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1. Introduction

The term “Digitainability” has recently been proposed (Gupta 
et al., 2020; Lichtenthaler, 2021) to refer the combination 
of the two megatrends of sustainability and digitalization and 
their potential cross-fertilization effects on markets and differ-
ent production sectors. On the one hand, the consolidation of 
the circular economy (Ellen MacArthur Foundation, n.d.; 
European Commission, 2020), together with the increasing 
regulation of packaging waste—such as the so-called PPWR 
(European Commission, 2022)—and growing consumer con-
cern about sustainability (Bar Am et al., 2023), is forcing com-
panies to rethink products and processes to reduce their impact 
and improve their utility (Marrone & Raimo, 2021). On the 
other hand, technological innovation, with the ongoing prolif-
eration of digital devices and social media fueled by COVID-19 
(LaBerge et al., 2020), creates significant challenges, but also 
transformational opportunities for sustainable production and 
business practices (Moghrabi et al., 2023).

In this framework and as part of the research activities of 
the MICS extended partnership, the study FuturE-Pack. Digital 
Advanced Design for the Enhancement of Packaging as a ‘Broad-
caster’ in the Made in Italy Supply Chain (Project 1.1)—involving 
researchers from three universities (University of Bologna, Uni-
versity of Florence and Polytechnic University of Turin)—ex-
plores the application of digital solutions to enhance packaging 
as a communication device (Ciravegna, 2010; 2017; Buchetti 
& Ciravegna, 2009; Bucchetti, 2005) for the exchange of rel-
evant information within the Made in Italy sectors: digital tech-
nology is transforming packages into intelligent devices able to 
track and monitor the integrity and safety of goods, potentially 
recording the entire history of products and the impacts gener-
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ated along their supply chains, while conveying the identity and 
values of brands.

The above aspects become even more relevant in light of the 
entry into force of the EU’s Ecodesign for Sustainable Products 
Regulation (ESPR) and, as one of its fundamental tools, the in-
troduction of the Digital Product Passport (DPP) (European 
Commission, n.d.), which will provide information on the en-
vironmental sustainability of products, with the aim of improv-
ing traceability and transparency along the entire value chain 
and improving the management and exchange of product data, 
which are crucial for ensuring their sustainable use, extending 
their life, and circularity. Digitally enhanced solutions applied to 
packaging and product labelling, in this sense, can play a signifi-
cant role in archiving and communicating relevant data referred 
to DPP, extending the information collected also to the social 
and economic sustainability of the products in addition to the 
environmental one, thanks to the application of appropriate as-
sessment methods such as Life Cycle Assessment (LCA), Social 
Life Cycle Assessment (S-LCA), and Life Cycle Costing (LCC), 
and the adoption of a systemic approach leading to a compre-
hensive Life Cycle Sustainability Assessment (LCSA).

The research work to date has been geared toward mapping 
and analyzing the state of the art by collecting relevant case 
studies of existing digital solutions—already being applied or 
potentially applicable to packaging—and the functionalities 
they enable. In addition, a review of the scientific literature (see 
appendix) inherent to the LCA of products and their impacts 
has been carried out, according to the three pillars of sustaina-
bility (Purvis et al., 2019): planet (environmental), people (so-
cial) and profit (economical). Future research will focus on the 
analysis of the supply chain and the ecosystem of stakeholders 
related to packaged goods, in particular the e-commerce chan-
nel and the fashion industry (A1 sector), which are the areas of 
analysis and experimental work of the project.

This essay intends to focus on the second line of work carried 
out so far and presents the research developed to deepen LCSA 
as an integrated methodology to assess products triple impacts, 
and the definition of a systematized conceptual grid concern-
ing sustainability issues. Furthermore, methods and tools for 
the life cycle assessment of products and for the evaluation of 



FuturE-Pack. LCSA in packaging design 279

1. Conceptual framework 
and structuring of the 
project.
All images are reproduced 
in color in the online 
edition of the book.



280 Erik Ciravegna, Caterina Antonia Dattilo, Massimo Delogu, Veronica Pasini﻿﻿﻿

their impacts are currently being studied, together with exam-
ples from other sectors and for other purposes, with the goal of 
developing, as one of the expected outcomes of the project, a 
set of solutions (guidelines, recommendations, checklists, best 
practices, etc.) to be provided to stakeholders in the Made in 
Italy supply chain, to improve traceability and transparency in 
product information.

