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The study entitled “The trajectory of the Anthropocene: The Great
Acceleration” [1] shows a great acceleration for socio-economic and earth system
trends, starting from the post war world II. Moreover, after the 1950 there is a
clear evidence that fundamental changes in the functioning of the Earth System
are guided by human activities. These trends brought the research community to
define a sustainable development paradigm for the Anthropocene with an
integrated point of view [2,3]. The Earth’s Life Support System is seen as the
higher limit that includes society, which in turn includes economy, which in turn
includes the manufacturing industry. Therefore, the idea of “Absolute
Sustainability” was introduced [4], as well as that of the IPAT equation to
quantify the overall environmental impact of an human activity [5,6]. At the same
time, the attention to the efficient use of energy and resources is grooving among
the political authorities. At worldwide level, the G7 Summit Declaration of June
2015 launched the G7 Alliance on Resource Efficiency with the aim to promote
Circular Economy (CE), Remanufacturing and Recycling concepts as strategic
actions [7]. A report produced by Ellen MacArthur Foundation with the
McKinsey Center for Business and Environment and the SUN Institute, strongly
recommends the need to switch to a CE system for Europe in order to remain
competitive in the manufacturing sector at global level [8]. Therefore, it is
possible to notice how the CE actions are currently seen as solution to meet the
requirements of our world. However, it is necessary to contextualise the CE logics
with the current manufacturing paradigm. According to [9], the main
characteristic of the current paradigm (i.e., the direct digital manufacturing -
DDM) is that the design requirements of a product are directly created by a
network of different people. The Additive Manufacturing (AM) technology is
considered as one of the drivers of DDM. In fact, with AM, CAD files and open-
source printer software, products can be directly manufactured close to the
customer and directly derived from digital models [9,10].

This work finds its space into this panorama. More in details, it aims to
answer to the following research questions:
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Research Question 1 (RQ1). With a Circular Economy point of view, how to
assess the remaining useful lifetime of products and how to perform a LCA study
under a function-oriented analysis?

Research Question 2 (RQ2). How to evaluate the energy efficiency of a
manufacturing technology at the unit process level and which can be a good
methodology to achieve this goal?

The RQ1 comes from the need of LCA methodologies customised for a CE-
based scenario. In fact, the available LCA methodologies applied to a linear
economy scenario mainly focus on a single production of the product and do not
pursue the comparison for the further lives the product may have. Moreover, the
implications of the reliability property on the iterated products represent a central
topic still to be addressed. The study in this work is performed considering AM
processes to offer an immediate relationship with the current manufacturing
paradigm [11,12], even if, the proposed methodology can be applied to other
production techniques.

The RQ2 mainly comes from the need to feed the developed LCA
methodologies with data that are closely related to the considered case study. In
particular, the literature showed practices already available for conventional
processes (e.g., machining, injection moulding). On the other hand, the study of
the state-of-the-art literature regarding the AM techniques produced the need to
fill different research gaps. Moreover, the boundary constrains of the current
manufacturing paradigm require an investigation of the advantages and
disadvantages that AM can also bring regarding the sustainability at its unit
process level. For instance, AM techniques are characterised from low
productivity and high energy demand, especially in comparison with bulk and
subtractive techniques [13—16]. Therefore, this kind of study are particularly
worth for this technology.

This thesis is articulated as follows: (a) an introduction section to better
contextualise the performed work; (b) Chapter 1 for the literature review to
support the RQ1 and RQ2 and to define the state-of-the-art literature gaps and the
aims of this work; (c¢) Chapter 2 develops the LCA methodology for a CE
scenario; (d) Chapter 3 investigates the energy efficiency at the unit process level
of different AM technologies; finally, (e) the conclusion section summaries the
results and makes considerations on the entire work.
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