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Introduction 
The main objective of the study was to carry out an analysis of the carbon footprint of the pig production of 

Piggly, focusing to the role of renewable resources in environmental impact reducing.  

The term "Carbon Footprint (CF)" refers to the measurement of greenhouse gas (GHG) emissions that are 

directly and indirectly caused by an activity or are accumulated during the life cycle of a product (Wiedmann 

et al., 2008). In the present study, the methodology selected for carbon footprint calculation is Life Cycle 

Assessment (LCA) analysis, which involves compiling and evaluating through the entire life cycle the input 

and output streams, as well as potential environmental impacts, of a product system (Baldi et al., 2007). 

LCA is the only tool recognized at European level which is able to define the environmental impact of a 

product or product system; it is governed by ISO 14040 (principles and frameworks) and ISO 14044 

(guidelines).  

An LCA study can be attributional or consequential, differing in the type of modelling, the time frame and 

geographic scale they consider, and the purpose. The attributional approach is static and characterizes 

environmental impacts at a small geographic scale; energy and material flows are in proportion to an 

arbitrarily chosen functional unit to better identify impacts (Agostini et al., 2015). The consequential 

approach, on the other hand, dynamically characterizes changes in a geographically large system in relation 

to an action, decision, or change (Agostini et al., 2015; Marvuglia et al., 2013). In the present analysis, a 

consequential approach was chosen, making it possible to integrate into the Carbon Footprint calculation the 

emissions avoided through the renewable sources utilization in the production process. 

From a global perspective, pig production emits 668 Mt CO2 equivalent, which is higher than poultry 

production (606 Mt CO2 equivalent/year considering both meat and eggs) but significantly lower than milk 

and beef production (4623 Mt CO2 equivalent/year) (G.A. McAuliffe et al., 2016). 

The most impactful steps in the pig supply chain are those related to feed production and livestock manure 

management (Nguyen et al., 2011; Van der Werf et al. 2005; Cederberg et al., 2005; Nguyen et al., 2010). In 

particular, Nguyen et al. (2010) identifies the use of pig manure in energy production as a key measure to 

reduce GHG emissions while limiting fossil fuel consumption.  

From other LCA analyses in the literature, the impact of 1 kg live weight of meat varies from a minimum value 

of 2.3 kg CO2 equivalent to a maximum value of 3.4 kg CO2 equivalent (Basset-Mens and Van der Werf, 2005; 

Dourmad et al., 2014; G.A. McAuliffe et al., 2016; Nguyen et al., 2011) for pig farming up to 110-120 kg final 

weight. For heavy pig farming in Italy, the reference figure is that of Bava et al. who report for six farms 

producing Parma and San Daniele ham an average impact of 4.25±1.03 kg CO2 eq/kg live weight (Bava et al., 

2015).  

The higher impact of Italian pig production is due to the breeding characteristics: at the time of slaughter, 

heavy pigs must be at least 9 months old with a weight greater than 160 kg and they must have a thickness 

of subcutaneous adipose tissue of at least 15 mm; this results in a lower food conversion rate which leads to 

a lower yield and a higher impact per kilogram live weight.  

Data collection at the farm 
The information to be collected for carbon footprint estimation refer to: description of the company 

organization and production cycle, description of livestock production activity, description of biogas 

production activity, description of agricultural land management activity (surfaces, crops, processing, 

fertilization, defense products, agronomic use of digestate, etc.), use of water resources, energy resources, 

waste management, atmospheric emissions. 
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The production cycle of the analyzed farm is divided into two main phases, subdivided into two different 

farming centers: the breeding with sows and piglets and the breeding of pigs for fattening.  

The sow farm is located in the municipality of Grezzana (VR), in the locality of Baiocco - Azzago (Figure 1). It 

has a maximum potential of 906 places for sows between gestation and farrowing rooms, the average 

number of animals present in 2020 was 800. Sows are not purchased, but for biosecurity reasons, self-rearing 

is done with young sows. 

The farm has a photovoltaic system of 195 kW, used in electricity consumption. 

Figure 1 – Satellite image of the farm unit of the sow and piglets farm 

 

Piglets, born and weaned at the Grezzana site, are fattened at the Pegognaga (MN) farm (Figure 2). The useful 

surface of the breeding farm is 10643 m2, divided into 15 sheds, 10 of which are intended for the fattening 

phase with partially slatted floor, 3 for the weaning phase with permanent bedding and 2 for the infirmary. 

The average number of heads recorded for the year 2020 is 9500 heads, of which 2700 are piglets.  

