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Editorial

BY DOMINIQUE MASSIOT, DIRECTOR OF CNRS’S 

INSTITUTE OF CHEMISTRY

A key issue facing society today is 
 energy transition, the conversion from 
the near-exclusive use of fossil fuels to a 
mix of primarily renewable sources. Such 
a transition represents a huge scientific 
and technological challenge. 

We know how to produce electricity, 
heat, and hydrogen, yet the efficient stor-
age of these three forms of energy  
remains problematic, affecting the viabil-
ity of intermittent sources (wind, solar, 
etc.) in the energy mix. Increasing yields 
and controlling the storage time factor 
have become priorities for the research 
community, which needs to find eco-
nomically feasible solutions amid fierce 
global competition. 

This issue of CNRS International 
Magazine looks at the potential energy 
storage methods being investigated by 
CNRS teams, as well as the latest advances 
made by our researchers in various disci-
plines. These examples show that scien-
tific and technological breakthroughs 
most often stem from multidisciplinary 
efforts allowing both academic and in-
dustrial researchers to join forces and 
combine their know-how.

In France, CNRS and the Ministry of 
Higher Education and Research jointly 
founded the RS2E,1 a national research 
and technology network on electro-
chemical energy storage. It provides  
a well-organized and stimulating  
collaborative framework for the  
country’s research partners in the highly-
competitive field of energy storage.  
The objective of this network is both 
simple and ambitious: structuring  
research to bring France to the forefront 
in these future technologies, and foster-
ing cooperation and dialogue between 
academic and industrial partners 
throughout each phase of the research 
and development process.

01. Réseau sur le stockage électrochimique de l’énergie.
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2014 SCIENTIFIC  
FILM FESTIVAL: 
Submit your Entry
w� Launched in 1997, and operating 
in its current form since 2008,  
the Researcher’s Film Festival (Festival 
du Film de Chercheur) has been a 
tremendous success, drawing more than 
5000 viewers in 2012. Hosted jointly by 
CNRS and Lorraine University for the 
stated purpose of promoting research 
findings and making them better known, 
understood, and appreciated, the event 
makes imagery, in the form of scientific 
films, the focal point for contact and 
dialogue between researchers and the 
general public.

In 2013, the Festival went “on the 
road,” giving researchers and filmmakers 
the opportunity to meet the public and 
show their films in some 20 cities and 
towns throughout the Lorraine region 
(eastern France). In 2014, a best film 
competition will be held during the 
Festival, which will take place in the city 
of Nancy on June 10-15. 

The competition is open to all 
researchers worldwide. If you are a 
researcher and have actively participated 
in writing, directing, or producing a 
scientific film, please submit your entry. 
The only restriction is that all foreign films 
must be subtitled in French.

The official call for submissions  
will be posted on the festival’s website  
on September 15, 2013, along with 
registration forms and participation 
conditions. Prizewinners will be 
announced in June 2014 in Nancy.

 ONLINE:.
> www.filmdechercheur.eu 
> contact@filmdechercheur.eu 

w�  On April 12, a building endowed with 
remarkable properties was inaugurated  
at CNRS’s Institut Néel in Grenoble, in the 
presence of France’s Minister of Higher 
Education and Research Geneviève Fioraso, 
and CNRS Chief Research Officer Joël 
Bertrand. Dedicated to research in 
nanoscience, the facility is designed to 
reduce as much as possible the effects of 
mechanical vibration and of electrical, 
acoustic, thermal, hygrometric, and 
magnetic interference on experiments 
carried out on site. The building, which is 
unique in Europe, represents an investment 
of €17 million and is a key asset for research 
in fields as diverse as quantum information,  
crystal growth, microscopy, optics,  
and nanofabrication. 

q Opening 
ceremony (bottom) 
of the nanoscience 
building (top) at the 
Institut Néel on  
April 12. 
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Patrick Couvreur, 
European Inventor 
of the Year…
w� On May 28 in Amsterdam (Netherlands), biopharmacist Patrick 
Couvreur and his team from CNRS and the Paris-Sud University received 
the European Patent Office’s European Inventor Award. They won the 
accolade for their pioneering work on drug delivery nanocapsules. In 2012, 
Patrick Couvreur had already been awarded the CNRS Medal of 
Innovation.

…and Other Awards
w� The economist Thomas Piketty from PSE1 received 
the Finnish Yrjö Jahnsson Award for his original 
contributions to economics, specifically the study  
of inequality and mobility. 

�Antoine Joux, a researcher at the “Parallelism, 
Networks, Systems and Modeling” laboratory,2 was 
awarded the Gödel Prize for his cryptography model.  
He is the second French researcher to receive the prize,  
which rewards outstanding work in theoretical computer science.  

01. Paris-Jourdan Sciences Economiques (CNRS / EHESS / ENS / École des ponts ParisTech / Inra). 
02. CNRS / UVSQ. 

q Patrick Couvreur 
receiving the 
European Inventor 
Award. 

q Thomas Piketty 
(left) and Antoine 
Joux (right).

A New Home 
for Nanoscience
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Marine Biology
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CNRS Filed More Patents in 2012

w� The French National Institute of Industrial Property 

(INPI) has published the 2012 list of France’s main 

patent filers. With 414 patents, CNRS is fifth, moving up 

one place since last year’s ranking. PSA Peugeot Citroën is 

still the French leader in applications. “CNRS’s progress in 

this field is the result of an awareness-raising policy that 

encourages our researchers to take up a more proactive 

entrepreneurial approach,” says Pierre Gohar, director of 

CNRS’s Innovation and Business Relations department. 

“This has also resulted in strong growth in industrial 

partnerships, and consequently in innovation transfer.” 

O
n May 19, the scientific research vessel Tara set off on a voyage around the Arctic Ocean as 
part of the Tara Oceans Polar Circle expedition, which involves many CNRS researchers. For 
six months, the schooner will cover a distance of 25,000 kilometers while collecting polar plankton. 

On Tara’s last expedition, the scientists were unable to visit the Arctic on their mission to collect plankton 
from around the world. Other issues specific to the region, such as the vulnerability of polar biodiversity, 
will also be investigated. Tara Oceans Polar Circle is run in collaboration with the Arctic countries, together 
with French fashion house agnès b. and the Prince Albert II of Monaco Foundation. 

  The Oceanomics project, coordinated by the “Adaptation and 
Diversity in the Marine Environment” research unit,1 was launched 
last March. Its goal is to analyze the large amount of plankton data 
collected between 2009 and 2011 by the Tara Oceans expedition. The 
researchers will use DNA sequencing and ultra high-speed imaging 
to gain in-depth knowledge of plankton biodiversity. These findings 
will then be used towards projects focusing on areas like ocean eco-
system mechanisms, applied research into pharmaceuticals, and 
biofuels. Funded to the tune of €7 million over a period of seven years 
as part of the Investments for the Future program, Oceanomics will 
bring together ten academic and six private-sector partners. 

01. CNRS / UPMC. 

©
 L

A
N

IA
K

.C
O

M

Tara: a New Mission 
to the Arctic…

q Molluscs collected during the Tara Oceans mission.   

special issue i

W� In May, Ecology Letters published a special issue 

dedicated to the ecological impact of man-induced 

global environmental change including habitat loss and 

fragmentation, pollution, invasive species, and climate 

change. It is based on contributions made during an 

international meeting organized by CNRS and Ecology 

Letters in June 2012. This special issue illustrates the 

need to use a multidisciplinary approach to understand 

the ecological impact of global change, and to predict 

its effects on species persistence and biodiversity.

 SPECIAL ISSUE:. 
>  Ecological Effects of Environmental Change. 

Eds: Marcel Holyoak and Michael Hochberg. Publishers: CNRS and 
Wiley. Ecology Letters, 2013. Volume 16, Issue Supplement s1.

Global Environmental Change

q During the polar 
expedition, the Tara 
schooner will cover 
some 25,000 
kilometers. 
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INTERVIEW BY CNRS INTERNATIONAL MAGAZINE

You often express your pride in the fact that France  
is ranked sixth in the world for scientific research.  
What kind of margin does the country have for  
future progress?
Geneviève Fioraso: Our country has excellent standards of 
research, reflected by the number of French researchers who 
have won the Nobel Prize, the Fields Medal, and European 
Research Council awards. We can be proud of the achievements 
of our fundamental research teams in major scientific 
undertakings like the Curiosity Mars Rover, the search for the 
Higgs boson at CERN, and the fight against AIDS, in which we 
rank second in number of publications after the US, with one-
hundredth the budget. Today, CNRS is by far the world’s largest 
single publisher of scientific papers.

All of this places France sixth in the world in terms of  
scientific publications. On the other hand, we only rank 15th  
in innovation. This gap gives a clear indication of the work that 
still remains to be accomplished to transform our laboratories’ 
impressive discoveries and inventions into innovations and 
drivers for progress. Research must not only be a source of pride 
for our country, but also a key to its future.

The world’s emerging countries are playing  
an increasing role in science. Does France maintain  
sufficient cooperation with these newcomers? 
G.F.: Emerging countries have based their development on 
raising their qualification and research standards. They are 
fully aware of the importance of making higher education  
and research national priorities. 

South Korea provides a telling example. While its popula-
tion is similar to that of France, there are 40% more students in 
higher education. The country allocates more than 4.3% of its 
GDP to R&D, whereas we have stagnated at 2.2% for the past 10 
years—far below the 3% that Germany is nearing and that Japan 
and the US have already exceeded. Yet France is only South 
Korea’s eighth most important partner in terms of exchange 
students and scientific collaborations.

Today, in order to remain an important player on the inter-
national scene, France needs to attract the best students from 
around the world, especially from the BRICS countries.1 We 
must foster further  international strategic partnerships between 
research organizations and institutions by initiating dual degree 
programs, co-supervised PhD theses, and joint research labo-
ratories. We recently signed agreements to that effect during 
President François Hollande’s state visits to China, India, Japan, 
and South Korea. 

The development of this type of cooperation is part of the 
“France Europe 2020” strategic agenda for research, technology 
transfer, and innovation, whose principle I have incorporated 
in the new higher education and research law. 

What is the current state of international collaboration 
for large-scale instruments? What role does France intend 
to play in this area?
G.F.: Now more than ever, to meet crucial scientific, 
technological, economic, and social challenges, we must be 
able to provide a collective, international response. Large-
scale European instruments like CERN,2 ESRF,3 ILL,4 EMBL,5 
the SOLEIL synchrotron, or ITER,6 play a determining role in 
this strategy. 

At the national level, I have elaborated a new plan for our 
country’s managerial and participatory role in large-scale 
research bodies.7 On the European and international level, 
France is participating in the European Strategy Forum on 
Research Infrastructures (ESFRI), whose mission is to outline 
a consistent strategy for developing new research infrastruc-
tures. As part of an “extended G8 research summit” which 
took place in London in June, discussions were held on how to 
define and expand cooperative programs between research 

France A new law for science and education drafted by 
France’s Minister for Higher Education and Research Geneviève Fioraso 
has just been adopted by the French Senate. The Minister tells us  
about her international policy. 

Opening Up
to the World

“Research must not only be a source  
of pride for our country,  
but also a key to its future.”
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facilities worldwide. The time has come to mutualize and 
optimize these large-scale installations.

France’s share of funding from the European Commission 
Framework Programme has decreased from 16 to 11.6% 
between the FP6 and FP7. What can be done to reverse 
this trend?
G.F.: That’s right. France, which provides 16.4% of the European 
Union’s total budget and is thus the second largest contributor 
after Germany, only receives €0.70 in return for every euro 
invested. And the problem does not lie in the quality of French 
projects: our 25.5% project acceptance rate is one of the highest 
in the EU—higher than that of Germany, for example. 

This may reflect insufficient mobilization by French teams 
when applying for European funding, which could be explained 
by the sharp increase in national calls for proposals over the past 
five years. I want to reverse this trend. I would like to encourage 
an approach that is consistently geared toward Europe, not only 
for funding, but also for the dissemination of French research 
in Europe and across the world. During the Horizon 20208 
negotiations, I have been firmly committed to upholding the 
scientific priorities of France’s research organizations, along 
with promoting simplified rules to encourage the participation 
of public laboratories and SMEs. 

The new law for science and education proposes that 
French universities should have some programs  
taught in English. What do your foreign counterparts 
think of the idea?
G.F.: My foreign counterparts are very pleased with our 
country’s decision to move toward greater openness.  
The globalization of universities and laboratories is an  
inevitable trend.

Ten years ago, France was the world’s third largest host of 
foreign students. Since then, it has slipped to fifth place. Yet the 
quality of our training and research programs ought to drive us 
toward higher goals. This is an important cultural, linguistic, 
economic, and scientific challenge.

The latest OECD report makes this very clear: given similar 
education standards and scientific reputation, the language used 
in the classroom is often a determining factor in choosing a host 
country. Adopting this measure means that our scientific and 
technological programs will become more attractive to young 
people from the emerging countries, who are bypassing France 
today because of the language barrier. Some 41% of our doctoral 
students are foreigners, but too few of them come from emerg-
ing countries. Why should we deprive ourselves of their talent, 
not to mention the intellectual, economic, and cultural  
exchanges that their presence would provide? Interestingly, the 
law stipulates that foreign students enrolled in degree programs 
in which French is not the only teaching language will receive 
specific training in French. At the same time, our exchanges 
with North and Sub-Saharan African countries (which account 
for 55% of foreign students in France) must be expanded. 

What other measures do you think are likely to attract 
students and researchers from abroad?
G.F.: We need to make it easier for foreign students to come to 
France. Several measures have been incorporated in the law on 
higher education and research, and others will be implemented 
in cooperation with the Ministry of Foreign Affairs and the 
Ministry of the Interior. They include multi-year visas for 
students and researchers, a specific status for students enrolled 
in a doctorate program in France—during and after their PhD 
thesis—simplified visa application processes, the renovation 
and construction of suitable student accommodation, and a 
single contact point for orientation and information on the 
main campuses.

Hosting foreign students in our country is an invaluable 
asset towards bolstering France’s reputation for educational and 
scientific excellence. At the same time, it boosts our competi-
tiveness and helps disseminate our language, culture, and values 
throughout the world.

I strongly believe in defending our francophone heritage 
while remaining open to the outside world. 

01. Brazil, Russia, India, China, and South Africa.
02. European Organization for Nuclear Research.
03. European Synchrotron Radiation Facility.
04. Institut Laue-Langevin.
05. European Molecular Biology Laboratory.
06. International Thermonuclear Experimental Reactor.
07. Stratégie Nationale Infrastructures de Recherche 2012-2020.  
08. A flagship initiative aimed at securing Europe’s global competitiveness.

©
 B

. C
O

U
TI

ER



|    Live from the Labs CNRS I INTERNATIONAL MAGAZINE8w

Paris

BY CLÉMENTINE WALLACE

w� A recent study1 has shown that five-month-old 
babies might already perceive their environ-
ment consciously. “There is this preconceived idea 
that infants react reflexively to external stimulations 
and that their sense of consciousness develops later 
in life. Yet our experiments suggest otherwise,” says 
lead author Sid Kouider.2

In neurophysiology, the neuronal signature of 
conscious perception follows a two-step process. 
During a first unconscious phase, stimuli activate 
the sensorial regions of the brain. This signal 
 increases with the duration and intensity of expo-
sure. Once it reaches a certain threshold, the infor-
mation spreads to the prefrontal cortex, responsible 
for our conscious perception of stimuli. 

