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Executive summary

The Life Cycle Assessment study carried out within the SheepToShip LIFE project was focused on the environmental implications
of the sheep milk life cycle. The main goals of the assessment, developed according to the ISO 14040/14044 standard, were: (i)
evaluating the environmental impacts of the Sardinian sheep milk; (ii) comparing the environmental performances of the main
Sardinian dairy sheep production systems; (iii) identifying the environmental hotspots of the different production systems and to
define effective climate change mitigation options.

Data were collected from 18 dairy sheep farms, located all over the island and selected considering both the location with respect
to 4 geo-pedological areas (North, South, Basaltic and Granitic), and the combination between size (n. of ewes) and stocking rate
(ewe/ha). The life cycle was analyzed “from cradle to gate”, taking into account all activities and inputs/outputs related to the
milk production: from feeds production to animal diet and emissions (based on gender, age, weight, physiological stage and
production level of animals), from water and energy use to consumable materials.

Two functional units were adopted: 1 kg of fat and protein corrected milk (FPCM) and 1 ha of Utilized Agricultural Area (UAA).
The environmental impacts were assessed using the EF 2.0 adapted method considering, in particular, Climate Change,
Eutrophication freshwater, Eutrophication marine, Eutrophication terrestrial, Land Use and Water Scarcity impact categories.
The main results are reported in the following table:

Area (A) North+South Basaltic+Granitic Significance P
Production level (PL) -0t <1301 >130L <1301 SEM® A PL  AxPL
ewe“year ewe"year ewe“year ewe year
Climate Change kg COeq kg FPCM'® 4,05 5,31 3,86 5,70 0,235 NS 00009 NS.
D il kg Peq kg FPCM?®  4,48E-04  6,61E-04  4,01E04 558E04 510E05 NS.  NS. NS.
freshwater
E“”;’\Z'r‘i'gzt'°” kg Neq kg FPCM*  1,50E-02  1,61E-02  9,67E-03  1,46E-02 1,69E03 NS.  NS. NS.
Eutrophication | Neq kg FPCM?  4,93E:02  633E-02  400E-02  6,07E-02 428E-03 NS.  NS. NS.
terrestrial
Land Use Pt kg FPCM' 1.382 1292 1771 2.755 263 NS.  NS. NS.
Water Scarcity m? kg FPCM™ 17,07 30,13 7,63 13,14 268 NS. NS NS.
Climate Change kg COzeq ha UAA™ 4.189 5.266 3.282 3.991 285 NS. NS. NS.
Eutrophication 4
kg Peq ha UAA 0,49 0,66 0,29 0,38 0056 NS.  NS. NS.
freshwater
Eutrophication kg Neq ha UAA™ 16,76 15,97 7,49 9,98 217 NS.  NS. NS.
marine
Eutrophication | Neq ha UAA™ 53,18 62,73 31,83 41,01 473 NS.  NS. NS.
terrestrial
Land Use Pt ha UAA 1,38E+06  1,28E+06  1,18E+06  1,76E+06 1,05E+05 NS.  NS. NS.
Water Scarcity m? ha UAA 1,90E+04  2,99E+04  7,86E+03  8,51E+03 3,34E+03 NS.  NS. NS.

Note: Values calculated by General Linear Model (GLM procedure) considering Area (2 levels) and Production Level (2 levels) as fixed effects, as well as
its interaction. Values are expressed as mean + SEM. Significance level is equal to P<0,05.
aSEM=standard error of the mean; Pinteraction Area x Production Level; ¢ NS=not significant.




Introduction

This report, focused on the environmental profile of sheep milk produced in Sardinia, is part of a greater
Life Cycle Assessment (LCA) study, developed through SheepToShip LIFE project - Looking for an eco-
sustainable sheep supply chain: environmental benefits and implications, aimed to assess the
environmental implications of the entire Sardinian dairy sheep supply chain.

SheepToShip LIFE (www.sheeptoship.eu; https://www.facebook.com/SheepToShip/) is an European
project focused on the mitigation of greenhouse gases emissions derived by the Sardinian dairy sheep

supply chain, it lasts five years (2016-2021) and it is co-financed by the European Union through LIFE
Program (the main European program supporting environmental protection, nature and biodiversity
conservation, and climate mitigation and adaptation actions).

The present LCA study has a key role on the project intervention strategy, representing the main
instrument of the Environmental implication analysis of the sheep milk supply chain action (Action C.1).
In particular, SheepToShip LIFE concerns both the analysis and the evaluation of the sheep milk life cycle
environmental implications, considering different production scenarios, and the three DOP Sardinian
sheep’s milk cheeses (Pecorino Romano, Pecorino Sardo, Fiore Sardo). It represents the essential
fundamental on which i) the definition of eco-innovative mitigation techniques (Actions C.2 e C3) and ii)
the elaboration of a regional plan about the sector greenhouse gases emissions mitigation (Action C.4)
are based on. Basically, starting from the farm scale analysis, the whole regional supply chain would be
assessed, evaluating the general environmental performance of the Sardinian dairy sheep sector, and the
hot-spot would be identified for each production system examined. Ultimately, the final goals of this LCA
study are: a) the introduction of eco-innovation in the production chain, through the proposal of strategic
and accessible solutions aimed at eliminating, reducing or mitigating environmental hotspots; b) the
definition of a guiding scenario for monitoring long-term environmental objectives (specified by the
Enviromental Action Plan for the sheep milk sector).

This LCA study also considers the production of sheep milk, that represents the main impacting phase in
the sheep’s milk cheese life cycle. The LCA analysis aims to quantify the environmental performances of
the most important Sardinian dairy sheep production systems, in order to i) identify the hotspots in order
to improve the environmental performances of each system and ii) organize the productive field eco-
innovation. The most common Sardinian dairy sheep production systems were defined by analyzing a
sample of approximately 4.000 farms (about 33%of the Sardinian dairy sheep farms), from which 20 farms
were extracted for the study (Fig.1). Actually, as a first step to classify the main Sardinian sheep milk
systems, the regional territory was divided in 4 areas, based on geo-pedological characteristics:

i) North- sedimentary soils (North);

ii) Center- granitic/metamorfic soils (Granitic);
iii) Center- basaltic soils (Basaltic);

iv) South- sedimentary soils (South).

Within each group defined above, the most productive dairy areas were identified. Taking into account a
number of technical parameters, the main criteria for differentiating dairy sheep production systems
were i) flock size, expressed as number of heads, and ii) stocking rate, expressed as ratio between the
heads number to the farm surface. In detail, the following were considered: i) two classes of flock size, a)
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200 - 400 heads and b) more than 400 heads; ii) three ranges of stocking rate, a) 3-6 heads/ha, b) 6-9
heads/ha and ¢) more than 9 heads/ha.

Other elements considered in the farm selection were: the access facility to the productive center, the
availability of reliable and verifiable data and the farmers’ previous experiences and cooperation in other
research and development projects. From the twenty farms initially selected, two were later excluded
from the sample because the reliability requirements of the information were not met during data
collection. The final list of the selected farms is shown in Table 1. In general, this sampling method can be
defined as “non-probabilistic, convenient, rational”.

More details about Sardinian dairy sheep production systems are provided in the Report of the
characterization of Sardinian dairy sheep production systems, downloadable through the following link

http://www.sheeptoship.eu/images/Report/A.1.3 Report%20char.%20Sard.%20pr.%20systems.pdf

For the LCA methodology, the references were the principal international standards. The LCA study were
indeed realized following the ISO 14040-44 (I1SO, 20064a, b) standards and the ILCD Handbook guidelines
(2010). Moreover, it was based on the procedures described by the Livestock Environmental Assessment
and Performance Partnership (LEAP) in Greenhouse gas emissions and fossil energy use from small
ruminant supply chains. Guidelines for assessment (FAO, 2016) and in the Product Category Rules PEF
(Product Environmental Footprint - PEFCR) for the dairy cattle sector, released by the European
Commission Research Center (EDA, 2018). More details on the adopted methodology in SheepToShip LIFE
LCA study are provided in the document Guidelines for LCA application on Mediterranean dairy sheep
supply chains, downloadable through the following link

http://www.sheeptoship.eu/images/Report/C.1.1 LCA%20guidelines v3.pdf
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Figure 1. Selected farms locations.




AN Farms Flock size (n. Stocking rate
(n. Fig 1) heads) (heads/ha)

Al5 200-400 3-6
North Al4 >400 3-6
A13 200-400 3-6
Al6 >400 6-9
Al7 200-400 3-6
South A18 200-400 3-6
Al19 200-400 >9
A20 >400 6-9
A12 >400 3-6
"y A8 200-400 3-6
Granitic A10 400 .
A9 200-400 3-6
Al1 200-400 >9
Al 200-400 3-6
) A2 >400 >9
Basaltic A4 53 36
A5 200-400 6-9
A3 200-400 6-9

Table 1. Farms analysed with LCA methodology in SheepToShip LIFE.

The LCA model elaborated in this study has been submitted to a critical revision, and consequently
modified based on the observations made by the external company designated for the audit
(Ecoinnovazione s.r.l).
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1. Scope and aims of the project

The main goals of this LCA study are:
i evaluating the environmental impacts of the Sardinian sheep milk;
ii. comparing the environmental performances of the main Sardinian dairy sheep production
systems;
iii. identifying the environmental hotspots of the different production systems and to define
effective options for climate change mitigation.

Sheep milk analyzed in this study is mainly addressed to cheese production in different Sardinian dairy
plants, or directly inside the farms. For this reason, in addition to the annual amount of raw milk produced
(volume and mass), the average annual milk fat and protein content (g/0.1 L milk) was also defined in
each sampled farm, based on the data collected monthly, as a quality indicator (nutritional content) and
as a cheese making potential indicator (potential yield).

Methodological structure, applicative development and study results are closely linked to the aims of the
SheepToShip LIFE project. Therefore, the comparison of environmental performances between different
productive systems is only valid for the purpose of this study (considering only the objectives of
SheepToShip LIFE) and cannot be used to make judgments or to establish a ranking between the selected
farms.

1.1 Functional Unit and system boundaries

In an LCA study, the functional unit represents the reference unit for the impact analysis, and it is the
unitary amount capable to describe the functions of the product/service under study.

In this LCA study, the main functional unit (FU) is 1 kg of normalized raw milk, Fat Protein Corrected
Milk (FPCM), containing a standardized quantity of fat and protein. To calculate FPCM, the following
formula (Pulina and Nudda, 2002) is applied:

FPCM (kg) = raw milk (kg) x (0,25 + 0.085 %fat + 0,035 % protein)

A mass-based FU was chosen as the main reference for the product under study (quantity of normalized
milk), because it respects the most important guidelines and scientific publications of the dairy sector
(EDA, 2018; FAO, 2016; Marino et al., 2016; Vagnoni et al., 2015).

However, in order to have a broader perspective of analysis and a more articulated point of view,
including both farm economic function (represented by milk production) and the farm social/public role
(land use and natural resources management), another FU is adopted (area-based), based on the
agricultural area used on farm: 1 ha of Utilized Agricultural Area (UAA). Basically, the use of both mass-
and area-based FUs allows the local and global assessment of the environmental impacts of productive
systems, resulting in a more precise evaluation of the results of analysis. Especially in the agro-food LCA
applications, it is possible to observe a positive correlation between the environmental impacts per ha of
UAA and the production intensity, as well as an negative correlation between the impacts per unit of
product and the production intensity (Hayashi et al., 2006; Notarnicola et al., 2017). Consequently, the
more intensive and efficient systems would have lower environmental impacts considering 1 kg of
product as FU, while the more extensive systems, based on larger areas, would have better environmental
performances considering 1 ha of UAA as FU. In an LCA study, which includes the comparison of
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production systems with different levels of input use among its aims, the exclusive use of one of the two
FUs (1 kg of FPCM or 1 ha di UAA) may lead to partial and limited conclusions. Finally, the use of both
mass- and area-based FUs, in LCA studies where agricultural products are realized with different input
use intensities, is strongly recommended (Salou et al., 2017; Escribano et al., 2020).

This study analyses sheep milk “from cradle-to-farm-gate”, establishing the system boundaries from the
extraction of raw materials, used to produce all the inputs involved in the production process, to the
refrigerated milk, subsequently delivered or processed on the farm. In particular, system boundaries
include: i) amount of hay, grass and concentrated feed consumed by the flock, verifying the grazed
biomass and the nutritional needs of each animal category (based on gender, age, weight, physiological
stage and production level of animals) through cross-checks; ii) water and energy use; jii) machineries,
equipment (tractors included) and consumables; iv) means of transport and distances.

ALLEVAMENTO

Emissioni animali )
e arum: sz
I |

Combustibili
Agnelli Pecore in lattazione || Pecore in asciutta .

- N —— ' Trattrici e attrezzi

Materiali di consumo

]

T —

I Energia
Foraggi prodotti Foraggi e mangimi
in azu naturale/artificiale extra-:uendall Acqua

Risorse naturali Input agronomici Emissioni in aria,
(suolo,acqua, ecc.) (semi, agrochimici,ecc.) suolo e acqua

Figura 2. Sheep milk diagram and system boundaries of the LCA study.




1.2 Sources for the inventory data

The inventory was built using foreground data and background data for all the main processes of the
analyzed life cycle.

Primary data are the data collected in the farm (foreground data). Reliable secondary data, although
deriving from external sources (databases and technical-scientific literature), satisfies certain quality
requirements (time reference, completeness, exclusion criteria). Generic data are derived from external
sources.

