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ABSTRACT

The contemporary food system is among the most environmentally damaging
sectors, contributing significantly to greenhouse gas emissions and sustainability
challenges. A fundamental transformation across production, consumption, and
waste management is urgently needed to ensure both human and planetary wellbeing.
While technology and corporate innovation play crucial roles, growing attention
is being paid to artists for their capacity to foster reflection, imagination, and
transformative thinking. However, structured methods to guide and scale Art–Tech
collaboration remain limited (Schnugg & Song, 2020). The Horizon Europe MUSAE
project addresses this gap through the MUSAE Factory Model, a structured approach
for future-driven innovation based on the Design Futures Art-driven (DFA) method.
Integrating Futures Thinking, Design Thinking, and Art Thinking, the DFA method
enables artists, designers, and SMEs to explore preferable futures and develop
prototypes using emerging technologies. This article presents results from two
art–tech residencies under the theme of Food as Medicine. In the first, 12 artists
created visionary scenarios reimagining food practices for human and planetary
health. In the second, 11 artist–SME teams translated selected scenarios into future-
oriented prototypes (TRL5). Starting from shared values rather than predefined
problems fostered systemic perspectives, stakeholder alignment, and the translation
of future visions into actionable innovations. Findings show that structured art–
tech collaborations based on the DFA method can accelerate ethical and sustainable
technological innovation by generating future scenarios that inspire industrial
practices and fostering early alignment between SMEs and creatives through guided
facilitation. Projects like SOIL, Growing Futures, BITZ demonstrate the DFA method’s
ability to produce diverse results based on future visions while integrating ethical
and emotional dimensions often absent from traditional R&D. Overall, the MUSAE
Factory Model, rooted in the DFA method, illustrates how structured, futures-oriented
collaborations between art and technology can align innovation with human values,
sustainability goals, and cultural meaning.
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INTRODUCTION

The current “polycrisis” (World Economic Forum, 2023) is severely
impacting our global food systems and hindering progress towards the
Sustainable Development Goals (SDGs) by 2030 (United Nations, 2023).
Modern agriculture – one of the most impactful of human activities -
is a major contributor to environmental degradation. Food systems, for
instance, drive 80% of deforestation, 70% of freshwater use (UNCCD,
2022), and are the leading cause of terrestrial biodiversity loss (Benton
et al., 2021). Intensive monocultures and their related consequences not
only cause significant carbon emissions from land use alterations but also
release potent greenhouse gases such as nitrous oxide from fertilizers and
methane from livestock (UNCCD, 2022). Furthermore, since up to 17% of
food is currently wasted across household, food service, and retail levels,
it is now becoming increasingly urgent to address food loss and waste
through dedicated, data-informed policies and investments in technology,
infrastructure, education, and monitoring (United Nations Statistics Division,
2023). Given the wide range of challenges affecting the food sector, it is clear
that agrifood systems must undergo a transformation to become enablers
of the affordable, safe, and nutritious delivery of food in a sustainable and
inclusive manner and, thus, contribute to achieving SDG 2 (Zero Hunger),
SDG 3 (Good Health and Well-being, and SDG 11 (Sustainable Cities and
Communities) (FAO et al., 2022). This transformation can be approached
from various angles, one of which is the creative dimension.

Creativity and the arts are acknowledged to play an increasingly
important role in sustainability transitions (Dolejšová et al., 2021; Saleh
& Brem, 2023). Artistic practice can reframe complex challenges, stimulate
collective imagination, and inspire behavioral and systemic change. At
the same time, the digital transformation of the European economy,
promoted through the Digital Europe Programme (European Commission,
2025), represents a crucial opportunity to foster innovation that is both
technologically advanced and environmentally responsible. However, this
requires transdisciplinary collaboration - bridging design, art, science, and
technology - to anticipate future challenges and co-create ethical and
desirable technological applications.

Despite growing recognition of the value of art–technology collaboration
for driving sustainable innovation, there remains a lack of structured
and future-oriented frameworks to guide such interactions (Hochman &
Reben, 2019). Addressing this gap, the MUSAE project developed a People-
Planet-Centred Factory Model grounded in the Design Futures Art-driven
(DFA) method. This paper presents the DFA method and its application
within MUSAE to envision sustainable futures for food, exploring how
art-driven and future-oriented collaboration can support responsible digital
transformation in the “food as medicine” domain.
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ART, TECHNOLOGY, AND FUTURES THINKING: TOWARDS A
FRAMEWORK FOR SUSTAINABLE INNOVATION

To meet European sustainability goals and thrive in the digital era,
organizations must integrate creativity, emotional intelligence, and critical
thinking into their innovation processes alongside technological development
(Leopold et al., 2018; Vocke et al., 2020; Klein et al., 2021). Within this
frame, artistic practices emerge as catalysts for transformation: they broaden
perspectives on technological development, stimulate critical reflection, and
generate novel solutions.