Working with babies and toddlers aged 5, 12, and 
15 months, Kouider and his colleagues used high-
density electroencephalography to record the elec-
trical activity inside the brains of 80 infants, who 

were briefly shown pictures of human faces. Their 
recordings suggest that the characteristic two-step 
neuronal signature is also detected in babies. 

“The only significant difference with adults is 
that, in babies, the second part of the response—the 
conscious perception of the stimulus—takes longer 
to kick in,” explains Kouider. Between 3 and 4 times 
longer respectively for 12-15 months toddlers 
and five-month-old babies. In other words, it took 
them longer to become conscious of what they  
were seeing.

A next step will involve testing these  
processes during complex learning tasks, such as 
language acquisition.

01.  S. Kouider et al., “A Neural Marker of Perceptual Consciousness in 
Infants,” Science, 2013. 340: 376-80. 

02.  Laboratoire de sciences cognitives et psycholinguistique (CNRS / 
ENS Paris / EHESS).

Early Perceptual Consciousness
Neurophysiology 

CONTACT INFORMATION: 
LSCP, Paris. 
 Sid Kouider 
 > sid.kouider@ens.frq A mother holding her five-month-old baby, 

who participated in the study.

Cognition

of the voice that varies: content words 
are pronounced at a higher pitch than 
function words.

In this study, researchers demonstrate 
that in order to differentiate between two 
languages with such opposite word order 
structures, bilingual babies rely on these 
characteristic pitch and duration cues. 
“Such cues are also used by adults—we 
can identify some languages by their  
melody, even without understanding the 
meaning of words,” says Judit Gervain,2 
one of the study’s co-authors. 

The team worked with seven-month-
old babies raised in bilingual or monolin-
gual families, and played an artificial  
language through speakers placed on 
both sides of the infants. The language 
they invented was made up of 20 words, 
arranged according to two distinct  
sentence structures mimicking verb- 
object and object-verb languages,  
respectively. The language was played 

BY CLÉMENTINE WALLACE

w� At just seven months, babies are 
already capable of distinguishing  
between two languages with radically 
different grammatical structures, scien-
tists report.1 The grammatical structure 
of a language refers to the order of verbs, 
objects, prepositions, and articles in sen-
tences. English and French are “verb- 
object languages,” in which verbs come 
before objects, and function words  
(articles and prepositions) come before 
content words. In these languages, 
 content words are emphasized by stress-
ing one syllable, which makes them 
sound longer compared to the function 
words that precede them.

On the contrary, Japanese, Turkish, or 
Korean are object-verb languages, in 
which verbs are placed after the objects, 
and function words are placed after  
content words. In this case, it is the pitch 

with variations either in syllable lengths, 
or in pitch height.

The team measured the time children 
spent looking at the audio sources in 
these different conditions—an indica-
tion of their interest and attention. They 
found that bilingual children spent more 
time looking at an audio source when the 
melody of the language played matched 
their “grammatical expectations,” i.e., 
when verb-object sentence structures 
were played with variations in word dura-
tion, and when those mimicking object-
verb grammar were played with varia-
tions in pitch. In contrast, monolin-
gual babies showed no differ-
ence in looking times—they 
didn’t pick up on differences in 
pitch or duration.

“These findings show 
that in order to counter the 
complexity of acquiring 
two languages, bilingual 

Language Acquisition in Bilingual Infants

q An 8 month-old 
English-Japanese 
baby has already 
started to learn the 
grammars of both 
his native languages.
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BY CLÉMENTINE WALLACE

H
ematopoietic stem cells (HSCs), 
 located in the bone marrow, are 
characterized by their ability to self- 

renew and continuously generate all types of 
blood cells, such as white blood cells, red blood 
cells, or platelets. 

Until recently, HSCs were believed to give 
rise to each cell type randomly, independently 
of any external influence. In 2009, a French-
German research team1 led by Michael Sieweke 
showed that, on the contrary, stem cells are 
sensitive to their environment. This year, the 
same team demonstrated that in case of emer-
gencies such as infections, HSCs react by ori-
enting their production, manufacturing the 
most appropriate cells to face the danger.2

The scientists discovered that HSCs are 
sensitive to the “Macrophage Colony-
Stimulating Factor” (M-CSF), a molecule pro-
duced in large quantities during infections. 
M-CSF activates a gene called PU.1 inside 
HSCs, thus boosting the production of white 
blood cells required to fight off infections.

The researchers first isolated individual 
HSCs from mouse bone marrow using flow 
cytometry and analyzed them with state-of-
the-art single-cell technologies. “This was a 
real challenge: stem cells are extremely rare  
and difficult to distinguish from their descen-
dants,” explains Sieweke. To overcome this 
problem, the team used a fluorescent marker 
indicating when the PU.1 gene in HSCs was 

“switched on.” Following each cell by video-
microscopy in vitro showed that cells lit up 
rapidly in response to M-CSF addition to the 
tissue culture. 

Using microfluidic chips, the scientists 
analyzed the genetic expression of each indi-
vidual HSC after M-CSF exposure. The genes 
activated were indeed those involved in the 
production of white blood cells. The research-
ers showed that the process also occurred in 
vivo by transplanting marked-HSCs in mice.  
An injection of M-CSF was indeed immedi-
ately followed by PU.1 activation. 

Sieweke suggests this property could one 
day be used to strengthen the immunity of 
bone marrow transplant recipients, who are 
particularly vulnerable to infections. “It may be 
possible to boost patients’ pool of white blood 
cells by injecting M-CSF before an infection 
actually occurs,” says Sieweke. “What is par-
ticularly interesting is that M-CSF stimulates 
the production of leucocytes without inducing 
that of lymphocytes, which would be respon-
sible for graft-versus-host disease.”

01.  Centre d’immunologie de Marseille-Luminy (CIML) (CNRS / 
Inserm / Aix-Marseille Université) and Max-Delbrück-
Centrum für Molekulare Medizin, Berlin-Buch (Germany).

02.  N. Mossadegh-Keller et al., “M-CSF instructs myeloid lineage 
fate in single haematopoietic stem cells,” Nature, 2013. 497: 
239-43.

Biology Hematopoietic stem cells have been found to play an unexpected 
role—that of producing the appropriate cells in response to emergency situations. 

Triggering the Fate 
of Blood Stem Cells

CONTACT INFORMATION: 
CIML, Marseille. 
 Michael Sieweke
 > sieweke@ciml.univ-mrs.fr

CONTACT INFORMATION: 
LPP, Paris. 
 Judit Gervain
> judit.gervain@parisdescartes.fr

CommittedNot Committed

q Blood stem cells, identified by 
their nucleus (blue) and controlled 
for their protein content (green), 
express PU.1 (red) only in the 
presence of M-CSF (committed vs 
not committed).
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Marseille

babies, when listening to speech, can  
exploit non-grammatical cues that 
monolingual babies do not need to pay 
attention to,” concludes Gervain. 
01.  J. Gervain and J.F. Werker, “Prosody cues word order 

in 7-month-old bilingual infants,” Nat Commun., 
2013. 4:1490. doi: 10.1038/ncomms2430.

02.  Laboratoire psychologie de la perception (CNRS / 
Université Paris Descartes).
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BY EDDY DELCHER

H
ospital-acquired—or nosoco-
mial—infections are often 
caused by the accumulation of 

bacteria on hospital equipment and medi-
cal implants. Bacterial resistance to anti-
biotics, coupled with patients’ weakened 
immune system, make infections hard to 
fight, causing tens of thousands of deaths 
each year.

To prevent such infections, a research 
team from the ICS1 and Inserm/Unistra2 
has developed the first self-defensive 
coating3 for medical equipment such as 
catheters, the thin tubes inserted in the 
body to administer fluids or gases. The 
coating’s active component is cateslytin, 
a peptide with antibacterial and antifun-
gal properties. A protective multilayer 
film can be formed on an implant by suc-
cessively dipping it in two solutions con-
taining polysaccharides of opposite 

charges. The negative ones carry catesly-
tin molecules and the plus/minus attrac-
tion ensures the film’s stability. Upon 
contact, bacteria and yeasts produce en-
zymes that degrade the polysaccharide 
film, releasing the cateslytin that prevents 
their growth. While not toxic to cells, the 
coating inhibits connective tissue  
adhesion and therefore can only be used 
on temporary implants. “We are working 
on coatings for permanent implants but 
at present, the focus is on making the 
coating more stable and testing it on ani-

mals,” explains Fouzia Boulmedais, who 
co-led the project.

In another study,4 a team of research-
ers bridging several laboratories5 focused 
on the bacterium most frequently respon-
sible for nosocomial infections, E. coli, 
which features extracellular appendices 
that carry on their tips a protein called 
FimH. By interacting with cell surface 
sugars, this protein allows the bacteria to 
cling onto cells and infect them. Inspired 
by this mechanism, the team developed a 
material akin to human cell surfaces by 
implanting sugars onto a nanodiamond 
support. “This material acts as a barrier 
on which bacteria interact instead of  
targeting human cells, thus preventing 
infection,” explains study co-author 
Rabah Boukherroub. “However, since  
we know little about the effects of nano- 
particles on living organisms, many in 
vivo studies will be required before 
applications can be developed.” 

01.  Institut Charles Sadron (CNRS / Université de 
Strasbourg).

02.  Unité biomatériaux et bioingénierie (Inserm /
Université de Strasbourg).

03.  G. Cado et al., “Self-defensive biomaterial coating 
against bacteria and yeasts: polysaccharide 
multilayer film with embedded antimicrobial 
peptide,” Adv. Funct. Mater., 2013.doi: 10.1002/
adfm.201300416.

04.  A. Barras et al., “Glycan-functionalized diamond 
nanoparticles as potent E. Coli anti-adhesives,” 
Nanoscale, 2013. 5:2307-16.

05.  Institut de recherche Interdisciplinaire (IRI) (CNRS /
Universités de Lille I and II), Unité de génétique de 
biofilms (Institut Pasteur), Laboratoire des glucides 
(CNRS / Université de Picardie Jules Verne).

Medicine From special coatings for medical equipment to targeting bacteria 
directly, new research to fight nosocomial infections holds great promise. 

New Front against 
Nosocomial Infections

When pathogens 
come in contact with 
the biodegradable 
polymer coating 
containing  cateslytin 
(01, green), the 
hyaluronidase they 
secrete releases 
cateslytin (02), which 
prevents the 
pathogens' growth. 
03 Glycan-
functionalized 
diamond 
nanoparticles inhibit 
E. coli adhesion.
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CONTACT INFORMATION: 
ICS, Strasbourg. 
 Fouzia Boulmedais
 > fouzia.boulmedais@ics-cnrs.unistra.fr
IRI, Villeneuve-d’Ascq. 
 Rabah Boukherroub
 > rabah.boukherroub@iri.univ-lille1.fr
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BY TOM RIDGWAY

w� Since May 2011, the Alpha Magnetic 
Spectrometer (AMS) installed on the International 
Space Station has recorded 25 billion particles in the 
flux of near-Earth cosmic rays. Its first published  
results1 have surprised researchers: amounts of 
antimatter with energy levels between 0.5 and  
350 GeV—as expressed in the “positron fraction” or 
the ratio of positrons to the total number of electrons 
and positrons—are far higher than expected. 

“If these positrons were simply the product of 
secondary interactions between hydrogen or  
helium nuclei and the interstellar medium, then the 
positron fraction should drop off with increasing 
energy levels,” says Sylvie Rosier-Lees from the  
LAPP,2 one of the CNRS labs involved in the project. 
“Instead, AMS has observed a rise with higher energy 
levels, pointing to the existence of primary sources 
of positrons.” Since positrons and electrons quickly 
lose their energy, and the antimatter produced in the 
Big Bang was annihilated long ago, these positrons 

must come from “new” sources relatively close to 
Earth. These “electron-positron pairs can be pro-
duced by pulsar nebulae or by the annihilation of 
dark matter”—an exciting prospect for scientists. 
Dark matter is thought to make up 26.8% of the uni-
verse’s total mass, but its exact nature remains a 
mystery. Part of it could be solved if the excess posi-
trons prove to be the result of dark matter annihila-
tion. “Further AMS work is necessary,” says Rosier-
Lees. “We need to measure the flux of positrons and  
electrons separately, and above all, extend our  
research into higher energy levels. Dark matter  
annihilation could also produce anti-protons and 
gamma photons, so investigating them could help 
lift some of the ambiguity.” 

01.  M. Aguilar et al. (AMS Collaboration), “First Result from the Alpha 
Magnetic Spectrometer on the International Space Station: 
Precision Measurement of the Positron Fraction in Primary Cosmic 
Rays of 0.5–350 GeV,” Phys. Rev. Lett., 2013. 110: 141102.

02.  Laboratoire d’Annecy-le-Vieux de physique des particules (CNRS / 
Université de Savoie). 

Astrophysics

CONTACT INFORMATION: 
LAPP, Annecy. 
Sylvie Rosier-Lees 
> sylvie.lees-rosier@lapp.in2p3.fr

BY FUI LEE LUK

w� Climate skeptics, think again. 
A study of five ice cores drilled in 
Antarctica has contradicted former find-
ings that temperatures increased up to 
800 years prior to atmospheric CO2 surges 
at the end of the last Ice Age.1 Using the 
nitrogen isotope δ15N to date gas, the 

team from the LGGE2 and the LSCE3 
showed that CO2 spikes coincided with 
warming during the last deglaciation pe-
riod (20,000-10,000 years ago), thus con-
tradicting the idea that climate change 
was unrelated to CO2 emissions. 

Some 800,000 years of climatic data 
frozen into ice cores have fuelled a long-
standing debate: which came first, higher 
temperatures or excess CO2? Data on 
temperature and on CO2 at a given period 
are trapped at different levels of the ice 
core, creating confusion. While snow 
water molecules infer on temperature, 
gas from the same period keeps circulat-
ing throughout the ice core’s uncom-
pacted layers and is only locked in air 
bubbles 50-120 meters deeper, where the 
snow becomes ice. Ice is thus older than 
the air it traps. 

The team used a method based on 
δ15N levels to determine the age of the 
gas. “This heavy isotope, found in air bub-
bles in the ice core, is enriched by gravity 

CONTACT INFORMATION: 
LGGE, Grenoble. 
 Frédéric Parrenin
 > frederic.parrenin@lgge.obs.ujf-grenoble.fr

proportionally to the depth at which it 
was trapped,” explains Frédéric Parrenin 
of the LGGE. Analyzing the isotope’s con-
centration makes it possible to accurately 
ascertain when the original air bubble 
was trapped. Not only did the researchers 
review gas age scales using these mea-
surements, but they also synchronized 
temperature readings from the five ice 
cores extracted to fine-tune their data.  As 
Parrenin observes, one thing is now clear: 
the massive impact of CO2 on past and 
present climatic variations.

01.  F. Parrenin et al., “Synchronous change of 
atmospheric CO2 and Antarctic temperature during 
the last deglacial warming.” Science, 2013. 339: 
1060-3.

02.  Laboratoire de glaciologie et de géophysique de 
l’environnement (CNRS / Université Joseph Fourier).

03.  Laboratoire des sciences du climat et de 
l’environnement (IPSL / CNRS / CEA / Université de 
Versailles Saint-Quentin-en-Yvelines).

q Frédéric Parrenin 
cutting an ice core  
at Talos Dome 
(Antarctica)  
in 2005-2006. 

q The AMS 
spectrometer 
placed on the 
International 
Space Station by 
Atlantis in 2011. 

