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Country specifics

In 2019, BiMissions from category 3.B (manure management) derived up to 43.6 % from to
which is equal to ~ 243W3tkinNthose emissions 47.2 % originate from cattle manure (~ 114
manure (ca. 88.5 kt), and 13.3 % from poultry manure (~ 32.4 kt). Calculations take into
digestion of manure on the emissions.

NQ emissions from category 3.B (manure management) contribute only 1.2 % (~ 1.4 kt) to
emissions. They are calculated ps@pomiiosniany,teed R semann®et al. (2021)

NMVOC emissions from category 3.B (manure management) contributed 97.2 % (295.8 kt)
emissions (304.4 kt).

In 2019, manure management contributed, respectively, 71.1 % (42.9 kt), 42.7 % (13.0 kt
agricultural T,sndP M missions (TSP: 6@.3kt4 Pt\M;PM4 kt, respectively).

Activity data for all pollutants

The Federal Statistical Agency and the Statistical Agencies of the federal states carry ol
with other data, the head counts of animals. The results of these surveys are used for en
R semann et al, 2021, Chapter 3.4.2.

The animal population B gures used in the inventory are presented in Table 1. BuB aloes a
B gures, mules and asses are included in the horse population B gures (IE), see R semann
In the B rst years after the German reunid cation in 1990 animal livestock decreased marke
continued to decrease signi cantly until 2006/2007, followed by a more or less stable pe
decrease occurred. In 2019, dairy cattle numbers are 63.1 % of 1990 numbers, while the
58.1 % of 1990. Swine numbers decreased until 1995 and then increased slightly. Since 2



(2019: 81.5 % of 1990). The 2019 numbers of horses, sheep and goats are, respectively,
1990.

Figures for broilers and turkeys are showing a massive increase since 1990. In total, 201
154.1 % of 1990. A detailed description of the animal R gures used can be founf in the Nz
Chapter 5.1.3.2.3.

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

buB alo N O N O |

mules
and |
asse

horses 4995 634,1 4995 508.4 461.8 461.6 4615 4613 4549 4484 4420 4355 4291 4226
sheep 3,266.2,990.2,743.2,643.2,245.0,979.71,965.2,877.2,892.4,866.9,851.0,863.2,846.0,813.6
goats 90,0 100/0 140.0 170.0 149.9 143|4 136.8 130[2 133[1 135[9 138[8 141[7 144|.6 1474
swine26,50226,38723,76722,74228,24422,78V729,64823,39123,66629,97828,760122,92028,01022,596.4
layin
heyns 4
broile35,3938402,02558,35956,7626%,53177,40288,27497,14596,02798,90998,79193,79193,79193,791.3
9
8
4

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

113,13310,660.9,968.8,800.8,628.8,340.8,319.8,418.8,446.8,350.8,248.8,082.2,848.2,627.9

g53,45)45,31743,22536,20336,27939,51449,75)48,98349,30350,619535,93555,52458,56158,90]..

turkely$,029.8,742.6,8931D,61111,34410,98112,61818,25512,95712,658183,35919,359192,35919,359.
pullet¥7,21018,592108,24018,300114,30312,749138,19513,64112,73413,82313,92118,92118,92118,921.
ducks 2,013.7,933.2,055.2,352.3,164.3,029.3,894.8,759.2,585.3,410.8,236.2,236.2,236.2,236.
geese 7815 617,0 4048 3295 2781 366.8 4555 544[(2 4725 400/8 3290 329,0 3290 3290
other animals: no data available a)

a) Animal numbers of other animals are not available. Emissions of other animals were a
population B gures for a single year (see R semanr’ andasub2itedCttoaphterTERT of the NEC
Review. The TERT conBrmed that emissions are below the threshold of signiB cance. For
UNFCCC has acknowledged that the emissions from Germany’s other animals are negligib
UNFCCC and UNECE/NEC reporting, no air pollutants from other animals are reported.

Additional data

Emission calculations in accordance with a Tier 2 or Tier 3 method require data on anima
weight gain, milk yield, milk protein content, milk fat content, numbers of births, number:
on the relevant feeding details (phase feeding, feed components, protein and energy con
el ciency). To subdivide oB cially recorded total numbers of turkeys into roosters and hen
percentages need to be known. Details on data requirements for the modelling of emissio
German inventory can be found in R semann et al. (2021), Chapters 4 to 8.