Art–tech collaboration offers multiple opportunities, yet it also entails
significant challenges (Monestier et al., 2024). On one hand, such
collaborations can enhance technological innovation through critical
thinking, diffuse creativity across organizational contexts, and enrich
strategies and technologies with empathy, ethics, and emotional value. On
the other hand, they often face obstacles that can hinder their effectiveness,
such as communication and linguistic barriers between artistic and corporate
cultures (Strauß, 2017; Hochman & Reben, 2019), divergent priorities and
timeframes (O’Dea et al., 2020), and the absence of structured, vision-led
frameworks that sustain long-term collaboration (Hochman & Reben, 2019).
Without shared language and aligned objectives, artistic interventions risk
remaining peripheral to organizational innovation.

To overcome these challenges, Futures Thinking can act as a bridging
approach - a conceptual and methodological lever that connects the
creativity-driven vision of artists with the strategy-driven orientation of
companies (Fig. 1). It provides a common ground for dialogue and co-
creation, encouraging participants to look beyond immediate constraints and
to engage in collective sensemaking about long-term possibilities.

Figure 1: Futures thinking to bridge the gap between creativity-driven and strategy-
driven visions of innovation (Monestier et al., 2024).

Futures Thinking also offers practical tools for addressing complex
environmental and societal challenges, enabling stakeholders to envision and
design preferable futures that can catalyze deep systemic transformations
(Pereira et al., 2018). Thus, it provides a structured yet imaginative
framework that helps art–tech collaborations anticipate change, align
diverse stakeholders, and developing future-oriented innovation pathways
(Monestier et al., 2024). Particularly in the food sector, where technology,
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culture, and ecology intersect, this approach can foster transformative
alliances that merge artistic and scientific rigors to shape sustainable futures.

DESIGN FUTURES ART-DRIVEN (DFA) METHOD

Building on the theoretical foundation concerning the potential of art-
technology collaboration and the contribution of futures thinking to such
processes, the IDEActivity research team within the Department of Design at
Politecnico di Milano developed the Design Futures Art-driven (DFA) method
within the MUSAE Horizon Europe project (O’Gorman et al., 2025).

The DFA method is a structured, open-source framework designed to guide
artists, designers, SMEs, and technology experts in co-creating solutions
for a 5–10-year future span, fostering forward-looking, disruptive, and
responsible innovation. Rooted in a people & planet-centered approach, the
method supports the anticipation of innovation impacts and the envisioning
of alternative futures to address global challenges - such as the sustainable
transformation of food system. It serves as a guide for the meaningful
and socially grounded application of emerging technologies through the
lenses of creativity, art, and design. Developed as part of the MUSAE
Factory Model, the DFA method operates within a broader ecosystem of
open-source formats, guidelines, and tools to structure participatory and
interdisciplinary Art–Tech collaborations. The MUSAE Factory Model1

establishes a framework for residencies where artists and companies
work together to imagine and prototype desirable futures, ensuring that
creativity acts as a driver for both technological adoption and sustainable
transformation. Within this ecosystem, the DFA method functions as the
operational process enabling guided facilitation, shared learning, and value
alignment among diverse actors.

The method integrates Design Futures and Art Thinking in a four-phase
process - Horizon Scanning, Visioning, Ideating, and Prototyping - each
supported by dedicated activities and tools (Fig. 2). The process begins with
Horizon Scanning, where participants explore macro-level trends, weak
signals, and drivers of change to build a critical understanding of the context.
This phase feeds into Visioning, in which alternative futures are constructed
and communicated through narrative and visual storytelling. In Ideating,
participants generate concepts aligned with these futures, while Prototyping
transforms selected ideas into tangible artefacts that express the envisioned
future applications of emerging technologies. Activities are categorized
into co-design sessions (e.g., Emotions Exploration, Futures Exploration,
Challenge Exploration, Ideas Exploration), individual and iterative activities
(e.g., Research Iteration, Scenario Building, Concept Development), and
assessment meetings that serve as checkpoints for alignment and decision-
making.

A distinctive aspect of the method is its integration of AI as a co-
creator, positioning artificial intelligence not merely as a tool but as an
active, generative partner in the creative process. This hybrid collaboration

1 https://musae.starts.eu/factory-model-pack/

https://musae.starts.eu/factory-model-pack/
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between humans and AI opens new ethical, emotional, and epistemological
dialogues on the co-evolution of creativity and technology. The DFA process
is supported by a digital platform offering open-access descriptions, tools,
and guidelines, and by a collaborative board on Miroverse that facilitates
online teamwork and visualization of outcomes. The DFA Method reframes
creativity as a strategic capability for innovation by combining artistic
sensitivity and imagination, design strategy, and futures literacy within
a guided facilitation structure. It promotes hybrid thinking, embracing
human–technology–ecosystem interdependence, and encouraging a more-
than-human perspective oriented toward regenerative outcomes. Embedded
within the MUSAE Factory Model, it contributes to establishing shared
values and practices that enable organizations to anticipate change and co-
develop responsible, ethical and future-oriented technological applications.