Syncing Ice Core Data 
Paleoclimatology

AMS Results: New Clue to Dark Matter
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BY EDDY DELCHER

w� Using cutting-edge imaging tech-
nology, CNRS researcher Antoine 
Balzeau1 and fellow scientist Hélène 
Rougier2 have for the first time observed 
very thin bone structures found only in 
Neanderthal skulls.3 

Singling out species-specific charac-
teristics—known as autapomorphic 
traits—is essential for studying human 
evolution as it allows specialists to iden-
tify and classify the various types of pre-
historic men. This task is made difficult by 
the rarity of these traits. One has none-
theless been identified recently in a small 
oval-shaped depression on the occipital 
bone forming the back of the skull of a 
Neanderthal specimen, believed to have 
died at about two years of age. 

Because the cranial bones of 
Neanderthal infants are only two to three 

BY EDDY DELCHER

w� CNRS researchers from the SBRI1 have devel-
oped an artificial brain able to learn languages 
 and anticipate the end of sentences2. When listening 
to a sentence, the human brain processes the first few 
words and “guesses” what follows, based on speech 
patterns and visual cues. This accelerates the process-
ing of information and improves communication. 

Based on research indicating that recurrent con-
nections (loops) between neurons within the brain’s 
language centers play a crucial role in information 
processing, the research team has developed a sim-
plified artificial brain composed of a neuronal net-
work featuring locally recurring loops. This system 
enables the iCub, a childlike robot developed by the 
RobotCub Consortium,3 to predict the end of sen-
tences and even learn new languages. “We pro-
grammed the recurrent network into the humanoid 
robot’s artificial brain so it could learn basic gram-
matical structures. When hearing ‘John throws the 
ball,’ it is able to identify the noun, verb, and object, 
and understands additional structures, such as ‘to 
Mary,’ that may follow,” explains Peter Ford Dominey, 

millimeters thick (ten times thinner than 
adult skulls), researchers had so far lacked 
the equipment needed to carry out pre-
cise observations. Yet for this study, the 
team was given access to the AST-RX4 
platform, which houses a high-perfor-
mance scanner at the French National 
Museum of Natural History, in Paris. The 
researchers used microtomography, an 
imaging technique with micrometer reso-
lution in which virtual cross sections of a 
sample are created via X-ray and then as-
sembled into a 3D model. “Thanks to this 
unparalleled resolution, we were able to 
observe details we could not have seen 
before,” explains Balzeau. “We noticed a 
thinning of less than one millimeter of the 
occipital bone’s central layer, the diploë, 
which causes the depression.” 

“We had already analyzed dozens of 
adults, but it remained unclear whether 
this depression was specific to 

responsible for the project. iCub also identifies 
where the sentence could branch off into another 
direction, for example: “John throws the ball that 
broke the window.” As Dominey explains, “the sys-
tem acquires the underlying grammar, and can gen-
eralize to new sentence types.” Because it only  
requires the basic grammatical features of a  
language to pick it up and understand it, the iCub 
can, for example, learn English, French, or Japanese.

“We are now working on giving the iCub a notion 
of ‘self,’ a basic narrative identity that should make 
for more natural interactions,” concludes Dominey.

01.  Stem Cell and Brain Research Institute (Inserm / Université Lyon-I / 
Inra).

02.  X. Hinaut and  P.F. Dominey , “Real-Time Parallel Processing of 
Grammatical Structure in the Fronto-Striatal System: A Recurrent 
Network Simulation Study Using Reservoir Computing,” PLoS One. 
2013. 8:e52946. 

03. www.robotcub.org

Sorting Neanderthal Bones
Paleoanthropology

CONTACT INFORMATION: 
SBRI, Lyon. 
 Peter Ford Dominey
 > peter.dominey@inserm.fr

q The iCub robot 
can learn languages 
in real time,  simply 
by conversing with a 
human.

Neanderthals,” says Balzeau. “Its identifi-
cation in a child confirms its presence at 
an early developmental stage, making it 
an autapomorphic trait.” 

01.  Laboratoire Histoire naturelle de l’homme 
préhistorique (CNRS / MNHN).

02.  California State University Northridge (US).
03.  A.Balzeau and H. Rougier, “New Information on the 

modifications of  
the Neandertal 
suprainiac fossa 
during growth and 
development and on 
its etiology,” American 
Journal of Physical 
Anthropology, 2013. 
151: 38-48.

04.  Accès Scientifique à  
la Tomographie  
à Rayons X.

Childlike Robot Learns Languages
Brain Research
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CONTACT INFORMATION: 
MNHN, Paris. 
 Antoine Balzeau
 > abalzeau@mnhn.fr

q Optical (upper) 
and X-ray (lower) 
images of a section 
of the diploë (left), 
the area of the 
occipital bone  
which is thinned  
in Neanderthal 
skulls.
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NASAL SPRAYS TO FIGHT CANCER       BY CLÉMENTINE WALLACE

w� Administering a vaccine directly 
through the mucosal membrane might be 
more effective than traditional vaccination 
methods to fight tumors that develop in 
mucosal tissues.1

In the past three years, “therapeutic 
vaccines,” which boost the body’s natural 
defenses against tumors, have proved successful 
against non-mucosal tumors such as prostate 
cancer in humans. 

Yet these vaccines were ineffective when 
tested against mucosal cancers in the lungs or  
in the head and neck. “We tested whether 
administering the vaccine directly in the mucosal 
area, by inhalation for instance, would increase 
efficiency,” explains study leader Eric Tartour.2

The team grafted tumors under the skin and 
in the lung, head, and neck tissues of mice. They 
observed that with intramuscular vaccination, 

only the skin tumors regressed, while a nasal 
spray vaccination also resulted in mucosal  
tumor regression.  

In vitro immunofluorescence staining 
revealed that immune cells had strongly 
infiltrated the mucosal tumor sites in mice 
nasally vaccinated. The authors showed that  
the spray increased the expression of CD49a, 
a protein at the surface of lymphocytes that 
allows them to migrate.

The team hopes to soon be able to test  
this mode of administration in humans.

01.  F. Sandoval et al., “Mucosal imprinting of vaccine  
induced-CD8+T cells is crucial to inhibit the growth of mucosal 
tumors,” Sci. Transl. Med., 2013. 5: 172ra20.

02.  Hôpital Européen Georges Pompidou (Paris)  / Université 
Paris-Descartes  / Inserm U970.

CONTACT INFORMATION: 
HEGP, Paris. 
Eric Tartour  
 >  eric.tartour@egp.aphp.fr

01

02

BY FUI LEE LUK

w� Dwindling fossil fuel supplies and 
the need for cutting greenhouse emis-
sions make the switch to renewable en-
ergy sources a global priority. While it is 
every scientist’s dream to stumble upon a 
novel device with great clean energy-
yielding potential, the dream came true 
for physicists at the ILM1 and Institut 
Néel.2 The team initially set out to study 
the transport of fluids on a nanometric 
scale by passing them through a boron 
nitride nanotube a few dozen nanome-
ters in diameter.3 But their system proved 
to be extremely effective in harvesting 
osmotic power, an energy generated by 
the difference in osmotic pressure when 
waters with varying salt levels meet. 

Occurring naturally when freshwater 
flows into seawater at river mouths, this 
relatively untapped energy source has a 
theoretical worldwide production capac-
ity of 1 terawatt, the energy produced by 
1000 nuclear reactors. 

Existing prototype osmotic power 
plants consist in freshwater and seawa-

ter chambers separated by a semi- 
permeable membrane. As the freshwa-
ter molecules are pulled from their 
chamber to dilute salt in the other, the 
increased pressure drives a turbine to 
generate power.

Using a similar principle, the research-
ers inserted a boron-nitride nanotube 
(via scanning tunneling microscope) 
within an otherwise impermeable and 
electrically-insulating membrane sepa-
rating the two fluids. The nanotube was 
therefore the only passageway for water 
molecules. Electrodes on both ends  
of the nanotube recorded the electric 
current produced.

Measuring osmotic flow through a 
nanotube was a world first in itself, but 
not the project’s only one. When the tube 
linked saltwater and freshwater, a  
current on the order of the nanoampere 
was generated. On a larger scale,  
this translates to a 1 m2 boron nitride 
nanotube membrane producing 30 
megawatt-hours per year—three orders 
of magnitude above what today’s  
membranes can potentially yield. For 

CONTACT INFORMATION: 
ILM, Lyon. 
 Alessandro Siria
> alessandro.siria@univ-lyon1.fr

Nasal spray vaccination (01) 
triggered more killing 
lymphocytes (pink) against 
cancerous cells (blue) than 
intramuscular vaccination (02).
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Osmotic Power Gets a Jolt
Physics

q Diagram 
representing  the 
osmotic transport  
of water through a 
boron nitride 
nanotube. 

Alessandro Siria of the ILM, this high cur-
rent results from the strong attraction of 
the saltwater’s positively charged ions to 
“the huge negative charge on the surface 
of the boron nitride tube.” The current is  
further intensified by the tube’s minute 
length and diameter as “fluids can  
behave differently at the nanoscale.” 

Osmotic power is a valuable addition 
to the world’s energy mix, especially as  
it is “a non-intermittent energy source,” 
Siria points out. The team’s next  
challenges are to “optimize nanotubes 
for energy conversion,” for example by 
testing them in other materials, and  
to make a “macroscopic porous mem-
brane from nanotubes for large-scale  
energy production.” 

01.  Institut lumière matière (CNRS / Université Lyon-I).
02. CNRS.
03.  A. Siria et al., “Giant osmotic energy conversion 

measured in a single transmembrane boron nitride 
nanotube.” Nature, 2013. 494: 455-8.
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BY BRETT KRAABEL

S
ince its invention, the transistor 
has been a flat device with its 
three electrical components 

(source, drain, and gate) coexisting on a 
single plane. In the race to increase com-
puting power, this planar architecture 
was not an issue since transistors could 
continuously be made smaller. Yet they 
have now become so small that further 
shrinking is impossible without degrad-
ing their performance, and a paradigm 
shift in chip architecture is required. This is being spearheaded 
by several research teams at CNRS and takes the form of 3D 
transistors and chip circuitry.

Guilhem Larrieu at the LAAS1 and his colleague Xiang-Lei 
Han from the IEMN2 were able to create 3D transistors in the 
form of vertical nanowire arrays.3 Each nanowire acts as a mini 
transistor with the source at one end and the drain at the other. 
The crucial element is the gate, which controls whether or not 
current passes through the transistor. For vertical-nanowire 
arrays, the gate consists of a horizontal 14-nm-thick layer of 
metal pierced by all the nanowires of the array. A section of each 
nanowire is thus fully surrounded by the metal gate, forming 

the “gate-all-around” architecture. As 
Larrieu explains, “it’s easier to control  
the flow of water through a hose by 
pinching it from all sides than by pressing 
only one side.” Besides giving the  
transistor excellent electrical properties, 
this approach actually simplifies the 
manufacturing process.

Another logical approach to over-
come planar miniaturization is to start 
building up, by stacking transistors above 
one another, which requires vertical cir-

cuitry. To do this, a team from the LPCV4 
led by Laurent Blanchoin and Manuel 
Théry grew actin filaments to create verti-
cal fibers between horizontal planes.5 

They then coated these fibers with gold to 
make them conductive.   

This approach stems from the study 
of cell morphogenesis, which involves the 
growth of actin filaments. “After we 
controlled actin growth in two dimen-
sions,” recalls Blanchoin, “our colleagues 
in techno asked for 3D structures because 
the real challenge in this field is to con-
nect chips in 3D.” The method they devel-
oped uses lasers to draw nucleation sites 
on two opposite internal surfaces. Upon 
injecting a mixture of actin monomer 
and proteins between these surfaces, 
actin polymerization occurs at the  
nucleation sites. The result is that the 
actin fibers grow perpendicular to  
the surfaces and adopt the geometry of 
their nucleation sites. 

These two highly-promising research 
avenues could prove essential for in-
creased miniaturization and pave the way 
for greater computing power and lower 
energy consumption. 

01.  Laboratoire d’analyse et d’architecture des 
systèmes (CNRS).

02.  Institut d’électronique, de microélectronique et de 
nanotechnologie (CNRS / Universités Lille-I and 
Valenciennes / ISEN Lille / Ecole centrale de Lille).

03.  G. Larrieu et al., “Vertical nanowire array-based field 
effect transistors for ultimate scaling,” Nanoscale, 
2013. 5: 2437–41.

04.  Laboratoire de physiologie cellulaire et végétale 
(CNRS / CEA / INRA / UJF).

05.  R. Galland et al., “Fabrication of three-dimensional 
electrical connections by means of directed actin 
self-organization,” Nat. Mat., 2013. 12: 416–21.

Computer Science Using vertical nanowire transistors and the directed growth of 
actin filaments, CNRS leads the effort in miniaturization and 3D computer circuitry.

3D Transistors 
for Faster Computers

BY BRETT KRAABEL

CONTACT INFORMATION: 
LAAS, Toulouse. 
 Guilhem Larrieu
 > guilhem.larrieu@laas.fr

iRTSV-LPC&V,  Grenoble. 
 Laurent Blanchoin
 > laurent.blanchoin@cea.fr
 Manuel Théry 
 > manuel.thery@cea.fr

01 Diagram of a 3D 
nano-transistor with the 
gate (red) surrounding 
the vertical nanowires 
(green). 02 3D 
representation  of actin 
micropillars (grey).
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BY BRETT KRAABEL

w� Using technology developed at 
CNRS, the start-up Lotus Synthesis 
specializes in creating nanodisper-
sions, which are uniform dispersions of 
nanoparticles that can be added to chemi-
cal coatings to endow them with specific 
desirable characteristics. Depending on 
the nanoparticles involved, coatings can 
be rendered self-cleaning, ultraviolet re-
sistant, scratch resistant, fire resistant, 
hydrophilic, low friction, and antibacterial, 
among other properties.

Founded in 2011 by Stéphane Daniele 
and Arnaud Franck, Lotus Synthesis ob-
tained licenses to exploit two CNRS  
patents. One of their first products was a 
self-cleaning coating created from a 
titanium oxide nanodispersion. When 
exposed to ultraviolet radiation, the  
titanium oxide nanoparticles in the  

coating release electrons, resulting in  
the destruction of organic molecules on 
the surface, thus kept clean. 

The nanodispersion technology de-
veloped by Daniele while at CNRS1 is 
based on economical and eco-friendly 
“soft-chemistry” methods, which require 
temperatures and pressures routinely 
obtained when cooking an evening meal. 
There is therefore no need for exotic 
technology to control the temperature, 
pressure, or other parameters in the tank 
where nanodispersions are made. The 
process is also in situ, since the nanopar-
ticles form in the host liquid, implying 
that no health-hazardous dry nanopow-
ders will be handled. “The results are of 
very high quality, scalable, and very re-
producible, which facilitates industrial 
production of nanoparticles,” explains 
Franck. The latter are typically hybrid 
particles of metal-oxide cores with  

organic molecules attached to their sur-
face. The organic molecules can be 
chemically designed as needed, which 
makes for far fewer incompatibility  
problems between the nanoparticles 
and the host liquid medium. 

Working with a 10-kg-capacity tank, 
Lotus Synthesis has already seen its 
nanodispersions validated by potential 
clients. The company plans to invest in a 
200-kg-capacity tank to meet industrial 
demand by the end of 2013. 