Primary data, representing more than 90% of the inventory data, was collected thought detailed
guestionnaires, interviews, documents analysis and surveys. Secondary data were found mainly from LCA
Ecoinvent Centre v3.6 database (Moreno Ruiz et al., 2017) and, in a smaller amount, from Agri-footprint
4.0 database (2017). No generic data were used.

Detailed information on data collection method are provided in the report Manuale raccolta dati LCA,
downloadable through the following link:
http://www.sheeptoship.eu/images/Report/A.1.4 Guidelines LCl data collection.pdf

1.3 Assumptions, allocation and exclusion criteria

The data collected refer to the period from October 2016 to September 2017. This period was extremely
dry, especially during summer and autumn. Therefore, yield values for sheep milk, annual crops and
natural pastures were lower than the average values usually observed in these areas and in similar
production systems.

Enteric methane (CH4) emissions, derived from ruminal fermentation, were estimate utilizing the method
based on the CH,emission factor (Ym). Energy emissions related to CH, are calculated as a function of the
metabolizable ingestion energy (MEI) and the net energy required (NE) (Vermorel et al., 2008):

kg CHi/head x day = MEI (MJ/head/day) x Ym/55,65
where Ym is the methane conversion rate and 55,65 is the energetic content of 1 kg of CH, (MJ/kg CHy).

Emissions related to the use of fertilizers and pesticides were estimated applying the methods shown in
Table 2.
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Emissions type Calculation method

NOx in air
. Equations shown in Ecoinvent report No.15
Heavy metals, POs., P and NOs- in water L
(Nemecek and Kagi, 2007)

Heavy metals in soils

N,O (direct and indirect) and CO in air Tier 1 IPCC (IPCC, 2006)

Tier 2 IPCC (IPCC, 2006), using the national

NHjs in air . .
emissions factors published by ISPRA (2011)

Tabella 2. Emissions type and calculation methods utilized to estimate the emissions related
to the use of pesticides and fertilizers.

The impact assessment of animal excreta includes only the nitrous oxide (N,O) emissions from faeces and
urine, because animals spend most of their time in wide open spaces (manure is not stored and treated
on farms). These emissions are estimated with IPCC method (2006), using emission factor indicated for
“sheep and other animals”. Moreover, N daily emissions are estimated using the empiric equations
formulated by Decandia et al. (2011), for lactating ewes, pregnant ewes, rams, replacement ewes and
lambs.

In agreement with other LCA studies on the dairy sector (Baldini et al., 2017; Pirlo et al., 2014),
considering 1 kg di FPCM as FU, the allocation of the impacts between the main product (milk) and co-
products (sheep meat, lamb meat, rams and wool - leather production are not included) is principally
based on the criterion of the economical values of the product. There is a big price difference between
all products (milk is the main economic good produced by the Sardinian sheep farms) and it is essential
to make the allocation. For the economic allocation of sheep milk, sheep meat and lamb meat were
utilized unit prices referred to the 2016/2017 agricultural year (annual average of prices registered in
Cagliari, Macomer and Sassari markets) (source: ISMEA). The average price of wool was obtained from
the main Sardinian wool collection industry (Tessile Crabolu s.r.l). Results of economic allocation are
shown in Table 3.

Area Farm Milk Lamb meat | Sheep meat | Wool Rams Replg;;?ent
A15 81 13,6 2,3 0,3 1,2 1,6
North Al4 79,3 18,2 2,0 0,5 0,1 -
A13 81,9 15,1 2,5 0,5 - -
Al6 83,1 14,8 1,4 0,6 - =
Al17 73,7 23,0 3,0 0,3 - -
Souilk Al18 82,3 15,2 2,0 0,5 - =
A19 71,5 24,5 3,7 0,3 - -
A20 84,1 13,8 1,7 0,4 - -
St Al12 79,4 16,4 3,7 0,5 = =
A8 79,7 17,9 1,9 0,5 - -
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A10 73,1 24,9 1,5 0,4 - -
A9 76,2 17,6 5,8 0,4 - -
All 72,5 23,1 3,1 0,4 0,8 -
Al 79,9 17,4 2,2 0,5 - -
A2 78,8 16,6 4,0 0,6 - -
Basaltic A4 79,3 17,0 3,2 0,5 - -
A5 82,0 15,9 1,7 0,4 - -
A3 70,3 24,8 4,3 0,6 - -

Table 3. Economic allocation (%) of the environmental impact between the main product (milk) and the co-
products.

In addition to the economic allocation (which is the main allocation method utilized in this study and the
one considered in the final results described in the following chapters), other allocation methods
(between the same co-products) were based on energetic criteria (considering the combustion energy
proportional to the chemical composition of each product), mass criteria (considering the weight of each
products) and protein criteria (considering the percentage content of protein compared to the total
weight of the product). The results of the allocation calculation are shown in the sensitivity analysis
chapter.

Electric energy consumptions were measured considering the average annual consumption reported in
the electric company supply bills, excluding consumptions for familiar and external uses. Moreover,
consumptions for the main utilities (such as irrigation, milking, milk refrigeration and water heating) were
estimated on the basisof installed power and by checking data from literature. Finally, the data obtained
were compared with the data on the bills to identify any incongruities. Electric energy datasets were built
based on the energetic mix declared by the energy supply companies for the reference year, starting from
the Ecoinvent process Electricity, high voltage {IT}| market for | Cut-off, U.

Water consumptions were estimated (in few cases directly measured thanks to the presence of meters
inside the farm) through interviews and using literature models that provide the expected water
consumptions for the main use such as irrigation (Giardini, 2002), milking machine, cleaning of the milking
parlour and refrigeration tank (Pazzona et al., 2015), and flock watering (Pulina et al., 2005).

Fossil fuels consumptions were estimated by adding the use of boiler and the electric energy generator
for the reference year to all the consumptions of the agricultural operations, ,.

Impacts related to the production of tractors and machineries (including pipes, boilers, pumps, ecc.) were
created utilizing Ecoinvent datasets in which information on each mass of machinery were entered (from
the machinery data sheet or internet search estimates). Other capital goods, such as sheds, reservoirs,
etc., were inventoried but excluded from the system boundaries, as suggested by PEFCR.

Transports (finals and intermediates) were inventoried taking into account means, distances and
transported mass. To calculate distances, primary data were used when available (internet searches were
made to find production plants and logistic chain). Road transport of large machinery was modeled
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referring to the corresponding Ecoinvent processes. In case of lack of primary data, logistic and distances
were traced utilizing https://www.searates.com.

LCA model and impacts calculation were carried out using the SimaPro Analyst version 9.1 software (PRé
Consultants, 2020).

1.4 Impacts evaluation methods

The Environmental Footprint 2.0 (adapted) (EF) evaluation method was applied in order to obtain a
complete life cycle overview of the dairy sheep. This method, defined by Environmental Footprint
initiative (Fazio et al., 2018), includes 16 impact categories (intermediate categories). In this study, the
impact categories listed in Table 4 (recommended by dairy sector PEFCR) were included, in addition to
Climate Change impact category, the most important one considered in the SheepToShip LIFE project.

The IPCC (2013) evaluation method (Climate Change impact category) was applied using new
characterization factors for biogenic and fossil CHs: 34,00 e 36,75 kg CO»eq/kg CHa, respectively.
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IMPACT
CATEGORY

IMPACT INDICATOR

UNIT OF MEASUREMENT

EVALUATION METHOD

Radiative forcing as Global

IPCC 100-year baseline

, kg CO, e model (based on IPCC,
Climate Change Warming Potential (GWP100) SRR (
2013)
o . . . EUTREND model (Struijs et
Eutrophication, Fraction of nutrients reaching .
kg P eq al, 2009b) as implemented
freshwater freshwater and compartment (P) . .
in ReCiPe
Fraction of nutrients reaching EUTREND model (Struijs et
Eutrophication marine waters and compartment kg N eq al, 2009?) as |rT.1pIemented
marine (N) in ReCiPe
L Accumulated Exceedance
Eutrophication, -
. Accumulated Exceedance (AE) mol N eq (Seppala et al. 2006, Posch
terrestrial
et al, 2008)
Soil quality index based on
Soil quality index - Dimensionless (pt)
- LANCA (EC-JRC)
- Biotic production - kg biotic production
- LANCA (Beck et al., 2010)
Land Use - Erosion resistance - kg soil
- LANCA (Beck et al., 2010)
- Mechanical filtration -m3 water
- LANCA (Beck et al., 2010)
- Groundwater replenishment - m3 groundwater
- LANCA (Beck et al., 2010)
User deprivation potential Available WAter REmaining
Water scarcity (deprivation-weighted water m? world eq (AWARE) Boulay et al.,

consumption)

2016

Tabella 4. Impacts categories and indicators with units and calculation methods applied with
Environmental Footprint 2.0 (Fazio et al., 2018).
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2. Inventory analysis (LCI)

2.1 Data collection

The inventory phase (LCl) analysis consists of a detailed report of each input and output related to the
system under study and is based on the data collection on resources used, emissions, consumptions and
products. Therefore, LCl is a process of quantifying material and energy consumptions, air and water
emissions, waste production and all the other input and output of the product/service/activity life cycle.
An analysis like this could be very complicated and could involve many individual process units in a supply
chain, as well as many substances to be tracked. Indeed, LCl is the most important phase of the LCA study,
and the accuracy of the model under study depends on the precision and reliability of LCI. Moreover, data
collections, as the basis of the LCl, is the longest phase of an LCA.

Primary data were collected through interviews and surveys in the farm, with the aimof filling in 3 specific
questionnaires: 1) general information on the farm description; 2) inventory data; 3) detailed description
and quantification of the flock diet. In general, all input and output, such as products, water and energy
consumptions, land use (including agricultural operations in the dairy sheep farms), capital goods,
machineries, consumable materials, waste and wastewaters treated, were quantified and classified.. The
quality of the data collected is carefully checked, by cross-checks based on different collection sources,
including dairy literature, and through mass balances to ensure consistency between input and output
flows. Only after all necessary verifications and modifications, the data are validated, aggregated and
entered into the LCA model, processed with SimaPro Analyst software.

Data and inventory analysis of the 18 farms under study are shown below. Lastly, a summary of the main
inventory data, aggregated on farms geo-pedological area location criteria, is presented in Table 5.

2.2 North Area Farms

2.2.1 Farm A15
The main structural and productive characteristics of farm A15 are described in the table below (Table I).

The following table shows the main inventory data (Table Il).

Data Unit Value
Total Agricultural Area ha 74,7
Utilized Agricultural Area (UAA) ha 71,7
Annual crop % UAA 71
Natural pasture % UAA 24
Artificial pasture (self-seeding species) % UAA 5
Feed self-sufficiency (DM produced DM DM intake™) % 71
Flock size (heads) n 421
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Productive ewes (adults + primiparous) n 327

Replacement ewes n 75
Rams n 19
Stocking rate n heads ha UAA™! 5,9
Total milk production kg year? 73.279
Milk production per productive ewe kg head year™ 224
Lactation period Days year 270

Table |. General characteristics of farm A15.

Data Unit Value
Fat content in milk g 100 ml? 6,40
Protein content in milk g 100 ml? 5,65
Total annual fat protein corrected milk (FPCM) kg FPCM year™ 72.649
FPCM per productive ewe kg FPCM head™ year? 222
FPCM per ha kg FPCM ha UAA™ 1,014
DM intake per ewe kg DM head™ year? 554
Intake of concentrates per productive ewe % on DM intake 28,5
Feed efficiency per productive ewe kg FPCM kg DM intake™ 0,36
Nitrogen fertilizers kg N ha UAA? 17,6
Phosphoric fertilizers kg P,0s ha UAA™? 2,4
Diesel use L kg FPCM? 0,06
Power use kWh kg FPCM! 0,20
Water use L kg FPCM™? 143

Table Il. The main inventory data of farm A15.

2.2.2 Farm A14
The mail structural and productive characteristics of farm A14 are described in the table below (Table I).

The following table shows the main inventory data (Table Il).

Data Unit Value
Total Agricultural Area ha 132,4
Utilized Agricultural Area (UAA) ha 126,0
Annual crop % UAA 18,5
Natural pasture % UAA 85,5
Feed Self Sufficiency (produced DM tot ingested DM!) % 65
Heads in the flock n 482
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Productive heads (adults + primiparous) n 404
Replacement ewes n 72
Rams n 6
Stocking rate n heads ha UAA™! 3,8
Total milk production kg year? 65.167
Milk production for every productive head kg head? year™ 161
Lactation period Days year! 258

Table I. A14 farm general characteristics.

Data Unit Value

Fat content in the milk g 100 ml? 5,90

Protein content in the milk g 100 ml? 5,25
Annual FPCM production kg FPCM year? 60.961

FPCM production for every productive head kg FPCM head year? 151

FPCM production for every ha kg FPCM ha UAA™! 484

Feed ingested by every head in the flock kg SS head™? year? 510

Concentrates ingested by every productive head % on SS ingested 40

Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,29

N-based fertilizers kg N ha UAA? 0

P-based fertilizers kg P,05 ha UAA? 0

Diesel L kg FPCM? 0,05

Electric energy kWh kg FPCM! 0,06

Water L kg FPCM™? 36

Table Il. A14 farm main inventory data.
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2.2.3 Farm A13
Principals structural and productive characteristics of A13 farm are described in the table below (Table I).
In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 51,8
Utilized Agricultural Area (UAA) ha 51,8
Annual crop % UAA 36
Natural pasture % UAA 50
Artificial pasture (self seeding species) % UAA 5
Grassland (medicago) % UAA 9
Feed Self Sufficiency (produced DM tot ingested DM) % 75
Heads in the flock n 278
Productive heads (adults + primiparous) n 226
Replacement ewes n 45
Rams n 7
Stocking rate n heads ha UAA! 5,4
Total milk production kg year? 42.206
Milk production for every productive head kg head year™ 187
Lactation period Days year 243

Table I. A13 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 5,57
Protein content in the milk g 100 ml? 5,07
Annual FPCM production kg FPCM year? 38.017
FPCM production for every productive head kg FPCM head™ year? 168
FPCM production for every ha kg FPCM ha UAA™! 735
Feed ingested by every head in the flock kg SS head? year 596
Concentrates ingested by every productive head % on SS ingested 21,3
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,27
N-based fertilizers kg N ha UAA? 5,7
P-based fertilizers kg P,0s ha UAA? 9,8
Diesel L kg FPCM? 0,09
Electric energy kWh kg FPCM! 0,04
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Water L kg FPCM? 292

Table Il. A13 farm main inventory data.

