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DIGITAL DESIGN FOR MANUFACTURING

Within the Digital Design for Manufacturing research cluster, the progress of 
projects 1.8 Advanced Human-Machine Interaction for Continuous Transforma-
tive Manufacturing and Robotic Systems and 1.10 Beyond the Space Life. Digital 
Living Lab for Human Life in Space.
The contribution, “Towards Sustainable Transformative Factories with AI-
based Human-Machine Interaction, Virtual Prototyping, and Industrial Or-
chestration,” delves into human-machine collaboration, Virtual Prototyping, 
and software/network co-orchestration in advanced automation systems 
for the development of sustainable scenarios that can be enabled by a 
load-aware orchestrator. The second paper, “Novel Operator-Centric Digi-
tal Technologies for a Sustainable Industrial Workplace,” explores predictive 
maintenance and reconfigurable robotic systems, with a focus on HMI tech-
nologies. It also outlines expected outcomes, including advanced tools for 
real-time mental load management and intuitive interfaces for interaction 
and programming of collaborative robots.
For project 1.10, the essay “Life Beyond Space: Responsible Advanced De-
sign for New Balances Between Space Habitats and the Human Factor” 
presents methodology and actions taken to activate, in an experimental 
way, a process of shared knowledge among different actors and an interdis-
ciplinary design path, open to contamination within and outside the Space 
domain. Finally, the essay “Advanced Design Strategies for Space Habitats: 
Bridging Human Factors and Digital Tools for Enhanced Living Environ-
ments” delves into one of the outcomes of the 1.10 project, illustrating the 
methodological process of advanced design applied to the configuration of 
space habitats oriented toward the psycho-physical well-being of future us-
ers and the flexibility and adaptability of environments.



1. Introduction

Designing habitats for Deep Space is considered a highly com-
plex area of investigation, not only because it involves extreme 
and unfamiliar environments in which humans live under con-
ditions never experienced in other domains, but also due to 
the multitude of international stakeholders, interdisciplinary 
approaches, and research centers engaged in the conceptualiza-
tion, value chain development, and sustainment of livability for 
future inhabitants (Di Pippo, 2023; ESPI & CIFS, 2023).

The New Space economy is fundamentally reshaping the stra-
tegic assets that have historically characterized space explora-
tion. Emerging policies within space programs now involve not 
only governmental agencies but also major private companies 
(European Investment Bank, 2019; Council of the Euro-
pean Union, 2024). Certainly, the planned decommissioning 
of the International Space Station in 2030, evolving geopolit-
ical scenarios, and upcoming challenges are prompting, on the 
one hand, renewed visions of human presence on the Moon and 
crewed missions to Mars, and on the other, the expansion of the 
range of individuals able to undertake missions in Low Earth 
Orbit (LEO) (Leach, 2015; Rollock & Klaus, 2022; Peng et 
al., 2024). This shift in vision presents design, business, and 
research opportunities for emerging enterprises, commercial 
players, and diverse sectors within academia and professional 
practice (Meusburger et al., 2023).

As a result, design processes must increasingly address hu-
man factors, habitability, crew dynamics, the development of 
new in-orbit activities, the activation of new cooperative poli-
cies, and strategies for both material and immaterial sustain-
ability (Van Ellen et al., 2023). These changes demand a re-
thinking of both the space habitat and crew well-being, as well 
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as of the design process itself in terms of design accessibility 
and process sustainability.

As Meusburger and Bishop (2021b) emphasize, the inclusion 
of more numerous and diverse crews will place human factors 
and the experience of inhabiting space at the center of future de-
sign efforts. These concerns are echoed in NASA’s assessments 
(Buckland et al., 2022), which recognize the risk of incompat-
ibility between habitats and “new users” if proper attention is 
not paid to human well-being, performance, and the physiolog-
ical limits of the body in microgravity and confined spaces. The 
socio-spatial and psychological dimensions of future users and 
crews must become part of the design requirements, focusing 
not merely on survival but on prosperity (Meusburger & Bish-
op, 2021b), and on fostering a more qualitative experience of 
interaction between space travelers and the space environment 
(Bannova, 2021; Dominoni & Quaquaro, 2023).

With regard to design accessibility, several questions are 
now being raised: How can this professional and entrepreneur-
ial sector open itself more to cross-disciplinary contamination 
in order to design future space exploration experiences? To en-
sure sustainable competitiveness, how can we train designers 
capable of activating more collaborative design processes? And 
in such a complex domain, how can knowledge and know-how 
become more accessible and transdisciplinary?

At the international level, several initiatives are emerging 
in an effort to address these issues. For example, in 2021 the 
International Astronautical Federation (IAF) established a ded-
icated Space Habitat Committee, composed of experts from var-
ious disciplines, to investigate the challenges of space habitats 
through an interdisciplinary lens, with the goal of enabling not 
only survival but also well-being in such extreme environments 
(Meusburger et al., 2023).

Thus, the necessary ideas and solutions do not originate 
from a single field of expertise. In recent years, new educational 
and research programs have been launched at multiple levels—
master’s degrees, courses within architecture and design curric-
ula, and interdisciplinary design labs—supporting the develop-
ment of new skills and experiences. These initiatives aim to in-
tegrate engineering approaches with methodologies focused on 
human well-being and on activating meaningful relationships 
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between environment, user, and community (Caratelli, 2020; 
Yashar, 2023; Iacobo, 2024). These efforts are designed both 
to imagine, design, prototype, and test future scenarios, and to 
support the development of sustainable systems and technolo-
gies that facilitate human presence in deep space.

The sustainability of the design process itself, on the other 
hand, can be analyzed through two key dimensions:

• Material: related to design timelines, the use of energy- 
and resource-intensive tools, the selection and application 
of materials during concept development and product de-
sign, and the overall configuration of the habitats;

• Immaterial: referring on one side to the value of local 
knowledge and expertise, and on the other to the psy-
cho-physical and sensorial aspects that must be considered 
throughout the design process.

In the first case, the complexity of the sector leads to high re-
source consumption throughout the design process. Achieving 
a final output typically requires multiple stages of both low- and 
high-fidelity prototyping, which will in turn influence digital 
modeling and production workflows. Furthermore, time itself 
plays a critical role: difficulties in effectively coordinating het-
erogeneous designers, tools, design concepts, and product de-
velopments not only extend the process but also make it more 
energy intensive.

In the second case, current challenges highlight the impor-
tance of small and medium-sized enterprises (SMEs) in driving 
innovation within the space sector (Council of the European 
Union, 2024), and therefore the significance of territorial rela-
tionships and the exchange of expertise across different fields. 
From a design standpoint, it becomes clear that in an environ-
ment defined as Isolated, Confined, Extreme (ICE), achieving a 
successful mission, both socially and operationally, requires 
focusing on the “extraordinary dependency on the habitat, its 
technological capability as well as the sociospatial framing, i.e, 
the elements of the built environment that form the boundaries 
for the social and individual activities taking place within the 
habitat.” (Meusburger & Bishop, 2021a, p. 2).
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2. Responsible Advanced Design for Deep Space 

Within this evolving landscape, design can play a key role both 
as a mediator of knowledge and expertise (Celaschi, 2008), 
and in defining a design model capable of integrating estab-
lished aspects of the sector with emerging visions and future 
needs. This enables the activation of an anticipatory, reflective, 
transformative, and collaborative learning process (Celi, 2015; 
Celaschi et al., 2019; Succini, 2023; Gianfrate, 2024), serv-
ing the next generation of designers and benefitting new users 
of deep space.

These elements are embodied in the research project Beyond 
the Space Life: Digital Living Lab for Human Life, led by the Ad-
vanced Design Unit at the University of Bologna, in collabora-
tion with the Department of Mathematics at the same universi-
ty and the company Thales Alenia Space Italia.

The project, embedded in a context of high cultural and so-
cial value—that of Made in Italy—aims to respond to ongoing 
changes by hybridizing the space sector supply chain (Cozzi, 
2024) with the knowledge and know-how that characterize the 
Italian territory, stemming from other supply chains and from 
the design discipline. Design becomes the means by which this 
interaction is transformed into opportunities for developing 
high-value-added sustainable strategies.

The main goal of this study is to construct, through a respon-
sible and advanced design approach (Succini et al., 2024a), a 
model of a Space Digital Living Lab, which, through the integra-
tion of digital tools and physical experimentation, supports fu-
ture designers, Made in Italy entrepreneurs, and professionals 
in the field:

1. In creating, through tools and best practices, complemen-
tary forms of knowledge and collaboration to accelerate the 
emergence of design ideas in the early stages of space hab-
itat design, and to foster open and responsible innovation 
processes in the development of systems and products.

2. In formulating a methodological process of advanced de-
sign to develop new orbital habitat configurations aligned 
with sustainability criteria, particularly immaterial sus-
tainability.
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3. In conceiving a digital system for dynamic configuration 
of space habitats, to be used during the conceptual phase, 
allowing for early consideration of crew well-being, spatial 
customization based on psycho-relational characteristics, 
and in-mission spatial flexibility.

The project does not aim to create an entirely new design model, 
but rather to redesign specific parts of the existing process used 
by Thales Alenia Space Italia (TASI), introducing targeted en-
hancements in the early stages of the company’s design process. 
The goal is to make extreme space environments more accessible 
and familiar to a wider range of designers, while also making the 
relationships between the various stages of design, from initial 
ideas to concept, more dynamic and sustainable.

In fact, TASI is not only a partner in the project but also rep-
resents the applied case study through which explore the core 
themes of the research, investigate specific design processes, 
and test new strategies. With over 40 years of experience as 
one of the main actors in the space sector—and having built 
the majority of the pressurized modules of the International 
Space Station (ISS)—TASI brings consolidated know-how that 
can validate and support the actions and outputs of the project.

