3.D - Agricultural Soils
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NH and NO

In 2020, agricultural soils emitted 26.00. % ko fNtHe total agrécenildsirain sNith Germany ($»12.3 kt
The main contributions to, thmisetahsNHrom agricultural soils are the application of manure
kt (61.0 %) and the application of inorganic N-fertilizers (3.D.a.1) with 50.1 kt (19.3 %).

Application of sewage sludge (3.D.a.2.b) contributes 0.7 % or 1.9 kt NH

The application of residues from the digestion of energy cropso(r3l.2.2% c)NlexdsettdéoBds. 0 nk
pastures (3.D.a.3) have a shafeom# 1729 .kt NH

In 2020, agricultural soils were the source of 98.6 %,(dM7s8i&n)s ah tthee tagailcoftNal categ
(108.7 kt). T,hemN€sions from agricultural soils are primarily due to application of inorgan
and manure (3.D.a.2.a) (34.3 %). Application of residues from digested energy crops (3.LC
agricultural soil emissions, 4.3 % are due to excretions on pastures (3.D.a.3). Emissions
(3.D.a.2.b) contribute 0.5 %.

NMVOC

In 2020, the category of agricultural soils contributed 9.2 kt NMVOC or 3.1 % to the total
Germany. The only emission source was cultivated crops (3.D.e).

TSP, PM & PM

In 2020, agricultural soils contributed, respectively, 28.7 % (17.3 kt), 57.2 % (17.3 kt) al
agricultural T,sndP MM missions (60.3 kt, 30.2 kt, 4.4 kt, respectively). The emissions are
3.D.c (Farm-level agricultural operations including storage, handling and transport of agt



3.D.a.1 - Inorganic N-fertilizers

The calculatiopacfdNNHOx (NO) emissions from the application of inorganic fertilizers is de
Chapter 1.1

Activity Data

German statistics report the amounts of fertilizers sold which are assumed to equal the a
2021 submission, storage el ects are approximated by applying a moving average to the s
year average, for the last year a two-year average).

Table 1: AD for the estignanibmM Ok dkhissions from application of inorganic fertilizers

Application of inorganic fertilizers in Gg N

1990199200 00B201R011201201R01420152016201201801/2020
Application of fertili2e198tO2A1922'797'635°665'692'655'716'736°'731°'622°499°'4084°'362
Calcium ammonium nltB6Ht8’ 044982 824 689 708 680 644 633 618 605 57/1 543 520 508
Nitrogen solutions (urk2a7AN)3 26|11 236 180 187 181 173 1783 172 171 162 1501 137 132
Urea 243 180 247 290 362 323 348 342 391 417 433 377 310 248 225
Ammonium phosphatles8% 5% 66 5% 64 71 77 78 82 84 82 77 65 64 63
Other NK and NPK 246 162 175 126 63 66 73 71 72 67 62 54 52 51 52
Other straight fertil{zd42s7 60 191 266 277 311 331 348 365 377 37[7 38/1 378 383 383

Methodology

NH emissions from the application of inorganic fertilizers are calculated using the Tier 2
(2019)-3D?1 4Ristinguishing between various fertilizer typeshes@éeTalblepprofah Nl@scribed i

(2019) [10]-3D-11 is applied.
Emission factors

The emission factgrdefmandHon fertilizer type, see EMEP (2019)-3D-15. Table 2 lists the E
the fertilizers used in the inventory. In order to reR ect average German conditions the en

pH value lower than 7 was chosen.

Table 2,;-HH for inorganic fertilizers

Inorganic fertilizers, emission factop®rirkkdgeNMHlizer N
Fertilizer type EF

Calcium ammonium nitrate 0.008
Nitrogen solutions (UREA |AN) 0.098

Urea 0.155 (in 2020:({0.0465)
Ammonium phosphates 0.050
Other NK and NPK 0.050
Other straight fertilizers 0.010

For NOthe simpler methodology by EMEP (2019)-3D-11 was used. The emission factor 0.0
3.1 has the unitsOop&mg ky fertilizer N and was derived from Stehf&stThpdGRomamanvEenxo6y
uses the emission factor 0.012 kg NO-N per kg N derived from Stehfest and Bouwman (20
emission factor of 0.03948 kg NeO®tilizer N (obtained by multiplying 0.012 kg NO-N per kg

ratio 46/14 foNBOD. The inventory uses the unrounded emission factor.

