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Abstract

The wine sector is a key part of the agri-food economy and is increasingly evaluated for its environmental
performance. While viticulture and winemaking remain important, packaging — particularly glass bottles, closures,
and transport has been identified as a major contributor to wine’s environmental footprint. This study uses Life
Cycle Assessment (LCA) to evaluate the packaging impacts of two wine bottles from different wineries,
considering glass bottles, closures, capsules, and labels. Results show that glass bottles account for about 90% of
total impacts for Castello winery and 87% for 33 Filari winery. Other components contribute only 2—6%,
depending on materials. These findings highlight the importance of lightweight bottles, higher recycled content,
reuse systems, and optimized closures and capsules. Even small design choices can significantly reduce overall
impacts. The study provides insights to support ecodesign strategies and align the wine sector with climate
neutrality and circular economy goals.

1. Introduction
The wine industry plays a central role in the agri-food sector and is increasingly evaluated not only for product
quality but also for environmental performance. While viticulture and vinification remain critical stages, recent
studies highlight that packaging is one of the most significant contributors to the overall environmental footprint
of wine. In particular, the production of glass bottles, closures, capsules, labels, and their associated transport
processes accounts for a substantial share of environmental impacts.
Packaging in the wine sector serves multiple functions: protecting the product, ensuring food safety, preserving
sensory quality, enabling logistics, and communicating brand identity and regulatory information. However, these
functions involve material and energy consumption, emissions, and waste generation throughout the life cycle. As
sustainability becomes a strategic priority, wineries are increasingly required to assess and redesign packaging
solutions to reduce environmental burdens while maintaining technical and market requirements.
In this context, Life Cycle Assessment (LCA) is a robust and standardized methodology for quantifying
environmental impacts across all life cycle stages — from raw material extraction to end-of-life. This study applies
an LCA approach to evaluate and compare the environmental performance of wine packaging systems from two
wineries, focusing on the main components: glass bottle, closure, capsule, and label.

2. Materials and Methods

2.1 Life Cycle Assessment Framework

The study was conducted using the Life Cycle Assessment methodology in accordance with 1SO 14040 and 1SO
14044 standards. The analysis followed the four standard phases: goal and scope definition, life cycle inventory
(LCI), life cycle impact assessment (LCIA), and interpretation.

2.2 Goal and Scope Definition

The goal of the study was to assess and compare the environmental impacts associated with the packaging of
wine bottles produced by two different wineries. The functional unit was defined as one packaged 0.75 L bottle
of wine, ensuring comparability between the systems.

2.3 System Boundaries

The system boundaries included:

Raw material extraction and processing (glass, paper, metals, plastics, cork)

Manufacturing of packaging components (bottle, closure, capsule, label)

Transport of packaging materials to the bottling facility

End-of-life management (recycling, disposal, or recovery)

The wine production process itself (viticulture and vinification) was excluded, as the focus of the study was
strictly on packaging.

2.4 Data collection and modeling

Primary data were collected directly from the wineries and their suppliers, including packaging weights, material
compositions, and production processes. Secondary data were obtained from recognized databases integrated
into SimaPro software. Environmental impacts were calculated using the ReCiPe impact assessment method,
considering both midpoint and endpoint categories.



3. Results and Discussion
The LCA results clearly show that the glass bottle is the main contributor to the overall environmental impact of
wine packaging for both wineries. The bottle alone accounts for approximately 87-90% of the total
environmental footprint, primarily due to the high energy demand during glass melting and forming processes.
Other packaging components — closures, capsules, and labels — contribute a much smaller share, typically
between 2% and 6%, depending on material composition and manufacturing processes. Among these, closures
vary based on the type used (natural cork, technical cork, or alternative closures), while capsules and labels have
relatively minor but still notable impacts.

Figure 2: LCA results - detail of CdT flows and background
datasets

Figure 1: LCA results - detail of flows and background datasets 33F

The comparative analysis shows that differences in bottle weight, recycled glass content, and closure type can
significantly influence overall environmental performance. Lightweight bottles and higher recycled content
substantially reduce greenhouse gas emissions and energy consumption. Although secondary components
contribute less in absolute terms, their optimization becomes important when pursuing comprehensive
sustainability strategies. These findings confirm that targeted improvements in packaging design — especially in
glass bottle production — offer the greatest potential for reducing environmental impacts. At the same time,
cumulative improvements across all components can further enhance sustainability without compromising
product quality or brand positioning.

4. Conclusion

This study confirms that wine packaging is a key factor in the environmental footprint of wine, with the glass
bottle being the most impactful component. The use of Life Cycle Assessment enabled a detailed and objective
evaluation of the environmental performance of two packaging systems, highlighting both common patterns and
specific opportunities for improvement.The results indicate that the most effective strategies for reducing
environmental impacts are lightweight glass bottles, increased use of recycled materials, and optimization of
closures and capsules. Even relatively small design choices can lead to significant reductions when implemented
at scale.Overall, the study shows that LCA is a valuable decision-support tool for wineries, enabling informed
choices that align environmental sustainability with technical feasibility and market requirements. The findings
can support ecodesign initiatives and contribute to the broader transition of the wine sector toward circular
economy and climate neutrality goals.

5. Reference

1. Guerra, M., Ferreira, F., Oliveira, A. A., Pinto, T., & Teixeira, C. A. (2024). Drivers of Environmental Sustainability
in the Wine Industry: A Life Cycle Assessment Approach. Sustainability, 16(13), 5613.

2. Marques, C., Giines, S., Vilela, A., & Gomes, R. (2025). Life-Cycle Assessment in Agri-Food Systems and the Wine
Industry—A Circular Economy Perspective. Foods, 14(9), 1553.

3. Hospido, A., Rivela, B., & Gazulla, C. (2022). Life cycle methods and experiences of environmental sustainability
assessments in the wine sector. In Improving Sustainable Viticulture and Winemaking Practices (pp. 351-370).
Academic Press.

4, Casolani, N., D'Eusanio, M., Liberatore, L., Raggi, A., & Petti, L. (2022). Life Cycle Assessment in the wine sector:
A review on inventory phase. Journal of Cleaner Production, 379, 134404.

5. Panizzon, T., Bircke Salton, G., Schneider, V. E., & Poletto, M. (2024). Identifying Hotspots and Most Relevant
Flows for Red and White Wine Production in Brazil through Life Cycle Assessment: A Case Study. Resources, 13(7),
88.



	2. Materials and Methods
	3. Results and Discussion

