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1 Introduction
This document describes the modelling of the balances of nutrients, heavy metals and organic substance from animal production. The balance is used to calculate amounts and finally concentrations in excreted manure (dung and urine). Furthermore, emissions from animal production are calculated.

In scope of the model:
· Animal husbandry
· Emissions in housing, yard and on pasture

Out of scope:
· Emissions after application of farmyard manure. These emissions are modelled in SALCAfield or SALCAphosphorus.

2 Concept of the model
The model considers 15 animal groups:
1. Dairy cows, loose housing
2. Dairy cows, tied housing
3. Other cattle
4. Fattening pigs
5. Sows
6. Sheep
7. Goats
8. Other ruminants
9. Horses (and mules, asses)
10. Laying hens
11. Broilers
12. Turkeys
13. Ducks
14. Geese
15. Other non-ruminants
For each of these animal groups, inputs, outputs and husbandry parameters are recorded and nutrient balances are calculated within each animal group separately. If an animal group is not present on a farm, all values are set to zero.
These groups have been chosen according to the following criteria:
· Animal groups relevant for the environmental impacts of agriculture 
· Different emission factors (EFs) provided for the emissions of NH3, N2O, NOx, NO3, CH4.
  [image: ]
[bookmark: _Ref110611469]Fig. 1: Concept of balances and emission calculations for animal husbandry. HM=heavy metals, OS=organic substance. Emissions from manure application are calculated in other modules (see text).
The calculation of balances, excretion and emission is performed in several steps:
1. The feed ration is calculated beforehand and provided by the user and the feed intake is assigned by the user to the different animal categories (Chapter 3).
2. From the feed ration and the tables with nutrient and heavy metal (HM) contents of the different feedstuffs, the average nutrient/HM concentration of the ration and finally the nutrient/HM intake is calculated for each animal group (Chapter 3).
3. Methane from enteric fermentation is calculated from the feed intake, by considering the animal category, digestibility and raw fibre content (Chapter 4.1). Methane form manure management and grazing is calculated in Chapter 4.2.
4. The balance of nutrients, heavy metals and organic carbon per animal group is calculated from feed intake, purchase and sale of animals, change in live weight and the products of the animals. The excretion of N, P, K, and HM is provided by the net balance (Chapter 5).
5. The excreted nutrients/HM are divided into excretion on housing, yard and on pasture, by using the time fractions spent in the respective areas (Chapter 5).
6. The excretion is further subdivided into solid and liquid manure, since different EFs apply for these types of manure (Chapter 5).
7. Emissions of NH3, N2O, NOx and methane occur in the housing, the yard and on pasture (Chapter 6). The amount of N emitted is subtracted from the total N and the total ammonium N (TAN) to ensure a correct mass balance.
8. NH3, N2O, and NO3 emissions from grazing animals are estimated using EFs differentiated by season (Chapter 6.6).
9. The same procedure is applied to manure storage (Chapter 6). Hereby, the different manure management systems are distinguished.
10. Induced (or indirect N2O emissions) are calculated from all NH3 and NOx emissions to the air (Chapter 6.7).
11. At farm level, the average nutrient/HM concentration of liquid and solid manure is calculated (Chapter 7). Hereby, the average from all animal groups is computed and manure imports and exports[footnoteRef:1] are taken into account. [1:  Manure imports change the nutrient concentrations, while manure exports have an effect on the quantity, but not on the concentrations.] 


Emissions from pasture are included in the SALCAanimal model, while emissions from manure application, which are shown in Fig. 1 are calculated in the SALCAfieldN, SALCAfieldP, and SALCAnitrate models. It is made sure that the mass balances are respected at all levels (animal excretion, manure storage, manure application). 
3 [bookmark: _Ref130309288]Feed intake
For the composition of different feedstuffs, data were exported from feedbase.ch. The list of feedstuffs from the feedbase was used as a basis and the following changes have been made, in order to make the list suitable for SALCAfuture:
· Some feedstuffs were removed, since they are rarely used and therefore are of little practical relevance.
· Some names were changed to make them better understandable to the users.
· Roughage ("Raufutter") is recorded in kg dry matter (DM), while supplementary feed ("Ergänzungsfutter") is always recorded in kg fresh matter and converted to DM by using the DM contents from feedbase.ch. 
· From the roughage feedstuffs, only those were retained, which are frequently used in practice.
· HM contents are taken from different sources, which are described in SALCAheavymetals.
4 [bookmark: _Toc379816148][bookmark: _Toc298678068][bookmark: _Ref130309349][bookmark: _Ref136015110]Methane (CH4) emissions and carbon balance
Methane emissions from animal husbandry are the main source of greenhouse gas emissions of ruminants. Emission from enteric fermentation are calculated by the default methodology from the revised guidelines of IPCC (2019) Tier 2, taking into account differences in feeding and production levels. For dairy cows, the formula of Kirchgessner (2004) is used as an alternative (4.1). In Chapter 4.2, emissions from manure management and grazing animals are computed. Finally, a C balance is calculated by taking into account the inputs, outputs and emissions of CH4 and CO2 (Chapter 4.3).
4.1 [bookmark: _Ref260643110]CH4 from enteric fermentation
Methane emissions from enteric fermentation are calculated for each animal category as a total per year.
	 (Tier 2 method)
	Eq. 1



