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In the 19th century, Luxembourg built its econ-
omy around the iron and steel industries. More 
than 150 years later, the small European nation 
is looking again to minerals as a source of eco-
nomic development. But, rather than going un-
derground, the Grand Duchy is gazing skyward.

In February 2016, the Luxembourg govern-
ment announced the SpaceResources.lu initia-
tive that would position the country as the Euro-

pean hub of space-resource utilization. “Space mining 
could really be the next big thing for 
Luxembourg,” says Étienne Schnei-
der, the country’s deputy prime min-
ister and minister for the economy. 
“It’s not a question of whether space 
mining will become a reality, it’s a 
question of when, and we want to be 
at the forefront.”

Key to the program is a legal and 
regulatory framework that will guar-
antee private companies the right to 
keep any minerals, water or other 
valuable commodities that they ex-
tract in space. Luxembourg’s law also 
sets out the procedures for authorizing and supervising 
missions to explore, extract, process and utilize space 
resources. It is expected that the law will go into effect 
by the middle of 2017.

Already, Planetary Resources and Deep Space Indus-
tries, two of the largest players in the galactic gold rush, 
and both based in the United States, have started their 
European operations in the country. Recently, ispace, a 
Tokyo-based lunar robotic–exploration company also set-
tled in Luxembourg. The government has also pledged 
about €200 million to support research grants and equity 
investments in these and other space-mining fi rms.

RISKS REAP REWARDS
The notion of Luxembourg becoming a global launch 
pad for space-rock mining might sound like pie in the 
sky, but the country has a long and successful history 
of reinventing its economy. Before the industrial revo-
lution, Luxembourg was largely an agricultural society. 
The discovery of iron ore spawned a powerful steel in-
dustry that, at its height, was ranked among the largest 
in Europe. Then the oil crisis of the 1970s hit, prompt-

THE GRAND DUCHY GOES GALACTIC

ing Luxembourg to shift focus once again, this time to 
fi nancial services and, in something of a gamble, satel-
lite technologies.

Both moves paid off. Luxembourg is now the lead-
ing private banking center in the Eurozone, the largest 
investment fund center in Europe and home to several of 
the world’s largest commercial satellite operators (See 
‘Satellite Synergy.’). And although the fi nancial sector 
remains the cornerstone of the economy, the aerospace 
industry now accounts for approximately 1.8% of Lux-

embourg’s gross domestic product — 
the highest level of any country.

“As a small country, we have al-
ways taken risks and we have always 
succeeded in these endeavors,” says 
Schneider, who has the same opti-
mism for space mining.

SPACE MINERS
From around 30 companies in Lux-
embourg’s space sector, there is a vast 
pool of talent and expertise in satel-
lite telecommunications to draw on 
for the development of probes capa-

ble of extracting resources from the Moon or from the 
thousands of asteroids, meteoroids, comets and other 
near-Earth objects that pass within our solar system. 

The fi rst asteroid-prospecting missions are expected 
within the next three years. Eventually, celestial-mining 
fi rms hope to harvest materials that can be processed in 
space and then used for on-site construction, to sustain 
human life in space or, in the very long term, shipped 
back and sold on Earth.

Schneider is laying the groundwork for a national 
space agency. Luxembourg already partners with the 
European Space Agency and the U.S. National Aero-
nautics and Space Administration on many scientifi c 
programs (See ‘One Giant Leap for Mass Spec.’), but 
Schneider wants to create an agency that can fuel the 
business side of space activities, such as turning aster-
oids or the Moon into economic opportunities.

“The aim,” he says, “is not space exploration, but space 
utilization.” And with around 50 foreign companies and 
research institutes having already knocked on Schneider’s 
door since he announced the space-resources initiative, 
he says, “I think we’re on the right track.”

From agriculture to outer space, and much in between, 
Luxembourg empowers innovation  By Elie Dolgin

“THE AIM IS 
NOT SPACE 
EXPLORATION, 
BUT SPACE 
UTILIZATION.”
— ÉTIENNE SCHNEIDER

sa0617LuxembourgOnsert.indd   2 3/31/17   5:38 PM



By the end of 2017, a satellite unlike any other will be orbiting the Earth. Posi-
tioned at 21.5° East to cover Europe, the Middle East, Africa and adjoining bodies 
of water, the GovSat-1 geostationary satellite will provide secure communica-
tions for the North Atlantic Treaty Organization and other friendly governments 
and multinational alliances. It’s the fi rst time a Luxembourgish public-private 
partnership has ever produced a satellite purpose-built for the defense and 
security markets.