As previously noted, a wide variety of professional roles are 
involved in the design of a space habitat. Of particular interest 
to this study, especially in relation to TASI’s design processes, 
are the professionals engaged in the early stages of the project—
from ideation to conceptualization. These roles can be grouped 
into two main macro-clusters, each containing categories with 
distinct needs and objectives, as described in table 1:
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Tab. 1. Professional profiles of interest in the research.

Professional Profiles Objectives

New Designers Designers, architects, engineers, etc.

To become familiar with the space sector, 
acquire a more systemic understanding 

of its specific characteristics, explore 
best practices from outside domains, and 
experiment with combinations of design 
approaches for extreme environments

Current Industry 
Designers

Strategic, Conceptual, and Human 
Factor Design Field:

Professionals working in systemic 
design, layout conceptualization, and 

human factors expertise

To streamline design and systemic 
processes for concept development

Modeling and Immersive Reality Field:
Professionals involved in system-

product modeling and virtual reality 
simulation

To improve workflow pipelines in order to 
reduce development time and enhance 

user movement dynamics within the 
virtual environment

A common objective shared by all designers involved in the pro-
ject is to establish stronger interconnections between the vari-
ous stages of the process: knowledge acquisition, conceptualiza-
tion, and immersive design experience.

To investigate in a multidisciplinary, anticipatory, and inclu-
sive manner what is available on the market, the variety of in-
ternational policies and visions, and the emerging needs relat-
ed to increased attention to the well-being of future users, the 
applied research methodology is Responsible Advanced Design 
(RAD) (Succini, 2023; Succini et al., 2024b). RAD is employed 
as an analytical framework, a design attitude, and a guide for 
evaluating the impact of the various design strategies imple-
mented. The factors of this approach are: anticipation, reflexivi-
ty, inclusiveness, responsiveness, care, and transparency (Succini, 
2023; Succini et al., 2025), which are translated into:

• Design practices guided by an open innovation model, 
where all stakeholders are involved collaboratively and 
ethically;

• The dissemination of responsible knowledge through open 
and adaptable tools tailored to the type of designer and the 
research objectives;
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• The development of new behaviors and sustainable pro-
cesses through future-oriented design that anticipates the 
needs of both humanity and the planet;

• The application of technology with consideration for de-
signer well-being and its role as an enabler for learning and 
increasing design accessibility.

RAD is structured around macro-actions that translate the con-
cept of responsibility across four key areas of design: Respon-
sible Design, Responsible Thinking, Responsible Production, and 
Responsible Community. Each area is defined by a set of actions, 
insights, and design tools aimed at fostering responsible inno-
vation (Stilgoe et al., 2013).

Given the highly interdisciplinary, multi-level, and mul-
ti-stakeholder nature of this context—along with strict design 
constraints such as safety and survival—the RAD methodology 
required integration, particularly in the knowledge and design 
phases, with both the Human-Centered Design approach (Nor-
man & Draper, 1986; Long et al., 2022) and Human System 
Integration (NASA, 2010, 2014; Boy, 2021; Silvia-Martínez, 
2023). This integration ensures the inclusion of human factors 
from the very beginning of the investigation and design pro-
cess, not only addressing functional ergonomics but also psy-
cho-perceptual dimensions.

In practical terms, RAD was articulated through three in-
terconnected lines of action: Mindset Building, Exploration, and 
Co-creation. These areas are closely related, as certain actions 
are shared across them to achieve the project’s objectives (see 
fig. 1). They also serve a dual purpose: first, to foster dialogue 
among project stakeholders and support collaborative design; 
second, to provide development and testing channels for the re-
search’s proof-of-concept outputs.

3. The design methodology applied to the TASI case

Each line of action was understood and employed both in the 
relationships among project partners and other system stake-
holders, and as a set of tools and strategies used to define the 
project outputs.
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1. Relationship between 
the Responsible Advanced 
Design approach and 
the three lines of action 
within the research 
project. 
All images are reproduced 
in color in the online 
edition of the book.
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3.1. Mindset building
Tools: Training seminars, peer-to-peer brainstorming sessions, 
collaborative workshops
Actions: Activation of flexible learning processes, construction 
of design responsibility, cross-disciplinary observation to foster 
change

Activating Collaborative Knowledge Within Working Groups
To foster a form of collective intelligence among the research 
team, a series of knowledge exchange and reflection activities 
took place between September 2023 and April 2024, focused on 
identifying values and critical issues to consider when redesign-
ing human life in space.

These activities alternated between peer-to-peer training 
seminars, conducted by the project partners themselves, and 
collaborative brainstorming sessions. The seminars explored 
technical and engineering aspects of space habitats, the role of 
human factors in design, how training affects the psychological 
traits of crews and how design can enhance the experience of 
future users. These flexible learning formats allowed all partici-
pants to contribute and encouraged dialogue between academia 
and industry.

The brainstorming sessions, guided by the principles of Ad-
vanced Design and Transition Design (Zannoni et al., 2024), 
aimed to construct a shared vision of the future of life in space, 
examining the relationship between habitat, person, and com-
munity in scenarios more complex than those currently known. 
This challenge was analyzed through multiple dimensions: social, 
economic, technological, environmental, political, and corporeal.

The co-design activities engaged a broader group—including 
human factors experts, virtual reality specialists, researchers, en-
gineers, and young designers—to reflect on the potential impacts 
of this transformation on people, policy, and communities in the 
medium and long term. Together, they identified a set of shared 
research must-haves to be considered throughout the project (see 
fig. 2). For example, the research was deliberately narrowed to fo-
cus on Low Earth Orbit, as designing for the Moon or Mars would 
require addressing a very different set of challenges.

The group’s reflections extended beyond potential future us-
ers to include the evolving relationships between today’s astro-
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UHODWLRQVKLSVb
GHSHQGLQJ�RQb
LQGLYLGXDOb

needs

DiɝFXOW\�LQ�PDNLQJb
space travel accessible

IRU�FRPPHUFLDOb
SXUSRVHV��GXH�WRb

FKDOOHQJHV�UHODWHG�WRb
PDVV��ZHLJKW��DQGb

volume management.

%XLOGLQJ�D�VSDFH�WUDYHOb
H[SHULHQFH�LQYROYHVb

signiȴFDQW�FRVWV��GXH�WRb
WKH�QHHG�IRU�DGGLWLRQDOb

service infrastructures and
LQFUHDVHG�UHVRXUFHb

provisioning.

7KH�FRVWV�RI�PDWHULDOVb
QHHGHG�WR�GHYHORS�QHZb
VSDFH�LQIUDVWUXFWXUHV�DUHb

KLJK��DV�WKH\�UHTXLUHb
certiȴHG�WHFKQRORJLFDOb
materials with speciȴFb

properties.

7KH�HQYLURQPHQWDO�LPSDFWb
RI�VSDFH�H[SORUDWLRQ�LV�QRWb
OLPLWHG�WR�ODXQFK��VWD\�LQb

space, and return, but also
LQFOXGHV�WKH�LQGXVWULDOb
SURGXFWLRQ�FKDLQ�WKDWb

precedes them.

2EWDLQLQJ�IXQGLQJ�IRU�WKHb
GHYHORSPHQW�RI�QHZb
SURGXFWV�UHTXLUHV�WKHb

SUHVHQWDWLRQ�RI�D�WDQJLEOHb
SURWRW\SH�WKDW�DOORZVb

VWDNHKROGHUV�WR�DVVHVV�WKHb
investment.

$�JUHDWHU�SUHVHQFH�RIb
LQGLYLGXDOV�RQ�VSDFHb

stations leads to increased
EDFWHULDO�SUROLIHUDWLRQ�DQGb

WKH�SURGXFWLRQ�RIb
SRWHQWLDOO\�KDUPIXOb

substances

7KH�LQFUHDVH�LQb
VSDFH�H[SORUDWLRQb

E\�PXOWLSOHb
operators raises the

HQYLURQPHQWDOb
LPSDFW�RI�WKHb

sector.

REDESIGNING HUMAN LIFEb
 IN SPACE

ECONOMIC ISSUES

SOCIAL ANDb
ETICH ISSUESTECNOLOGICALb

ISSUES

POLITICAL/LEGALb
ISSUES

ENVIRONMENTALb
ISSUES

DIMENSION OF THE BODY: PHYSICAL ANDb
PSYCHE

7KHUH�LV�QR�FOHDU�DVVHVVPHQW�RI�WKHb
HQYLURQPHQWDO�LPSDFW�RI�ODXQFKHVb

FRPSDUHG�WR�RWKHU�IRUPV�RI�H[WUHPHb
tourism.

0RUH�SHRSOH�LQ�RUELW�PHDQVb
an increase in space debris.

7KH�GHPDQG�IRUb
FRPPHUFLDO�VSDFHb

H[SORUDWLRQ�RSHQV�QHZb
HFRQRPLF�RSSRUWXQLWLHVb

EXW�UHTXLUHV�D�VWLOOb
undeȴQHG�GHYHORSPHQWb

model.

Ȋ6SDFH�WRXULVP�ȋb
XQGHUVWRRG�DVb
RUELWDO�WUDYHO��LVb

FXUUHQWO\�DFFHVVLEOHb
RQO\�WR�D�VPDOOb
SRUWLRQ�RI�WKHb

population

/DFN�RI�OHJLVODWLRQb
DQG�VXSUDQDWLRQDOb
DJUHHPHQWV�IRU�WKHb
MRLQW�GHYHORSPHQWb
of space programs

Space as a site
RI�FRQTXHVWb
DQG�D�QHZb
IRUP�RIb

colonialism

The need to
UHJXODWHb
DFFHVV�WRb

outer space

1HHG�WR�UHGXFH�WKHb
FRVWV�RI�PLVVLRQV�IRUb

"non- SURIHVVLRQDOV��LQb
VSDFH��LQ�RUGHU�WRb

PDNH�WKHPb
HFRQRPLFDOO\b
sustainable.

