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Introduction 
Within the general debate and effort to improve agrifood systems sustainability, which resulted in 
the development of multiple frameworks, conceptual approaches and methods to capture the 
complexity of this challenge, environmental schemes for food products play a relevant role 
supporting the properly ecolabelling and reward of green products by the market (McLaren et al., 
2021). In fact, the misleading communication of environmental performance causes asymmetric 
distribution of information that affects both producers, generating in addition economic barriers for 
accessing to competing labels and certification schemes, and consumers, which, often disoriented 
by the excess of environmental schemes and labels, tend to lose trust in these claims (Delmas and 
Burbano, 2011). Therefore, in 2013 the European Commission, with the Recommendation 
2013/179/EC, launched the Product Environmental Footprint (PEF) scheme, aimed to harmonize 
the assessment and communication of the environmental impacts of products using a life-cycle 
approach. Italy is a leading global agri-food products exporter, with Made in Italy, Protected 
Designation of Origin (PDO) and Protected Geographical Indication (PGI) labels recognized 
worldwide as high-quality standards with elevated reputation profile (Bonaiuto et al., 2021). This 
paper presents the elaboration process and main results of the product environmental footprint 
category rules (PEFCR) for the hard sheep milk cheeses, developed within the PEF scheme. In 
particular, the paper is focused on the preliminary PEF study (screening study) implemented on the 
Pecorino Romano PDO, which is considered the most representative product of the whole hard 
sheep milk cheese category. Pecorino Romano is a sheep milk cheese among the most exported in 
the world (Pirisi and Pes, 2011). 
 
Methodology 
The PEFCR for hard sheep’s milk cheeses were developed within the LIFE MAGIS - Made Green 
in Italy Scheme (LIFE18 GIE/IT/000735) project, aimed at launching and disseminating the PEF 
method and the recently introduced PEF-based “Made Green in Italy” scheme. The PEFCR were 
intended as an integration to the already existing “PEFCR for Dairy Products” v1.0 (EDA, 2018). In 
particular, the integration consisted in the inclusion of the product sub-category “hard cheese from 
sheep milk”, and the related representative product. The structure and content of these PEFCR have 
been developed in line with the “PEFCR for Dairy Products” but it differs in those parts 
characterizing sheep milk production and processing and which are not covered by the existing 
PEFCR that only includes raw milk (and its derived dairy products) produced by cattle. In general, 
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sheep milk farming is characterized by more extensive and pasture-based farming techniques, with 
lower animal productivity levels, compared to the dairy cow sector. Therefore, a specific LCA 
model is required. The representative product was defined as “Pecorino Romano PDO” (the second 
exported Italian cheeses in the world and the best-known Italian dairy product obtained from sheep 
milk) which is cooked, made with fresh or thermised whole sheep’s milk, derived exclusively from 
farms located in the regions of Lazio, Sardinia and the province of Grosseto in Tuscany. A 
preliminary PEF study was carried out on the representative product with the aim of identifying the 
most relevant life cycle stages, processes, elementary flows, impact categories and data quality 
needs to derive the preliminary indication about the definition of the benchmark for the sub-
categories in scope, and any other major requirement to be part of the final PEFCR. This screening 
study involved 18 sheep farms (data refer to 2016/2017) representing the main Italian sheep farming 
systems and 4 dairy sheep plants producing 23% of the total “Pecorino Romano PDO” production 
(data refer to 2019/2020). LCA calculations were made using EF version 2 (Fazio et al., 2018) 
impact assessment method. The following main limitations that are particularly relevant to the 
sheep dairy sector were considered: i) The benchmark is related to a representative product 
produced in Italy. Therefore, it can be used to compare PEF study results of products in the PEFCR 
scope. In particular, the profile of sheep milk production is representative of the Italian conditions in 
terms climate, soil, and technology, and differences could be expected from sheep farming systems 
of other geographic areas; ii) This benchmark is intended to be used by other companies belonging 
to the Pecorino Romano Consortia as reference to the PEF profile of their products; iii) Sheep milk 
production datasets were specifically developed based on background data from Ecoinvent Centre 
v3.6 (Moreno Ruiz et al., 2019) and Agri-footprint 4.0 (2017). 
 