1. Assessing the triple impacts of products 

1.1. Life Cycle Sustainability Assessment
The recent growth of e-commerce has led to a significant increase 
in the use of packaging, causing environmental issues (Oláh 
et al., 2023; Haryanti & Subriadi, 2022). The current state of 
packaging in e-commerce highlights some important gaps, such 
as: overpackaging which should be a concern for policymakers; 
commonly used plastic packaging; package distribution has a 
large impact on the environment (Escursell et al., 2021). For 
these reasons, new approaches to reduce the environmental im-
pact of packaging, should be pursued, such as: biodegradation of 
cardboard waste from online shopping; implementation of clear 
guidelines and policies to prevent overpackaging; encouraging 
circular packaging through clear design guidelines; exploring 
3D printing for minimal-material packaging solutions; evalu-
ating new logistics strategies in terms of their environmental 
friendliness; conducting advance LCA studies to ensure a lower 
carbon footprint compared to existing packaging.

With regard to the last point, concerning LCA, it is impor-
tant to emphasize that sustainability includes not only environ-
mental protection but also social/ethical, and economic aspects. 
This means that a comprehensive life cycle (LC) approach is re-
quired to evaluate design alternatives. LCSA is considered the 
most appropriate methodology for assessing the sustainability 
of products and processes, integrating LCA (International 
Organization for Standardization, 2006a; 2006b), LCC 
(Hunkeler et al., 2008; Swarr et al., 2011) and S-LCA (Benoît 
& Mazijn, 2009). 

There are two main approaches to life cycle-based sustain-
ability assessment. The first, proposed by Kloepffer (2008) 
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and Finkbeiner et al. (2010), extends ISO-LCA to include eco-
nomic and social aspects, following the triple bottom line model. 
The second, proposed by Guinée et al. (2011), is an integrated 
framework that combines the conventional LCA with econom-
ic and social aspects, allowing for in-depth analysis at different 
levels. Both approaches aim to broaden sustainability assess-
ment from the environment to economic and social spheres 
but differ in conceptual structure and modeling principles. The 
LCSA analysis approach integrates inventory and impact assess-
ment into a single modeling phase, while the LCSA assessment 
approach is more suitable for product-level applications.

However, the three methodologies (LCA, LCC, and S-LCA) 
inherently demonstrate different features and levels of maturi-
ty, requiring specific considerations for a complete sustainabil-
ity assessment. Challenges and opportunities for improvement 
concern each phase of LCSA, such as goal and scope definition, 
indicator selection, and integration and presentation of results. 
For example, selecting indicators for the social dimension is 
complex due to the lack of a clear selection process (Zanchi et 
al., 2021).

1.2. Products impacts: literature review
As explained in the previous paragraph, the LCSA plays a piv-
otal role in evaluating and validating the threefold impact of 
products on the environment, society, and the economy. In the 
context of this project, the methodology focuses on packaged 
goods, particularly those in the e-commerce, and the fashion 
industry, placing special emphasis on products that bear the 
Made in Italy label or are locally sourced. In this section, the 
literature review is presented considering a scientific method-
ology (implemented in an Excel spreadsheet) which includes 
three main steps (fig. 2): 1) meta-analytic approach; 2) review; 
3) analysis.

The meta-analytic approach consists of: Research Sources, 
that are multiple platforms from which it is possible to find 
all the documents that provide information and consequently 
knowledge (e.g., Google Scholar, IEEE Explore, Scopus database, 
Science Direct); Specific Topics, that are all the considered topics 
(i.e., LCA application, LCC application, S-LCA application, LCSA 
method).
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The second step of the methodology is about the critical re-
view of the literature relating to the project; it is organized into 
different sections: General Characteristics including the title, 
author(s), year of publication, geographical location or where 
the work was carried out (e.g., Organization, University), type 
of publication, and journal; Specific Characteristics that are ab-
stract and keywords (i.e., the words or phrases that are suggest-
ed by the authors of the documents to facilitate their search); 
Application, by which the documents are grouped according to 
the application fields.

Finally, the literature “analysis” is carried out considering 
the categories listed below: Topics Trend, which are the topics 
chosen for the literature analysis according to the search catego-
ries; Time Trend is the time trend of the considered publications; 
Geographical References are the geographical references associat-
ed with the generic article analyzed in the specific review phase; 
Type of Publications, such as paper, review, report, thesis, con-
ference paper.

Based on an analysis of 25 publications (see Annex), we have 
graphed the trend of various topics (fig. 3). Notably, “LCA appli-
cation” was the most discussed topic (14 mentions), followed by 
“LCSA method” (9 mentions). Conversely, “S-LCA application” 
and “LCC application” each had only one mention.

