt.de/2021/henrichsmeyer_w/cypris_ch/loehe_w/meuth_m/isermeyer_f/heinrich_i/schefski_a/neander_e/fasterding_f/neumann_m/nieberg_h._1996/entwicklung_des_gesamtdeutschen_agrarsektormodells_raumis96._endbericht_zum_kooperationsprojekt._forschungsbericht_fuer_das_bmelf_94_hs_021_bonn_braunschweig
https://iir.umweltbundesamt.de/2021/henrichsmeyer_w/cypris_ch/loehe_w/meuth_m/isermeyer_f/heinrich_i/schefski_a/neander_e/fasterding_f/neumann_m/nieberg_h._1996/entwicklung_des_gesamtdeutschen_agrarsektormodells_raumis96._endbericht_zum_kooperationsprojekt._forschungsbericht_fuer_das_bmelf_94_hs_021_bonn_braunschweig
https://iir.umweltbundesamt.de/2021/henrichsmeyer_w/cypris_ch/loehe_w/meuth_m/isermeyer_f/heinrich_i/schefski_a/neander_e/fasterding_f/neumann_m/nieberg_h._1996/entwicklung_des_gesamtdeutschen_agrarsektormodells_raumis96._endbericht_zum_kooperationsprojekt._forschungsbericht_fuer_das_bmelf_94_hs_021_bonn_braunschweig

In order to determdand NBmissions from manure management of a specil c
the individual N excretion rate must be kngowthaslI WNlcastefoiroNHhe N

excretions. Default excretion rates are provided by IPCC Guidelines and
found in the EMEP Guidebook (EMEP, 2016) [10]. However, the German a
inventory uses N mass balances to calculate the N excretions and the TA
animal categories to be reported. N mass balance calculations (see belo\
feed, N retention due to growth, N contained in milk and eggs, and N in
national means of N excretions and TAN contents. For methodological de
data see Haenel et al. (2020), Chapter 3.3.4.3 as well as Chapters 4 to ¢

Table 2: National means of N excretions and TAN contents

[{e]

1199/0199/200200520102011201220132014201501620172018201

mean N excretions in kg per animal place

dairy cattl®2,097,903.808.910/,811,011/810.711,813,114,514,816.820.0
other caftB8.,140,441./941,842./642,442 /442,542 /542,842 |742,943/143,5
horses 48.,248,149.,048.848.,848./848.,848.,848.,848.848.848.848.,848.8
sheep 7. .7 7.8 7.8 r.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
goats 11/011,/02121,011,022/02121,0121,022/021,012,0212/0211,0112,/021,0
swine 12)112,/612/712./812.,/912.,912.,913,013,013.,013.,113.,213,313.,3
laying henG.820.790.780.800.870.880.880.880.880.880.880.880.890.89
broilers | 0.480.440.490.520.570.540.490.450.480.500.500.510.520.51
turkeys 2.0 2.0 2.0 2.2 2.2 2.2 2.3 2.3 2.3 2.3 2.3 2.3 2.3 2.3
pullets 0.330.290.270.270.270.270.270.270.270.270.270.270.270.27
ducks 0.610.610.610.610.610.610.610.610.610.610.610.6/10.610.6/1
geese 0.550.550.550.550.550.550.550.550.550.550.550.550.550.55

mean TAN contents in %

dairy cat/tl®8,055,052./951,349./949.,649./349,248/748.648./348,247 /647 .,2
other catftlbs5,064,764 /564,564 /864.,864.,964.,965,065.,064.,964,964,964.9
horses 60.,060.,060.,060.,060,060.,060,060,060,060.060.,060.060.060.0
sheep 50.,/050,050,050,050,050,050.,050,050,050./050./050./050.050.0
goats 50,050,050,050,050.,050.,/050,050,050./050,050.,050./050,050.0
swine 74,374 /173/873,773,/373/273,073,072,972,972.,872|772,772.7
laying hen&s0.,369 /669,169 ,/470,070,070,070,/170,270,170,170,/170,170.1
broilers | 60,860,/158,055,/152,852.,852,852,/852,852.,852,852,/852,852.8
turkeys 63,963/962 /263,062,162 /362,962,662 .,662,662.,662,/662,662.6
pullets 67.,867.,867.,867.,867.,867.,867,867.,867.,867.,867.,867.,867.,867.8
ducks 49.,949,949.,949.,949.,949./949./949./949./949./949 /949 /949 /9499
geese 70,070/070/070,070/0O70/070,070/070,070,070/070,070.,070.0

