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Foreword  
 
 
The Académie des sciences (Academy of Sciences) has a new section for the public 
on its website called “Libres points de vue ’Académiciens” (Independent points of 
view of Academicians), where questions on subjects of science and society are 
answered.  
  
In the run up to the Copenhagen conference on climate change in December 2009, 
the first subject tackled was called “Independent points of view of Academicians on 
the environment and sustainable development”.  
  
The Académie des sciences put forward different members who are specialists in the 
fields in question, to express their points of view on climate change, the oceans, 
energies, biodiversity, demography and its repercussions on water, food and health.  
  
These texts, which express the independent points of view of Academicians, through 
their richness and diversity, shed current scientific light on the environment and 
sustainable development.  
  
We wish to pay tribute to our colleagues who have agreed to take part in this project 
and Dominique Meyer in particular who conceived and coordinated it.  
  
  
  
  
      Jean-François Bach and Jean Dercourt  
      Permanent secretaries of the Académie des sciences 
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Introduction  
 
 
In light of recent scientific progress, now seems a good time to consider current 
climate changes, their consequences and the energy solutions that will help us deal 
with them.  
  
Climate change has been monitored globally for thirty years now by earth 
observation satellites which have enabled us to enhance systematic measurements, 
particularly of sea and ice. Among the phenomena noted, we can cite the reduction in 
the flow rates of rivers and streams, the retreat of glaciers, increased seasonal 
melting of sea ice and heat waves in Europe.  
  
The rise in the atmospheric carbon dioxide concentration has led us to limit coal 
combustion, and this, combined with the exhaustion of fuel resources (petrol and 
natural gas), has led us to make provision for their gradual replacement by 
renewable energies.  
  
The increase in human populations, their urbanisation in an air that is increasingly 
polluted, and droughts linked to climate variations, have reduced access to fresh 
water. Cultivable land has also diminished due to the deterioration of arable areas. 
Poverty, food shortages, a lack of water purification and epidemics are continuing to 
worsen and, as a result, land and marine Ecosystems are being gradually destroyed, 
although the situation varies greatly by country and by region.  
  
All of these factors make it essential that land and sea resources are shared fairly, 
with the knowledge that arbitration will be needed between countries with different 
requirements. There will therefore be difficulties dealing with the concrete problems 
of adapting to global change and energy transitions.  
  
  
All of these facts, uncertainties and hopes are brought about by the incessant 
scientific discoveries, which are addressed in these “Independent points of view of 
Academicians on the environment and sustainable development” open to the public. 
For further information on these subjects contact the editor 
(dominique.meyer@academie-sciences.fr) who will pass on any requests to the 
authors concerned.  
  
  
           Dominique Meyer  
         Member of the Académie des sciences  
          Editor in Chief 
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Independent opinions of Academicians on 
environment and sustainable development  

 
 
 

I - CLIMATE EVOLUTION  

I-1 Is it possible to explain simply the “greenhouse effect”? How does one 
determine its climatic consequences? What are they in France?   

Hervé Le Treut (Membre de l’Académie des sciences) :  

“The greenhouse effect is a natural atmospheric process that affects the way in 
which the planet’s radiative equilibrium is established, that is, the equilibrium 
between the solar radiation absorbed by the earth, and the infrared thermal radiation 
the earth emits (which share the same value of 235 W/m2). Physicist Joseph Fourier 
was the first person to suggest the atmosphere’s crucial role on this equilibrium back 
in 1824. The atmosphere absorbs the terrestrial radiation emitted at the earth’s 
surface and reemits a portion of it out to space and another portion toward the 
surface. By preventing the planet from freely cooling itself, the greenhouse effect 
imposes much hotter temperatures on the planet. The average surface temperature 
of the earth is currently a little higher than 15°C, whereas it would be -18°C without 
the greenhouse effect. Moreover, the greenhouse effect would cause much higher 
temperatures without the moderating role of the atmosphere’s overturn. 
 
The role played by the greenhouse effect can be illustrated by the simple example of 
a car left in the sun, whose windows allow the sun's rays to penetrate but retain the 
infrared radiation emitted in return. The atmosphere, however, plays a more complex 
role than the window of a car because it builds an absorbent layer nearly 20 km thick, 
whose temperature varies with altitude, an effect that modulates the radiation emitted 
into space. Despite its major role, paradoxically the greenhouse effect has nothing to 
do with nitrogen or oxygen. It results entirely from the action of minority compounds 
that represent less than 1% of the air mass: gases known as greenhouse gases 
(which include water vapour, carbon dioxide, methane, ozone, nitrous oxide and 
chlorofluorocarbons), clouds and certain dust particles. 
While water vapour, the primary greenhouse gas, cannot be modified directly by 
human activity because its recycling time in the atmosphere is very short (1 to 2 
weeks), the atmospheric level of the other greenhouse gases has undergone a very 
rapid increase, which started with the beginning of the industrial era and accelerated 
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again after the 1950s. These changes can only be reversed slowly, partly because 
greenhouse gas emissions are continuing at an accelerated rate, and partly because 
they have a long atmospheric lifetime. Indeed, over half of the carbon dioxide emitted 
into the atmosphere is still there 100 years later, an atmospheric longevity shared by 
nitrous oxide and most chlorofluorocarbons. While methane's lifetime is shorter (12 
years), the effect of its accumulation in the atmosphere is substantial. Although the 
greenhouse gas level has remained practically unchanged for over 10,000 years, 
CO2 has risen by 30% and nitrous oxide by 15% in a few short decades, methane 
levels though have more than doubled, and certain chlorofluorocarbons are 
newcomers to the atmosphere.  40 years of atmospheric measurements from space, 
in an extremely varied range of wavelengths, and 40 years of theoretical 
developments, measurements and associated modelling have made us very 
proficient at calculating the radiant fluxes disturbed by these different gases. In total, 
the increase in the greenhouse effect is currently estimated at 3 W/m2 (calculated 
before the warming effect it causes, and which enables the radiative equilibrium to be 
re-established). This value may seem low since it represents 1.5% of energy 
exchanges between the earth and space, but a simple calculation shows that, 
applied to a world whose temperature is almost 300 degrees Kelvin, this variation in 
greenhouse effect could cause a rise in temperature of about 1°C. Now this order of 
magnitude is high, reconstructions of temperature variations in the last thousand 
years show fluctuations which are generally lower, of the order of a fraction of a 
degree. 
 