GovSat-1 is the product of a joint venture between the Luxembourg govern-
ment and the world’s largest satellite fl eet operator, SES, which is headquartered 
in Luxembourg’s Betzdorf Castle. Each put up €50 million, with an additional 
€125 million in loans, to fund the satellite and the ground infrastructure re-
quired for command-and-control services.

The satellite will use dedicated military frequencies as well as high-powered 
and fully steerable spot beams to help governments and multinational bodies 
meet defense and security needs. “We are providing some of the most advanced 
security features for our users,” says GovSat chief executive, Patrick Biewer, who 
expects the company’s satellite to last for at least 15 years.

SATELLITE SYNERGY

ONE GIANT LEAP 
FOR MASS SPEC
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Whether for monitoring air quality in 
a spacecraft or searching for signs of 
life on Mars, mass spectrometers have 
become a stalwart of space exploration. 
Yet, most of these instruments remain 
fairly bulky, often the size of about two 
washing machines.

Over the last fi ve years researchers 
at the Luxembourg Institute of Science 
and Technology (LIST) have developed 
a suitcase-sized device called FieldSpec 
(shown above) for monitoring the qual-
ity and characteristics of water supplies 
on Earth. Now, they are working with 
scientists at the U.S. National Aeronau-
tics and Space Administration (NASA) 
to adapt the portable system for use in 
outer space.

The collaboration is a natural fi t, 
says project leader Tom Wirtz, who 
heads the advanced instrumentation for 
ion nano-analytics group at LIST. “We 
know the technology, and the guys at 
NASA know the applications.”

The joint project, dubbed MS-
SPACE, aims to explain some of the big-
gest mysteries in planetary science and 
astrobiology, such as the evolution of 
our solar system, the origin of planetary 
atmospheres and whether life exists on 
other worlds.
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LUXEMBOURG:  
A PINT-SIZED POWERHOUSE.
Nestled between Germany, Belgium and France, Luxembourg is 
small but diverse. Luxembourgers make up only about half of the 
country’s nearly 600,000 residents, and the others come from more 
than 170 countries, creating a multilingual, international culture.

SKYROCKETING SCIENCE
in LUXEMBOURG
Well-trained scientists, engineers and others fuel this  
hyper-connected, enterprising country’s widespread  
science and technology efforts and industries. An  
agricultural launch followed by a blast from the steel  
industry burst into today’s dazzling array of industries, 
which range from aerospace to telecommunications.

Sources: 1) IMD 2016 World Competitiveness Ranking  
2) ExPat Insider’s Working Abroad Index 2016  
3) World Economic Forum. “�e Inclusive Growth and Development Report 2017” 

LUXEMBOURG’S TOP-TIER METRICS
« Top-five for competitive economies in the EU1

« Ranked #1 worldwide for working abroad2

« Ranked #2 in the worldwide inclusive development index3

LUXEMBOURG’S TOP-TIER TECHNOLOGY
« Ranked #1 worldwide for technological readiness1

« Ranked #2 worldwide in talent attraction & #3 in talent retention2

« Highest density of tier IV data centers — the most robust — in the EU
 «  Top-five in Foundations — indicative of an innovative biotechnology  

hotspot — in the 2016 Scientific American Worldview 
« 98% of households have 100 Mbps Internet connections

Sources: 1) World Economic Forum. “Global Competitiveness Index 2015” 
2) INSEAD. “�e Global Talent Competitiveness Index 2017” 
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AHEAD IN THE CLOUDS
Luxembourg is banking on a blend of high-performance technologies 
to boost business across Europe   By Bill Cannon

Long before technologist Björn Ottersten 
went to Luxembourg, the country came 
to him over the airwaves. As a teenager 
in Sweden, Ottersten — who now directs 
the University of Luxembourg’s Interdis-
ciplinary Centre for Security, Reliabili-
ty and Trust (SnT) — would sit up late 
listening to pop music on a radio station 

from Luxembourg. “The country was really the fi rst in 
Europe to deregulate broadcast communication,” he 
says. “And today, RTL, Radio Television Luxembourg, is 
the biggest broadcaster in Europe.”