Table 3: Emission faceamiésioM® from fertilizer application

Emission faktipomMNO-N per kg fertidpgz®&©Oper kg fertilizer N
EF. 0.012 0.039




Trend discussion for Key Sources

In the lastBve years (and in the last three years in dramatic fashion) fertilizer sales hav
accordingly. This is even more thtd ara seitly,ithONBtal fNdm the application of mineral fertiliz
strongly correlated with the amount’# 0r88)aphkesal®ks of which have decreased more tha
mineral fertilizers.

Recalculations

Table REC-1 shows the eB ects of recahduMN@missiomsNHT he procedure of temporal averagin
data has been applied for threec8Ircatldatmen (reasosnem@din page of the agricu)tultatesseuxltsrin

smoothing of extreme values and redistribution of emissions between neighbouring years.
fertilizer application changed markedly in every year compared to last year s submission.

/I Table REC-1: ComparasadnN&imN¢isions from fertilizer application of the submissions (SU|

NH and N@missions from fertilizer application, in Gg

SUB19901995200020052010201120122013201420152016201720180192020
NH20278.829.585.686.388.483.988.085.983.927.899.789.2%6.765.636.97
NH2027r8.889.585.646.388.483.988.085.983.927.899.789.25%6.768.09
NQ20286.567.945.770.884.485.666.765.267.668.468.263.959.135.383.71
NQ2028B6.567.945.770.884.485.666.765.267.668.468.283.959.185.97

Planned improvements

No improvements are planned at present.

3.D.a.2.a - Animal manure applied to soils

In this sub category Germany,rapdrNONIDg Mimissions from application of manure (includincg
anaerobically digested manure). For an overview see R semann et al. (2021), Chapter 11.

Activity data

The calculation of the amount of N in manure applied is based on the N mass B ow approa
excreted by animals in the housing and the N imported with bedding material minus N los
housing and storage. Hence, the amount of total N includes the N contained in anaerobic
to the B eld.

The frequencies of application techniques and incorporation times as well as the underly]|
R semann et al. (2021), Chapter 3.4.3. The frequencies are’prolvagpedrel9g3.ih.the NIR 202

Table 4: AD for the estignanibiN®miNidions from application of manure

Application of manure in Gg N

19999 00@R00RR01®2011201201R014201R01&@201[201801R02

o

1'120972 954 924 928 933 949 96/11 972 972 966 96[1 94|77 940 93

N

Methodology

NH emissions from manure application are calculated separately for each animal species
multiplying the respective TAN ammusstionithadlttdrs for the various manure application tech
sed3-b-manure-managememd BR.Bé¢mann et al. (2021), Chapter 4 tpe8nangd olnls. Ir oo rmMOuUre
application the inventory calculates NO-N emissions (see R semann et al. (2021), Chapte
converted intemi®sions by multiplying with the molar weight ratio 46/14. The Tier 1 appro
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inorganic fertilizer as described in EMEP (2019)-3D-11 is used, as no speciB c methodolo
application.

Emission factors

Table 5 shows the time series of the ;oMEeR ad ERGreardnas Nt ratip Nofe toitsslicNdHfrom manure
application to the total amount of N spread with manure.

