3.B - Manure Management

Short description

NFR-Code Name of Category Method AD EF

3.B ** | ** Manure

Management see sub-category details

consisting of / including source categories

3.B.1.a & 3.B.1.b|Cattle T3 (NKH, T2 (NOSP,,PM si(NHNQ’D(TSRHPM

C
PM, NMVOC) NS, B, NMvoc)
C

.5
D
3.B.2, 3.B.4.d, 3.BSHeep, Goats, QD%SE%HM\';LSC-;SP”PWM’ NS, Ppi (me(\j/)(')g)(TSB”FM
.5 1

T3 (NH, T2 (NOSP,,PM CS (NHNQ, D (TSR, PM

3.B.3 Swine PM), T1 (NMVOC) NS, B, NMvoc)
3.B.4.a Bul alo until 1995: NO, since 1996: IE (in 3.B|.1.b)
3.B.4.f Mules and assels IE (in 3.B.4.¢e)

T2 (NH NQ TSP,,RPNEN, CS (NHNQ, D (TSR, PM
3.B.4.9 i-iv Poultry T1 (NMVOC) NS, %%_5, NMVOC)
3. B.4.h Other animals (J@e(MHN®, T1 (TSR, PM, o S (NHNO, D (TSR, PM

Rabbits, OstrichAM, NMVOC) M:, NMVOC)

NQNMVOSQONHPM PM(TSPBCCOHeavy M ePaAMI C/P CBs
3.B.1.a-/ L/- [NAL/t L/ -/ -IT{NANA NA NA NA NA
3.B.1.b-/ L/T|NAL/T -/-| -/- -I{NANA NA NA NA NA
3.B.2 | -/ /- |NA -/1+ -/-| -/ -IT{NANA NA NA NA NA
3.B.3 | -/ -/- | NAL/T -/-| -/- L/tNANA NA NA NA NA
3.B.4.d-/ -/- | NA -/+ -/-| -/ -I{NANA NA NA NA NA
3.B.4.e-/ -/- | NA -/+ -/-| -/ -IT1NANA NA NA NA NA
3.B.4.g-V -/- | NA -/+ -/-| -/ L/tNANA NA NA NA NA
3.B.4.g-i /- | NA-/+ -/-| -/ -IT{NANA NA NA NA NA
3.B.4.g-iiti -/- |[NA-/{ -/- -/4{ -/T{NANA NA NA NA NA
3.B.4.g-iy -/- | NA -/+ -/-| -/ -I{NANA NA NA NA NA
Method(s) applied

D Default

T1 Tier 1 / Simple Methodology *
T2 Tier 2*

T3 Tier 3 / Detailed Methodology *
C CORINAIR

CSs Country Specil3 c

M Model

* as described in the EMEP/EEA Emission Inventory Guidebojok - 2019, in category chapt

(source for) Activity Data

NS National Statistics
RS Regional Statistics
IS International Statistics
PS Plant Specil3 c
As Associations, business organisations
Q speciB c Questionnaires (or surveys)
M Model / Modelled
C ConR dential
(source for) Emission Factors
D Default (EMEP Guidebook)
Cs Country Specill c
PS Plant Specil3 c




M Model / Modelled
C ConB dential

Country specil cs

In 2023, Bidissions from category 3.B (manure management) were 37.3 % from total agric
equal to ~ 196.5 MtithHn those emissions 46.5 % originate from cattle manure (~ 91.3 kt),
(ca. 62.1 kt), and 11.7 % from poultry manure (~ 22.9 kt). Calculations take into account
of manure on the emissions.

NQ emissions from category 3.B (manure management) contribute only 1.6 % (~ 1.6 kt) to
emissions. They are calculated psOpomtinsiany,teed R semann‘et al. (2025)

NMVOC emissions from category 3.B (manure management) contributed 96.9 % (292.1 kt)
emissions (301.3 kt).

In 2023, manure management contributed, respectively, 61.2 % (37.3 kt), 33.0 % (11.7 kt
agricultural T,sndP MM missions (TSP: 61.8%t4 PtM;: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, 2025, Chapter 2.3.

The animal population B gures used in the inventory are presented in Table 1. BuR aloes a
R gures, mules and asses are included in the horse population B gures (IE), see R semann
Brst years after the German reunild cation in 1990 animal livestock decreased markedly. T
to decrease signi@ cantly until 2006/2007, followed by a more or less stable period until 2
occurred. In 2023, dairy cattle numbers are 58.4 % of 1990 numbers, while the total popu
1990. Swine numbers decreased until 1995 and then increased slightly. Since 2014 a new
signiB cant between 2020 and 2022 (total pig numbers were reduced by around 18 % withil
did not continue. 2023 swine numbers are 66.1 % of 1990 numbers. The 2022 numbers of
respectively, at 97.4 %, 56.6 % and 180.7 % of 1990.

Figures for broilers and turkeys are showing a massive increase since 1990. Since the ye
minor changes of total poultry numbers. In total, 2023 poultry population B gures are at 1



Emissions of deer, rabbits, ostrich and fur-bearing animals are reported since submissior
numbers of these categories were estimated in di erent ways because there are no surve
numbers. However, the impact of those animal categories on the total emissions is small.

