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The transition towards a circular economy, wherealue of products, materials, and resources istaiaed
for as long as possible, and the generation of evashimized, is an essential contribution to thedpean
Union's efforts to develop a sustainable, low carb@esource efficient, and competitive economy ¢pean
Commission, 2015). Re-use plays a central rolééncircular economy, as a waste prevention actiiruse
means any operation by which products or comporestsised again for the same purpose for which wrezg
conceived (European Commission, 2008).

Because of their purpose to contain consumabldggmackaging items are particularly prone to ee-us
The aim of this study is to assess the environnémjgacts associated with the life cycle of somaseble
packaging identified in the Italian context (Riganticet al., 2019), i.e. Intermediate Bulk ContaméiBCs),
steel drums, and Reusable Plastic collapsible €réRPCs).The IBCs are reusablmdustrial containers
designed for the transport and storage of bulkidigand granulated substances, such as chemicald, fo
ingredients, solvents, pharmaceuticals, &teel drums are used for carrying chemical andopkémical
products, whereas RPCs are usually used in thedndi vegetables distribution system. Life Cyclesdssment
(LCA) was used to assess the impacts of re-usefasction of the number of uses (the so-calledations”),
and to quantify the contribution of the reconditiam process to the total impacts of the life cyéteprder to
understand if a system based on re-use perforrer ledn a system based on single-use.

The function of the analyzed system is to provisdy-to-be-used reusable packages. The functiorital
was assumed as 100 packages (IBCs or steel druRP®s) ready for tha™ use, withn included between 1
and 5 for IBCs, 1 and 10 for steel drums, and 11##&for RPCs (Figure 1). The system boundaridsidiec
« the packages production;

« the reconditioning process;

« the end of life of the packages (afteuses and after being discarded in the reconditgpprocess);

« the end of life of all the residues generated dytive reconditioning process;

« the transport of the packages to the reconditioplagt and that of the wastes to the disposal/tegyplants.
Some plants situated in the North of Italy wereveyed in order to gather primary information on the

reconditioning process. Based on these data, yleaiiaand the mass balance of an average reconidijiquant

for the three different packages were defined.

For IBCs and steel drums, the results of the L@&wsthat the impacts of the life cycle of the pagka
mainly come from its manufacturing step, whereasrdtonditioning process accounts for less than @bee
overall impacts for most of the considered indicstorhe main burdens of the reconditioning procass
associated with the transport from the users tpthet, with the disposal of the solid residuestaored in the
IBCs bottles and in the drums, and with the dispokthe non-recoverable bottoms (only for IBCsteys). It is
thus important the behaviour of the users, whiadbukhremove any solid/chemical residues from thekpges
before sending them to reconditioning. Moreovewidespread distribution of the reconditioning piamt the
national territory could reduce the burdens assediavith the transports. When comparing reconditigrnvs.
single-use, the system where IBCs/drums are retiondd and re-used has better environmental pegnca
than the system where the same IBCs/drums are aislgdonce and then sent to recycling/disposal. The
advantages of such a system increase with the nuofbeotations (Biganzoli et al., 2018 and 2019%r F
example, considering the steel drums, in casejistotations take place the environmental impa€& system
based on re-use are on average about 74% of thassirgle-use system, and drop to 53% if the nurobases
increases to 10 (Biganzoli et al., 2019).

Unlike the previous typologies of package, the nelitooning process of the RPCs shows a non-
negligible contribution to the impacts of the oVkliée cycle when increasing the number of uses. &ample,
if a crate is used only for 5 times, the reconditig process accounts for less than 15%, but ia chsore than
100 uses, the contribution of the same processaaah 70% of the whole impact, depending on théyaed
indicator. The main burdens are associated withrdmesport of the crates from the users to thenditioning
plant, with the consumption of electrical energy the reconditioning process, and with the washitep.s
Nevertheless, after 2 uses, the system where caa¢eseconditioned and re-used shows better envigotal
performance than the single-use system where avhtee same capacity (with a 60% lower averagehigiare
used only once and then sent to recycling/disposal.
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Figure 1. Simplified chart of the life cycle of 100 packagesthe number of rotation changes.
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