Table 5: IEF,;fMrfiNoHn application of manure

IEF in kg,N\Hper kg N in applied manure

[«

19901995200020052010201120122013201420152016201(/20182019202

0.202.180.180.166.162.162.150.156.152.150.148.140G.146.14G6.140

For NOhe same emission factor as for the application of inorganic fertilizer was used (se¢

Trend discussion for Key Sources

Both NBnd N®missions from the application of animal manures ,aire ckelg Watedegropotaiod el
to the total N in the manures applied which remarkably decreased from 1990 to 1991 due
following the German reunill cation (reduction of livestock numbers in Eastern Germany).

manure applied shows no signiB cant trend (950 +/- 40 Gg N), see Table 4 apd therefore t
emissions. For tetmlsNtbons even after 1991 there is a slight negative trend. This is due tc
application practices witbmosseormMNfactors. For both gases, emissions are slightly decreas
due to the fact that cattle and swine animal numbers are declining.

Recalculations

Table REC-2 shows the eB ects of recahcdul@ibestomiNéimissipasdNRemMm application of
manure are signiB cantly lower than those of last year s submission. These dil erences ar«
update of the models of dairy cows, calves, heifersmeand pajge béeaheaaglecwslebisal osfector
recalculation reasons, No. 1.thWoalglsmBaller is the impact of the updates of activity data f
years, pigs, poultry andrebalecpl@téen reasons 4, 6, 7, and 9 abrwedglhals2the update of activ
data for air scrubbing systems in pig andelcraliderahions esa(ssees 8 .aRdrilder details on
recalculations are described in R semann et al. (2021), Chapter 3.5.2.

Table REC-2: Comparisgmamd NenmNtsions of the submissions (SUB) 2020 and 2021

NH and N@missions from application of manure, in Gg
SUB19901995200020052010201120122013201420152016201720182019202¢
NH202275.p22121.1508.01588.31182.01983.01780. 71481 .31079.9177 7 .21574 . 11171 . 0166 6 . 3126 2. 51458 .6 7
NH202273.6220.8208.61990.01785.21886 . 31284 .01784 . 128 3. R168 0. 01879 . 11178 . 11575 . 61574 .1 1
NQ202244.1438.3337.6136.4236.5836.8137.4337.8838.3438.3138.0737.9137.3537.0536.76
NQ202143.4637.9937.4136.3536.7136.9937.6738.1838.7038.5838.3938.2737.8037.54

PO

Planned improvements
No improvements are planned at present.
3.D.a.2.b Sewage sludge applied to soils

The calculationpacdfdNNHONO) emissions from application of sewage sludge is described in R
Chapter 11.4.
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Activity data

N quantities from application of sewage sludge were calculated from data of the German
2009) from data of the Federal Statistical OB ce (see Table 6).

Table 6: AD for the estigpnanibiN®miNKHdions from application of sewage sludge

Application of sewage sludge in Gg N
1990199200 00R01®2012012012R01R012201201[20101R02
27y 35 33 27y 26 25 25 22 21 19 19 14 12 14 14

o

e

Methodology

A tier 1 methodology is used (EMEP, 2019, 3®&ndCHNO&Omtissid.r8s1lgreNdhalculated by multiplying
amounts of N in sewage sludge applied with the respective emission factors.

Emission factors

EMEP (2019)-3.D, Table 3-1 provides a Tier 1 (@mli3skgnNfthetperf&g MNHapplied) emissions f
application of sewage sludge. The German inventory uses the glivniltsntvieinhs$sobd.-idckgr!
N per kg N applied (cf. the derivation of the emission factor described in the appendix of
NQ the same emission factor like for the application of inorganic fertilizer was used (see

Trend discussion for Key Sources
NH and N®missions from the application of sewage sludge are no key sources.

Recalculations

Table REC-3 shows the eB ects of recahduN@mwissiomsNH he only change compared to last y
submission occurs for the year 2018, due to the updameaiof plageaoffivhty dqitec (steigal sector
recalculation NoFldther details on recalculations are described in R semann et al. (2021)

Table REC-3: Comparisgmamd NenmiNtsions of the submissions (SUB) 2020 and 2021

NH and N@missions from application of sewage sludge, in Gg
SUB1990199200®R00x201®01(1201201R0142013201&201[201[@01*R020
NH20223.6/64.714.403.663.483.353.332.872.852.502.501.891.671.901.90
NH20213.6/64.7/14.403.663.483.353.332.872.852.502.501.891.731.73
NQ20221.081.391.301.081.030.990.980.850.840.740.740.560.490.560.56
NQ20211.081.391.301.081.030.990.980.850.840.740.740.560.510.51