Rather than wait decades for another industry to 
grow organically and spill over to the rest of the con-
tinent, Luxembourg is positioning itself as the center 
of a new kind of broadcasting industry: big data. In 
2016, the Ministry of the Economy announced that the 
country would be developing “a pan-European HPC 
[high-performance computing] and big-data ecosys-
tem” that will allow data transfer across borders and the 
use of “a set of innovative smart software applications.”

The plan, called the IPCEI (for “important project 
of common European interest”), will set up network 
and test applications — including ones for industries 
such as fi nance and transportation — around Lux-
embourg, which takes a leading role, and its IPCEI 
founding-partner nations: France, Italy and Spain. The 
project is part of a larger, €6.7 billion European Union 
effort, the European Cloud Initiative.

Jorge Sanz, on leave from his role as director of 
National University of Singapore’s Business Analytics 
Center and FinTech applied researcher with more than 
20 years in Silicon Valley, will set up shop at the Luxem-
bourg Institute of Science and Technology. He describes 
the cloud “as an economic pillar, not a technology — a 
distribution mechanism of services lowering the cost 
for every organization to participate in new economic 
ecosystems.”

He likens the coming information service age to 
the electrical grid, but rather than delivering power, 
the network would deliver intelligence to support de-
cision-making on demand. “Imagine you could extract 
things that you need for your own industry application 
the way you plug in a lamp at home,” Sanz says. “It’s a 
different way of consuming, billing and paying than 
what we do today.” 

He adds, “This service network is the new intelli-
gent infrastructure for differentiation in a country. Fi-
bers and computing are no longer the digital infrastruc-
ture that matters to economic growth.” 

Ottersten notes that Luxembourg’s government has 
a long history of supporting information communica-
tions technology, and, he says, it has identifi ed the in-
dustry as an important area to diversify the economy. 
Today, global brands like Amazon or PayPal are operat-
ing out of Luxembourg.

Luxembourg government offi cials “started by in-
vesting in infrastructure, the communications networks 
— optical-fi ber backbone and access networks,” Otter-
sten explains. “Luxembourg has one of the world’s high-
est penetrations of fi ber to the home, and a lot of data 
centers have grown up as a consequence.” Luxembourg 
also has Europe’s highest concentration of tier IV data 
centers, which are the largest and most secure. And that 
infrastructure will continue to help to spur private in-
vestment in research. 

The University of Luxembourg’s Interdisciplinary 
Centre for Security, Reliability and Trust also fuels R&D 
in Luxembourg. For example, its scientists collaborate 
with experts at 32 private and public organizations, and 
the technology transfer offi ce focuses on turning re-
search into innovative realities across the country.

As Ottersten says, “The future of the economy is 
very much going to be data driven, and Luxembourg 
wants to be perceived as a safe and secure place to put 
your data and your data-based services.”
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Looking out his offi ce window, Marc Schil-
tz sees two renovated blast furnaces, re-
minders of Luxembourg’s heritage and 
symbols of its future. The furnaces sit at 
the heart of the Belval innovation cam-
pus, a research and development center 
and the result of 10 years and €1 billion 
in investment. 

Schiltz runs the Luxembourg National Research 
Fund (FNR), the country’s main public research fund-
ing organization, which also advises Luxembourg’s gov-
ernment on science and research policies. But his in-
stitution is one of many. Belval contains the University 
of Luxembourg, which was founded in 2003, and now 
ranks among the top-200 universities globally, along 
with Luxinnovation, an agency that sponsors industry 
collaboration; the Luxembourg Institute of Science and 
Technology; the Luxembourg Institute of Health; the 
Luxembourg Center for Systems Biomedicine; and the 
Interdisciplinary Centre for Security, Reliability and 
Trust, among others.

A physicist, Schiltz returned to his native country 
fi ve years ago to lead FNR, drawn by Luxembourg’s 
commitment to research excellence. Almost none of this 
innovation ecosystem existed 20 years ago, he says. “To 
attract innovative businesses to Luxembourg, we had to 
build up an entire system — to set up public research 
capabilities and a university to train our future scien-
tists, engineers and business leaders. It was a long-term 
plan — but it had to move very fast.” 