The effect of this change in the atmospheric level of greenhouse gases has been 
both reduced by the simultaneous emission of aerosols reflecting solar radiation, but 
also immediately increased by a retroactive effect of water vapour. The warmer it is, 
the higher the water vapour saturation level rises, which leads to an additional 
greenhouse effect, doubling the climatic response.  In total, the existing increase in 
greenhouse effect is already likely to create global warming on a bigger scale than 
natural variations over the last few centuries, a trend which has now been confirmed 
by a meticulous examination of available climatic data. 
 
But it is the future change of man-made emissions of greenhouse gases which poses 
the problem. The atmospheric lifetime of aerosols is very brief (a few weeks), and 
greenhouse gases are continuing to accumulate in the atmosphere. The combination 
of these two effects makes global warming on a larger scale absolutely inevitable.  
 
This rise in the greenhouse effect has two major characteristics: 
(1) It is global, because the gases emitted by the various nations around the world 
are mixed quickly by the atmosphere (in under a year). The few % of gases emitted 
by France can be found everywhere on the planet, and France like every other 
country in the world is exposed to the emissions produced by the other countries. 
(2) The consequences of this global disturbance are demonstrated locally: the 
anthropic increase in the greenhouse effect causes and will continue to cause large-
scale disruption to the climate system, with regional consequences that are very 
unequally divided. More complex climate models are needed to describe this 
response. They show that the temperature looks likely to rise more quickly in polar 
regions and on the continents, that the water response (the change in rainfall rates) 
will on the contrary be greater in intertropical regions, and a rise in sea level will of 
course be a more specific threat to coastal regions.”  



 

Independent opinions of Academicians on environment and sustainable development - May 17, 2010 3

 

Michel Petit (Correspondant de l’Académie des sciences) : 

“The thermal equilibrium of the earth is the result of a delicate balance between the 
energy of the ultraviolet radiations that it receives from the sun and the energy of its 
own infrared radiations that it emits.  We call greenhouse effect the absorption by 
certain rare gases presents in the atmosphere such as carbon dioxide, methane and 
nitrous oxide, of part of the infrared radiations emitted by the earth.  This part of the 
infrared radiations which is captured by the atmosphere instead of disappearing in 
the outer space tends to warm the atmosphere and, consequently, the earth. 

The greenhouse effect is not a totally detrimental effect.  On the contrary, it is the 
very natural greenhouse effect produced by the natural gases making the 
atmosphere, which warms the earth and maintains it at a temperature making life 
possible.  In practice the word greenhouse effect refers to the additional greenhouse 
effect due to the rare gases sent in the atmosphere by human activity; hence, 
speaking strictly, one should rather call “additional greenhouse effect” the 
greenhouse effect due to the gases sent in the atmosphere by human activities.  The 
“additional” greenhouse effect is not a local phenomenon but rather a worldwide one 
because the atmospheric and oceanic circulations redistribute in the atmosphere the 
man produced gases as well as the thermal energy that they induce. 

The increase of the atmospheric content of carbon dioxide, methane and nitrous 
oxide during the last decades is a fact confirmed by all the measurements. 
Consequently the increase of the average temperature of the earth is unavoidable; 
an increase of 0.75°C or 1.25°F has been observed since the end of the nineteenth 
century when temperature measurements and recordings started.  Of course this is 
an average increase, and the actual averages in temperatures fluctuate randomly 
along the years.  The current rate of temperature increase is accelerating and is now 
of the order of 0.15°C or 0.27°F per decade.  This increase may seem small when 
compared to the daily variations of temperature.  But this increase is very significant 
when compared to the difference of average temperature of 6°C or 11.8°F between 
the current “optimal” interglacial temperature and the temperature during one of the 
glacial periods at times when northern Europe was covered by a layer of ice several 
kilometers thick. 

The increase of temperature is not uniformly distributed and in particular the well-
known thermal inertia of the oceans slows down their temperature increases as 
compared to the emerged lands. Also France experiences an increase of its 
temperature twice that of the averaged world temperature increase.  The most 
southern regions of the earth experiences even more important temperature 
increases.  Finally the warming due to the greenhouse effect decreases with altitude 
and in fact the stratosphere (at a height of about 10 to 50 kms, or 6 to 31 miles) is 
cooling.” 
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I-2 For some, the question is raised whether there is a modification of the 
climate which can be attributed to human activities. If so, how does it appear? 

Marie-Lise Chanin (Correspondant de l’Académie des sciences) 

“As the sun is the energy source responsible for life on our planet, solar activity is a 
major parameter that affects temperature and the climate, and we know that it is 
variable at all wave lengths and on all time scales. An irrefutable example of its 
relationship with the climate in the past is the Little Ice Age which corresponded with 
a marked period of minimum solar activity. 
 
Thanks to the high-precision instruments we now have in space, since 1979 solar 
activity has been documented with much greater accuracy than ever before. We 
have been able to determine the range of the cyclic variation for an 11-year period 
which corresponds to 0.1% of the average total solar intensity. The modulation in 
temperature due to this 11-year cycle (which we know is very substantial in the upper 
atmosphere) is only very small at ground level (less than 0.1°C on average) and in 
any case can only modulate the temperature with a period of 11 years and cannot 
modify the trend over a few decades.  But above all, what this recent data has shown 
is that the average variation in solar activity over the last 30 years is very small and 
at most only corresponds to 7% of the impact of the increase in greenhouse gases 
over the same period. Although the processes by which the sun’s impact is 
transmitted to the surface are not yet clear, it is hard to believe that the rise in 
average temperature observed over this period during which CO2 emissions have 
risen by some 80%, can be attributable to such a small increase in solar activity. 
“Observations in recent years, since those taken into account in the last IPCC report, 
unfortunately confirm that the scientific community has not been merely spreading 
doom and gloom but that climate change is in fact accelerating as shown, to take just 
one example, by the increased speed at which glaciers are melting at all latitudes. 
The cause of this acceleration is easy to find: carbon dioxide emissions have risen 
from 1% a year in the 1990s to over 3% a year from the year 2000. This fairly sudden 
change can be explained by the development of the economy of emerging countries, 
making it more critical than ever before that we develop non-carbon energies. 
 