A detailed description of the animal numbers used can be found in R semann et al. (2025

Table 1: Population of animals, in [1,000 individuals]

1990 1995 2000 2005 2010 2015 2016/ 2017/ 2018/ 2019 2020/ 2021 20222023

2:;:?’6 6.354,6.229,4.569,8.236,4.183,4.284,86.217%,4.199,0.100,9.011,3.921,8.832,3.80937712,8
2;25; 13.133810.660,%.968,9.800,8.628,8.350,8.248,8.082,2.848,2.627,9.380,%3.206,9.18772123/4
buBd alp NO NO IE I1E IE IE IE IE IE IE IE |E IE |IE
mules

and IE |IE IE IE IE IE IE IE IE I1E IE IE IE IE
asses

horses 1.373,%.743,9.373,7.398,1.269,92.233,1.215,4.223,4.231,5.239,5.247,6.277,8.30810338/2
sheep| 3.266,2.990,2.743,2.643,2.245,0.866,9.851,0.863,2.846,0.813,6.780,3.794,8.80517847|6
goats 90,0 100,0 140,0 170,0 149,9 135,9 1388 142,8 146,9 150,9 154,9 157,5 160,062,6
swine|26.50226.38V23.76722.74228.24422.97828.76[122.92028.01922.59624.6221,0.723818.69213.52

T

Laeynlgg53.45)45.57548.64)48.64146.70356.61953.93555.57153.20358.84254.47756.92155.36355.809,

broiler35.39846.6256%9.94078.04596.38094.90998.79[193.45893.12692.79398.46190.00489.54388.091
turkeys5.029,8.742,8.8931D.610111.34410.65818.35919.16417.9691%.7741,3.57910.718,9.85886998
pulletsl7.21018.14912.28416.05018.82716.82813.92118.73613.55012.36512.17918.25383102.32618.399,9
ducks| 2.013,7.933,2.055,2.352,3.164,3.410,8.236,2.209,2.181,9.154,8.127%7,4.949,3.77112593]|1
geese 781,5 617,0 404,8 3295 278,1 400,8 329,0 327,7 326,33 324,9 3235 3542 385,815,7

o W W

w .

deer 155,8 204,0 2523 261,5 270,7 279,9 2817 2835 285,4 287,2 289,1 290,9 292,294,6
rabbits1.851,4.565,6.268,9997,0 864,2 720,7 691,2 6427 608,3 5939 548,4 470,0 430,622,8
ostrich NO 1,2 2,5 3,[7 4.9 7.7 7.4 7.4 7,9 7.4 7,9 6,1 5,14,6
fur

17949 179(9 179,9 1535 121,7 34,4 247 15,0 5,8 5,3 NO NO NO |[NO

animalls
Other animals: no data available

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
eB ciency). To subdivide o 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. (2025), Chapter 2.

Most of the data regarding feed and performance is not available from o3 cial statistics al
from publications by agricultural associations, from regulations for agricultural consultin
judgments.

For 1991, 1995 and 1999, frequency distributions of feeding strategies, husbandry systen
shares of various housing methods), storage types as well as techniques of farm manure
help of the RAUMIS agricultural sector model (Regionalisiertes Agrar- und Umweltinforma
Regionalised agricultural and environmental information system for Germany). RAUMIS he
by the Institute of Rural Studies of the Th nen Institute (Federal Research Institute for R
For an introduction to RAUMIS see Wairdpgartidad(H286)iption is provided in Henrithsmeyer

RAUMIS did not model complete time series but only selected years. RAUMIS data for the
used in the inventory for the respective years. For 1990, the data for 1991 is adopted, fo
and 1996-1998) data gaps were closed by linear interpolation on district level.

For the year 2009, respective data are used that were derived from the 2010 o3 cial agric
simultaneous survey of agricultural production methods (Landwirtschaftliche Z hlung 201(
Federal Statistical OB ce) as well as the 2011 survey on manure application practices (Er
Wirtschaftsd ngerausbringung, Statistisches Bundesamt/ Federal Statistical OB ce). The ¢
model data (1999) and the Brst oR cial data (2009) were closed by linear interpolation on



For the year 2015, data on techniques of farm manure spreading from the 2016 o3 cial agt
(Agrarstrukturerhebung 2016, Statistisches Bundesamt / Federal Statistical OB ce) are us«
RAUMIS model data (1999) and the Brst oB cial data (2009) were closed by linear interpol
2019 data from the 2020 o3 cial agricultural census (Landwirtschaftsz hlung 2020, LW20)
storage systems and manure spreading systems. For 2010 to 2018 the housing and storag
interpolated between the censuses of 2010 and 2020.The data on manure spreading techn
between the census data from 2009 and 2015, and for 2016 to 2018 between the censuses
addition, it was taken into account that, as of 2012, slurry spread on bare soil has to be

The data from the 2020 oR cial agricultural cefisuse(D§ S BAT ISo,r 20bXx)lequent years until mec
data is available.

For a description of the RAUMIS data, the data from o3 cial surveys and additional data f
al. (2025), Chapter 2.5. Time series of frequency distributions of housing systems, stora
technigues as well as the corresponding emission factors are provided in NID 2025, Chap

NH 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 & & d erh a o ka g2 0@l
emission inventory uses N mass balances to calculate the N excretions and the TAN cont
categories. N mass balance calculations (see below) consider N intake with feed, N reten
milk and eggs, and N in o3 spring. Table 2 presents national means of N excretions and T
details and mass balance input data see R semann et al. (2025), Chapter 4.2 as well as (