Most of the data mentioned above is not available from o3 cial statistics and was obtainec
by agricultural association, from regulations for agricultural consulting in Germany and f
1995 and 1999, frequency distributions of feeding strategies, husbandry systems (shares
various housing methods), storage types as well as techniques of farm manure spreading
RAUMIS agricultural sector model (Regionalisiertes Agrar- und Umweltinformationsystem
agricultural and environmental information system for Germany). RAUMIS has been devel
Institute of Rural Studies of the Th nen Institute (Federal Research Institute for Rural Ar
introduction to RAUMIS see Welhgadtetmi(2d9&dscription is provided in Henrithsmeyer et a

RAUMIS did not model complete time series but only selected years. RAUMIS data for the
used in the inventory for years 1990 1993, 1994 1997, and 1998 1999, respectively.
are used that were derived from the 2010 o3 cial agricultural census and the simultaneou:
methods (Landwirtschaftliche Z hlung 2010, Statistisches Bundesamt/ Federal Statistical
on manure application practices (Erhebung ber Wirtschaftsd ngerausbringung, Statistiscl



OR ce).

For the year 2015, data on techniques of farm manure spreading from the 2016 oB cial agt
(Agrarstrukturerhebung 2016, Statistisches Bundesamt / Federal Statistical OB ce) are ust
RAUMIS model data (1999) and the Brst oB cial data (2010) were closed by linear interpol
2019 the 2010 data was kept, with the exception of data on techniques of farm manure sp
was linearly interpolated between 2010 and 2015, and for 2016 to 2019 the 2015 data wa:
account that, as of 2012, slurry spread on bare soil has to be incorporated within four ho
data, the data from o cial surveys and additional data from other sources see R semann

series of frequency distributions of housing systems, storage systems and application tec
corresponding emission factors are provided in NIR 2021,Chapter 19.3.2.

NHs and NO[]

Method
N in manure management
N excretion

In order to determand NBmissions from manure management of a specil ¢ animal category,
excretion rate must be known ag, wkél BANfoonNeéint of the N excretions. Default excretion |
by IPCC Guidelines and default TAN contents can be found’im ofwe \EeM E Ph & G demhaaokagr0odol
emission inventory uses N mass balances to calculate the N excretions and the TAN cont
to be reported. N mass balance calculations (see below) consider N intake with feed, N r
in milk and eggs, and N in o3 spring. Table 2 presents national means of N excretions anc
details and mass balance input data see R semann et al. (2021), Chapter 3.3.4.3 as well

Table 2: National means of N excretions and TAN contents

11990 |1995 2000 2005 (2010 2011 [2012 [2013 [2014 |2015 [2016 |2017 |2018 |2019
mean N excretions in kg per animal place

dairy cattle 92,097,/903(808(910/B311.011,810,711/(813[114,514.,816,820.0
other cattle 38.140.(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.t 1.7 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8
goats 11,0212,011,011/022,/011,/021/012,0211,/022/011,021,/022.,011,0
swine 12(112)612,712,812/912,/912,913,013,013,013,/113/213,313,3
laying hens 0.820.790.780.800.870.880.880.880.880.880.880.880.890.89
broilers 0.480.440.490.520.570.540.490.450.480.500.500.510.5/20.5/1
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 0.610.6/10.610.610.610.6/10.6/10.6/10.6/(10.610.610.610.6/10.6/1
geese 0.550.550.550.550.550.550.550.550.550.550.550.550.550.55
mean TAN contents in %
dairy cattle 58.,055(/052/951.,349,949.,649.349(248.(748/648.,348,247.,647 .2
other cattle | 65/064.,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 hens 70,369/669/169,470,070./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 /949 (9




11990 1995 [2000 |2005 [2010 |2011 [2012 2013 [2014 [2015 |2016 |2017 |2018 [2019
mean N excretions in kg per animal place
geese | 70/070]070/070/070/070/070/070/070/070/070]070]070 /070 |0

N mass flow and emission assessment

The calculation of the emjsblbgn§ @AM Mrom German animal husbandry is based on the so-c
Bow approach (e. g. D mmgen and Hutdhisgasp@®@@&&h di erentiates between N excreted wi
(organic nitrogen Norg, i. e. undigested feed N) and urine (total ammoniacal nitrogen TAI
metabolized). The NB ow within the manure management system is treated as depicted in
reconciles the requirements of both the Atmospheric Emissigrmiseintos y( EMER,b20 K 9fgraMi|
IPCC guidelines for greenhouse gas enfisRioiny @P &I °(2908)ed for several European coun
(Germany, the Netherlands, Switzerland, United Kingdom) that their N-B ow based invento
national peculiarities, comparable results as long as standardised data sets for the input

Not explicitly shown in the N mass B ow scheme is air scrubbing in housing and anaerobic
are separately described further below. Note that emissions from grazing and application
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General scheme of N flows in animal husbandry

m: mass from which emissions may occur. Narrow broken arrows: TAN (total ammoniacal nitrogen); narrow continuous
arrows: organic N. The horizontal arrows denote the process of immobilisation in systems with bedding occurring in the
house, and the process of mineralisation during storage, which occurs in any case. Broad arrows denote N-emissions
assigned to manure managemeng (BlH, emissions from yards;,E.NH, emissions from house;E,.NH;, NO, NQ and

N, emissions from storage; k NH, emissions during and after spreadigg,NH;, NO, NQ and N emissions during and

after grazing; E N,O, NQ and N emissions from soil resulting from manure input).