Figure 2: Visualization of the DFA method phases and activities.

APPLICATION OF THE DFA METHOD IN THE ART-TECH
RESIDENCIES ON THE FUTURE OF FOOD

The DFA method was implemented and tested through two art–tech
residencies within the MUSAE project under the theme of Food as Medicine,
aimed at reimagining food systems for both human and planetary wellbeing.
The residencies involved 23 artists and 11 tech companies, organized
around three thematic areas: Reducing carbon footprint in dietary behavior,
Role of food in holistic well-being, and Rethinking the food chain in our
environment.

The first residency engaged 12 artists, each exploring one of the three
thematic through the first initial phases of the DFA method – Horizon
Scanning, where they collected trends and signals to define specific domains,
and Visioning phase, where they created multiple alternative futures
before focusing on a preferable future scenario. The resulting scenarios
propose visionary responses to emerging transformations in food and
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health, articulated through narratives, personas, and artefacts that offer
an immersive glimpse into possible futures. The DFA method enabled the
development of a broad spectrum of future scenarios, providing possible
future visions for the topics such as soil regeneration, biodiversity loss,
climate change, waste management, industrial agriculture pressures, evolving
food cultures, and others.

These scenarios serve as a foundation for imagining and developing
innovative products, services, and systems by shifting attention from present
needs to those anticipated 5–10 years ahead. For example, in Microbial
Renaissance scenario created by Chloé Rutzerveld, microorganisms act as
“cell factories,” that produce sustainable, animal-free ingredients through
precision fermentation and AI, enabling entirely new culinary experiences.
This vision calls for transformation not only in revolutionizing food
technology but also demanding a cultural shift toward embracing microbial-
based diets. The scenario is further supported by various elements created
by the artist, such as Microbial Synthesizer - a kitchen device allowing
users to design and cultivate microbial ingredients in real time illustrates
how biotechnology and culinary creativity merge in this future (Fig. 3). The
scenario also envisions new learning spaces, such as Education & Training
section,where citizens engage with microbial food culture through interactive
and practical experiences (Fig. 3). The elements and artefacts of the scenario
offer an opportunity and context to envision the future world and develop
innovations responding to future needs. Beyond technological innovation, the
scenarios also reimagine how the world itself might transform - envisioning
new relationships between food, technology and humans, changing dietary
habits and social norms.

Figure 3: Scenario element: microbial synthesizer (on the left); scenario element:
education & training section (on the right) (author: Chloé Rutzerveld).

The second residency involved 11 artist-SME teams to develop
technological prototypes. Building on the outcomes of the first residency,
each team selected one future scenario as a starting point and followed the
last two phases of the DFA process – Ideating, where they co-designed the
concept and Prototyping, where the teams developed functional prototypes
using technologies. The residency resulted in 11 functional prototypes,
each reaching Technology Readiness Level 5 (TRL5), tested in relevant
environment outside the laboratory.
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These prototypes translated future scenarios into tangible, real-world
applications. A two-step process, moving from scenarios to prototypes,
allowed future scenarios to act as catalysts for innovation, revealing
opportunities often overlooked in conventional R&D contexts. For
example, the scenario Patterns that Persist by the Center for Genomic
Gastronomy inspired four distinct prototypes - tools for biodiversity
assessment (BITZ), regenerative farming design (Sprout to Flourish), AI-
assisted beekeeping (BeeSustain), and soil microbiome monitoring (Soil.AI)
(Fig. 4). It demonstrates how a single future narrative can stimulate diverse,
cross-sector innovations.

Figure 4: Connection between the future scenario patterns that persist and four
functional prototypes that emerged from it (Source: MUSAE [https://musae.starts.e
u/activities-dfa-projects/]).

As a result, the broad variety of future scenarios, combined with the
DFA method, stimulated the teams of artists and SMEs to develop diverse
outputs during the second residency, ranging from products, service systems
to new design processes. For example, Growing Futures project, developed
by artist Daniela Amandolese in collaboration with Basque Biodesign Center,
envisions a novel design process in which robots guide mycelium growth,
mimicking natural networks to create self-repairing, bio-responsive habitats
(Fig. 5). This prototype demonstrated the potential to generate and design
a wide range of products at different scales created by the collaboration of
nature and technology.