Table 2: National means of N excretions and TAN contents

199019952 0002005201 020152016201[720182010202020212022202

w

mean N excretions in kg per animal place

dairy cattl®2,097,903,808.910,212,814,113(816(119.121,222(021,224|6

other cattl37.,939,941,341(242,142)542,542(742(943)443,743/943 (944 .7

horses 48,248,149 /048 (848./848(848./848,848,848,848,848.,848.,88.¢

sheep 7.\ 7. 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.8 7.87.8
goats 11,011,021,0211/011,011,01212,021/011/011,011,011.(011./@1.C
swine 13,/013,413,)213,012,812,712,712(612(612,/512(412,/612,32.¢
laying hen®.810.780.760.790.860.880.890.890.890.890.900.900.90.9¢(
broilers | 0.480.370.370.360.350.400.400.400.410.400.3/90.390.40.41
turkeys 2.0 2.0 2.0 2.2 2.2 2.3 2.3 2.3 2.2 2.2 2.1 2.1 2.12.1

elbelklele

pullets 0.380.350.320.330.330.340.340.340.340.340.3]40.340.3486.34
ducks 0.610.610.610.610.610.610.610.610.610.610.6(10.610.6/D.6]
geese 0.700.700.700.700.700.700.700.700.700.700.700.700.70.7(
deer 16.006.006.006.006.006.006.006.006.006.006.006.006.006.00
rabbits 0.800.800.800.800.800.800.800.800.800.800.800.800.80.38(
ostrich 15.605.605.605.605.605.605.605.605.605.605.605.605.605.60
fur animal4.594.594.594.594.594.594.594.594.594.594.594.594.59.5¢

mean TAN contents in %

dairy catft/®8,055/053/051/349./948,548.(248,047(346,946.,546.(546.,86.

other caftle5,565,765/765(766.,066.,366./466 /466,466,466 ./466.(366.86.

olwlo

horses 60.,060,060,060.,060,060.,/060,060.,060.,060,060./060,060.,60.




1990199k5200020052010201p2016201720180192020202[1202220283

sheep 50/050/050,/050,050./050,050,050,050,050/050.,050.050.(G0.
goats 50,050,050/050/050,050,050./050/050,050,050./050./050.,60.
swine 72,071/771f171,872,371,/671/471/271,171,070,(870.,/970.,80.

laying hens0/269,669,069,370,070,270,170,/170/270/270,170,/170(20.
broilers | 60.,858,956,453/550.,046./946.546.,145,745 /244 (844,844 |84.
turkeys 64,764,763 ./063/963,063.,563/563/563,063,062.(162./162.,62.
pullets 69,469 /469 (469/469.,469 /469 (469 /469,469,469 (469 /469 .469.

Nlicnlealenlonloloe

ducks 49./949/949,/949,949.(949./949.,/949/949,949./949.,949,/949.,99.¢
geese 70/070,070,/070/070,070/070,070.,070,/070,070./070,070.00.
deer 50,/050,050,/050,/050,050,/050,050,050,050,050./050,050.,/60.

rabbits 60,060.,060./060,/060,060.,060./060.,060,060,060.(060.,060.®0.
ostrich 70,/070,070,/070/070,070/070,070,070,070,070./070,070.00.
fur animal60,060,060.,/060/060,060.,060./060.,060,060,060.,/060.060.,80.

ololololo

N mass Bow and emission assessment

The calculation of the emjssbanyGhAidyMrom German animal husbandry is based on the so-c
Bow approach (e. g. D mmgen and HutdZhisgasp@@®@@&&h dil erentiates between N excreted wi
(organic nitrogen Norg, i. e. undigested feed N) and urine (total ammoniacal nitrogen TAI
metabolized). The N B ow within the manure management system is treated as depicted in
reconciles the requirements of both the Atmospheric Emissigmrmiseintns y( EMER,b2OR 3fgraMl
IPCC guidelines for greenhouse gas enmisRioiny @P &L °(29008)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 NBows in animal husbandry

m: mass from which emissions may occur. Narrow broken arrows: TAN (total ammoniacal
arrows: organic N. The horizontal arrows denote the process of immobilisation in systems
house, and the process of mineralisation during storage, which occurs in any case. Broad
assigned to manure manggbdliHemtig&ions from yaNide@Eissions from hoyddi O, N@nd

N, emissions from stordldegmEssions during and afteyf sNHedding@Bd, ¢émissions during and


https://iir.umweltbundesamt.de/2025/_detail/sector/agriculture/manure_management/n-flow-abbildung_aus_tr_77.png?id=sector%3Aagriculture%3Amanure_management%3Astart

after grazip@®™OE N@Gnd,dmissions from soil resulting from manure input).

The model allows tracing of the pathways of the two N fractions after excretion. The vari
take place are considered. The partial mass B ows through the livestock systems are repr¢
be transformed into TAN and vice versa. Both, the way and the magnitude of such transfo
manure treatment processes like, e. g., anaerobic digestion where a considerable fractiol
details see R semann et al. (2025), Chapies £8itWderi¢sgefoNiation is related to the amou
presentONmMissions are related to the total amount of N avanmabdeo(No(ig ¢. NAN emN©Osions)
calculated proportionalyetnisiséoNs, see section "Emission facjOrsN.GNateN Bhamisgid\ns from
the various storage systems include the respective emissions from the related housing sy

Air scrubber systems in swine and poultry housings

For pig and poultry production the inventory model considers the e ect of air scrubbing.
facilities and the removal eR ciency are provided by KTBL (Kuratorium fr Technik und Bal
Association for Technology and Structures in Agriculture) supplemented by data from the
average removal el cignicy8®f M Hor swine and 70 % for poultry, wthi¢ertde sl & Pe ased PAM9I0 %
and for,Ptd 70 % for both animal categories. For swine two types of air scrubbers are dis
class that remove, amtch faHiticles, and second class systems that remove only particles |
removal el ciency of 20%.