01.  Institut de recherches sur la catalyse et 
l’environnement de Lyon (IRCELYON) (CNRS / 
Université de Lyon).

Nanodispersion Startup
Lotus Synthesis

CONTACT INFORMATION: 
IRCELYON, Lyon. 
 Arnaud Franck
 > arnaud.franck@lotus-synthesis.fr

 ONLINE:.
> www.lotus-synthesis.fr

BY JEAN-PHILIPPE BRALY

w��Since the 1980s, the telecommuni-
cations industry has been continually 
increasing the speed of data transmis-
sion in the form of light via optical fibers. 
This has been accomplished primarily 
through bundling more transmission 
channels on each fiber, either by carrying 
data on multiple wavelengths, or by 
modulating the light wave amplitude or 
phase, for example. As a result, the most 
powerful systems today can achieve a 
throughput of 30 terabits  per second 
over more than 6000 kilometers.

“Yet in order to prevent the network 
saturation expected to occur by 2020, we 
need to develop even more efficient fi-
bers for long distances,” explains Laurent 
Bigot, from the PhLAM1 laboratory at the 
IRCICA2 Institute in Villeneuve-d’Ascq. 
With this in mind, PhLAM researchers 
participated in the STRADE3 project, 
whose goal was to find ways to increase 
throughput using a new type of fiber. 

Manufactured by the Prysmian Group, 
these fibers are able to transfer data via 
different light intensity modes, in other 
words, using different ways to distribute 
energy within their core.

One of the main technological feats 
was finding a way to amplify the light 
signal so that the system would function 
over thousands of kilometers. This re-
quired the signal to be intensified at regu-
lar intervals and equally for each mode. 
Rising to the challenge, the PhLAM  

researchers perfected a new type of  
erbium-doped amplifying fibers that 
could be connected to the Prysmian  
fibers. “When erbium ions are placed in a 
ring around the fiber core and excited 
with a laser, they become capable of 
transmitting enough energy to produce 
the desired amplification in several 
modes,” Bigot explains. 

The project demonstrated that up to 
five light intensity modes could be used 
simultaneously, thus increasing the 
throughput five-fold. Alcatel-Lucent is 
testing the system under actual trans-
mission conditions, with the ambitious 
goal of reaching a capacity of 150 Tb/s 
over a few thousand kilometers.

01.  Physique des lasers, atomes et molécules (CNRS / 
Université de Lille-I).

02.   Institut de recherche sur les composants pour 
l’information et la communication avancée.

03.   The STRADE project (Slightly multimodal 
transmission and detection) is a French National 
Research Agency (ANR) project supervised by 
Alcatel-Lucent.

Optical Fibers Gain Momentum
Telecommunications 

q An amplifying 
fiber test installation 
at the PhLAM.

 TERABIT.
1 terabit = 1012 bits.

CONTACT INFORMATION: 
PhLAM, Villeneuve-d’Ascq. 
 Laurent Bigot 
 > laurent.bigot@univ-lille1.fr

Villeneuve-d’Ascq

Lyon
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BY DENIS DELBECQ

“
Immediately after graduating from the 
ESCIL1 school of industrial chemistry in 
Lyon, back in 1968, a manufacturing com-
pany offered me a job,” Jean Jouzel recalls. “If 

I had accepted it, I might be making soap today!” Fortunately, 
he decided to pursue a research career instead. Today, his work 
has brought him international acclaim, and earned him the 
honor of becoming the first French laureate of the Vetlesen 
Prize, considered the “Nobel” of the Earth sciences. 

Now 66, this paleoclimatologist at the LSCE2 in Gif-sur-
Yvette is as keen as ever. His passion still drives him to delve ever 
deeper into the past to determine the Earth’s climate in ages gone 
by. The EPICA program (European Project for Ice Coring in 
Antarctica), which he led from 1995 to 2001, set out to reconstruct 
some 800,000 years of climate history by drilling into the 
Antarctic ice cap to a depth of 3270 meters. “It was in recognition 
of this collaboration, whose findings were published in 2007, that 
the Vetlesen Foundation awarded me its prize,” Jouzel explains.

CLIMATE MEMORIES
Prior to the EPICA program, Jouzel was already well known in 
his field. Working with glaciologist Claude Lorius, he had gone 
further back in climate history than anyone before by examining 
ice cores from the Vostok Russian station in Antarctica. “Whereas 
previous drillings only went back to the last Ice Age, less than 
100,000 years ago, by 1985 we had compiled climate archives 
covering 150,000 years, and ultimately extended that to 420,000 
years,” Jouzel reports. For their efforts, the two researchers were 
awarded the CNRS Gold Medal in 2002. 

Collaboration with Lorius dates back to Jouzel’s disserta-
tion—a study of the formation of hailstones based on the 
measurement of different forms of hydrogen, which he led at the 
CEA in Saclay. After earning his doctor-
ate in 1974, Jouzel was hired there as a  
research engineer. “Claude didn’t have a 
laboratory,” he recalls, “so he came to 
Saclay to do his measurements.” At the 
time, Lorius was studying the levels of 
oxygen and hydrogen  isotopes  in ice 
samples from Antarctica. He then joined 

Climatology Renowned climate specialist Jean Jouzel has become the first French 
laureate of the Vetlesen Prize, the most prestigious award in the Earth sciences. 

Jean Jouzel,
Climate Historian
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the CNRS glaciology laboratory in Grenoble, which marked  
the beginning of a fruitful collaboration between the Saclay  
and Grenoble teams. 

Great strides were made in the analysis of ice core samples 
over that period. Based on the presence of oxygen and deuterium 
isotopes, researchers are now able to infer the temperature 
prevailing when snowfalls built up over the years to form the ice 
caps of Greenland and Antarctica. In addition, by analyzing the 
air bubbles trapped in the ice, they can determine the CO2 and 
methane levels in the atmosphere at a given period. The ice cores 
therefore also yielded extraordinary data on past climates.

Jouzel was a pioneer in deciphering 
that information. When France launched 
its first Antarctic drilling project in 1978, 
he was on the team that analyzed the ice 
samples. The cores were taken at Dome C, 
the site of the French-Italian station 
Concordia since 2005. Though having 
only been to Antarctica on one occasion, 
Jouzel has often roamed the icy land-
scapes of Greenland, and travels regularly 
to Siberia as part of a collaboration with 
a Russian team.

A DREAM JOB
Jouzel is still based in Saclay, where he 
has served as research director since 
1995. “But I’m also active as a simple re-
searcher,” he adds. This is his dream job. 
“When I was a little boy, I heard about 
the CEA in Saclay on the radio,” the soft-
spoken scientist recounts. “I told myself 
that I would work there when I grew up.” 
And indeed, that was where this farmer’s 
son from Brittany went in 1968 to begin 
work on his dissertation, under the 
mentorship of physicist Etienne Roth.  
He started “in a laboratory that super-
vised the production of  heavy water  for 
use in the nuclear reactors of the time. 
Our job was to measure, using mass 
spectrometry, its concentration of deute-
rium, a heavy hydrogen isotope. Roth 
had a very inquisitive mind—he was 
keenly interested in the levels of deute-
rium found in nature, in plants and 
precipitation: the water contains a record 
of its own history.” 

DEFENDING THE BLUE PLANET
Jouzel is now using his expertise in past 
climate history to ring the alarm bells  
on the dangers of inaction in the face  
of global warming. “Urgent action  
is needed to preserve the planet,”  
he warns. Last year, he received the 
Climate Change Prize from the Prince 
Albert II of Monaco Foundation,  
“for helping draw public attention to  
the issue of global warming.” A subject  
he is familiar with: Jouzel served  
eight years as director of the Institut 
Pierre Simon Laplace,3 which developed 
one of France’s two climate forecast 
models.

Since 1994, he has also been a mem-
ber of the UN Intergovernmental Panel 
on Climate Change (IPCC). “It is our 
duty to inform, either through confer-
ences and the media, or by backing politi-
cians who negotiate agreements on cli-
mate issues at the UN,” he emphasizes. 
His commitment was rewarded by the 
2007 Nobel Peace Prize, which he shared 
with the IPCC and former US vice-pres-
ident Al Gore. After participating in 
France’s Grenel le Environment 

Roundtable the same year, Jouzel became 
a member of the country’s Economic, 
Social and Environmental Council in 
2010. He is also on the steering commit-
tee for the National Debate on Energy 
Transition, which is expected to pave the 
way for draft legislation in a few months. 
“The press has not picked up on the de-
bate and most people don’t even want to 
hear about it,” he says. “But the next UN 
report, expected this autumn, will con-
firm the extent of global warming. We 
must do our best to rapidly move  toward 
a carbon-responsible society, even 
though, sadly, we do not seem to be on the 
right track.”

01.  Ecole supérieure de chimie industrielle de Lyon.
02.  Laboratoire des sciences du climat et de 

l’environnement (CNRS / CEA / UVSQ). 
03.  CNRS / UPMC / UVSQ / CEA / IRD / CNES / ENS / École 

Polytechnique. 

CONTACT INFORMATION:
LSCE, Gif-sur-Yvette. 
 Jean Jouzel
 > jean.jouzel@lsce.ipsl.fr

.HEAVY WATER.
Water whose 

hydrogen atoms are 
heavier isotopes 

than those found in 
normal water. 

“We must do our  
best to rapidly move 
toward a carbon-
responsible society...”

5 KEY DATES

1947  Born in Janzé (France)

1994   Named expert member of the IPCC, 
where he has been Vice-Chair of the 
scientific group since 2002

2002  CNRS Gold Medal

2007  Co-laureate, with the IPCC and Al Gore, of 
the Nobel Peace Prize

2012  Recipient of the Vetlesen Prize
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B
y 2020, renewable energy 
should represent 23% of 
France’s total energy con-
sumption, compared with 9.2% 

in 2011.1 Yet the large-scale development 
of sun, wind, water, and biomass-derived 
energy will only be possible if effective 
storage solutions can be found. 
“Renewable energy is by definition inter-
mittent, because it is subject to the unpre-

dictable nature of climate,” explains 
Pascal Brault, a researcher at GREMI2 
and co-leader of the CNRS Energy task 
force. “So we must be capable of storing 
energy that is not immediately consumed 
—such as the solar power produced dur-
ing periods of intense sunlight—to  
retrieve it when needed.” 

Today, the storage of energy, whether 
in the form of electricity, heat, or gas like 
hydrogen, is a significant scientific and 
technological impediment to the wide-
spread introduction of renewable sources 
in the energy mix. “It’s an obstacle for 
large-scale stationary storage as well as 
mobile and transportation applications,” 
notes PROMES3 researcher and CNRS 
Energy task force co-leader Alain Dollet.

Of all the energy vectors available 
today, electricity is the most difficult to 
manage. “Apart from magnetic technolo-

gies, which have significant limitations, 
there is no system capable of storing 
electric current,” Brault points out. For 
large-scale installations, one of the most 
widely-used techniques consists in using 
excess electrical production to pump 
water from a lake or river into a reservoir 

ENERGY
To secure its future and that of the planet, humanity must find alternatives 
to oil. But this vital transition toward renewable energy (currently  
the subject of a national debate in France), is highly dependent on  
the development of efficient storage solutions. Today’s technologies  
make it relatively easy to produce electricity, heat, and even hydrogen,  
but their long-term storage remains a daunting scientific and technical 
challenge—a high priority for CNRS researchers.
A REPORT BY JULIEN BOURDET, JEAN-FRANÇOIS HAÏT, AND FABRICE DEMARTHON

Better Batteries Included 20 i 

Running Hot and Cold  23 i

A Tankful of Hydrogen  25 i

The Storage Challenge
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(e.g., behind a hydroelectric dam) at a 
higher altitude. Pumped-Storage 
Hydroelectricity (PSH) power plants 
temporarily store electricity in the form 
of  potential energy. Retrieving it is simply 
a matter of gravity: the sluices are opened, 
letting the water from the reservoir flow 
through turbines that generate more 
electricity. Six large PSH power plants are 
currently operational in France, with an 
installed capacity of about 5 gigawatts (5 
GW), but the country’s geographical 
characteristics make it difficult to envi-
sion more installations of this type.

The Compressed Air Energy Storage 
(CAES) technique uses a similar ap-
proach, but with air stored below ground. 
Excess electricity is used to compress air, 
which can be released later to power tur-
bines and retrieve electricity as needed. 
“For large-scale storage, another method 
consists in using giant batteries—or bat-
tery arrays—to transform electrical en-
ergy into chemical energy and vice versa,” 
Dollet explains. One such system was 
installed in Réunion Island in 2010: a 
high-capacity sodium-sulfur battery ca-
pable of releasing 1 MW for 7 hours. But 
the extensive deployment of electro-
chemical storage technologies is ham-
pered by several problems, primarily 

linked to the materials themselves, such 
as their durability or their ability to be 
recycled. “This is also an issue in trans-
portation systems, which call for the de-
velopment of powerful yet lightweight 
batteries,” Brault adds.

TECHNICAL OBSTACLES
The other two main energy vectors, heat 
and hydrogen, are somewhat easier to 
store than electricity. Research is under-
way to develop materials capable of stor-
ing high-temperature heat (ceramics, 
vitrified asbestos-containing wastes, etc.) 
or fixing hydrogen (hydrides, etc.).

Nonetheless, as Brault and Dollet 
point out, “in the field of energy storage, 
many scientific and technical obstacles 
remain. Certain technologies are rela-
tively mature, while others are only just 
emerging.” CNRS is striving to overcome 
these barriers and share scientific find-
ings with industry. “Our organization is 
a key player in energy storage research 
and one of the four founding members of 
the French National Alliance for Energy 
Research Coordination (ANCRE),4” 
Dollet emphasizes. “By its very nature, 
energy is a highly multidisciplinary field 

of investigation, calling upon engineer-
ing, chemistry, and physics, but also the 
life sciences, humanities, social sciences, 
and many other disciplines. With its  
10 Institutes, CNRS not only has exper-
tise in these areas, but also an operational 
scope that ranges from fundamental  
research to industrial innovations.” 

In fact, the CNRS Mission for 
Interdisciplinarity has just launched an 
important challenge on “Energy 
Transition” to encourage the explora-
tion of new research avenues while  
systematically integrating the social 
consequences, environmental impact, 
and availability of the various resources. 
The problem of energy storage will be 
central to this initiative. F. D.

01.  Source: SOeS (Service de l’observation et des 
statistiques), Bilan énergétique de la France pour 2011.

02.  Groupe de recherches sur l’énergétique des milieux 
ionisés (CNRS / Université d’Orléans).

03.  Procédés, matériaux et énergie solaire (CNRS / 
Université de Perpignan Via Domitia).

04.  Alliance nationale de coordination de la recherche 
pour l’énergie (www.allianceenergie.fr).

CONTACT INFORMATION: 
 Pascal Brault
 > pascal.brault@cnrs-dir.fr
 Alain Dollet
 > alain.dollet@cnrs-dir.fr

 POTENTIAL ENERGY.
Internal energy 

of a system 
subjected to a 

force (gravitational, 
mechanical, 

molecular, etc.).

Until the storage 
problem is solved, 
renewable energy 
from hydrokinetic 
turbines (01) or from 
wind turbines and 
solar panels (02) will 
not be deployable on 
a large scale. 