7HFKQRORJLFDOb
VROXWLRQV�DUHb
QHHGHG�WRb

reduce launch
costs

'HYHORSPHQW�RIb
WHFKQRORJLHV�IRU�FRPSRQHQWb

reuse in space systems

Physical issues
HQFRXQWHUHGb
E\�XQWUDLQHGb

travelers.

&219(56Ζ21�2)b
:25.63$&(6b

(ISS) INTO SPACES
)25�1(:b

EXPERIENCES.

&2(;Ζ67(1&(�2)b
'Ζ))(5(17b

352)Ζ/(6�$1'b
7$5*(76�:Ζ7+Ζ1b

$�63$&(b
HABITAT.

Ζ1&/86Ζ21�2)b
1(:�$&7256b
:Ζ7+Ζ1�7+(b

63$&(b
(;3/25$7Ζ21b

PROCESS.

'$7$�$1'b
Ζ1)250$7Ζ21b
0$1$*(0(17b
32/Ζ&Ζ(6�Ζ1�$1b
23(1�6&Ζ(1&(b
PERSPECTIVE.

'85$7Ζ21�2)b
ORBITAL MODULES.

0(7+2'6�2)b
5(&29(5<��5(86(�b
$1'�)81&7Ζ21$/b

UPGRADE.

LONG- '85$7Ζ21b
0Ζ66Ζ216��+2:b

Ζ1)5$6758&785(6b
$1'�7+(b

(;3(5Ζ(1&(b
CHANGE.

&216758&7Ζ21b
OF MICRO- 

(&26<67(06�Ζ1b
SPACE FOR WELL- 

%(Ζ1*b
PURPOSES.
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6DIHUb
HQYLURQPHQWVb
ZLOO�UHTXLUHb
QHZ�IRUPV�RIb

legislation

&KDQJH�LQb
JDWHZD\b

requirements

Standardization
of products

'DWDb
JRYHUQDQFH�LQb
multi- QDWLRQDOb

contexts

'HPRFUDWL]DWLRQb
RIb

FRPPXQLFDWLRQb
toward Earth.

I�D�GLVDEOHGb
LQGLYLGXDO�SRVHV�Db
ULVN�DQG�DQ�LQFLGHQWb
RFFXUV��ZKDW�OHJDOb

framework applies?

&ROOHFWLRQ�RIb
PHGLFDO�GDWDb
DQG�SULYDF\b
SURWHFWLRQb

(biometric data)

0HWKRGV�RIb
FROOHFWLQJb

“travel- 
related” data

Social media:
what can and
FDQQRW�EHb
shared?

&XUUHQW�SURGXFWLRQb
OLPLWDWLRQV�KLQGHUb

the accommodation
of non- VSHFLDOL]HGb

individuals

yb0DWHULDOV�FODVVLȴed
DV�XVDEOH�LQ�WKHb
VSDFH�VHFWRU�DUHb
not classiȴHG�LQb

WHUPV�RIb
HQYLURQPHQWDOb

impact.

A greater human presence
LQ�VSDFH�PD\�DOWHUb
H[WUDWHUUHVWULDOb

HFRV\VWHPV��ZLWK�LPSDFWVb
RQ�ERWK�PLVVLRQ�VDIHW\b

and potential non- KXPDQb
life forms.

7KH�QHHG�IRUb
greater resources
DQG�V\VWHPV�IRUb
IRRG�DQG�ZDWHUb

supply.

Evolving proȴOHVb
RI�VSDFHb

SDUWLFLSDQWV��QRb
ORQJHU�OLPLWHG�WRb

WUDLQHGb
astronauts

6RPH�SK\VLFDOb
OLPLWDWLRQV�SRVHb

JHQXLQH�EDUULHUV�WRb
VSDFH�WUDYHO��RWKHUVb

reȵHFW�IRUPV�RIb
GLVFULPLQDWLRQ�DQGb

lack of inclusion

6WUXFWXUDO�ORDGV�DUHb
calculated based on
launch and re- HQWU\b
SKDVHV��UHVXOWLQJ�LQb
over- GLPHQVLRQHGb
V\VWHPV�GXULQJb

orbital operations

3DUDGLJPb
VKLIW�Ȃ�XVHb
of objects.

7HPSRUDOLW\b
Ȃ�LQWHUDFWLRQb
ZLWK�WKHb

environment

Reconȴgurab
ility of spaces
EDVHG�RQb

use.

0HGLFDOb
UHVHDUFK�Ȃb
SHUVRQDOb
info/data.

$FFHOHUDWLRQb
GXULQJ�ODXQFKb
Ȃ�UHODWLRQVKLSb
with the body.

1HHG�IRUb
PRGXODULW\�LQb

environments.

+RZ�WR�EULQJb
KXPDQVb
FORVHU�WRb

space.

8QGHUVWDQGLQJb
how di΍HUHQWb

proȴOHVb
interact.

5HODWLRQVKLSb
ZLWK�VSDFHb
�FDELQ�b

GHSHQGLQJ�RQb
the activity.

6KDUHGb
personal and
SURIHVVLRQDOb

spaces.

6PHOO�RIb
XULQH�DQGb
RUJDQLFb
matter.

ΖW�LV�XQFOHDUb
KRZ�Ζ�ZLOO�EHb
DEOH�WR�VKDUHb

my experience
from orbit.

7LPHb
GLPHQVLRQ�Ȃb

di΍HUHQWb
experiences/a

ctivities.

Di΍HUHQWb
psychological
experience.

&UHDWLRQ�RIb
WKH�VHQVRU\b
experience.

3HUFHSWLRQb
of the space
WUDYHOHU
Vb

experience.

vasive testing
IRU�GDWDb

FROOHFWLRQ�Ȃb
traveler.

Ζ�ZDQW�WR�OLYHb
VSDFH��EXW�Ζb
ZDQW�WKHb
IHHOLQJ�RIb

safety.

3HULRGLFb
PHGLFDOb

check- XSV�b
blood tests.

/RZHUHGb
LPPXQHb

defenses.

%RG\b
DGDSWDWLRQb

– 2 days.

3K\VLFDOb
discrimination

5HODWLRQVKLSb
EHWZHHQ�WKHb
ERG\�DQGb

H[WHUQDO�DJHQWVb
(radiation).

/DFN�RIb
JUDYLW\�DQGb
FKDQJH�LQb

perspective.

The presence of di΍HUHQWb
proȴOHV�DQG�PRUH�SHRSOHb

in the conȴQHGb
HQYLURQPHQWV�RI�VSDFHb
KDELWDWV�FKDQJHV�WKHb
UHODWLRQVKLS�EHWZHHQb

ERGLHV�DQG�EHWZHHQ�ERG\b
and space.

1HHG�WR�PDLQWDLQ�Db
psycho- SK\VLFDOb

FRQQHFWLRQ�ZLWK�WKHb
(DUWK�H[SHULHQFH�DQGb
DYRLG�DOLHQDWLRQ��ZKLOHb

SUHVHUYLQJ�WKHb
perception of "space."

1HZ�QHHGV�DQGb
YXOQHUDELOLWLHV�RIb
WKH�KXPDQ�ERG\b
to consider in the
GHVLJQ�RI�GHHSb
space habitats.

0RQLWRULQJ�RIb
vital signs may be

LQYDVLYH�IRUb
FRPPHUFLDO�RUb

less- WUDLQHGb
crews.

Radical shift in the concept
RI�WLPH��KRZ�WLPH�SDVVLQJb

in space a΍HFWV�WKHb
DVWURQDXWȇV�SV\FKH�b

VFKHGXOHG�URXWLQHV�WRb
IROORZ��FLUFDGLDQ�UK\WKPV�b
SHUVRQDO�WLPH��SHUFHSWLRQb

of time.

7KH�ERG\�FKDQJHVb
in space — how is it

SHUFHLYHG�E\b
RQHVHOI�DQG�E\b
RWKHUV"�+RZ�WRb
UHODWH�WR�WKDWb

change?

6WULFW�SK\VLFDOb
UHTXLUHPHQWV�IRUb
FUHZ�VHOHFWLRQ�PD\b
OLPLW�IXWXUH�XVHUVb
DQG�WKH�GHVLJQ�RIb

VSDFHb
environments.

0DLQWDLQLQJb
LQWHUSHUVRQDO�EDODQFHb
DPRQJ�FUHZ�PHPEHUVb
IURP�GLYHUVH�FXOWXUDOb
DQG�SURIHVVLRQDOb
EDFNJURXQGV�RYHUb

time.

7KH�PDUNHW�FXUUHQWO\b
GHPDQGV�FXVWRPL]HG�DQGb
H[FOXVLYH�GHVLJQ�VROXWLRQVb
WDLORUHG�WR�HDFK�FOLHQW�b
XQGHU�D�QHZ�SDUDGLJP�b
WKLV�PRGHO�LV�QR�ORQJHUb

sustainable

7KH�LQFOXVLRQ�RI�H[WHUQDOb
LQGLYLGXDOV�LQ�WKH�FUHZb
LQWURGXFHV�QHZ�QHHGVb
UHODWHG�WR�FRPIRUW�DQGb

EDVLF�QHFHVVLWLHV��OLJKWLQJ�b
SHUVRQDO�K\JLHQH��FORWKLQJb

FDUH���ZKLFK�DUH�RIWHQb
taken for granted on Earth

7KH�LQFUHDVH�LQb
VSDFH�XVHUVb

generates new data
WKDW�FDQ�EH�XVHG�WRb

PRQLWRU�WKHLUb
SUHVHQFH�DQGb

physical condition

The presence of diverse user proȴOHVb
PD\�FDXVH�LQWHUIHUHQFH�EHWZHHQ�WDVNV�b
OHDGLQJ�WR�FKDRWLF��IUDJPHQWHG��DQGb

XQFRPIRUWDEOH�FRQGLWLRQV�LQ�ERWK�OLYLQJb
and working environments.