The B gure allows tracing of the pathways of the two N fractions after excretion. The vari¢
take place are considered. The partial mass B ows down to the input to soil are depicted.
transformed into TAN and vice versa. Both, the way and the amount of such transformatio
treatment processes like, e. g., anaerobic digestion where a considerable fraction of Nor
see R semann et al. (2021), Chapters 3.3.4.3 apds3edniti4¢d Wiherfoweralildn is related to the
the TAN present. For poultry the excretion of uric acid nitrogen (UAN) should be used ins
Erisman, 2908n line with EMEP (2019), it is assumed that UAN excre®ednriasibascansidere
related to the total amount of N availableniNsesrigns TANg. NO emissions) are calculated pr
the ,® emissions, see section "Emission facfOrsN.G\alteN 2hamibeidhs from the various stora
include the respective emissions from the related housing systems.


https://iir.umweltbundesamt.de/2022/_detail/sector/agriculture/manure_management/n-flow-abbildung_aus_tr_77.png?id=sector%3Aagriculture%3Amanure_management%3Astart

Air scrubber systems in swine and poultry housings

For pig and poultry production the inventory considers the el ect of air scrubbing. Data o
facilities and the removal eBciency are provided by KTBL (Kuratorium fr Technik und Batl
Association for Technology and Structures in Agriculture). The ,aise Bdg & rfem swaln eRaci d nty
for poultry, while for ;f $PeamadeBMare set to 90 % tond0fd PoM both animal categories. For s
types of air scrubbers are distinguished: certil ed systaerdspalraitc resnoaedboom-Melrtil ed sys
that remove only particles.

According to the KTBL data, 7.3 % of all pig places were equipped with certiB ed systems
equipped with non-certiB ed systems. For poultry 0.6 % of all laying hen places and 1.5 %
with air scrubbers that remana patritidlilds. The amgoWntsnodveld by air scrubbing are comple
added to the pools of total N and TAN for landspreading. For details see R semann et al.

Anaerobic digestion of manure

According to IPCC (2006), anaerobic digestion of manure is treated like a particular stor:
three sub-compartments (pre-storage, fermenter and storage of digestates). For details s
Chapters 3.3.4.4 and 3.4.4.2. The resulting digestates are considered as liquid. Two dil} ¢
systems are considered: gastight storage and open tank. For the open tank formation of
co-fermentation of energy crops is taken into account. Furthermore, the modelling of ana
the digestates takes into account that the amount of TAN in the digestates is higher than
frequencies of spreading techniques diR er from those for untreated slurry.

NH and NO emissions occur from pre-storage of solid manure, from non-gastight storage ¢
landspreading of digeseatissidhld and NO emissions from landspreading of digested manur
3.Da.2.a). There are no such emissions from pre-storage of slurry, from the fermenter an
digestates. Note,thrad NB emissions calculated with respect to the digestion of animal ma
contributions by co-digested energy crops. The latter are dealt with separately in 3.D.a.2

Emission Factors

Application of the N mass R ow approach requires detaj|leNd eM@EBsdo dactolrsnforhEHmissiol
from the various housing and storage systems.

The detailgdeM™Mission factors are, in general, related to the amount of TAN available at th
chain. The emission factors for laying hens, broilers, pullets, ducks arednteskely sfactorela:
are country speciB ¢c but some are taken from EMERMNM294i9d)n N topsecd¥e Nibwn for the app
digested manure. However, due to co-fermentation of energy crops, the viscosity of diges
untreated cattle slurry. Hence, the emission factors for untreated cattle slurry are adopte
manure. For the detailed emission factors of livestock husbandry see R semann et al. (20
factors of digested manure see R semann et al. (2021), Chapter 3.4.4.2.4. Table 3 provid
NH emission factors for manure management (housing and stogalde) .farhen avera la pFdread no N
reported in section 3.D.a.2.a.

