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Many Thanks !!!
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To the TU Delft and the

Aerospace Faculty;

your high standards and 

global standing are

admirable

To Prof. Eberhard Gill for

your wonderful Laudatio, 

but also for your close

cooperation and friendship

To the Delft LR students

and the VSV who keep

inspiring me every time we

meet and work together

To the NVR „Bestuur“ for

having decided to bestow

this award upon me

To Peter Batenburg for

organizing this event

To my many Dutch

colleagues and friends who

have valued my

contributions beyond what I 

had felt I had done

Moreover I like to recognize

Wim Jongkind and Huib

Visser, the first 2 recipients

of this award (→ photos)
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Welcome
You thought you are in Delft? Are you really? 
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You are here!

Professional Background

• Studies: Tech. Physics, Bus. Admin., Systems Management, Germany & USA 

• Airbus, Space Division Munich, Project Engineer 3rd Stage ELDO Launcher 

• Boeing, Systems Engineer Post Apollo Projects, Project Manager Space Tug/OOS

• ESA/ESTEC, 1st Program Manager Spacelab, Founder Sys. Eng. & Progr. Dept

• TU Delft, founding Chair Space Systems Engineering and Director „SpaceTech“

• German Space Agency, Managing Director Programmes, Member ESA Council EU 

Space Advisory Committee, Chair ESA Programme Board Meteorology & Earth Obs
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Current/Recent Activities

• President Space Associates GmbH    

• Member Governing Board (Europe’s 3rd largest Space Prime contractor)

• Member Sci/Tech Advisory Groups

• University Associations

• Professional Societies                       *

• Distinguished Visiting Scientist, NASA-JPL  

• Publications, Books, Editorial Boards, Honors 

Freunde 

NSO

* Past President, Fellow, Life Member, CTO Vision 2035
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My three Topics for Today

• Recent Astrophysics Observations and Prospects of Life

• Satellites and the Green Deal?

• Exploration efforts and long-term Human Options?

Summary and Conclusions
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Some BIG Questions before us

How long will our Planet be Life supporting and livable ?

Do we need to explore our Solar System and beyond to ensure

Sustainability for future Generations ?

What are our Options for extraterrestrial Settlements ?
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James Webb and many other Telescopes depict seemingly

infinite number of Objects in our Universe
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The eternal Question: is there Life out there?

Carina Nebula
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The first Exoplanet Immages from the Webb Telescope
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Today we know of some 5125 exoplanets in 3794 planetary systems

Comets: mysterious Messengers from deep Space
What did we learn from Rosetta & Comet 67P/Tschurjumow-Gerassimenko (Churi)?
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We recently learned that also organic Molecules can travel

accross Solar Systems and probably Galaxies
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Examples from a July 2022 Bern University 

publication confirmed that organic (prebiotic) 

molecules survive long travels, e.g.: Sugars and 

Amino Acids, Formamide. We have know this from

Water, CO2, K, Na, H, He, HC4 et al. before

Furthermore the surprise was huge when they found:

Fragrant Molecules, such as

- Naphtalene (mothballs)

- Benzoic acid (incense) -

- Benzaldehyde (Almond flavor)

Note: the Japanese Hayabusa mission recovered material 

from asteroid Ryugu and also confirmed prebiotic material 

(publication August 2022)

→ The Chemistry of prebiotic early Earth is (seems to be) the common chemistry of our Galaxy* 
*Ref L. Snyder, Univ Illinois

What do we know about the the Star of our Life, our Sun?
What do we know about its Life-Cycle? Will it sustain our Life forever?

• Our Sun is 4.57 B years old. Its life-cycle is similar to

other stars. It burns hydrogen to helium for fusion energy

• In roughly 3.5 B years our Sun will begin to cool, 

expand and become a „Red Giant“

→ It will then successively destroy the inner planets of our Solar System, incl. our Earth

→However, this is very far in the future considering that Human life began

only some 2 – 6 M years ago and Planet Earth is roughly 3.5 B years old

Note: above numbers about the Sun were confirmed in a July 2022 Astronomy&Astrophysics publication, Creevey et. al.
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→ There is little doubt that we will have to leave our planet   

sometime in the distant future, the question is only when

→ This is independent of any other near-term catastrophies
(climate, nuclear, asteroid impact, big vulcanic outburst, etc) which

may force us to seek extraterrestrial refuges much earlier
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What do these Astrophysical Observations tell us ? 