CH4ent = CH4 emission from enteric fermentation [kg CH4/year]
GE = gross energy intake [MJ/year]
Ym = methane conversion factor [%GE converted to CH4]
55.65 MJ/kg CH4 = energy content of methane
[bookmark: _Ref113376469][bookmark: _Toc298678109]Tab. 1: Methane conversion factors (Ym) for the conversion of energy intake through feed into energy lost as CH4.
	Animal category
	Digestibility of energy
	Raw fibre content
	CH4 Ym
	Source

	Dairy cattle
	≥70%
	<35%
	5.7%
	IPCC (2019), Tier 2, Table 10.12, p. 10.45

	Dairy cattle
	≥70%
	≥35%
	6.0%
	IPCC (2019), Tier 2, Table 10.12, p. 10.45

	Dairy cattle
	63-70%
	
	6.3%
	IPCC (2019), Tier 2, Table 10.12, p. 10.45

	Dairy cattle
	<62%
	
	6.5%
	IPCC (2019), Tier 2, Table 10.12, p. 10.45

	Other cattle
	<62%
	
	7.0%
	IPCC (2019), Tier 2, Table 10.12, p. 10.45

	Other cattle
	62-71%
	
	6.3%
	IPCC (2019), Tier 2, Table 10.12, p. 10.45

	Other cattle
	72-75%
	
	4.0%
	IPCC (2019), Tier 2, Table 10.12, p. 10.45

	Other cattle
	≥75%
	
	3.0%
	IPCC (2019), Tier 2, Table 10.12, p. 10.45

	Horses (and mules, asses)
	
	
	2.45%
	FOEN (2019), p. 283

	Sheep
	
	
	6.70%
	IPCC (2019), Tier 2, Table 10.13, p. 10.19

	Goats
	
	
	5.50%
	IPCC (2019), Tier 2, Table 10.13, p. 10.19

	Other ruminants
	
	
	6.50%
	IPCC (2019), Tier 2, Table 10.13, p. 10.19 (low producing cows)

	Sows
	
	
	0.60%
	FOEN (2019), p. 283

	Fattening pigs
	
	
	0.60%
	FOEN (2019), p. 283

	Laying hens
	
	
	0.16%
	FOEN (2019), p. 283

	Broilers
	
	
	0.16%
	FOEN (2019), p. 283

	Turkeys
	
	
	0.16%
	FOEN (2019), p. 283

	Ducks
	
	
	0.16%
	FOEN (2019), p. 283

	Geese
	
	
	0.16%
	FOEN (2019), p. 283

	Other poultry
	
	
	0.16%
	FOEN (2019), p. 283

	Other non-ruminants
	
	
	0.16%
	FOEN (2019), p. 283, p. 283



IPCC (2019) suggests applying Tier 2 emission factors only for cattle and sheep and Tier 1 factors for all other impact categories. For consistency reasons, we use Tier 2 factors for all animal categories, which are taken from the Swiss National Inventory report (FOEN 2019). 
The GE intake is calculated from DM [kg DM] intake and the gross energy content of each feedstuff [MJ/kg DM].
For dairy cows, an alternative formula Kirchgessner (2004) is offered as an alternative option: 
	CH4ent = 0.001 × 365 × (63 + 26 × CP + 79 × CF + 10 × NFE – 212 × RL)
	Eq. 2


where:
CH4ent = CH4 emission from enteric fermentation [kg CH4 head-1 year-1]
CP = crude protein intake [kg head-1 day-1]. CP is calculated from the N-concentration in the feed ration by using the conversion factor 6.25 (kg protein/kg N).
CF = crude fibre intake [kg head-1 day-1]
NFE = intake of N-free extract [kg head-1 day-1]
RL = raw lipid intake [kg head-1 day-1]
In the calculation of animal emissions, Eq. 3 is the only one, which is calculated per head and therefore the number of animals matter. All other calculations are independent of the number of animals and refer to the total flows only.
4.2 [bookmark: _Ref130309902][bookmark: _Ref136015177]CH4 from manure management and grazing
	