2.2.4 Farm A16
Principals structural and productive characteristics of A16 farm are described in the table below (Table I).
In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 70,3
Utilized Agricultural Area (UAA) ha 68
Annual crop* % UAA 86
Sulla biennal crop % UAA 14
Feed Self Sufficiency (produced DM tot ingested DM™?) % 75
Heads in the flock n 589
Productive heads (adults + primiparous) n 448
Replacement ewes n 132
Rams n 9
Stocking rate n heads ha UAA™ 8,7
Total milk production kg year?! 85.745
Milk production for every productive head kg head! year™ 191
Lactation period Days year 258

* 5 ha of mais crop are included

Table |. A16 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 5,57
Protein content in the milk g 100 ml? 5,42
Annual FPCM production kg FPCM year? 78.298
FPCM production for every productive head kg FPCM head year 175
FPCM production for every ha kg FPCM ha UAA™ 1,151
Feed ingested by every head in the flock kg SS head™? year? 461
Concentrates ingested by every productive head % on SS ingested 19
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,33
N-based fertilizers kg N ha UAA? 75,3
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P-based fertilizers kg P,0s ha UAA™ 21,6
Diesel L kg FPCM? 0,09
Electric energy kWh kg FPCM* 0,10
Water L kg FPCM? 477

Table Il. A16 farm main inventory data.

2.3 South Area Farms

2.3.1 Farm A17
Principals structural and productive characteristics of A17 farm are described in the table below (Table I).
In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 64,2
Utilized Agricultural Area (UAA) ha 56,8
Annual crop % UAA 89
Natural pasture % UAA 11
Feed Self Sufficiency (produced DM tot ingested DM?) % 79
Heads in the flock n 358
Productive heads (adults + primiparous) n 276
Replacement ewes n 72
Rams n 10
Stocking rate n heads ha UAA? 6,3
Total milk production kg year! 54.479
Milk production for every productive head kg head year™ 197
Lactation period Days year 258

Table I. A17 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 6,07
Protein content in the milk g 100 ml? 5,39
Annual FPCM production kg FPCM year? 51.997
FPCM production for every productive head kg FPCM head year? 188
FPCM production for every ha kg FPCM ha UAA™! 916
Feed ingested by every head in the flock kg SS head? year 519
Concentrates ingested by every productive head % on SS ingested 20
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Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,33
N-based fertilizers kg N ha UAA? 69,2
P-based fertilizers kg P,0Os ha UAA? 40,9
Diesel L kg FPCM? 0,11
Electric energy kWh kg FPCM? 0,11
Water L kg FPCM? 30

Table Il. A17 farm main inventory data.

2.3.2 Farm A18
Principals structural and productive characteristics of A18 farm are described in the table below (Table I).
In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 98,4
Utilized Agricultural Area (UAA) ha 86,5
Annual crop % UAA 100
Feed Self Sufficiency (produced DM tot ingested DM1) % 73
Heads in the flock n 395
Productive heads (adults + primiparous) n 320
Replacement ewes n 70
Rams n 5
Stocking rate n heads ha UAA! 4,6
Total milk production kg year? 83.832
Milk production for every productive head kg head? year™ 262
Lactation period Days year* 274

Tabella l. A18 farm general characteristics.
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Data Unit Value
Fat content in the milk g 100 ml? 6,30
Protein content in the milk g 100 ml? 5,36
Annual FPCM production kg FPCM year? 81.561
FPCM production for every productive head kg FPCM head year 255
FPCM production for every ha kg FPCM ha UAA™ 943
Feed ingested by every head in the flock kg SS head? year? 513
Concentrates ingested by every productive head % on SS ingested 24
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,43
N-based fertilizers kg N ha UAA? 56,2
P-based fertilizers kg P,0s ha UAA™? 39,5
Diesel L kg FPCM™? 0,08
Electric energy kWh kg FPCM™! 0,09
Water L kg FPCM? 9

Table Il. A18 farm main inventory data.

2.3.3 Farm A19
Principals structural and productive characteristics of A19 farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 59,8
Utilized Agricultural Area (UAA) ha 40,7
Annual crop % UAA 100
Feed Self Sufficiency (produced DM tot ingested DM?) % 86
Heads in the flock n 406
Productive heads (adults + primiparous) n 332
Replacement ewes n 67
Rams n 7
Stocking rate n heads ha UAA™! 10
Total milk production kg year! 43.362
Milk production for every productive head kg head?! year™ 130
Lactation period Days year 270

Tabellal. A19 farm general characteristics.

Data Unit Value
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Fat content in the milk

Protein content in the milk

Annual FPCM production

FPCM production for every productive head
FPCM production for every ha

Feed ingested by every head in the flock
Concentrates ingested by every productive head
Productive efficiency for every productive head
N-based fertilizers

P-based fertilizers

Diesel

Electric energy

Water

g 100 ml? 5,7

g 100 mlI? 5,4

kg FPCM year? 40.139

kg FPCM head? year 121
kg FPCM ha UAA™! 987
kg SS head year! 438
% on SS ingested 24
kg FPCM kg SS ingested™ 0,25
kg N ha UAA? 50,6

kg P,0s ha UAA™! 0

L kg FPCM? 0,16

kWh kg FPCM™! 0,55

L kg FPCM? 894

Table Il. A19 farm main inventory data.
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2.3.4 Farm A20

Principals structural and productive characteristics of A20 farm are described in the table below (Table I).
In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 189,1
Utilized Agricultural Area (UAA) ha 182,3
Annual crop % UAA 100
Feed Self Sufficiency (produced DM tot ingested DM™?) % 70
Heads in the flock n 1,499
Productive heads (adults + primiparous) n 1,225
Replacement ewes n 250
Rams n 24
Stocking rate n heads ha UAA™? 8,2
Total milk production kg year 289.920
Milk production for every productive head kg head™ year™ 237
Lactation period Days year 274

Table |. A20 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 6,24
Protein content in the milk g 100 ml? 5,07
Annual FPCM production kg FPCM year? 277.577
FPCM production for every productive head kg FPCM head™ year? 227
FPCM production for every ha kg FPCM ha UAA™! 1523
Feed ingested by every head in the flock kg SS head™? year? 473
Concentrates ingested by every productive head % on SS ingested 33
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,42
N-based fertilizers kg N ha UAA? 73,0
P-based fertilizers kg P,0s ha UAA™ 69,0
Diesel L kg FPCM* 0,06
Electric energy kWh kg FPCM* 0,09
Water L kg FPCM? 28*

Table II. A20 farm main inventory data.
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2.4 Granitic Area Farms

2.4.1 Farm A12

Principals structural and productive characteristics of A12 farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 154,0
Utilized Agricultural Area (UAA) ha 154,0
Annual crop % UAA 3
Natural pasture % UAA 97
Feed Self Sufficiency (produced DM tot ingested DM™?) % 49
Heads in the flock n 569
Productive heads (adults + primiparous) n 448
Replacement ewes n 111
Rams n 10
Stocking rate n heads ha UAA™! 3,7
Total milk production kg year? 54.758
Milk production for every productive head kg head?! year™ 122
Lactation period Days year 274

Table I. A12 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 6,34
Protein content in the milk g 100 ml? 5,48
Annual FPCM production kg FPCM year? 53.722
FPCM production for every productive head kg FPCM head™ year? 120
FPCM production for every ha kg FPCM ha UAA™ 349
Feed ingested by every head in the flock kg SS head? year? 430
Concentrates ingested by every productive head % on SS ingested 33
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,25
N-based fertilizers kg N ha UAA? 2,9
P-based fertilizers kg P,0s ha UAA™! 7,5
Diesel L kg FPCM? 0,02
Electric energy kWh kg FPCM? 0,10
Water L kg FPCM™? 17
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Table Il. A12 farm main inventory data.

2.4.2 Farm A8
Principals structural and productive characteristics of A8 farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 79,3
Utilized Agricultural Area (UAA) ha 79,3
Annual crop % UAA 33
Natural pasture % UAA 67
Feed Self Sufficiency (produced DM tot ingested DM?) % 74
Heads in the flock n 293
Productive heads (adults + primiparous) n 228
Replacement ewes n 60
Rams n 5
Stocking rate n heads ha UAA™! Y/
Total milk production kg year? 31.503
Milk production for every productive head kg head year™ 138
Lactation period Days year™ 250

Table I. A8 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 5,99
Protein content in the milk g 100 ml? 5,23
Annual FPCM production kg FPCM year™ 29.692
FPCM production for every productive head kg FPCM head year? 130
FPCM production for every ha kg FPCM ha UAA™! 374
Feed ingested by every head in the flock kg SS head! year? 424
Concentrates ingested by every productive head % on SS ingested 25
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,27
N-based fertilizers kg N ha UAA? 11,0
P-based fertilizers kg P,0s ha UAA? 15,3
Diesel L kg FPCM™? 0,07
Electric energy kWh kg FPCM* 0,02
Water L kg FPCM*? 20
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Table II. A8 farm main inventory data.
2.4.3 Farm A10

Principals structural and productive characteristics of A10 farm are described in the table below (Table I).
In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 175,0
Utilized Agricultural Area (UAA) ha 134,5
Annual crop % UAA 85
Natural pasture % UAA 15
Feed Self Sufficiency (produced DM tot ingested DM™?) % 72
Heads in the flock n 882
Productive heads (adults + primiparous) n 783
Replacement ewes n 90
Rams n 9
Stocking rate n heads ha UAA? 6,6
Total milk production kg year? 88.406
Milk production for every productive head kg head! year™ 113
Lactation period Days year! 274
Table |. A10 farm general characteristics.
Data Unit Value
Fat content in the milk g 100 ml? 5,388
Protein content in the milk g 100 ml? 5,23
Annual FPCM production kg FPCM year? 82.507
FPCM production for every productive head kg FPCM head year 105
FPCM production for every ha kg FPCM ha UAA™! 614
Feed ingested by every head in the flock kg SS head™ year 449
Concentrates ingested by every productive head % on SS ingested 33
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,22
N-based fertilizers kg N ha UAA? 0
P-based fertilizers kg P,0s ha UAA™! 0
Diesel L kg FPCM™? 0,07
Electric energy kWh kg FPCM! 0,20
Water L kg FPCM? 5
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Table Il. A10 farm main inventory data.

2.4.4 Farm A9
Principals structural and productive characteristics of A9 farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 80,0
Utilized Agricultural Area (UAA) ha 72,3
Annual crop % UAA 12
Natural pasture % UAA 88
Feed Self Sufficiency (produced DM tot ingested DM?) % 67
Heads in the flock n 356
Productive heads (adults + primiparous) n 274
Replacement ewes n 76
Rams n 6
Stocking rate n heads ha UAA! 4,9
Total milk production kg year! 34.076
Milk production for every productive head kg head?® year™ 125
Lactation period Days year 243
Table I. A9 farm general characteristics.
Data Unit Value
Fat content in the milk g 100 ml? 4,54
Protein content in the milk g 100 ml? 5,06
Annual FPCM production kg FPCM year™ 27,707
FPCM production for every productive head kg FPCM head™ year? 101
FPCM production for every ha kg FPCM ha UAA™ 383
Feed ingested by every head in the flock kg SS head® year? 476
Concentrates ingested by every productive head % on SS ingested 30
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,19
N-based fertilizers kg N ha UAA? 0
P-based fertilizers kg P,0s ha UAA™? 0
Diesel L kg FPCM? 0,03
Electric energy kWh kg FPCM? 0,13
Water L kg FPCM™? 55
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Table II. A9 farm main inventory data.

2.4.5 Farm A11
Principals structural and productive characteristics of A11 farm are described in the table below (Table I).
In the following one are shown the main inventory data (Table II).

Data Unit Value
Total Agricultural Area ha 48,0
Utilized Agricultural Area (UAA) ha 41,0
Annual crop % UAA 59
Natural pasture % UAA 41
Feed Self Sufficiency (produced DM tot ingested DM) % 45
Heads in the flock n 434
Productive heads (adults + primiparous) n 342
Replacement ewes n 88
Rams n 4
Stocking rate n heads ha UAA™ 10,6
Total milk production kg year?! 34.324
Milk production for every productive head kg head! year™ 100
Lactation period Days year? 243

Table |. A11 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 6,10
Protein content in the milk g 100 ml? 5,51
Annual FPCM production kg FPCM year? 32.992
FPCM production for every productive head kg FPCM head year? 96
FPCM production for every ha kg FPCM ha UAA™! 805
Feed ingested by every head in the flock kg SS head? year 372
Concentrates ingested by every productive head % on SS ingested 24
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,23
N-based fertilizers kg N ha UAA? 10,5
P-based fertilizers kg P,0s ha UAA! 26,9
Diesel L kg FPCM* 0,07
Electric energy kWh kg FPCM! 0,11
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Water L kg FPCM* 126

Table Il. A11 farm main inventory data.