ΖW�LV�HVVHQWLDO�WR�RSWLPL]H�VSDFHb
PDQDJHPHQW�EDVHG�RQ�WKH�XVHUV�b
SODQQHG�DFWLYLWLHV��DQG�W\SH�RIb

H[SHULHQFH��GR�DVWURQDXWV�DQG�VSDFHb
travellers coexist?).

Considering the inȵux of non- 
H[SHUW�LQGLYLGXDOV�LQWR�VSDFH��LWb

LV�QHFHVVDU\�WR�GHVLJQb
increasingly safe and risk- IUHHb
HQYLURQPHQWV�IRU�XQWUDLQHGb

users; current environments are
not designed for non- specialists

7KH�JURZLQJ�SUHVHQFH�RIb
XQWUDLQHG�SHUVRQQHO�LQ�H[WUHPHb

environments can lead to:
FKDOOHQJHV�LQ�FRRUGLQDWLRQ�ZLWKb

the crew
unforeseen risks

ODFN�RI�SUHSDUHGQHVV�LQb
PDQDJLQJ�HPRWLRQV�DQGb
unexpected situations

$V�JDWHZD\�UHTXLUHPHQWVb
DQG�SDUDPHWHUV�FKDQJH�b

there is a lack of legislation
UHJXODWLQJ�ZKDW�FDQ�RFFXUb
LQ�VSDFH��HVSHFLDOO\�LQb

SURWHFWLQJ�WKH�ULJKWV�RI�DOOb
users (including those with
GLVDELOLWLHV�DQG�DVVRFLDWHGb

risks).

The increasing number
of people and activities
LQ�VSDFH�ZLOO�JHQHUDWHb
YDVW�DPRXQWV�RI�GDWD�b

currently not governed
E\�OHJLVODWLRQ�WKDWb

SURWHFWV�XVHUV
�ULJKWV 7KH�SUHVHQFH�RI�XQWUDLQHG�DQGb
non- VSHFLDOL]HG�LQGLYLGXDOV�LQb
VSDFH�UDLVHV�VDIHW\�LVVXHV�b
HVSHFLDOO\�UHJDUGLQJ�WKHb

FRQQHFWLRQ�EHWZHHQ�PRGXOHV�b
the transition between technical

and non- WHFKQLFDO�]RQHV��DQGb
operational procedures.

Since space environments often
LQYROYH�UHVHDUFK�DFWLYLWLHV�WKDWb
DUH�QRW�LQWHQGHG�IRU�SXEOLFb
GLVFORVXUH��WKH�DEVHQFH�RIb
regulations deȴQLQJ�ZKLFKb

LQIRUPDWLRQ�FDQ�EH�VKDUHG�ZLWKb
(DUWK��YLD�VRFLDO�QHWZRUNV�RUb
SHUVRQDO�FRQWDFWV���UHJDUGOHVVb

of nationality, creates legislative
JDSV�WKDW�PD\�OHDG�WR�WKH�OHDNb

of sensitive information.

ΖQWHJUDWLRQ�DQGb
PDQDJHPHQW�RIb

FRQQHFWLRQV�EHWZHHQb
LQGLYLGXDO�DQG�FROOHFWLYHb
ZHDUDEOH�GHYLFHV�DQGb
cabin elements (IoT- 

enabled systems)

*UHDWHUb
GHPRFUDWL]DWLRQb
DQG�RSHQQHVV�LQb
WHFKQRORJLFDOb
UHVHDUFK�DQGb
GHYHORSPHQWb

contexts

1HHG�WRb
retroȴW�RUb
DGDSW�H[LVWLQJb
structures

:RXQG�FDUH�DQGb
PHGLFDO�WUHDWPHQWb
LQ�PLFURJUDYLW\b
HQYLURQPHQWVb
(di΍HUHQFHVb

EHWZHHQ�WKH�Ζ66b
and lunar missions)

Lack of ȵH[LELOLW\�LQb
LQWHUQDO�HTXLSPHQWb
WR�DFFRPPRGDWHb
GLYHUVH�KXPDQb

FKDUDFWHULVWLFV��H�J��b
mission specialists)

ΖQDGHTXDWHb
GLJLWDO�WRROV�WRb
VXSSRUW�DQGb

optimize spatial
conȴgurations

$EVHQFH�RI�Db
database containing
FXUUHQW�HOHPHQWVb
�WR�DVVHVV�ZKHWKHUb
DQG�KRZ�WKH\�FDQb

be reused)

([FHVVLYH�FRVWVb
IRU�WKHb

SURGXFWLRQ�RIb
H[SHULPHQWDOb

SK\VLFDOb
prototypes

Management of
DQ�LQFUHDVHGb

KXPDQb
SUHVHQFH�LQb

space.

+RZ�\RXU�ERG\b
DQG�PLQG�UHDFWb
WR�DQG�PDQDJHb
LOOQHVV��WUDXPD�b
and accidents.

%RG\b
change.

'LYHUVLW\b
DQGb

accessibility

6RFLDOb
Isolation

0DQDJHPHQW�RIb
SHUVRQDO�HPRWLRQVb
DQG�UHODWLRQVKLSVb
GXULQJ�SHULRGV�RIb
isolation (for non- 

trained individuals).

0DQDJHPHQW�RIb
HPHUJHQF\b

situations for non- 
SURIHVVLRQDOV��IURPb

D�PHGLFDOb
perspective.

Communication
IRUPV�DQGb
narratives

&XOWXUDOb
DQGb

OLQJXLVWLFb
di΍erences

Sharing the
VSDFHb

experience

Limited access
WR�WKHb

H[SHULHQFH�RIb
VSDFHb

exploration

:+$7�$5(�7+(�&25(�9$/8(6"�+2:�'2b
7+(<�(92/9(�Ζ1�7+(�&217(;7�2)�63$&(b

EXPLORATION? 7<3(�$1'�385326(�2)�7+(�63$&(b
JOURNEY

5(6($5&+�'5Ζ9(56��0Ζ/Ζ7$5<�b
32/Ζ7Ζ&$/��$1'�(&2120Ζ&b

MOTIVATIONS.

&20081Ζ&$7Ζ21�72�$1'�)520b
ASTRONAUTS

TOWARD THE  SOCIETY TOWARD SCIENTIFIC KNOWLEDGE

Ζ17(53(5621$/�'<1$0Ζ&6�$021*b
INDIVIDUALS ON BOARD

&2(;Ζ67(1&(�%(7:((1�(;3(576�$1'b
NON- SPECIALIST PARTICIPANTS

COMMUNICATION BETWEEN NON- 
SPECIALISTS AND EARTH- %$6('b

CONTROL CENTERS

3(5621$/�027Ζ9$7Ζ216��:+<�'2(6�$b
NON- 63(&Ζ$/Ζ67�:$17�72�*2�72b

SPACE?

:+$7�'2(6�$�63$&(�75$9(//(5�'2�Ζ1b
SPACE?

&XUUHQW�FRPPXQLFDWLRQb
systems are diɝFXOW�WRb
DFFHVV�DQG�LQWHUSUHW�IRUb

WKH�EURDGHU�JOREDOb
community.Existing modes

RI�VKDULQJ�VSDFHb
experiences foster a sense
RI�GHWDFKPHQW�IURP�WKHb
Earth- based community.

DiɝFXOW\�LQb
HVWDEOLVKLQJb
FROODERUDWLYHb

IUDPHZRUNV�IRUb
SURMHFWV�LQYROYLQJb
LQWHUQDWLRQDO�DQGb

private communities

Jurisdiction
RI�RXWHUb

space

'DWDb
RZQHUVKLSb
�ULVN�RI�GDWDb
colonization)

7KH�SUHVHQFH�RI�SXEOLFb
DQG�SULYDWH�HQWLWLHV�IURPb
YDULRXV�QDWLRQV�LQ�VSDFHb

FRPSOLFDWHV�WKHb
HVWDEOLVKPHQW�RIb

SDUWQHUVKLSV�DPRQJb
FRXQWULHV�WKDW�DUH�QRWb

allied on Earth

7KH�ODFN�RI�MXULVGLFWLRQ�LQb
orbit can result in abuse of
power or discrimination; in

WKH�HYHQW�RI�VHULRXVb
o΍HQVHV��LW�PD\�SUHYHQWb

WKH�HQIRUFHPHQW�RIb
terrestrial laws and justice.

*DS�LQ�WKHb
GHYHORSPHQW�RIb
KDELWDW�V\VWHPVb
suited to proȴOHVb
RWKHU�WKDQ��FODVVLFb

astronauts."

&RPSOH[b
PDQDJHPHQW�RIb
RUELWDO�VSDFH�LQb

UHODWLRQ�WRb
mission planning.

/DFN�RI�FODULW\b
UHJDUGLQJ�WKHb
UHODWLRQVKLSb
EHWZHHQ�QHZb

KDELWDW�PRGXOHVb
and the ISS.

DiɝFXOW\�LQb
deȴQLQJ�WKHb

RSWLPDO�GXUDWLRQb
RI�VSDFHb

explorations.

3XEOLF�SULYDWH�IXQGLQJ�DQGb
multi- SXUSRVH�PLVVLRQV��LWb
is unclear who will ȴQDQFHb
IXWXUH�PLVVLRQV�DQG�KRZb
WKH�Ζ66�ZLOO�DFWXDOO\�EHb

used and exploited.

0DQDJHPHQW�RIb
SHUVRQDO��LQGRRU�b

DQG�RXWGRRUb
HQYLURQPHQWDOb

data

1HHG�WR�IDFLOLWDWH�WKHb
GHVLJQ�DQGb

GHYHORSPHQW�SURFHVVb
to improve eɝFLHQF\b
ZLWKRXW�QHJOHFWLQJb

KXPDQ�IDFWRUb
considerations

&KDQJHV�LQ�PLVVLRQb
FRQGLWLRQV�UHTXLUHb
DGDSWDWLRQV�WRb

medical procedures

$V�PRUH�SHRSOH�JDLQb
DFFHVV�WR�VSDFH��QHZb

SDUWQHUVKLS�DQGb
WHFKQRORJLFDOb
GHYHORSPHQWb

opportunities emerge

Management of the
EXVLQHVV�PRGHO�LQb
UHODWLRQ�WR�WKHb

JURZLQJb
FRPSHWLWLRQ�IURPb

private actors.