• Our Universe is made up of almost infinite „heavenly“ bodies

• Molecules which form the basis of our life (as we know it) seem to be
abundently available in space and travel „boundlessly“ accross our Universe. 
Can we expect that other places may be habitable, or harbor life in some form ?

• Our Sun‘s limited lifetime (and Human Behaviour) will force us to
eventually look for other places to live 

If we follow Steven Hawking (human made) catastrophies give us another 100+ 
years, some others, e.g. Martin Quack, ETH Zurich, say some1000 years

→Space exploration creates options of Human destiny, life sustainability, 
and survival!
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My three Topics for Today

• Recent Astrophysics Observations and Prospects of Life

• Satellites and the Green Deal?

• Exploration efforts and long-term Human Options?

Summary and Conclusions
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Space has come a long Way!
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Some 580 

Astronauts have

been in Space, 

incl. 244 at the

ISS.        How

many in 2040?

Some 9000 (?) 

Satellites  
launched since 

Sputnik in 1957 

5000 Sats
operational today 

How many in 

2040?

The space sector could grow to 1 - 2 trillion $ by 2040+, or 500 B$ p.y. by 2030*

*Ref.: Stanley Morgan www.morganstanley.com/ideas/investing-in-space
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Private Investments into Space past 20 years are „skyrocketing“
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5.7 B$ in 2019 vs 3.5  

B$ in 2018; 

70% went to the big 4 
(Blue Origin, Space X,  

OneWeb, Virgin Galactic)

135 Startups  in total 

(+34%);

Number of investors

+46%, deals +36 %; total 

invest +61%

79 non US startups in 

2019 vs 47 in 2018

The Commercial Space „Explosion“ and „New Space“ have

accelerated Satellite/Launcher Deployments & User Applications

Data is the Gold of the 21st Century, 

Space is feeding this Gold Rush

We will launch more Satellites in the coming

10 years than in the 65 years since Sputnik
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New Earth Orbit Services feed our Economy and our Life

• Every pixel of our Planet will be digitally mapped! “Earth models” will gain precision by 

an order of magnitude and prediction of trends & disasters will improve.

Climate uncertainties will remain!

• Global Navigation Services will grow towards incredible accuracies and dependability

for almost infinite applications

• Affordable global Communication for 7 Billion People? 

Big changes on the horizon from commercial Space-based Telecom Services!
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Example: We are monitoring our Planet‘s Changes daily

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022
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Examples: Earth and Weather Observation Satellites
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Example Planet 

Labs:  

„The entire Earth, 

every Day” Some 200 

Sats in orbit @ 25 

terabytes of imagery 

every day, down to 

72 cm resolution

We all depend upon precise weather prediction for

a safer and more sustainable life and our economy.

Current Weather satellites exchange data globally!

Example: Marine Litter, Oil Spills, Water Resources identified and 

tracked from Space - Water becomes scarce and expensive! 
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(Ref: ConstellR)
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Example: Starlink Constellation by Space X
Low latency, GB speed, direct to home, aircraft, cruiseships, and business
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Example: Geely, Chinese Automaker
Plans for >1000 Satellites (130kg) to support autonomous Driving

New Space – Hype or Revolution? Any Implications for System Engineering?  Special Lecture by Prof. Dipl.-Ing. Heinz Stoewer, M.Sc.,  December 2019
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Example: Navigation & Position Determination from Space
GPS, Galileo, Glonass, Beidou, and IRNSS serve Billions of People
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Example: Our Mobile Devices will increasingly „connect to Space“
This is the next BIG thing for Satellite Communication

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022

?
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Military Space – quo vadis?

Mankind is at a juncture on how to tackle military space (even prior to Ukraine conflict)

• Will we follow the 1962/67 UN Resolution/Treaty on the „Peaceful Uses of Outer Space“? 

• Will we reinforce the capability to protect our space assets? Or even attack them?

• Are we going to see weapons in space?

Which approach will dominate the coming decades?

→ Territorial imperative? Fear of „potential“ enemies? Longing for peace?
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→ The role of Space will grow substantially! 
Space and terrestrial defense systems will be increasingly integrated & 

interoperative. Commercial Space Systems will become strong assets of

defense operations. Ambitions of some nations go far beyond Earth orbits 

The future Satellites Earth Orbit Architecture will be different!
GEO, MEO and LEO will largely merge into a seamless Space Infrastructure and become a 

growing Asset of a global integrated Space/Earth Information Service Platform

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022
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Space Services gradual Integration !