N mass 0 ow and emission assessment

The calculation of the emjsblban§GANNZ2 from German animal husbandry i
the so-called N mass G0 ow approach (e. g. Dammgen and Hutchings, 2008,
dil erentiates between N excreted with faeces (organic nitrogen Norg, i. ¢
urine (total ammoniacal nitrogen TAN, i. e. fraction of feed N metabolize
manure management system is treated as depicted in the d gure below. T¥F
requirements of both the Atmospheric Emission InyeemosyiGrus de&dwBR ,f@0 1



[10], and the IPCC guidelines for greenhouse gas emissions (IPCC (2006
(2008),[2])), showed for several European countries (Germany, the Nethe
Kingdom) that their N-0 ow based inventory models yielded, in spite of na
comparable results as long as standardised data sets for the input variat

Not explicitly shown in the N mass 0 ow scheme is air scrubbing in housin
manure. These issues are separately described farther below. Note that
application are reported in sector 3.D.
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General scheme of NRBows in animal husbandry

m: mass from which emissions may occur. Narrow broken arrows: TAN (to
narrow continuous arrows: organic N. The horizontal arrows denote the p
systems with bedding occurring in the house, and the process of minerali
occurs in any case. Broad arrows denote N-emissions assigned to manure
emissions from yards; Ehouse NH3 emissions fgolOhdN®ad B\s2 og anges NoHh s
from storage; Eapehicshliidins during and after sprgadidngN Ggdad NH
emissions during and after gazN@nd&E N2l eNnissions from soil resulting fr
input).

The 0 gure allows tracing of the pathways of the two N fractions after exc
where excretion may take place are considered. The partial mass 0 ows d¢
depicted. During storage Norg can be transformed into TAN and vice vers
amount of such transformations may be inluenced by manure treatment p
anaerobic digestion where a considerable fraction of Norg is mineralized
Haenel et al. (2020), Chapters 3.3.4.3 and 3,34 ednjitledW htesrdoematiHon is
related to the amount of the TAN present. For poultry the excretion of ur
be used instead of TAN (see Dammgen and Erisman, 2005, [5]). In line w
assumed that UAN excreted can be ¢cOnsidiesednEANe Nelated to the total

N available (Norg +, BANY3siN®s (i. e. NO emissions) are calculateOpropor
emissions, see section 'Emission factogds'NGote NRagdnthesidns from the va
storage systems include the respective emissions from the related housir

Air scrubber systems in swine and poultry housings


https://iir.umweltbundesamt.de/2021/_detail/sector/agriculture/manure_management/n-flow-abbildung_aus_tr_77.png?id=sector%3Aagriculture%3Amanure_management%3Astart

For pig and poultry production the inventory considers the el ect of air s«
of air scrubbing facilities and the removal eldciency are provided by KTBI
Bauwesen in der Landwirtschaft / Association for Technology and Structu
average removal el cignhicsyxaBON Mo for swine and xx70 % for poultry, while
the rates are set to xx90 Jtandx?®r % Mor both animal categories. For swi
time, two types of air scrubbers are distinguished: certil ed, apsltems that
particles, and non-certil ed systems that remove only particles.

According to the KTBL data, xx6.6 % of all pig places were equipped with
another xx0.7 % were equipped with non-certid ed systems. For poultry Xx
places and xx0.9 % of all broiler places were equipped with aif acdubbers:
particles. The amoynNsrembdl\Hed by air scrubbing are completely added to
N and TAN for landspreading. For details see Haenel et al. (2020), Chapt

Anaerobic digestion of manure

According to IPCC (2006) [4], anaerobic digestion of manure is treated Ii
that, however, comprises three sub-compartments (pre-storage, fermente
For details see Haenel et al. (2020), Chapters 3.3.4.4 and 3.4.4.2 [1]). T
considered as liqguid. Two did erent types of digestates storage systems a
storage and open tank. For the open tank formation of a natural crust be
fermentation of energy crops is taken into account. Furthermore, the moo
and spreading of the digestates takes into account that the amount of TA
than in untreated slurry and that the frequencies of spreading techniques
untreated slurry.