The pig manure and slurry are sent to the biogas plant for the anaerobic digestion process. The biogas plant 

has an installed electrical power of 637 kW and, in addition to pig manure, it also receives cattle 

slurry/manure from neighboring farms and other plant biomasses, partly from the farm and partly from 

outside the farm. 
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Figure 2 – Satellite image of the fattening pig farm unit 

 

 

Production process description 
The pig breeding system analyzed is based on closed cycle: all the animals involved in the production process 

are bred entirely by the farm and none of them are purchased from other farms. In fact, replacement sows 

and piglets intended for the fattening phase come from the respective farms in Grezzana (VR) and Pegognaga 

(MN). 

The breeding phases of the sows with the relative inputs and outputs are reported in the graph below (Figure 

3). It should be noted that part of the energy consumed is a renewable energy that is self-produced by a 

photovoltaic system owned by the company.  

Figure 3 Flowchart of sows and weaners breeding 
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The weaned piglets, weighing about 8 kg, are transported to the finishing unit located in Pegognaga (MN). 
The farm has a maximum capacity of about 15000 heads, where a photovoltaic plant and an anaerobic 
digestion plant are functional.  

From the second phase of the production process is obtained as main product the heavy pig for ham 
production and, as a co-product, livestock effluents that are used in the anaerobic digestion plant for energy 
production. According to the figure 4, finishers are fat pigs about 170 kg.  

Figure 4 – Flowchart of the production process of the pig breeding phase 

 

The biogas plant is made up of two anaerobic digesters, which is powered by swine effluents produced on 
farm and cattle manure and slurry from neighboring farms, and farm crops (corn silage and wheat silage) and 
purchased ones (corn grain and meal) (Figure 5). 

The anaerobic digester produces energy, which is fed into the grid. The other co-product is the digestate 
which treated in a solid-liquid separator, obtaining a liquid fraction and solid one.  

The separated solid fraction is stored directly in pile while the liquid one undergoes a subsequent treatment 
such as the SBR treatment (Sequencing Batch Reactor) for nitrogen removal. 

The digestate liquid and solid fractions, after their respective storage, can thus be used in the field as organic 

fertilizer. 
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Figure 5 – Flowchart of the treatment phases of the biogas plant 

 

 

 

Functional unit, system boundaries, and work objectives 
According to ISO 14040, the preliminary phase of the study involves defining the functional unit. It represents 

the reference unit of measurement with which it is decided to treat the data throughout the LCA analysis, so 

it is the reference to link the incoming and outgoing flows and therefore the measure of the performance of 

the outgoing flow of the system produced. It must therefore be defined and measurable in order to obtain 

reliable results. 

The unit of measurement chosen in this study is the kilogram of live weight of pork. 

The boundaries of the system are another phase to be defined prior to the real analysis, they can go from 

“cradle to grave”, that is from the production of raw materials to the disposal phase, they can reach the 

market ("from cradle to market"), including therefore also the transport of the product from the farm to the 

sale on the market or, in a last analysis, they can estimate the impacts of the product up to the farm gate 

("From cradle to farm gate").  

The approach chosen is "from cradle to farm gate", whereby all incoming production processes (feed, energy 

consumed, water consumption, medicines used and transport carried out) up to the production of 1 kg live 

weight of pork are taken into account (Figure 6).  
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Figure 6- Flow chart of pig production 

 

The company Piggly produces fattening pigs and energy obtained from the treatment of animal manure in 

anaerobic digestion plants.  

To assess the environmental impact of each of the two productions it is possible to use the allocation, i.e. the 

distribution of the impact separately on the two products, using a criterion that can be based on physical 

properties (mass, energy content, ...) of the products, or with an economic allocation that uses as a criterion 

the market price of the products. 

Alternatively, to assess the share of responsibility for impacts attributable to the product under consideration 

taking into account the benefits introduced by the use of renewable energy, it is possible to expand the 

system, taking into account the avoided emissions that the modified system allows compared to the standard 

system (for example, by including effluent emissions as avoided emissions).  

It should also be specified that the company analyzed has two photovoltaic systems (one in the sow farm and 

the other in the fattening pig farm) from which it produces energy from renewable sources.  

In the present study it was decided not to apply the allocation, but to consider everything involving renewable 

sources (biogas and photovoltaic) in terms of avoided emissions, compared to a scenario that involves the 

use of fossil fuels without the presence of these two plants. Were then included as avoided emissions, 

reported with a negative sign, methane and nitrous oxide emissions due to animal manure management (as 

manure is immediately conveyed to the biogas plant), the reduced emissions due to the efficient use of 

digestate as fertilizer instead of liquid manure and emissions due to electricity produced from renewable 

sources that is fed into the grid, thus replacing energy from fossil fuels.  