Certainly the earth’s climate has always changed throughout its history under the 
influence of natural phenomena other than the rise in CO2. Whether caused by 
natural disturbances (major volcanic eruptions, variations in solar activity), 
cataclysms like the arrival of a meteorite, or periodic changes in the earth's position 
in relation to the sun, they have all left their traces in the climate's archives and 
particularly on surface temperature. Insofar as the issue we are dealing with today 
concerns recent and current changes, we shall not be discussing disturbances over 
long periods of time, but will instead be looking at those which have been able to 
affect the average temperature of the planet over the last few decades and for which 
there is excellent-quality data, whether it be measurements obtained at the surface of 
the continents and the ocean or in the lower atmosphere by satellite. 
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Recently, the impact of a volcanic eruption, that of Mount Pinatubo in 1991, was 
observed very closely by spatial technology. Dust emissions in the stratosphere 
actually cooled the surface down by about 0.5°C in 1991/92, but this effect only 
lasted a little over a year. Similarly, quasi-periodic oceanic oscillations (El Nino or La 
Nina and the North Atlantic oscillation) create temporary increases or decreases in 
averages temperatures, that is, they generate a variability (noise) in the observations, 
but these short-term variations do not affect the long-term trend.  
 
As for predicting the impact of the natural variability on the future evolution of the 
climate, since the variability of solar activity and volcanic activity are unpredictable, it 
is impossible to take them into account in predictive models. In contrast, the impact 
of rising CO2 levels on the climate is predictable and the figures have been 
calculated with enough confidence for us to be worried about them. 
 
Moreover, humans cannot fight the forces of nature and the consequences of natural 
phenomena. They can, however, modify their greenhouse gas emissions by their 
behaviour and the decisions they make. And this is the subject of current debates.” 

Hervé Le Treut (Membre de l’Académie des sciences) : 

“The average temperature at the surface of the earth is an analysis which allows 
results to be presented in a simplified way, but it does not correspond to either the 
practice of models (which calculate changes in temperature distributed across the 
globe, horizontally and vertically), or to the practice of studies aimed at detecting 
potential changes in climate, which are always done using the full range of three-
dimensional data of the different meteorological parameters available. 
The climate system undergoes continual fluctuations. To consider separately the role 
of organised natural fluctuations, random natural fluctuations, or (now) anthropic 
fluctuations, clearly distinguishing the time scale in which they manifest themselves, 
is therefore the primary task of climatologists, and continuously occupies thousands 
of people.  There are several stages to this work: 

• The collection of observed data, organised since 1873 by the International 
Meteorological Organisation, which later became the World Meteorological 
Organisation. The meteorological data is added to by oceanographic data, 
numerous surface parameter data and also data concerning a more distant 
past. This has led to the creation of colossal archives. 

• The analysis of this data, which ensures its coherence, and makes use of 
additional information which gives the equations of motion. It is carried out 
daily to produce weather forecasts and oceanographic forecasts, as well as 
predictions on rises in water levels and atmospheric chemistry warning 
systems, etc. (producing an objective evaluation which is what makes these 
forecasts high-quality). 

• Coherent reanalyses of the entire data history. These are needed to study 
climate change, i.e. the evolution of the different statistical moments 
associated with this data. This major task (a reanalysis cycle takes several 
years of calculation) is carried out regularly at the European Centre for 
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Medium-Range Weather Forecasts, in several American research centres and 
in several other specialist centres. 

• Research into the different climate fluctuation patterns. This uses extremely 
varied statistical techniques which may be purely statistical, make use of the 
dynamic properties of flows, focus on a global scale or on regions. It is 
impossible to give even a brief summary of this work in this short paragraph, 
but it is essential to know that it exists and that it occupies a large proportion 
of the community of climatology researchers. 

 
These studies have revealed a number of climate patterns: the ENSO (El-Niño-
Southern Oscillation) and the NAO (North Atlantic Oscillation) are the most well-
known, but there are many others. An old meteorological tradition, started at the 
beginning of the 20th century by English climatologist Sir Gilbert Walker, consists of 
describing these patterns by means of indices. Almost a century later, the 
calculations made in the modern era have confirmed the relevance of the indices 
defined by Walker: the Southern Oscillation Index (surface pressure in Tahiti minus 
surface pressure in Darwin) or the NAO index (pressure in Reykjavik minus pressure 
in Lisbon).  
We must likewise consider the average temperature at the surface of the earth as an 
index, describing the role of climate system fluctuations which have a planetary 
impact. The surface temperature is calculated from a set of ground measurements 
(buoys, boats, weather stations), which since some decades have been 
complemented by satellite data. Satellite measurements are much more precise on 
the oceans than the continents, enabling the Southern Hemisphere to be covered 
accurately. The analysis systems mentioned above are used to check the 
consistency of the surface temperature estimate with that of the other meteorological 
parameters. We can check that the “average temperature at the surface” index 
actually takes into account medium-term changes in the climate (a few decades and 
beyond), and that it is also sensitive to the organised patterns of climate variations 
that occur within a shorter time scale. It is therefore reasonable to extend use of this 
index to periods much longer than the last few decades, and to use it as a (partial) 
descriptor of climate changes on a scale of centuries, millenniums or hundreds of 
thousands of years. 
Over the last few years the average temperature at the surface of the earth has 
gradually increased, a trend to which shorter fluctuations are superimposed. In 1998, 
an El-Niño event of exceptional magnitude resulted in very high average 
temperatures, followed of course in the following years by a relative cooling. These 
changes would be impossible to interpret if they were not accompanied by more 
accurate studies, aimed at taking into account the different climate patterns that 
contribute to them. Climate change detection studies go a step further, seeking to 
determine whether, in a statistical space orthogonal to that of natural climate 
variations, changes take place as expected in response to the increase in 
greenhouse gases. It is these studies, and not the visual inspection of the average 
global warming graph, that now allow us to say with almost certainty that a change is 
underway, and, with a smaller but increasing level of certainty, that it is attributable to 
human activities. 
Nonetheless, the average temperature at the surface of the earth remains a very 
useful tool for summarising the results of climate models and for making the 
connection between results from recent data and those from paleoclimatic data.” 
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Claude Lorius (Membre de l’Académie des sciences) and Jean 
Jouzel, LSCE/IPSL (CEA-CNRS) 