	[bookmark: _Ref112944839]Eq. 3


CH4man (A) = annual CH4 emission of livestock category A [kg CH4/year]
VS = volatile solid excreted per livestock category [kg DM/year] (Eq. 4)
B0 (A) = maximum methane producing capacity for manure produced of livestock category A, [m3 CH4/kg of VS excreted]
0.67 = conversion factor of m3 CH4 to kilograms CH4 [kg/m3]
MCF(S) = methane conversion factors for each manure management system S [%] (see Tab. 3)
MS(A,S) = fraction of livestock category A's manure handled using manure management system S [dimensionless]
	 	(Tier 2 method)
	[bookmark: _Ref112946925]Eq. 4


VS = volatile solid excretion per year on a dry-organic matter basis [kg/year]
GE = gross energy intake [MJ/year]
DE = digestibility of the feed [%]
UE = urinary energy excretion, expressed as fraction of GE [MJ/MJ] (Tab. 2). 
ASH = ash content of manure calculated as a fraction of the dry matter feed intake (calculated from the feed ration) [kg/kg].
18.45 MJ/kg DM is the average gross energy content of dry matter according to IPCC (2019).
[bookmark: _Ref112946602][bookmark: _Toc298678110][bookmark: _Ref112946597]Tab. 2: Maximum methane producing capacities for manure produced by livestock category.
	Animal category
	B0 [m3 CH4/kg VS excreted]
	Urinary energy excretion UE [MJ/MJ]

	Dairy cows
	0.24
	0.04

	Other cattle
	0.18
	0.04

	Horses (and mules, asses)
	0.30
	0.04

	Sheep
	0.19
	0.04

	Goats
	0.18
	0.04

	Other ruminants
	0.20
	0.04

	Sows
	0.45
	0.02

	Fattening pigs
	0.45
	0.04

	Laying hens
	0.39
	0.02

	Broilers
	0.36
	0.02

	Turkeys
	0.36
	0.02

	Ducks
	0.36
	0.02

	Geese
	0.36
	0.02

	Other poultry
	0.36
	0.02

	Other non-ruminants
	0.36
	0.02

	Source:
	IPCC (2019), Tier 2, Table 10.16, p. 10.66
	IPCC (2019), Tier 2, p. 10.64



[bookmark: _Ref382989023][bookmark: _Toc298678111]Tab. 3: Methane conversion factors for each manure management system for cool and moist climates. Factors for warmer climates can be found in IPCC (2019, Tab. 10.17). 
	Variable
	Manure management system S
	Methane conversion factor MCFS
	Source

	ch4_mcf_drylot
	Pasture/Range/Paddock/Dry lot
	0.01
	IPCC, 2019, Tab. 10.17

	ch4_mcf_solid_stor
	Solid storage
	0.02
	IPCC, 2019, Tab. 10.17

	ch4_mcf_pit_stor
	Pit storage
	0.21
	IPCC, 2019, Tab. 10.17, 
Liquid/Slurry, and Pit storage below animal confinements >6 months

	ch4_mcf_digest
	Anaerobic digester
	0.026
	FOEN (2019) Table 5-10, p. 287

	ch4_mcf_bedding
	Cattle and swine deep bedding >1months
	0.21
	IPCC (2019), Tab. 10.17, 
Liquid/Slurry, and Pit storage below animal confinements >1 month

	ch4_mcf_composting
	Composting
	0.005
	IPCC, (2019), Tab. 10.17, Composting - In-vessel

	ch4_mcf_poultry
	Poultry manure
	0.015
	IPCC, (2019), Tab. 10.17, Poultry manure with and without litter


4.3 [bookmark: _Ref136015319]Carbon and organic substance
The content of organic substance (OS) in manure is needed for the calculations in SALCAsoilquality. 
The amount of OS in manure (OSman [kg]) is calculated from VS excreted (Eq. 4) by using the content of 0.475 kg C/kg OS (values for biomass from http://www.fao.org/forestry/17111/en/) by subtracting the C losses as methane and CO2. 
	Cman = 0.475 VS - 12/16 * CH4man – CO2-C
CO2-C = 0.1 * 44/12 * VS
OSman = Cman/0.475
	Eq. 6