03 The Verney dam 
and lake in eastern 
France are part of a 
Pumped-Storage 
Hydroelectricity 
(PSH) power plant 
that stores electrical 
energy.
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The conversion from 

an energy model 
based on the large-
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of fossil fuels to a 
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M
ost electric cars need recharg-
ing after 150-200 km. In terms 
of power grid, the storage 

 capacity is only 1%. These two figures 
illustrate the enormous challenge of stor-
ing electricity. How can electric cars be 
given enough autonomy to cover long 
distances on a single charge? How can 

more of the electrical power produced by 
conventional as well as renewable—and 
therefore intermittent—technologies 
(wind, solar) be stored in order to inject 
it back into the network during peak 
demand? Today’s batteries do not have 
the capacity to meet these challenges. 
“The objective is to increase their  energy 
density  while guaranteeing their opera-
tional safety and lowering their cost, in 
accordance with the principles of sus-
tainable development,” explains Jean-
Marie Tarascon of the LRCS1 in Amiens. 
This seemingly impossible equation has 
not deterred researchers in the many 
laboratories of France’s network on 
electrochemical energy storage (RS2E),2 
formed in 2010 to bring together all play-
ers in the field, including industrial 
companies (see box). 

HIGH-CAPACITY MATERIALS 
Today’s electric vehicles are powered by 
lithium-ion batteries (which contain 
lithium in ionized form). To improve 
their performance, the RS2E is investi- 
gating two potential solutions. The first 
consists in boosting the capacity of bat-
tery materials or in developing new  
ones, like fluorosulfates and hydroxo- 
sulfates, which make chemical bonds 
more prone to produce ions, thus increas-
ing the energy density. Some of these 
materials, studied at the LRCS and the 
IMN3 are also “greener”—derived from 
the biomass or produced using enzymes 
or bacteria and therefore completely 
recyclable.

The second possibility for increasing 
battery performance is to explore alterna-
tive technologies. In lithium-air battery, 
for example, atmospheric oxygen reacts 
with the lithium. “This solution is very 
effective in theory, but raises complex 
problems,” Tarascon explains, “such as 
the need to find better catalysts, which are 

04  Production of 
lithium-ion car 
batteries at the 
Johnson Controls-
Saft factory in 
Nersac (France). 
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 ENERGY DENSITY. 
The quantity of 

energy stored per 
unit volume. 

Better Batteries
Included

A DEDICATED FRENCH NETWORK

 The RS2E (French network on electrochemical 
energy storage) comprises 14 laboratories (10 of 
which make up the Store-Ex consortium), 3 public 
industrial and commercial institutions (CEA, Ineris, IFP 
Énergies nouvelles), and several industrial companies 
(Renault, PSA, EADS-Astrium, Rhodia, Saft, EDF, 
Saint-Gobain, Arkema, Solvionic, Acuwatt). 

 ONLINE: 
> www.energie-rs2e.com
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and the electrolyte,” explains Danielle 
Gonbeau of the IPREM4 in Pau. 
Degradation of the solvents and salts 
contained in the battery’s electrolyte 
occurs at the interfaces, forming layers a 
few nanometers thick. While these de-
posits are beneficial in certain cases, in 
others they impede performance. Using 
cutting-edge techniques like X-ray pho-
toelectron spectroscopy (XPS), the 
IPREM has acquired in-depth knowl-
edge of the chemical species involved in 
the phenomenon, which is essential for 
understanding and slowing down the 
mechanisms of battery ageing.

To meet user’s needs, batteries should 
also be able to deliver a burst of power for 
only a few seconds. Applications are as 
diverse as the emergency door mecha-
nism on the Airbus A380, “stop and 
start” car engines that turn off automati-
cally at red lights, or wireless screw guns. 
Supercapacitors could be the answer. 
Weighing between a few grams and sev-
eral hundred kilos, they consist of two 
porous carbon electrodes separated by a 
membrane and immersed in a liquid 
electrolyte containing positive and nega-
tive ions. The ions accumulate in the 
carbon pores on both sides of the mem-
brane, creating a difference in potential 
and thus an electric current. Researchers 
focus on increasing the energy density of 
supercapacitors. “They could take over 
the battery of electric cars to recover en-
ergy from braking or to deliver the power 
needed for acceleration, thus extending 
the battery’s lifetime,” explains Patrice 
Simon of the CIRIMAT5 in Toulouse.

Delivering a power of 100 
megawatts per kilogram—the 
equivalent of 10 high-speed TGV 
trains traveling at top speed—but 
only for a few milliseconds: that is 
the performance that researchers 
hope to achieve with SMES 
(Superconducting Magnetic Energy 
Storage). The underlying principle  
is quite simple. Energy is stored  
in the form of a magnetic field 
generated by the circulation  
of an electric current within  
a short-circuited coil, made  
of a superconducting material  
to prevent energy loss. The coil is  
then discharged when desired by 
connecting it to the load. Yet for a 
SMES system to function, it has to 
be cooled to about 4 Kelvin (–269°C) 
for conventional superconductors. 
The technology therefore entails a 
bulky, costly installation, which 
limits its scope of application.  
In Grenoble, the Institut Néel  

and G2Elab design SMES  
devices that operate at higher 
temperatures (20 Kelvin,  
or -253°C), allowing for smaller 
cooling units and considerably 
improved performances. 
The potential uses are of interest 
in both civil and military 
applications, especially for pulse /
transient energy sources.  
An electromagnetic launcher, for 
example, would be able to propel  
a load at much greater speeds than 
that attained with conventional 
chemical propulsion. This could be 
useful for placing a microsatellite 
into low orbit, or launching an 
artillery shell. More generally,  
this research could also lead  
to the development of much  
more effective and durable 
superconducting magnets.

CONTACT INFORMATION: 
 Pascal Tixador
 > pascal.tixador@g2Elab.grenoble-inp.fr

MAGNETIC ENERGY STORAGE

essential for the oxygen electrode. This is not expected to  
happen in the near future.”

These problems are not limited to car batteries. The mass 
storage of electricity aimed at supplying the power grid relies on 
huge sodium-sulfur batteries. But these operate at 300°C, rais-
ing important safety issues. In response, the RS2E is actively 
investigating the use of sodium-ion batteries, which operate at 
ambient temperature, as well as a promising technology called 

“redox flow” (see caption 7). In the latter, 
the electrodes are formed by two fluids in 
motion, separated by a membrane 
through which ions are moving. This 
method is inexpensive but delivers insuf-
ficient energy. Researchers at the RS2E are 
working on the formulation and proper-
ties of “inks” (liquids containing particles 
in suspension rather than free ions), 
which offer a higher concentration of ions 
and thus greater energy density.

POWER PRESERVATION
Another problem with batteries, includ-
ing lithium-ion ones, is that they lose 
capacity and power over time. “This is 
the result of electrochemical reactions  
at the interface between the electrodes 

06 A test bench for 
electrochemical storage 
materials at the LRCS in Amiens. 
07 The operating principle 
of a redox flow battery: the 
electrodes consist of fluids in 
motion (electrolytes) separated 
by an ion-permeable membrane.

05 A superconducting 
coil that can store 
energy in the form of 
a magnetic field. 
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THE MYSTERY OF MATERIALS 
Yet the heart of the problem with super-
capacitors is, once again, the material 
they are made of. The process used today 
to manufacture porous carbon results in 
pores that vary in size from less than 2 
nanometers to more than 50. Challenging 
the conventional idea that medium-sized 
pores (2 to 5 nm) are best suited for trap-
ping ions, the CIRIMAT researchers, 
with the help of an American researcher 
specializing in ceramics, set out to syn-
thesize a porous carbon with perfectly-
controlled pore sizes below 2 nanometers. 
To their surprise, the new material deliv-
ered twice as much energy as could be 
expected from theoretical findings. The 
next step will be to determine the mecha-
nisms involved, especially how the ions 
are able to penetrate such small pores.

This research was conducted jointly 
with the laboratories of the RS2E’s Capacitive Storage group,6 
while the modeling of the carbon pores was entrusted to the 
PECSA7 and the IFPEN.8 It is this type of multidisciplinary 
cooperation that makes the network so effective. “In high-
potential fields like sodium-ion batteries and redox flow, the 
RS2E allows us to create a continuum between CNRS research-
ers, public industrial and commercial institutions, and indus-
trial users, which jointly supervise PhD theses and postdoc 
research,” Tarascon emphasizes. “Through the RS2E, we are 
able to support the exploration of new materials that will be of 
interest to us in the long term,” concludes Anne de Guibert, 
senior researcher for the French battery manufacturer Saft. 
  J.-F. H.  

01.  Laboratoire de réactivité et chimie des solides (CNRS 
/ Université de Picardie Jules Verne).

02.  Réseau sur le stockage électrochimique de l’énergie.
03.  Institut des matériaux de Nantes (CNRS / Université 

de Nantes).
04.  Institut des sciences analytiques et de 

physicochimie pour l’environnement et les 
matériaux (CNRS / Université de Pau et des Pays de 
l’Adour). 

05.  Centre inter-universitaire de recherche et 
d’ingénierie des matériaux (CNRS / Université Paul 
Sabatier-Toulouse-III / INP Toulouse).

06.  IMN (Nantes), ICG-AIME (Montpellier), CIRIMAT 
(Toulouse), ICMCB (Bordeaux), IS2M (Mulhouse), 
LCMCP (Chimie Paris Tech).

07.  Physicochimie des électrolytes, colloïdes  
et sciences analytiques (CNRS / UPMC / ESPCI 
ParisTech).

08.  IFP Energies Nouvelles (the former French 
Petroleum Institute).

09 The production 
of a porous carbon 
powder film to 
be used as an 
electrode in the 
supercapacitors 
developed
 at the CIRIMAT.
10 Researchers 
are studying 
the structural 
organization of 
porous carbon-based 
materials.
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CONTACT INFORMATION:
 Jean-Marie Tarascon
 > jean-marie.tarascon@u-picardie.fr
 Danielle Gonbeau
 > danielle.gonbeau@univ-pau.fr
 Patrice Simon
 > simon@chimie.ups-tlse.fr

SMALL IN SIZE, BIG ON PERFORMANCE

This is the age of mobile 
electronics, a technology based  
on tiny communicating sensors 
that can store an array of 
parameters. RFID (radio frequency 
identification) chips, for example, 
are used to identify many types  
of objects. But how can these 
micro-devices be powered? 
Ideally, by recovering energy from 
the environment—in the form of 
sunlight, mechanical vibrations, 

or temperature differentials that 
can generate electricity. But this 
energy is intermittent, which 
means it must be stored. To  
this end, a team at the LAAS1 
in Toulouse has developed a 
“micro-supercapacitor” consisting 
of gold structures placed on a 
silicon chip and covered with an 
active material and an electrolyte 
(conductive solution). Activated 
carbon, the most commonly used 

material in commercially-available 
supercapacitors, is replaced by 
carbon nanoparticles. Made up  
of concentric layers of graphite 
produced at Drexel University in 
Philadelphia (US), these particles 
greatly improve the adsorption  
of the ions in the electrolyte. 
Tested at the CIRIMAT,2 also in 
Toulouse, the device proved to 
have a charge/discharge rate  
50 times faster than a 
conventional supercapacitor,  
as well as 10 times its energy 
density. This performance makes 
it well-suited for powering 
sensors that need to supply rapid,  
steady streams of data.

01.  Laboratoire d’analyse et 
d’architecture des systèmes (CNRS / 
Université Paul Sabatier-Toulouse-III / 
Insa Toulouse / INP Toulouse).

02.  Centre inter-universitaire de recherche 
et d’ingénierie des matériaux (CNRS / 
Université Paul Sabatier-Toulouse-III / 
INP Toulouse).

CONTACT INFORMATION:
 Magali Brunet, mbrunet@laas.fr

08 Encapsulated 
micro-
supercapacitors 
are very promising 
devices.
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O
ur Stone Age ancestors devel-
oped a sure-fire technique for 
boiling water: they heated a 

stone in fire and dropped it into a skin 
filled with water, repeating the operation 
until boiling point. Heat storage had just 
been invented. The same principle applies 
to water heaters, or even a simple hot 
water bottle—a portable, relatively long-
lasting heat source that can be used as 
needed.

Today’s interest in renewable energy, 
which is intermittent by nature, makes 
this principle more topical than ever. 
Concentrated solar power plants, by inte-
grating heat storage, can produce elec-
tricity day and night. Sunlight is focused 
by a mirror array and used to heat a 
liquid to more than 400°C (usually mol-
ten nitrate salts, which can remain in a 

fluid state even at very high tempera-
tures). This liquid is then routed to a 
steam generator that powers a turbine to 
produce electricity. At this stage, thermal 
storage plays a key role. Part of the fluid 
from the solar unit is used to heat an 
enormous reservoir that also contains 
molten salts. These salts cool down dur-
ing the night, returning the heat accumu-
lated during the day to the power plant, 
allowing it to function continuously. 

CAPTURING HEAT
Although significantly perfected, this 
technology has one inherent drawback. 
“A 50-megawatt solar power plant re-
quires some 28,000 tons of salts to store 
the heat,” says PROMES1 researcher 
Xavier Py. “To meet the objectives that 
have been set for 20502 in terms of con-

centrated solar power, we would need 10 
times the total world output of natural 
nitrate salts every year!”

To overcome this obstacle, the French 
researcher and his colleagues are devel-
oping a new material for heat storage in 
solid form: a ceramic made from hazard-solid form: a ceramic made from hazard-

11 Concentrated 
solar power stations 
(like the Gemaso-
lar plant in Spain, 
shown here) focus 
the sun’s heat on a 
spot at the top of a 
tower. 
12 Potassium and 
sodium nitrates, 
visible here in solid 
form, are liquefied 
and stored in the Ge-
masolar power sta-
tion. They can then 
be used to power the 
plant’s turbine for up 
to 15 hours without 
sunlight. 

11

12

Running 
Hot and Cold
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Lime, which releases heat when in contact 
with moisture, is one of the reagents cur-
rently under investigation. The idea is to 
dry lime during the summer and re- 
humidify it in the winter, to heat build-
ings, for example. Between the two sea-
sons, lime can be stored with no heat loss, 
as long as it is shielded against humidity.

Thermochemical storage, although a 
rather complex process whose reactions 
need to be finely controlled, has many 
advantages. Compared to other methods, 
it stores more heat and releases energy at 
higher temperatures than those needed 
to stabilize the chemical reagent. 
Moreover, the reaction can be used to 
produce both heat and cold. The PROMES 
researchers have perfected a device that 
can generate temperatures ranging from 
–30°C to 300°C using liquid ammonia 
and a reactive salt. A small quantity of 
ammonia spontaneously evaporates and 
reacts with the salt, leading to heat pro-
duction. This heat induces an increase in 
ammonia evaporation, which produces 
cold. “With this process, in contrast to 
many other solutions, the temperature 
can be finely controlled by adjusting the 
pressure level and using specific types of 
reactive salts,” Py emphasizes.

The PROMES device is now being 
used to cool blood transport boxes, air-
condition buildings, and keep food hot or 
cold on a meal tray. These are only but a 
few of the many applications that thermal 
storage will find in our daily lives. J. B.

01.  Procédés, matériaux et énergie solaire (CNRS / 
Université de Perpignan Via Domitia).

02.  According to the International Energy Agency, 
concentrated solar power should account for  
10% of the world’s electrical production by 2050.

These solar reactors 
(13) are used to 
vitrify the ashes of 
hazardous industrial 
waste, resulting in 
ceramics (14) capable 
of storing very high-
temperature heat 
energy.

15 Heat storage 
units made from 
asbestos-containing 
wastes.

ous industrial waste like asbestos, ashes from incineration 
plants, or metallurgical wastes. Melted at 1400°C, which renders 
them wholly inert, these substances are thus recycled for a useful 
purpose. “We have calculated that the energy costs of manufac-
turing these materials would be recovered in less than a year of 
use in a solar power plant,” Py reports. “Furthermore, our ce-
ramics are able to absorb heat up to 1000°C, whereas nitrate salts 
start to decompose at 600°C.” This is a considerable advantage 
given that future solar power plants are 
expected to generate higher temperatures 
than today, on the order of 900°C.