In order to obtain a comparison of the situation without renewable resources, the environmental impact of 

Piggly pig production has been quantified considering a scenario that does not include the presence of the 

biogas plant and the two photovoltaic plants. The flow chart with all the inputs and outputs of the process is 

shown in the figure below (Figure 7). 
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Figure 7- Flowchart of pig production without the use of renewable resources 

 

 

The inputs strictly related to the two farms (feed, fuel and water consumption, purchase of animals, etc.) 

remain the same, but all the inputs related to the feeding and operation of the biogas and the two 

photovoltaic plants are missing, such as agricultural operations for the production of silage to be fed to the 

digester and the consumption of the plants.  

With regard to the outputs, the emissions of the animals of the two farms and those of the piglet farming 

effluents do not change, while the emissions of the fattening pig farming effluents appear with a positive 

sign, which in the scenario with renewable resources were fed to the biogas plant and therefore considered 

as avoided and therefore with a negative sign.  

Obviously with this production process will no longer be present all the emissions related to the biogas plant 

and photovoltaics (emissions of digestate, emissions of biogas feed crops, methane leakage of the digester).  

This approach has allowed to pursue the main objective of the work. In fact, the impact of Piggly pig 

production has been defined, thus quantifying the real weight of renewable resources in the carbon footprint 

of this production. 

 

Methodologies used to quantify impacts 
The impact category analyzed to estimate the Carbon Footprint is Climate Change (CC) which considers all 

potential climate changing gases that contribute to global warming. The main contributions are CH4, N2O, 

fossil CO2, CO2 from LUC (Land Use Change).  

The OpenLCA calculation code (version 1.10.3) was used to quantify the impacts. However, greenhouse gas 

emissions (methane and nitrous oxide) from livestock and farm crops are not present in the database 

processes and must be added.  
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Direct emissions from the various stages of livestock production (housing, storage, and agronomic use of 

manure and digestate) were quantified based on IPCC Refinement 2019 methodologies for the GHGs N2O 

and CH4. 

More specifically, CH4 emissions occur both in enteric form and in the manure management phase, N2O 

emissions occur from manure management (storage) and agronomic use of livestock manure (including 

digestate) and mineral nitrogen fertilizers (if used). 

These emissions have been quantified according to the methodologies shown in Table 1. 

Table 1 – Methodologies used for the quantification of methane and nitrous oxide emissions  

GHG Emission source Emission factor, volatilization factor, default 
parameters 

Source 

CH4 
Enteric and VS 
excretion 

GE = 18.45 MJ/kg dry matter intake IPCC Refinement 2019 

  DE (feed digestibility) = 80% IPCC Refinement 2019, Table 10.2 

   EF CH4_enteric = 1.5 kg CH4/head/y 
IPCC Refinement 2019, Table 10.10, 
Tier 1 

 Manure 
management 

B0 pig manure = 0.45 m3 CH4/kg Volatile Solid (VS) IPCC Refinement 2019, Tab. 10.16  

  
%MCF (Warm Temperate Moist Zone) Liquid/Slurry, 
and Pit storage below animal confinements (storage 
time 6 months) = 37% 

IPCC Refinement 2019, Tab. 10.17  

   % MCF solid storage (Temperate Zone) = 4% IPCC Refinement 2019, Tab. 10.17  

  % MCF Poultry manure with and without litter = 1.5% IPCC Refinement 2019, Tab. 10.17 

N2O direct 
Manure 
management 

EF3 liquid slurry without natural crust cover = 0 IPCC Refinement 2019, Tab. 10.21 

   EF3 solid storage = 0.005 kgN2O-N/kgN excreted IPCC Refinement 2019, Tab. 10.21 

 Agricultural soil EF = 0.01 kg N2O-N/kgN applied 
IPCC Refinement 2019, Tab. 11.1; 
Tier 1 e 2 

    Fcr = crop specific IPCC Refinement 2019, Eq 11.6 

N2O indirect 
Manure 
management 

EF = 0.01 kg N2O-N/kgNH3-N+NOx-N volatilized IPCC Refinement 2019, Tab. 11.3 

  

    

 Agricultural soil EF4 = 0.01 kgN2O-N/kgNH3-N+NOx-N volatilized IPCC Refinement 2019, Tab. 11.3 
  EF5 = 0.011 kgN2O-N/kgNO3-N leached IPCC Refinement 2019, Tab. 11.3 

  FracGASM_ (Volatilisation from all organic N fertilisers 

applied) = 0.21 kgN2O-N/kgNH3-N+NOx-N volatilized 
IPCC Refinement 2019, Tab. 11.3 

    

    
Frac_leach (losses by leaching/runoff in wet climates) 
= 0.24 kgNO3-N/kgN applied 

IPCC Refinement 2019, Tab 11.3 

 

The calculation of the carbon footprint, in accordance with the literature, includes the emissions due to the 

cultivation of energy crops for the digester, the emissions avoided for the non-storage of slurry and manure, 

the emissions of digestate if its storage is uncovered or only partially covered (Bacenetti et al, 2016b), the 

emissions for leakage from the anaerobic digestion plant, the emissions avoided for the production of 

fertilizers that the digestate allows to replace, the emissions avoided for the production of energy from 

renewable sources (biogas and photovoltaics). 

