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—{ Abstract
—
lores the i ion of Additive

kMethodology )

This contribution exp! i

(AM) technology and Circular Economy (CE) models through a Design
lens. In contrast to the current limitation of AM processes, the
layer-by-layer deposition results in jointless lightweight structures that
can be customized, on-demand, and eco-efficient, presenting
fundamental ecological implications such as resource efficiency, waste
reduction, and lower material and energy consumption. The study

and meta (M) scales, the research contributes designing insights and

The SM

scales framework, derived from the Design for Sustainability Evolutionary

Framework by Ceschin and Gaziulusoy (2016), forms the basis for case
F

by
Oxman (1994) for breaking down, interpreting, and deducing learnings

delves into both the theoretical and practical

from case studies and refined by Zambelli (2002) for design purposes.
a ? by

emphasizing the potential for circularity in AM.

Acase-based reasoning method is used to examine the Design variables
of inference across micro, meso, macro, and meta (SM) scales,
combining the Issue-Concept-Form (ICF) model for a semantic analysis
of case studies. This investigation contributes to design learnings and
adaptive guidelines for transformative interventions, providing insights
into mitigative design solutions to drive paradigm changes towards CE
models in AM. Moreover, the involvement of animate materials, which
introduce programmable and adaptive material properties, provides a
glimpse into future challenges.

O ¢

y

triangulating scientific resources and grey literature) into conceptual
eywords regarding questions or goals of the projects (issues), potential

design solutions to solve issues (concept) and physical features to
materialize concepts (form).

A network of contents is designed through a backward review by tracing

and linking C} it il

for designers to derive information from the concrete experience of a
sample and understand and improve changes in that or other realms.
Moreover, it underlines the design potential to deal with multi-scale
complexities when designing _circularity through ~ transformative
interventions.

G

Figure:

SCONRA ST,
o1 on,

Research

\r Issue

e
o , 40.printing
QT Ah. > Programmable system

\

by MX3D start-up & partners

VRN
Z\

o

SN Local empowerment
<W\

Concept

Prompt Design

Participated process

Results

‘The network diagram showcasing the relationships
among the ICF keywords depicts the intertw
relations across 5M levels, highlighting potential
branching and prompting a more integrated and
systemic approach to design thinking for AM.

4 Expandability

Synergic collaboration

broader implications on social,cultural, ecological,
and technological levels and emphasize the need
for interdisciplinarity capat

address challenges and drive innovation across
Various scales within the larger design ecosysti

Circularity principles such as reuse, reduce,
d ar

77 Bio-inspiration
ST Speculative design
4 H

i

Responsive to light

Motion layers

materials in higher-value perceived applications; i)

local communities into-the design process; iv)
provide customization options for _increasing
products _sustainability; ) _optimize product
circularity by conscious design agency; i) envision
reliable long-term maintenance
strategies.
The research emphasizes Design's transformative
role as a catalyst for sustainable changes (Earley,
2017),aligning advanced technologies with

etal

Dynamic geometry

new materials for AM_processes due to good

P Associativeform evolution
2\
Self-organization

Al customization
Parametric design

Responsive modules

Gevelopment of innovatve A-based spproaches
(Oxman, 2013). As merged by cases,
systemicthinking mindset could Simulste the
Strengthening of powerful collaboraton (Pereno &
Barbero, 2020, leveraging commurity knowledge
for valusble sustinable contributions.n addition,
by providing reference contexts and making AN
P ble, Design can atract
Stakeholders, fostering. greater awareness and
social resporsibilty a5 well a5 new co-production,
Consumption, and resource management models
that promot systemic changes (Hermann e al.
2018). By adaping advan nologies 5
Societal and ecological needs, Design facitates
transformations in- behavio, production, and
Consumption pattems, signing with the goals of
G

Redesign the existing
Computational

Safety condition

Despite advancements, challenges persist along
technological impacts. The contribution advocates
for a holistic environmental impact assessment
that encompasses the entire lfecycle of digital AM
processes. This could be included into long-term
Strategies, involving local _efforts _ alongside
fow-impact materials (Romani et al, 2021), which
n & al, 2020), w

Context-dialogue

BN e scure 3

Programmed layers

/ Integrated service

4 Co-design

Online platform

political
and industrial efforts should be focused on the
jardization of AM and new circular materials
(Hogab et ol 2023) in order to disseminate
susainable stiategies that meet societal
Additionally, the exploration of new frontiers of
 (The Royal Society, 2021; Polini et al., 2022;
Emidi, 2023) incorporating animate materias into
roducts. introduces programmable _and
adaptive properties, providingaglimpse ntofuture
challenges - such as_ethical, technological,
performances, evolution factors - and suggesting
further establishing a nature-artificial symbiosis to
eficently use the right amount of energy and
resources while eliminating waste.
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