The detailed emission f@ctdygnfdrMdlate to the amount of N available which is N excreted
solid manure systems, N input with bedddngmiaséasnafadttoesNare taken from IPCC (2006). T
factors foraN@®, Mre approximated as being propgteomislstontfi@chNors, i. e. themMi@sNoand N
factors are, respectively, one-tenth and three jOmsemhissiahuéacfothesBle R semann et al. (
chapter 3.3.4.3.5. This proportionality is also applied to anaerq®iemig®itnenoct wrafrrone,p
storage of solid manure and non-gastight storage of digestates with the emission factors
storage of solid manure and the storage of untreated slurry with natural crust provided b
inventory model calculates NO rather than NOx. The convey®imnssifoN® isnaicsienadimty NO
multiplying the NO emissions WOtimobHarNeight ratio of 46/30. This relationship also holds
emission factors.

All N@missions from the agricultural sector are excluded fradjustm ssstotrh @y corenhiatg by
considered in the NEC and Gothenburg commitments.


https://iir.umweltbundesamt.de/2022/general/adjustments/adjustment_de-c

Table 3 shows the implied emissjoandfdaNforstioé Mdrious animal categories. These emission
normalize emissions from an animal category as the ratio of the total emission to the res

Table 3: IEF for Ni& NQ from manure management

| 1990 | 1995 | 2000 | 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
IEF in kg NHs per animal place

S:t'{?’e 9.8 10/4 11]1 121 12)6 12]5 12)4 123 12]2 12/3 12/4 12)3 12/4 12]6
other 70 7. 77 82 84 8l 8B 83 8.3 84 84 84 84 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 1.2 1.62 1.62 1.62 1.62 1.62 1.2 1.2 1.62 1.82 1.62
swine 4.42 4.41 4.37 4.32 4.19 4.15 4.12 4.12 4.101 4.09 4.10 4.140 4.11 4.10
lr?gr:r;g 0.2140.2030.2030.2000.1420.1440.1440.1450.1450.1450.1460.1460.1470.147
broilers | 0.1430.1310.1410.1440.1480.1400.1260.1160.1220.1260.1280.1300.1330.131
turkeys | 0.7880.7880.7920.8690.8310.8350.8880.8580.8570.8560.8570.8570.8590.859
pullets 0.1080.0960.0880.087 0.0820.0810.0810.0790.0790.0790.0790.0800.0800.080
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 NO[J per animal place

S:t'a'e 0.1060.1140.1250.1300.1250.1220.1180.1150.1150.1160.1170.1170.1190.122
g;';ﬁg 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
fgr:’;g 0.000|D7000|D6000/2D6000[DI000[H5000|D5000|D4000/D4000/D3000/D4000/D4000[H3000/H3000|33
broilers |0.000/06000/05000|1D6000|D9000[D2000[(H1000/D8000/D7000/D8000[DI000/DI000O/DI000DI0O 0|19
turkeys |0.000/®7000/®7000[0000|HH3000/90000/DOO0O0DLO0O0[DI0O00[HI0O0|HI000HS000/HS000/H7000(87
pullets [0.000/D1000/1D0000/®I000/DOO00[DL000[DL000|D1000/D1000/D1000/D1000D1000[DL000|DLI00O|L1
ducks [0.000[D4000/D4000/D4000/D5000|D7000[D7000[D6000D7000|D6000|D7000|D7000[DE000(D6000|26
geese |0.000/D8000/D8000[DI0OO[DLOOO|D3000|D3000/D1L000D2000/DL00OD2000[D2000|D1000[D1000|21

Trend discussion for Key Sources

Dairy cattle, other cattle and swine argekmeiy ssionisc ésomf Mddnure management. The time ser!
NH emissions from all three categories are predominantly driven by the development of th
This also holds for the negative trend of total emissions in the last few years. However,
numbers is partly compensated by the continuously increasing animal performance. This |
per animal, see Table 2, which, in principle, is reB ected by increasing implied emission f
2012, the IEF is almost constant over time due to the use of air scrubbing sygtfemm that,
the housings.

For N©Ohere are no key categories.

Recalculations

All time series of the emission inventory have completely been recalculated since 1990.
the recalculated time sgnirrd NAroMH3B with the respective data of last year s submission.
of NHand N@®re signi cantly lower than those of submission 2020. This is predominantly dt
of dairy cows, calves, heifers and male beef cattle, see main Qteageterf 5h-e NaFgRi GuitAmgali csue ¢
(O VERV IE Wik reodlculation reasons, No. 1 through 4, and 12

The NHnd NOmissions from pig changed only slightly; the reasretafutationgeasems (No.the list of


https://iir.umweltbundesamt.de/2022/sector/agriculture/start
https://iir.umweltbundesamt.de/2022/sector/agriculture/start

6 through 8, and 12)

The NHmissions from poultry are higher than those reported in submission 2020 fpr all ye
emissions diB er only slightly. The underlying changes in poultry emissdamltuatdculations ar
reasons, No. 9 through 11, and 12

The overajleMiissions of other animals increased for all years of the time seaimissdoe to th
factor for sheep manure eetalcalgtéonsseasons No. 9 Chapter 5 - NFR 3 - AgriculturBurdiVe&eRVIEYV
details on recalculations are described in R semann et al. (2021), Chapter 3.5.2..

