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Abstract. Packaged water is one of the fastest growing commodities on a global scale, with significant repercussions from an environmental, economic and social perspective. Worldwide, the total annual consumption of water is estimated at approx. 390 billion liters, corresponding to over 155 billion euros. In this context, Italy plays an important role, being the eighth country for total consumption, estimated in 2020 at over 14 billion liters, and second for per capita consumption, equal to 222 liters. Under the economic perspective, its value equals approx. 2,800 million euros. In Italy, over 82% of the water is packaged in plastic bottles, while 16% in glass bottles and only 2% in plastic jugs, cardboard briks or aluminium cans. The present research applies the material flow analysis to the national packaged water sector as to measure the material flows associated with the entire packaged water sector in Italy. Although cardboard briks and aluminum cans could represent a more sustainable solution from an environmental point of view in the long term, plastic packaging guarantees numerous socio-economic advantages, namely economic convenience, easy portability and widespread distribution of the product. The research discusses possible circularization strategies in the packaged water sector, providing useful research directions to practitioners and academics.
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1.1 Introduction
Overall, bottled water represents one of the fastest-growing commodities (Etale et al., 2018) and, although tap water is safer, more accessible and cheaper, and its environmental impacts have been assessed as lower than bottled water, packaged water continues to be preferred by consumers (Geerts et al., 2020). Water is the most consumed packaged beverage all around the world, accounting for over 450 billion L (Statista, 2022), due to several reasons, mainly the modified consumption habits, as well as psychological factors and taste (Palomero-González et al., 2022). At the European level, the consumption of bottled water is estimated at 118 L per person per year (Statista, 2022) and Italy represents the leading market, accounting for over 200 L per person per year. Italy has produced more than 14,500 million L (ML) in 2020 (Acquaitalia, 2022), packaged as follows: (a) 11,890 ML in plastic bottles (82%); (b) 2,320 ML in glass bottled (16%); and (c) 290 ML in big bottles, briks and cans (2%). Plastic bottles are mainly composed of polyethylene terephthalate (PET), whereas their size passes from 0.5 L to 1.5 L, with increasing quantities of water sold in 2 L bottles (Lagioia et al., 2012; San Benedetto, 2017; Ferrarelle, 2019, Acquaitalia, 2022). It is estimated that of the entire amount of sorted plastic bottles, over 46% are recycled, whereas 40% are addressed to incineration with energy recovery. As concern water glass bottles consumption, the most widely used size is 1 L bottle, the estimated glass bottle recycling rate reaches over 77% (Consorzio Nazionale Imballaggi, 2020; Fondazione per lo sviluppo sostenibile and FISE UNICIRCULAR, 2021) and in the last years, the returnable bottles practice has recorded remarkable increase (San Benedetto, 2017; Ferrarelle, 2019; Coelho et al., 2020). A marginal but interesting role is played by the so-called plastic jugs (big PET bottles from 3 to 20 L); briks composed on average of 75% paper, 20% of low-density polyethylene (LDPE) and 5% of aluminum (Zawakiak et al., 2018; Schlecht and Wellenreuther, 2020) and Al cans, mainly composed of up to 50% recycled aluminum (Carlsberg Italia, 2020). 
In the light of these premises, the present research explores the material flows associated with water packaging in Italy in 2020. The study investigates the Italian packaging separate collection rates, highlighting current challenges and suggesting possible solution to improve the environmental management of water packaging from upstream to downstream stages of the supply chain.

1.2 Materials and methods
The environmental accounting could be defined as the identification, allocation and analysis of material streams in terms of natural resources consumption and waste production (Steele and Powell, 2002). Among different tools and methodologies widely used, the present research applies the material flow analysis described as a “systematic assessment of the state and change of material flows and stock in space and time” (Brunner and Rechberger, 2017) and has been successfully applied in environmental management studies, either at micro, meso and macro level. 
The present research investigates the “packaged water sector” in Italy in 2020, assuming a closed economy scenario (i.e., neither imports nor exports of materials have been considered). The functional unit is 1000 L of bottled water and refers to the primary packaging only. All material flows are expressed in Mt. Plastic jugs are out of the analysis. System boundaries encompass materials production, either from virgin or recycled materials, materials use, waste recycling and waste disposal pathways (Luan et al., 2021). The research relies on secondary data collected on national EPDs (San Benedetto, 2017; Cerelia, 2018; Ferrarelle, 2019; Carlsberg Italia, 2020), national reports (Consorzio Nazionale Imballaggi, 2020; Fondazione per lo sviluppo sostenibile and FISE UNICIRCULAR, 2021) and international studies (Lagioia et al. 2012; Schlecht and Wellenreuther, 2020). 