2.5 Basaltic Area Farms

2.5.1 Farm A1
Principals structural and productive characteristics of Al farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table Il).

Data Unit Value
Total Agricultural Area ha 68,7
Utilized Agricultural Area (UAA) ha 66,5
Annual crop % UAA 35
Natural pasture % UAA 65
Feed Self Sufficiency (produced DM tot ingested DM?) % 67
Heads in the flock n 289
Productive heads (adults + primiparous) n 223
Replacement ewes n 60
Rams n 6
Stocking rate n heads ha UAA? 4,3
Total milk production kg year* 29.991
Milk production for every productive head kg head? year™ 135
Lactation period Days year 243

Table I. A1 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 6,10
Protein content in the milk g 100 ml? 5,34
Annual FPCM production kg FPCM year? 28.656
FPCM production for every productive head kg FPCM head™ year? 129
FPCM production for every ha kg FPCM ha UAA™! 431
Feed ingested by every head in the flock kg SS head™ year? 422
Concentrates ingested by every productive head % on SS ingested 31
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,26
N-based fertilizers kg N ha UAA? 10,1
P-based fertilizers kg P,0s ha UAA? 0
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Diesel L kg FPCM™? 0,09
Electric energy kWh kg FPCM! 0,17
Water L kg FPCM? 113

Table Il. A1 farm main inventory data.

2.5.2 Farm A2
Principals structural and productive characteristics of A2 farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table II).

Dati Unita di misura Valori
Total Agricultural Area ha 61,0
Utilized Agricultural Area (UAA) ha 58,0
Annual crop % UAA 5
Natural pasture % UAA 95
Feed Self Sufficiency (produced DM tot ingested DM!) % 52
Heads in the flock n 592
Productive heads (adults + primiparous) n 432
Replacement ewes n 140
Rams n 20
Stocking rate n heads ha UAA™! 10,2
Total milk production kg year? 51.226
Milk production for every productive head kg head year™ 118
Lactation period Days year 243

Table I. A2 farm general characteristics.

Dati Unita di misura Valori
Fat content in the milk g 100 ml? 5,62
Protein content in the milk g 100 ml? 5,12
Annual FPCM production kg FPCM year? 46.444
FPCM production for every productive head kg FPCM head™ year? 107
FPCM production for every ha kg FPCM ha UAA™! 801
Feed ingested by every head in the flock kg SS head™? year? 445
Concentrates ingested by every productive head % on SS ingested 40
Productive efficiency for every productive head kg FPCM kg SS ingested™? 0,22
N-based fertilizers kg N ha UAA? 0
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P-based fertilizers kg P,0s ha UAA? 0
Diesel L kg FPCM? 0,04
Electric energy kWh kg FPCM*! 0,15
Water L kg FPCM? 33

Table Il. A2 farm main inventory data.

2.5.3 Farm A4
Principals structural and productive characteristics of A4 farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table II).

Dati Unita di misura Valori
Total Agricultural Area ha 184,0
Utilized Agricultural Area (UAA) ha 178,0
Natural pasture % UAA 100
Feed Self Sufficiency (produced DM tot ingested DM™?) % 68
Heads in the flock n 891
Productive heads (adults + primiparous) n 663
Replacement ewes n 200
Rams n 28
Stocking rate n heads ha UAA™! 5,0
Total milk production kg year? 81.636
Milk production for every productive head kg head? year™ 123
Lactation period Days year? 243

Table I. A4 farm general characteristics.

Data Unit Value
Fat content in the milk g 100 ml? 5,07
Protein content in the milk g 100 ml? 5,24
Annual FPCM production kg FPCM year? 70.530
FPCM production for every productive head kg FPCM head year? 106
FPCM production for every ha kg FPCM ha UAA™! 396
Feed ingested by every head in the flock kg SS head? year 461
Concentrates ingested by every productive head % on SS ingested 32
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,20
N-based fertilizers kg N ha UAA? 0
P-based fertilizers kg P,0s ha UAA! 0
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Diesel L kg FPCM* 0,02
Electric energy kWh kg FPCM*! 0,10
Water L kg FPCM™? 22
Table Il. A4 farm main inventory data.
2.5.4 Farm A5

Principals structural and productive characteristics of A5 farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table II).

Dati Unita di misura Valori
Total Agricultural Area ha 58,5
Utilized Agricultural Area (UAA) ha 56,1
Annual crop % UAA 14
Natural pasture % UAA 86
Feed Self Sufficiency (produced DM tot ingested DM™?) % 56
Heads in the flock n 400
Productive heads (adults + primiparous) n 335
Replacement ewes n 60
Rams n 5
Stocking rate n heads ha UAA™! 7,12
Total milk production kg year? 62.247
Milk production for every productive head kg head?® year™ 186
Lactation period Days year 273
Table I. A5 farm general characteristics.
Dati Unita di misura Valori
Fat content in the milk g 100 ml? 6,31
Protein content in the milk g 100 ml? 5,34
Annual FPCM production kg FPCM year? 60.589
FPCM production for every productive head kg FPCM head™ year? 181
FPCM production for every ha kg FPCM ha UAA™! 1079
Feed ingested by every head in the flock kg SS head? year* 476
Concentrates ingested by every productive head % on SS ingested 28
Productive efficiency for every productive head kg FPCM kg SS ingested™? 0,35
N-based fertilizers kg N ha UAA? 6,3
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P-based fertilizers kg P,0s ha UAA? 16,1
Diesel L kg FPCM? 0,01
Electric energy kWh kg FPCM! 0,09
Water L kg FPCM! 14
Table Il. A5 farm main inventory data.
2.5.5 Farm A3

Principals structural and productive characteristics of A3 farm are described in the table below (Table I).

In the following one are shown the main inventory data (Table II).

Dati Unita di misura Valori
Total Agricultural Area ha 47,0
Utilized Agricultural Area (UAA) ha 47,0
Natural pasture % UAA 100
Feed Self Sufficiency (produced DM tot ingested DM™?) % 72
Heads in the flock n 343
Productive heads (adults + primiparous) n 275
Replacement ewes n 62
Rams n 6
Stocking rate n heads ha UAA™! 7,3
Total milk production kg year? 29.728
Milk production for every productive head kg head? year™ 108
Lactation period Days year? 243
Table I. A3 farm general characteristics.
Dati Unita di misura Valori
Fat content in the milk g 100 ml? 5,43
Protein content in the milk g 100 ml? 5,15
Annual FPCM production kg FPCM year? 26.514
FPCM production for every productive head kg FPCM head year? 96
FPCM production for every ha kg FPCM ha UAA™! 564
Feed ingested by every head in the flock kg SS head™ year 504
Concentrates ingested by every productive head % on SS ingested 25
Productive efficiency for every productive head kg FPCM kg SS ingested™ 0,17
N-based fertilizers kg N ha UAA? 0
P-based fertilizers kg P,0s ha UAA™! 0
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Diesel
Electric energy

Water

L kg FPCM™!
kWh kg FPCM
L kg FPCM™2

0,10
0,17
40

Table Il. A3 farm main inventory data.
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2.6 Summary data

The main inventory data for each farm and the average values for each geo-pedological area
characterising the Sardinian dairy sheep systems are reported in the table below (Table 5).

fﬁvaats'?r; L(J::) g::tuuri SE‘:;; :E'cfy kgu'ifa Pzgsg/ha FPCﬁ/kg FPCﬁ/he FPCkI\g/I/h

area/UAA UAA DM int. ad a UAA

NORTH 245 79,4 0,42 0,72 24,65 845 0,31 179 846
Al5 50 71,7 0,29 0,71 17,6 24 036 222 1014
Al4 226 126,0 0,86 0,65 0 0 029 151 484
A13 464 51,8 0,55 0,75 5,7 98 027 168 735
Al6 240 68,0 0,00 0,75 75,3 21,6 0,33 175  1.151
SOUTH 106 916 0,03 0,77 636 3735 036 198 1.092
A17 121 568 0,11 0,79 69,2 409 0,33 188 916
A8 164 86,5 0,00 0,73 56,2 395 043 255 943
A9 17 407 0,00 0,86 56,0 0 025 121 987
A20 121 1823 0,00 0,70 73,0 69 042 227 1523
GRANITIC 566 96,2 0,62 0,61 4,88 994 023 110 505
A12 406 154,0 0,97 0,49 2,9 75 025 120 349
A8 396 793 0,67 0,74 11,0 153 027 130 374
A10 509 1345 0,15 0,72 0 0o 022 105 614
A9 760 72,3 0,88 0,67 0 0 019 101 383
A1l 760 41,0 0,41 0,45 10,5 269 023 96 805
BASALTIC 467 816 0,89 0,63 3,28 322 024 124 654
Al 400 68,7 0,65 0,67 10,1 0 026 129 431
A2 512 580 0,95 0,52 0 0o 022 107 801
A4 520 178 1,00 0,68 0 0 020 106 396
A5 394 56,1 0,86 0,56 6,3 161 035 181 1.079
A3 508 47,0 1,00 0,72 0 0o 017 96 564

Table 5. Summary of the main inventory data collected for each farm and average values
calculated for each group of farms according to geo-pedological area.
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As written in the paragraph “1.4. Impacts evaluation methods”, the analysis of the environmental impacts

3. Environmental impacts evaluation

was conducted with the application of the EF 2.0. (adapted) method. Specifically, Climate Change,
Eutrophication (terrestial, marine and freshwater), Land use and Water scarcity impact categories were
considered in the analysis.

Climate Change

Global warming is caused by an increase in the concentration of greenhouse gases (carbon dioxide,
methane, nitric oxide etc.) in the atmosphere. These gases partially absorb earth’s radiation, leading to
an increase of in global atmospheric temperature (greenhouse effect), which drives climate change.

Global Warming Potential (GWP) is the indicator used to measure greenhouse effect. In the EF 2.0.
(adapted) method, the exposure time of 100 years (called “Time Horizon”) is evaluated.. CO, is the
reference substance for measuring climate change, whose Global Warming Potential has the unit value
(GWP = 1). Characterization factors, assigned to other greenhouse gases,, represents their potential
contribution to climate change compared to the CO; effect. Indeed, the Global Warming Potential (GWP)
is expressed as kg of CO; equivalent (CO,eq).

Eutrophication

Eutrophication is caused by an increase in the concentration of nutrient in water and soils. The excessive
release of phosphorus and nitrogen compounds into the environment stimulates the growth of plants,
e.g. algae, which causes a decrease in the concentration of oxygen in water bodies. This compromises the
quality of water bodies and causes severe damages to the entire ecosystem (e.g. death of marine fauna).

EF method individuates three eutrophication categories, based on the environment in which the
phenomenon occurs:

* Freshwater, measured in kg of P equivalent;

e Marine, measured in kg of N equivalent;

e Terrestrial, measured in mol of N equivalent.
Land Use

Land Use is an indicator of the environmental impact that quantifies the soil exploitation. In the EF 2.0.
(adapted) method, it is measured in points (Pt). Land use considers impacts on soil properties as: erosion
resistance, mechanical filtration, physical-chemical filtration, groundwater regeneration and biotic
production. These data are processed and aggregated to obtain a single value, expressed in Pt. The higher
the Land Use value, the greater the potential environmental impact.

Water Scarcity
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Water Scarcity represents the availability of water to be used in a specific area, after that the water needs

of ecosystems and anthropogenic activities have been satisfied. This indicator, expressed in m?, assesses
the water deprivation potential, both for humans and ecosystems; it is based on the assumption that a
lower availability of water in a given area corresponds to a greater likelihood that someone could be
deprived of it. Water Scarcity in the EF 2.0 (adapted) method considers the available water at global level
(m3 world eq).

Tables 6, 7, 8, 9 show the results of the impacts evaluation considering the environmental impact
categories described above. Impacts evaluations refer to two functional units, 1 kg of normalized milk
(FPCM) and 1 ha of Utilized Agricultural Area (UAA). After that, the tables on impacts contribution analysis
are presented, showing the effect of a single process, or a group of processes, on the whole
environmental performance value of the farm. In particular, the following groups of processes were
considered:

e On-farm feed: this group considers inputs, fuel and land use related to the agricultural
operations (grass, grains, hay, etc.) for on-farm feed, as well as fertilizers, seeds, pesticides and
their transport to the farm.

o Off-farm feed: this group considers transport and production of purchased feed used in animal
diets.

e Animals Emissions: this group includes CHs emissions from ruminal fermentation and N,O

emissions from manure.

e Electric energy: this group considers electricity consumption only on the farm for livestock
activities.

e Tractors and machineries: this group considers environmental impacts due to tractors and

machineries production, taking into account the base year based on depreciation and useful life
items, including transport from the factory to the farm.

e Other processes: this group considers all input of farm activities not included in the previous

voices, e.g. oil and fuel consumption for general use of the tractor, consumables etc.

In the contribution analysis tables, the percentages of each environmental impact group are
approximated to the unit.