Tables REC-1 and REC-2: Comparison of thedhld NQ emissions of the submissions (SUB) 2020 and 2021

NHs emissions from manure management, in Gg
SUB | 1990 | 1995 | 2000 | 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
Total 2021|303.2B56.0856.92057.83252.8853. 12757 .P2A58 . 426 0.0856 . 3653 . 7852 .8547 .2D43 .81
2020|325.pD75.BD76.PA76 . AB7 1. 1271 . AB75.fD77.B279 .5076.3073.0B872.88367.01

cD:tI{I)é 2021| 62.1954.1350.8151.2852.7152.4451.8652.3052.4852.7252.1051.6450.7450.40
2020| 75.0565.5761.8762.4864.1964.2263.7964.4465.2965.8865.4364.9664.24
CO;?,E?; 2021| 91.3978.8876.7971.7372.4869.7569.3970.2670.4869.8568.9067.6265.8564.47
2020(101.28B7.3786.1581.0980.8477.9077.5178.5178.7478.1477.2475.6973.74
Swine 2021117.189.9295.0898.2393.2194.5697.4796.2997.2894.0693.2693.9290.5488.50
2020|117.189.9295.0898.2393.2194.5897.5196.3697.3794.1793.4094.0990.63
poultry 2021 22.9621.9924.8726.6526.0628.2330.3431.5031.8031.8431.6831.9532.4532.43
2020 22.7121.4123.8625.3624.5526.6328.8130.0230.2730.3130.2130.4630.87
gr:?ni;ls 2021 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
2020 9.4411.029.25 9.31 8.33 8.09 8.07 7.98 7.91 7.80 7.71 7.64 7.53
NO[ emissions from manure management, in Gg
SUB {1990 (1995 (2000 |2005 2010 (2011|2012 |2013 |2014 |2015 (2016 {2017 |2018 2019
Total 2021(1.720.551.528.5324.529.502.480.475.482.465.455.444.418.401
2020(1.86B.674.639.642.632.604.582.579.588.572.562.548.519
Dairy cattle 2021/0.670.590.570.552.520.5168.496.490.498.496.49@.480.488.489
2020(0.722.640.600.580.540.540.523.520.526.528.520.52@.520
Other cattle 2021|0.696.61@.600.566.562.538.520.532.532.526.510.500.490.487
2020(0.786.696.686.640.630.610.602.606.606.600.598.580.566
Swine 2021|0.26@.242.266.322.350.356.350.353.350.34@.343.346.336.328
2020(0.26@.24@2.266.322.350.356.350.3583.350.34@.3468.346.334
poultry 2021({0.026.02@.028.036.040.043.046.040.048.048.048.048.040.049
2020(0.026.02@.028.036.040.048.046.040.048.048.048.048.049
Other animals (2021/0.068.078.062.062.056.058.053.056.052.050.050.050.050.049
2020(0.066.073.062.062.056.053.053.053.052.050.050.050.050

Planned improvements

No improvements are planned at present.

NMVOC

In 2019, NMVOC emissions from manure management amount to 295.8 which is 97.2 % of
agricultural sector. 84.8 % originate from cattle, 4.7 % from pigs, and 9.4 % from poultry
agricultural sector are excluded from emission accounting by adjustment as they are not
Gothenburg commitments (seeAdhagptteenlts and Emissions Reductijon Commitments


https://iir.umweltbundesamt.de/2022/sector/agriculture/start
https://iir.umweltbundesamt.de/2022/general/adjustments/adjustment_de-c

Method

The Tier 2 methodology provided by EMEP (2019)-3B-28 was used to assess the NMVOC ¢
management for dairy cattle and other cattle. For all other animals the Tier 1 methodolog

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 following data was

e gross feed intake in MJ per year, country specil ¢ data from the annual reporting of
NIR 2021, Chapter 5.1.3.3,

e proportigp..Rf the year the animals spend in the livestock building: country specil c d
with,x,the proportion of the year spent on pasture, see NIR 2021, Chapter 19.3.2,

* FRAG ;1 as proposed by EMEP (2019)-3B-29, since silage feeding for cattle is consi

® FRAG esio/D.25 as proposed by EMEP (2019)-3B-30 for European conditions

® ERuvoc, silage redaifivoc, nousfivoc, g@sf€ taken from EMEP (2019)-3B-32, table 3.11 as 0.000200
0.0000069 kg NMVOC/MJ feed intake, respectively,

® ERy storagBF buinaidN d W Fappiication<sub> are taken rrom ERROLLINY (see above and 3.D).

