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Design for a resilient Space environment: A cosmopolitan approach project title

Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project.

start date 15 - 12 - 2021 01 - 06 - 2022 end date

INTRODUCTION **
Please describe, the context of your project, and address the main stakeholders (interests) within this context in a concise yet

complete manner. Who are involved, what do they value and how do they currently operate within the given context? What are the
main opportunities and limitations you are currently aware of (cultural- and social norms, resources (time, money....), technology, ...).

space available for images / figures on next page

The development of technology in the last two decades has opened to unprecedented opportunities also in the
Space industry and many achievements that were once unbelievable seem now possible, like for example landing
humans on Mars. This renewed interest in Space missions caused the artificial environment outside of Earth to change
completely, so much that the term "New Space" has been coined to mark the epochal shift. [1]

Hardware miniaturization and decrease in launching costs have made satellite manufacturing cheaper and more
functional, at the point that satellite launches are accessible even for academic institutions nowadays. As a
consequence, the number of satellites put in orbit has increased terrifically in the last decades: until the early 2010s an
average of 60-100 new satellites per year were registered, but only in 2020 about 1300 new objects were added. This
expansion has started in the 1990s and has been driven mainly by the Silicon Valley most-prominent start-ups, mostly
specialized in information technologies and services. The whole digital infrastructure developed on Earth in the past
decades is now largely moving to the sky, through the creation of satellite swarms (or "constellations"). In 2020 the
global Space industry received a total investment of $385B, $293B of which were raised by satellite services providers.
Venture capitals have moved the great majority of money and about half of it has been directed towards only two
startups SpaceX and OneWeb. [2] Nations (USA on top, followed by China and EU) together with inter-governmental
agencies (such as NASA and ESA) are supporting the private initiatives, with a total of $90B in 2020. Interestingly, their
expenses in military missions have decreased constantly from the first era of rush to Space, and it is now globally stable
at 35%.

Beneath the howling enthusiasm around the topic and the bold promise of conspicuous returns on investments, one
question is echoing more and more in the mission control rooms and in the space agencies offices: Are we sure that all
this activity doesn't entail any risk for the Space environment and for humanity itself? The answer is unanimously
known, but mostly ignored.

As a consequence of all the missions undertaken by men since the very beginning in 1957, millions of artificial debris
are now orbiting loose at high speed around Earth, ranging from 1 mm to bus size objects. The impact of a 10cm
debris with an active satellite can cause the satellite's destruction [Fig. 1], and the death of humans if any on board. The
unprecedented rise of Space traffic is growing the collision risk dramatically, especially around the Low Earth Orbits
(LEO). To give an idea, ESA alone maneuvers on average twice per satellite per year. These operations are quite
expensive in terms of extra hours spent in elaborating the procedure, fuel and loss of data [Fig. 2]. A collision event
between two satellites has already happened in 2009 causing the spread of thousands of new debris pieces, some of
which can't be tracked. The political tension between different players operating independently is also growing. The
contingency of new collisions could rapidly lead to an extreme collision risk that would make future Space missions
impossible: this is known as “Kessler's syndrome”, a frightening vicious cycle that might affect humanity’s technological
development for a very long time. This theoretical scenario was first proposed by NASA's scientist Donald J. Kessler in
1978, and it appears more and more probable. Considering that both civil people and the whole industry 4.0 are
becoming totally dependent on digital technologies, and that these will be all dependent on satellites soon, the
impact of such a scenario on the global economy could be way more catastrophic than a pandemic.

We are still far from the solution to this problem, but maybe it is not too late.

IDE TU Delft - E&SA Department /// Graduation project brief & study overview /// 2018-01 v30 Page 3 of 7
Initials & Name G Luggeri Student number 5203201

Title of Project _Design for a resilient Space environment: A cosmopolitan approach




Personal Project Brief - IDE Master Graduation

>

v"’@ UNITED NATIONS @

\( M

\1\4&? Office for Outer Space Affairs esa
.