According to KTBL, 7.6 % of all pig places were equipped with Brst class systems in 20:
with second class systems. For poultry 0.9 % of all laying hen places and 2.4 % of all b
scrubbers that removeahdtipaNHcles. The amgdntenodvi¢ld by air scrubbing are completely a
pools of total N and TAN for landspreading. For details see R semann et al. (2025), Chap

Anaerobic digestion of manure

According to IPCC (2006), anaerobic digestion of manure is treated like a particular stor:
comprises three sub-compartments (pre-storage, fermenter and storage of digestates). Fc
(2025), Chapters 2.6 and 4.2.5. The resulting digestates are considered as liquid. Two di
systems are considered: gastight storage and open tank. For open tanks formation of a n
fermentation with energy crops is taken into account. Furthermore, the modelling of anae
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 ¢
of digestatgse@Blsions and NO emissions from application of digested manure are reporte
such emissions from pre-storage of slurry, from the fermenter and from gastighhdtdOage
emissions calculated with respect to the digestion of animal manures do not comprise the
energy crops. The latter are dealt with separately in 3.D.a.2.c and 3.1.

Emission Factors

Application of the N mass B ow approach requires detaj|leND eM@EBsdo dactolrsnforhEH missiol
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 ¢ but some are taken from EMERMN29223dNn Nactopecate Nitbwn for the app
digested manure. However, due to co-fermentation with energy crops, the viscosity of dig
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

Table 3 provides, by animal categojyyntisesiiompfacdoM$ for manure management (housing an
overall GermahERHor manure application is reported in section 3.D.a.2.a.

The detailed emission f@ctdanfdrMdlate to the amount of N available which is N excreted



solid manure systems, N input with beddOngmaséosnafadtoesNare taken from IPCC (2006). T
factors foraM@®,Mre approximated as being propgdteamislstonti@chNors, i.e. theeMOs-sNoand N
factors are, respectively, one-tenth and three jOmserhiesiahuéacfothesBle R semann et al. (
chapter 4.2.4. This proportionality is also applied to anaerob@ @igestoonrs ®fc owarnireem phe-
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® isnaiclsienadimty NO
multiplying the NO emissionst MOthmolarNeight ratio of 46/30. This relationship also holds
emission factors.

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

Table 3: IEF, f&rNMfHom manure management, in [kg per animal place]

| 1990 1995 2000 2005 2010 2015 2016 2017 2018 2019 2020 2021 2022

Ammonia

S:;”; 9.8 10/3 11/1 12/2 12/7 13J1 13/3 13/3 13/6 13/9 140 14/1 140
other 6.2 6.3 6.4 6.7 7.2 6.9 6.8 6.8 6.7 6.7 6.7 6.8 6.8
cattle
horsed 13,5 13/5 13|7 13)7 13]7 13)7 13]7 13]7 13]7 13]7 137 13]7 137
sheep 0.83 0.82 0.84 0.83 0.84 0.83 0.83 0.83 0.82 0.83 0.83 0.82 0.82
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
swine 4.583 4.45 4.33 4.25 4.07 3.85 3.80 3.75 3.72 3.66 3.62 3.67 3.59
Liﬂgg 0.2130.2050.2100.2080.1360.1310.1290.1280.1270.1250.1240.1240.124
broilefs 0.1430.1090.1040.0980.0890.0940.0930.0930.0930.0910.0890.0880.087
turkeyls 0.7930.7930.7970.8730.8320.8540.8550.8560.8310.8310.7790.7800.781
pullets 0.1040.0960.0870.0870.0840.0800.0810.0810.0820.0820.0820.0820.083
ducks| 0.1930.1930.1930.1920.1890.1850.1840.1840.1850.1850.1840.1850.185
geese| 0.3840.3840.3840.3830.3800.3770.3770.3770.3780.3770.3770.3770.377
deer 0.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.0000.000
rabbits 0.2280.2280.2280.2280.2280.2280.2280.2280.2280.2280.2280.2280.228
ostrich 1.6921.6921.6921.6921.6921.6921.6921.6921.6921.6921.6921.6921.692
fur 1.1231.1231.1231.1231.1231.1231.1231.1231.1231.1231.1231.1231.123
animals

Nitrogen oxides
g:”fe 0.1060.1140.1250.1300.1260.1210.1220.1220.1240.1280.1290.1290.127
2;25; 0.0530.0570.0590.0630.0640.0660.0660.0670.0680.0690.0690.0690.069
horsed 0.0840.0840.0860.0860.0850.0850.0850.0860.0860.0860.0860.0860.086
sheep| 0.0060.0060.0060.0060.0060.0060.0060.0060.0060.0060.0060.0060.006
goats | 0.0130.0130.0130.0130.0130.0130.0130.0130.0130.0130.0130.0130.013
swine| 0.0110.0130.0120.0140.0140.0120.0120.0120.0120.0110.0110.0110.011
LZﬂgg 0.000/D7000|D6000[D5000/D000[D5000D4000/D4000/D4000/D4000[4000/D4000/33000/33
broilef§.000/D6000/D2000/D2000/D3000|/D4000/D6000/D6000/D5000/D6000|/D5000/D5000/D5000/14
turkey's0.000/®7000/®7000/D0000/®4000/®3000/®3000/®2000/®1000/H8000/®7000/H2000/®1000|81
pullet$0.000/D1000/D0000/®I000/D0000/D2000/D2000/D2000/D2000/D1000/D1000DL1000/DLIO0O/11
ducks |0.000[D4000/D4000/D4000D6000/D7000/D7000D7000/D7000/D7000/D7000D7000D7000[27
geese|0.000[D4000[D4000[D5000[28000[21000[20000[20000[29000/D9000/DI000/DI000|DS00O|28
deer |0.000|/®0000/@0000/®0000/®O000/®000|/®o000/®000/®000mo000/®ooo/mooo@oooloo

rabbits0.00194001D4001D4001D4001D4001(D4001(D4001(P4001|D4001D4001/D4001D400134

ostrich0.000/®@O00O®OOOO@®OOOOI@OOO0O0|@O00O0|@O000®MO000®OO0O®mOOOM®MOOO0O@MmIOOO®mO0O0[00