Launch
issue.

1HZ�XVHUVȇb
XQSUHSDUHGQHVVb

IRU�H[WUHPHb
VWUHVV�FRQGLWLRQVb

(e.g., launch).

6SDFH�DV�Db
SRWHQWLDOb

cause of social
exclusion

1HHG�WR�VHSDUDWHb
VWUXFWXUDOb

FKDOOHQJHV�IURPb
LQIUDVWUXFWXUDOb

ones

$UH�WKHUH�VKDUHG�SURWRFROVb
DPRQJ�QDWLRQDO��LQWHUQDWLRQDO�b

DQG�FRPPHUFLDO�PLVVLRQVb
UHJXODWLQJ�DFFHVV�WR�RWKHUb

FHOHVWLDO�ERGLHV"b
+RZ�FDQ�ZH�SUHYHQWb

FRQWDPLQDWLRQ��YLUDO��EDFWHULDO�b
RI�RU�IURP�H[WUDWHUUHVWULDOb

environments?

$�UHJXODWRU\b
IUDPHZRUN�LV�QHHGHGb
WKDW�EDODQFHV�WKHb

freedom of expression
RI�VSDFH�YLVLWRUV�ZLWKb
WKH�SURWHFWLRQ�RIb

sensitive information

*XLGHOLQHV�DUHb
QHHGHG�WRb

SUHYHQW�IRUPV�RIb
LQWHUSODQHWDU\b
neocolonialism

7LPH�DQG�WUDQVSRUWb
IRU�VSDFH�VHUYLFHVb

generate signiȴFDQWb
HQYLURQPHQWDOb

impacts.

,Q

2. Summary diagram  
of reflections generated 
during the “Redesign 
Human Life in Space” 
co-design activities, 
with a focus on the 
following dimensions: 
social, economic, 
technological, 
environmental, political, 
and corporeal.
Conceptual synthesis 
inspired by Transition 
Design (IrwIn, 2015).
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6SDFH�LV�SHUFHLYHGb
DV�D�OX[XU\�b

VWUDWHJLHV�DUHb
needed to make it a
PRUH�DFFHVVLEOHb

and di΍HUHQWLDWHGb
experience.

6SDFH�WRXULVP�DV�DQb
DFWLYLW\�H[SHULHQFH��LWb

LV�QHFHVVDU\�WRb
GLVWLQJXLVK�EHWZHHQb

the experience of non- 
VSHFLDOLVW�XVHUV�DQGb
that of astronauts.

1HHG�WR�VWXG\�QHZb
PDWHULDOV��ZLWKb

LQFUHDVHG�DWWHQWLRQb
WR�LVVXHV�UHODWHG�WRb

EDFWHULDOb
contamination.

ConȵLFW�EHWZHHQb
FRVW�RSWLPL]DWLRQb

DQG�XVHUb
H[SHULHQFHb

optimization.

Di΍HUHQ]D�WUDb
esperienza del
QRQ�DGGHWWRb
HbGHOO
DVWURQD

uta

ΖVVXHV�UHODWHG�WRb
WKH�SURYLVLRQLQJb

RI�SULPDU\b
resources such as
water and food.

([SRQHQWLDO�FRVWV�DFURVVb
DOO�GLPHQVLRQV��ZHLJKW�b
PDVV��DQG�YROXPH��ΖW�LVb
QHFHVVDU\�WR�FDUHIXOO\b

deȴQH�ZKDW�LV�ODXQFKHG�b
EDVHG�RQ�LWV�FRVWb

implications.

/DXQFK�b
environmental

LPSDFW�b
landing.

Pre- launch
VXSSO\b
chain.

ΖQFUHDVHGb
FOHDQLQJb
DFWLYLWLHVb
LQVLGH�WKHb

cockpit

'HFRPPLVVLRQHGb
PRGXOHV�EXUQb
upon reentry.

1HHG�WRb
V\VWHPDWLFDOO\b
GLVLQIHFW�WKHb

VSDFHFUDIW�EHIRUHb
HDFK�ODXQFK��H�J��b
XVLQJ�K\GURJHQb

peroxide)

$GGLWLYHb
manufacturing

7RR�PXFKb
VSDFH�GHEULVb

Ȃ�ODFN�RIb
traceability.

Graveyard
orbit

0RQLWRULQJb
WKH�HFRORJLFDOb
IRRWSULQW�RIb

your journey.

0DVVȂFRVWȂHFRb
LPSDFWb

relationship.

8VH�RIb
DQWLEDFWHULDOb
PDWHULDOV�WRb

limit microbial
growth

7LPH�DQGb
WUDQVSRUW�Ȃb
high- LPSDFWb

services.

Di΍HULQJb
QHHGVb

among space
inhabitants

3K\VLFDOb
discrimination

issues

Shift in gateway
UHTXLUHPHQWVb

WRZDUGb
inclusive design

6SDFH�DV�Db
OX[XU\b

experience

(PHUJHQFHb
of the space
WUDYHOOHUb
ȴgure

)RU�VSDFH�WUDYHO�b
the cabin must be
HYHQ�VDIHU��H�J��b
QR�H[SRVHGb
cables, etc.)

6ROXWLRQVb
IRU�ZDVKLQJb
FORWKHV�LQb

Space

0RGXODUb
HQYLURQPHQWV�b
deȴQLQJ�VSDFHVb
DFFRUGLQJ�WRb

user experience

6KRXOG�WKHb
WUDYHOOHUȇV�KDELWDWb
replicate or di΍HUb

IURP�WKHb
DVWURQDXWȇVb
experience?

6HQGLQJ�VSDFHb
WUDYHOHUVb

increases speciȴFb
FRPSOH[LW\�DQGb
drives up costs

)RU�PRUHb
e΍HFWLYH�VSDFHb
PDQDJHPHQW�b

DFWLYLW\b
RSWLPL]DWLRQ�LVb

required.

0RQLWRULQJ�DQGb
DQDO\VLV�RIb

traveller- speciȴFb
SK\VLRORJLFDOb

data.

ClariȴFDWLRQ�RI�ZKRb
LV�UHVSRQVLEOH�IRUb
FRPPXQLFDWLRQb
ZLWK�WKH�FUHZ�DQGb
ZKR�ZLWK�WKH�VSDFHb

traveller

Redeȴnition
RI�UROHVb

within space
missions.

What happens
WR�VWUXFWXUHVb
DW�WKH�HQG�RIb

their life cycle?

5HVRXUFHb
optimization

&RVWb
RSWLPL]DWLRQb

YV��XVHUb
H[SHULHQFHb

optimization

Need for tools
DQG�PHWKRGVb
WR�FROOHFWb

relevant data

Standardization
RI�PDUNHWb

SURGXFWV�EDVHGb
RQ�FOLHQWb
demands

/RQJb
procurement

lead times

6WUXFWXUHV�PXVWb
ZLWKVWDQG�ERWKb

ODXQFK�DQG�UHWXUQ�b
ZKLOH�UHPDLQLQJb

RYHUHQJLQHHUHG�IRUb
in- orbit conditions

'HVLJQb
SURSRVDOV�IRUb

lighting systems
tailored to non- 
specialist users

'HYHORSPHQWb
RI�SURGXFWVb
WKDW�DGGUHVVb
IXWXUH�XVHUb

needs

9DU\LQJ�FOLHQWb
UHODWLRQVKLSVb
GHSHQGLQJ�RQb
LQGLYLGXDOb

needs

DiɝFXOW\�LQ�PDNLQJb
space travel accessible

IRU�FRPPHUFLDOb
SXUSRVHV��GXH�WRb

FKDOOHQJHV�UHODWHG�WRb
PDVV��ZHLJKW��DQGb

volume management.

%XLOGLQJ�D�VSDFH�WUDYHOb
H[SHULHQFH�LQYROYHVb

signiȴFDQW�FRVWV��GXH�WRb
WKH�QHHG�IRU�DGGLWLRQDOb

service infrastructures and
LQFUHDVHG�UHVRXUFHb

provisioning.

7KH�FRVWV�RI�PDWHULDOVb
QHHGHG�WR�GHYHORS�QHZb
VSDFH�LQIUDVWUXFWXUHV�DUHb

KLJK��DV�WKH\�UHTXLUHb
certiȴHG�WHFKQRORJLFDOb
materials with speciȴFb

properties.

7KH�HQYLURQPHQWDO�LPSDFWb
RI�VSDFH�H[SORUDWLRQ�LV�QRWb
OLPLWHG�WR�ODXQFK��VWD\�LQb

space, and return, but also
LQFOXGHV�WKH�LQGXVWULDOb
SURGXFWLRQ�FKDLQ�WKDWb

precedes them.

2EWDLQLQJ�IXQGLQJ�IRU�WKHb
GHYHORSPHQW�RI�QHZb
SURGXFWV�UHTXLUHV�WKHb

SUHVHQWDWLRQ�RI�D�WDQJLEOHb
SURWRW\SH�WKDW�DOORZVb

VWDNHKROGHUV�WR�DVVHVV�WKHb
investment.

$�JUHDWHU�SUHVHQFH�RIb
LQGLYLGXDOV�RQ�VSDFHb

stations leads to increased
EDFWHULDO�SUROLIHUDWLRQ�DQGb

WKH�SURGXFWLRQ�RIb
SRWHQWLDOO\�KDUPIXOb

substances

7KH�LQFUHDVH�LQb
VSDFH�H[SORUDWLRQb

E\�PXOWLSOHb
operators raises the

HQYLURQPHQWDOb
LPSDFW�RI�WKHb

sector.