SELF-HEATING WALLS
Ceramics could also find other functions. 
In our homes, integrated into the walls, 
they could be used to collect ambient heat 
during the day and release it at night. 

Indeed, as part of the general effort to 
save energy, effective heat storage for 
housing has become a priority. So far, the 
preferred method is to use phase-change 
materials (PCMs), which transform from 
a solid to a liquid state when exposed to 
heat. Paraffin, for example, the main in-
gredient in candles, melts at about 70°C. 

1 cm
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CONTACT INFORMATION: 
 Xavier Py
> py@univ-perp.fr 
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16 Coldway, a 
company launched 
by CNRS researchers, 
has developed a 
thermochemical 
cooling system 
that can be used to 
store heat-sensitive 
products.

16

The objective is to efficiently recover the 
heat released as the substance returns to 
its solid state. Some buildings are already 
fitted with PCM technology: microcap-
sules of paraffin embedded in the walls 
absorb the room’s heat in the daytime and 
release it at night.

The primary advantage of PCMs is 
their high storage capacity and their sta-
bility. They absorb more heat per volume 
than other materials, and they release it 
at a constant level corresponding to their 
phase-change temperature. 

MORE CHALLENGES AHEAD
Unfortunately, PCMs are not always 
compatible with the temperatures re-
quired for a given application. 
Furthermore, being poor conductors, 
they cannot store or release heat rapidly. 
“To broaden the range of accessible tem-
peratures, research is focusing on the 
development of new materials,” Py ex-
plains. “Some polymers or polyols are 
now available that can store heat between 
20°C and 200°C. At the same time, re-
searchers are trying to improve the mate-
rials’ thermal conductivity, for example 
by adding graphite, which is an extremely 
effective heat transport medium.”

Storing heat during the day to release 
it at night is already a significant step 
forward, but it is not enough. In the fu-
ture, the main challenge will be storing 
surplus thermal energy produced in sum-
mer for winter use. To achieve this, re-
searchers are developing heat storage 
systems based on chemical reactions. 
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H
ydrogen has considerable ad-
vantages that could make it a 
significant source of energy in 

the future. With three times the energy 
potential of petroleum, this gas can be 
used in a  fuel cell  to produce totally clean 
electricity: the only by-product of the 
 reaction is water vapor.

But it also has a considerable draw-
back: because it is the lightest of all gases, 
hydrogen is very difficult to store, espe-
cially in on-board systems like those 
found in cars. To fill a vehicle with four 
kilos of hydrogen—enough to travel 400 
kilometers—its tank would have to hold 
45,000 liters of the gas stored at atmo-

 FUEL CELL. 
A system in which 

electricity is 
produced by the 

combination of a 
combustible gas 
and oxygen. The 

reaction emits only 
heat and water. 

17 Operating principle 
of a fuel cell: electric-
ity is produced from 
hydrogen and oxygen, 
with water vapor as 
the only by-product.
18 This robot can man-
ufacture a tank for 
composite hydrogen, 
capable of resisting 
an internal pressure 
of 700 bars as well as 
external stress (falling, 
shearing, chemical 
products, fire, etc.).

spheric pressure. To shrink this volume, 
hydrogen needs to be compressed, as in 
most hydrogen-powered electric vehicles. 
The method is the same as that used to 
store other energy-producing gases like 
methane, except that hydrogen requires 
much higher levels of pressure (about 700 
bars) and the compression process itself 
consumes large amounts of energy. 

Research is now underway to perfect 
an alternative storage method: storing 
hydrogen in solid form. With this system, 
the gas is chemically bonded to a solid 
material. “It makes it possible to store as 
much hydrogen in a given volume as 
would be by compression, but at more 

18

17
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manageable pressure levels, around a few 
dozen bars,” reports Gérald Pourcelly of 
the IEM1 in Montpellier.

GOING SOLID
The researchers first focused their efforts 
on porous carbon-based materials like 
activated charcoals, carbon nanotubes, 
graphene, and  MOFs  (metal-organic 
frameworks). “These solids offer a large 
surface area, on which the hydrogen 
molecules stick like water vapor  
condensing on a window,” explains 
Michel Latroche, director of the  
ICMPE.2 “Heating the material then 
makes it relatively easy to release the  
hydrogen and use it in a fuel cell.”  
The only, yet substantial problem is  
the requirement for very low tempera-
tures, around –190°C. Researchers have 

already managed to raise this tempera-
ture, but their results are still confined  
to the laboratory.

METAL STORAGE
Another kind of solid could hold greater 
promise for storage: metals, on which hy-
drogen is absorbed, forming compounds 
called hydrides. First discovered in the 
1970s, these materials’ impressive storage 
capacities earned them the nickname of 
“hydrogen sponges.” Magnesium 
hydride is particularly 
promising, being abun-
dant, inexpensive, and 
non-toxic, while carry-
ing an exceptional 
hydrogen storage 
capacity (7.6  g per 
100 g of hydride). 
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ready managed to raise this tempera-
ure, but their results are still confined 

 the laboratory.

METAL STORAGE
nother kind of solid could hold greater 
romise for storage: metals, on which hy-yy
rogen is absorbed, forming compounds 
alled hydrides. First discovered in the 
970s, these materials’ impressive storage 
apacities earned them the nickname of 
hydrogen sponges.” Magnesium 
ydride is particularly 
romising, being abun-
ant, inexpensive, and 
on-toxic, while carry-yy
ng an exceptional 
ydrogen storage 
apacity (7.6  g per 
00 g of hydride). 

19 Melting of various 
elements (rare 
earths, magnesium, 
nickel, etc.) to 
produce a solid 
alloy used to store 
hydrogen.
20 “Pd@Carbon”, 
a hybrid material 
containing 
palladium 
nanoparticles 
(the dark spots), 
is studied as a 
potential hydrogen 
storage solution.

21 This tank, 
developed for 
storing hydrogen  
in solid form, can 
hold 7000 liters  
of the gas.
22 McPhy 
Energy’s disk 
contains 
600 liters of 
hydrogen.

 MOF. 
Metal-organic 

framework, the 
term for solids 

made up of carbon 
and metals that 

can trap hydrogen 
in their nanometric 

pores. 

20 nm

22
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Today, the process is perfectly functional. “To ensure rapid 
absorption of the hydrogen onto the magnesium, the metal is 
transformed into a nanostructured powder,” explains Patricia 
de Rango, a chemist at CNRS’s Institut Néel in Grenoble.  
“To speed up the absorption process even further, we mix the 
powder with a small percentage of transition metals that activate 
the reaction. The powder is then compressed into wafers that 
are eventually stacked up in a tank.”

Between 2006 and 2008, de Rango and her fellow research-
ers built a first tank with a storage capacity of 110 g—and in-
creased it ten-fold by 2010.3 This research led to the creation of 

McPhy Energy, a company that manufactures and  
markets hydrogen tanks, mostly dedicated to storing  

renewable energy. In solar power, for example, part of 
the electricity generated by the photovoltaic panels 
serves to produce and store hydrogen. It can then  
be used in a fuel cell to generate electricity in the 
absence of sunlight. 

This year, McPhy Energy will deliver a 24 kg 
hydrogen storage facility (representing 800 kilo-
watt-hours of energy) for MYRTE,4 a Corsica-
based research platform that is developing re-
newable hydrogen sources for integration into 
the power grid. The project (involving re-

searchers from the SPE5  laboratory) aims to 
deploy a solar power station linked to the 

electrical grid, thus demonstrating that 
hydrogen can indeed compensate for 

the intermittent nature of renewable 
energy sources. 

Inside the hydrogen tank, the 
magnesium hydride must be heated to 

300°C to release its precious gas, a com-
plex process that requires relatively large 
amounts of energy. This is why the cur-
rent system is limited to fixed-location 
applications and cannot be used in em-
bedded systems. To overcome this prob-
lem, the researchers have started investi-
gating new metal hydrides that can 
function at more moderate temperatures. 
Aluminum-based hydrides, for example, 
release hydrogen at about 100°C. Yet the 
chemical reaction involved is very deli-
cate and the resulting storage capacity 
relatively low.

Other potential candidates include 
alloys of rare earth and nickel, or of tita-
nium and vanadium, which offer the 
tremendous advantage of working at 
room temperature—and the major disad-
vantage of a very unfavorable ratio of 
mass to quantity of hydrogen stored. “For 
a vehicle, a hydrogen tank built using 
these metals would weigh at least 500 kg. 
On the other hand, their ideal operating 
temperature would make them suitable 
for small portable systems like cell phones 
and laptop computers,” adds Latroche.

SMALLER SOLUTIONS
To take the principle further, researchers 
are trying to develop hydrides that can 
function at negative temperatures. “We 

are trying to develop a beverage can-sized 
tank that can be carried in a backpack 
and could be used at temperatures as low 
as –20°C—which is impossible with to-
day’s portable batteries,” reports Salvatore 
Miraglia of the Institut Néel. “We have 
already identified a few promising com-
pounds, including one made up of tita-
nium, chromium, and manganese.” 

Does this mean that cars with metal 
hydride tanks will be ubiquitous on our 
roads? “The specifications are very re-
strictive,” Pourcelly says. “The material 
must be able to store large quantities of 
hydrogen without taking up much space 
and keep working for several thousand 
charge-discharge cycles. In addition, it 
would have to be fast-reacting to deliver 
quick bursts of power for acceleration, for 
example.” In the marathon to develop a 
viable hydrogen fuel cell, many candi-
dates are in the running, but few will 
finish the race. J. B.

01.  Institut européen des membranes (CNRS / Université 
Montpellier-II / École nationale supérieure de chimie 
de Montpellier). 

02.  Institut de chimie et des matériaux de Paris-Est 
(CNRS / Université Paris-Est Créteil Val-de-Marne). 

03.  In collaboration with CRETA (Consortium de 
recherches pour l’émergence des technologies 
avancées) and LEGI (Laboratoire des écoulements 
géophysiques et industriels). 

04.  Mission hydrogène renouvelable pour l’intégration 
au réseau électrique.

05.  Sciences pour l’environnement (CNRS / Université de 
Corse).

CONTACT INFORMATION:
 Gérald Pourcelly 
 > gerald.pourcelly@iemm.univ-montp2.fr
 Michel Latroche
 > latroche@icmpe.cnrs.fr 
 Patricia de Rango
 > patricia.derango@grenoble.cnrs.fr
 Salvatore Miraglia
 > salvatore.miraglia@grenoble.cnrs.fr

23 Researchers 
at the IEM are 
studying the use of 
boron hydrides for 
hydrogen storage.
24 Synthesis of a 
new boron hydride. 
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 Further information
available on the online version of the magazine  i

 A photo gallery on 
ongoing energy 

research at CNRS.

 Hydrogen at the wheel 
(2010, 20 min.) Film by Luc

Ronat, produced by CNRS Images.
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BY GRÉGORY FLÉCHET 

L
ocated at the head of a fjord in the 
Norwegian island of Spitsbergen,  
Ny-Ålesund is the world’s northernmost 
functional public settlement. It is at these 

extreme latitudes, where polar night can last several 
weeks, that the scientists of the international 
ECOTAB1 project chose to undertake their research. 
It is estimated that the Arctic Ocean’s overall tem-
perature will have increased by 4°C by 2050-2100. 
Over the same period, a sharp decrease in the Arctic 
Ocean’s sea-ice thickness, pH, and salinity is likely 
to occur. What impact will such changes have on the 
structure and functioning of Arctic coastal ecosys-
tems? Launched in 2011, the ECOTAB project is set 
to answer some of these questions.

“The large inlet of Kongsfjorden, where the Ny-
Ålesund base is located, is an ideal place to study the 
impact of climate change on the Arctic,” explains 
project leader Nathalie Morata, a researcher at the 
LEMAR.2 “This is because the inlet is under the di-
rect influence of the warm water transported by 
the  North Atlantic Drift.” Her team’s research spe-

Marine Biology Scientists are carrying out research in Norway to predict how 
climate change will impact the Arctic’s fragile marine ecosystem.  

cifically targets the  benthos —the organisms that live 
on the sea floor—whose response to predicted  
climate change has hardly been studied at all.    

The first phase of the project began with the col-
lection of samples of ice, seawater, and sediments. 
Between May 2012 and January 2013, the scientists 
carried out four campaigns in three different areas 
of Kongsfjorden. The objective of this sampling was 
to shed light on the seasonal relations between the 
organisms living in three interrelated environments: 

 BENTHOS. 

The community of 
aquatic organisms 

living on or near the 
sea floor.

 NORTH ATLANTIC. 
 DRIFT. 

A slow movement of 
North Atlantic 

water, warmed by 
the Gulf Stream, 

towards the 
north-east and the 

Arctic Ocean.  

Ny-Ålesund

Life under
 the Arctic Ice

01

02
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the sea ice, the fjord floor, and the water column 
separating them.  “The data collected during this first 
phase of the project will allow us to identify the key 
species of the Arctic benthos,” Morata says. 

The second phase will begin in 2014 at the  
Ny-Ålesund marine laboratory. The researchers  
will subject these benthic species to several  
scenarios integrating a range of varying parame-
ters—including food quality, pH, salinity, and  
seawater temperature—and measure the results.

03

01 The Ny-Ålesund scientific base is the 
world’s northernmost functional public  
settlement. It is an ideal place to study  
the impact of climate change on Arctic 
ecosystems.  

02 Glaciers cover 60% of the Svalbard 
archipelago, an area twice the size of  
Belgium that includes Spitsbergen.     

03 The coastal oceanographic research vessel 
Teisten, from the international Ny-Ålesund 
base, was used for the ECOTAB project’s 
preliminary sampling and tests.    

04 Sediments collected off the coast using a 
stainless steel scoop. The benthic organisms 
are then carefully sorted and identified.

05 Sediment core collected at the mouth 
of the fjord at a depth of 300 meters. The 
presence of several species of marine worm 
attests to the marine nature of this part of 
the inlet.   

06 Microscopic examination of seawater 
samples reveals the presence of numerous 
bivalve larvae which, once adult, will settle 
on the fjord floor, making up a large part of 
the benthic fauna.   

07 Scientists must drill right through the ice 
to collect sea ice algae. 
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This experimental approach, the first-ever un-
dertaken at such high latitudes, will help better 
identify the effects of climate change on the delicate 
balance between benthic and  pelagic  environments. 
“In normal times, the benthos, which includes bi-
valve mollusc species living on the fjord floor, gets 
much of its nutrients from sea ice algae that become 
detached from the inner surface of the sea ice,” 
Morata explains. “Yet increasing sea ice melt is  
making the ice algae scarce, forcing the benthos  
to fall back on other nutrients, such as fecal pellets 
from small crustaceans called copepods.” Will  
these substitutes be enough to compensate for the 
disappearance of sea ice algae? This is one of  
the many questions facing the ECOTAB mission.  
The stakes are high, since in the Arctic, benthic 
 organisms are the basic food resource of a large 
number of marine mammal species. 

01.  Effect of Climate Change on the Arctic Benthos. The project brings 
together researchers from France, Germany, Norway, Canada, 
Spain, and Poland. It receives funding from France’s National 
Research Agency (ANR), and logistic support from the French polar 
institute IPEV (Institut Polaire Paul Emile Victor).    