Planned improvements
No improvements are planned at present.
3.D.a.2.c - Other organic fertilizers applied to soils

This sub category describes Gerdn DN G) NeHnissions from application of residues from dige
crops. For details see R semann et al. (2021), Chapters 10.2 and 11.3.
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Activity data

Activity data is the amount of N in residues from anaerobic digestion of energy crops whe
is the N contained in the energy crops when being fed into the digestion process minus ti
species from the storage of the residues (see 3.1). N losses from pre-storage are negligil
fermenter (see R semann et al. (2021), Chapter 10.2.1).

Table 7: AD for the estimmanibmN®mididions from application of residues from anaerobic dige
crops

Application of residues from digested energy plants in Gg N

199199200 0052010201120122013201420152016201720182019202(

0.050.625.4@5.7667.4209.B230.5279.[12392.43203.83102.1697 .12092.85693.0893.08

Methodology

The NHEmissions are calculated the samemwissianshfeodHapplication of animal manure (3.D
frequencies of application techniques and incorporation times as well as the underlying d
the NIR 2021, Chapter 19.3.2. The amounts of TAN in the residues applied are obtained f
from the storage of the digested energy crops (3.1).

For N®@missions from application of residues the Tier 1 approach for the application of in
EMEP (2019)-3D-11 is used. The inventory calculates NO emissions that eméssudre hyentl)
multiplying with the molar weight ratio 46/30.

Emission factors

For NiHhe emission factors for untreated cattle slurry were adopted, see R semann et al. {
method for fertilizer application is used forethhéssadnalénoon thie M@ plication of residues, th
factor for fertilizer application was used (see R semann et al. (2021), Chapter 11.1)

Table 8 shows the implied emissipanfaxdiorssféromHapplication of residues from digested e

Table 8: IEF,fdr NH

IEF in kg;,N\Hper kg N in digested energy crops

19901995200020052010201120122013201420152016201(720182019202

[=]

0.182.182.186.186.186.18@.1768.166.150.153.150.146.146.143.141

Trend discussion for Key Sources

The application of residues from anaerobic digestion of enerpgy¥ migpsons atke ylsronurate fob)
amounts of N in the substrates fed into the digestion process and to a lesser extent by tt
technigues with lower emission factors. They have become important since about 2005 an
Since then, they have changed little each year and tend to decrease slightly in the last f
a small negative trend of the amounts of energy crops digested.

Recalculations

Table REC-4 shows the eB ects of recahdu@missiomsNH T he only change compared to last y
submission occurs for 2018, due to the update ofaithepagevifytilatag(seweltlisdl osfector
recalculation reasons, &mod I semann et al. (2021), Chapter 3.5.2.)

Table REC-4: Comparisgmamd NemNtsions of the submissions (SUB) 2020 and 2021

NH and N@missions from application of digested energy crops, in Gg

|SUBL199(01995200[2005201/0201120122013201420152016201720182010202

[=]



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

NH20220.010.1/41.200.137.2%6.758.836.256.566.425.163.451.820.980.12
NH20210.010.1/41.200.137.246.758.836.256.566.426.1895.354.634.63
NQ20220.000.020.211.806.6/(08.259.091.011.581.981.911.721.551.561.56
NQ20210.000.020.211.806.6/(08.259.091.011.581.981.911.721.551.55

Planned improvements

No improvements are planned at present.

3.D.a.3 - Urine and dung deposited by grazing animals

The calculationpacdfdNNHONO) emissions from N excretions on pasture is described in R sema
11.5.

Activity data

Activity data,femMNHdions during grazing is the amount of TAN excretedn isrsipastutdswihiée fo
amount of N excreted on pasture.

Table 9 shows the N excretions on pasture. The TAN excretions are derived by multiplyin
TAN contents provided in 3.B, Table 2.