The bar graph in figure 4 reveals the compelling results of 
combining search categories and topic trends. It’s evident that 
Food Packaging is a dominant topic across multiple categories, 
including LCA Application and LCSA Method. Similarly, the Fash-
ion Industry category showcases significant publications related 
to both LCA Application and LCSA Method. While other catego-
ries have fewer publications, they still contribute to the diverse 
landscape of research.

The data from 2000 to 2023, as shown in figure 5, reveals a 
rising trend in publications with a peak in 2021. However, there 
has been a slight decrease in the last three years (2021-2023).

The analysis of the geographical reference (fig. 6) indicates 
that numerous countries have undertaken sustainability analy-
ses across various fields. Notably, Italy (6) and Canada (3) have 
emerged as the leading publishers in this regard.

Figure 7 illustrates the publications categorized by geo-
graphical area and search criteria. This analysis demonstrates 
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that Italian research is concentrated on Food Packaging and Au-
tomotive, while Canada has produced research across all three 
categories. Furthermore, the Fashion Industry research is being 
conducted in various countries including Australia, Austria, 
Canada, Stockholm, and the UK.

The scientific journal is the most frequently used type of 
publication, accounting for 72% of the total analyzed works 
(fig. 8).

The analysis involved combining the types of journals with 
the trending topics (fig. 9) and the application fields (fig. 10). 
The bar chart in figure 9 reveals that numerous journals are fo-
cused on addressing sustainability issues, indicating a growing 
interest in this area. 

When reviewing both diagrams simultaneously, it becomes 
evident that the topic of LCA is widely discussed in scientific 
journals, particularly in the fields of Food Packaging and the 
Fashion Industry. Furthermore, the LCSA method is a compel-
ling and versatile topic that has significant implications across 
various fields of application (fig. 10).

1.3. A conceptual grid on sustainability issues: a basis for a systemic 
approach
Based on the review of scientific literature—including ISO 
and UNI EN ISO standards—a scenario regarding the poten-
tial for use and opportunities of LCSA has been outlined; also, 
the indicators for assessing product impacts were detailed and 
systematized, to define an overall conceptual grid that takes 
into account environmental (European Commission et al., 
2010a; 2010b; 2011; International Standards Organi-
zation, 2006a; 2006b; UNI Ente Italiano di Normazione, 
2021a; 2021b), economic (International Organization for 
Standardization, 2017; 2019; Swarr et al., 2011) and social 
(Benoît & Mazijn, 2009; Blanco & Finkbeiner, 2015; Goed-
koop et al., 2020; Benoît et al., 2020; International Stand-
ards Organization, n.d.) factors.

The indicators considered in the LCA application are as fol-
lows: climate change; ozone depletion; human toxicity; respiratory 
inorganics/particulate matter; ionizing radiation; photochemical 
ozone formation; acidification; eutrophication; ecotoxicity; land use; 
resource depletion. Those considered in the LCC application are: 
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raw material cost; production cost; use cost; end-of-life cost. Finally, 
the application of S-LCA considers aspects referring mainly to 
workers: Health and Safety, which includes the number of hours 
of health and safety training per worker given during the report-
ing period, and the average rate of incidents during the report-
ing period; Wages, regarding the percentage of workers whose 
wages meet at least legal, or industry minimum standards and 
their provision fully complies with all applicable laws, and the 
percentage of workers who are paid a living wage; Discrimination, 
which indicates the number of complaints identified during the 
reporting period related to discrimination; Training and Educa-
tion, referred to the numbers of hours of training per employee 
during the reporting period; Child Labour, that is, the number of 
hours of child labour identified during the reporting period.

The conceptual grid described above, to be further explored 
and possibly integrated with other indicators (e.g., social fac-
tors could also include aspects referring to people in general and 
society, not just workers), can become the basis for an overall 
systemic approach to assessing the impacts of products, from 
an LCSA perspective.

2. Methods and tools for sustainability assessment

2.1. Research and collection of assessment methods and tools
As already mentioned, the “FuturE-Pack” project’s objectives 
include delving into LCSA as an integrated methodology for as-
sessing the triple impacts of products; based on this in-depth 
research, a systematized conceptual grid related to sustainabil-
ity issues was defined.

In addition, case studies of methods and tools already ap-
plied in product lifecycle assessment are currently being col-
lected, both for technical-scientific and educational purposes, 
as well as examples from other sectors and for other uses. This 
work aims at gathering design references and inspirations for 
developing solutions (guidelines, recommendations, checklists, 
best practices, etc.) through which the systematized conceptual 
grid already described could be applied. The goal is to provide 
the stakeholders in the Made in Italy supply chain with a set 
of tools to improve traceability and transparency of product 
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information, to be communicated through digitally enhanced 
packaging.