02.  Laboratoire des sciences de l’environnement marin (CNRS / 
Université de Bretagne occidentale / 
Ifremer / IRD).  

CONTACT INFORMATION: 
LEMAR, Plouzané. 
 Nathalie Morata
 > nathalie.morata@univ-brest.fr

 PELAGIC.
Refers to organisms 

living in the water 
column above the 

sea floor where the 
benthos is found.

11

A photo gallery on the ECOTAB mission 
can be viewed on the online version  

of the magazine:
>  www.cnrs.fr/cnrsmagazine
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08 Scientists measure the pH of 
seawater collected from the depths of 
Kongsfjorden as soon as the samples are 
brought up onto the deck of the Teisten.  

09 Back in the laboratory, the seawater 
is filtered to measure its chlorophyll 
content. This value will be used to deter-
mine the amount of phytoplankton at 
the base of the aquatic food web.   

10 During the four field campaigns 
carried out between 2012 and 2013, the 
ECOTAB researchers collected a large 
number of samples of seawater and 
sediments.   

11 As its name suggests, Calanus glacialis 
is a small copepod crustacean typical 
of Arctic marine areas. At the bottom of 
the entire Arctic food chain, this species 
may see its numbers decline due to the 
impact of Arctic Ocean warming.     

11

©
 A

. A
U

B
ER

T



N°30 I QUARTERLY I JULY 2013 31Insights    |

BY GAËLLE LAHOREAU

T
he commercial exploitation of endangered species 
such as rhinoceros, however distasteful, could be the 
only way to put a stop to their massacre in Africa, Franck 

Courchamp believes. The opinion article he wrote with 
Australian and Zimbabwean researchers,1 which champions 
the idea of legalizing the rhino horn trade, has generated  
numerous reactions among scientists in various disciplines.2

KILLING FOR HORNS
Since the 1970s, nearly 90% of the African rhinoceros have 
disappeared. With a population of 20,000—90% of which roam 
the grasslands of South Africa—the white rhinoceros is the 
species that has survived the best. But it is threatened by a brutal 
poaching frenzy. “The number of rhinos killed has doubled 
every year since 2007,” says Courchamp. In 2012, 667 rhinoceros 
were killed in South Africa, compared with an annual average 
of 15 between 2000 and 2007.

The reason for this surge is quite simple: rhinoceros horn 
sold for $65,000 per kilo on the black market in 2012, making  
it more precious than gold, diamonds, or even cocaine. “There 
is a huge demand for these horns in Asia, especially China and 
Vietnam—a demand that is not addressed by any legal market,” 
the researcher explains. “The scarcer the resource, the higher its 
value; overexploitation therefore makes the product even more 
valuable. It’s a vicious circle.” 

Consumed as an infusion or with al-
cohol, ground rhinoceros horn is prized 
in those countries for its alleged medici-
nal and aphrodisiac properties. “It is 
thought to prevent everything from 
hangovers to cancer, but it actually has no 
medicinal value—it’s nothing but kera-
tin,” Courchamp points out. “Rhino horn 
consumers might as well bite their 
fingernails.” 

ACHIEVEMENTS
The international trade in rhinoceros 
horn was banned in 1977. The ban was 
was upheld in Bangkok (Thailand) last  
March, at the latest conference on the 
Convention on International Trade in 

Endangered Species of Wild Fauna and 
Flora (CITES). “But it simply isn’t work-
ing,” the ecologist says. “Despite the de-
ployment of rangers, and in some cases 
the army, South Africa has been unable 
to protect its rhinoceros population.” 
Occasional arrests and lenient sentencing 
make horn smuggling more profitable 
and less risky than  dealing in illegal 
drugs or firearms, and consequently 
more attractive to organized crime. Some 
poachers fly into South Africa by helicop-
ter from neighboring Mozambique.  
In consumer countries, public awareness 
campaigns have little weight against  
entrenched traditional beliefs and the 
fast-spreading rumors of the digital age.

RECOMMENDATIONS
According to Courchamp, “it would be 
possible to meet the demand by harvest-
ing horns from the 5000 rhinos currently 
living in natural reserves.” Various stud-
ies have shown that shaving their horns 
would have little impact on their behavior 
or social system. Since the horns never 

stop growing, the market could be 
steadily supplied without killing a single 
rhinoceros, in contrast with the poachers’ 
methods. Courchamp hopes that this 
option will be discussed at the next 
CITES conference, scheduled to take 
place, perhaps tellingly, in South Africa 
in 2017. Legalization of the crocodile  
skin trade has already saved the reptiles 
from extinction. In the meantime, we 
may see new records in the number of 
rhinoceros killed for their horns.

01.  Franck Courchamp et al., “Removing Protected 
Populations to Save Endangered Species,” Science, 
2003.302:1532. 

02. Science,  June 7, 2013.

Ecology Africa’s rhinoceros are facing extinction. Biodiversity specialist Franck 
Courchamp explains how legalizing the sale of their horns could help save them.

Saving
Africa’s Rhinos

CONTACT INFORMATION:
ESE, Orsay. 
 Franck Courchamp
 > franck.courchamp@u-psud.fr

q Rhinoceros horns 
rapidly grow back. 
With proper 
oversight, their sale 
could be legalized.
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FRANCK COURCHAMP

 Based at the ESE laboratory (Ecologie, 
systématique et évolution), this 2011  

CNRS Silver Medal  
laureate is a specialist  
in biodiversity dynamics, 
conducting research  
on biological invasions,  
the overexploitation of  
rare species, and the effects 
of climate change. 
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CHINA

LAOS

CAMBODIA

THAILAND

Vietnam With many initiatives 
in promising disciplines like energy, 
marine or space sciences, Vietnam 
asserts its ambition to quickly become 
a knowledge-based economy with an 
international scope. The country is thus 
emerging as a much sought-after 
scientific partner.

A Rising Star 

in Asia
BY  SÉVERINE LEMAIRE-DUPARCQ

M
aking its centralized administration more flex-
ible and joining the race in the highly-competitive 
global knowledge market: this is the challenge  
that Vietnam is taking on today. Alongside 

traditional disciplines like physics, chemistry, and  
mathematics, the country is developing new research fields of 
international interest, including space research, marine sci-
ences, nanotechnology, and materials sciences, with promis-
ing and sometimes even spectacular results.

Space science provides a good illustration. In 2008, barely 
two years after the Space Technology Institute was set up by the 
Vietnam Academy of Science and Technology (VAST), the 
country achieved an outer space milestone with the launch of its 
first telecommunications satellite from Kourou (French Guiana). 
Three years later, VAST followed up on this success by opening 
the Vietnam National Satellite Center, which scored another 
triumph in May 2013, again from Kourou, when Vietnam’s first 
environmental monitoring satellite was put into orbit. 

The country’s admission to the World 
Trade Organization (WTO) in 2007 sped 
up reforms, also affecting the country’s 
scientific governance. A national re-
search-funding agency was set up by the 
Ministry of Science and Technology 
(MoST), along with a close-knit network 
of regional offices and of information,  
orientation, evaluation, and technology 
transfer structures.

UNIVERSITY PARTNERSHIPS
In addition to established research insti-
tutions like VAST, Vietnam opened 
public universities with international 
ambitions over the last 5 years. Among 
these, the Vietnamese-German Univer-
sity (VGU) in Ho Chi Minh City was 
founded in 2008. Similarly, the University 
of Science and Technology of Hanoi 

Signed in 2006, the UMI 
MICA (Multimedia, 
Information, 
Communication and 
Applications) was  
created to accelerate  
the development of 
information technology in 
Vietnam. It involves more 
than 100 researchers, 
postdocs, and graduate 
students.  
As a measure of its 
success and contribution, 

MICA was granted the 
Vietnamese Research 
Institute status in 2010. 
Its expertise includes 
natural language and 
speech processing, image 
and video processing,  
and human-computer 
interaction. Among a 
broad range of research 
projects (more than 50  
in total), MICA has just 
launched the AUCO 
(AUdio COrpora) 

collection, which 
combines documentation 
and research on the 
astounding linguistic 
diversity of Southeast 
Asia.

Ho Chi Minh City

Hanoi

 FOR FURTHER INFORMATION: 
> www.mica.edu.vn

01 Recording sessions of Mo Piu, 
an endangered language 
spoken in North Vietnam.
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MICA: A SUCCESSFUL COLLABORATION

 88.8 
MILLION INHABITANTS 

 24,000 
RESEARCHERS 

 0.65% 
 

OF GDP ALLOCATED TO R&D IN 2010

 €500 
 MILLION OVERALL R&D BUDGET 
IN 2010, 70% PUBLICLY FUNDED

 6.5% 
 AVERAGE ANNUAL GDP GROWTH 
SINCE 2008

 833 
 ARTICLES PUBLISHED IN 2010, OF 
WHICH 59 CO-PUBLISHED WITH CNRS

KEY FIGURES

©
 E

SA
–S

. C
O

R
VA

JA
, 2

01
3



N°30 I QUARTERLY I JULY 2013 33CNRS Networks   |   Horizons w

CONTACT INFORMATION: 
CNRS ASEAN office, Hanoi. 
Luc Le Calvez
  > luc.le-calvez@cnrs-dir.fr

(USTH) was launched in cooperation with France in 2009. In 
2010, the USTH began offering its French-Vietnamese curricu-
lum on the VAST campus in Hanoi, pending completion of its 
own buildings, scheduled for 2018. The future campus, located 
in the Hoa Lac technology park, 30 kilometers west of Hanoi, 
will welcome some 2000 students and boast programs in six key 
scientific fields: biotechnology, nanomaterials, water and the 
environment, information technology, energy, and space. 

HISTORIC TIES
France is one of Vietnam’s most valued scientific partners. The 
historic ties between the two countries were strengthened in 
2007 with the signing of an initial scientific and technological 
cooperation agreement, followed in 2009 by a second agreement 
promoting the use of nuclear energy for peaceful purposes.

A partnership between the MoST in Vietnam and the 
French Ministries of Foreign Affairs (MAE)1 and Education and 
Research (MESR),2 the Hubert Curien program “Hoa Sen 
Lotus” represents another important collaboration between the 
two countries. Its goal is to promote technological and scientific 
exchanges through young researcher transfer programs. 
Between 2011 and 2012, a dozen projects were selected (nine of 
which involve CNRS), covering topics such as rice viruses, 
nanomaterials for catalysis, or new methods for environmental 
detection in coal mines.

Vietnam’s scientific potential and human talent have long 
been known to French research organizations, especially CNRS, 
CIRAD,3 and IRD,4 which gathered their representative offices 
in 2009 in the Van Phuc diplomatic compound. 

This summer, CNRS and VAST will be celebrating 30 years 
of cooperation. The president of VAST and five of its institute 
directors will meet at CNRS headquarters in Paris to mark the 
occasion. They will also review the highlights of this collabora-
tion, including the 1997 launch of the Do Son annual schools. 
Focused on a specific scientific area each year, the schools  
host some 50 Vietnamese researchers and students, as well as a 

dozen French scientists in the seaside 
resort of Do Son to disseminate knowl-
edge and bring together teams with close 
scientific affinities. 

Naturally, on this anniversary, CNRS 
and VAST will also discuss future proj-
ects. Chemistry remains one of the most 
fruitful collaboration areas between both 
countries, with five existing agreements  
in this field, including three with VAST 
on phytochemistry, corrosion, and the 
environment. Mathematics is also promi-
nent, through the ForMATH interna-
tional associated laboratory (LIA) and an 
international research network (GDRI) in 
mathematical singularities. Other prom-
ising research projects have been initiated, 
especially in marine sciences, space, and 
biodiversity conservation. Riding on this 
momentum, a LIA in nanomaterials 
should soon be created.

ACTIVE RESEARCH
In all, no fewer than six LIAs, two GDRIs, 
and four international programs for sci-
entific cooperation (PICS) are in opera-
tion in fields ranging from telecommuni-
cations to anthropology. Yet CNRS’s 
flagship collaboration is the International 
Joint Unit (UMI) on Multimedia, 
Information, Communication and 
Applications (MICA, see box), a partner-
ship between the Hanoi University of 
Science and Technology (HUST), the 
Grenoble Institute of Technology 
(Grenoble INP), and CNRS. 

New collaborations in cross-cutting 
disciplines are also underway, like the 
GDRI on biodiversity and infectious 
diseases, or the LIA in petrochemistry 
launched in 2004, involving CNRS 
(IRCELYON laboratory) and the Vietnam 
Institute of Industrial Chemistry (VIIC). 
Dedicated to the development of latest-
generation biofuels, the collaboration 
filed its first patent in 2010. The next 30 
years look promising for French-
Vietnamese cooperation.

01. Ministère des Affaires Etrangères. 
02.  Ministère de l’Enseignement Supérieur et de la 

Recherche.
03.  Centre de coopération internationale en recherche 

agronomique pour le développement.
04. Institut de recherche pour le développement.

02 Vietnam’s VNREDSat 1 satellite 
was launched by the ESA’s Vega 
rocket from Kourou (French 
Guiana) in May 2013.  
03 A view of Hanoi provided by the 
VNREDSat 1 observation satellite.
Acanthosaura  capra (04) and 
Cyrtodactylus (05), two species 
studied by the GDRI on biodiversity 
and infectious diseases.
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Molecular Oncology A long and fruitful collaboration between two researchers 
fighting a rare form of leukemia has matured into a French-Lebanese joint laboratory.

French-Lebanese Collaboration

to Fight Leukemia
BY ALEXANDER HELLEMANS

T
he long-standing collaboration between Hugues de 
Thé, professor of molecular biology at Paris-VII 
University,1 and Ali Bazarbachi, professor of medicine 

at the American University of Beirut (Lebanon), has led to 
the creation in 2012 of the International Associated Laboratory 
(LIA) on leukemia targeted treatment. Both scientists are princi-
pal investigators of this new LIA dedicated to the development of 
a treatment for Adult T-cell leukemia (ATL), each leading a  
research team of four people in their respective universities. 

The two researchers started working together in the early 
1990s. Bazarbachi, then a medical resident in Paris and a student 
of de Thé, focused his research on the HTLV-1 virus, which 
causes ATL. “After he left my lab to open his own in Beirut, we 
kept collaborating. It’s been almost 20 years,” recalls de Thé.

ATL was identified in 1981 as the first cancer induced by a 
retrovirus. As with other diseases caused by retroviruses, like 
AIDS, it proved notoriously difficult to treat. “Chemotherapy is 
not a very efficient treatment, and tumors relapse, especially in 
leukemic forms,” says de Thé.

 “In 1998, Ali made the first breakthrough by observing that 
HTLV-1 infected cells were highly sensitive to interferon and 
arsenic,” the researcher continues. Furthermore, he showed that 
the combination of arsenic and interferon acted primarily on 
HTLV-1 infected cells, but not on other leukemia cells. “A few 

years later, we both discovered that  
this combination could induce the  
degradation of a specific viral protein 
called Tax, the main driver of viral repli-
cation. There were hints that Tax was es-
sential in the proliferation of HTLV-
associated leukemias,” says de Thé.

The year 2009 marked a turning 
point in their collaboration when a  
team led by Bazarbachi reported a  
phase-2 clinical study in which ten  
patients with chronic ATL were treated 
with a combination of arsenic trioxide,  

interferon-alpha, and zidovudine. “We 
obtained a response in all patients, with 
complete remission in seven of them,  
and very good partial response in two,” 
reports Bazarbachi.

