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4.Relevance of the topic and state of the art:

In recent decades, environmental sustainability, animal welfare and the study and development of
new technological tools for precision livestock farming have emerged as the most significant research
areas in the field of dairy science. Regarding the evaluation of environmental sustainability, the most
widely used method is the Life Cycle Assessment (LCA) which has been proven to be the most
effective and commonly used approach for determining the environmental impact of milk production
at farm gate (Castanheira et al., 2010; Bava et al., 2014). However, as reported by many authors
(among others Berton et al., 2021), there are limitations to this method that are still being debated.
For example, the LCA methodology usually fail to include the complex connections within the food
system, for instance posing the competition between feed and food production (Van Zanten et al.,
2018). In addition, the LCA method does not consider the ecosystem services which include the
management of renewable natural resources, the socio-economic viability of many natural areas
(Kiefer et al., 2015), climate regulation, protection from natural disasters, recreation and support for
biodiversity. Ecosystem services represent an important added value particularly in extensive dairy
system. Therefore, it is desirable to combine the LCA analysis with other methods to better define
the environmental sustainability of milk production system. In addition, the implementation of new
sensors and precision systems in both intensive and extensive farms can provide precise information
about the animal responses to different management and husbandry techniques. This information can
be useful in identifying the best strategies in terms of both environmental sustainability and animal
welfare. The last issue is becoming more and more important not only for consumers but also for
farmers and technicians. The current practices in dairy farming, as for example with regards the
lifespan of cows (De Vries et al., 2020) or cow-calf separation (Meagher et al., 2019), are required to
evolve to better respond to the demands of society and multiple stakeholders.

5. Layout of the project (draft)
5.1. Materials & Methods:

The project aims to evaluate the environmental sustainability of milk production and to assess
animal welfare across different dairy farming systems (intensive and extensive), with different
level of precision technology implementation (high or moderate use of sensors) and in different
geographical areas (plain and mountain regions), using an LCA approach as well as other methods
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to explore the different aspects of sustainability. The final aim is to identify the more sustainable
farming strategies and to study the relationships among the different dimensions of sustainability.
The LCA analysis will be conducted starting from a detailed collection of primary data from
farmers and regional databases. Moreover, the LCA will be performed following the IDF (2015)
guidelines for milk and, the equation of IPCC (2019) and EEA (2019) will be used for quantifying
the emissions from animals and manure. The impact categories will be evaluated with the support
of a specific software (SIMAPRO).

At the same time, the feed/food competition will be evaluated using different approaches: the first
analysed the feed ration of animals to calculated the human-edible feed conversion efficiency,
proposed by Ertl et al., (2015), the second is the Land Use Ratio (LUR) that evaluates the land
use efficiency considering the potential protein obtainable from directly cultivated crops
compared to the protein obtained indirectly from the feed cultivated for farm animals as proposed
by van Zanten et al. (2016). The agroecosystem services related to milk production in the different
farms located in different regions will be evaluated using the method proposed by Augstburger et
al. (2018).

The data collected by precision instruments in the studied farms will be used both for the
evaluation of environmental impact and for the evaluation of animal welfare. Animal welfare will
be assessed also through conventional protocols (Welfare Quality, 2009; AWIN, 2015).

All the data obtained will be statistical analysed using the statistical package SAS.

5.2. Schedule and major steps (3 years):

The three year programme can be summarized below:

- literature review on the definition and methods of evaluating environmental sustainability
of dairy farming (months 1-6)

- identification of dairy farms suitable for the study (months 3-5)

- collection of primary data (months 4-12)

- evaluation of sustainability using the different approaches and methods proposed (months
12-24)

- assessment of animal welfare in the selected farms through both indicators from precision
tools and conventional protocols (12-24)

- statistical analysis of data and integration/comparison among the results obtained from the
different methods applied (months 18-25)

- publication of the results in national and international journals (months 24-36)

- participation and co-organization of public events to communicate the results at regional,
national and international levels (months 18-36)
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