A total of 25 case studies have been collected so far, includ-
ing self-assessment tools, toolkits, manuals, guidelines and 
checklists, in the form of software, interactive platforms and 
downloadable static documents.

Both quantitative and qualitative approaches were consid-
ered. The primary areas of interest covered are: sustainability 
and circularity, design, and packaging. Examples of the case 
studies collected are shown in figures 11 and 12. This work is 
currently under development.

2.2. Cataloguing and analysis of assessment methods and tools
To catalog each case study and gather relevant information for 
the project, a worksheet was constructed with the following 
preliminary descriptive and analysis categories: title and gen-
eral description; sources of information and other available 
references (web/video links); indication of whether the case 
study is related to packaging, e-commerce, fashion, design, and 
sustainability; type of support (software, interactive platforms 
and downloadable static documents); type of interface (static, 
dynamic, interactive); language (more informal and divulgato-
ry, or more formal and technical-scientific); approach (quantita-
tive, qualitative); content (text, game, map/graphic, open-end-
ed or multiple-choice questions).

To facilitate cataloging work, based on the categories men-
tioned, a systematized database was developed through an on-
line service (fig. 13), which allowed for more agile management 
of the information and documentation associated with the var-
ious case studies collected. This database will be supplemented 
with new cases and will constitute an open repository for future 
implementations.

In a similar way to the literature review, from the informa-
tion collected in the worksheets and by cross-referencing the 
data obtained, appropriate visual synthesis maps will be pro-
duced, one for each variable or groups of variables considered, 
which will guide the reading of the mapping results and obtain a 
clearer picture of the state of the art and useful insights for the 
subsequent development of the project.
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12. Example of Life 
Cycle Assessment (LCA) 
software: Umberto for 
LCA.

11. Example of a 
tool for assessing 
the environmental 
performance of 
products: SimaPro.
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3. Conclusions

The research presented herein has explored the use of LCSA as 
an integrated methodology for evaluating the triple bottom line 
impacts of products and has established a systematized concep-
tual framework to address sustainability concerns. The litera-
ture review and subsequent systematization process have led to 
the creation of a conceptual grid on sustainability issues, useful 
for analyzing the state of the art, as well as the systematic col-
lection of relevant methods and tools for impacts assessment. 
The next steps of this research phase involve the revision and 
integration of this conceptual grid, with particular attention to 
highlighting social aspects, which are currently limited to in-
dicators related to workers directly involved. Expanding social 
impact analysis beyond workers to include local communities 
and end-users, as well as considering the role of packaging in 
society (e.g., through messages conveyed), leads to a more com-
prehensive understanding of long-term effects. This broader ap-
proach ensures balanced assessments by incorporating diverse 
perspectives, facilitates the development of effective mitigation 
strategies, and fosters social responsibility, leading to more in-
formed and sustainable consumer decisions.

Furthermore, it is crucial to continue expanding the collec-
tion and analysis of assessment methods and tools, exploring 
novel applications beyond the current scope. This will broaden 
the analytical perspective, thereby enhancing the overall quality 
of evaluations and fostering the development and dissemination 
of valuable tools and methods for future designers. Utilizing 
specific Key Performance Indicators (KPIs) is imperative for de-
veloping scientifically rigorous methods and tools. KPIs provide 
a framework for assessing product or service impacts, facilitat-
ing data-driven decision-making, promoting transparency, and 
enabling continuous improvement. These quantifiable metrics 
(Giorgi et al., 2017) allow for objective impact evaluation and 
comparability over time. Additionally, KPIs serve as crucial com-
munication tools, enhancing understanding and demonstrating 
transparency and social responsibility to stakeholders.