For all other animal categories the Tier 1 emission factors for NMVOC as provided in EMI
used: For horses the emission factors for feeding with silage was chosen, for all other ar
feeding without silage. Due to missing country-speciB ¢ emission factors or emission factc
inventory s animal categories, the emission factors provided in EMEP (2019)-3B-18, Tabl
emission factors for weaners, boars, lambs, ponies/light horses and pullets, see R seman
implied emission factors given in Table 4 relate the overall NMVOC emissions to the num
category. The IEFs for dairy cattle and other cattle are are much higher than the EMEP T
NMVOC for dairy cattle and 8.902 kg NMVOC for other cattle. The only possible explanati
the EMEP Tier 2 and Tier 1 methods are not consistent.

The IEFs for the other categories provided in Table 4 correspond to the EMEP Tier 1 emi:
sheep, swine and other poultry. These categories comprise subcategories with diB erent e
IEFs in Table 4 represent subpopulation-weighted national mean values. Note that other |
only geese and ducks but also pullets. For pullets no default EF is given in the EMEP gui
of broilers has been adopted (because of similar housing). This assumption signi3 cantly
poultry in Table 4 the IEFs are listed separately for each poultry category). The IEF of tf
lower than the EMEP Tier 1 emission factor, because for lambs the EF is assumed to be 4
sheep in accordance with the diB erence in N excretion between lambs and adult sheep.

Table 4: IEF for NMVOC from manure management

IEF in kg NMVOC per animal place
1990 | 1995 | 2000 | 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
dairy cattle |30.9432.60935.4B6.703H7.2BAH7.57B7.563D7.3p3L7.72317.91N8.3p6F8.37B9.2140.003
othercattle |11.7051.656171.7651.6p121.702121 .6[161.64161 .65M41.60121.61161 . 61181 .65181.71161.81 8
horses 6.4976.4916.6886.6606.6446.6436.6426.6416.6446.6466.6486.6516.6536.656
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 0.6950.6980.6900.6820.6690.6630.6560.6540.6520.6510.6490.6480.6480.648
laying hens 0.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.165
broilers 0.1080.1080.1080.1080.1080.108.1080.1080.1080.1080.1080.1080.1080.108
turkeys 0.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.489
pullets 0.1080.12080.108.108.1080.121080.108.108.1080.12080.108.1080.1080.108
ducks 0.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.489
geese 0.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.489




Trend discussion for Key Sources

Dairy cattle and other cattle are key sources of NMVOC emissions from manure managem
from both animal categories strongly correlate with the animal numbers given in Table 1 |

cattle: Rt = 0.995).

Recalculations

All time series of the emission inventory have completely been recalculated since 1990.
recalculated time series of the NMVOC emissions from 3.B with the respective data of las
recalculated total emissions are lower by 4 to 11 %. This is due to improved methodology
fecalculation reasons 1 through 4 , semain page of the agricu)tuEalissictios of other animals remain
unchanged. Further details on recalculations are described in R semann et al. (2021), Ch

Table REC-3: Comparison of NMVOC emissions of the submissions (SUB) 2020 and 2021

NMVOC emissions from manure management, in Gg
SUB | 1990 | 1995 | 2000 | 2005 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019

Total 2021|390.8332.13818.0297 .6596.[72D97.128399.[13704.83806.73805.33803.03700.92497 .8%695.83
2020|439 .43465.[1344.PB20.2BL7.2H17.23618.0H24.83026.9325.4H22.8%20.23016.49

cD:tIQé 2021(196.p1170.09176 2. 11055 . 51055 . /5557 . 41557 . 31959 . 4106 2 . 0462 . 4556 1 . 8126 1 . 1156 0. 8116 0. B 4

20201231.81894.01077.1136 7 .p106 6 . 5176 8 . 1136 7 . $197 0. P117 2 . BI7/7 2 . 5187 1 . pI770.8196 9 .p 7

E)E:It]tleer 2021|153.71224 .R1717.21902 .pM401.187.3896.8998.1198.0097.0095.8394.2391.9590.15
20201167.01934.81329.21413.[1121 0. 71806 .81406 . 31707 .P1207 . 81406 . P1505.BU03 . 71501 .4 2
gr:?rigls 2021| 40.4636.9438.6239.6139.8942.2944.8946.8746.7045.9345.4245.5645.1144.84

2020 40.4636.9438.6239.6139.8942.2944.8946.8746.7045.9345.4245.5645.11

Planned improvements

No improvements are planned at present.

