Calculation procedure supporting the manuscript
Spatio-temporal analysis for identifying hotspots and trends of nitrogen and potential energy valorisation from livestock manure in Italy
Purpose of the document
This document outlines the calculation process employed to estimate livestock manure production, nitrogen (N) loads, methane (CH4) production, and electricity generation potential (EP) at a municipal level in Italy. This procedure was developed to ensure the transparency and reproducibility of the dataset uploaded to Zenodo. All calculations were performed using municipal livestock data and standardised coefficients derived from official Italian guidelines and literature sources.
Input data
The main input data consists of livestock statistics at the municipality level, including the number of animals by species and category. The livestock categories considered in the calculations are cattle, buffalo, and pigs. The National Zootechnical Register statistics also provide disaggregation by age class, enabling animals to be categorised by production type, age group, and average live weight for each species. Tables 1 - 5 report the coefficients used to estimate manure production and N excretion for each livestock category
Table 1. Manure production and nitrogen content for livestock categories (meat production)
	Category
	Weight (kg)
	Slurry (m³ t⁻¹ live weight yr⁻¹)
	Manure (m³ t⁻¹ live weight yr⁻¹)
	N from slurry (kg t⁻¹ live weight yr⁻¹)
	N from manure (kg t⁻¹ live weight yr⁻¹)

	Calves (0 - 6 months)
	100
	15.8
	7.6
	86.8
	17.2

	Growing calves (6 months - 1 year)
	130
	50.0
	0.0
	67.0
	0.0

	Fattening buffalo
	400
	20.4
	2.7
	69.1
	5.9



Table 2. Manure production and nitrogen content for livestock categories (milk production)
	Category
	Weight (kg)
	Slurry (m³ t⁻¹ live weight yr⁻¹)
	Manure (m³ t⁻¹ live weight yr⁻¹)
	N from slurry (kg t⁻¹ live weight yr⁻¹)
	N from manure (kg t⁻¹ live weight yr⁻¹)

	Calves (0 - 6 months)
	100
	15.8
	7.6
	86.8
	17.2

	Growing stock (6 months - 1 year)
	300
	19.9
	3.79
	91.7
	11.3

	Dairy buffalo
	650
	20.1
	5.75
	71.2
	10.3



Table 3. Manure production and nitrogen content for cattle categories (meat production)
	Category
	Weight (kg)
	Slurry (m³ t⁻¹ live weight yr⁻¹)
	Manure (m³ t⁻¹ live weight yr⁻¹)
	N from slurry (kg t⁻¹ live weight yr⁻¹)
	N from manure (kg t⁻¹ live weight yr⁻¹)

	Calves (0 - 6 months)
	100
	17.9
	4.8
	98.4
	21.6

	Growing calves (6 months - 1 year)
	130
	50.0
	0.0
	67.0
	0.0

	Fattening cattle
	350
	24.0
	3.1
	77.4
	6.6



Table 4. Manure production and nitrogen content for cattle categories (milk production)
	Category
	Weight (kg)
	Slurry (m³ t⁻¹ live weight yr⁻¹)
	Manure (m³ t⁻¹ live weight yr⁻¹)
	N from slurry (kg t⁻¹ live weight yr⁻¹)
	N from manure (kg t⁻¹ live weight yr⁻¹)

	Calves (0 - 6 months)
	100
	17.9
	4.8
	98.4
	21.6

	Growing stock (6 months - 1 year)
	300
	23.1
	3.7
	106.9
	13.1

	Dairy cattle
	600
	28.8
	7.6
	120.2
	17.9



Table 5. Manure production and nitrogen content for pig categories
	Category
	Weight (kg)
	Slurry (m³ t⁻¹ live weight yr⁻¹)
	Manure (m³ t⁻¹ live weight yr⁻¹)
	N from slurry (kg t⁻¹ live weight yr⁻¹)
	N from manure (kg t⁻¹ live weight yr⁻¹)