In the quantification of greenhouse gas emissions were adopted the 100-year GWP of the AR5 of IPCC 2013, 

namely for biogenic methane (CH4bio) GWP100 = 27.75 and for nitrous oxide (N2O) GWP100 = 265. 
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Livestock manure and crop transport distances to the plant were taken into account in the study, considering 

an average of the distance of the contributing farms.  

The energy crops fed to the anaerobic digestion plant are of in-farm and off-farm origin. The N2O emissions 

from plant residues are exclusively attributed to the farm crops (corn and wheat silage), in accordance with 

the system boundaries.  

As reported in the previous chapter, in the process without renewable resources are included enteric 

emissions attributed to the animals of both farms (farrowing and fattening) and emissions for the 

management and storage of livestock manure.  

 

Enteric emissions 

For enteric CH4 emissions, given that for pigs these emissions are not important, the default factor of IPCC 

Refinement 2019, Tier 1, was used, i.e., a fixed factor to be multiplied by the number of animals, without 

considering possible differences due to differences in diet and weight of animals. 

Manure management emissions 
The company Piggly feed the anaerobic digestion plant with the pig manure (slurry and solid manure) 

produced in the farm of Pegognaga (fattening pigs). In addition, the anaerobic digestion plant is also used to 

process livestock manure from neighboring farms (cattle manure, solid fraction separated from cattle 

manure, poultry litter). Digestate leaving the AD plant undergoes solid/liquid separation and SBR treatment 

for nitrogen removal and is stored in open storage. 

In order to evaluate the GHG emission from the manure management phase, it is therefore necessary to 

make a balance between the emissions avoided for the non-storage of livestock manure as such (because it 

is sent to the AD without being subjected to storage) and the emissions resulting from the management of 

digestate. 

Emissions avoided due to non-storage of manure (manure credit) are estimated according to the IPCC 

Refinement 2019 methodology.  

For methane emissions, the proposed formula is as follows:  

CH4 emissions = VS*B0*0.67*MCF 

where: 

 VS = Volatile Solids at storage (kg VS/a) 

 0.67 = CH4 density (kg/m3)  

 B0 = maximum CH4 production of the biomass (m3 CH4/kg VS) 

 MCF = Methane Conversion Factor that depends on the management method and storage time: for 

the climatic conditions of the Po Valley area (which falls under the Warm Temperate Moist 

categorization) it is: for solid storage = 4%; for slurry (storage time = 6 months) = 37%. 

In the case of effluents used in AD, a share is made up of pig slurry and a share of pig solid manure. 

 

For N2O emissions from manure management, according to IPCC Refinement 2019, a share of direct and 

indirect emissions must be considered. IPCC assigns the following emission factors (FEs) for direct emissions 

from the different management systems: 

 solid storage = 0.005 kgN2O-N/kg N excreted 



Centro Ricerche Produzioni Animali C.R.P.A. SpA 

 

Prot. DOC-2021-3225, LaV, Relazione_CFP_Piggly_eng.docx, 10/11/2021 Pagina 11 di 19 
 

 slurry without natural crust cover = 0 kgN2O-N/kg N excreted 

 slurry with natural crust cover = 0.005 kgN2O-N/kg N excreted 

 poultry manure = 0.001 kgN2O-N/kg N excreted. 

 

In the case of the Piggly farm, direct information was collected on the biomass entering the digester. For 

nitrous oxide emissions from manure, the quantities loaded during the year and the nitrogen content of farm 

and off-farm livestock manure reported in Table 2 were considered. 

 

Table 2 – Amount and nitrogen content of animal manure entering the digester 

 In-farm Off-farm Off-farm Off-farm In-farm 

 Pig slurry 
Poultry 

litter 
Cattle FYM 

Cattle solid 
fraction 

Pig FYM 

Livestock manure fed to AD plant (t/y) 33088 211 1814 3360 1500 

N content of manure fed to AD plant (g/kg 
w.b.) 

2,5 25,0 2,6 4,0 2,6 

N fed to AD plant (kgN/y) 82720 5275 4698 13272 3885 

 

The formula proposed in accordance with IPCC Refinement 2019 to calculate direct emissions is as follows: 

FEdir (kgN2O-N/kg N excreted) * input quantity (t/y) * N content (g/kg w.b.) * GWP100 N2O * N2O-N 

conversion to N2O. The result obtained from this formula was summed for all type of farm manure.  