“What does the global mean surface temperature mean? How is it determined? 
The global mean surface temperature is determined from monthly means which 
combined individual thermometer measurements taken every day at several 
thousands stations over the land areas of the world with thousands measurements of 
sea surface temperature taken from ships moving over the oceans. For each site, 
one uses anomalies with respect to the 1961-1990 period, taking care of various 
corrections linked with instrumental change and change in the method of 
measurement, or to environmental modifications of the station due, for example, to 
urbanization. From these data, one defines a geographical gridding, covering for 
example 5° in latitude and in longitude. From these data, three teams, one from the 
UK and two from the US, have developed records of global mean surface 
temperature. Most of the differences arise from the diversity of spatial averaging 
techniques and from the treatment of gaps in the data, as has been the case during 
World War two.   
It is now possible to use these measurements from 1850 to the present, although 
coverage is much less than global in the second half of the 19th century. is much 
better after 1957 when measurements began in Antarctica, and best after about 
1980, when satellites measurements began. Estimates of annual averages (2 s) are 
thus more precise nowadays (0.1°C) than at the beginning of the 20th century 
(0.2°C). Accounting for all sources of uncertainty, observed trend over the last 100 
years are quite significant showing an average warming of 0.74 ± 0.18 °C  between 
1906 and 2005 and of 0.64 ± 0.13 °C between 1956 and 2005. 
 
What are the respective contributions of natural and human driven forcings to 
observed climate change? 
Distinguishing between natural climate variability - which has always existed and will 
continue to exist - and human driven change, is one important aspect discussed 
throughout the successive IPCC reports. Thanks to the accumulation of new data, to 
the improvement of climate models and to a better knowledge of the causal factors of 
natural variability, the AR4 IPCC report published in 2007 provides a clear answer. It 
is very unlikely (<10%) that the global pattern of warming during the past half century 
is due to known natural external causes alone ; in fact, over this period combined 
influence of solar and volcanic activities would have rather contribute to a small 
cooling. Conversely, most of this warming is very likely (>90%) due to the observed 
increase in anthropogenic greenhouse gas concentration. The recent cooling 
observed in the stratosphere in one of the key arguments of this attribution. It is what 
is expected if the warming effectively results from an increase of the greenhouse 
effect while if it were due to solar activity both the stratosphere and the surface of our 
Planet would have warm. 
 
Is this global mean surface temperature a good indicator of climatic change? 
What are the main consequences? 
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The global mean surface temperature is a good indicator of climatic change. The 
IPCC assessment stating that "warming is unequivocal" relies in addition on a series 
of complementary observations : warming observed in the troposphere and in the 
deep ocean, observed changes in melting of snow and ice, global average sea level 
rise, increase of the average atmospheric water vapour content….. 
Other climate variables have to be taken into account when going from the notion of 
"warming" from the broadest one of "climate change". These variables relate to 
precipitation amount, ocean salinity, winds, atmospheric circulation, extreme events 
including droughts, intense precipitation events, floods, heat waves and tropical 
cyclones. Our environment is also affected either over the continents (periods of lake 
and river freezing, dates of flowering and grape harvest, areas of faunal and floral 
developments) or over and in the ocean (modified habitats of some algal and 
planktonic species and of fishes, that can be associated with high confidence to the 
warming of oceanic waters and to other parameters such as sea-ice cover, salinity, 
oceanic circulation and oxygen content).” 

Michel Petit (Correspondant de l’Académie des sciences) : 

“As is well-known the climatic system undergoes daily random variations; from year 
to year winters remain cold and summer warm but some winters are colder than 
others, some summers are warmer (or hotter) than others.  Obtaining a meaningful 
statistical picture requires averages, in space over the whole world and in time 
usually over periods of several decades (30 years most commonly).  The spatial 
averages are based on the data from the worldwide network of meteorological 
stations on earth and from the meteorological satellites in space.  Of course the 
stations on earth are not uniformly distributed on the surface of the Earth and 
therefore their data are pondered accordingly. For the time averages, data are 
needed from regions where meteorological stations did not exist in the past.  For 
such places, past temperatures are guessed using several methods; the most 
powerful one is to study the content of air bubbles which may be aged of up to a 
million of years and which are encapsulated in the ice caps in the Polar Regions at 
depths of the order of several kilometers (or miles). 

The climate of the Earth evolves under the influence of various natural causes that 
have always existed and that will continue to play a role: 

• Firstly the motion of the Earth around the sun is not perfectly repetitive 
because of the influence of the moon and the other planets.  This affects:  the 
direction of the axis of the Earth in its daily rotation, that is its inclination with 
respect to the plane of its annual rotations around the sun; the shape 
(flatness) of the Earth elliptic orbit during its annual rotations around the sun; 
and the time when the Earth is closest to the sun.  All these quantities vary 
regularly.  These variations occur slowly under periods of time of tens of 
thousands of years.  They produce changes in the angles under which the sun 
rays hit the Earth and thus differences in the way it warms it.  These variations 
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induce the large glacial and interglacial cycles with amplitude of 6°C (or 
10.8°F) and a period of 100,000 years.   Since about 10,000 years we are in 
the midst of a warm interglacial period which should continue for about 30,000 
years. 