FNR, which has an annual budget of about €70 
million, supports more than 40 industry-academia col-
laborations, working both with traditional partners, in-

cluding Goodyear Tire and 
Rubber and the steelmak-
er ArcelorMittal, and many 
smaller fi rms. “We allocate 
funding to research programs 
only after systematic quality 
control, which we do through 
our peer-review system with 
the help of international ex-
perts,” Schiltz says. “We want 
to rapidly gain international 
excellence in a number of re-
search priority areas, aligned 

with the economic development priorities of Luxem-
bourg.” FNR also works with Luxinnovation, which of-
fers a range of practical support services for the country’s 
thriving startup scene, including an incubator facility. 

“More and more, our researchers are being contact-
ed by companies from abroad, which is a good sign that 
some of our research efforts have gained international 
visibility,” says Schiltz. 

A GOOD GRIP ON MATERIALS
With its deep roots in steel production, Luxembourg has 
long invested in materials research. In 2016, the Lux-
embourg Institute of Science and Technology (LIST) 
launched a national center for research on composite 

GAINING 
TRACTION 
IN THE FAST 
LANE
Luxembourg builds world-
class collaborations in 
materials, biomedicine 
and other targeted fi elds
By Eric Bender

“More and more, 
our researchers 
are being contact-
ed by companies 
from abroad, which 
is a good sign 
that some of our 
research efforts 
have gained inter-
national visibility.”
— MARC SCHILTZ
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Modeling Microbial Interactions
Biomedical scientists around the world race to study 
how microbes in our intestines might help to drive 
neurological disease, autoimmune conditions and many 
other illnesses. But it’s fi endishly diffi cult to measure the 
interactions between microbial cells and their human 
counterparts. Working at the Luxembourg Centre for 
Systems Biomedicine, which is at the  University of Lux-
embourg, microbial ecologist Paul Wilmes attacked this 
challenge with technology — the Human-Microbial Cross-
Talk (HuMiX) research model, which is a novel organ-on-
a-chip developed in collaboration with colleagues at the 
University of Arizona in Phoenix. 

HuMiX consists of three chambers: one carries fl uid 
through the device, one allows the culture of human ep-
ithelial cells and one allows the culture of bacteria under 
conditions representative of those in the gut. Scientists 
can insert human cells from individuals and a particular 
species of bacteria. Molecules fi lter between the layers, 
and the impact of the bacteria on the human cells can be 
assessed using high-resolution molecular measurements. 
For example, scientists can measure changes in the activ-
ity of human genes caused by the bacteria. In short, this 
device lets scientists analyze the interactions of human 
cells and microbes in unprecedented detail.

materials, a joint venture funded by government and 
industry for up to €100 million over fi ve years.

Also in 2016, Goodyear, a regular collaborator with 
LIST, announced a fi ve-year partnership program for tire 
development. “This is the biggest R&D public-private 
partnership in Luxembourg, and a blueprint for these part-
nerships,” says Aziz Zenasni, LIST’s director of programs.

“We can offer Goodyear expertise and competencies 
in work with new materials that will be the basis for the 
next generation of tires,” he says. Goals include the cre-
ation of alternative materials for tire fi llers and treads, 
such as a wet-conditions pattern (shown at left), as well 
as the improvement of manufacturing processes and 
trendspotting within the market. One major theme is 
advanced characterization and testing of new materials, 
exploiting LIST’s state-of-the-art facilities.

In the emerging era of connected and autonomous 
vehicles, the program’s goals go beyond improving tra-
ditional metrics of tire performance. “The trend is also 
to introduce some intelligence in the tire, connecting it 
to other components in the car and to the roads,” Ze-
nasni says. “For instance, we are studying how to embed 
nanoparticles that provide rapid and reliable informa-
tion about the performance of the tire or the behavior 
of the driver.”

BUILDING BIOMEDICINE SYSTEMS
Like three-quarters of the researchers in Luxembourg, 
Rudi Balling is not a native of the country. But in 2009, 
the prominent geneticist got an offer he couldn’t refuse: 
to set up a biomedical research center at the  University
of Luxembourg from scratch. “‘Here is a white sheet of 
paper,’ they told me. ‘Just do biomedical research with a 
focus on systems biology,’” Balling recalls.