While acknowledging the inherent uncertainty in even the 
most effective measurement techniques (Kerzner, 2023), and 
recognizing that perfect information for decision-making is un-
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attainable, the selection of appropriate KPIs remains vital for 
approximating desired analytical outcomes. Therefore, a crucial 
next step in this project is the precise definition of KPIs. This 
will ensure transparency from the outset and establish a robust 
methodological foundation for future analyses and evaluations. 
KPIs can provide data that empowers designers and planners 
to critically reflect on their projects, identify areas for improve-
ment, and foster a feedback loop essential for the evolution of 
design expertise and driving innovation within the process itself.
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> Environmental impact
> LCA
> Food packing

Paper LCA 
application

Food 
Packaging

19 Gomes, T. S., Visconte, L. L. Y., 
& Pacheco, E. B. A. V. (2019). 
life cycle assessment of poly-
ethylene terephthalate pack-
aging: An overview. Journal of 
Polymers and the Environment, 
27(3), 533–548. https://doi.
org/10.1007/s10924-019-
01375-5

> Polyethylene tereph-
thalate
> PET
> Life Cycle Assessment 
(LCA)
> Recycling
> Environmental impact

Review LCA 
application

Food 
Packaging

https://doi.org/10.1016/j.jclepro.2023.137778
https://doi.org/10.1016/j.jclepro.2023.137778
http://dx.doi.org/10.1016/j.foodres.2014.02.010
http://dx.doi.org/10.1016/j.foodres.2014.02.010
https://doi.org/10.1016/S0959-6526(02)00076-8
https://doi.org/10.1016/S0959-6526(02)00076-8
https://doi.org/10.1016/S0959-6526(02)00076-8
https://doi.org/10.1016/j.jfoodeng.2004.04.006
https://doi.org/10.1016/j.jfoodeng.2004.04.006
https://doi.org/10.1016/j.jfoodeng.2004.04.006
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https://doi.org/10.1007/s10924-019-01375-5
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20 Ada, E., Kazancoglu, Y., Go-
zacan-Chase, N., & Altin, O. 
(2023). Challenges for circular 
food packaging: Circular re-
sources utilization. Applied 
Food Research, 3(2), 100310. 
https://doi.org/10.1016/j.
afres.2023.100310

> Circular economy
> Sustainable packaging
> Sustainable food sup-
ply chain
> Food waste
> Food packaging

Paper LCA 
application

Food 
Packaging

21 Pfoser, S., Herman, K., Mas-
simiani, A., Brandtner, P., & 
Schauer, O. (2022). From linear 
to circular packaging: Enablers 
and challenges in the fash-
ion industry. In M. Freitag, A. 
Kinra, H. Kotzab, & N. Megow 
(Eds.), Dynamics in Logistics (pp. 
435–445). Springer Interna-
tional Publishing. https://doi.
org/10.1007/978-3-031-
05359-7_35

> Circular economy
> Sustainable packaging
> e-commerce
> Fashion industry
> PESTEL analysis

Conference LSCA method Fashion 
Industry

22 Campbell, D. (2021). Online 
Fashions overuse of unsustain-
able packaging: An exploration 
into the fashion industry’s use of 
polybags. University of South-
ampton.

> e-commerce
> Fashion industry
> Polybags

Report LCA 
application

Fashion 
Industry

23 Zamani, B., Sandin, G., & 
Peters, G. M. (2017). Life cy-
cle assessment of clothing 
libraries: Can collaborative 
consumption reduce the en-
vironmental impact of fast 
fashion? Journal of Cleaner 
Production, 162, 1368–1375. 
https://doi.org/10.1016/j.jcle-
pro.2017.06.128

> Problem shifting
> Apparel
> Climate change
> Ecotoxicity
> Eutrophication
> Water use

Paper LCA 
application

Fashion 
Industry

24 Enlund, E., & Nilsson, J. (2021). 
Sustainable Decision-Making 
in the Fashion Industry. How to 
influence the fashion industry to 
adopt more sustainable pack-
aging solutions. KTH Industrial 
Engineering and Management.

> Fashion industry
> Sustainability
> Packaging
> Drivers
> Institutional logics
> Barriers
> Product developments
> Decision-making
> LCA
> Platform
> B2B

Thesis LCA 
application

Fashion 
Industry

https://doi.org/10.1007/978-3-031-05359-7_35
https://doi.org/10.1007/978-3-031-05359-7_35
https://doi.org/10.1007/978-3-031-05359-7_35
https://doi.org/10.1016/j.jclepro.2017.06.128
https://doi.org/10.1016/j.jclepro.2017.06.128
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25 Park, J., & Waqar, Z. (2022). Life 
cycle assessment of returnable 
mailers used for apparel elec-
tronic commerce: A case study 
in Canada. Packaging Technolo-
gy and Science, 35(9), 651–662. 
https://doi.org/10.1002/
pts.2653.

> E-commerce
> Life cycle assessment
> Packaging sustain-
ability
> Returnable packaging

Paper LCA 
application

Fashion 
Industry

https://doi.org/10.1002/pts.2653
https://doi.org/10.1002/pts.2653
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