Where
CO2-C = the amount of C emitted as CO2 [kg]. The emission of CO2-C during manure storage is assumed as 0.1 according to (Kupper et al. 2020, Tab. 9, average from cattle and pig manure). 
5 [bookmark: _Ref130309446]Balances and excretion
Elemental balances at the level of the animal herd are calculated for the nutrients N, P, K as well as the heavy metals Cadmium (Cd), Chromium (Cr), copper (Cu), mercury (Hg), nickel (Ni), lead (Pb), and zinc (Zn) by calculating feed intake and purchased animals as inputs and animal products and sold animals as outputs. Furthermore, the change of live weight of the animal herd (besides the purchases and sales) is taken into account. Part of the nutrients is stored in the animal body. Animals are pregnant, are born, grow or can also lose weight (e.g. dairy cows during some phases of the lactation). Not considering these changes would lead to a biased balance. The excretion is calculated as follows:
	Mexcr i = ∑f(Mfeed f*cfeed j,i) + ∑a(Manimin a*canimin a,i) - ∑a(Manimout a*canimout a,i) 
- ∑a(Manimgr a*canimgr a,i)- ∑p(Manpr p*canpr p,i)
	[bookmark: _Ref128131248]Eq. 6


where Mexcr i [kg] are amounts of element i excreted, Mfeed f, Manimin a, Manimout a, Manimgr a, Manpr p are the amounts in kg of intake of feed f, animals purchased, animals sold, and animal growth (change of live weight of the herd) in category a, and animal product p; cfeed f,i, canimin a,i, canimout a,i, canimgr a,i, canpr p,i are the respective elemental concentrations.
The animal products considered are listed in Tab. 4.

[bookmark: _Ref113551037]Tab. 4: Nutrient contents of the considered animal products.
	
	Unit
	kg N/unit
	kg P/unit
	kg K/unit
	Source

	Cow milk
	m3
	5.72E-03
	1.04E-03
	1.66E-03
	Richner et al. (2017)

	Sheep milk
	m3
	3.13E-03
	5.80E-04
	5.10E-04
	Richner et al. (2017)

	Goat milk
	m3
	5.76E-03
	1.13E-03
	1.94E-03
	Source: http://www.naehrwertdaten.ch, Ziegenmilch, Accessed 27.1.2014

	Horse milk
	m3
	2.90E-03
	5.37E-04
	4.72E-04
	Source: (Medhammar et al. 2012)

	Sheep wool
	kg
	2.20E-02
	6.00E-03
	1.20E-03
	Richner et al. (2017)

	Eggs
	kg
	1.80E-02
	1.00E-03
	1.20E-03
	Richner et al. (2017)



Tab. 5: Nutrients contents of animal bodies (per kg live weight, LW). Source. Richner et al. (2017), Chapter 4, Tab. 1.
	Animal category
	g N/kg LW
	g P/kg LW
	g K/kg LW

	Dairy cows
	25.0
	6.0
	1.6

	Other cattle
	26.0
	6.0
	1.8

	Horses (and mules, asses)
	24.3
	5.8
	1.8

	Sheep
	22.0
	6.0
	1.2

	Goats
	21.0
	5.3
	1.5

	Other ruminants
	24.3
	5.8
	1.8

	Sows
	26.0
	5.4
	2.3

	Fattening pigs
	25.0
	5.1
	2.2

	Laying hens
	29.0
	5.8
	2.6

	Broilers
	29.0
	5.8
	2.6

	Turkeys
	29.0
	5.8
	2.6

	Ducks
	29.0
	5.8
	2.6

	Geese
	29.0
	5.8
	2.6

	Other poultry
	29.0
	5.8
	2.6

	Other non-ruminants
	29.0
	5.8
	2.6



To calculate the amounts of manure excreted in the housing (fh), the yard (fy) and on pasture (fp), we use the fraction of time spent in the different areas.
	fp = dp/365 * hp/24
fy = dy/365 * hy/24
fh = 1 - fp - fy
	Eq. 7



where dy and dp are the days per year spent in the yard and on pasture, while hy and hp are the average hours per day spent in the yard and on pasture (on the respective days).