• The sun itself has its own variability which is witnessed by the presence of 
white spots on its surface whose number varies with a cycle of 11 years.   This 
cycle affects the solar radiations mainly in the ultraviolet range and 
consequently it affects the behavior of the upper layers of the atmosphere 
which absorb it:  ionosphere (at a height of about 100km or 60 miles and 
above), and to a lesser extent the stratosphere (at a height of about 30km or 
20 miles). It very slightly affects the total energy radiated and its very feeble 
influence is detected in the climatic phenomena.  Long term variations of the 
total radiations such as the increase, since the so-called Maunder minimum 
observed at the end of the XVIIth century in the number of solar white spots, 
are possible, but of limited amplitude and they are not sufficient to explain the 
variations of the climate during the last decades.  Since a few decades the 
satellites permit a direct measurement of the solar radiation whose variations 
remain small. Furthermore, we cannot think at any mechanism by which an 
increase in solar radiation could explain the warming of the climate recently 
observed, and, at the same time, that this warming decreases with altitude to 
the point of becoming a cooling at the level of the stratosphere. 

• Another factor playing a role in the temperature at the surface of the Earth is 
volcanic activity.  During the strong volcanic eruptions, particles of dust reach 
the stratosphere and can stay there for one or two years before falling back on 
the ground.  These particles essentially made of sulfur oxides play a screening 
role for the incident solar flux and this tends to cool the surface of the Earth.  
During the last great eruption of Pinatubo mount in 1991, such a cooling of 
0.5°C or 0.8°F has been observed on a large part of the Earth.  But these 
effects are short lived (1 to 2 years).  They represent only one source of 
variability, but cannot explain the quasi continuous rise of temperature 
observed during the last 30 years.   

Since the beginning of the industrial era, human activities have added new causes of 
variations to these natural ones; they are related to the change of the composition of 
the atmosphere that they induce, namely the additional greenhouse effect which is 
the only possible quantitative explanation of the observations of the last thirty years, 
as shown by the current modelings of the climate which take into account all the 
natural and anthropogenic phenomena. 

The variation of the average temperature is the best indicator of the world climatic 
change.  This parameter, however important it is, should not hide the existence of 
important geographical variations and the variations in rain whose importance for the 
ecosystem and humanity should not be underestimated.  The increase in the 
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temperature induces a slow rise of the level of the seas because, on the one hand, of 
the dilatation of the deepest layers of the ocean, and, the other hand, of the melting 
of earth ices.  This rise of the level of the seas will continue for centuries even if the 
Earth temperature is stabilized.”  

 

I-3 In France, how would we see the climate warming in everyday life?   

Jean-Claude André (Correspondant de l’Académie des sciences) : 

"We must distinguish two levels of response to this question. On the one hand the 
perception of warming which a person who only has his/her own perception of 
temperatures may or may not have, and on the other hand, the reality of warming as 
derived from specific measurements taken by climatologists. 
 Individual perception is limited by memory span and the traces left by certain 
exceptional and less exceptional events. Global warming is assessed over periods of 
several decades, which is exactly compatible with the lifespan of most French 
people. Common experience can therefore be biased by a particularly mild or harsh 
winter, or by a particularly warm or cold summer, whereas nothing is remembered of 
the slow trend developing over 50 years or so. 
Climate records are quantitative, however. They show for example, over the period 
1951-2000, that the number of so-called “summer” days (i.e., with a temperature 
above 25°C), has increased in 90% of measurement stations located across France. 
They show that there have been 4 fewer days of frost every 10 years in the South 
(Toulouse station) and 5 fewer days in the North (Nancy station). They also indicate 
that snow coverage in the medium mountains (altitude between 100 and 500 m) is 
decreasing, with, every 10 years, 1 week less of snow on the ground and 2 weeks 
less of snow coverage higher than 1 m. They also show that a number of migratory 
birds remain in France in winter instead of heading south, and that the flowering 
dates of fruit trees, and grape harvest dates are getting earlier and earlier. All of 
these indicators are regularly monitored on the ONERC (French National 
Observatory on the Effects of Global Warming) website1. 
 
What proves that global warming is due to the increase in the greenhouse 
effect? 
It is possible to show that many of the effects described above are significant from a 
statistical point of view, that is, they are not the result of natural fluctuations that 
affect the climate from one year to the next. It is a genuine signal and no longer just 
noise associated with more-or-less erratic variations. We must, however, use climate 
                                                 
1 Observatoire National des Effets du Réchauffement Climatique 
(http://onerc.org/listAllIndicators.jsf)  
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modelling to find out what this signal means. Only complex climate models taking into 
account all atmospheric and oceanic mechanisms, and numerous interactions with 
the other natural systems and phenomena (sun, vegetation and biosphere, 
volcanism, etc.) can convincingly and quantitatively show the relationship between 
cause and effect. It is these that prove that current and future global warming is 
caused by the rise in the atmospheric concentration of greenhouse gases (carbon 
dioxide, methane, etc.). 
 
Which region is most affected by this climate change and how? 
On a global scale, it is high latitude regions that are experiencing and will continue to 
experience the greatest warming. On a regional scale, this major trend is modulated 
by more local effects like the proximity of oceanic or mountain masses. For France, it 
is therefore the South-West which has on average warmed up more quickly than the 
other regions during the 20th century. Inter-regional differences are small however (a 
few tenths of a degree). For more specific parameters like minimum temperature at 
the end of the night, it is the West that has warmed up more than the East; for 
maximum daily temperatures, the South has warmed up more than the North. 
 