NH and NO emissions occur from pre-storage of solid manure, from non-g
digestates and from landspreading ,0é ndig®i®otrad essn INKMMO emissions from

landspreading of digested manure are reported in 3.Da.2.a). There are n¢
storage of slurry, from the fermenter and from gastight storggendfNdgest:
emissions calculated with respect to the digestion of animal manures do
contributions by co-digested energy crops. The latter are dealt with sepa

Emission Factors

Application of the N mass G ow approach requires detajledD eM@@esdoNFacto
describing the emissions from the various housing and storage systems.

The detailgdeMission factors are, in general, related to the amount of TA
various stages of the NOow chain. The emission factors for laying hens,
turkeys are related to ;NemMositohN Hactors are country speciic but some are
EMEP (2016) [10]. No,seprecsiscoNHactors are known for the application of

However, due to co-fermentation of energy crops, the viscosity of digeste
untreated cattle slurry. Hence, the emission factors for untreated cattle
application of digested manure. For the detailed emission factors of live:
et al. (2020), Chapters 4 to 8; for emission factors of digested manure s
Chapter 3.4.4.2.4 [1]. Table 3 provides, by animal category, the implied

manure management (housing and storage). The overall German NH3 IEF
reported in section 3.D.a.2.a.

The detailed emission {@ctdAnfdrNiR relate to the amount of N available w
excreted plus, in case of solid manure systems, N input,®@iembegidimg mat



factors are taken from IPCC (2006) [4]. The ,eanidshN®n afreec egrsr dbxiinNaQed as
being proportional to the N20O emission factors, i. e. the NO-N and N2 en
respectively, one-tenth and three times the value of the N2O-N emission
(2020), chapter 3.3.4.3.5 [1]. This proportionality is also applied to anae
whereONemissions occur from pre-storage of solid manure and non-gastig
with the emission factors being those used for normal storage of solid m«
untreated slurry with natural crust provided by IPCC (2006) [4]. Note tha
calculates NO rather than NOx. The conversion of NO emissions into NOX
multiplying the NO emissions WOthmoHarNeight ratio of 46/30. This relatio
holds for NO aedid®ion factors.

All N@missions from the agricultural sector are excluded from emission a
as they are not considered in the NEC and Gothenburg commitments.

Table 3 shows the implied emissjoandapdfbrstioé Maélrious animal categories.
emission factors normalize emissions from an animal category as the rati
respective number of animals.

Table 3: IEF, f&@rNXOHom manure management

| 1990 1995 2000 2005 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
IEF in kg NH3 per animal place
SZ;”; 9.8 1004 111 12J1 12/6 12|5 12/4 12)3 12]2 12|3 12/4 12)3 12]4 126
other
70 7.4 797 82 84 84 83 83 83 84 8.4 84 8l 8.5

cattle

horses 13]5 13]5 13]7 13]7 13]7 13]7 13]7 13]7 13]7 13]7 13]7 13]7 13]7 13]7
sheep| 0.83 0.82 0.84 0.83 0.84 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.82 0.83
goats| 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62
swine| 4.42 4.41 4.37 4.32 4.19 4.15 4.12 4.12 4.11 4.09 4.10 4.10 4.11 4.10
:imgg 0.2140.2030.2030.2000.1420.1440.1440.1450.1450.1450.1460.1460.1470.147
broilelrs0.1430.1310.1410.1440.1480.1400.1260.1160.1220.1260.1280.1300.1330.131
turkeys 0.7880.7880.7920.8690.8310.8350.8880.8580.8570.8560.8570.8570.8590.859
pullets 0.1080.0960.0880.0870.0820.0810.0810.0790.0790.0790.0790.0800.0800.080
ducks| 0.1930.1930.1930.1920.1900.1890.1880.1870.1860.1860.1860.1860.1860.186
geese| 0.3010.3010.3010.3000.2980.2980.2980.2970.2970.2970.2970.2970.2970.297