As the N emissions from urine and dung, respectively from liquid and solid manure differ widely. There is a strong relationship between excretion of urinary N and the N concentration in the diet. This means that e.g. a high yielding dairy cow with high quality feed will excrete more urinary N, which will lead to higher emission rates for NH3, N2O and NO3. The excretion of urine N and dung N is differentiated for cattle as described in Nemecek & Ledgard (2016):

	%UrineN = -4.7 + 20.7*Ndiet%
%DungN = 100 - %UrineN
	Eq. 8


Where
%UrineN = N excreted in urine [g N/day]/total N excreted in urine and dung [g N/day]*100
%DungN = N excreted in dung [g N/day]/total N excreted in urine and dung [g N/day]*100
%Ndiet = N concentration in the diet [g N/kg dry matter]*100

The linear function is truncated at 30% and 70%, so that 30% ≤ UrineN% ≤ 70%.
[image: ]
Fig. 2: Proportion of N excreted in urine (%Nurine) as a function of the N concentration in the diet (%Ndiet) on a dry matter basis (from Nemecek & Ledgard, 2016).
This proportion is directly used to model emissions on the pasture. In the housing and yard, however, the proportions of N in liquid and solid manure (fracNliq [-]) depend on the housing and manure management system. Therefore this value is directly provided by the user and used in subsequent calculations.
For P, K and OS the partitioning between liquid and solid manure is different. E.g. K is mainly excreted in urine, while P and OS are mainly excreted in dung Richner et al. (2017). 
The fractions are therefore corrected by using Tab. 6 and Eq. 9, which also considers the fraction excreted on pasture (fp).
[bookmark: _Ref113550263]Tab. 6: Correction factors for the partitioning between liquid and solid manure [-]. OS = organic substance. Source: Richner et al. (2017)
	Animal species
	Substance
	Variable
	Value

	cattle
	P
	corrP
	0.54

	cattle
	K
	corrK
	1.29

	cattle
	OS
	corrOS
	0.42

	pigs
	P
	corrP
	0.77

	pigs
	K
	corrK
	0.78

	pigs
	OS
	corrOS
	0.32


	fracPliq 	= min(1, fracNliq * (1-fp) * corrP)
fracKliq 	= min(1, fracNliq * (1-fp) * corrK)
fracOSliq 	= min(1, fracNliq * (1-fp) * corrOS)
	[bookmark: _Ref113550269]Eq. 9


The correction factor corrOS is also applied to calculate heavy metal partitioning between liquid and solid manure, assuming that heavy metals are either bound to the organic matter or follow similar distribution paths. This means concretely that most of the heavy metals are excreted in dung. 
The amounts of N added in straw are added to the amount of total N in solid manure for litter-based systems. Default values are available in EEA (2013, 3.B Tab. 3.5). The same is done for P, K and OS. The following values are used:
0.004	kg N / kg straw
0.0009	kg P / kg straw
0.0111	kg K / kg straw
0.83	kg OS / kg straw
6 [bookmark: _Ref130309548]N emissions
6.1 Ammonia (NH3)
For NH3, SALCA offers two options for the users: The EEA (2019) emission factors (Tab. 7) and Agrammon Group (2022) (Tab. 8). 
[bookmark: _Ref130461703]Tab. 7: Emission factors for NH3 related to animal production (from EEA (2019)). The emission factors (EFs refer to the TAN content of the manure). 
	Livestock
	Manure type
	proportion of TAN
	EF housing
	EF yard
	EF storage
	EF spreading
	EF grazing/outdoor