SpaceCare
SATELLITES VS DEBRIS

[ 4 } t

working satellites share S Debris objects travel many

their orbits with tonnes kilometres per second. In case
of space debris 7 of impact, they may destroy
working satellites

(4 =128 1 )
debris fragments

1 mm-1cm in size
discarded rocket stages

- 0
fragments

defunct satellites 1-10 cm in size

unidentified debris fragments larger
objects and fragments than 10 cm

& About 26 000 debris objects Smaller objects that cannot be monitored E)
el estimated by statistical models F—

#SpaceSustainability

image / figure 1:

v"’@ UNITED NATIONS @

(&)

\1\4&? Office for Outer Space Affairs esa
SpaceCare

THE COST OF AVOIDING COLLISIONS
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PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASSIGNMENT **

State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

The overall Space environmental issue can be addressed by stakeholders in 3 possible scopes [3]:

1) Prevent the generation of new debris, by adopting sustainable practices in the design of missions;
2) Avoid collisions, by sharing relevant data in an efficient way and behave responsibly on orbit;

3) Actively remove debris, by designing specific missions of on-orbit servicing (OOS).

- In scope 1) policy makers are providing indications on how to design more sustainable missions, and operators are
adopting them more and more. Nevertheless, some responsible behaviors and requirements should be binding, not
voluntary. After some recent critical events, insurances are more hesitant to cover Space missions. [4] Meanwhile,
intergovernmental organizations are pushing for a cooperation towards clear, global and binding regulations. [5]

- This cooperation would benefit also scope 2), since some operators are still reluctant to efficiently share data that are
essential to avoid possible collisions. Numerous experts are urging the creation of a unified Space Traffic Management
(STM). What is also missing is the technology for an advanced Space Situational Awareness (SSA, i.e. the ability to
precisely sense what is going on in Space and to accurately predict what will happen in the short and long term). [6]

- For scope 3), startups like Astroscale and ClearSpace promise to launch new on-orbit services (OOS) by 2025, like
debris removal, satellite refueling, maintenance and deorbit. Governments and space agencies are now financing
these initiatives but it is still not clear who will pay to scale them in the future, sufficiently and fast enough to
guarantee a long-term resilience of the ecosystem.

Overall the industry is now moving in the right direction but not fast enough to avoid a disaster, which can occur at
any moment. Thus a catalyst is urgently needed. Notably, one stakeholder has not been consulted yet: Civilians. [7]

issue and to contribute to its solutlon

As mentioned above, the industry is still lacking advanced technologies for SSA. This is why | have decided to partner
with Vyoma GmbH (vyoma.space), one of the first companies in the world to use in-orbit telescopes to observe Space
objects and predict their trajectory.

For this graduation project I aim to deploy Vyoma's technologies to design a service for Civilian people, in order to
show them what happens in Space and to empower them to have an influence on operators' activities. As it's
happening already with Earth sustainability issues, people's opinion and social pressure can nudge experts to commit,
operators to behave responsibly, legislators to be more stringent, nations to cooperate. A cosmopolitan approach can
be the game changer to accelerate the agendas towards the mitigation of the Space debris issue, humanity is the
propellant that Space industry hasn't deployed yet.

The outcome of my graduation project will consist in:

- A personal perspective on the New Space ecosystem

- A novel approach to mitigate the Space debris issue and the role of Vyoma
- The presentation of a new product/service system

- A future vision for a resilient Space ecosystem

- A roadmap to achieve the future vision
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PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance
because of holidays or parallel activities.

Project week 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Calendar week 50 51 52 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22
TU Delft academic week 206 207 holidays 208 209 210 break 301 302 303 304 305 306 307 308 309 310 401 402 403 404 405 406 407
1st week day (Monday) 13Dec 20Dec 27Dec 3Jan 10Jan 17Jan 24Jan 31Jan 7Feb 14Feb 21Feb 28Feb 7Mar 14Mar 21Mar 28Mar 4Apr 1 Apr 18Apr 25Apr 2May 9May 16May 23May 30May
off “off Mid off Green Gradua
Important moments Kickoff  half off ) haifoff startup) ha . haifoff (Evten) Top | haifoff =

1. DISCOVER | [ I

Define research methodology and tools

Research about New Space and Vyoma

Stakeholders mapping

Space debris problem breakdown ‘

Interview preparation

Interviews and insights elaboration ‘

2. DEFINE ] [ [ |

Define intervention and design direction

Future vision and iteration B

Preparing for Mid Term presentation

5 oeveor [ B N O
Define design methods and tools \; }7

Sketching possible solutions

Preparing generative sessions

Generative sessions with stakeholders
Insights elaboration

Solution definition and iteration ‘ [

Define prototyping process

Define final deliverables

Preparing for Green Light presentation
EEENTED N I I \ [ [T [T ]
Writing report | ’7 | |