IEF in kg NOx per animal place

SZHL 0.1060.1140.1250.1300.1250.1220.1180.1150.1150.1160.1170.1170.1190.122
225; 0.0530.0580.0600.0640.0650.0640.0640.0630.0630.0630.0630.0630.0630.064
horses 0.0840.0840.0860.0860.0850.0850.0850.0850.0850.0850.0850.0860.0860.086
sheep| 0.0060.0060.0060.0060.0060.0060.0060.0060.0060.0060.0060.0060.0060.006
goats| 0.0130.0130.0130.0130.0130.0130.0130.0130.0130.0130.0130.0130.0130.013
swine| 0.0100.0120.0120.0140.0160.0160.0150.0150.0150.0150.0150.0150.0150.015
Lzﬂgg0.ooomzooomeooomeooomgooo@5000@5000@4000@4000@3000@4000@4000@3000@300033
broilelrs.000/D6000/D5000/D6000/D900022000/D1000/D8000D7000/D8000/DI000DI000/DIOO0ODIOOO/LI
turkey.000/®7000/®7000/0000/®3000/®0000/DO000/DL000HI000/&I000/HI000H000&S000/H7000|87
pullet/n.000/D1000/D0000/®I000/D0000D1000/D1000/D1000D1000/D1000/D1000D1000/D1000/D1000/11
ducks|0.000D4000/D4000/D4000D5000/D7000/D7000D6000/D7000/D6000/D7000/D7000/D6000D6000/26
geese/0.000D8000/D8000/DI000D1000/D3000D3000D1000/D2000/D1000D2000/D2000/D1000D100021

Trend discussion for Key Sources

Dairy cattle, other cattle and swine argekeiy ssiomisc érsomf Manure manageme



time series of the, eanadsNains from all three categories are predominantly
development of the animal numbers, see Table 1. This also holds for the
emissions in the last few years. However, the el ect of decreasing animal
compensated by the continuously increasing animal performance. This le:
excretions per animal, see Table 2, which, in principle, is rel ected by in
factors, see Table 3. For swine, as of 2012, the IEF is almost constant o
scrubbing systems that, to a high de§rer, themooes Nl s .

For N®Ohere are no key categories.
Recalculations

All time series of the emission inventory have completely been recalculaf
and REC-2 compare the recalculated,tameé N&roes IBrwth the respective d
last year s submission. The overall recalculation el ects are small. The b
update of the N excretions of suckler cows (recalculation No 4, see main
sectomt{ps://iir-de-2020.wikidot.coi/anag picldetitsr No 10). Further details
recalculations are described in Haenel et al. (2020), Chapter 3.5.2. [1].

Tables REC-1 and REC-2: Compaaingo N ®mithsioMld of the submissions (SUB
and 2021

NH3 emissions from manure management, in Gg
SUB19901995200020052010201120122013201420152016201720182019
Total |202/1303.2656.0856.92157.3252.8853.127/57 .22158 . 4260.02356.3%653.7B52.8547.2043 .31
202(B25.6075.3076.R2A76.4871 .07 1. 42875 . 7077 .82A79.5076.3073.9872.88367.01

Dairy

cattle 202162.1954.1350.8151.2852.7152.4451.8652.3052.4852.7252.1051.6450.7450.40

202075.0565.5761.8762.4864.1964.2263.794.4465.2965.8865.4364.9664.24

Other

cattle 202191.3978.8876.7971.7372.489.7569.3970.2670.489.8568.9067.6265.854.47

1581.0980.8477.9077.5178.5178.7478.1477.2475.6973.74
Swine/2021117.13839.9295.0898.2393.2194.5697.4796.2997.2894.0693.2693.9290.5488.50
C

786 .1 . €
( N (
202|017.189.9295.0898.2393.2194.5897.5196.3697.3794.1793.4094.090.63
& L& !
&

202(0001.287.

wlwlwlen

poultry202(122.9621.9924.8726.6526.0628.2330.3431.5031.8031.8431.6831.9532.4532.43
202022.7121.4123.8625.3624.5526.6328.8130.0230.2730.3130.2130.4630.87

animal’s
2020 9.4411.029.25 9.31 8.33 8.09 8.07 7.98 7.91 7.80 7.71 7.6/4 7.

NOx emissions from manure management, in Gg

Other|, 551 9.5911.169.37 9.43 8.43 8.18 8.16 8.07 8.00 7.89 7.79 7.72 7.62 7.51
2 5