Are new droughts visible in the South? 
There is actually a tendency towards the drying-out of the ground, particularly from 
February to April, the period when the generally more abundant rainfall actually 
replenishes groundwater stores (discovered through studies on the reconstitution of 
the quality of water contained in the ground over the last 50 years, from 1958 to 
2008). 
 
Does this have an impact on agriculture? 
Agriculture is indeed affected by this drying-out of the land, and increasingly so as 
the demand for irrigation water rises.  This is why, for example2, in 2005, the 
anticipated reduction in the resource from February led to the introduction of crop 
rotation taking this prospect into account and to an average 8% reduction in grain-
maize surface areas across France. Nationally, a 10% smaller yield was expected for 
irrigated maize. The drought led to losses ranging from 30 to 40% in certain French 
départements, and 40 départements became eligible for compensation for 
agricultural disasters for their feed harvests.   
 
Have forest fires increased in these regions? 
This question cannot be given a definitive answer at present, particularly regarding 
the possible link between the increase in the number of forest fires and global 
warming. Studies are currently being launched to gather information to help provide 
an answer. 

Michel Petit (Correspondant de l’Académie des sciences) : 

“Due to the random variations of the climate system it is difficult to relate local 
phenomena to a general cause.  As far as France is concerned, the concerns relate 

                                                 
2 Source INRA (Institut National de la Recherche Agronomique/French National Institute for 
Agricultural Research) 
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more to the future than to present time, as the amplitude of the past climatic changes 
are small compared to what we fear will come.  Furthermore, the most serious 
consequences in a country with a large adaptation faculty as France, are rather of 
geopolitical nature and, most likely, will come from outside, in particular in the form of 
migratory pressures coming from less developed countries. 

However we can notice the following observations which agree with the world 
climatic change, which is itself most likely related to the anthropogenic greenhouse 
effect:  recess of glaciers; everywhere increase in the number of summer like days (4 
days every 10 years in Paris, 5 in Toulouse); decrease of the number of frost days (4 
days in Toulouse every 10 years, 5 in Nancy); date of grapes’ harvests at 
Châteauneuf du Pape (postponed by 3 weeks in 50 years with a further acceleration 
since the years 1990s); extension to the North of a southern type insect (“chenille 
processionnaire du pin”) which, progressing at the rate of 5km per year is now 
reaching the south of the Parisian basin. 

In the long range the regions mostly affected by the climatic change are most likely 
the mountains which may lose their hibernal touristic seasons affected by the lack of 
snow; the Mediterranean regions because of drought and by becoming less attractive 
for estival tourism; and the Camargue region because of the rise of the level of the 
Mediterranean Sea.” 

I-4 Has the Earth experienced in the past important modifications of 
temperature? How did they end? 

Jean Dercourt (Membre de l’Académie des sciences) : 

“Evidences of climate variations have been found in the geological series formed 
during the periods of the earth’s history when icecaps existed in the Poles (Permo-
Carboniferous, Ordovician and Precambrian periods). Through the study of the 
oxygen isotopes in the ice and the composition of trapped air bubbles (CO2 and 
methane), drilling works in the current Antarctic icecaps have  enabled us to detect 4 
successive climatic cycles in 400,000 years (era in which humans knew how to use 
fire). Each cycle has a thermal minimum (considerable polar glaciations and low sea 
levels) and, through irregular but generally quite fast stages has achieved a thermal 
maximum (melting of the arctic ice field, concomitant rise in sea levels). Each cycle 
ends with a return to a cold period, which is also irregular and which occurs at a 
much slower path. We can say that the current cycle started 20,000 to 30,000 years 
ago; the average level of the oceans was then at 120 meters below its current level, 
and the arctic icecap reached such places as London or Brussels. The rise in 
temperature happened by stages, each marked by a cold phase which was 
succeeded by a warmer phase. Geological, archaeological and more recent historical 
data all confirm these facts. For the more recent periods, where the resolution is 
better, we can distinguish cycles whose periods (or pseudo-periods) are in the order 
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of a few centuries. We can therefore recognise a cold period at the start of the Middle 
Ages gradually moving to a warm period (the medieval climate optimum) from the 
12th to the 14th century followed again by a marked cooling (the Little Ice Age) in the 
17th and 18th centuries. From the 1840s, very gradually, the temperature rose at an 
irregular rate which was quite high from the start of the 20th century to the 1930s-
1940s, and again between 1970 and 2000. 
Climate variability is therefore an ever present phenomenon in our planet’s recent 
and ancient history. 
 
The causes of this variability are the subject of considerable scientific research. The 
climate system is extremely complex; it combines the activity of the sun and other 
planets as well as that of the various layers of the earth, therefore bringing into play: 
1) Astronomic rhythms (Milankovitch cycles); 
2) Solar energy variations; 
3) The dynamics of the earth’s layers and in particular the liquid layers: that of the 

atmosphere (where greenhouse gases are present) and the ocean naturally, but 
also perhaps that of the liquid medium in the core which maintains the earth's 
magnetism; 

4) Many other effects like the abundance of clouds (linked to the cycle of water, the 
main greenhouse gas yet one of the most uncertain components in the climate 
models), the role of cosmic rays and volcanic emissions, etc. 

 
Although the role of the sun has been the subject of a number of studies, it is not 
much taken into account currently. On the other hand, particular emphasis has been 
placed on the role of the greenhouse gases (water vapour, CO2, methane, etc.) 
through innovative theoretical concepts (modelling) and studies using technological 
tools. Because of this, they have been thought as being the cause of certain climatic 
variations, mainly the most recent ones. It seems to me that the other causes are 
being neglected or not examined thoroughly enough, rendering incomplete our 
understanding of the climate system, a system that is non-linear and highly complex. 
We need to understand the role of each of the causes of the current global warming, 
as well as the role of all the previous variations. 
 
It is now important to determine whether greenhouse gases can alone explain the 
current cycle’s rapid thermal elevation, which would then be linked solely to human 
activity. 
 