REDESIGNING HUMAN LIFEb
 IN SPACE

ECONOMIC ISSUES

SOCIAL ANDb
ETICH ISSUESTECNOLOGICALb

ISSUES

POLITICAL/LEGALb
ISSUES

ENVIRONMENTALb
ISSUES

DIMENSION OF THE BODY: PHYSICAL ANDb
PSYCHE

7KHUH�LV�QR�FOHDU�DVVHVVPHQW�RI�WKHb
HQYLURQPHQWDO�LPSDFW�RI�ODXQFKHVb

FRPSDUHG�WR�RWKHU�IRUPV�RI�H[WUHPHb
tourism.

0RUH�SHRSOH�LQ�RUELW�PHDQVb
an increase in space debris.

7KH�GHPDQG�IRUb
FRPPHUFLDO�VSDFHb

H[SORUDWLRQ�RSHQV�QHZb
HFRQRPLF�RSSRUWXQLWLHVb

EXW�UHTXLUHV�D�VWLOOb
undeȴQHG�GHYHORSPHQWb

model.

Ȋ6SDFH�WRXULVP�ȋb
XQGHUVWRRG�DVb
RUELWDO�WUDYHO��LVb

FXUUHQWO\�DFFHVVLEOHb
RQO\�WR�D�VPDOOb
SRUWLRQ�RI�WKHb

population

/DFN�RI�OHJLVODWLRQb
DQG�VXSUDQDWLRQDOb
DJUHHPHQWV�IRU�WKHb
MRLQW�GHYHORSPHQWb
of space programs

Space as a site
RI�FRQTXHVWb
DQG�D�QHZb
IRUP�RIb

colonialism

The need to
UHJXODWHb
DFFHVV�WRb

outer space

1HHG�WR�UHGXFH�WKHb
FRVWV�RI�PLVVLRQV�IRUb

"non- SURIHVVLRQDOV��LQb
VSDFH��LQ�RUGHU�WRb

PDNH�WKHPb
HFRQRPLFDOO\b
sustainable.

7HFKQRORJLFDOb
VROXWLRQV�DUHb
QHHGHG�WRb

reduce launch
costs

'HYHORSPHQW�RIb
WHFKQRORJLHV�IRU�FRPSRQHQWb

reuse in space systems

Physical issues
HQFRXQWHUHGb
E\�XQWUDLQHGb

travelers.

&219(56Ζ21�2)b
:25.63$&(6b

(ISS) INTO SPACES
)25�1(:b

EXPERIENCES.

&2(;Ζ67(1&(�2)b
'Ζ))(5(17b

352)Ζ/(6�$1'b
7$5*(76�:Ζ7+Ζ1b

$�63$&(b
HABITAT.

Ζ1&/86Ζ21�2)b
1(:�$&7256b
:Ζ7+Ζ1�7+(b

63$&(b
(;3/25$7Ζ21b

PROCESS.

'$7$�$1'b
Ζ1)250$7Ζ21b
0$1$*(0(17b
32/Ζ&Ζ(6�Ζ1�$1b
23(1�6&Ζ(1&(b
PERSPECTIVE.

'85$7Ζ21�2)b
ORBITAL MODULES.

0(7+2'6�2)b
5(&29(5<��5(86(�b
$1'�)81&7Ζ21$/b

UPGRADE.

LONG- '85$7Ζ21b
0Ζ66Ζ216��+2:b

Ζ1)5$6758&785(6b
$1'�7+(b

(;3(5Ζ(1&(b
CHANGE.

&216758&7Ζ21b
OF MICRO- 

(&26<67(06�Ζ1b
SPACE FOR WELL- 

%(Ζ1*b
PURPOSES.
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6DIHUb
HQYLURQPHQWVb
ZLOO�UHTXLUHb
QHZ�IRUPV�RIb

legislation

&KDQJH�LQb
JDWHZD\b

requirements

Standardization
of products

'DWDb
JRYHUQDQFH�LQb
multi- QDWLRQDOb

contexts

'HPRFUDWL]DWLRQb
RIb

FRPPXQLFDWLRQb
toward Earth.

I�D�GLVDEOHGb
LQGLYLGXDO�SRVHV�Db
ULVN�DQG�DQ�LQFLGHQWb
RFFXUV��ZKDW�OHJDOb

framework applies?

&ROOHFWLRQ�RIb
PHGLFDO�GDWDb
DQG�SULYDF\b
SURWHFWLRQb

(biometric data)

0HWKRGV�RIb
FROOHFWLQJb

“travel- 
related” data

Social media:
what can and
FDQQRW�EHb
shared?

&XUUHQW�SURGXFWLRQb
OLPLWDWLRQV�KLQGHUb

the accommodation
of non- VSHFLDOL]HGb

individuals

yb0DWHULDOV�FODVVLȴed
DV�XVDEOH�LQ�WKHb
VSDFH�VHFWRU�DUHb
not classiȴHG�LQb

WHUPV�RIb
HQYLURQPHQWDOb

impact.

A greater human presence
LQ�VSDFH�PD\�DOWHUb
H[WUDWHUUHVWULDOb

HFRV\VWHPV��ZLWK�LPSDFWVb
RQ�ERWK�PLVVLRQ�VDIHW\b

and potential non- KXPDQb
life forms.

7KH�QHHG�IRUb
greater resources
DQG�V\VWHPV�IRUb
IRRG�DQG�ZDWHUb

supply.

Evolving proȴOHVb
RI�VSDFHb

SDUWLFLSDQWV��QRb
ORQJHU�OLPLWHG�WRb

WUDLQHGb
astronauts

6RPH�SK\VLFDOb
OLPLWDWLRQV�SRVHb

JHQXLQH�EDUULHUV�WRb
VSDFH�WUDYHO��RWKHUVb

reȵHFW�IRUPV�RIb
GLVFULPLQDWLRQ�DQGb

lack of inclusion

6WUXFWXUDO�ORDGV�DUHb
calculated based on
launch and re- HQWU\b
SKDVHV��UHVXOWLQJ�LQb
over- GLPHQVLRQHGb
V\VWHPV�GXULQJb

orbital operations

3DUDGLJPb
VKLIW�Ȃ�XVHb
of objects.

7HPSRUDOLW\b
Ȃ�LQWHUDFWLRQb
ZLWK�WKHb

environment

Reconȴgurab
ility of spaces
EDVHG�RQb

use.

0HGLFDOb
UHVHDUFK�Ȃb
SHUVRQDOb
info/data.

$FFHOHUDWLRQb
GXULQJ�ODXQFKb
Ȃ�UHODWLRQVKLSb
with the body.

1HHG�IRUb
PRGXODULW\�LQb

environments.

+RZ�WR�EULQJb
KXPDQVb
FORVHU�WRb

space.

8QGHUVWDQGLQJb
how di΍HUHQWb

proȴOHVb
interact.

5HODWLRQVKLSb
ZLWK�VSDFHb
�FDELQ�b

GHSHQGLQJ�RQb
the activity.

6KDUHGb
personal and
SURIHVVLRQDOb

spaces.

6PHOO�RIb
XULQH�DQGb
RUJDQLFb
matter.

ΖW�LV�XQFOHDUb
KRZ�Ζ�ZLOO�EHb
DEOH�WR�VKDUHb

my experience
from orbit.

7LPHb
GLPHQVLRQ�Ȃb

di΍HUHQWb
experiences/a

ctivities.

Di΍HUHQWb
psychological
experience.

&UHDWLRQ�RIb
WKH�VHQVRU\b
experience.

3HUFHSWLRQb
of the space
WUDYHOHU
Vb

experience.

vasive testing
IRU�GDWDb

FROOHFWLRQ�Ȃb
traveler.

Ζ�ZDQW�WR�OLYHb
VSDFH��EXW�Ζb
ZDQW�WKHb
IHHOLQJ�RIb

safety.

3HULRGLFb
PHGLFDOb

check- XSV�b
blood tests.

/RZHUHGb
LPPXQHb

defenses.

%RG\b
DGDSWDWLRQb

– 2 days.

3K\VLFDOb
discrimination

5HODWLRQVKLSb
EHWZHHQ�WKHb
ERG\�DQGb

H[WHUQDO�DJHQWVb
(radiation).

/DFN�RIb
JUDYLW\�DQGb
FKDQJH�LQb

perspective.

The presence of di΍HUHQWb
proȴOHV�DQG�PRUH�SHRSOHb

in the conȴQHGb
HQYLURQPHQWV�RI�VSDFHb
KDELWDWV�FKDQJHV�WKHb
UHODWLRQVKLS�EHWZHHQb

ERGLHV�DQG�EHWZHHQ�ERG\b
and space.

1HHG�WR�PDLQWDLQ�Db
psycho- SK\VLFDOb

FRQQHFWLRQ�ZLWK�WKHb
(DUWK�H[SHULHQFH�DQGb
DYRLG�DOLHQDWLRQ��ZKLOHb

SUHVHUYLQJ�WKHb
perception of "space."

1HZ�QHHGV�DQGb
YXOQHUDELOLWLHV�RIb
WKH�KXPDQ�ERG\b
to consider in the
GHVLJQ�RI�GHHSb
space habitats.

0RQLWRULQJ�RIb
vital signs may be

LQYDVLYH�IRUb
FRPPHUFLDO�RUb

less- WUDLQHGb
crews.

Radical shift in the concept
RI�WLPH��KRZ�WLPH�SDVVLQJb

in space a΍HFWV�WKHb
DVWURQDXWȇV�SV\FKH�b

VFKHGXOHG�URXWLQHV�WRb
IROORZ��FLUFDGLDQ�UK\WKPV�b
SHUVRQDO�WLPH��SHUFHSWLRQb

of time.

7KH�ERG\�FKDQJHVb
in space — how is it

SHUFHLYHG�E\b
RQHVHOI�DQG�E\b
RWKHUV"�+RZ�WRb
UHODWH�WR�WKDWb

change?