SUB1990199520002005201020112012013201420152016201(720182019
Total |20211.720.551.528.534.529.502.480.475.482.465.455.448.418.401
202|01.868.674.639.644.632.604.582.579.588.572.562.548.519
(I:D;tltrlye 202|10.670.590.570.55%5@2.520.516.4906.490.496.4906.49@.480.488.489
202|0.722.640.600.580.540.540.523.520.526.526.520.522.520
Coat?t?; 202(10.696.618.600.566.562.538.520.532.532.526.510.500.490.487
202(0.7868.696.686.640.630.610.602.6006.606.600.593.580.566
Swine/20210.26@.242.263.322.350.356.350.353.350.34@.343.346.336.328
202(0.26@.242.263.322.350.356.350.356.350.34@.343.3406.334
poultry}202/10.026.02@.028.033.040.043.046.040.048.048.048.048.040.049



https://iir-de-2020.wikidot.com/3-agriculture

202/0.026.02@8.026.033.040.0406.0406.040.048.046.046.048.049

S;?me;|250210.06)3.0"8.06Q.O()Q.056.053.OESG.OESG.OE)Q.OE)Q.OE0.050.050.049

202(0.066.073.062.062.056.053.053.0563.05@.050.050.05%0.050

Planned improvements

No improvements are planned at present.

NMVOC

In 2019, NMVOC emissions from manure management amount to xx316.5 v
NMVOC emissions from the agricultural sector. xx85.7 % originate from c
XxX8.7 % from poultry. AIl NMVOC emissions from the agricultural sector &
accounting by adjustment as they are not considered in the NEC and Got!
Chapter 11 - Adjustments and Emissions Reduction Commitments).

Method

The Tier 2 methodology provided by EMEP (2016)-3B-25 [10] was used to
emissions from manure management for dairy cattle and other cattle. For
methodology (EMEP (2016)-3B-17 [10]) was used.

** Activity data**

Animal numbers serve as activity data, see Table 1.

Emission factors

For the Tier 2 methodology applied to dairy cattle and other cattle the fo

e gross feed intake in MJ per year, country specilic data from the annu
gas emissions, see NIR 2020, Chapter 5.1.3.3,

e proportion x house of the year the animals spend in the livestock bui
being equal to 1 xgraz with xgraz the proportion of the year spent c
Chapter 19.3.2,

e FRACsilage 1 as proposed by EMEP (2016)-3B-27 [10], since silage f
considered dominant in Germany

e FRACsilage store: 0.25 as proposed by EMEP (2016)-3B-28 [10] for E

e EFNMVOC silage_feeding, EFNMVOC, house, EFNMVOC, graz are tak
table 3.11 [10] as 0.0002002, 0.0000353 and 0.0000069 kg NMVOC/M
respectively,

e EFNH3,storage, EFNH3,building, and EFNH3,application are taken frc
above and 3.D).

For all other animal categories the Tier 1 emission factors for NMVOC as
(2016)-3B-18, Table 3.4 [10] were used: For horses the emission factors
chosen, for all other animals the emission factors for feeding without sil;
speciic emission factors or emission factors that do not correspond to th
categories, the emission factors provided in EMEP (2016)-3B-18, Table 3



speciic emission factors for weaners, boars, lambs, ponies/light horses
(2020), Chapter 3.3.4.2 [1]. The implied emission factors given in Table
emissions to the number of animals in each animal category. The IEFs fo
are identical to the EMEP Tier 2 EF and are much higher than the EMEP
NMVOC for dairy cattle and 8.902 kg NMVOC for other cattle. The only p¢
huge dil erences is that the EMEP Tier 2 and Tier 1 methods are not cons

The IEFs for the other categories provided in Table 4 correspond to the |
except for horses, sheep, swine and other poultry. These categories com
dill erent emission factors so that their overall IEFs in Table 4 represent
national mean values. Note that other poultry in Germany includes not on
pullets. For pullets no default EF is given in the EMEP guidebook (EMEP
broilers has been adopted (because of similar housing). This assumption
overall IEF of other poultry in Table 4 the IEFs are listed separately for
of the sheep category is signil cantly lower than the EMEP Tier 1 emissio
the EF is assumed to be 40% lower compared to an adult sheep in accord
excretion between lambs and adult sheep.