It cannot be denied that the growing world population as well as industrial and 
agricultural activities are causing an increase in these greenhouse gases, and all 
actions taken to reduce the resulting pollution are welcome. On the other hand, if we 
were to attribute the rise in temperature mainly or solely to greenhouse gases, then 
all the other causes should be examined with as many studies and as much attention 
as the scientific community is putting into these gases. To say that this fight against 
pollution will help to avoid the rise in water levels, regulate the expansion of the 
deserts and stabilise ecological areas, etc, is another matter entirely. It would be wise 
not to deceive the people who live in the areas that are most at risk. To this aim, it is 
important that the international scientific community and world policy decision-makers 
extend their concerns to all of the detected causes, and that an in-depth study is 
carried out on the previous thermal cycles.  This would allow us to evaluate the 
remaining uncertainties more thoroughly, uncertainties which, if they are not 
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considered, render the scientific work useless and which for the time being do not 
seem to have been sufficiently studied. Let us not forget that the current climate is 
only part of the last climatic cycle which has affected the planet for several million of 
years.”  
 
 
 
 
 

 

I-5  France has known in the past extreme climatic events which have induced 
pollutions among other consequences. What can be done to reduce the impact 
of such extreme climatic events? 

Henri Décamps (Membre de l’Académie des sciences) : 

“Rain waters accumulate pollutants by contact with air and when they flow on 
impermeable surfaces, such as roadways, parking areas and building roofs, in town 
and in the countryside.  These pollutants include hydrocarbons, lead, heavy metals 
coming from automobile circulation as well as animal dejections, wastes rejected by 
sewage overflows, and various products collected by the washing of vegetation 
(nitrogen, phosphorus, pesticides and herbicides).  Furthermore the acidity of the rain 
increases its dissolving power.  
In town, part of this runoff can be captured, filtered and treated by systems which are 
implemented to compensate for the impermeableness of the grounds.  Such systems 
consist of retention or of filtration basins; porous roadways integrated in the streets or 
ditches orienting the flows; trenches dedicated to accumulation or infiltration of 
waters located on the side-walks or under pedestrians ways; of roofs covered by 
vegetation on top of houses and buildings.  Rain gardens can be disposed in shallow 
depressions, or on permeable grounds, to collect rain waters and infiltrate them into 
the ground.  In rural areas cultivation practices can allow stocking water from the very 
top of the discharge basins, to slow and spread the flow through a network of ramps, 
hedgerows, grass-lands, floodable meadows and trenches, thus avoiding picks of 
polluting flows downstream.   
Fighting this pollution generated by rains, demands constant efforts of verification, 
maintenance and cleaning of the sewers as well as the overflows, connections and 
junctions.  Monitoring efforts are also imperative, through rain gauges, interception 
and sampling devices in order to collect data on the amounts of fallen rain, the 
conditions of the flows, the pollutions carried by the rain, the percentage of treated 
flows - all these data being necessary for the management of the rain waters.  
Mathematical models should allow to study crisis scenarios and to draw predictive 
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maps of overflows, or the activation of the stocking network according to the intensity 
of the rain events.  An automatic control of the waters in the network could allow for a 
real time management of the fluxes so as to avoid overflows. 
Independently of the rains, flooding can produce severe pollutions.  By overflowing, 
water carries everything it finds on its way:  debris, rubbishes, garbage, more or less 
contaminated mud, dangerous liquids, and barrels of toxic products.  What is carried 
is also broadly spread on long distances.  The fuel oil from a vat can damage many 
houses, render lodging units unusable, and soils improper to any cultivation.  Any 
stocking in floodable zone should be avoided or at least, made in perfectly water-tight 
and irremovable places.   
More generally, it is important 

• To install products such as batteries, insecticides, fertilizers, weed-killers, 
paints in high storing places, away from water,  

• To clean and sanitize all the objects and furniture which have been in contact 
with flood water, 

• To ventilate and sanitize the rooms, and to warm them as soon as it is safe to 
do so. 

As for the heat waves, they often tend to increase the level of ozone and other 
types of atmospheric pollutants under the action of the solar ultra-violet 
radiations.  This level increase is produced from precursor compounds such as 
the nitrogen oxide gases emitted by the vehicles, the volatile organic compounds 
included in the fuels, and many other products such as glues, paints, inks, 
cleaners and stain-removers, cosmetics and more generally all sorts of diluents.  
The increase in the amount of atmospheric ozone affects mainly the cities where 
they induce eye irritations, coughs, and respiratory infections.  The effects on 
health depend on individual sensitivity; they vary according to age, to the general 
health condition, to tobacco consumption, and to various pre-existing aggravating 
conditions such as respiratory or cardio-vascular diseases.   
One must comply with all the fundamental recommendations usually made to 
fight the effect of heat, especially to avoid going out at the hottest hours of the 
day and to be diligent at helping distressed persons.  It is important also to well 
understand the meanings of the pollution alert levels, which are determined on 
the basis of an evaluation of the content of the air in floating particles, in nitrogen 
oxide, in sulphur dioxide, in volatile organic compounds and in ozone.  On a 
scale of 0 to 10, level 8 characterizes an atmospheric concentration of 180 μg/m³ 
(micrograms per cubic meter) during one hour:  at this level the population must 
be alerted, recommendations should be given and possibly some restrictions be 
placed by governmental authorities.  The level 10, representing a concentration 
of 240 μg/m³ of ozone during at least three hours, is that of general alerts, and 
emergency actions should be implemented such as speed limitation of vehicles 
on the highways, alternated circulation in the cities, free access to parking lots 
around the cities and free access to public transportation. 
In fact, the floods, the heat waves and the storms only highlight pre-existing 
pollutions and exacerbate their effects.  These events must incite a constant 
awareness regarding pollution, whatever the affected places, on the ground, in 
the air or in the waters.”  
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I-6  How reliable are the mathematical models used to predict possible climate 
changes and their consequences?  