To calculate the indirect N2O emissions, a volatilization of nitrogen compounds from the storage phase 

according to JRC 2015 (Giuntoli et al., 2015) was considered to be 12.7%. Of these, according to IPCC 

Refinement 2019, 1% is transformed into N2O-N. The factor of indirect emissions (FEindir) is therefore 0.0001 

kgN2O-N/Kg N excreted (i.e., in our case, nitrogen entering the digester). 

As already pointed out, CH4 and N2O emissions from effluent storage are avoided in the case of the AD plant, 

since the biomasses are immediately sent to the plant. 

On the contrary, with the AD plant, digestate is produced and stored before agronomic use. The digestate 

tank can be completely closed (with collection and recovery of residual biogas), partially closed or open. In 

the company Piggly the digestate tank is uncovered. It should be noted, however, that the digestate, before 

being sent to storage, undergoes a SBR treatment, which reduces the nitrogen content by 47%.  

CH4 emissions from digestate storage tanks have been estimated in a similar way to those of slurry (IPCC 

Refinement 2019) considering, however, that the B0 of digestate is much lower than that of the originating 

biomass. A residual productivity of digestate of 90 l CH4/kg SV was considered (Fabbri et al., 2016), based on 

CRPA Lab measurement database. In the quantification of emissions from digestate storage, the contribution 

of crops and biomass used as feed to the plant (corn and wheat silage, various grains, corn meal, and whey 

permeate) must be taken into account. 

The quantification of digestate produced has been carried out taking into account the content of Volatile 

Solids of biomasses sent to the plant and their degradability (Table 3).  

 

Table 3 – Volatile solids for all biomass used in AD 
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 In-farm 
 

Off-farm 
In-farm 

 
In-farm 

 
Off-farm 

 Pig slurry 
Poultry 

litter 
Cattle 
FYM 

Cattle 
solid 

fraction 

Pig 
FYM 

 
Wheat 
silage 

 
Maize 
silage 

 
Forage 
grains 

 
Corn 
meal 

 
Serum 
permea

te 

tSV/a 597,0 45,7 185,5 359,6 119,6 21,5 115,9 76,1 24,5 8,7 

 

The formula proposed in accordance with IPCC Refinement 2019 to calculate direct emissions is as follows: 

FEdir (kgN2O-N/kg N excreted) * input quantity (t/a) * N content (g/kg w.b.) * GWP100 N2O * N2O-N 

conversion to N2O. The result obtained from this formula was summed for all farm effluent.  

N2O emissions from the digestate tank are estimated using IPCC Refinement 2019, considering that the 

digestate undergoes solid/liquid separation and the liquid fraction does not form a surface crust. It was 

estimated that the liquid fraction constitutes 86% of the total and 14% is solid fraction by weight. 

In the case of the farm without renewable plants, CH4 and N2O emissions from manure management, that 

were considered as avoided (with a negative sign) in the renewable scenario, are now fully included with a 

positive sign and contribute to the greenhouse gas emissions. The formulas are the same as reported in Table 

1 (IPCC Refinement 2019); however, only the N content of pig slurry and manure were included in the nitrous 

oxide emissions estimation, and for methane emissions, the volatile solids and maximum methane 

production (B0) are related only to the pig slurry and manure. 

Crop emissions 
A contribution to the farm's GHG emissions comes from the production of crops that are sent to AD.  

For the farm crops used in AD (wheat and corn silage) the estimation of emissions has taken into account the 

data collected with the inventory analysis: weight of seeds, energy consumption for agricultural operations 

and pesticide application. For off-farm crops the processes present in Agribalyse database were used, that 

report the impact to produce grain and corn meal.  

More specifically, for self-produced crops are considered all the impacts related to their production: 

 N2O emissions (direct and indirect) from nitrogen fertilization, both organic and mineral, and from 

plant residues, 

 CO2 emissions to produce the technical means used, i.e. seeds, fertilizers, pesticides and fuels, 

 CO2 emissions for the use of agricultural machinery used in crop operations: tillage, sowing, 

distribution of fertilizers (if used) and digestates, any herbicide and phytosanitary treatments, 

irrigation, harvesting, transport of the product to the farm center, ensilage. 

N2O emissions are quantified according to the IPCC Refinement 2019 methodology, which estimates direct 

emissions equal to 1% of N input from organic and inorganic fertilization and crop residues from both above 

(AG) and below ground (BG). The N content of AG residues was estimated according to IPCC (silage: AG = 

0.6% TS, BG = 0.7% TS; wheat silage: AG = 0.6% TS, BG = 0.9% TS), multiplied by 1% (losses) and by the N2O-

N to N2O conversion factor.  