1.3 Results and discussion
Figure 1 illustrates a detailed snapshot of the “packaged water sector” in Italy in 2020, based on different packaging typologies, as follows:  (a) 0.5 L, 1.5 L and 2 L PET bottles; (b) 1 L glass bottles; (c) 0.33 L briks; and (d) 0.33 L cans. 
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Fig. 1. Material flow analysis for the “packaged water sector”
Sources: Personal elaboration by the authors. 

Figure 2 illustrates the material flow analysis related to the Italian packaged water system, accounting natural resources input and the material recycling rate. It provides estimates and evaluations useful for the sectorial transition towards sustainable and circular models. 
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Fig. 2. Material flow analysis for the “packaged water sector” in Italy in 2020
Sources: Personal elaboration by the authors. 

Although 1.5 L PET bottles are the most consumed size, in terms of weight, the most used material is glass, for an amount of over 754,977 t of recycled glass and 279,238 t of virgin glass in 2020. Besides, 122,050 t of virgin PET and 92,039 t of recycled PET cross the entire packaged water system. On the disposal pathways side, it results that over 326,563 t of PET and glass bottles, as well as aluminum cans and briks, are still addressed to landfill, whereas the vast majority of recycled materials are composed of glass (approx. 761,731 t) and PET (101,490 t). According to Figure 2, it emerges that aluminium presents good recycling rates, for an amount of 9,197 t (approx. 70% of the entire amount of aluminum cans produced in 2020). 
In the light of the glass bottles consumption, it is essential to consider that such packaging represents 16% of domestic consumption, whereas it dominates in the Ho.Re.Ca. (Hotel/Restaurant/Catering) and door-to-door supplies. As a consequence, the returnable end-of-use system must be enhanced to avoid landfilling and reduce recycling by improving reuse technologies. As concern bricks, seldom used for water, several questions are still open, mainly related to their end-of-use system. In 2020 and worldwide, global carton package recycling rate has been 27%, including approximately 170 recycling facilities (Tetra Pak, 2021). If its recycling rate could be boosted, such packaging could substitute PET or glass either in domestic or outdoor consumption. Last, aluminium cans seem to be a good alternative to traditional packaging  due to the aluminium physic-chemical characteristics and its attitude to be recycled several times over time. However, one limit to aluminium cans diffusion among consumers is the lack of comfortable caps, which make difficult to preserve water after the opening. Industries might consider the adoption of aluminium bottles, which are more suitable for both domestic and outdoor water consumption. 

1.4 Conclusions and future perspectives
The present research illustrates the status quo of the packaged water system in Italy, discussing possible circularization strategies in the packaged water sector. Material flow analysis is essential to enhance circularization in commodities production, since it provides useful insights under either the economic, the environmental or the organizational perspective. The material flow analysis offers transparent and comparable snapshots of several systems in space and time. First, it offers an early recognition of potentially harmful or beneficial stocks. Further, it sets priorities according to environmental protection strategies such as resource preservation (e.g., prevention) and waste management (e.g., separate collection, recycling), as well as priorities to boost eco-design strategies towards environmental sustainability. 
One of the best options to reduce resource consumption, either virgin or recycled, regards the use of not disposable water bottles, which can be composed of materials others than plastics, such as stainless steel. It requires several changes in consumers behavior, enlarging the availability of safe and secure tap water on a global scale through sustainable investments and education for sustainable development. As regards the adoption of disposable packaging, the recycling percentages of plastics, glass, paper and aluminium should be increased, reaching higher levels of either closed-loop or open-loop recycling. Last, as concerns aluminium cans, eco-designer should suggest more suitable and comfortable packaging, which can be transported once open through the use of caps. Overall, deposit return systems should be introduced in Italy, at present not yet implemented. 
[bookmark: _Toc75162077][bookmark: _Toc142104141]Future research direction are intended to investigate natural resources (i.e., energy, water) associated with packaged water in Italy, and explore the environmental impacts associated with the packaging production, use and disposal through the life cycle assessment, as well as the economic costs by material flow cost accounting. 
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