6WULFW�SK\VLFDOb
UHTXLUHPHQWV�IRUb
FUHZ�VHOHFWLRQ�PD\b
OLPLW�IXWXUH�XVHUVb
DQG�WKH�GHVLJQ�RIb

VSDFHb
environments.

0DLQWDLQLQJb
LQWHUSHUVRQDO�EDODQFHb
DPRQJ�FUHZ�PHPEHUVb
IURP�GLYHUVH�FXOWXUDOb
DQG�SURIHVVLRQDOb
EDFNJURXQGV�RYHUb

time.

7KH�PDUNHW�FXUUHQWO\b
GHPDQGV�FXVWRPL]HG�DQGb
H[FOXVLYH�GHVLJQ�VROXWLRQVb
WDLORUHG�WR�HDFK�FOLHQW�b
XQGHU�D�QHZ�SDUDGLJP�b
WKLV�PRGHO�LV�QR�ORQJHUb

sustainable

7KH�LQFOXVLRQ�RI�H[WHUQDOb
LQGLYLGXDOV�LQ�WKH�FUHZb
LQWURGXFHV�QHZ�QHHGVb
UHODWHG�WR�FRPIRUW�DQGb

EDVLF�QHFHVVLWLHV��OLJKWLQJ�b
SHUVRQDO�K\JLHQH��FORWKLQJb

FDUH���ZKLFK�DUH�RIWHQb
taken for granted on Earth

7KH�LQFUHDVH�LQb
VSDFH�XVHUVb

generates new data
WKDW�FDQ�EH�XVHG�WRb

PRQLWRU�WKHLUb
SUHVHQFH�DQGb

physical condition

The presence of diverse user proȴOHVb
PD\�FDXVH�LQWHUIHUHQFH�EHWZHHQ�WDVNV�b
OHDGLQJ�WR�FKDRWLF��IUDJPHQWHG��DQGb

XQFRPIRUWDEOH�FRQGLWLRQV�LQ�ERWK�OLYLQJb
and working environments.

ΖW�LV�HVVHQWLDO�WR�RSWLPL]H�VSDFHb
PDQDJHPHQW�EDVHG�RQ�WKH�XVHUV�b
SODQQHG�DFWLYLWLHV��DQG�W\SH�RIb

H[SHULHQFH��GR�DVWURQDXWV�DQG�VSDFHb
travellers coexist?).

Considering the inȵux of non- 
H[SHUW�LQGLYLGXDOV�LQWR�VSDFH��LWb

LV�QHFHVVDU\�WR�GHVLJQb
increasingly safe and risk- IUHHb
HQYLURQPHQWV�IRU�XQWUDLQHGb

users; current environments are
not designed for non- specialists

7KH�JURZLQJ�SUHVHQFH�RIb
XQWUDLQHG�SHUVRQQHO�LQ�H[WUHPHb

environments can lead to:
FKDOOHQJHV�LQ�FRRUGLQDWLRQ�ZLWKb

the crew
unforeseen risks

ODFN�RI�SUHSDUHGQHVV�LQb
PDQDJLQJ�HPRWLRQV�DQGb
unexpected situations

$V�JDWHZD\�UHTXLUHPHQWVb
DQG�SDUDPHWHUV�FKDQJH�b

there is a lack of legislation
UHJXODWLQJ�ZKDW�FDQ�RFFXUb
LQ�VSDFH��HVSHFLDOO\�LQb

SURWHFWLQJ�WKH�ULJKWV�RI�DOOb
users (including those with
GLVDELOLWLHV�DQG�DVVRFLDWHGb

risks).

The increasing number
of people and activities
LQ�VSDFH�ZLOO�JHQHUDWHb
YDVW�DPRXQWV�RI�GDWD�b

currently not governed
E\�OHJLVODWLRQ�WKDWb

SURWHFWV�XVHUV
�ULJKWV 7KH�SUHVHQFH�RI�XQWUDLQHG�DQGb
non- VSHFLDOL]HG�LQGLYLGXDOV�LQb
VSDFH�UDLVHV�VDIHW\�LVVXHV�b
HVSHFLDOO\�UHJDUGLQJ�WKHb

FRQQHFWLRQ�EHWZHHQ�PRGXOHV�b
the transition between technical

and non- WHFKQLFDO�]RQHV��DQGb
operational procedures.

Since space environments often
LQYROYH�UHVHDUFK�DFWLYLWLHV�WKDWb
DUH�QRW�LQWHQGHG�IRU�SXEOLFb
GLVFORVXUH��WKH�DEVHQFH�RIb
regulations deȴQLQJ�ZKLFKb

LQIRUPDWLRQ�FDQ�EH�VKDUHG�ZLWKb
(DUWK��YLD�VRFLDO�QHWZRUNV�RUb
SHUVRQDO�FRQWDFWV���UHJDUGOHVVb

of nationality, creates legislative
JDSV�WKDW�PD\�OHDG�WR�WKH�OHDNb

of sensitive information.

ΖQWHJUDWLRQ�DQGb
PDQDJHPHQW�RIb

FRQQHFWLRQV�EHWZHHQb
LQGLYLGXDO�DQG�FROOHFWLYHb
ZHDUDEOH�GHYLFHV�DQGb
cabin elements (IoT- 

enabled systems)

*UHDWHUb
GHPRFUDWL]DWLRQb
DQG�RSHQQHVV�LQb
WHFKQRORJLFDOb
UHVHDUFK�DQGb
GHYHORSPHQWb

contexts

1HHG�WRb
retroȴW�RUb
DGDSW�H[LVWLQJb
structures

:RXQG�FDUH�DQGb
PHGLFDO�WUHDWPHQWb
LQ�PLFURJUDYLW\b
HQYLURQPHQWVb
(di΍HUHQFHVb

EHWZHHQ�WKH�Ζ66b
and lunar missions)

Lack of ȵH[LELOLW\�LQb
LQWHUQDO�HTXLSPHQWb
WR�DFFRPPRGDWHb
GLYHUVH�KXPDQb

FKDUDFWHULVWLFV��H�J��b
mission specialists)

ΖQDGHTXDWHb
GLJLWDO�WRROV�WRb
VXSSRUW�DQGb

optimize spatial
conȴgurations

$EVHQFH�RI�Db
database containing
FXUUHQW�HOHPHQWVb
�WR�DVVHVV�ZKHWKHUb
DQG�KRZ�WKH\�FDQb

be reused)

([FHVVLYH�FRVWVb
IRU�WKHb

SURGXFWLRQ�RIb
H[SHULPHQWDOb

SK\VLFDOb
prototypes

Management of
DQ�LQFUHDVHGb

KXPDQb
SUHVHQFH�LQb

space.

+RZ�\RXU�ERG\b
DQG�PLQG�UHDFWb
WR�DQG�PDQDJHb
LOOQHVV��WUDXPD�b
and accidents.

%RG\b
change.

'LYHUVLW\b
DQGb

accessibility

6RFLDOb
Isolation

0DQDJHPHQW�RIb
SHUVRQDO�HPRWLRQVb
DQG�UHODWLRQVKLSVb
GXULQJ�SHULRGV�RIb
isolation (for non- 

trained individuals).

0DQDJHPHQW�RIb
HPHUJHQF\b

situations for non- 
SURIHVVLRQDOV��IURPb

D�PHGLFDOb
perspective.

Communication
IRUPV�DQGb
narratives

&XOWXUDOb
DQGb

OLQJXLVWLFb
di΍erences

Sharing the
VSDFHb

experience

Limited access
WR�WKHb

H[SHULHQFH�RIb
VSDFHb

exploration

:+$7�$5(�7+(�&25(�9$/8(6"�+2:�'2b
7+(<�(92/9(�Ζ1�7+(�&217(;7�2)�63$&(b

EXPLORATION? 7<3(�$1'�385326(�2)�7+(�63$&(b
JOURNEY

5(6($5&+�'5Ζ9(56��0Ζ/Ζ7$5<�b
32/Ζ7Ζ&$/��$1'�(&2120Ζ&b

MOTIVATIONS.

&20081Ζ&$7Ζ21�72�$1'�)520b
ASTRONAUTS

TOWARD THE  SOCIETY TOWARD SCIENTIFIC KNOWLEDGE

Ζ17(53(5621$/�'<1$0Ζ&6�$021*b
INDIVIDUALS ON BOARD

&2(;Ζ67(1&(�%(7:((1�(;3(576�$1'b
NON- SPECIALIST PARTICIPANTS

COMMUNICATION BETWEEN NON- 
SPECIALISTS AND EARTH- %$6('b

CONTROL CENTERS

3(5621$/�027Ζ9$7Ζ216��:+<�'2(6�$b
NON- 63(&Ζ$/Ζ67�:$17�72�*2�72b

SPACE?

:+$7�'2(6�$�63$&(�75$9(//(5�'2�Ζ1b
SPACE?

&XUUHQW�FRPPXQLFDWLRQb
systems are diɝFXOW�WRb
DFFHVV�DQG�LQWHUSUHW�IRUb

WKH�EURDGHU�JOREDOb
community.Existing modes

RI�VKDULQJ�VSDFHb
experiences foster a sense
RI�GHWDFKPHQW�IURP�WKHb
Earth- based community.

DiɝFXOW\�LQb
HVWDEOLVKLQJb
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nauts and new crew members, and how these dynamics might 
influence habitat design and the types of activities that will take 
place within space stations.

In parallel, through desk research and collaborative work-
shops, the team explored the astronaut’s life in orbit from 
an experiential perspective. Drawing on both scientific and 
divulgative sources, a journey map of the current astronaut 
was developed, highlighting their interactions with the envi-
ronment, needs, and daily activities. This representation be-
came the foundation for a collaborative analysis and reflection 
process, through which additional feedback, implicit actions, 
current pain points, and future insights emerged areas where 
design can intervene to begin imagining who the next users 
might be and what their more implicit needs could look like 
(fig. 3).