Moreover, Table 10 shows the environmental performances of each feed utilized on farms.
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Climate Eutrophication | Eutrophication | Eutrophication Water
Farms Change freshwater marine terrestrial LangtUse Scarcity
kg CO.eq kg Peq kg Neq mol Neq m3

NORTH 4,43 4,94E-04 1,56E-02 5,00E-02 1.673 24,06
Al5 3,92 3,22E-04 1,10E-02 4,49E-02 1.221 16,76
Al4 4,22 3,53E-04 8,76E-03 4,00E-02 2.149 12,72
Al3 4,64 3,63E-04 9,05E-03 5,00E-02 1.786 17,38
Al6 4,93 9,36E-04 3,35E-02 7,00E-02 1.538 49,37
SOUTH 3,98 4,56E-04 1,47E-02 5,21E-02 1.068 13,35
Al7 3,88 4,07E-04 1,98E-02 7,00E-02 1.168 7,17
Al8 3,25 4,46E-04 1,21E-02 4,00E-02 1.206 9,69
Al19 5,31 6,61E-04 1,61E-02 6,00E-02 1.292 30,13
A20 3,49 3,09E-04 1,07E-02 4,00E-02 607 6,42
GRANITIC 5,40 6,44E-04 1,35E-02 6,22E-02 2.509 10,31
Al2 5,91 1,01E-03 2,52E-02 1,00E-01 4.271 29,44
A8 4,24 5,73E-04 1,24E-02 5,00E-02 2.728 5,14
Al10 5,37 4,44E-04 7,92E-03 4,00E-02 1.202 5,84
A9 6,36 6,56E-04 8,89E-03 6,00E-02 2.629 6,32
All 5,10 5,34E-04 1,32E-02 6,00E-02 1.717 4,81
BASALTIC 5,27 4,10E-04 1,38E-02 5,09E-02 2.575 13,77
Al 6,40 6,47E-04 2,36E-02 7,00E-02 3.097 17,11
A2 5,15 5,56E-04 1,71E-02 5,00E-02 2.188 13,34
A4 5,93 2,84E-04 1,34E-02 6,00E-02 4.656 12,51
A5 3,47 2,28E-04 6,94E-03 3,00E-02 813 10,12
A3 5,38 3,36E-04 7,80E-03 4,00E-02 2.119 15,77
Average 4,84 5,12E-04 1,46E-02 5,46E-02 2.035 14,86

Table 6. Environmental impacts per 1 kg of normalized milk FU (FPCM).
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Climate Eutrophication | Eutrophication | Eutrophication Water
Farms Change freshwater marine terrestrial LangtUse Scarcity
kg CO.eq kg Peq kg Neq mol Neq m3

NORTH 4.502 0,54 17,63 53,10 1,61E+06 | 2,70E+04
Al15 4911 0,40 13,83 56,19 1,53E+06 2,10E+04
Al4 2.576 0,22 5,34 23,23 1,31E+06 7,76E+03
Al3 4.161 0,33 8,12 41,32 1,60E+06 1,56E+04
Al6 6.358 1,21 43,23 91,65 1,98E+06 6,37E+04
SOUTH 4.146 0,47 15,70 55,65 1,13E+06 | 1,36E+04
Al7 4.817 0,51 24,64 86,46 1,45E+06 8,92E+03
Al8 3.342 0,46 12,49 40,98 1,24E+06 9,98E+03
Al19 5.266 0,66 15,97 62,73 1,28E+06 2,99E+04
A20 3.158 0,28 9,70 32,43 5,50E+05 5,82E+03
GRANITIC 3.590 0,40 8,53 39,33 1,48E+06 | 5,75E+03
Al2 2.595 0,44 11,08 46,04 1,88E+06 1,29E+04
A8 1.991 0,27 5,84 23,00 1,28E+06 2,41E+03
Al10 4.506 0,37 6,64 32,83 1,01E+06 4,90E+03
A9 3.201 0,33 4,47 30,15 1,32E+06 3,18E+03
All 5.657 0,59 14,63 64,65 1,91E+06 5,33E+03
BASALTIC 4.109 0,33 10,43 39,02 1,80E+06 | 1,10E+04
Al 3.450 0,35 12,72 39,86 1,67E+06 9,23E+03
A2 5.239 0,57 17,34 55,26 2,22E+06 1,36E+04
A4 2.966 0,14 6,69 28,29 2,33E+06 6,25E+03
A5 4.573 0,30 9,14 40,66 1,07E+06 1,33E+04
A3 4.316 0,27 6,26 31,03 1,70E+06 1,27E+04
Average 4.054 0,43 12,94 46,20 1,51E+06 | 1,36E+04

Table 7. Environmental impacts per 1 ha of Utilized Agricultural Area FU (UAA).
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Climate Eutrophication Eutrophication Eutrophication Land  Water

Farm Groups Change freshwater marine terrestrial Use  Scarcity
(dimension/stocking g CO,eq kg Peq kg Neq mol Neq Pt m3

rate)

200-400 3-6 4,67 4,88E-04 0,01 0,05 1.976 11,4
200-400 6-9 4,43 2,82E-04 0,01 0,03 1.466 12,9
200-400 >9 5,20 5,97E-04 0,01 0,06 1.504 17,5
>400 3-6 5,36 5,23E-04 0,01 0,06 3.070 15,1
>400 6-9 4,21 6,22E-04 0,02 0,05 1.072 27,9
>400 >9 5,15 5,56E-04 0,02 0,05 2.188 13,3

Table 8. Environmental impacts per 1 kg of normalized milk FU (FPCM) calculated for farm groups based on flock

size (heads number) and stocking rate (heads/ha).

Farm Groups Climate Eutrophication Eutrophication Eutrophication Water

(dimension/stocking Change freshwater marine terrestrial LangtUse Scarcity
rate) kg CO,eq kg Peq kg Neq mol Neq m3

200-400 3-6 3.696 3,77E-01 12 45 1,44E+06 1,00E+04
200-400 6-9 4.445 2,85E-01 8 36 1,38E+06 1,30E+04
200-400 >9 5.461 6,24E-01 15 64 1,59E+06 1,76E+04
>400 3-6 3.161 2,93E-01 7 33 1,63E+06 7,96E+03
>400 6-9 4.662 6,75E-01 25 60 2,16E+06 3,50E+04
>400 >9 5.239 5,65E-01 17 55 2,22E+06 1,36E+04

Table 9. Environmental impacts per 1 ha of Utilized Agricultural Area FU (UAA) calculated for farm groups based

on flock size (heads number) and stocking rate (heads/ha).
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Climate Change |  Unit CcHa N20 On-farm Off-farm Electric Tractgrs a.nd Other Total
feed feed energy machineries | processes
ALS kg CO2eq 2,17 0,273 0,525 0,657 0,084 0,077 0,137 3,92
% 55% 7% 13% 17% 2% 2% 4% 100%
Al3 kg CO2eq 3,00 0,421 0,243 0,595 0,017 0,083 0,278 4,64
% 65% 9% 5% 13% 0% 2% 6% 100%
Al4 kg CO2eq 2,77 0,341 0,075 0,907 0,017 0,045 0,067 4,22
% 66% 8% 2% 21% 0% 1% 2% 100%
A6 kg CO2eq 2,59 0,287 1,126 0,572 0,030 0,045 0,278 4,93
% 53% 6% 23% 12% 1% 1% 6% 100%
Al7 kg CO2eq 1,92 0,180 1,105 0,279 0,043 0,133 0,215 3,88
% 50% 5% 29% 7% 1% 3% 6% 100%
A18 kg CO2eq 1,77 0,192 0,164 0,480 0,042 0,028 0,567 3,25
% 55% 6% 5% 15% 1% 1% 17% 100%
Al9 kg CO2eq 2,81 0,395 0,956 0,348 0,220 0,051 0,532 5,31
% 53% 7% 18% 7% 4% 1% 10% 100%
A20 kg CO2eq 1,85 0,311 0,471 0,714 0,018| 0,028 0,096 3,49
% 53% 9% 14% 20% 1% 1% 3% 100%
A8 kg CO2eq 2,66 0,371 0,448 0,626 0,009 0,032 0,096 4,24
% 63% 9% 11% 15% 0% 1% 2% 100%
A9 kg CO2eq 4,46 0,521 0,044 1,157 0,050 0,026 0,110 6,36
% 70% 8% 1% 18% 1% 0% 2% 100%
All kg CO2eq 2,87 0,320 0,162 1,430 0,130 0,047 0,133 5,10
% 56% 6% 3% 28% 3% 1% 3% 100%
ALD kg CO2eq 3,74 0,533 0,251 0,673 0,070 0,032 0,074 5,37
% 70% 10% 5% 13% 1% 1% 1% 100%
AL2 kg CO2eq 2,86 0,342 0,167 2,400 0,049 0,012 0,079 5,91
% 48% 6% 3% 41% 1% 0% 1% 100%
Ad kg CO2eq 4,12 0,483 0,025 0,967 0,027 0,017 0,292 5,93
% 69% 8% 0% 16% 0% 0% 5% 100%
Al kg CO2eq 3,87 0,558| 0,930 0,783 0,070 0,021 0,167 6,40
% 60% 9% 15% 12% 1% 0% 3% 100%
A3 kg CO2eq 3,70 0,319 0,029 0,958 0,078| 0,099 0,199 5,38
% 69% 6% 1% 18% 1% 2% 4% 100%
= kg CO2eq 3,26 0,463 0,011 0,944 0,065 0,020 0,397 5,15
% 63% 9% 0% 18% 1% 0% 8% 100%
A5 kg CO2eq 2,36 0,325 0,061 0,603 0,039 0,022 0,068 3,47
% 68% 9% 2% 17% 1% 1% 2% 100%

Table 10. Climate change contribution analysis
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Eutrophication Unit Animals On-farm Off-farm Electric Tractors and Other Total
freshwater emissions feed feed energy machineries | processes
Al5 kg Peq 0 7,8E-05 1,5E-04 1,8E-05 4,0E-05 3,8E-05( 0,000322
% 0% 24% 46% 6% 12% 12% 100%
Al3 kg Peq 0 5,3E-05 2,2E-04 3,7E-06 4,3E-05 4,7E-05| 0,000363
% 0% 15% 60% 1% 12% 13% 100%
Al4 kg Peq 0 6,0E-05 2,3E-04 3,8E-06 2,4E-05 4,0E-05| 0,000353
% 0% 17% 64% 1% 7% 11% 100%
AL6 kg Peq 0 3,5E-04 1,5E-04 6,6E-06 2,3E-05 4,1E-04| 0,000936
% 0% 37% 16% 1% 2% 44% 100%
AL7 kg Peq 0 2,0E-04 7,3E-05 9,4E-06 8,7E-05 3,3E-05( 0,000407
% 0% 50% 18% 2% 21% 8% 100%
A18 kg Peq 0 1,3E-04 1,1E-04 8,9E-06 1,5E-05 1,9E-04| 0,000446
% 0% 28% 24% 2% 3% 42% 100%
A19 kg Peq 0 3,8E-04 7,4E-05 4,7E-05 2,6E-05 1,4E-04| 0,000661
% 0% 57% 11% 7% 4% 21% 100%
A20 kg Peq 0 1,5E-04 1,2E-04 5,8E-06 1,5E-05 2,0E-05( 0,000309
% 0% 49% 38% 2% 5% 7% 100%
A8 kg Peq 0 3,8E-04 1,6E-04 2,0E-06 1,7E-05 1,4E-05| 0,000573
% 0% 67% 27% 0% 3% 2% 100%
A9 kg Peq 0 2,9E-04 3,2E-04 1,1E-05 1,4E-05 1,8E-05| 0,000656
% 0% 44% 49% 2% 2% 3% 100%
All kg Peq 0 9,2E-05 3,3E-04 2,8E-05 2,3E-05 6,1E-05( 0,000534
% 0% 17% 62% 5% 4% 11% 100%
A10 kg Peq 0 2,2E-04 1,7E-04 1,9E-05 1,6E-05 1,7E-05| 0,000444
% 0% 51% 38% 4% 4% 4% 100%
A2 kg Peq 0 4,3E-04 5,6E-04 1,1E-05 6,1E-06 8,9E-06| 0,001011
% 0% 42% 55% 1% 1% 1% 100%
Ad kg Peq 0 8,4E-07 2,1E-04 6,5E-06 1,1E-05 5,3E-05[ 0,000284
% 0% 0% 75% 2% 4% 19% 100%
Al kg Peq 0 3,5E-04 1,8E-04 1,5E-05 9,5E-06 9,5E-05| 0,000647
% 0% 54% 28% 2% 1% 15% 100%
A3 kg Peq 0 8,9E-05 1,7E-04 1,7E-05 5,6E-05 5,8E-06[ 0,000336
% 0% 26% 50% 5% 17% 2% 100%
A2 kg Peq 0 1,5E-04 2,1E-04 1,4E-05 1,0E-05 1,7E-04| 0,000556
% 0% 27% 38% 2% 2% 30% 100%
A5 kg Peq 0 3,8E-05 1,5E-04 8,4E-06 1,2E-05 1,7E-05| 0,000228
% 0% 17% 67% 1% 5% 7% 100%