;unrimalSO.0075)40075)40075)40075)40075)40075)40075)40075)40075)40075)40075)40075)400754




Trend discussion for Key Sources

Dairy cattle, other cattle and swine argeeheiy siomisc érsomf Mlddnure management. The time ser!
NH emissions from all three categories are predominantly driven by the development of th
However, the eBect of decreasing animal numbers is partly compensated by the continuou
performance. This leads to increasing N excretions per animal, see Table 2, which, in pri
implied emission factors, see Table 3. Increasing dairy cattle emissions since 2010 are a
housing systems, which hayemikswen fNattor than loose housing systems. For swine the IE
time due to lower raw protein contents in feed and the use of air scrubbing systiemm that,
the housings.

For N®here are no key categories.

Recalculations

All timeseries of the emission inventory have completely been recalculated. Tables REC-:
recalculated time segi@sdfdNrOMh 3B with the respective data of last year s submission.

For NH3 there are two main reasons for very dil erent emissions compared to last year s
factors for housing(segsdbausation Noesd)ts in signil cantly lower emissions for cattle housi
slightly lower emissions for pig housing systems. The corre¢rntécalot ltthtéomuib.edg oliamorse:
doubles the emissions of the other animals. Many of the other recalculations have much
the agricultural sector). Overall the opposing changes partially cancel each other out anc
up to 2014 and slightly lower emissions thereafter compared with last year s submission.

The total emissions of NOx for all years are much higher than those of submission 2024.
doubling of the N20O emission factors for solid storage systems in IPCC 2019, which resu
emission fgdreonlculation NoFuGiher details on recalculations are described in R semann e
1.3.

Table 4: REC-1: ReeiseskiMHs, in kilotonnes

| 1990 199520002005201420152016201720182019202020212022
NFR TOTAL EMISSIONS
current submiss2®6.p62045.8244.4644.8041.22138.1234.PA32.0525.12320.62416.[(008.61599.17
previous submisz96n0B44.1542.7B43.0840.0637.9834.1532.02825.(12320.6816.6508.39
absolute change 0.61 1.17 1.68 1.81 0.25 0.18 0.09 0.02 0.00 0.01 0.04 0.26
relative change [®]21 0.48 0.69 0.74 0.20 0.08 0.04 0.01 0.00 0.01 0.02 0.13
thereof: from dairy cattle
current submissi6f8.1053.9350.6951.
previous submis®sidnl 053.9350.7051.
thereof: from other cattle
current submissiBh.3666.6863.9059.0858.3657.3956.1154.6252.6751.1549.7748.7548.60
previous submisBibm666.683.9059.0758.1657.1955.9354.4652.5351.0249.6448.55
thereof: from swine
current submissi@®.1®0.6694.1796.6290.6988.3886.4786.0281.9479.1078.3772.3763.46
previous submisk20n1®0.6694.1796.6590.9288.6186.7386.3082.1879.3478.5672.41
thereof: from poultry
current submissiaf.9322.3325.8327.7728.4228.0127.5727.3626.9026.5325.4825.5325.66
previous submisXidm421.7224.6426.3528.6328.2327.7927.5827.1326.7325.6825.64
thereof: from other animals
current submissi®@.2111.729.87 9. .
previous submissi®®911.16 9.37 9.43 8.

855.
855.

156.2456.1056.0255.5855.8055.0153.9153.32
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gl em
AL

IR

iz

©
©
N
©
oln
o|lw
~ | o
© | =
©o|o
~N |~
\‘
©|©
~ | o
®| o
| w
~N | o
©
[ooiE =
~ |
©lo
oo
~ | o
©
w| o
~ |
© |
w|o
©
H
A

Table 5: REC-2: ReeiseskidM@s, in kilotonnes

1199/01995200020052014201520162017201[8201/0202(0202/1202P




1199/01995200020052014201520162017201/8201/0202(0202/1202P
NFR TOTAL EMISSIONS
current submission34.558.521.514.459.448.434.418.392.376.354.308.272

absolute change 0.000.000.000.010.020.020.010.010.010.010.010.0

8.
previous submisk.io$1.554.517.509.441.432.421.408.388.368.346.307
0
0

relative change [220.270.310.341.261.140.930.740.640.6/10.540.1

thereof: from dairy cattle

current submiss0o6702.590.570.550.516.518.516.510.510.512@.500.493.485

N

previous submis®.i®nd.590.570.550.506.508.508.508.508.500.50Q.4¢

thereof: from other cattle

current submiss00690.60@8.580.550.550.548.546.540.530.526.510.490.495

previous submis®i®%0.608.580.550.54@8.546.540.536.526.520.506.494

thereof: from swine

current submiss00280.256.270.313.29@.283.276.270.25@.242.240.222.195

previous submipg®.i2$%0.256.270.318.296.286.270.2768.258.246.24@.226

thereof: from poultry

current submiss00026.026.028.03@.046.046.046.046.046.046.04@.043.044

previous submis®.i©26.02@.020.032.046.046.046.046.04@.04@.043.043

thereof: from other animals

current submiss00060.076.066.064.05@.053.052.052.05@.05@.05@.053.053

previous submis®.i®@$3.073.06@2.062.052.050.050.050.050.05Q@.05@.052

Planned improvements

No improvements are planned at present.

NMVOC

In 2022, NMVOC emissions from manure management amount to 278.2 kt which is 96.9 %
the agricultural sector. 84.8 % originate from cattle, 15.2 % from other animals.