Create visuals

Build prototypes \
Preparing for Graduation showcase

*On the week of 31st of January | will be in ltaly for an event involving my startup. After that | will leave my commitment with the startup to focus only on the graduation project
TOTAL PROJECT WEEKS: 25
TOTAL WORKING WEEKS: 20 (full time)
DAYS FOR FULL TIME WEEK: 5

TOTAL WORKING DAYS: 100

My plan is to work for 5 days a week. This plan also takes into consideration national holidays, one week off in the first
week of February to join an international startup event and some short pauses of 2-3 days after Midterm and Green
Light.

PHASES:

1) DISCOVER: Studying the evolution of the Space industry, analyzing the current ecosystem and its stakeholders (with
a focus on Vyoma strategic role); breaking down complex safety/sustainability issues under several aspects
(technology, business, legislation, environment, ...) with a focus on Space debris; validating initial assumptions through
interviews with experts.

2) DEFINE: Elaborating the data collected and validated to define a personal perspective on the nature of the Space
business; designing an initial future vision considering the current trends and eventual disruptions; individuating pain
points and needs for key stakeholders and for the ecosystem as a whole; translating common interests into possible
cooperative interventions.

3) DEVELOP: Involving experts, strategic civilian users and organizations in the co-design of a novel future vision for a
more resilient Space ecosystem; elaborating the insights collected and translating them into a strategic systemic
innovation; designing the details of such a new product/service system (service blueprint, technologies, business
model, socio-environmental impact ...)

4) DELIVER: Completing the report of the graduation project, finishing prototypes and preparing the final presentation.
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MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
specific tool and/or methodology, ... . Stick to no more than five ambitions.

| have always been attracted by Space, just as any other person on Earth. Space is the ideal perspective we take when
we aspire to go beyond the inconsistencies that we witness on our planet, or when we dare to dream big to solve (or
contribute to the solution of) complex humanity issues.

When | discovered about the threat of Space debris and realized how future Space missions risk being precluded
forever, | started to believe that Strategic Designers can and shall contribute, since our mindset and methods have
already proved to be effective against such wicked global problems.

Through this graduation project | aim to prove and enhance the following competences acquired during my MSc:

- Addressing a specific wicked problem, breaking down its complexity and designing to have a concrete impact;

- Operating in a tech-driven industry and deal with advanced engineering concepts;

- Elevating the strategic value of design in a "hard industry" such as Space;

- Bing multiple stakeholders together to cooperate towards a cooperative solution, using my creative facilitation skills.

Besides these didactic goals, | aim to develop a deep and cross-sectoral understanding of the Space industry and a
network of connections that could lead me one day to work in this field as an innovation consultant.

SOURCES

[1] Denis, G. et al. (2019): From new space to big space: How commercial space dream is becoming a reality, Acta
Astronautica, Nr. 166, pp. 431-443, IAA

[2] Bryce Space and Technology, (2019): 21st Annual State of the Satellite Industry Report, prepared by Bryce Space and
Technology for Satellite Industry Association

[3] Maclay, T., McKnight, D. (2021): Space environment management: Framing the objective and setting priorities for
controlling orbital debris risk, Journal of Space Safety Engineering, Vol. 8, Nr. 1, pp. 93-97, IAASS, The Netherlands

[4] Zainab Hussain, N. & Cohn, C. (2021): Insurers Pull Back as Risks of Satellite and Space Debris Collisions Surge,
www.insurancejournal.com (accessed on 19/11/2021)

[5] United Nations (2019): Guidelines for the Long-term Sustainability of Outer Space Activities. Report of the
Committee on the Peaceful Uses of Outer Space (COPUOS), 62nd session, New York, Jun. 12-21 2019

[6] Pelton, JN. (2019): A path forward to better space security: Finding new solutions to space debris, space situational
awareness and space traffic management, J. of Space Safety Engineering, Nr. 6, pp. 92-100, IAASS, The Netherlands

[7] Frey, S., Co-Founder & Managing Director of Vyoma GmbH (2021): personal interview (26/11/21)
Livadiotti, S., Technical Business Developer of ThrustMe (2021): personal interview, Bremen, Germany (30/11/21)

FINAL COMMENTS
ject brief needs final comments, please add any information you think is relevant.

In case your pro
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