Another example of the residency result is a product - SOIL prototype,
created by artist Letizia Artioli together with SME Uptoearth. It is a wearable
device that translates soil data through sensors into tactile and sonic feedback
directly on a farmer’s clothing, fostering a sensory and emotional dialogue
between farmers and the land (Fig. 6). This co-creation process brought

https://musae.starts.eu/activities-dfa-projects/
https://musae.starts.eu/activities-dfa-projects/
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together an artist, SME, farmer, and a fashion designer, following the DFA
method to develop the prototype.

Figure 5: Growing futures prototype (authors: Daniela Amandolese, Basque Biodesign
Center).

Figure 6: SOIL prototype (authors: Letizia Artioli, Uptoearth SME).

Finally, a different form of the result can be considered as a service – BITZ
project, which was developed by the Center for Genomic Gastronomy and
Nicetrails company. It is a digital tool for participatory, place-based species
quests on small-scale farms to assess and monitor agricultural biodiversity
integrating AI and citizen science (Fig. 7). This tool can be offered as a service
to various stakeholders, including farmers, authorities and educational
institutions, supporting ecological awareness and biodiversity stewardship.

Figure 7: BITZ prototype (authors: Center for Genomic Gastronomy, Nicetrails).

DISCUSSION

The implementation of the DFA method in two art–tech residencies over
two years with 23 artists and 11 SMEs demonstrates the transformative



The Design Futures Art-Driven (DFA) Method: Structuring Art-Tech Collaboration 101

potential of futures-oriented, art-driven approaches in addressing systemic
challenges within global food systems. By positioning artistic practice as a
catalyst for reflection and innovation, the DFA method offered a structured
yet imaginative space where creativity, technology, and futures thinking
converged to explore desirable futures for food and planetary wellbeing.

By integrating artistic and creative practice with technological
development, the DFA method enabled companies to anticipate emerging
trends, envision preferable scenarios, and develop functional prototypes
addressing the near-horizon challenges. This hybrid approach fosters
technical, cultural, ethical, and experiential innovation, extending beyond
conventional R&D processes to anticipate short-term futures informed by
trends and weak signals. In doing so, it positions innovation at the frontline of
change, translating evidence-based future visions into tangible applications.
Balancing collective imagination with real-world implementation proved
essential for generating novel solutions to complex environmental and food
challenges.

By merging art thinking together with futures and design thinking, the
DFA method created a shared ground for cross-disciplinary stakeholders,
aligning values and future visions. Activities, such as immersive workshops
and reflective meditations, nurtured empathy, dialogue, and shared purpose.
Collaborative projects like Growing Futures, SOIL, BITZ integrated
aesthetic sensitivity, scientific reasoning, and environmental awareness. These
outcomes highlight the relational dimension of innovation, prioritizing ethics
and interdependence between humans, nonhumans, and ecosystems for
climate challenges.

Finally, the DFA method positions itself beyond merely a design tool, but
as an approach, cultivating futures literacy and creative ethical reflection
among diverse actors. Its application in the MUSAE project points toward
a new model of innovation that aligns technological progress with ecological
responsibility and social wellbeing through reimagining the narratives,
relationships, and values that shape how we produce, distribute, and
experience food.

CONCLUSION

The Design Futures Art-driven (DFA) method provides a platform for
innovation and serves as a transferable methodology, guiding future-
oriented innovation across sectors through its structured four-phase process:
Horizon Scanning, Visioning, Ideating, and Prototyping. The method ensures
open access to DFA tools and knowledge developed through experimental
activities, making them available to wider public to promote a fair and
inclusive transition. Its application in the Food as Medicine residencies,
involving 23 artists and 11 tech companies, produced 12 actionable scenarios
and 11 industrial prototypes (TRL5) promoting healthier, more sustainable
food practices. Beyond the food sector, the DFA method is adaptable to
healthcare and other sustainability-focused domains, integrating AI as a
generative partner to enhance creativity, imagination and future thinking.
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Importantly, the DFA method, and more broadly the MUSAE Factory
model, contributes strong evidence to EU policy frameworks supporting a
fair, green, and digital transition. The Factory Model provides a replicable
structure for art–tech collaboration, offering a guided platform for co-
creation between artists, companies, and researchers. By embedding a people
& planet–centered innovation approach, the DFA method demonstrates how
creativity and design futures can guide responsible technological development
in line with the European Green Deal, Farm to Fork Strategy, and Digital
Europe Programme. Scenarios and prototypes from MUSAE residences can
inform policy recommendations to strengthen art–technology collaboration,
integrate futures thinking, and promote participatory, ethical innovation
across creatives, SMEs, and universities.

Future research should focus on developing robust evaluation frameworks,
exploring sector-specific adaptations of the DFA method, and assessing
its long-term social, environmental, and economic impacts, ensuring the
continued scalability and policy relevance of art-driven, future-oriented
innovation.
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