TSP, PM10 and PM2.5

In 2019, TSP emissions from manure management amount to 71.1 % of total emissions fro
the emissions from manure management 22.4 % originate from cattle, 39.3 % from pigs, a
the RMemissions from the agricultural sector are caused by manure management, where 3:
18.9 % from pigs, and 46.2 % frpemposildnys. fRPMm the agricultural sector mostly originate f
management (84.8 %), of which are 77.5 % from cattle, 3.0 % from pigs, and 18.0 % from

Method

EMEP (2013)-3B-26 [9] provided a Tier 2 methodology. In the current Guidebook (EMEP,

replaced by a Tier 1 methodology. However, EF for cattle derived with the EMEP 2013 Tie
unchanged. So the EM@mRtB6d8logy was kept for cattle. For swine the EMEP 2013 methoda
but the EMEP 2019 Tier 1 EF was used both for slurry and solid based manure manageme
with the EMEP 2016 EFs for laying hens (used for cages and perchery). In case the EMEF
2013 EFs, the unrounded EMEP 2013 EFs were kept. The inventory considers air scrubbe
husbandry. For animal places equipped with air scrubbing the emission factors are reduc:
eB ciency of the air scrubber systems (90 %0f&o fo3JP° Hod &dails see R semann et al. (202

Chapter 3.3.4.3.3.


https://iir.umweltbundesamt.de/2022/sector/agriculture/start

Activity data

Animal numbers serve as activity data, see Table 1.

Emission factors

Tier 1 emission factors,,fandl 8PrdMlivestock husbandry are provided in EMEP (2019)-3B-
55, Table A1.7. For cattle the Tier 2 emission factors provided in EMEP (2013)-3B-29, Ta
diB erentiate between slurry and solid manure systems and were also used to develop the
factors.

The implied emission factors given in Table 5 relate the overall TSP and PM emissions to
animal category. The Guidebook does not indicate whether EFs have considered the cond
without).

Table 5: IEF for TSP, PNk PM ; from manure management

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

IEF in kg TSP per animal place
dairy cattle |1.21pPK4.40(116.45414.47413.489P11.48[713.48510.48411. 48410.48P18.48314.48P18.48216. 48P 6
othercattle |0.51P.51007/.50108.49P0®.48P®B. 48101 4810/.48P®.481(B.48006.48007.48007.4810.48D7
horses 0.350104.351®.35p@8.35b®.35408.3548.354B.3540B.3548B.3540.354M.3556M.35pM.35H1
sheep 0.04804.04[7B.0480.04806.0480.04B80k.0480k.0480k.0483B.048®2.048®2.048®.0480.0482
goats 0.09010+.09104.09104.09104.0914.0914. 09104 09101 09104 0910+ 09104.09104.09104.0911L 4
swine 0.82p60.8360.8320.8240/.81004.8041B.808K.80307.80P®@.791M.791@B.78090L.785(0.7814
layinghens [0.1900.190M.190M.1900.190M.190M.1901M.19010.190M.1851».1898.18p0/.1850+1890
broilers 0.040@®.040®mM.040D®M.0401m.04010.040M.040®M.040M.03PM.03PM.03907.0390KB.03p®b.0394
turkeys 0.1100.1100.1100.110M.1100M.21100.1101M.11000.1100M.1100.110M.110®M.210®.2100
pullets 0.040®.04010.040M0.040M.040@m.0400.040®M.040M.040m.04010.040®M.040m®M.040m.0400
ducks 0.1400.1400.1400.1400.1400.14010.140®0.1400M.140M.1400.1400.1400.14010.1400
geese 0.2400.2400.2400.240M.2400.2400.2400.2400.24010.2400.2400.240M®.24010.2400

IEF in kg PM ,, per animal place
dairy cattle |0.55p07.64P206.6660.67pP.68207.6810.681B.6800.6801B.6708B.680A.679B.67907.6707
othercattle |0.240®B.23p61B.2320..227B.22B0.2220%6.22200.222M.2220.22P@.22R@.22P®.22PB.22R 2
horses 0.1610M.16(10.163M.1630G.16B04.160304.16304. 16304 163041633 1630k.168®m.16B®m.1635
sheep 0.01P04.01P®.010906.0190k.01906.0100kG.01P04.01P01.01P904.01P(@B.0198B.019B.019®.0193
goats 0.036B.03pB.036B.0363B.036B.03pB.036B.036B.036B.03pB.036MB.036B.036B.0368
swine 0.12401.1250.12404.12B30.1190.11807.1180K.11707.117M.11p53B.11506.1150.1140/.1189
laying hens [0.0400.040m.040®.0400.040M.040M.04010.04010.040M.040M.04010.03P®.035M.0398
broilers 0.020®.0201M.020M.020M.020®M.0201M.020M.020M.0201M.01PM.0193B.019®B.01P®B.0107
turkeys 0.1100.1100.1100.1100.1100.11010.1101M.110M.110M.1100.1100M.110@®.110®.1100
pullets 0.020D®.020D®M.020®M.0201m.0201M.020M.020M.020M.02P®M.020M.020mM.020P®.020®.0200
ducks 0.1400.1400.14000.140M.1400.1400.1400.1400.14010.1400.1400.140M®.12140m.2400
geese 0.2400.2400.2400.2400.2400.24010.2400.2400.240M.240@0.2400.240@0.24010.2400