	Dairy cows
	liquid
	Eq. 10
	0.24
	0.30
	0.25
	0.55
	See Tab. 10

	Dairy cows
	solid
	Eq. 10
	0.08
	0.30
	0.32
	0.68
	See Tab. 10

	Dairy cows, tied housing
	liquid
	Eq. 10
	0.09
	0.30
	0.25
	0.55
	See Tab. 10

	Dairy cows, tied housing
	solid
	Eq. 10
	0.09
	0.30
	0.32
	0.68
	See Tab. 10

	Other cattle
	liquid
	Eq. 10
	0.24
	0.53
	0.25
	0.55
	See Tab. 10

	Other cattle
	solid
	Eq. 10
	0.08
	0.53
	0.32
	0.68
	See Tab. 10

	Fattening pigs
	liquid
	0.70
	0.27
	0.53
	0.11
	0.40
	0.31

	Fattening pigs
	solid
	0.70
	0.23
	0.53
	0.29
	0.45
	0.31

	Sows
	liquid
	0.70
	0.35
	0.53
	0.11
	0.29
	0.31

	Sows
	solid
	0.70
	0.24
	0.53
	0.29
	0.45
	0.31

	Sheep
	solid
	0.50
	0.22
	0.75
	0.32
	0.90
	0.09

	Goats
	solid
	0.50
	0.22
	0.75
	0.28
	0.90
	0.09

	Other ruminants
	solid
	0.55
	0.15
	0.58
	0.31
	0.79
	0.08

	Horses (and mules, asses)
	solid
	0.60
	0.22
	0.35
	0.35
	0.90
	0.35

	Laying hens
	liquid
	0.70
	0.41
	0.70
	0.14
	0.69
	0.10

	Laying hens
	solid
	0.70
	0.20
	0.70
	0.08
	0.45
	0.10

	Broilers
	solid
	0.70
	0.21
	0.70
	0.30
	0.38
	0.10

	Turkeys
	solid
	0.70
	0.35
	0.70
	0.24
	0.54
	0.10

	Ducks
	solid
	0.70
	0.24
	0.70
	0.24
	0.54
	0.10

	Geese
	solid
	0.70
	0.57
	0.70
	0.16
	0.45
	0.10

	Other non-ruminants
	solid
	0.69
	0.28
	0.61
	0.24
	0.52
	0.15


[bookmark: _Ref113377023]Tab. 8: Emission factors for NH3 related to animal production (from Agrammon Group (2022)). The emission factors (EFs refer to the TAN content of the manure). 
	Livestock
	Manure type
	proportion of TAN
	EF housing
	EF yard
	EF storage
	EF spreading
	EF grazing/
outdoor

	Dairy cows
	liquid
	Eq. 10
	0.18
	0.70
	0.25
	0.50
	See Tab. 10

	Dairy cows
	solid
	Eq. 10
	0.18
	0.70
	0.30
	0.80
	See Tab. 10

	Dairy cows, tied housing
	liquid
	Eq. 10
	0.07
	0.70
	0.25
	0.50
	See Tab. 10

	Dairy cows, tied housing
	solid
	Eq. 10
	0.07
	0.70
	0.30
	0.80
	See Tab. 10

	Other cattle
	liquid
	Eq. 10
	0.07
	0.70
	0.25
	0.50
	See Tab. 10

	Other cattle
	solid
	Eq. 10
	0.07
	0.70
	0.30
	0.80
	See Tab. 10

	Fattening pigs
	liquid
	0.70
	0.24
	0.49
	0.20
	0.35
	0.20

	Fattening pigs
	solid
	0.70
	0.24
	0.49
	0.50
	0.60
	0.20

	Sows
	liquid
	0.70
	0.24
	0.49
	0.20
	0.35
	0.20

	Sows
	solid
	0.70
	0.24
	0.49
	0.50
	0.60
	0.20

	Sheep
	solid
	0.40
	0.28
	0.75
	0.30
	0.70
	0.13

	Goats
	solid
	0.40
	0.28
	0.75
	0.30
	0.70
	0.13

	Other ruminants
	solid
	0.48
	0.20
	0.73
	0.30
	0.75
	0.10

	Horses (and mules, asses)
	solid
	0.40
	0.28
	0.35
	0.30
	0.70
	0.13

	Laying hens
	liquid
	0.60
	0.25
	0.70
	0.25
	0.40
	0.10

	Laying hens
	solid
	0.60
	0.50
	0.70
	0.25
	0.40
	0.10

	Broilers
	solid
	0.60
	0.20
	0.70
	0.25
	0.40
	0.10

	Turkeys
	solid
	0.60
	0.20
	0.70
	0.25
	0.40
	0.10

	Ducks
	solid
	0.60
	0.20
	0.70
	0.25
	0.40
	0.10

	Geese
	solid
	0.60
	0.20
	0.70
	0.25
	0.40
	0.10

	Other non-ruminants
	solid
	0.60
	0.26
	0.60
	0.32
	0.49
	0.13


For grazing cattle, we use EFs differentiated by season, to their importance (see Tab. 10).
The proportion of TAN in excretions of cattle (TANcattle [%]) is given by:
	TANcattle = %UrineN + 0.2 * %DungN
	[bookmark: _Ref113377141]Eq. 10