• Current „stovepipes“ – telecom, navigation, meteorology and Earth observation - will 

meld largely together into „integrated space services“. Space market shares to grow

significantly; terrestrial fibre or submarine cables (@ 30 – 50 k$ per km) can be „out-

competed“ in many market segments

• Commercial terrestrial and space services will eventually provide

one user interface, similar to electricity today

• New direct links between satellites and mobile devices will boost acceptance

of space services even more

• Earth observing data/information will mostly be shared worldwide to help slow the

growth of the human footprint and Antropocene impact. 

„Digital Twin Earth“ will make a substantial difference!
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New Space - or new Mindset?
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Everyone said, this does
not work. Then someone
came who didn‘t know
this and just did it
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But we have also messed up our Earth Orbits with lots of Debris!

“Weltraummüll“ im niedrigen 

Erdorbit

> Ø1cm: > 600000
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Debris “Market”
Euroconsult 

forecasts the 

commercial Space 

Situational 

Awareness (SSA) 

market, combining 

space and terrestrial 

systems, will grow 

from $82 million in 

2022 to about $1.4 

billion over the next 

10 years

… and the many LEO Satellites impair Astronomy Observations!

… and we are far from using green Propellants everywhere!
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To sustain Space Developments we urgently need a global Space 

Traffic Management Organization, à la IATA, with Functions like:

• Ensure safe space traffic and mitigate collision risks

• Approve space launches based upon a global policy framework

and clear criteria

• Register and track every satellite and piece of debris

• Make information publicly available

• Impose penalties upon non-cooperative operators

• Etc. etc.
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FOR SPACE !

So do (Commercial) Satellites and Sustainability

really fit together?

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022
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The United Nations 17 Sustainable Development Goals 
a Proxy for near-term Human Needs

→ Can   Space   Systems   contribute ?
Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022

The UN „Space2030“ Agenda
Space is a Driver of sustainable Development 

Three quotes from the UN General Assembly Resolution of 25 October 2021 

– Space science and technology are now intrinsic to our daily life on Earth and bring an 

abundance of unique and fundamental benefits to Earth

– We emphasize that space tools are highly relevant for the attainment of the global 

development agendas, in particular the 2030 Agenda for Sustainable Development

– … space science and technology and their applications are contributing

immeasurably to economic growth and improvements in the quality of life worldwide

→ Could the Global UN conferences on World Climate Change (Paris, Glasgow), Deserti-

fication, Ocean Health, etc have been equally successful without long-term Space data?

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022
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Can the „Green Deal“ work without Space Contributions?
Without Commercial Space?

• Global UN conferences on the health of our Planet

and subsequent political agreements without Space data?

• Energy transition without Space know-how? Without solar cells,   

fuel cells, and hydrogen know-how acquired over decades? 

Without the „end-to-end“ systems competence of space?  

• Automated driving without safe/accurate navigation and 

communication from space?  

• Etc. etc.  

→ The Green Deal and our Planet‘s Sustainability need Space

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022

My three Topics for Today

• Recent Astrophysics Observations and Prospects of Life

• Satellites and the Green Deal?

• Exploration efforts and long-term Human Options?

Summary and Conclusions
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ISS – Pathfinder for Life in Space and more! 

Disposal by 2030/31!? Disintegration earlier?
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Congratulations – ERA finally up and working

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022
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Space Station Scenarios post 2030

• US wants to „commercialize“ Human Spaceflight in LEO

• China, Russia, India likely to have/retain Space Stations

• What will be Europe‘s Posture?

- buy an appartment in a Chinese or US commercial station? 

- build a European space station? With a re-usable launcher?

- and possibly operate it together with other nations?

→ can we muster sufficient political will and funding?
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How about Space Tourism ?

• Likely to follow the Aircraft and Zeppelin examples of some 100 years ago

→ human curiosity and sense of adventure are overwhelming! Money is not the issue!

• Ballistic and orbital tourist flights will become routine, despite risk and cost; 

LEO hotels likely!

• Lunar tourism to remain limited – complex, risky, very expensive!

• Reusable „flying“ return vehicles will replace capsules! Dual use technology with

hypersonic terrestrial aircraft?