/I Table 9: N excretions on pasture//

N excretions on pasture in % of total N excreted

199019900 00=XxR01(2011201201RX014L01x201&01j201[@01=XR02
Dairy coqwd (315/612,711,310/310,/1 9.8 9.5 9.2 8.9 8.6 8.3 8.0 7.7 7.
Other catike(117,/318,/919,019./419/519,/619/719,/920/320,520.,720,921.,221,
Sheep 55155555155 (454 (855,155,155 /255355 (455 (455 (455|655 555,
Goats 341234234234 (234 (234,234,234 ,234)234 (234 (234234234234,
Horses 20,520,/520.,520(520(520,520,520,520,520(520/520./520,520.,520.

aoNn K~ BO

Methodology

NH emissions from grazing are calculated by multiplying the respective animal population
N excretions and relative TAN contents (3.B, Table 2) and the fraction of N excreted on ¢
multiplied with the animal speciB c emission factor (Table 10). NO emissions are calculate
that the emission factor is related to N excreted instead of TAN.

Emission Factors

The emission factqgraréotakeéln from EMEP (2019)-3B-31, Table 3.9. They relate to the amo
pasture. Following the intention of EMEP, 2019-3D, Table,3hle, thenénemmnssignubaestdorabl @o
application of inorganic fertilizer (see Table 3é¢missooder(hctiod@Hdi-N@mission factor of 0
NO-N per kg N excreted is multiplied by 46/14.

Table 10: Emission factors for,eamidsN®n $rom NgHazing

Emission fagtors
Dairy cows |0.14 kg NH3-N per kg TAN excreted

Other cattle|0.14 kg NH3-N per kg TIAN excreted

Sheep, goats0.09 kg NH3-N per kg TAN excreted

T
T

Horses 0.35 kg NH3-N per kg TIAN excreted
T
N

All animals [0.012 kg NO-N per kg excreted




Trend discussion for Key Sources

Emissions from urine and dung deposited by grazing animals are no key sources.

Recalculations

Table REC-5 shows the eB ects of recahduN@omrsnbssidiHs. Because overall N excretions on
lower than in last year s submission (predominantly due to threaupdeageod fcaltel e gmodelts,r s
sectpiistretalculation reasons, No 1 thiNp@ghissions are lower as well. Howgearisalbhsugh
could be expected to show the same pattern, this is more than compensated by increased
(see listeahlculation reasonk, Murther details on recalculations are described in R semanr
Chapter 3.5.2.

Table REC-5: Comparisgmamnd NemNtsions of the submissions (SUB) 2020 and 2021

NH and N@missions from grazing, in Gg
SUB199019952000200552010201120120132014201520162017201820192020
NH20222.288.156.264.353.803.4833.293.373.403.403.203.082.742.562.30
NH20222.168.046.104.213.613.303.223.353.483.513.343.202.982.78
NQ20228.406.826.145.455.235.085.025.045.065.054.974.904.7/94.7/34.62
NQ20218.446.896.225.535.305.175.155.205.255.295.245.205.135.1/0

N | O | eyln

Planned improvements

No improvements are planned at present.

3.D.c - Farm-level agricultural operations including storage
transport of agricultural products

In this category Germany repantd FmMmiPMons from crop production according to EMEP (21
details see R semann et al. (2021), Chapter 11.14.

Activity data

The activity data is the total area of arable and horticultural land. This data is provided

Table 11: AD for the estimatjoamaod fPMSMRisBMns from soils

Arable and horticultural land in 1000*ha
199(|)1995 200d)2005201(|)201.L201‘2201\320142015'201( 201"201$201)202
11’17]90’25]70’63]30’93121’4l]11'43]11’42]11’47]81’47]51’34]61’23]11’27Bl'1b]11'15]31’071

Methodology

As the Tier 2 methodology described in EMEP (2019)-3D-17 cannot be used due to lack of
described in EMEP(2019)-3D-11 is used.