Now, he says, the Centre for Systems Biomedicine 
has 15 principal investigators, more than 220 people 
and an interdisciplinary research program where ex-
perimental biology meets computational biology meets 
translational medical research under one roof,

About half of the center’s focus is on Parkinson’s 
disease. As part of that effort, the center has joined with 
other research groups in the National Centre of Excel-
lence in Research on Parkinson’s disease, where a main 
initiative is to leverage systems-biology tools to improve 
early diagnosis.

The center’s investigators can pick their own topics 
for the other half of their research. One early example of 
dual payback from this approach comes from microbial 
ecologist, Paul Wilmes, who was recruited to explore the 
role of intestinal microbes, both in general health and 
disease, including Parkinson’s. Wilmes and his co-work-
ers devised a microfl uidic system for studying all these 
microbes, which make up the so-called gut microbiome 
(See ‘Modeling Microbial Interactions.’).

From blast furnaces to biomedical technology, sci-
entists in Luxembourg keep working together.
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In 2011, Jeremy Rifkin, an Amer-
ican economic and political 
theorist, published The Third 
Industrial Revolution: How 
Lateral Power is Transforming 
Energy, the Economy, and the 
World. This book explains that 
a successful and sustainable 

economic paradigm shift requires a 
communication tool, energy sources 
and modes of transportation. Rifkin 
has been an advisor to many nations 
in the European Union, but Luxem-
bourg is the fi rst to adopt his strate-
gy as a whole country. Tom Eischen, 
government commissioner for ener-
gy, notes that Rifkin “succeeded in 
opening minds,” in part by pointing 
out how “energy, mobility and digiti-
zation will change the future.”

Luxembourg used Rifkin’s phi-
losophy to develop a national stra-
tegic plan to prepare for the future. 
The Third Industrial Revolution in 
Luxembourg defi nes a long-term eco-
nomic model based on technological 
advances in three areas: communica-
tion, energy and transportation. 

The strategic study, released in 
November 2016, is a collaboration 
between the Ministry of the Econo-
my, the Chamber of Commerce and 
IMS Luxembourg (a network of orga-
nizations and businesses dedicated to 
corporate responsibility), and many 
more sectors of the country partici-
pated in its development. Carlo Thel-
en, director general of the Chamber 
of Commerce, explains that in creat-
ing the plan they took a “bottom-up” 
approach that was open and inclu-

sive. Nearly 300 stakeholders, from 
academia, business and government, 
participated. They were organized 
into topic-specifi c working groups, 
including ones focused on energy, in-
dustry, mobility and other areas.

An “energy internet” makes up a 
key component of the strategic plan. 
“Renewable energy sources, like 
wind and sun, are not controllable,” 
Eischen explains. “The future elec-
tricity system will have to manage 
situations of high demand and high 
supply in a different way, and this will 
only work through smart and digi-
tized grids: the energy internet.” As a 
fi rst step, Luxembourg’s government 
and national distribution–system op-
erators are deploying smart metering 
systems across the country, which can 
send data about electricity and gas 
usage to a centralized system. 

Pending projects include pro-
moting electric and emission-free 
personal vehicles, establishing a road 
map for sustainable food produc-

tion and developing technological 
platforms that work for industrial 
and public research. In addition to 
government-sponsored projects, the 
Chamber of Commerce is assisting 
businesses with digitization and en-
ergy transition. As an example, Thel-
en points to Tarkett, a company that 
manufactures fl ooring and sports sur-
faces. Recently, the company invested 
in printing technology that custom-
izes a product with a unique design, 
and still quickly executes an order. 
Tarkett also adopted a new business 
model: customers rent carpet tiles 
rather than purchasing them. Tarkett 
installs the product, and eventually 
retrieves it for recycling at the end of 
the rental period.  

The strategic study was mere-
ly the beginning. Thelen says: “I do 
believe that the most exciting part is 
still to come. The process of setting 
up a nationwide strategic study has 
proven to be a key element in turning 
the ideas and measures into reality.”

SHAPING 
A SHIFT IN 
LUXEMBOURG 
Turning Jeremy Rifkin’s 
Third Industrial 
Revolution into reality    
By Martha Kempner  
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