Table 4: IEF for NMVOC from manure management

IEF in kg NMVOC per animal place

1990 1995200020052010201120122013201420152016201720182019
Sgt':?’e 30.94302.60%55.4736.70%7.2817.57B7.56307.36317.702317. 9148 . 36358 .3 7RI .21430.093
gg,:telre11.7[)]51.65171.76]51.65121.72121.67161.64161.65141.632121.61161.61181.65]81.71161.818
horses 6.4976.4916.6886.6606.6446.6436.6426.6416.6446.6466.6486.6%516.65356.656
sheep 0.1310.1310.1320.1320.1310.1310.1310.1310.1310.1310.1310.1310.1310.131
goats| 0.5420.5420.5420.5420.5420.5420.5420.5420.5420.5420.5420.5420.5420.542
swine| 0.6950.6980.6900.6820.6690.6630.6%560.6540.6520.6510.6490.6480.6480.648
Laeyn';‘g 0.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.165
broilelr€.1080.1080.1080.1080.1080.1080.1080.1080.1080.1080.1080.1080.1080.108
turkeys0.4890.489.489.489.489.489%.489%.489.4890.4890.4890.4890.4890.489
pulletls0.1080.1080.1080.1080.1080.108.1080.1080.1080.1080.1080.1080.1080.108
ducks| 0.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.489.489
geese| 0.4890.4890.489.489.489.4890.489.4890.489.4890.4890.4890.489.489

Trend discussion for Key Sources

Dairy cattle and other cattle are key sources of NMVOC emissions from n
total NMVOC emissions from both animal categories strongly correlate wi
in Table 1 (cattle: R2 = 0.98; other cattle: R2 = 0.99).

Recalculations

All time series of the emission inventory have completely been recalculaf
compares the recalculated time series of the NMVOC emissions from 3.B
last year s submission. The recalculated total emissions are by more tha
completely due to the introduction of the Tier 2 methodology for cattle (r
page of the agricultuhdtpsecthior-e-2020.wikidot.coi/3wdgchcuoueethan

doubles the dairy cattle emissions calculated with the Tier 1 method. Em
more than 40 % higher than those calculated with the Tier 1 method for |


https://iir-de-2020.wikidot.com/3-agriculture

mentioned already above, that huge dil erences are due to the fact that t
are not consistent. Emissions of other speciewitdmaian ek cepaham pddl,aying
hens emissions in 20Ek7t®calculation NBu8ther details on recalculations ar
described in Haenel et al. (2020), Chapter 3.5.2 [1].

Table REC-3: Comparison of NMVOC emissions of the submissions (SUB)

NMVOC emissions from manure management, in Gg

SUB19901995200020052010201120122013201420152016201720182019

Total ([2021390.8332.13818.0297.p6596.7297.12399.[13704.33806.[73105.33803.03/00.02497.8695.83

202|M39.43165.7/H44.93820.2B17.2H17.23618.9H24.83026.09325.4H22.8420.23016.49

Dairy

cattle 2021196.61170.9176 2. 11055 . 51055 . 71557 . 41557 . 31959 . 4106 2 . 0146 2 . 41561 . B126 1 . 1156 0. 8116 0. 8 4

202®31.81894.01077.[1136 7.5106 6 .5176 8 . 1136 7 . 6197 0. 01172 .B177 2 . 5187 1. 51770.81969 .9 7

Other

cattle 2021153.71224 21717 .P1902.51401.1497.3896.8998.1198.0097.0095.8394.2391.9590.15

2020067.01934.81329.P1413.11210.71806.81406 . 381707 .P1207 .81406.91505. 81403 . 71501 .42

2;?§;|2502140.£L636.S)438.( 239.6139.89%2.2944.89%46.8746.7045.9345.4245.5645.1144.84

202040.4636.9438.6239.6139.8942.2944.8946.8746.7045.9345.4245.5645.11

Planned improvements

No improvements are planned at present.

TSP, PM10 and PM2.5

In 2019, TSP emissions from manure management amount to xx71.4 % of
agricultural sector. Within the emissions from manure management xx22.
Xxx39.8 % from pigs, and xx37.0 % from poultry. xx43.0 % of the PM<ub>1
the agricultural sector are caused by manure management, where xx34.4
Xxx19.2 % from pigs, and xx45.6 % ,fremipoiwitsyfr®m the agricultural secto
originate from manure management (xx85.0 %), of which are xx77.8 % fro
pigs, and xx17.6 % from poultry.

Method

EMEP (2013)-3B-26 [9] provided a Tier 2 methodology. In the current Gui
this methodology has been replaced by a Tier 1 methodology. However, E
EMEP 2013 Tier 2 methodology remained unchanged. So the EMEP 2013 |
for cattle. For swine the EMEP 2013 [9] methodology was formally kept b
was used both for slurry and solid based manure management systems. T
EMEP 2016 EFs for laying hens (used for cages and perchery). In case tt
rounded EMEP 2013 EFs, the unrounded EMEP 2013 EFs were kept. The i
scrubber systems in swine and poultry husbandry. For animal places equi
emission factors are reduced according to the removal el ciency of the ai
for TSP angd PM% forJPMor details see Haenel et al. (2020), Chapter 3.3.