Table 11. Eutrophication freshwater contribution analysis
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Eutrophication Unit Animals On-farm Off-farm Electric Tractors and Other Total
marine emissions feed feed energy machineries | processes
Al5 kg Neq 0 4,8E-03 5,5E-03 5,5E-05 8,6E-05 6,3E-04] 0,01105
% 0% 43% 50% 0% 1% 6% 100%
Al3 kg Neq 0 2,1E-03 5,7E-03 1,2E-05 1,0E-04 1,1E-03| 0,00905
% 0% 23% 64% 0% 1% 13% 100%
Al4 kg Neq 0 5,0E-04 8,0E-03 1,3E-05 4,9E-05 1,8E-04| 0,00876
% 0% 6% 92% 0% 1% 2% 100%
Al6 kg Neq 0 1,8E-02 7,2E-03 2,2E-05 5,1E-05 8,3E-03| 0,03349
% 0% 54% 22% 0% 0% 25% 100%
A7 kg Neq 0 1,6E-02 1,9E-03 2,8E-05 1,5E-04 1,9E-03| 0,01982
% 0% 80% 9% 0% 1% 10% 100%
Al8 kg Neq 0 2,9E-03 4,3E-03 2,8E-05 3,5E-05 4,9E-03] 0,01213
% 0% 24% 35% 0% 0% 40% 100%
A19 kg Neq 0 9,8E-03 3,4E-03 1,5E-04 5,3E-05 2,7E-03( 0,01610
% 0% 61% 21% 1% 0% 17% 100%
A20 kg Neq 0 5,7E-03 4,4E-03 1,5E-05 3,2E-05 5,0E-04( 0,01071
% 0% 54% 41% 0% 0% 5% 100%
A8 kg Neq 0 5,9E-03 6,0E-03 6,1E-06 3,7E-05 5,2E-04| 0,01243
% 0% 47% 48% 0% 0% 4% 100%
A9 kg Neq 0 1,7E-04 8,5E-03 3,7E-05 2,9E-05 1,9E-04| 0,00889
% 0% 2% 95% 0% 0% 2% 100%
AlL kg Neq 0 2,3E-03 9,3E-03 8,5E-05 5,4E-05 1,5E-03| 0,01318
% 0% 17% 71% 1% 0% 11% 100%
A10 kg Neq 0 1,1E-03 6,4E-03 5,4E-05 4,0E-05 2,5E-04| 0,00792
% 0% 14% 81% 1% 1% 3% 100%
A2 kg Neq 0 2,6E-03 2,2E-02 3,3E-05 1,3E-05 3,1E-04( 0,02523
% 0% 10% 88% 0% 0% 1% 100%
Ad kg Neq 0 1,1E-04 1,1E-02 2,0E-05 2,1E-05 2,1E-03( 0,01339
% 0% 1% 83% 0% 0% 15% 100%
Al kg Neq 0 1,4E-02 7,0E-03 4,8E-05 2,6E-05 2,1E-03( 0,02359
% 0% 61% 29% 0% 0% 9% 100%
A3 kg Neq 0 1,4E-04 6,7E-03 5,2E-05 1,0E-04 8,4E-04| 0,00780
% 0% 2% 86% 1% 1% 11% 100%
A2 kg Neq 0 3,6E-05 1,5E-02 4,3E-05 2,3E-05 1,8E-03| 0,01706
% 0% 0% 89% 0% 0% 10% 100%
A5 kg Neq 0 1,1E-03 5,5E-03 2,6E-05 2,4E-05 3,7E-04( 0,00694
% 0% 15% 79% 0% 0% 5% 100%

Table 12. Eutrophication marine contribution analysis
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Eutrophication Unit Animals On-farm | Off-farm Electric Tractors and Other Total
terrestrial emissions feed feed energy machineries | processes
Al5 mol Neq 0 1,7E-02 2,2E-02 5,8E-04 9,2E-04 4,0E-03 0,04489
% 0% 38% 49% 1% 2% 9% 100%
Al3 mol Neq 0 9,7E-03 2,5E-02 1,7E-04 1,1E-03 9,7E-03 0,04606
% 0% 21% 55% 0% 2% 21% 100%
Al4 mol Neq 0 2,4E-03 3,4E-02 1,7E-04 5,3E-04 1,2E-03 0,03808
% 0% 6% 89% 0% 1% 3% 100%
Al6 mol Neq 0 3,9E-02 2,0E-02 2,9E-04 5,5E-04 1,1E-02 0,07101
% 0% 55% 29% 0% 1% 15% 100%
AL7 mol Neq 0 4,8E-02 1,1E-02 3,0E-04 1,7E-03 8,6E-03 0,06956
% 0% 68% 16% 0% 2% 12% 100%
Al8 mol Neq 0 6,6E-03 1,7E-02 2,9E-04 3,8E-04 1,6E-02 0,03980
% 0% 17% 43% 1% 1% 39% 100%
A19 mol Neq 0 2,7E-02 1,6E-02 1,5E-03 5,7E-04 1,8E-02 0,06326
% 0% 43% 25% 2% 1% 29% 100%
A20 mol Neq 0 1,5E-02 1,7E-02 1,8E-04 3,4E-04 3,2E-03 0,03580
% 0% 41% 48% 1% 1% 9% 100%
A8 mol Neq 0 1,6E-02 2,8E-02 6,4E-05 3,9E-04 4,1E-03 0,04899
% 0% 34% 57% 0% 1% 8% 100%
A9 mol Neq 0 1,9E-03 5,5E-02 4,9E-04 3,1E-04 2,0E-03 0,05994
% 0% 3% 92% 1% 1% 3% 100%
All mol Neq 0 6,4E-03 4,6E-02 9,0E-04 5,8E-04 4,8E-03 0,05823
% 0% 11% 78% 2% 1% 8% 100%
A10 mol Neq 0 6,4E-03 3,0E-02 5,8E-04 4,3E-04 1,9E-03 0,03913
% 0% 16% 76% 1% 1% 5% 100%
A2 mol Neq 0 5,6E-03 9,6E-02 3,5E-04 1,4E-04 2,7E-03 0,10483
% 0% 5% 92% 0% 0% 3% 100%
Ad mol Neq 0 1,2E-03 4,5E-02 2,6E-04 2,2E-04 9,8E-03 0,05659
% 0% 2% 80% 0% 0% 17% 100%
Al mol Neq 0 3,7E-02 2,9E-02 5,4E-04 2,8E-04 6,4E-03 0,07391
% 0% 51% 40% 1% 0% 9% 100%
A3 mol Neq 0 1,5E-03 2,7E-02 5,5E-04 1,1E-03 8,8E-03 0,03867
% 0% 4% 69% 1% 3% 23% 100%
A2 mol Neq 0 3,9E-04 4,2E-02 4,6E-04 2,5E-04 1,2E-02 0,05436
% 0% 1% 77% 1% 0% 21% 100%
A5 mol Neq 0 2,3E-03 2,6E-02 2,8E-04 2,6E-04 2,1E-03 0,03090
% 0% 7% 84% 1% 1% 7% 100%

Table 13. Eutrophication terrestrial contribution analysis
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. Animals On-farm Off-farm Electric Tractors and Other
Land Use Unit . . Total
emissions feed feed energy machineries | processes

Al5 Pt 0 998 161 0,15 0,64 60,90 1221
% 0% 82% 13% 0% 0% 5% 100%

Al3 Pt 0 800 246 0,33 0,73 739,01 1786
% 0% 45% 14% 0% 0% 41% 100%

Al4 Pt 0 1909 174 0,33 0,39 65,34 2149
% 0% 89% 8% 0% 0% 3% 100%

Al6 Pt 0 1301 232 0,58 0,38 4,05 1538
% 0% 85% 15% 0% 0% 0% 100%

Al7 Pt 0 941 101 0,08 1,14 124,62 1168
% 0% 81% 9% 0% 0% 11% 100%

AlS Pt 0 758 122 0,08 0,25 325,46 1206
% 0% 63% 10% 0% 0% 27% 100%

AL9 Pt 0 1056 75 0,40 0,41 159,95 1292
% 0% 82% 6% 0% 0% 12% 100%

A20 Pt 0 456 129 0,30 0,24 21,04 607
% 0% 75% 21% 0% 0% 3% 100%

A8 Pt 0 2552 162 0,02 0,27 13,69 2728
% 0% 94% 6% 0% 0% 1% 100%

A9 Pt 0 2227 400 0,97 0,24 0,64 2629
% 0% 85% 15% 0% 0% 0% 100%

All Pt 0 900 816 0,23 0,39 0,81 1717
% 0% 52% 48% 0% 0% 0% 100%

A10 Pt 0 1010 173 0,25 0,27 18,20 1202
% 0% 84% 14% 0% 0% 2% 100%

A2 Pt 0 3090 1171 0,09 0,10 9,67 4271
% 0% 72% 27% 0% 0% 0% 100%

Ad Pt 0 4264 359 0,50 0,15 32,38 4656
% 0% 92% 8% 0% 0% 1% 100%

Al Pt 0 2863 213 0,39 0,18 20,87 3097
% 0% 92% 7% 0% 0% 1% 100%

A3 Pt 0 1928 189 0,14 0,91 0,43 2119
% 0% 91% 9% 0% 0% 0% 100%

A2 Pt 0 1147 370 0,12 0,16 670,26 2188
% 0% 52% 17% 0% 0% 31% 100%

A5 Pt 0 477 138 0,07 0,20 197,45 813
% 0% 59% 17% 0% 0% 24% 100%

Table 14. Land Use contribution analysis
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. . Animals | On-farm | Off-farm | Electric | Tractors and Other
Water scarcity| Unit . . Total
emissions feed feed energy | machineries | processes
Al5 m3 0 3,807 11,41 0,006 0,02 1,53 16,76
% 0% 23% 68% 0% 0% 9% 100%
A13 m3 0 14,503 2,28 0,005 0,02 0,57 17,38
% 0% 83% 13% 0% 0% 3% 100%
Al4 m3 0 0,009 11,42 0,006 0,01 1,28 12,72
% 0% 0% 90% 0% 0% 10% 100%
Al6 m3 0 0,532 31,44 0,010 0,01 17,37 49,37
% 0% 1% 64% 0% 0% 35% 100%
A7 m3 0 0,352 5,75 0,003 0,03 1,04 7,17
% 0% 5% 80% 0% 0% 14% 100%
A18 m3 0 0,040 9,11 0,003 0,01 0,54 9,69
% 0% 0% 94% 0% 0% 6% 100%
A19 m3 0 0,427 0,92 0,015 0,01 28,75 30,13
% 0% 1% 3% 0% 0% 95% 100%
A20 m3 0 0,252 5,12 0,008 0,01 1,04 6,42
% 0% 4% 80% 0% 0% 16% 100%
A8 m3 0 0,197 4,23 0,001 0,01 0,70 5,14
% 0% 4% 82% 0% 0% 14% 100%
A9 m3 0 0,001 4,42 0,016 0,01 1,88 6,32
% 0% 0% 70% 0% 0% 30% 100%
A1l m3 0 0,117 0,64 0,009 0,01 4,03 4,81
% 0% 2% 13% 0% 0% 84% 100%
A10 m3 0 0,059 5,04 0,008 0,01 0,73 5,84
% 0% 1% 86% 0% 0% 12% 100%
A2 m3 0 0,138 28,73 0,003 0,00 0,57 29,44
% 0% 0% 98% 0% 0% 2% 100%
Ad m3 0 0,000 11,50 0,009 0,00 1,00 12,51
% 0% 0% 92% 0% 0% 8% 100%
Al m3 0 0,433 12,71 0,009 0,00 3,96 17,11
% 0% 3% 74% 0% 0% 23% 100%
A3 m3 0 0,000 14,50 0,005 0,02 1,25 15,77
% 0% 0% 92% 0% 0% 8% 100%
A2 m3 0 0,001 12,13 0,005 0,00 1,21 13,34
% 0% 0% 91% 0% 0% 9% 100%
A5 m3 0 0,070 5,61 0,003 0,00 4,44 10,12
% 0% 1% 55% 0% 0% 44% 100%

Table 15. Water scarcity contribution analysis
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. Climate Eutrophication Eutrophication Eutrophication Water
Impact Categories . . Land Use .
Change freshwater marine terrestrial Scarcity
Unit kg CO2 eq kg P eq kg N eq mol N eq Pt m3 depriv.

Barley, grain 0,42 1,80E-04 1,84E-02 8,28E-02 243,83 0,02
Barley, flackes 0,58 1,50E-04 9,57E-03 2,78E-02 247,78 6,27
Maize-barley, grain 0,64 1,93E-04 6,29E-03 3,01E-02 147,98 4,51
(Sardinia)
Faba 0,53 1,89E-04 1,00E-02 8,80E-03 383,99 0,06
Lucerne, hay (Sardinia) 0,09 1,17E-05 7,18E-04 4,50E-03 277,16 12,55
Crop mixture, hay 0,36 3,85E-05 3,27E-03 1,21E-02 522,09 0,06
(Sardinia)
Maize, grain 0,62 2,15E-04 2,95E-03 3,17E-02 47,86 2,71
(Switzerland)
Maize, grain (global 0,39 1,14E-04 9,61E-03 3,15E-02 186,63 0,08
average)
Maize, flackes 0,62 2,12E-04 2,89E-03 3,09E-02 46,33 2,83
Maize, milled 0,31 8,39E-05 4,61E-03 2,21E-02 70,64 1,88
Lucerne, flour 0,12 1,79E-05 7,74E-04 4,98E-03 291,19 13,19
Molasses 0,04 9,10E-06 4,68E-04 2,05E-03 10,80 0,01
Wheat, grain 0,83 6,06E-04 4,53E-02 7,29E-02 416,93 1,10
Oat, grain (Sardinia) 0,57 1,14E-04 6,74E-03 2,21E-02 557,81 0,15
Beet pulp 0,46 2,15E-07 1,32E-04 1,46E-03 0,00 4,0E-03
Propylenic glicol 3,83 1,76E-03 3,45E-03 3,48E-02 22,77 3,76
Protein peas, grain 0,44 1,93E-04 8,41E-03 1,58E-02 372,46 0,30
Protein peas, flackes 1,06 4,74E-04 3,41E-02 2,25E-02 1.118,53 267,41
Soy, flour (Holland) 5,77 4,06E-04 6,83E-03 2,63E-02 480,06 0,20
Soy, flour (ltaly) 2,12 2,92E-04 8,19E-03 4,00E-02 340,83 2,57
Hay (Sardinia) 0,61 2,34E-04 2,73E-03 1,35E-02 474,67 0,09

Table 16. Off-farm feed environmental impacts, based on 1 kg of FPCM functional unit.

48 |



SR

4. Sensitivity and statistical analysis

4.1 Sensitivity analysis

To check the robustness of the final results, a sensitivity analysis was performed on the different input
and impacts allocation systems.

