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Using the 
International Space 

Station

Operating in the Lunar 
Vicinity (proving 

ground)

After 2030

Leaving the Earth-Moon 
System and Reaching  

Mars OrbitNow
2020s

Phase 0

Continue research and 
testing on ISS to solve 
exploration challenges. 
Evaluate potential for 
lunar resources. Develop 
standards.

Phase 1

Begin missions in 
cislunar space. Initiate 
next key deep space 
capability.

Phase 2

Complete next deep 
space capability and 
checkout.

CREATING ECONOMIC OPPORTUNITIES, ADVANCING TECHNOLOGIES, AND ENABLING DISCOVERY

EXPANDING HUMAN PRESENCE IN PARTNERSHIP

ISS

Deep space 
gateway



Economic reasons: too expensive without a tangible economic return

First and foremost: 

We don’t have the complete and required knowledge to 
deal with Space effects

And, as a consequence,

We don’t have the complete technological toolbox to 
use Space as a working environment!
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Travel

Survive

Move

Live

Image Credit: Ryan Nagata

ESA's Moon village concept



Altered Gravity

Isolation/Confinement

Hostile/Closed 
Environments

Space Radiation

Distance from Earth 



8





10



11



12

And a lot of new and improved materials
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The ISS is a unique laboratory: Altered forces and remoteness give rise

to different physical phenomena at all scales, different

cellular/organs/body responses, altered psyche and brain activities

It is well known that materials’ properties depend strongly on processing, microstructures, and

environmental conditions.

ISS allows to have microgravity conditions, it means no buoyancy ( or reduced, altered), no

buoyancy-driven convection, no sedimentation, increased interfacial phenomena, and diffusion-like

regimes.

These environmental conditions determine the structure and defects of electronic and photonic

materials, glasses, ceramics, foams, alloys, polymers, and biomaterials.

In microgravity or altered gravity, new materials could be created and studied against: nucleation,

microstructure prediction, phase separation, chemical kinetics, growth and defects control.

https://issuu.com/homospaciens/docs/space-manufacturing?ff=true

https://issuu.com/homospaciens/docs/space-manufacturing?ff=true


The ISS provides many facilities/modules for tests and scientific experiments 

that will enable future Human Space Exploration.

• Advanced Biological Research

System (ABRS) [NASA]

• Bioculture System Facility [NASA,

Commercial]

• BioLab Experiment Facility [ESA]

• Bone Densitometer [NASA,

Commercial]

• European Modular Cultivation

System (EMCS) [ESA, NASA]

• Expose Experiment (Expose) [ESA]

• KUBIK [ESA]

• Mouse Habitat Unit (MHU)

[JAXA]

• Plant Habitat [NASA]

• Saibo Rack (Saibo) [JAXA]

• TangoLab-1 [NASA, Commercial]

• TBU-N Low-temperature incubator

[Roscosmos]

• TBU-V High-temperature incubator

[Roscosmos]

• Vegetable Production System

(Veggie) [NASA]

• WetLab-2 [NASA]



The BioLab Experiment Laboratory (BioLab) [ESA] allowed and will allow after

refurbishment for space biology experiments on microorganisms, cells, tissue

cultures, small plants and small invertebrates. It is then possible to study the effects

of microgravity and radiation on biological samples. Those studies will pave the way

for elaborating healthcare strategies and, when needed, countermeasures.

KUBIK [ESA] is a module composed of a thermal chamber that allows for both 

heating and cooling samples. It operates from 6°C to 38°C with stability of 0.1°C. It 

can be equipped with inserts containing biosamples and it has a dedicated 

centrifuge insert for bioseparation

Life sciences represent one of the main axes of research in Space.

Increasing knowledge of biological processes will allow us to understand

the possibility and limits of long-lasting missions for humans and also

shed light on various morbidities for getting better healthcare on the

ground. The ISS is equipped with many bio-facilities

FLUMIAS is a high-resolution fluorescence microscope for live-cell imaging. It

provides a view inside cells of the human body and other living things with high

temporal and spatial resolution. The innovative technology of structured

illumination allows for fast scanning of image planes at very high resolution. Three-

dimensional models and video sequences can be created by processing several

image planes.

Image 1/2, Credit: Universität Magdeburg. 



Human Physiology and Adaptation Research 

Muscle Atrophy Research Exercise System (MARES) [ESA] is used for research on musculoskeletal, biomechanical 

and neuromuscular human physiology better to understand the effects of microgravity on these related systems. 

Percutaneous Electrical Muscle Stimulator (PEMS) [ESA] is a portable, self-contained neuromuscular research

device that may be used stand-alone or in conjunction with other physiological instruments. The purpose of this

device is to deliver electrical pulse stimulation to non-thoracic muscle groups of a human test subject, thereby

creating contractile responses from the muscles.



Physical sciences include various experiments from fluid physics to

colloids, proteins, gels, granular matter, and many other fundamental

phenomena. Material Science is also a relevant topic included in the

domain of Physical Sciences

The Materials Science Laboratory (MSL) [ESA] is a general-purpose facility allowing 

for studies in solidification, crystal growth (Bridgman and zone melting), and 

measurement of thermophysical properties of materials. 

EDR2 is a general facility enabling different classes of experiments. 

Heat transfer Host is a facility included in EDR2, allowing for studying phenomena 

related to heat and mass transfer 



Phd student Laura Borella, Universitè Libre de Bruxelles, Brussels, 15/10/2022

The Rachid rover will be 

launched in early November 

2022

Fig. 6: Rachid rover of 
ELM

ELM is the first lunar mission of the United Arabs Emirates. It 

was developed at the Mohammed Bin Rachid Space Center

(MBRSC)

ULB coordinates the science team investigating materials’ 

interaction with the lunar regolith. It involves ULB, ESA, York 

University, Khalifa University, Cambridge University
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2 levels of spikes

<17°C
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Phd student Laura Borella, Universitè Libre de Bruxelles, Brussels, 15/10/2022 The lunar temperature challenge is a

(for fun) competition between ULB and

MIT for the best dynamic assessment of

the regolith temperature without using

electronics



So still a long way to reach the “Star 
Wars” point, but we should never 
forget that……

21



22