Activity data

Animal numbers serve as activity data, see Table 1.



Emission factors

Tier 1 emission factors,,fandl 8PMrdMlivestock husbandry are provided in E
(2016)-3B-19, Table 3.5 and 53, Table A3-4 [10]. For cattle the Tier 2 en
EMEP (2013)-3B-29, Table 3-11 [9] were used, because they dil erentiate
manure systems and were also used to develop the EMEP 2016 Tier 1 em

The implied emission factors given in Table 5 relate the overall TSP and
of animals in each animal category. The Guidebook does not indicate whe
the condensable component (with or without).

Table 5: IEF for,,BSP,MPrldm manure management

119901995200020052010201120122013201420152016201720182019

IEF in kg TSP per animal place
gg{:lye1.21214.40116.454]4.47413.48911.487]3.486]0.48411.484]0.48218.48314.482]8.482]6.4826
gg,:telre0.51904.51007.501C8.492(5.482(B.48104.48107.482(2.481CB.480(B.48007.48307.481(D.4807
horses0.3510L351® 3550. 355X 35408, 3540835 4B. 3540835 4B. 35 40.35400. 3550.3550.356 1
sheep/0.04B04 04708 048®. 0485 04810485 0486 0485 0488 0480 0480 0480 0480.0482
goats|0.09104 09104 09104 09 10% 09104 09 104 09 104 09 104 0 9 104 0 9 1G4 0 9 104 0 9 1G4 0 9 104 0 9 11 4
swine|0.8250. 83606 83P1.82107.8100%.80AB. 8086 80B1.800® 7910.791B. 7800 78565.7814
LaeynlggO.19D(D.190(D.19:)OZ).19[)C0.190(D.19C)CO.19DCO.190(1).193@.189@.189(3.18907.18904.1890
broilelr.04DWD. 04 0M. 0401 040D 0400, 04DWD. 04 0M. 04010, 03090 0300.03507.03006.03 096 0304
turkey6.110M0. 11001100 1100 1100.11000.1100.11000.1100.1100.1100. 1100 1100.1100
pulletsD.04Dm. 04 0M. 04 DM 04 0M. 04 0WM. 04 0M. 04 0M. 04 D®D. 040D 04D®D.040M 04DD.040M. 0400
ducks|0.1400. 1400, 140001400, 1400. 14001400, 140001400 1400.1400. 1400, 14001400
geese|0.240M. 240D 240D 240M.240W.24DD. 24010, 24 00. 2400, 240D 2400 240M.2400.2400

IEF in kg, PMer animal place
g:t'[?’eo.55507.642(6.666(8.67503.68207.681c9.68103.68004.68303.679(3.68001.679(3.67907.6797
gy,:telre0.240(13.236(.‘8.232(1[.227(B.223(D.22203.22207.222(.‘9.22205.222(2.222(.‘2.222(2.222(13.2222
horse50.16100. 161M.1630. 16830616030 16304 1630416301630 1680 1636 1635 1685 1635
sheep/0.01904 01952 01906.01906. 01906.01 905 019040190+ 01904 0108 0198 01PB. 01920103
goats|0.03pB 0368 03B 0358 03 6B 0358 0368 0368 0368 0368 0368 0368 03680368
swine|0.1240. 1250 121404 1230, 1190 1180711805 11707. 11700, 1158 11506. 1150 11 407. 1189
Laeyn';‘go.o4:mo4om.o4303.040(1).040(1).04303.040(1).0400).04303.040(1).0400).039(9.039(9.0398
broilel. 0200 020m. 0201 020mM. 02000200 020M. 02010 020M. 0160 0198 0108 01980107
turkey6.110M0. 11001100 1100 1100.11000.1100.11000.1100.1100.11010. 1100 1100.1100
pullets.02Dm. 020Mm. 020Dm. 020M. 020mM. 020m.02 DM 020MD.020M 020D.020M02DD.020M 0200
ducks|0.140Dm 1400.14Dm0.140M.1400. 140D 1400.14010.1400.1400.140D.1400.1400.1400
geese|0.240M.2401. 2400 24010.240M.24D10.240M.2400.2400.2400.2400.2400.2400.2400