Results and discussion 
The functional unit and its reference flow (Figure 1) was defined as 10 g dry matter equivalent of 
cheese, fit for human consumption and considered from milking to consumption up to the 
expiration date. The system boundaries include 7 life cycle stages: a) "Raw milk", b) "Dairy 
processing", c) "Packaging”, d) “Distribution”, e) “Use” and f) “End-of-life”, and the main cut-off 
rules concern i) cleaning agents and refrigerants at farm, ii) transportation of input products to the 
dairy unit accounting for less than 1% in mass and solid waste at dairy plant stage, and iii) capital 
goods. 
 

 
Figure 1. System boundaries diagram for hard cheese from sheep milk. 
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The most relevant impact categories, identified considering those that cumulatively contributed to at 
least 80% of the total environmental impact (excluding toxicity-related impact categories), were 1) 
Climate change (CC) (25.2%), 2) Water scarcity (WS) (23.3%), 3) Land use (LU) (22.3%) and 4) 
Resource use mineral and metals (RU m&m) (10.2%). For all the most relevant impact categories, 
raw milk supply was the most relevant life cycle stage (contribution above 94%), followed by dairy 
processing as additional relevant life cycle stage (Table 1). 
 
Impact category Raw 

milk 
Dairy 

processing Packaging Distribution Use End-
of-Life 

Climate change 95.51% 2.93% 1.17% 0.01% 0.01% 0.37% 
Land use 99.45% 0.09% 0.16% 0.29% 0.00% 0.01% 
Water scarcity 99.21% 0.37% 0.21% 0.13% 0.00% 0.08% 
Resource use, mineral and metals 94.95% 2.22% 1.62% 1.06% 0.01% 0.14% 

 

Table 1. The most relevant life cycle stages of hard sheep’s milk cheese, calculated as the life cycle stages 
that together contribute to at least 80% of any of the most relevant impact categories previously identified. 
Functional unit:10 g dry matter; impact assessment method: EF v.2 (Fazio et al., 2018). 
 
Impact categories as Eutrophication and Acidification, considered among the most relevant in 
PEFCR dairy, do not appear very significant in Pecorino Romano PDO manufacturing. That is 
probably due to less critical issues related to manure storage and disposal and feed production and 
supply in sheep farming systems compared to dairy cattle ones. 
Benchmarks were provided as characterised results (Table 2), normalised results and weighted 
results (Figure 2). 
 

Impact category Unit Life cycle excl. 
use stage Use stage Total 

Climate change kg CO2 eq 1.64E-01 2.03E-05 1.64E-01 
Land use Pt 6.75E+01 2.99E-04 6.75E+01 
Water scarcity m3 depriv. 5.52E-01 1.61E-05 5.52E-01 
Resource use, mineral and metals kg Sb eq 1.36E-06 9.12E-11 1.36E-06 

 

Table 2. Characterised benchmark values (most relevant impact categories) for hard sheep’s milk cheese. 
Functional unit:10 g dry matter; impact assessment method: EF v.2 (Fazio et al., 2018). 
 
Normalized and weighted impact values for CC, LU, WS and RU m&m in Pecorino Romano PDO 
were higher than the corresponding values reported in PEFCR dairy for cheeses (EDA, 2018). This 
result has been widely expected and can be easily explained considering the above mentioned 
technological and management differences between dairy cattle and sheep milk production systems. 
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Figure 2: Normalized and weighted values (Pt, points) and life cycle phases contribution of Climate Change 
(CC), Land Use (LU), Water Scarcity (WS) and Resource Use mineral and metal depletion (RU m&m) for 
10 g dry matter equivalent of Pecorino Romano PDO cheese, calculated using the EF method 2.0 (adapted) 
(Fazio et al., 2018). 

 
Conclusions 
PEFCR for hard sheep’s milk cheeses were developed as an integration of the already existing 
“PEFCR for Dairy Products”. In particular, specific rules for sheep milk production modelling were 
included (production systems of sheep and cattle differ largely for both productivity levels and 
animal nutrition management). Screening study indicated Climate change, Land use, Water scarcity, 
Resource use minerals and metals as the most relevant impact categories of the environmental 
footprint of Pecorino Romano PDO supply chain, with a very large contribution (around 94%) 
derived from milk production phase. The main differences among cattle and sheep systems’ PEFCR 
consist in the most relevant impact categories list and in the benchmark values. 
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