Regarding the N input from fertilization, the nitrogen in the digestate to the field was estimated, taking into 

account that the nitrogen leaving the digester undergoes a subsequent nitrogen removal process with SBR 

treatment of 47%. The sum of the nitrogen content of each biomass was multiplied by the losses (1%) and by 

the N2O-N to N2O conversion factor. 
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In the non-renewable scenario, emissions from crops, both as N2O and as CO2 for the cultivation operations, 

were not quantified since the crops are used exclusively for biogas feed and not for pig feed.  

The production of feed for pigs, in fact, does not derive from the processing of on-farm crops, but comes all 

from outside the farm so the impacts have been calculated from the composition of feed, using both the 

processes of Ecoinvent database and those of Agribalyse. These processes are included both in the scenario 

with renewables and without, being independent from the presence of biogas and photovoltaics. The pig 

feeds with the main raw material composition are listed in the table below (Table 4). 

Table 4 - Description of the feeds and their main components considered in the calculation of the carbon 
footprint 

Feed name Animal category Feed materials 

scrtte Young sows 55% maize  12% barley 11% wheat 11% soybean 

scrofe gest. Gestating sows 37% wheat 30% barley 12% 
vegetable 
pulp  

12% protein 
pea 

flushing sows in unfit body condition 79% maize 16% sugar 5% soybean oil 

lattazione  Farrowing sows 32,5% maize 16% soybean 15% barley 14% wheat 

adatt. weaning/lactation phase 38% barley 17% maize 14% wheat 8% soybean 

prestarter  weaning phase 32% barley 25% wheat 16% maize 8% soybean 

starter  weaning phase 27% barley 20% wheat 17% maize 13% soybean 

grower weaning phase 33% maize 23% wheat 17% barley 17% maize 

magroni fattening phase 55% maize 14% barley 13% soybean 

medi  fattening phase 55% maize 15% wheat 11% barley 11 % soybean 

grassi fattening phase 57% maize 16% wheat 11% barley  10% soybean 

 

Emissions of the anaerobic digestion plant 

A contribution to GHG emissions comes from the anaerobic digestion plant and the two photovoltaic plants. 

Among these, emissions due to the production of structural components of the plant have been considered, 

taken from the Ecoinvent 1.3 database. These emissions do not have a great influence on the overall impact 

as they are divided taking into account the useful life of the equipment. 

In addition, CH4 emissions due to biogas plant leakage, estimated to be 1% of CH4 produced, were included 

(Giuntoli et al., 2015). The formula applied is as follows: biogas producibility (m3 CH4/a) * 1% *methane 

density. This type of emissions was obviously estimated only for the process with renewables, which 

considers all inputs and outputs related to the biogas plant. 

Fertilizer credits 
The agronomic use of digestate for crop fertilization allows the farm not to use synthetic fertilizers. This is a 

benefit in the sense that it allows to avoid greenhouse gas emissions related to the production of such 

fertilizers.  

In the estimation of emissions avoided for the replacement of synthetic fertilizers with digestate, we have 

considered the changes in agronomic management that have been induced by the introduction of the 

anaerobic digestion plant compared to the condition without the plant. 

In the case of digestate use on livestock farms, a higher nitrogen efficiency in agronomic utilization was 

attributed than that of pig slurry (Riva et al., 2016). In particular, pig slurry was attributed an efficiency = 40% 

(intermediate value of the default set in the Italian Decree on the agronomic use of livestock manure) and 

digestate = 60%. This difference allows a reduction in the demand for synthetic fertilizers and this reduction 



Centro Ricerche Produzioni Animali C.R.P.A. SpA 

 

Prot. DOC-2021-3225, LaV, Relazione_CFP_Piggly_eng.docx, 10/11/2021 Pagina 14 di 19 
 

is considered in the calculation of the carbon footprint as "fertilizer credit". The fertilizer content of the 

digestate produced by energy crops is not considered as "fertilizer credit" because these crops would not 

have been produced in the absence of the AD plant.  

 

Impact analysis 

Scenario with renewable energy 

The categorization of the results by relevant emission stages that was adopted for the pig farm with the 
biogas plant and the two photovoltaic plants is outlined in Table 5. 