Recently, another trial which will soon 
be published was performed with patients 
with ATL lymphoma, a more severe condi-
tion. It revealed that the combination in-
cluding arsenic is also effective in fighting 
this disease. “What we really need to do 
now is carry out a randomized trial to 
confirm this result,” says de Thé.

The two teams have co-published 
more than 40 papers in high-flying medi-
cal journals. “Our collaboration is very 
productive, both in terms of publication 
numbers and impact factor,” says 
Bazarbachi. “Moreover, our joint project 
has been funded by several grants that 
have proved decisive to continue our re-
search. Some aspects of the role of Tax 
still need investigating, especially the 
persistence of oncogenes in the infected 
cells at the later stages of leukemia devel-
opment,” he concludes. With this collabo-
ration now structured in an LIA, it will be 
easier to enroll post-docs, as well as ob-
tain funding to pursue their goal. The 
American University of Beirut recently 
initiated its own PhD program in medical 
research, which, coupled with this new 
LIA, should strengthen cooperation  
between the two institutions. 

01.  Pathologie et virologie moléculaire (CNRS / Inserm / 
Université Paris-VII).

CONTACT INFORMATION: 
Pathologie et virologie moléculaire, Paris. 
 Hugues de Thé
 > dethe@univ-paris-diderot.fr

American University of Beirut. 
 Ali Bazarbachi
 > bazarbac@aub.edu.lb

01 The American 
University of Beirut 
campus (Lebanon). 
02  Scanning electron 
micrograph of a 
human T-lymphocyte 
(blue) infected with 
the HTLV-1 virus (red). ©
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BY CLAIRE DEBÔVES

w� This past April, CNRS signed three new coop-
eration agreements with China during the French 
President’s visit to that country, in the presence of 
France’s Minister of Higher Education and Research 
Geneviève Fioraso and her Chinese counterpart Wan 
Gang.  According to Patrick Nédellec, director of the 
CNRS office in China, these agreements “strengthen 
the strategic partnership with a country that CNRS 
researchers visited almost 1300 times in 2012.” 

The first agreement covers the launch of the 
International Associated Laboratory (LIA) SALADYN 
for geophysics on “Sediment transport and land-
scape dynamics” in the deserts of Central Asia. 

Secondly, a letter of intent was signed for the 
creation of the first French-Chinese LIA in humani-
ties and social sciences entitled “Post-Western 
Sociologies and Fieldwork Research in France and  
in China.” As a sign of the rapidly-expanding coop-
eration between the two countries in this field, an 
International Research Network (GDRI) is also being 
set up to study and compare economic develop-
ment between China and Europe.

Lastly, it was agreed to renew the “Sino-French 
research center in Life Sciences and Genomics” in 
Shanghai, involving France’s CNRS, INSERM, and 
Pasteur Institute. An offshoot of this important tool  
of bilateral cooperation, in the form of an Interna-
tional Joint Unit (UMI), is being considered for 2014.

For many years, China has seen spectacular 
growth in its research capacity. As CNRS’s second 

most important partner in Asia behind Japan, China 
generates increasing interest from the scientific 
community, either for developing cooperation  
projects or for attracting PhD students and postdoc-
toral fellows to France. 

Improved conditions for receiving international 
students, an objective highlighted in the minister’s 
senatorial speech on April 24, 2013, should further 
encourage this trend.  

CNRS Strengthens Ties with China
Cooperation Agreements

CONTACT INFORMATION: 
CNRS office, Beijing.  
 Patrick Nedellec
 > patrick.nedellec@cnrs.fr

q French Minister of 
Higher Education 
and Research 
Geneviève Fioraso 
with her Chinese 
counterpart Wan 
Gang (to her left).

Extension to Morocco… …and Award
georgia-tech i

w� The Georgia Tech International Joint Unit, focused on 
telecommunications and innovative materials research, is 
located on two sites: one in Metz (eastern France), the other in Atlanta 
(US), at the Georgia Institute of Technology. The creation of a third facility in 

Morocco was decided during President François 
Hollande’s visit to Rabat last April. A letter of intent 
was signed on this occasion in the presence of  
the two countries’ Ministers for Higher Education  
and Research.  With branches on three continents,  
the UMI will help further promote knowledge and 
increase scientific exchanges. Projects on this  
new site  will focus on technologies for energy 
recovery, storage, and efficiency, such as 
photovoltaics. Specifics of this partnership will  
be drafted throughout the year.  

w� Abdallah Ougazzaden, director of 
the Georgia Tech International Joint 
Unit, was awarded the 2013 Steven 
A. Denning Award for Global 
Engagement. This annual event honors 
top faculty members at Georgia Tech for 
their exceptional accomplishments in 
advancing the Institute’s strategic vision. 
The award acknowledges that professor 
Ougazzaden exemplifies Georgia Tech 
faculty’s commitment to supporting 
research, education, and economic 
development at the global level, and that 
he “tirelessly promotes Georgia Tech in 
France and throughout Europe.”

q The Georgia Tech 
Lorraine campus, 
European branch of 
the Atlanta Georgia 
Institute of 
Technology.
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CNRS INVOLVEMENT IN CHINA

 23 French-Chinese public 
cooperation structures out of 40

 70% of joint French-Chinese 
publications, headed up by chemistry, 
physics, and sciences of the universe

 16 full-time researchers and 
14 researchers on long-term missions 
in 2012
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Solvay-Rhodia The 60-strong team of researchers at the “Laboratory of the Future” 
(LOF) is making strides in the miniaturization of high-yield chemistry. 

BY CLAUDIA COURTOIS

B
ehind the green glass walls of a 
sleek building on the Bordeaux 
University campus in Pessac, 

some 60 scientists are hard at work. The 
only clue to their occupation is the Solvay 
logo on the façade. The “Laboratory of the 
Future,” or “LOF” as everyone calls it, is 
a leading-edge laboratory specialized in 
developing miniaturized and high-yield 
methods for chemical testing and ap-
praisal. Since it was set up in 2004, this 
joint research unit has been operated by 
CNRS in cooperation with Bordeaux-I 
University and the industrial group 
Rhodia, which in 2012 was acquired by 
Solvay, another international chemical 
group.1 “Collaboration between Rhodia 
and CNRS dates back to 1975, when the 
first framework agreement was signed,” 
explains the company’s scientific director 
Patrick Maestro, who also heads the LOF. 
Since then, four joint research units have 
been created, including this one (see box).

A HOTBED OF INNOVATION
For Solvay, the LOF is a strategic invest-
ment intended to stimulate innovation 
and produce faster, more efficient pro-
cesses to maintain a leading edge over the 
competition. The LOF has considerably 
reduced the group’s time to market 
(TTM)—the time lag between the  
development and marketing of a product 
or process. This is made possible by an 
array of high-performance equipment: 
miniaturized instruments, robots that 
can rel iably perform mult iple  
simultaneous measurements, and IT 
and statistical tools for processing the 
resulting data.

The laboratory opened in 2004 in an 
ideal location: virtually next door to 

university classrooms, engineering 
schools, and several other CNRS research 
labs. In addition to its sizeable student 
and researcher population, Rhodia chose 
the Bordeaux area for its concentration of 
partner laboratories and high-tech com-
panies that could manufacture the mi-
crotools it needed. “We also felt a strong 
backing from the local administration,” 
Maestro recalls. 

Eight years on, the LOF has earned a 
worldwide reputation in high-yield meth-
ods and in miniaturization. For example, 
the laboratory has developed solutions for 
evaluating the potential performance of a 
formulation in a few hours, instead of a 
few weeks.

A PERFECT TESTING FACILITY
Cosmetic giants have come knocking on 
the LOF’s door, looking for ways to im-
prove their shampoo or skincare formu-
lations. Similarly, for the past four years, 
a team has been working on the Enhanced 
Oil Recovery (EOR) project, whose goal 
is to increase the productivity and lifes-
pan of oil fields through the use of chemi-
cal additives called surfactants. Where 
does the laboratory come into play? “Our 
systems can test a wide variety of combi-

A Window into 
the Future

ANOTHER THREE JOINT LABORATORIES

 Under the terms of their general framework agreement, 
CNRS and Rhodia operate three other joint units. The 
Complex Assembly of Soft Matter Laboratory (COMPASS), 
founded in 1996 in Bristol, Pennsylvania (US), which now 
also involves the University of Pennsylvania (UPenn), 
conducts research on the physical chemistry of fluids  
and surfaces. The Polymers and Advanced Materials 
Laboratory (LPMA), created in Lyon in 2006, develops 
innovative polymer- and elastomer-based materials with 
enhanced mechanical, thermal, or gas impermeability 
properties. The Eco-Efficient Products and Processes 
Laboratory (E2P2L), set up in 2010, and involving the ENS-L  
(École Normale Supérieure de Lyon) and ECNU (East China 
Normal University), specializes in “green” chemistry and 
bio-sourced products.

A photo report is 
available on the online 

version of the magazine. 
>  www.cnrs.fr/
cnrsmagazine
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nations and identify the promising formulations. This translates 
into a real productivity gain,” explains EOR technical director 
Mikel Morvan. “The robots can work around the clock,  
ensuring a reliable process and accurate results.”

Team spirit prevails among the LOF researchers, whose 
average age is 32. Academic research fuels industrial projects 
and vice versa. “You meet those involved in the lab’s ongoing 
work, but also other researchers from the Solvay group,  
visiting scientists, and clients who come to launch projects 
with the group’s Global Business Units (GBU),” Maestro says. 
In addition, the students and postgraduate fellows working  
at the LOF are regularly sent to other CNRS labs and  
to conferences. “It’s a real beehive of activity and an extraor-
dinary place for learning.”

The LOF’s research projects can last anywhere from a few 
months to five years. “We handle an average of about 40 projects 
a year,” Maestro reports. “The situation is always changing and 
we never get bogged down in routine, due to the very nature of 
the lab.” This way of doing things is particularly suited to stu-
dents. “It lets me make an enlightened choice between academic 
and industrial research, as both are closely related,” explains 
26-year-old Julien Beaumont, who has been working within the 
“hive” for three years while completing his thesis on the EOR 
project. "I like working towards concrete, well-defined goals.”

01.  The Solvay group became a member of the French stock market index (CAC 40) in 
September 2012.

And more news...

International Network  
in Nanotechnology
w� The Mechanics of Nano-Objects (MECANO) 
Research Network, launched in 2008 for four years, 
recently became an International Research Network 
involving both academic1 and industrial2 French and 
foreign partners. 

The multidisciplinary structure brings together 
physicists, mechanical engineers, and chemists to 
investigate and solve the many issues surrounding the size 
effects of mechanical properties. More specifically, the 
network will study how the basic theories used at the 
macro- and meso-scale apply at the nanometer scale. The 
scientific project was elaborated around four main themes: 
mechanics in small dimensions (elasticity, plasticity, and 
fracture); experimental methods (local field mapping and 
mechanical testing); modeling and simulation (from 
angstroms to microns); and coupling between growth, 
stress, and composition in nano-objects.

01.  Some 28 French institutes as well as two Max Planck Institutes (Germany), 
the Universities of Leuwen (Belgium), Oxford (UK), Milano-Bicocca (Italy), and 
the Montanuniversität Leoben (Austria).

02. STMicroelectronics, Saint Gobain, and Arcelor Mittal.

 Cancer Research
w� MiR-TANGo, a new International Associated 
Laboratory (LIA) dedicated to cancer research has 
been set up for four years between CNRS and 
Poland's Jagiellonian University. MiR-TANGo 
stands for “MicroRNAs: Novel biomarkers of tumor 
angiogenesis.” The scientific teams will study the 
role of microRNA in tumor angiogenesis with a 
view to opening the way for innovative 
therapeutic strategies. The laboratory, the third of 
its kind between CNRS and the Polish university, is 
the result of the long-standing partnership 
between the two institutions. This cooperation 
came about through the backing of the CNRS 
Institute of Biological Sciences, initially as part of 
a European Research Network (2004-2007) and then 
as an international program co-funded by CNRS, 
the French National Cancer Institute, and the 
Polish Ministry of Science (2009-2011).

q Signing of the 
MiR-TANGo LIA at 
Jagiellonian 
University in Krakow 
(Poland) with 
University Rector 
Wojciech Nowak 
(standing).  
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01 The researchers 
at the LOF study 
specific chemical 
reactions in 
miniaturized 
systems, such as 
these microfluidic 
devices.
02 Outside view of 
the Laboratory of 
the Future.

CONTACT INFORMATION: 
LOF, Bordeaux. 
 Patrick Maestro
> patrick.maestro@eu.rhodia.com
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�Founded in 1939 by governmental 
decree, CNRS is the largest 
fundamental research organization 
in Europe. 

CNRS is involved in all scientific 
fields through ten specialized institutes 
dedicated to: 
q Life sciences
q Physics
q Nuclear and Particle Physics
q Chemistry 
q Mathematics 
q Information technologies
q Earth sciences and Astronomy
q Humanities and Social sciences
q  Environmental sciences and 

Sustainable development
q Engineering

CNRS research units are either fully funded  
and managed by CNRS, or run in partnership with 
universities, other research organizations, or 
industry. They are spread across France, and employ 
a large number of permanent researchers, 
engineers, technicians, and administrative staff. 

The CNRS annual budget represents one-
quarter of French public spending on civilian 
research. This budget is co-funded by the public 
sector and by CNRS, whose revenue streams include 
EU research contracts and royalties on patents, 
licenses, and services provided. CNRS’s 2013 budget 
is €3.4 billion.  

CNRS employs some 34,000 staff, including 
11,400 researchers and 14,200 engineers and 
technicians. About 93% of its 1200 research 
units  are joint laboratories with universities  
and industry.

�DERCI, an office dedicated to 
European and international 
collaborations.

CNRS carries out research activities 
throughout the world, in collaboration 
with local partners, thus pursuing an 
active international policy.

The European Research and 
International Cooperation Department 
(Direction Europe de la recherche et 
coopération internationale (DERCI)) 
coordinates and implements CNRS 
policies in Europe and worldwide,  
and maintains direct relations with its 
institutional partners abroad.

To carry out its mission, the DERCI 
relies on a network of 11 representative 
offices abroad, as well as on science and 
technology offices in French embassies 
around the world.

CONTACT INFORMATION: 
> derci@cnrs-dir.fr

WEBSITE: 
> www.cnrs.fr/derci
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Feeding the Brain
BY  ISABELLE TRATNER

w�This is a confocal microscopy image of optic lobes in the brain of adult 
flies. It was obtained by Cédric Maurange’s team at the IBDM1 in Marseille, 
while studying the impact of nutrient restriction on Drosophila brain develop-
ment. Neuron nuclei are colored in grey whereas the synapses they form are 
stained in red. The study2 demonstrates that dietary restriction at an early 
 larval stage reduces the size of the optic lobes (lower left as compared to  
upper right), due to a decrease in the number of neural progenitors. At later 
stages, however, the same brain area becomes insensitive to the diet, and  
each progenitor gives rise to the normal repertoire of neurons—thus preserv-
ing neuronal diversity independently of dietary conditions. Interestingly, this 
can be compared to human brain development, which exhibits distinct  
responses to dietary restriction depending on the fœtal stage.

01. Institut de biologie du développement de Marseille (CNRS / Aix-Marseille Université). 
02.  E. Lanet et al., “Protection of Neuronal Diversity at the Expense of Neuronal Numbers during  

Nutrient Restriction in the Drosophila Visual System.” Cell Reports, 2013. 3: 587-94.

CONTACT INFORMATION: 
IBDM, Marseille. 
 Cédric Maurange
 > cedric.maurange@univ-amu.fr©
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