Building a new design mindset
The interaction between academia, industry, and various dis-
ciplines made it possible to identify the difficulties that new 
designers may face when approaching such an extreme design 
domain, as well as the concerns of seasoned professionals in 
the field toward less conventional design approaches. This on-
going dialogue between domain and out-of-domain led to the 
adoption of one of the core action areas of Advanced Design—
Extreme Design (Celaschi, 2018)—not only as a direction for 
innovating products and systems, but also as a channel for ex-
change and advancement within the research framework.

As defined by Celaschi (2016), Extreme Design encourages 
designers to look beyond their immediate disciplinary bounda-
ries to discover “stimuli for change” (p. 68). In this phase of the 
research, it played a key role in shaping the interaction dynam-
ics between future designers, current professionals in the field, 
and the processes of knowledge-building and project develop-
ment for the space sector.

Relationships between different domains were outlined to 
make this interaction more inclusive and interdisciplinary:

• Field observation linked to gaming experiences;
• Scenario-building for short, medium and long-term fu-

tures connected to anticipation and future studies;
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3. Collaborative 
construction of the 
astronaut’s journey 
map.



78 Laura Succini   

• Innovation in product-service systems aligned with open 
innovation models;

• Validating ideas through physical prototypes in dialogue 
with virtual or mixed reality.

These relationships and needs are part of the project’s overarch-
ing goals and, as we will see in the next intervention line, have 
been explored through several practical experiments.

3.2. Exploration
Tools: Questionnaires, user profiling templates, co-design pro-
cesses and workshops, observatory
Actions: Observe to innovate, co-produce future scenarios and 
processes, validate through collective experimentation, learn 
digitally and in the field, generate new ideas, and test new for-
mats of knowledge and design

Building a shared, sustainable, and open imagination for space 
exploration
Before identifying trends, relationships, and interdependencies 
that may arise within future habitats, it was first necessary to 
imagine who the potential users of near- and long-term space 
stations might be. The process of creating these archetypes was 
collaborative and open to public participation. The initial tools 
used were a future user profiling template and research based 
on scientific and divulgative sources. Cross-referencing prima-
ry data collected from TASI experts with secondary data led to 
the creation of initial proto-personas, which were later refined 
through an open questionnaire distributed to the digital com-
munity.

This approach resulted in the creation of nine archetypes, 
each with specific goals, expectations, and needs. These include: 
the Pioneer, the Researcher, the Artist, the Designer, the Mis-
sion Specialist, the Patient, the Space Traveler, the Content Cre-
ator, and the Station Manager (fig. 4).

This continuous exchange between internal and external 
perspectives highlighted several insights about potential future 
users: increased need for private personal spaces, the develop-
ment of new work and leisure activities, and the requirement 
for dedicated workspaces, among others.
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4. An example of a 
user archetype profile 
developed through 
the various research 
activities (image 
elaborated by Luigi 
Vella).

The exploration phase concerning the composition of future crews 
was accompanied by the observation and collection of products, 
concepts, services, best practices, and methodologies, both with-
in the domain and from other extreme environments and adap-
tive experiences attentive to relational factors. The focus on lived 
experiences made it possible to center attention on the user as 
a person composed of both physical and emotional dimensions, 
and to view products and spaces as points of interaction.

This analysis led to the development of a case study cata-
loging template designed to be accessible and understandable 
to a wide community of designers (fig. 5). It became the foun-
dation for formulating the advanced design methodology used 
to develop new habitat configurations, as described in the fol-
lowing paper.

Lastly, several formats for collaborative workshops were de-
signed with the aim of:

• Validating the initial research findings (archetypes, ac-
tions, and needs) with designers and industry experts;
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• Building a cross-disciplinary design mindset related to 
extreme environments, informed by the contributions of 
professionals with different backgrounds and knowledge 
bases;

• Learning, designing, and validating through action-in a 
“learning by doing” mode.

An example of the latter is the Space Workshop held in April 
2024, which involved 25 young designers and researchers (with 
backgrounds in product design, service design, and anthropol-
ogy) guided by the project team and company representatives. 
In the first phase, participants approached the design domain 
through a virtual reality–guided gamified experience, which al-
lowed them to observe and inhabit the environment, identify 
challenges, and collaboratively analyze them through co-design 
sessions (fig. 6).

The second phase, dedicated to conceptualization, intro-
duced new users, new factors related to psycho-physical well-be-
ing, and new actions to consider within future habitats. This led 

5. Basic cataloging 
template for case 
studies within the 
domain, outside 
the domain, and for 
methodological best 
practices.
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to initial reflections on design solutions that take into account 
these emerging users and the evolving spatial and relational af-
finities within space habitats.

Building knowledge through a sustainable observatory
The various learning, validation, and collaborative design actions 
converged in the creation of an observatory model, drawing in-
spiration from the ADU experience (Celaschi et al., 2021) and 
reinterpreting it in the form of a new tool: the Sustainable Inno-
vation Observatory for Life Beyond Earth. This digital space is de-
signed to support designers in acquiring knowledge and develop-
ing new concepts, while also offering design strategies from an 
open innovation perspective. Its specific domains are:

• Far Future: offering long-term projections and visions to 
anticipate future challenges (Formia, 2017);

• Extreme Design: activating cross-fertilization between 
sectors and transferring knowledge across fields to pro-
mote sustainable innovation (Succini et al., 2024);
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6. Space Workshop: 
learning process and 
early development of 
meta-design concepts 
(concept memory 
theme of Bastoni, 
Bologna, Fabbretti, 
Faceto, Pasini).
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• Shelf Innovation: using the repository as a source of design 
projects and semi-finished solutions ready to be improved and 
adapted to meet emerging market needs (Celaschi, 2016).

3.3. Co-creation
Tools: Workshops, action research activities, co-design sessions
Actions: Inclusive co-construction for sustainable and respon-
sible innovation

The final line of action focused on experimenting with the 
various tools and fine-tuning the proofs of concept.

The objectives of these ongoing or planned experiments—at 
different scales of the project—can be summarized as follows:

• Developing a multi-stakeholder action research protocol 
that uses the observatory as an initial learning tool and, 
subsequently, as a launchpad to expand future space habi-
tat scenarios, stimulate new supply chains, and foster new 
collaborations;

• Activating continuous innovation processes that, through 
interaction between academia, young designers, and entre-
preneurial players, can scale design processes from Earth 
to space—and vice versa—enhancing their sustainability;

• Facilitating interaction between product prototypes and 
the digital system for dynamic habitat configuration. The 
conceptualized products are intended to become a bridge 
between the virtual model, the initial strategic design pro-
cess (users and needs), and the first touchpoints related to 
user well-being and spatial flexibility;

• Emphasizing designer responsibility;
• Creating synergies between the systemic design processes 

used during the ideation phase by TASI, the design-driven 
systems developed through this research, and TASI’s own dig-
ital simulation systems (a topic explored in the next paper).

4. Conclusions: Space as an extreme context for rethinking 
terrestrial design practices

The aim of this research project is not to define a perfect, stand-
ardized solution to universally improve the well-being of future 
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space habitat users or the learning paths of future stakeholders 
in the field. Rather, it seeks to propose a more interdisciplinary 
and contamination-friendly approach to design open to both 
domain and out-of-domain inputs. “Thus, it is apparent that 
the human is the most fragile and variable element in the sys-
tem” (Meusburger & Bishop, p. 180), and each person reacts 
and perceives extreme, confined conditions differently. Howev-
er, enabling a degree of spatial variability, even through small 
product systems or experiential adjustments, can support adap-
tation and prosperity in extraterrestrial environments.

For designers or entrepreneurs, confronting constraints far 
beyond their usual scope—such as limited mobility, zero grav-
ity, breathable air confined to enclosed systems, or lack of ac-
cess to resources beyond those already present in the station—
forces a shift in design approach. It calls for a focus on factors 
of survival, uncertainty, emotional response, and well-being, 
while imagining what cannot yet be experienced firsthand. This 
design mindset can also be transferred to other temporary or 
permanent extreme or confined contexts (Inglese et al., 2024).

In fact, the research is now expanding to address additional 
aspects: designing for the space sector through an open innova-
tion model rooted in sustainability and Made in Italy know-how 
(from both space and non-space sectors) is revealing strategies 
and experimental approaches that may be transferable to other 
complex challenges on Earth, such as those stemming from nat-
ural disasters (floods, desertification, etc.) or other emerging 
crises.
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This book presents ten innovation fronts developed in parallel 
through research funded within Spoke 1 of the MICS (Made 
in Italy Circolare e Sostenibile) Partnership. Set within the 
framework of Digital Advanced Design, the project explores 
the role of design and digital innovation in promoting 
sustainable and circular transitions across various Made in 
Italy sectors, bringing together knowledge and expertise from 
academic, industrial, institutional, and professional fields.

Flaviano Celaschi
Full Professor in Advanced Design at 
the University of Bologna. Since 1995, 
he has worked on design processes and 
cultures in various Italian universities. He 
leads Spoke 1 of the project Made in Italy 
Circolare e Sostenibile and is Editor-in-
Chief of diid. Disegno industriale Industrial 
Design journal. He is the author of over one 
hundred scientific publications in the field 
of design driven innovation.

Laura Succini
Researcher in Responsible Advanced 
Design at the University of Bologna. Her 
research focuses on sustainable design 
and collaborative approaches within 
territories, with particular attention 
to intangible dimensions of Made in 
Italy. Since 2023, she has also been 
investigating processes and methods for 
inhabiting extreme environments.

Michele Zannoni
Associate Professor in Industrial Design 
at the Università di Bologna. His published 
articles and books explore the intersection 
of interaction processes and visual and 
product design. His scientific research is 
focuses on digital, interaction and physical 
products and the evolution of the user 
interface.