IEF in kg,PMer animal place
2:;:?’60.36105.41801.433(9.439(13.444(2.44307.443(13.44207.44207.44203.442(5.442(13.442(2.4422
2;*:3;o.15704.15403.15201.149(13.145(13.145(1).14501.145(2.145(1).145(13.145(3.145(3.145(9.1458
horse50.10P07. 10206 103m.10R3B. 10306. 10306 10306. 10806 10R06.108%7.10807.1030%.10B7. 1037
sheep|0.005® 005®.00pBD. 006®D.00BD. 005D.006M.00HD. 005®.005®. 005D.00H®.0050.0059




19901995200020052010201120122013201420152016201720182019

goats|0.011.0112.011®. 011 011®.011®R.011®. 011011 011R.011®. 011 011®R. 0112

swine|0.00p®B.00500r.0050.00506.00504.00504.00pB.005B.005B.005@.005@.005@.00p®. 00562

Ihaeynlgg0.003(]).003(1).003(1).003(1).003([).003(1).003(1).003(1).003(1).003(1).003(1).003(1).0030).0030

broile|rs.00PM.00PM.002M.002M.00PM.00PM.00PM.00RM.00PM.00PM.00RM.O00RM.00RM.00RO

turkey©.02D0.0200.0200.02010.02010.020M.020M.0200M.0200.02010.020M.020M.020®M.0200

pullet|0.00RM.00RPM.00RM.00RM.00RM.00RM.00RM.0O0RM.00RM.00RM.-00RM.O00RM.OORM.O0ORO

ducks|0.0180.01810.0181».01810.01B8M.0180.0180.01810.01810.018M.01B8M.0180.0180.0180

geese/0.0320.03PM.032M.03PM.03P2M.0320M.032M.032M.03PM.032M.03PM.032M.032M. 0320

Trend discussion for Key Sources

Swine and laying hens are key sources of TSP emissions from manure ma
emissions from swine mainly follow the animal numbers given in Table 1.
emission factors of the dil erent housing systems of the four swine subca
weaners, fattening pigs, boars) and the varying population sharésoifn thos
the linear regression is lower than 1 (0.82). For laying hens, TSP emissi
animal numbers provided ir=Tlable 1 (R

** Recalculations**

Table REC-4 shows the el ects of recalculations on emissions of particulze
recalculation el ects are small. The biggest impact has the introduction o
all ecting particulate matter emissions for swine (recalculation No 6, see
sectomt{ps://iir-de-2020.wikidot.cojn/anadgrioudtlesser extent, the introduc
scrubber systems for poultry (No 7). More details on the agricultural rec:
the main agriculturaltpsadli(-de-2020.wikidot.com/Fuaghiecru titeitreeils on

recalculations are described in Haenel et al. (2020), Chapter 3.5.2.

Table REC-4: Comparison of particle,e&iBNicfsti€SsFubmisssions (SUB) 20:
2021

TSP, PM10, PM2.5 emissions from manure management,|in Gg

SUB199019952000200520120112012201320140152016201(/720182019

TSRH202150.042.242.441.240.321.783.905.045.384.584.384.403.5482.90

PM,202114.382.712.682.292.322.753.313.803.773.563.393.363.173.00

( y K g K E J f
TSR202/60.2462.442.441.240.321.7823.945.045.364.644.384.443.62

K y K 3 1 § 3 1

p p p ! 1

PM,202014.482.782.682.292.322.753.313.803.783.573.403.383.19

PM20215.014.474.183.893.863.863.914.014.013.973.913.883.803.72

PM20205.084.524.183.893.863.863.914.014.013.973.913.883.80

** Planned improvements**
No improvements are planned at present.
Uncertainty

Details will be desxdralpedrit.7

1)

R6ésemann C., Haenel H-D., Vos C., bammgen U., D6ring U., Wulf S., Eur


https://iir-de-2020.wikidot.com/3-agriculture
https://iir-de-2020.wikidot.com/3-agriculture
https://iir.umweltbundesamt.de/2021/general/uncertainty_evaluation/start

Dohler H., Schreiner C., Osterburg B. & Fu3, R. (2021): Calculations of ¢
emissions from German Agriculture 1990 2019. Report on methods and d
2021. Thinen Report (in preparation).
https://www.thuenen.de/de/ak/arbeitsbereiche/emissionsinventare
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