The emission allocation was based on the following criteria:

economic: using these prices: 0,75 €/1 for milk, 2,75 €/kg of live weight for lamb, 0,32 €/kg for
wool, 0,52 €/kg for mature ewe destined to slaughter, 350 €/head for ram, 150 €/head for young
ram;

mass balance: considering the different products: milk (kg of processed and/or delivered milk),
meat (kg of live weight of lambs, ewes and rams), live rams (kg of live weight);

biophysics, on an energy and protein basis: considering the combustion energy proportional to
the chemical composition (9,1 cal/g for the fat; 5,5 cal/g for the protein and 4,1 cal/g for the
carbs). For milk, the average value of the milk composition observed in the farm is used , while
for sheep meat the value measured by Gaias (2013) with the chemical analysis of the carcass and
without carcass components of the Sardinian sheep is used; in particular, the sheep with a body
condition equal to 3,0 points (31,8% fat and 12,9% protein) is considered. Same value is used for
rams destined to for slaughter. Based on the chemical composition of the carcass measured by
Boe (2011), average values of 3,0% for fat and 20,5% for protein are considered for lamb meat.
The average carcass yield was calculated as 60% for female and male lambs and 46% for ewes
(Gaias, 2013). Values of 97% and 2% are considered for protein and fat content in wool,
respectively. The chemical composition considered for mature and young rams sold alive is equal
to the ewes with BCS (Body Condition Score) 3,0 and 2,5, respectively. The value of carbohydrates
is 4,85% in milk and 2% in all types of meat. The following table shows the above data (Table 11).

. Proteins,
Fat, % Protein, % Carbs, % Energy cal/kg ke
g/keg
Milk 6,4 5,65 4,85 1127 58
Lamb meat 3,0 20,5 2 1531 205
Ewe and ram
54,71 30,34 3 6982 303
meat
Wool 2 97 1 5741 970
Live rams 31,8 12,89 2 3800 129
Replacement
18,12 15,26 2 2651 129

rams
Table 11. Chemical composition and energy values of farm co-products, used in biophysical allocation.
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The following table and figure show the estimated allocation percentage values for each method (Table
12) and the percentage variation values of the final results of the environmental impacts related to 1 kg
of normalized milk after a change between “economic allocation” and “energy allocation” (Figure 3).

Economic allocation n. Average St Dev Max Min
Milk 18 78,3 4,3 84,1 70,3
Slaughtered lambs 18 18,3 3,9 24,9 13,6
Slaughtered ewes 18 2,8 1,2 5,8 1,4
Wool 18 0,5 0,1 0,6 0,3
Young rams sold 1 1,6 - 1,6 1,6
Rams 3 0,7 0,6 1,2 0,0
Mass allocation

Milk 18 93,6 1,4 95,6 90,6
Slaughtered lambs 18 3,1 0,8 4,5 2,2
Slaughtered ewes 18 1,9 0,8 4,0 0,9
Wool 18 1,1 0,2 1,7 0,8
Young rams sold 1 0,3 - 0,3 0,3
Rams 3 0,1 0,1 0,2 0,0
Energy Allocation

Milk 18 81,2 4,5 86,3 72,5
Slaughtered lambs 18 3,5 1,2 5,5 0,3
Slaughtered ewes 18 10,2 4,0 19,7 5,3
Wool 18 5,0 0,9 6,8 3,5
Young rams sold 1 0,7 - 0,7 0,7
Rams 3 0,6 0,6 1,0 0,0
Protein allocation

Milk 18 70,5 4,6 79,4 60,1
Slaughtered lambs 18 7,7 2,5 11,9 0,6
Slaughtered ewes 18 7,4 2,9 14,8 3,7
Wool 18 14,1 2,3 18,4 10,3
Young rams sold 1 1,4 - 1,4 1,4
Rams 3 0,5 0,4 0,8 0,0
Average allocation

Milk 72 80,9 9,2 95,6 60,1
Slaughtered lambs 72 8,1 6,6 24,9 0,3%
Slaughtered ewes 72 5,6 4,2 19,7 0,9
Wool 72 5,2 5,6 18,4 0,3
Young rams sold 4 1,0 0,6 1,6 0,3
Rams 12 0,5 0,5 1,2 0,0

Table 12. Descriptive statistic of the estimated allocation coefficients (%) for the 18
farms, used for the different allocation criteria.
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Figure 3. Percentage variation of the environmental performances (impact categories: Climate
Change, Eutrophication, Land Use and Water Scarcity) of 1 kg of normalized milk, expressed as the
ratio between the difference of economic allocation and energy allocation (IAg-1Aen) and the value of
economic allocation IAg..

Sensitivity analysis, carried out on the application of the “economic” and “energy” allocation criteria,
shows that environmental performances of 1 kg of normalized milk does not differ by more than 10% in
absolute value in most cases. In particular, in 4 farms (2 Granitic, 2 Basaltic) with higher levels of milk
production, “economic allocation” leads to higher (although lower) environmental impacts, while in other
farms with higher production diversification (in detail, farm A17 and A10 located respectively in South
and Granitic area, where lamb meat production is significant) the impacts of the “energy allocation” are
lower than those of the “economic allocation”. Aggregating the results of the farms for each geo-
pedological group, the differences between the two allocation systems range from -6% (South) to -2%
(Basaltic) and from -5% (North+South) to -3% (Granitic+Basaltic). This seems to mean that farms located
in lowland areas (North+South, average altitude 175 m a.s.l.) are more specialized in milk production than
farms located in hills areas (Granitic+Basaltic, average altitude 517 m a.s.l.). In these farms “energy
allocation” implies a slightly lower increase in environmental performance, due to the higher meat
production. However, considering the magnitude of the differences and their statistic insignificance,
according to the objectives of the project, we can state that the application of “energy allocation” does
not imply any significant difference on the final results.

4.2 Statistical elaborations

First of all, an exploratory analysis was conducted. Models that consider one fixed effect (e.g. stocking
rate, flock size) at a time were used (Table 13). Once at time, fixed effects (e.g. stocking rate, flock size),
are statistically relevant for the areas (2 levels), altimetry and productive level. However, complex systems
are influenced by many factors, so a model such as the one described above is not adequate. Therefore,
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models considering two fixed effects and their interaction were used, such as the GLM (General Linear

Model) procedure presented in SAS. Considering a full model including two fixed effects and their
interaction, the statistic validity is lacking, but the results are more reliable.

Fixed Effects Levels Level details P Chiietes dnenis, b F Clilee dishie,

CO,eq kg FPCM? CO,eq ha UAA?
Stocking rate 2 ij;:g :2:: :Zi NS* 0,0016
Flock size 2 :2? :z:g NS NS
Areas 2 Baljz':t'ﬁiggi::'c 0,0125 NS
Basaltic
Area 4 Gl\rlzrl:;:c NS NS
South
Altitude 2 iigg i :z: 0,0002 NS
Milk productive level 2 ii:g :::22 <,0001 NS

*NS= not significant, P<0,05

Table 13. Results (Climate Change, expressed as kg CO,eq kg FPCMand as kg CO,eq ha UAA™?) produced by
application of the General Linear Model (GLM procedure) considering only one fixed effect (e.g. stocking rate, flock
size or area, etc.). P-value <0,05.

New stocking rate and flock size classes are considered compared to those previously defined , with the
aim of better balancing the number of samples for each class. Moreover, due to the low number of
observations (18), it was not possible to create a class with a number of levels bigger than 2, and include
it in a model that considers two fixed effects and their interaction. For the same reason, new geo-
pedological area classes are considered, with two levels instead of four. Data from the Basaltic+Granitic
area and data from the North+South area are aggregated. Finally, two classes of altitude (>400 m a.s.l;
<400 m a.s.l.) and production levels (<130 liters head-year; >130 liters head-year) are identified, based on
frequencies.

From the elaborations made, the model was chosen to include the interaction and to underline the
differences in significance of the levels. Actually, the model (table 14) considers area, productive level and
their interaction:

Yij=,u+ai+ﬁj+a'ﬂij+£ij

Y;; is the dependent variable, p is the overall mean, a; is the effect of area (i = Granitic+Basaltic,
North+South), B; is the effect of production level (j = >130 liters head-year; <130 liters head-year;), af;;
is the interaction between area and production level, while &;; is the residual error. Data are expressed
as mean + SEM (mean standard error). Significance level considered is P<0,05.
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Area (2) NORTH+SOUTH BASALTIC+GRANITIC P-value
Productive Level >130L <130L >130L <130L
EM? YA LP ZxLP®
(LP) head*year head*year head*year head*year S X
Climate Change kg CO,eq kg FPCM™* 4,05 5,31 3,86 5,7 0,235 NS.¢ 0,0009 NS.
Eutrophication
freshwater kg Peq kg FPCM™® 4,48E-04 6,61E-04 4,01E-04 558E-04  5,10E-05  NS. NS. NS.
Eutrophication
marine kg Neq kg FPCM™® 1,50E-02 1,61E-02 9,67E-03 1,46E-02  1,69E-03  NS. NS. NS.
Eutrophication
terrestrial mol Neq kg FPCM?  4,93E-02 6,33E-02 4,00E-02 6,07E-02  4,28E-03  NS. NS. NS.
Land Use Pt kg FPCM™? 1.382 1.292 1.771 2.755 263 NS. NS. NS.
Water Scarcity m? kg FPCM™ 17,07 30,13 7,63 13,14 2,68 NS. NS. NS.
Climate Change kg CO2eq ha UAA? 4.189 5.266 3.282 3.991 285 NS. NS. NS.
Eutrophication 4
kg Peq ha UAA 0,49 0,66 0,29 0,38 0,056 NS. NS. NS.
freshwater
Eutrophication 4
. kg Neq ha UAA 16,76 15,97 7,49 9,98 2,17 NS. NS. NS.
marine
Eutrophication "
) mol Neq ha UAA 53,18 62,73 31,83 41,01 4,73 NS. NS. NS.
terrestrial
Land Use Pt ha UAA? 1,38E+06 1,28E+06 1,18E+06 1,76E+06 1,05E+05 NS. NS. NS.
Water Scarcity m? ha UAA? 1,90E+04 2,99E+04 7,86E+03 8,51E+03 3,34E+03 NS. NS. NS.
FPCM per ha kg FPCM ha UAA™! 966,6 987,0 726,5 542,9 77,8 NS. NS. NS.
DM intake per " P
head kg DM head™ year 518 438 450 445 12,5 NS. NS. NS.
ea
Feed efficiency kg FPCM kg DM
) S 0,35 0,25 0,31 0,22 0,0178 NS. 0,0096 NS.
per head intake
Feed self Total DM produced
. . 1 0,73 0,86 0,65 0,62 0,0252 0,017 NS. NS.
sufficiency Total DM intake

2SEM=mean standard error; ®interaction area x production level; ¢ NS=no significant.

Table 14. Statistical data performed with the application of General Linear Model, considering the fixed effect of
area (levels=2), production level (levels=2) and their interaction. Data are expressed as average + SEM. P-
value<0,05.
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In order to correctly contextualize the interpretation of the results, the objectives of the study, defined
in phase 1 (Objectives and goal of the study), are reported below:

5. Results interpretation

The main goals of this LCA study are:
i.  evaluating the environmental impacts of the Sardinian sheep milk;
ii. comparing the environmental performances of the main Sardinian dairy sheep production
systems;
iii. identifying the environmental hotspots in different production systems and to define effective
climate change mitigation strategies.
It should be noted that the collected data referred to a critical agricultural year, due to extremely dry
weather conditions.

The average GWP value of the 18 farms, 4,83 kg CO,eq per kg of normalized milk, is in agreement with
literature data, subject to the methods and production/environmental context. Indeed, the GWP value
can be considered to be in line with the value of 3,2 kg CO,eq/kg FPCM used in the definition of the sector
emissions baseline, in the initial phase of the SheepToShip LIFE project (Atzori et al., 2017). However, the
GWP value of 4,83 kg CO,eq per kg FPCM is calculated using a completely different method (e.g. the IPCC-
updated biogenic methane characterization factor is higher now than in previous versions) and is applied
on a larger and more detailed sample basis. A similar line of reasoning can be applied by comparing the
GWP value obtained in this study with the somewhat lower values shown in recent publications (Batalla
et al., 2015; Escribano et al., 2020; Vagnoni e Franca, 2018). However, in order to obtain a more reliable
estimate of GHG emissions from milk produced by the most representative farming systems in Sardinia
(around 10.000 farms!), it would be necessary to analyze the results after a weighted aggregation of the
data (numerical representativity) collected from the farms with respect to the total. First of all, an
estimate of Sardinian farms belonging to the different groups identified by the project would be needed,
and then this factor would be consider in the calculation of emissions calculation for the average value
associated with 1 kg of normalized milk produced in Sardinia. Therefore, in this report, the environmental
impacts assessment of the Sardinia sheep milk life cycle is mainly referred to the overview of the
farms/geo-pedological areas/production systems, not to the “summary” value obtained as an arithmetic
average of the single values. On the other hand, the descriptive statistical elaborations — reported in the
previous chapter — have shown that it is possible to differentiate the environmental performances of the
farms/systems according to the location area and production level.