Urinary N is quickly converted to ammonium by hydrolysis; we count therefore 100% of urinary as TAN. In fresh cattle dung, 99% of the N is organically bound, which is partly water soluble (fresh cattle dung contains 21.5% soluble N compounds (Kirchmann and Witter 1992)). Thus, we assume that 20% of the N excreted in dung is converted to TAN (Eq. 10).
For Agrammon, the correction factors NH3 for housing emissions on grazing days (parameters #186-189 in Agrammon Group (2022)). The reason is that manure excreted in the housing continues to emit NH3 even in the absence of animals. The emission rates in the housing are 110% for grazing periods <5h/day, 140% for 5 to ≤12h/day, 200% for 12 to <22h/day and 250% for 22-23h/day. For full grazing systems, where animals do not return to the housing, housing emissions are set to 0.
The EFs for manure spreading are multiplied by a factor of 0.5. More recent experiments have shown that the emissions of ammonia from manure spreading were overestimated in the past by roughly a factor of 2 (Häni et al. 2016; Sintermann et al. 2012). Therefore the emissions are multiplied by a correction factor of 0.5.
The ammonia emission after manure spreading are calculated in SALCAfield. The model calculates liquid manure as a mixture of all manure types on the farm and the same for solid manure. As the EFs differ between animal species and manure management system, a weighted mean EF is calculated in SALCAanimal and subsequently used in SALCAfield.
6.2 Nitrous oxide (N2O)
The emission factors from the revised guidelines of IPCC (2019) Tier 2 are used for N2O. In order to be consistent with the calculations of NH3 emissions, which are based on TAN rather than total N, the calculation procedure as proposed by EEA (2019) is followed. 
[bookmark: _Ref113376478][bookmark: _Toc298678108]Tab. 9: Emission factors for N2O related to animal production (from EEA (2019) Table 3.8 for manure management and IPCC (2019) for grazing). The emission factors (EF) refer to the TAN content of the manure. 
	Unit:
	
	EF kg N2O-N 
(kg TAN entering store)-1
	EF kg N2O-N 
(kg TAN entering store)-1
	EF kg N2O-N 
(kg TAN entering store)-1
	EF kg N2O-N 
(kg Nexcreted)-1

	Livestock
	Manure type
	Without natural crust
	With natural crust (only liquid manure)
	Pit storage below animal confinements (only liquid manure)
	EF grazing