Table 5 - Description of impact sources considered in the carbon footprint calculation 

Emissions (GHG) CH4 emissions from enteric fermentation of pigs, piglets and sows on the farm 

CH4 , and N2O emissions from on-farm effluent (digestate) management systems, 
including biogas plant leakage 

N2O emissions from nitrogen fertilization of crops, both with synthetic and organic 
fertilizers (digestate) 

CO2 emissions due to the use of fuels of agricultural machinery for crop production 

Avoided emissions of CH4 and N2O due to the lack of storage of livestock manure 
sent immediately to anaerobic digestion  

Materiali impianto biogas Materials for the construction of the biogas plant and related equipment 

Purcheased feed Impacts due to the production and transportation to the farm of purchased feed and 
feedstuffs 

Seeds Impacts due to seed production for on-farm biogas crops 

Crops  Impact due to the production of off-farm crops used for biogas plant 

Electric energy consumptions Impacts due to electricity consumption 

Fuels and lubricants Impacts due to the production of fuels and lubricants 

Transpots Impacts due to transport, particularly for animal manure (cattle and poultry litter) 
used for the biogas plant 

Energy from biogas Emissions avoided through electricity production from biogas 

Energy from photovoltaics  Emissions avoided thanks to the production of electricity from photovoltaics 

Replaced fertilizers  Emissions avoided in the production of fertilizers replaced by digestate 

 
In accordance with the methodology described so far, the carbon footprint of pig production at Piggly has 

been estimated at 1.06 kg CO2 equivalent/kg live weight. Considering the contribution of the various inputs 

involved in the production process, the feed used to feed the animals in the various stages of breeding is the 

most important item (Figure 8). 

Globally, feed contributes 2.81 kg CO2 eq., of which 38% is due exclusively to the feeding of pigs in the last 

months of fattening, while the remainder is distributed to all other categories of animals (piglets, rearing 

pigs, gestating and lactating sows). The greater impact of this type of feed is due to a higher consumption 

per animal: in the finishing phase, in order to obtain a heavy pig of 160 kg with a subcutaneous adipose tissue 

of at least 15 mm, more feed is fed per animal than in the other phases of the breeding process. This results 

in a lower feed conversion rate, lower yield and higher impact. 
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This peculiarity of heavy pig production is the cause of the higher impact generally estimated for Italian 

breeding compared to European production, where pig breeding reaches on average 110-120 kg (Bava et al., 

2015). 

 

Figure 8 – Carbon footprint of pig production with respective inputs and outputs 

 

The second impact item is livestock emissions with the production of 0.37 kg CO2 equivalent. In this category, 

enteric methane emissions from sows, piglets and fattening pigs were considered, as well as those from 

effluent management attributed to the rearing of sows and piglets, while those caused by effluents from 

fattening pigs were considered as "avoided" thanks to the presence of biogas. 93% of emissions for piglets’ 

production were due to manure management. 

Other impact items such as energy and water consumption and straw purchase (for piglets) are negligible.  

Renewable resources, and in particular biogas, play a decisive role in reducing the carbon footprint of pig 

production, "subtracting" from the system 1.82 and 0.33 kg CO2 equivalent for the biogas and photovoltaic 

plant, respectively.  

Analyzing in detail the positive and negative contributions of the biogas plant, shown in Figure 9, the item 

that determines the subtraction of almost 2 kg of CO2 equivalent from the system are the "avoided" emissions 

of manure management (N2O and CH4). The other negative item is energy produced from renewable sources, 

which, compared with the use of fossil fuels, contributes -0.88 kg of CO2 equivalent.  

Among the processes that contribute to GHG emissions, we find instead, the emissions of digestate with 

+0.38 kg CO2 eq., the emissions of self-produced crops and off-farm crops with respectively +0.23 and +0.22 

kg CO2 equivalent. It should be noted that for the farm crops have been considered the fuel consumption for 

the cultivation phase, the purchase of seeds and the consumption of pesticides, in addition, in this category 

also fall the emissions of N2O for fertilization and crop residues. In off-farm crops we have, taken from 

Agribalyse database, the impacts related to the production of corn grain and flour and their transportation.  

2.815

-1.823

-0.333

0.019

0.375

0.001

0.007

-3 -2 -1 0 1 2 3

Kg CO2 e/kg LV

Carbon Footprint of pig production

other input

water consumption

livestock emissions

energy consumption

photovoltaic

biogas

feed



Centro Ricerche Produzioni Animali C.R.P.A. SpA 

 

Prot. DOC-2021-3225, LaV, Relazione_CFP_Piggly_eng.docx, 10/11/2021 Pagina 16 di 19 
 

The energy consumed and the impact for the construction of the biogas plant are negligible. 

Figure 9 – Carbon footprint of biogas 

 

Process without renewable energy  

The categorization of results by relevant emission stages that was adopted for pig farming without 
considering renewable resources is schematized in Table 6. 