	Boars
	250
	29.7
	6.2
	88.4
	21.6

	Piglets
	18
	47.2
	6.2
	103.9
	21.9

	Gilts
	107.5
	42.4
	5.6
	90.9
	19.1

	Growing pigs
	40
	42.4
	5.6
	90.9
	19.1

	Finishing pigs
	70
	42.4
	5.6
	90.9
	19.1

	Sows
	180
	47.5
	5.5
	86.9
	6.6

	Heavy pigs
	90
	42.4
	5.6
	17.9
	5.6



The parameters reported in Table X were used to estimate methane production and electricity generation potential from livestock manure and slurry. The calculations were based on volatile solids (VS), biochemical methane potential (BMP), methane yield coefficients for fresh manure/slurry, and conversion efficiencies reported in the literature. These parameters were applied according to effluent type to estimate the theoretical methane production and the associated electricity generation potential within the proposed framework.
Table 6. Parameters used for methane and electricity potential estimation from livestock manure and slurry
	Effluent
	VS (g/kg)
	BMP (mL CH4/g VS)
	Yslurry/manure (Nm3 CH4/kg fresh manure)
	  (Gómez et al., 2010)
	Reference literature

	Pig manure
	359,00
	128,00
	0,0460
	0,8
	(Garcia et al., 2019)

	Pig slurry
	29,00
	187,00
	0,0054
	0,8
	(Garcia et al., 2019)

	Bovine manure
	215,33
	153,00
	0,0329
	0,45
	(Kouas et al., 2017)

	Bovine slurry
	62,77
	200,46
	0,0126
	0,45
	(Allen et al., 2016)

	Buffalo
	81,4
	313,3
	0,0255
	0,45
	(Esposito et al., 2012)


Estimation of manure production
Manure production was estimated separately for slurry and solid manure. For each municipality and livestock category, manure production was calculated as:

where:
· = manure or slurry production for livestock category (m³ yr⁻¹); 
· = number of animals in category ; 
· = average live weight of category (t live weight); 
· = manure or slurry production coefficient (m³ t⁻¹ live weight yr⁻¹)
Total manure production at the municipal level was obtained by summing slurry and solid manure production across all livestock categories.
Nitrogen load estimation
For each livestock category, N production was calculated as:

where:
· Nᵢ = nitrogen load for livestock category i (kg N yr⁻¹) 
· nᵢ = number of animals in livestock category i 
· Wᵢ = average live weight of livestock category i (t live weight) 
· NCᵢ = nitrogen coefficient (kg N t⁻¹ live weight yr⁻¹)

Methane production and electricity generation potential
Methane production and electricity generation potential were estimated from the amount of manure produced and from literature-based conversion parameters. Methane yield was calculated from volatile solids and biochemical methane potential as:

where:
· Y = methane yield (Nm³ CH₄ kg⁻¹ fresh manure) 
· VS = volatile solids content (g kg-1)
· BMP = biochemical methane potential (mL CH4 g-1 VS)

Methane production was then estimated as:

where:
· GM = methane production (Nm³ CH₄ yr⁻¹) 
· Y = methane yield (Nm³ CH₄ kg⁻¹ fresh manure) 
· G = manure or slurry quantity produced annually (m³ yr⁻¹)
· η = availability factor, representing the fraction of manure that can be collected and treated 
Electricity generation potential was calculated from methane production as:

where:
· EP = electricity generation potential (kWh yr⁻¹) 
· GM = methane production (Nm³ CH₄ yr⁻¹) 
· LHV = lower heating value of methane (13.69 kWh kg⁻¹) 
· α = electricity conversion efficiency (0.28) 
· D = methane density (0.657 kg m⁻³)
Output variables
The final dataset includes the following calculated variables at the municipality-year level:
· manure production 
· nitrogen load from livestock manure 
· methane production 
· electricity generation potential
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