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
The use of the Tier 2 methodology yields NMVOC emissions which formally could be repol
(application of manure to soils) and 3.D.a.3 (grazing emissions). However, to be congrue
other animal categories, Germany reports these emissions in the NMVOC emissions repor
(3.B). For the NFR codes 3.D.a.2.a and 3.D.a.3 the key note IE is used for NMVOC emiss

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 2024, Chapter 5.1.3.3,

e proportigp.Rf the year the animals spend in the livestock building: country specil3 c d
with x,the proportion of the year spent on pasture, see NIR 2024, Chapter 19.3.2,

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



® FRAG e si0/0.25 as proposed by EMEP (2019)-3B-30 for European conditions

® ERuvoc. sitage sedmifivoc, noudmbfivoc, ¢@f€ taken from EMEP (2019)-3B-32, table 3.11 as 0.000200
0.0000069 kg NMVOC/MJ feed intake, respectively,

* ERy sioragRE buiiai@dNd EFRpica@he taken from, tfregpdviling (see above and 3.D).

For all other animal categories the Tier 1 emission factors for NMVOC were used as prov
3.4. For horses the emission factors for feeding with silage was chosen, for all other ani
without silage. Due to missing country-specil ¢ emission factors or emission factors that
animal categories, the emission factors provided in EMEP (2019)-3B-18, Table 3.4, were
factors for weaners, boars, lambs, ponies/light horses and pullets, ostriches, and deer s¢
The implied emission factors given in Table 4 relate the overall NMVOC emissions to the
category. The IEFs for dairy cattle and other cattle are much higher than the EMEP Tier :
dairy cattle and 8.902 kg NMVOC for other cattle. The only possible explanation for those
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 and swine. These categories comprise subcategories with di erent emission factor
4 represent subpopulation-weighted national mean values. Note that other poultry in Gerr
ducks but also pullets. For pullets no default EF is given in the EMEP guidebook (EMEP,
been adopted (because of similar housing). This assumption signiB cantly lowers the over
the IEFs are listed separately for each poultry category). The IEF of the sheep category
Tier 1 emission factor, because for lambs the EF is assumed to be 40% lower compared t
the diB erence in N excretion between lambs and adult sheep.

Table 6: IEF for NMVOC from manure management, in [kg NMVOC per animal place]

1990 199520002005201020152016201720182019202020212022
dairy cat{t36.9832.60315.4336.5537.23%8.14P8.50388.44339.20309.97420.5p80.6p460.388
other caftle. 71141 .67121.78121.63181.6p131.3p181.28171.25191 .24131.2[/121.33181.41181.3P9
horses 6.4976.4916.6886.6606.6446.6466.6486.6516.6546.6576.6606.6636.666
sheep 0.1310.1310.1320.1320.1310.1310.1310.1310.1310.1310.1310.1320.131
goats 0.5420.5420.5420.5420.5420.5420.5420.5420.5420.5420.5420.5420.542
swine 0.6950.6980.6900.6820.6690.6%10.6490.6480.6480.6480.6420.6450.643
laying hen®.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.1650.165
broilers | 0.1080.1080.1080.1080.1080.1080.1080.1080.1080.1080.1080.1080.108
turkeys 0.4890.4890.4890.4890.4890.4890.4890.4890.489.4890.4890.4890.489
pullets 0.1080.1080.1080.1080.1080.1080.1080.108.1080.1080.1080.1080.108
ducks 0.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.489
geese 0.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.489.489
deer 0.0450.0450.0450.0450.0450.0450.0450.0450.0450.0450.0450.0450.045
rabbits 0.0590.0590.0590.0590.0%90.0%90.05%590.0590.0590.0590.0590.0590.059
ostrich 0.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.4890.489.489
fur animal$.9411.9411.9411.9411.9411.9411.9411.9411.9411.9411.9411.9411.941

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 = 0.99).

Recalculations

All timeseries of the emission inventory have completely been recalculated. Table REC-3
series of the NMVOC emissions from 3.B with the respective data of last year s submissic
are slightly higher for other animals. Trleisals urhats olrysdeot&ection of poultry numbers befo
and (to a lesserNext@meéw animal categomeash, pseegee of the agricu)tuMdahsectoanges for dairy
cattle and other cattle emissions are due to changes of NH3 emissions which have impacH
is applied for cattle NMVOC emissionsrexsjeulatipnhNdad®erobic digestion)). Further det:
recalculations are described in Vos et al. (2024), Chapter 1.3.


https://iir.umweltbundesamt.de/2025/sector/agriculture/start

Table 7: REC-3: Revised NMVOC emissions, in kilotonnes

11990 199520002005201420152016201720182019202020212022

NFR TOTAL EMISSIONS

current submiss3®l.3833.8320.[3H00.6H05.6P04.BH01.0597.02793.02090.0287.0481.p2778.18

previous submig390nP332.3218.02196.0305.4304.1B00.8597.8293.7B90.[D86.9281.15

absolute change 0.47 1.49 2.74 3.75 0.21 0.22 0.129 0.17 0.4 0.14 0.12 0.41

relative change [®]12 0.45 0.86 1.26 0.07 0.07 0.06 0.06 0.05 0.05 0.04 0.15
thereof: from dairy cattle
current submissi®m®.51070.91561.0M454 .B1662.71563.41562 .41161.4126 0. 7166 0.B1658 .91355.81653 .87
previous submisk96np1070.015561.0U54 .B1762.71463.41262.381961.41060.7460.BU58.91255.[ 5
thereof: from other cattle
current submissi®r3.B85524.41317.41602.426.1094.8593.1191.0088.2485.
previous submisk58n81524.41317.41602.4D6.0494.7893.0590.9488.1885.
thereof: from other animals
current submissid@.9338.4241.3643.3646.8546.0545.5345.5544.9144.
previous submissli®m636.9438.6239.6146.7045.9345.4245.4744.8544.