Table 6 - Description of impact sources included in the carbon footprint calculation 

Fattening pig emissions Emissions of CH4 by enteric fermentation of fattening pigs,  

Emissions of CH4, e N2O by manure management  

Weaners emissions Emissions of CH4 by enteric fermentation of piglets and sows 

Emissions of CH4, e N2O by manure management 

Electricity consumption Impacts due to electricity consumption 

Fuels and lubricants Impacts due to the production of fuels and lubricants 

Feed Impacts due to feed production 

The carbon footprint of pig production of the Piggly farm without considering the role of renewable resources 
was estimated to be 5.08 kg CO2 equivalent/kg live weight (Figure 10). 
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Figure 10 – Carbon footprint of pig production without renewable resources with respective inputs and 
outputs 

 

The two items that remain unchanged in the two processes analyzed is the emissions from piglets breeding 
and feed whose impact is linked to the presence of animals and therefore independent of biogas and 
photovoltaic plants. The consumption of water, straw and disinfectants is also the same. 

 

On the other hand, the emissions from the breeding of fattening pigs is different, amounting to 2 kg CO2 
equivalent, because now the emissions from the manure management (which in the case of the presence of 
the biogas plant are "avoided" emissions) have a positive impact.  

Of these emissions almost all (99.7%) is methane, 91% of which is attributed to the management and storage 
of manure and the remaining 9% to enteric emissions. Emissions from piglets, on the other hand, remain 
unchanged because this phase of rearing is not affected by the biogas plant.  

The impact of electricity varies due to the absence of renewable resources, however it remains a negligible 
item in the estimation of the carbon footprint of the process.  

In order to assess the differences between the two farms, we analyzed how the overall impact is distributed 
across the two phases. As shown in Figure 11, the weaning phase contributes 0.74 kg CO2 eq./kg live weight 
while the fattening phase contributes 4.51 kg CO2 eq./kg live weight.  

As far as piglet breeding is concerned, feed for sows and piglets represents 57% of the impact, whereas 
enteric and effluent emissions 35%. 

In the fattening phase we find instead that 55% is attributed to feed and 44% to emissions, 1% is due to 
electricity and the use of disinfectants and straw. 
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Figure 11 – Carbon footprint of the two breeding phases 

 

Conclusions  
The LCA analysis, using the methodologies previously described, has allowed to determine the carbon 

footprint of Piggly's pig production, quantifying the role played by the biogas plant and the two photovoltaic 

plants in the impact of pig production.  

The results summarized in the graph below show how the choice of using renewable resources in the 

production process is strategic in lowering carbon footprint, which ranges from 5.08 in the process without 

renewables to 1.06 kg CO2 equivalent/kg of live weight  in the renewables one (Figure 12). 

Figure 12 – Comparison of pig production processes with renewables and without renewables 
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The biogas plant reduces GHG emissions by -1.82 kg CO2 eq/kg live weight compared to a scenario without 

the plant. It is due to the avoided emissions of livestock manure, which are thus conveyed to the biogas plant, 

and to the energy produced from renewable resources, compared to the use of fossil fuels. The two 

photovoltaic systems also contribute to a carbon footprint reduction, estimated of -0.33 kg CO2 equivalent/kg 

live weight; their effectiveness is linked exclusively to the production of renewable energy. Emissions from 

livestock manure represent the second item of impact in the process without renewables and this confirms 

the environmental importance of a plant like the biogas plant that can manage these by-products, producing 

at the same time energy from a renewable source and digestate useful for land fertilization. It should be 

noted that the high impact of digestate is also due to the fact that the digestate storage tank is open, resulting 

in a higher emission factor, according to IPCC Refinement 2019.   

On the other hand, feed is the input that impacts the most in the pig production process both in the weaning 

and fattening phases. These data are confirmed by the literature, where numerous studies report the need 

to work on manure management and feed as key actions to reduce the impact of the pig supply chain 

(McAuliffe et al., 2016).  

The use of renewable resources is exactly the element that allows Piggly's pig production carbon footprint 

to be brought well below the average value reported in the literature for Italian heavy pig farms (4.25±1.03 

kg CO2 eq/kg live weight) (Bava et al, 2015), but also within the range for light pig farms (2.3-3.4 kg CO2 eq/kg 

live weight) (McAuliffe et al., 2016).  

Considering the process without renewables the carbon footprint of 5.08 kg CO2 eq/kg live weight falls within 

the range of values identified by Bava for heavy pig farming, although it is at the upper limit. However, the 

higher values estimated in our study are likely attributable to methodological choices, mainly due to the fact 

that the IPPC emission factors updated to 2019 were used in our assessments, which assign emission 

coefficients for methane produced in manure management that are significantly higher than the IPCC 2006 

emission coefficients used in Bava's study. 

This further emphasizes the preponderant contribution that renewable energies have had in lowering the 

carbon footprint and increasing the environmental sustainability of pig production. 
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