	Dairy cows
	liquid
	0.00
	0.01
	0.004
	0.01

	Dairy cows
	solid
	0.02
	0
	0
	0.0025

	Dairy cows, tied housing
	liquid
	0.00
	0.01
	0.004
	0.01

	Dairy cows, tied housing
	solid
	0.02
	0
	0
	0.0025

	Other cattle
	liquid
	0.00
	0.01
	0.004
	0.01

	Other cattle
	solid
	0.02
	0
	0
	0.0025

	Fattening pigs
	liquid
	0.00
	0.01
	0.004
	0.006

	Fattening pigs
	solid
	0.01
	0
	0
	0.006

	Sows
	liquid
	0.00
	0.01
	0.004
	0.006

	Sows
	solid
	0.01
	0
	0
	0.006

	Sheep
	solid
	0.02
	0
	0
	0.006

	Goats
	solid
	0.02
	0
	0
	0.006

	Other ruminants
	solid
	0.02
	0
	0
	0.006

	Horses (and mules, asses)
	solid
	0.02
	0
	0
	0.006

	Laying hens
	liquid
	0.002
	0
	0
	0.006

	Laying hens
	solid
	0.002
	0
	0
	0.006

	Broilers
	solid
	0.002
	0
	0
	0.006

	Turkeys
	solid
	0.002
	0
	0
	0.006

	Ducks
	solid
	0.002
	0
	0
	0.006

	Geese
	solid
	0.002
	0
	0
	0.006

	Other non-ruminants
	solid
	0.01
	0
	0
	0.006


N2O emissions for cattle are differentiated between urine and dung, since EFs for dung are about 4x lower than for urine. We derive the EFs from the default EF3PRP values for wet climates (0.6%) and set the EF for urinary N to 1% and that for dung N to 0.25%. 
6.3 N2 emissions
During manure storage, losses of N2 occur. The corresponding emission factors are 0.003 kg N2/kg TAN for liquid and 0.3 kg N2/kg TAN for solid manure (EEA, 2019, 3.B Tab. 3.10). Although N2 emissions are not directly relevant from an environmental point of view, they are considered, in order to achieve a correct N balance. N lost in form of N2 is no more available for further processes. 
6.4 NOx emissions
Nitrogen oxides stem mainly from the nitrification process. The importance of NOx emissions from N fertiliser and manure management is relatively small compared to other sources. Therefore simple emission factors for manure management are used:
· 0.00005 kg NOx-N/kg N in liquid manure (0.0001*14/30) and 
· 0.0047 kg NOx-N/kg N solid manure (0.01*14/30) (EEA, 2019, 3.B Tab. 3.10, converted from NO to N)
The emission is calculated after subtraction of the N volatilized as NH3. 
EEA (2019) expresses the emissions of NOx as NO, while in ecoinvent NOx is calculated as NO2. In order to be compatible with the latter, the emissions will be converted to NO2. The conversion factor from N to NO2 is 46/14.
6.5 N mineralisation and immobilisation
Furthermore, the immobilization of N in solid manure and the mineralisation of N in liquid manure are calculated. The corresponding rates are: 
· Immobilization of 0.0067 kg N/kg TAN (EEA, 2019) resp. 0.4 kg N/kg TAN (Agrammon Group 2022) for solid manure is calculated after the subtraction of the losses during manure storage and 
· Mineralisation of fmin = 0.1 kg/kg for solid manure, calculated as (Ntotal-TAN)*fmin before the calculation of the N emissions (Agrammon Group 2022; EEA 2019).
6.6 [bookmark: _Ref132372680]NH3, NO3 and NOx emissions on pasture
The emissions of NH3 and NO3 from grazing cattle are differentiated by season (Tab. 10). 
[bookmark: _Ref136353115]Tab. 10: N emissions from grazing cattle in kg NO3-N leached/kg N deposited (Source: Nemecek & Ledgard, 2016). The EFs  for NO3 are corrected for average losses as NH3, N2O and NOx, which amount at 12% (=9.8%+1%+1.2%) for urine and 1.45% (=0%+0.25%+1.2%) for dung.
	Variable
	Spring 
(III-V)
	Summer (VI-VIII)
	Autumn (IX-XI)
	Winter (XII-II)
	Mean

	pasture_no3_urine
	15.5%
	16.4%
	27.3%
	22.7%
	20.5%

	pasture_no3_dung
	2.8%
	2.9%
	4.9%
	4.1%
	3.7%

	pasture_nh3_urine
	8.0%
	15.0%
	9.0%
	7.0%
	9.8%


NO3-N emissions from grazing pigs are calculated as 50% of excreted TAN (Stauffer et al. 1999). NH3 emissions from grazing pigs are given by Tab. 7 and Tab. 8.
NOx emissions from N excretion by grazing animals is computed as 0.012 kg NOx-N/kg N excreted (EEA, 2019, converted from NO to N: 0.026*14/30=0.012). 
For all other animal categories, we use EFs for NH3 from Tab. 7 and Tab. 8 and the mean values from Tab. 10 to estimate NO3 leaching.
NH3 emissions from dung deposited on pasture are set to 0% for all animal categories.
6.7 [bookmark: _Ref130309614]Induced N2O emissions
For all reactive N emissions (NH3, NO3, NOx) from crop production and animal husbandry induced emissions are calculated. These are called “indirect emissions” in IPCC (2006), but as this term is misleading in the context of LCA, we use the term “induced emissions” instead. The respective emissions factors are:
· 0.01 kg N2O-N/kg NH3-N resp. NOx-N (IPCC 2019, Table 11.3, EF4)   and
· 0.011 kg N2O-N/kg NO3-N (IPCC 2019, Table 11.3, EF5)
7 [bookmark: _Ref130309641]Balances at farm level
All calculations above are performed per animal group. At farm level, balances are calculated by summing up contents in liquid and solid manure excreted by the different animal groups, by adding imported manure and subtracting exported manure. The results are the contents of N, P, K, OS and heavy metals in liquid and solid manure. In addition the shares of TAN coming from cattle, pigs, poultry and others is distinguished, since some emission factors vary between animal species.
For the sake of simplicity, we consider only one average liquid manure and one average solid manure, even if a farm can have several liquid or solid manure stores.

	Sliq = Spliq + Simliq - Sexliq
Ssol = Spsol + Simsol - Sexsol
	Eq. 11


Where
Sliq = amount of substance S in liquid manure [kg]
Spliq = amount of substance S in liquid manure produced on farm by all animal groups [kg]
Simliq = amount of substance S in imported liquid manure [kg]
Sexliq = amount of substance S in exported liquid manure [kg]
Ssol = amount of substance S in solid manure [kg]
Spsol = amount of substance S in solid manure produced on farm by all animal groups [kg]
Simsol = amount of substance S in imported solid manure [kg]
Sexsol = amount of substance S in exported solid manure [kg]
S stands for the respective substance, namely, N, P, K, OS, and heavy metals. The substance concentrations are then calculated by dividing Sliq respectively Ssol by the amount of total liquid and solid manure spread during the year at the farm.

Note that manure imports will change the amount and the concentration of the respective substance in the manure, while manure exports will change the amount, but have no effect on the concentration.
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