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022

47

48



08.09.2022

22

SLS and 

Artemis Mission 

Nr 1

Back to the Moon and on 

to Mars sometime in the 

2030s or 40s

Commercial Space, Human Exploration and Sustainability Challenges, Lecture 
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Artemis launch, 

despite delays, will 

evt. be successful!

Better safe than

sorry!

Artemis with Orion Capsule, European Service/Propulsion Module
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Artemis III 

South Pole 

Landing 

Options

… and then on to

„more“ on the Moon

49

50



08.09.2022

23

Human Settlements - what Options for the Future?

• Lagrange Points L4 and L5

• Moon, also as stepping stone for Mars

• Jupiter Icy Moons: Europa, Ganymede, Io, Callisto, others?

• Saturn Moons, notably Titan, may be Enceladus, others?

• Outer Planets in a second wave?

• Exoplanets (beyond our Solar system), 

to be determined in the coming decades!
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New BIG US Launch Vehicles enable Exploration Dreams

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022

Note: China is developing

similar launch vehicles

for similar ambitions

Starship Space X

SLS NASA

Artemis

New Glenn, Blue Origin
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Lots of robotic Precursor Missions underway and planned

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022

Mars once had lots of Water – would Mars support Life today?

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022
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Perseverance Rover, Ingenuity helicopter; European Return 

Vehicle for the Mars Sample Return Mission early 2030s
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Example: Dragonfly Mission (with Rotorcraft) to Titan late 2030s?
A Follow-on to Cassini Huygens in 1997/2005

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022
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We need a “balanced“ affordable Exploration Approach?

• What kind of balance between robotic and human exploration? 
…. in view of advancing sensor, processing, AI, 
& communication technologies, limited budgets?

• Lunar Exploration could become routine if the political support remains unwavering - but 
will remain risk prone!

• Human missions to Mars need faster (nuclear) propulsion, human genetic adaptations (?), 
and a step by step approach, à la Apollo/Artemis! 

• → One-way travel or Mars Colonies should be disallowed!! Such missions are unethical

until we have safe two-way transportation and a local infrastructure in place

PS: Commercial prospects for Moon and Mars exploration are limited, but is this important?
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ESA „Agenda 2025“ - great Ambitions and some Answers!
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What we need is Star Trek  - will it ever be realized?
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My three Topics for Today

• Recent Astrophysics Observations and Prospects of Life

• Satellites and the Green Deal?

• Exploration efforts and long-term Human Options?

Summary and Conclusions
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It is difficult to make Predictions, 

especially about the Future
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„Even the Future was better in the Past“ 

Commercial Space and short-term Sustainability ?

• Space Services for Life on Earth have become omnipresent

→ immagine a day or a week without satellites ?

• Commercial Space assets support our economy and are important innovation drivers

→ Space services contribute strongly to UN Sustainable Development Goals 

and Europe‘s Green Deal
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Space Exploration and long-term Sustainability?

• Lots of fascinating robotic exploration missions underway and 
planned, e.g. JWST, Clipper and Juice to Europa & other Jupiter Moons, several

Astrophysics and Solar missions

• Artemis, great Human venture to explore Moon/Mars;

China, India also invest in Human spaceflight, incl. Moon/Mars

• Europe to decide 2023 (?) on approach for Human spaceflight

→Long-term Human Sustainability needs are not generally
recognized as motivation for exploration

→ Incidentally Space Developments are in a phase similar to Aeronautics

some 100 years ago; big synergies anticipated with hypersonic flight
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Two final Philosophical Reflections
Our Human Outpost in Space works admirably well despite political Upheavels!

Why can we not work together on Earth as we can in Space?
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Two final Philosophical Reflections
Do we need an extraterrestrial Threat to understand our

responsibility for managing and preserving this Planet?
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Who knows what kind of life

may be out there?

If we Earthlings will not be

united and prepared for the

discovery of extraterrestrial life, 

what will happen?

,

My Messages to our Students

1. There is no Alternative to Sustainability

2. Make Space an overarching peaceful Tool for managing our Planet

3. Build a strong and independent Europe

able to decide its own Destiny

PS: Space offers almost infinite Opportunities for professional Growth and personal Satisfaction

Commercial Space, Human Exploration and Sustainability Challenges, Lecture @ receiving the Netherlands (NVR) Space Award, TU Delft, 7. September 2022

67

68



08.09.2022

31

Thanks for your Attention !

Thanks for this exceptional Award !
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Let’s take good care of this Planet – we do not (yet) have a second one!

Morea / Tahiti
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