)883.6882.2981.92
)383.6282.03

ol

844.4343.4242 .39
244 .3843.37

- M.

Planned improvements

No improvements are planned at present.

Particle emissions

In 202RSPemissions from manure management amount to 64.4 % of total emissions from th
these emissions 24.7 % originate from cattle, 32.0 % from pigs, and 42.6 % from poultry.

36.6 % of PAMakmissions from the agricultural sector are caused by manure management,
from cattle, 14.6 % from pigs, and 48.7 % from poultry.

68.6 % of PdMalemissions from the agricultural sector are caused by manure management,
from cattle, 2.3 % from pigs, and 18.0 % from poultry.

Method

EMEP (2013-3B-26) provided a Tier 2 methodology. In the 2019 Guidebook (EMEP, 2019),
replaced by a Tier 1 methodology. However, EF for cattle derived with the EMEP 2013 Tie
unchanged. Therefore, the msBBddD0GGy was kept for cattle. For swine the EMEP 2013 me
formally kept but the EMEP 2019 Tier 1 EF was used both for slurry and solid based mant
same was done with the EMEP 2016 EFs for laying hens (used for cages and perchery). Ir
rounded EMEP 2013 EFs, the unrounded EMEP 2013 EFs were kept. For rabbits the EFs fi
adopted (Huis In t Veld'%tfat,oxdflithes the EFs of goats were used. The inventory conside
in swine and poultry husbandry. For animal places equipped with air scrubbing the emissi
the removal eB ciency of the air scrubber systemg (9D0Wofbo)PTHBT dedaPidl see Vos et al. (2
Chapter 4.2.2.

Activity data

Animal numbers serve as activity data, see Table 1.

Emission factors

Tier 1 emission factors,fandl 8RrdM livestock husbandry are provided in EMEP (2019-3B-1
55, Table A1.7. For cattle the Tier 2 emission factors provided in EMEP (2013-3B-29), Ta



dik 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 8: IEF for,,BSPMPrdm manure management

119901995/2000/2005201020152016201720182019/20202021/2022
Total suspended partTAE}

dairy catftle2 1p4. 4011645412 47p17.49519.53610.5455.55411.56B10.57 1. 57P1. 57pB.5722
other catie5100L51007.50104.49DB. 47 0B. 47 6@ 47 50.47506.4750. 4748 4746.476M.4755
horses |0.3510t351® 355® 355® 3548.354®. 3540.3550.3550. 3550 3552 355(8.3553
sheep |0.04B0L04[7B 04BM. 04806 0450 048 048R 04582 048M. 048R 0482045800478
goats 0.09/10% 091104 09 104. 09104 09 104 0 9 104. 0 9 [10%. 0 9 164, 0 9 104. 0 9 104%. 0 9 [104. 0 9 104. 0 9 1 4
swine |0.82p®.8360.83P®. 82108 79P2M.750®. 7450 73887318 7210.7238.707B.685
laying hefs18D(8 1808 185M 188 185(M. 18506. 1858 1850t 1840k6. 1840 18B3®8. 1836.18B0
broilers [0.04D®.04 0. 04 D®. 04PM. 04 0WM.039M. 0351703056 03096.0390% 0390403080392

turkeys |[0.11000.1100.1100.1100.1100.1100.1100.1100.1100.11010.1100.110®.1100
pullets 0.040@®.040®m.040m.0401m.04010.040M.040M.040M.040M.040M.040@m.040m.0400
ducks 0.140D®M.140M.140M.140M.140M0.14010.14010.14010.1400.1400.1400.1400.1400
geese 0.240D®.240M.240M.240M.2400.2400.24010.2400.2400.2400.2400.2400.2400
deer 0.00P®M.O0P®M.OOP®M.OOP®M.O00HLM.O0OPM.O0OPM.O0ONM.000DM.00PM.00DXD.OOPD.OOPO
rabbits |0.01007.0100/.0100/..01007.01007.0100/.01007.01007.01007.01P07.01007.01007.0107
ostrich [0.02f®B.027B.02/®B.02[®B.027B.02[7B.027®B.02B.027B.027®B.02[(B.027B.0278
fur animals0180.01810.0180.018M.0180.018M.0180.018M.01810.018M.0181®.018M.0180

P M,
.66007.67p@.68p@.704®. 70806.7120%.71606.72008.7208B.72008.7208
.23P20.2260/.22(18.2200.2200.21PM.210B.21090%.21004.210®B.2198
.16B®.16306.163% 16801 16830K.1630.1638®k.16830K.16306.163®B.16836