Anyway, the GHG emissions per kg FPCM are between a minimum of 3,25 kg CO,eq and a maximum of
6,40 kg CO,eq. The first value belongs to a farm located in the South area, with a stocking rate of 4,6
heads/ha (category 3-6 heads/ha), a flock size of 320 heads (category 200-400 heads) and a high feed
self-sufficiency (73%), productivity per ewe (262 kg raw milk/head/year; 255 kg FPCM/head/year) and
feed efficiency (0,43 kg FPCM/kg DM intake). The second value belongs to a farm located in the Basaltic
area, with a similar stocking rate and flock size to the first one (4,3 heads/ha and 223 heads, respectively)
but with lower feed self-sufficiency (67%), productivity per ewe (135 kg raw milk/head/year; 129 kg
FPCM/head/year) and feed efficiency (0,26 kg FPCM/kg DM intake). These technical differences explain
the differences in environmental performances between the two farms, underling the correlation
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between production and environmental efficiency (in the less impactful farm, production and production
efficiency are twice the value of the more impactful one, while the GWP value per kg FPCM is considerably
lower).

Considering the average GWP value per kg FPCM of the farm groups based on the geo-pedological area,
North and South (average elevation 175 m a.s.l.), have a 21% lower impact than farms located in the
Granitic and Basaltic hills area (average altitude 517 m a.s.l.): 4,20 vs. 5,33 kg CO,eq per kg FPCM,
respectively. That means that different environmental conditions (geographic and climatic) influence
technical production performance, feed self-sufficiency and production efficiency, which leading to
discordant environmental performances. The graph below (Figure 4) clearly shows how GHG emissions
per kg of normalized milk have a linearly inverse trend when considering production efficiency indicators:
the higher the productivity, feed self-sufficiency and production efficiency, the lower the impacts per kg
of normalized milk. That is very evident when considering annual productivity per ewe.
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2,00 — s
- 4,00 &
1,50 S B
S L — 3,00 X
1,00 S g
(9V]
— 2,00 S
0,50 R 0 &
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NORD SUD GRANITO BASALTO

®=Produttivita annuale (100 kg FPCM/cap&)

Autosufficienza alimentare (unita) >

Efficienza produttiva (kg FPCM/kg SS ingerita)
«=@==G\WP (kg CO2eq/kg FPCM)

Figure 4. Average values of Global Warming Potential (GWP, kg CO,eq/kg
FPCM), feed efficiency, feed self-sufficiency and annual production per ewe of
the farms aggregated by geo-pedological area (North, South, Granitic and
Basaltic).
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The analysis of the average GWP values per kg FPCM, calculated for the farms groups according to
stocking rate and flock size (Figure 5), shows that farms belonging to the group “6-9 heads/ha and flock
size above 400 heads” are the least impacting (4,21 kg CO,eq/kg FPCM). In contrast, farms belonging to
the group “3-6 heads/ha and flock size above 400 heads” are the most impactful (5,36 kg CO,eq/kg FPCM).
This result is in agreement with other LCA studies on the agro-food sector (Notarnicola et al., 2017)
regarding production intensification and environmental performance per functional unit of product.
Moreover, from figure 5, it seems that the stocking rate is the indicator that most influences the milk
carbon footprint.

>9 / 200-400 5,20
o
)
=
& 6-9/200-400 4,43
3-6 / >400 5,36
3-6 / 200-400 4,67

GWP (kg CO,eq/kg FPCM)

Figure 5. Average values of Global Warming Potential (GWP, kg CO,eq/kg FPCM) of farms groups, obtained
by combining different values of stocking rate (heads/ha) and flock size (heads number).

The results of the impact analysis referred to the unit of Utilized Agricultural Area — UAA (Figure 6) bring
a more complete and balanced comparison of the environmental performances of the different
production systems, adding an evaluation perspective on the socio-economic (non-productive) role of
dairy sheep systems. The Figure 6 shows that farms located in the lowland (North and South) have a
higher GWP value per ha of UAA (+11%) than farms located in the hills (Granitic and Basaltic). The main
difference between these groups of farm is the area dedicated to (natural and/or artificial) pasture: on
hill farms (Granitic and Basaltis) it is 3 times higher than in lowland farms (North and South), even if the
former have only 3% more UAA than the latter (89 ha vs. 86 ha). However, annual normalized milk
production per ha of UAA is higher on North-South farms (40%) than on Granitic-Basaltic farms. As
expected, the GWP values per ha of UAA follow an inverse trend to those referred to kg of FPCM, showing
an opposite effect on annual milk production in lowland and hill farms, due to the different use of UAA
(mainly annual crops in the former, pasture in the latter). Therefore, the environmental performance,
obtained by evaluating the kg of FPCM as functional unit, is reversed when GHG emissions are referred
to the UAA unit, which means that higher extensification levels lead to better environmental results. The
lowest GWP value per ha UAA, 1.991 kg CO,eq/ha of UAA (51% lower than the general average among
farms), belongs to a farm located in the Granitic area, characterized by a slightly lower UAA (-9%), a much
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higher percentage of UAA dedicated to natural pasture (+30%) and a much lower annual productivity (-
50%), compared to the general average of all farms. The highest GWP value per ha of UAA, 6.358 kg
COzeq/ha of UAA, belongs to a farm in the North area, characterized by low UAA (22% lower than general
average among farms), totally dedicated to annual crops and with a high annual productivity per ha of
UAA (around 53% higher than the general average among farms). The difference between the minimum
and maximum value of GWP per ha of UAA is 219%, while the same difference referred to GWP per kg of
FPCM is 97%. Moreover, the coefficient of variation (standard deviation and mean ratio) is 0,30 for the
Climate Change values per ha of UAA and 0,21 for those referred to the kg of FPCM. This confirms that
the area-based FU, having a significant dispersion of the data around the mean, better underlines the
difference between the production systems.
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Figure 6. Average values of Global Warming Potential (GWP, in 100 kg
CO,eqg/ha UAA), annual milk productivity per ha of Utilized Agricultural Area
(UAA), natural/artificial pasture area (% on UAA) and UAA of farms aggregated
according to geo-pedological production area (North, South, Granitic and
Basaltic).

Another reversal of the results hierarchy occurs when considering the average GWP values per ha of UAA
calculated for the farms groups according to the combination of stocking rate and flock size: farms
belonging to the group “3-6 heads/ha and heads > 400”, which have higher GWP values per kg of FPCM,
are now the leastimpacting (3.161 kg CO,eq/ha UAA) (Figure 7). However, it is confirmed that the stocking
rate could be the indicator that best differentiates the environmental performances of production
systems.
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Figure 7. Average values of the Global Warming Potential (GWP, kg CO,eq/ha UAA) of the farms groups,
identified through the combination of values of stocking rate (heads/ha) and flock size (number of heads).

Beyond the lack of results aggregation according to the real numeric representativeness of the different
farm systems considered (as written above), the contribution analysis is able to clearly highlight the main
hotspots of the Sardinian sheep milk life cycle. Consistent with international scientific literature, enteric
fermentation (methane) is the main source of emissions, representing on average 60% of the total GWP.
The second place is taken by off-farm feed with 17% of impacts (as seen in chapter 3, soybean feeding is
the most impactful) followed by both manure and on-farm feed (8%). Animal emissions account for
almost 70% of total emissions. Electricity, which is an important cost in the farm’s economic balance
sheet, contributes just over 1% (Figure 8).
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The contribution analysis, referred to the farm groups aggregated according to the geo-pedological area
criteria (Figure 9), shows that farms with a high value of feed self-sufficiency (North and South areas) have
a relevant part of the emissions attributable to on-farm feed process (two farms with a level of feed self-
sufficiency higher than 75% have more than 20% of their contribution to emissions represented by the
on-farm feed process). Therefore, best practice solutions (based on GHG emission mitigation) should also

consider this aspect of farm management.
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Figure 9. Average values of percentage contribution of the main process groups (input/output) on the Global
Warming Potential (Climate Change indicator), in the farm groups aggregated according to the geo-pedological

area criteria.
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The contribution of the transport process (sea, air and terrestrial) has been isolated from the
group/activity to which it relates, and its total amount exceeds 1% in only 6 farms, with a maximum value
of 1,6% (data not shown). On average, transports represent 0,96% of the total impact. This means that
the contribution of off-farm feed (which in 78% of the total cases analyzed is the second cause of impact
after enteric emissions) is not related to the (often high) distance between the production place and the
farm, but depends mainly on the agricultural techniques used. Feed production systems, whether on-
farm or off-farm, are a decisive component of the environmental performance of sheep milk and,
therefore, should be highly considered by the emissions mitigation strategies of the dairy sheep sector.
This statement is even more relevant when analyzing the results of Eutrophication, Land Use and Water
Scarcity, where the sum of on-farm and off-farm feed always exceeds 75% (from a minimum of 75% in
Water Scarcity to a maximum of 94% in Land Use). In particular, from the comparison between lowland
farms (North and South) and hills farms (Granitic and Basaltic) it is possible to deduce the order of
magnitude with which the different use of nitrogen/phosphate fertilizers for on-farm feed production
influences the environmental performance of the three types of Eutrophication (Figure 10).

6,0E+01 50,0
40,0
4,0E+01
30,0
2,0E+01 20,0
0,0E+00 el
PIET 0.0 — I

Eutrophication terrestrial (mol Neq)
kg N/ha SAU kg P205/ha SAU

E Nord-Sud m Granito-Basalto
E Nord-Sud ® Granito-Basalto

. Average values of Eutrophication in fresh, marine and terrestrial waters (left graph) and average values of
nitrogen/phosphate fertilizer use (right graph) in lowland (North-South) and hills (Granitic-Basaltic) farms.

In addition, the process groups “tractors and machineries” and “electric energy” significantly influence
on impact category Eutrophication freshwater, with an average contribution of 4,5% (8% in lowland
farms, in North and South area) and 3%, respectively.

The following graphs (Figure 11 and 12) show the environmental performances for the impact categories
Eutrophication, Land Use and Water Scarcity of the geo-pedological farm groups considering both the
functional units.
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Figure 11. Average values of Land Use and Water Scarcity (left graph), and average values of Eutrophication in
fresh, marine, terrestrial waters (right graph) of geo-pedological farms groups, related to 1 kg FPCM functional

unit.
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Figure 12. Average values of Land Use and Water Scarcity (left graph), and average value of Eutrophication in
fresh, marine, terrestrial waters (right graph) of geo-pedological farms groups, related to 1 ha UAA functional unit.

The use of two functional units, as seen for the Climate Change impact category, allows for a multi-
perspective view of the differences between environmental performances of production systems. These
elements of analysis could be very important in the definition phase of GHG emissions mitigation
strategies (main objective of the SheepToShip LIFE project), in order to avoid the problems of “transfer”

between impacts categories.

Starting from the hotspots highlighted by contribution analysis, a set of potential improvement solutions
can be defined. These solutions, after having verified their technical and socio-economic feasibility, will
constitute the good practices on which the Environmental Action Plan for Climate Change mitigation in
the Sardinian dairy sheep sector will be defined. The general approach will then be adapted to the farms

specificities, in order to study and implement plans aimed at improving environmental performances on
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a farm-scale, closing the Life Cycle Thinking process applied to the environmental enhancement strategy
of the Sardinian dairy sheep sector.

In general, the technical approach suggested by the LCA study described above, aimed at reducing the
carbon footprint of the Sardinian sheep milk life cycle at the same production level, involves the following

macro-elements of the production system:

e Production efficiency (less and more productive ewes);
e Flock fertility and health;
e Land Use and feed supply chain management;

e Energy consumption and choice of technologies;

Mitigation operations can be divided into the following fields:

Flock management
e Monitoring reproduction performance to improve the fertility rate of ewes;
e Monitoring of productive performance to apply a selective slaughter scheme for less productive
ewes;
e Systematic control and prevention of veterinary diseases;
e Improving the quality of feed supplied (increased use of legumes, balancing the diet after feed
analysis, use of mineral supplement blocks to increase the poor forages digestibility, etc.).
Land Use
e Introduction of pluriannual and self-seeding species into cropping systems;
e Adoption of low-input agricultural techniques (minimum or no-tillage, sod seeding, etc.);

e Soil and water analysis to reduce and optimize fertilizer use;

The mitigation techniques developed from the improvement solutions found through this study are the
subject of a specific SheepToShip LIFE report, where more details are provided.
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The results obtained underline the connection between environmental performance and different

6. Conclusions

farming systems in the Sardinian dairy sheep sector. The use of two functional units is particularly useful.
The assessment referred to 1 kg of normalized milk, allowed to analyzed the global effects of the sheep
milk life cycle, rewarding the most productive systems (farms located in the northern and southern
plains). In contrast, the functional unit of 1 ha of UAA allowed a deeper assessment of local effects,
analyzing the environmental implications related to the UAA of the farm. In the latter case, the
relationship between intensive systems and high input levels, resulting in high environmental impact, is
evident. An inverse connection between environmental impacts and the area dedicated to permanent
grassland (e.g. natural pasture) is also evident. In fact, the choice of product mass as functional unit allows
to study the product life cycle from the market point of view, not considering the local benefits that could
instead be assessed through the use of 1 ha of UAA as a functional unit. In any case, the main ecosystem
services (biodiversity maintenance, carbon sequestration, etc.), which are characteristic of an extensive
system, are usually associated with a productivity reduction. Furthermore, the use of the functional unit
‘1 ha UAA’ allowed a better distinction between farm structures, thus providing a more complete
overview of production systems. In this respect, the parameter ‘stocking rate’ was found to be the
indicator that best describes the relationship between production systems and environmental impacts.

The use of different environmental impacts categories (through the EF method) provides a
comprehensive assessment that explore the whole complexity of the analyzed system, not just the
environmental issue.

On the other and, contribution analysis identified strengths and weaknesses of the livestock systems,
highlighting how, for example, the on-farm feed contribution is higher in the more intensive farming
systems. By contrast, it was also evident that off-farm feed has a greater impact on extensive farms,
located in higher altitude areas, where on-farm feed represent a small percentage.
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