IEF in kg PM ,; per animal place
dairy cattle |0.36[106.4180.43B30.430B.444R. 44B0.4438B.4420.44P07.44PB.44P®B.440PB.44P®@.44P2
othercattle |0.15[704.15408.15P01.140@8.1460B.1460.14p0.146@.1460.14p08.14p5B.145B.14p0.1458
horses 0.10P207.10P206.10B®.10BB.10B%.10306.103%6.1036.1036.10307.1080/.1030/7.10B0/. 1087
sheep 0.005M.00p60.006M.006M.006M.006M.006M.006M.00H6M®.006M.006M.006M.005M.0069
goats 0.011®.011®.011®2.011®.011®.011®.011®.011@.011®@.011®@.011®@.011®@.011®@. 01112
swine 0.00H06.00p0/.00506.00p6.00504. 003 005B.00HEB.0O0HKEB.00PE.006@.006@.006®. 006 2
layinghens [0.0030.003mM.00BM.0031M.003M.00B8M.00B®M.003M.00B3M.00BM.003M.003W.00BM.00B0
broilers 0.00P2@m.00P2®mM.002mM.00R2M.00RPM.00RM.00RPM.0O0RPM.0O0PM.0O0PM.O0OPRM.00PRD.O00ORM.00RO
turkeys 0.020®.0201M.020M.020M.020®M.0201M.020®M.020M.020®M.0201M.020M.020®M.020®M.0200
pullets 0.00P2@mM.00P®mM.00P®M.00RM.00RPM.00RM.0O0RM.OO0RM.OO0RPM.O0OPM.O0ORM.OORD.O0ORM.00RO
ducks 0.018M.018m.018m.0181m.018M.018M.018M.018M.018M.018M.018M.0180.018®.0180




1990 | 1995 | 2000 | 2005 | 2010 |2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
geese 0.03PM.03PM.03PM.03PM.03PM.03PM.0321M.0320.032M.032M.032M.032M.032M.03R0

Trend discussion for Key Sources

Swine and laying hens are key sources of TSP emissions from manure management. The t
mainly follow the animal numbers given in Table 1. However, due to air scrubbing and dil
diB erent housing systems of the four swine subcategories (sows with piglets, weaners, fa
population shares in those housih@fsytseéelivse atlrerdgression is lower than 1 (0.79). For layi
broilers, due to the low prevalence of air scrubbing systems. TSP emissions almost perfe

numbers provided in Tablle. 1 (R

Recalculations

Table REC-4 shows the eBR ects of recalculations on emissions of particulate matter. Chan
are a consequence of the update of threcdallatioceasombdel siemain page of the agricultural

sectpr This update includes a modi ed calculation of the share of year spent on pasture,
and therefore lower emissions of particulate matter from manure management in the year:
of TSP and PM emissions in the years as of 2005 are due to updated activity data of air
weaners, fattening pigs andetataidiarsreasens 8 and 10 orthe main page of the agricultural sec
Further details on recalculations are described in R semann et al. (2021), Chapter 3.5.2.

Table REC-4: Comparison of particle emissions (TSP&MNY ;) of the submissions (SUB) 2020 and 2021

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

SUB (1990 {1995 (2000 (2005 (2010|2011 |2012 2013|2014 |2015 |2016 |2017 |2018 |2019
TSP |2021|50.042.242.441.260.321.783.905.065.384.584.354.403.552.90
TSP |2020(50.262.442.441.260.321.793.945.045.364.644.3984.443.62
PM (2021 (14.382.712.6832.292.322.753.313.803.773.563.393.363.1%3.00
13.803.783.573.403.383.19

.0

.0

¢
¢
¢ :
PM,,[2020|14.422.782.682.292.322.753. %
PM,s[2021| 5.014.474.183.893.863.863.914
PM,s|[2020| 5.084.524.1/83.893.863.863.914

§

@

§

§
14.013.973.913.883.803.72

973.913.883.80

14.013.

Planned improvements

No improvements are planned at present.

Uncertainty

Details will be desxralpedrit.7
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