Emission factors

Emission factors given in EMEP (2019)-3D-12 are used. The Guidebook does not indicate
condensable component (with or without).

Table 12: Emission factors for PM emissions from agricultural soils
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Emission fakipha
EE» 1.56
E Fuio 1.56
EFu. s 0.06¢€

Trend discussion for Key Sources

TSP and,RMe key sources. Emissions depend only on the areas covered. These are relativ
decrease over the past 10 years.

Recalculations

Table REC-6 shows the eB ects of recalculations on particulate matter emissions. The onl
submission occur in the years 2010 through 2012 because of updainepagecaftihaticogriad s
sectpiistretalculation reasons),. MHowéver, due to the data format in Table REC-6, these d
visible. Further details on recalculations are described in R semann et al. (2021), Chapte

Table REC-6: Comparison of particle,g&iBNiocofsti€SRubmikssions (SUB) 2020 and 2021

TSP, RMPM, emissions from crop production, in Gg
SUB19901995200020052010201120120132014201p52016201(7201820192020
TSH20227.426.006.6Y7.017.807.887.827.917.907.707.607.597.487.417.27
TSR20217.426.006.6%Y7.017.807.887.827.917.907.707.607.597.447 .41
PM,20227.446.006.6Y7.017.807.8B7.827.917.907.707.607.597.447.417.27
PM,20217.446.006.6Y7.017.807.887.827.917.907.707.607.597.447.41
PM$20220.670.620.640.650.680.690.6(90.690.690.680.680.680.670.6(70.66
PM:20210.670.6(20.6/40.650.680.690.690.690.690.680.6/(80.680.670.67

Planned improvements

No improvements are planned at present.

3.D.e - Cultivated crops

In this category Germany reports NMVOC emissions from crop production according to EM
R semann et al. (2021), Chapter 11.12.

Activity data

The activity data is the total area of arable land and grassland. This data is provided by

/I Table 13: AD for the estimation of NMVOC emissions from crop production//

Arable land and grassland in 1000*ha
1990199520002005201020112012201320142015201¢ 201"201$201)202

16’53165’3l]25’49:B5’55]15'73]45'75]25'72]95’75]95’83]25’71195’65]25'64]75’5|7]05'55]35’447

Methodology

The Tier 2 methodology described in EMEP (2019)-3D-168 is used.

Emission Factors
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The emission factors for wheat, rye, rape and grass (15 C) given in EMEP (2019)-3D-16,
grassland areas the grass (15 C) EF is used, for all other crops except rye and rape the
the implied emission factors for NMVOC emissions from crop production. The implied emi
the total NMVOC emissions from cultivated crops to the total area given by activity data.

/1 Table 14: IEF for NMVOC emissions from crop production//

IEF for NMVOC emissions from crop production in kg ha

o

199(199x200@R00x01®R01 120120120142 01201&201[20101R02

0.470.530.570.590.610.570.640.660.720.630.620.6/20.500.550.59

Trend discussion for Key Sources

Emissions from urine and dung deposited by grazing animals are no key sources.

Recalculations

Table REC-7 shows the eB ects of recalculations on NMVOC emissions. The only changes
submission occur in the years 1999 (not shown in Table REC-7) and 2010 through 2012 b
and 2010 and of cultivation areas 2010nthrio ygyg @ ©If2tlfseagricultlirdlrestealtoulation

reasons, Ng.lbowever, due to the data format in Table Table REC-6, these diR erences ar
recalculations are described in R semann et al. (2021), Chapter 3.5.2.

Table REC-7: Comparison of NMVOC emissions of the submissions (SUB) 2020 and 2021

NMVOC emissions from crop production, in Gg
SUB199(01993200®R00X201/R0112012201320142013201201/2018012020
20227.698.198.799.179.539.030.050.361.409.919.6/99.747.828.569.16
20217.698.1/98.799.179.539.030.050.361.409.919.6/99.747.828.56

-
J
-
J

Planned improvements

No improvements are planned at present.

Uncertainty

Details will be deswciralpedria.7
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