dairy catite55p07.6 4
other cat0e240®.23
horses 0.161®.16

N

8|8 8

sheep 0.01P%.01P®.01PKB.01PKB.01PKB.01PMB.01PEB.01PB.01PE®.019B.019B.019B.01p2
goats 0.03p6B.0350B.036B.036B.0350B.0360B.0360B.036MB.0356B.036B.036B.036B.0368
swine 0.12401.12p(0G.12404.12P®.11/B.1003B.1083B.10(®B.1060/.1050B.1050.1020®.1000
laying hefs0400.0390.03PB. 03P6B.0393B.0390.03PM.03PM.038®M.038B.03807.038%K.0385
broilers |0.020®M.02D®M.020M.02PM.020M.01PM. 0198 01H9B.019B.01907.0190/.0196.01P6
turkeys |0.11000.1100.1100.11000.1100.1100.1100.1100.1100.1100.1100.110®.21100
pullets |0.020®M.02p®M.020M.02P®M.020M.020M.020M.020WM.020M.020M.020M.020M.0200
ducks 0.140M.14010.1400.140®.140M.1400.1400.140M.1400.1400.140®.1400.1400
geese 0.240®.240M.240M.240M.2400.24010.24010.2400.2400.2400.2400.2400.2400
deer 0.000®M.000®W.00P®.00P®.O0ODM.00DXD.00L®.O00HLM.00DM.00P®.OOLD.OODM.O00OPO
rabbits |0.01007.01007.0100/..01007.01007.0100/.01007.01007.01007.0100/.01007.01007.0107
ostrich [(0.011®011®011®.011R.011®. 011®R.011®.011®. 011 011®.011®.011®. 0112
fur anima0s008®.00B8M.0081.008M.0081.008M.0081.008M.008®.008M.008®.008M.0080

PM
dairy cat{t0e36106.4180.433B.43P1B.4406(0.45B®2.461M.46306.4606B.469M.46010.4600.46P0
other catel5[0% 15408 15PM.14B07.14506.14A40. 144B.144R. 1440 144M0.1430.1440.1442
horses 0.10PR07.10PRG.103®.1036B.10B8%6.10B807.10B807.10B307.10B0/.10B30/.10B8B.103B.1038
sheep 0.00p6Mm.005M.0060.006M.005M.0050.00p5®.005M.005M.005M.006M®.005M.0059
goats 0.0112.011®.0112.011R.011R.011R.011®.011R.011®.011®.011®R.011®. 0112
swine 0.00p0B.00H07.00p06.0060k.006@B.00HM.005M.004M.004M.004®.004B.004B.0047
laying hefAs00B®M.0030.00BM.003M. 00BM.00PM.00RM.002M.00PM.00RPM.00PM.00RM.00R9
broilers |{0.00PM.00P®M.002M.00R®M.00RM.00RM.00RM.002M.00PM.00RM.00RM.00RM.00ORO

turkeys |0.02D®.020@.02010.0200.020M.020M.0200.0200.020M.02010.020M.020®M.0200
pullets |0.00P®M.00P®M.002M.00PM.00RM.0O0RM.00RM.00R2M.00PM.00RM.00RM.O0RM.OORO
ducks 0.01B8M.018M.018M.01B8M.018M.018M.018MW.0181».01810.0180.0181.0181.0180
geese 0.03RM.03P2M.03PM.03R®M.032M.0320M.03RM.032M.032M.03RM.03RM.032M.0320




1990/1995/2000/2005/2010/2015/2016/20172018201920202021/2022
deer 0.000m®M.000®M.00P®M.00P®.OONM.00PMD.00PM.O00NM.00DM.00PX.OOLD.OODM.O0OPO
rabbits |0.00P0L.O0RAL.OORA.OORA. O0RA.OORALO0ORA.00RAL.00PAL.00RALOORALOORAL.OOR1
ostrich [0.00B3%.0030.00B3%.00BG. 0034 00BK.0O0BROLO0OBGL.O0OBRL.OORB.00BAL.00OBKR.0O0OB4
fur anima0s004®.004M.00AM.004M.00A®. 00AM.004M.0040.00AM.00A4M.00AM.00A®. 0040

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 for the earlier years of the time series
places equipped with air scrubbing and di erent emission factors of the di erent housing
subcategories (sows with piglets, weaners, fattening pigs, boars) and the varying populat
systems thefRhe linear regression is lower than 1 (0267 0. F®) dayirgfiteds (@, due to the
low prevalence of air scrubbing systems TSP emissions almost perfectly correlate with th

1.

Recalculations

The following table shows the el ects of recalculations on emissions of particulate matter
in the years before 2013, these are due to the correction of the nunetadsuhticoynnfohens a
The addition of new animal categoriesetmaldelanivwenoshiws only a very smalineRrneptag8ee

of the agriculturalFsiether details on recalculations are described in Vos et al. (2024), Ch

Table 9: REC-4: Revised particle gmisBM.,nén(KiSEtoRMes

1199/01995200020052014201520162017201[8201/202(02021202P
TOTAL SUSPENDED PARTICLES (TSP)
current submissb®n(062.923.823.054.493.683.283.252.221.521.339.5%8.05
previous submiss00032.282.391.094.483.623.283.262.221.541.339.59
absolute change 0.020.691.441.960.010.010.000.000.000.010.000.01
relative change [0051.653.394.770.020.020.02-0.010.010.020.010.01
P M,
current submissiein362.9243.112.923.693.483.303.2242.992.802.662.3242.12
previous submisk40%B82.712.622.253.683.473.293.2242.992.792.652.34
absolute change 0.020.230.480.690.010.010.010.010.010.010.000.01
relative change [0151.823.835.620.060.060.050.040.040.050.040.04
PM;
current submissibn024.504.223.954.054.023.973.943.873.7/93.7/13.643.62
previous submis$biadin4.474.183.884.054.023.973.943.863.7/93.713.64
absolute change 0.000.020.050.060.000.000.000.000.000.000.000.00
relative change [®(90.521.101.670.040.040.040.040.030.030.030.03

Fopollutant-speciB c information on recalculated emission estimates
for Base Year and p0@dse see the pollutant speciB c recalculation tables
followinlgapter 8.1 - Recalculations

Planned improvements

No improvements are planned at present.

Uncertainty


https://iir.umweltbundesamt.de/2025/sector/agriculture/start
https://iir.umweltbundesamt.de/2025/sector/agriculture/start
https://iir.umweltbundesamt.de/2025/general/recalculations/start

Details will be desxdralpedria.?
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