Roger Temam (Académie des sciences): 

“The atmosphere and ocean sciences belong to the class of sciences for which one 
cannot always perform experiments.  Therefore the understanding of phenomena 
depends on their observation, on their mathematical modeling and on numerical 
simulations that one can perform with the models.  Of course all these approaches 
are chosen according to the knowledge objectives one aims to attain, and the means 
that are available.   
 
Observation involves very important and diverse types of equipment and 
experiments:  beside well-known meteorological data, these include installation of 
probes in the oceans and collection of the measurements they provide; bathymetry; 
drilling and observation of the sea floor, the ice caps and earth’s crust; aerial 
observations and measurements, from towers, balloons or airplanes; and satellite 
observations.  The interpretation of such observations depends on understanding of 
the irregular and sparse data one can collect, and on the statistics one can derive 
from them.  Of course the accumulation and storage of the colossal quantities of data 
thus collected are made possible by the large memory capacity of modern 
computers.  Their management makes use of tools from the theory of data bases.   
 
We will return below to mathematical modeling, which ranges from well-understood 
phenomena like fluid mechanics to poorly-understood phenomena now being 
studied, and to others that will probably require ten, twenty or thirty years to describe 
precisely.  Phenomena needing a better understanding include physical, physico-
chemical, chemical and biological processes such as  

- temperatures, rains,  ocean currents,  winds in the atmosphere, and  
exchanges with the stratosphere;  

- the great bio-geo-chemical cycles ; 
- aerosols; 
- large climatic structures such as the monsoons, etc.  

 
Once a model has been derived, it is generally impossible to explicitly resolve the 
corresponding equations due to their infinite complexity, and one thus must resort to 
numerical simulations.  The idea that such complex phenomena can be described by 
a set of equations is already contained in a short and very premonitory paragraph in 
the Introduction of the Treatise of Probabilities by Simon de Laplace (second edition, 
1814).  After the development of thermodynamics in the rest of the 19th century, 
scientists, at the beginning of the 20th century, started to formulate a very precise 
program for the simulation of atmospheric phenomena.  This program actually begins 
to develop in the middle of the 20th century with the appearance of the first 
computers.   
 
Nowadays, two types of climatic predictions are made.  The first type of predictions 
uses statistical methods and consists of comparing present observations to 
accumulated measurements.  They thus require the accumulation of large sets of 
data and the use of statistics; they can only predict phenomena which have already 
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occurred in the past.  The second approach to climate prediction consists of 
modeling the physical phenomena that one believes to be significant and 
representing them by mathematical models. After many simplifications evolution 
equations are generally involved, and finally, one tries to solve the mathematical 
equations that have been derived using numerical methods.  At the most 
sophisticated level we find the General Circulation Models (GCMs), of the Oceans, of 
the Atmosphere, and of the coupled Ocean-Atmosphere-Icecap system.  After 
numerical discretization one obtains huge numerical systems with millions of 
equations and millions of unknowns which reach the limits of the most powerful 
computers presently available and for which effective numerical methods must be 
developed.   
 
The primary equations that arise are the equations of fluid mechanics, which 
describe the motion of water in the oceans and of air in the atmosphere, the 
equations of balance of energy which model temperature, the kinetic equations which 
describe the content of salt in the ocean and of various chemicals in the air including 
of course those responsible for pollution (carbon dioxide, etc.), and many more 
equations.  These equations include various terms that are not well-known, e.g. 
some source terms and terms that describe boundary conditions.   
 
For better reliability of the results we obtain, we will need further improvements 
aimed at more precisely describing climatic evolution in smaller and smaller regions.  
At present, it is felt that the most important source of uncertainty in our predictions is 
due to the clouds, which fundamentally modify the balance of energy of the 
atmosphere by their ability to absorb or reflect ultra-violet radiations from the Sun and 
infrared radiations emitted by the Earth, and by condensation, frost, melting or 
evaporation phenomena occurring within them.  Hence, for example loosely verified 
hypotheses are made on the cloudiness of the column of air above each point of the 
numerical network, that is every 10 to 50 kilometers.   
 
We already mentioned poorly-understood phenomena that necessitate further 
modeling that is either in progress now, or to be performed in the future. These 
include (beside the clouds) modeling of the icecaps, of the icy seas, of radiative 
exchanges with the earth and with ice (albedo), the mechanical, thermal and 
chemical influences of vegetation, the cycles of water and carbon, part of which is 
absorbed by an unknown component of the atmosphere-oceans system, and more 
generally the great bio-geo-chemical cycles, the aerosols, etc.   
 
For forecasting the future, another significant unknown is anthropogenic input, which 
will depend on political decisions, on the evolution of technologies-in particular in the 
area of energy conservation-and in the creation of new sources of energy. It will also 
depend on the behavior of humanity regarding insulation, energy conservation, and 
consumption.  The reliability of our predictions depends also on the time scale in 
question, usually 10, 20 or 50 years, or even the rest of this century.” 

Jacques Villain (Membre de l’Académie des sciences) : 

1. Meteorological chaos and climatologic stability  
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An unavoidable objection against climatologic predictions is that raised by Claude 
Allègre in one of his books, namely, “I find it hard to believe that we can accurately 
predict what the weather will be like in a century when we cannot even predict what 
the weather will do next week.” This paradox is only apparent because meteorology 
seeks to predict the weather in a certain place and at a certain time, whereas 
climatology is concerned with average values over a long period of time and in a vast 
region. The coexistence of meteorological chaos and climatologic stability, an 
unproven hypothesis, is however strongly suggested by model-based calculations.  
 
2. The uncertainty is great and difficult to evaluate 
Nevertheless, the very complexity of the phenomena leads to great uncertainty in the 
results. This uncertainty is expressed in the reports of the IPCC (Intergovernmental 
Panel on Climate Change) by qualifications such as “very likely”, “likely”, and “more 
likely than not”. It seems difficult, however, to attribute a precise meaning to 
probabilities as has been done in Mathematics. For climatologists the concept of 
“probability” seems to be somewhat subjective, and includes the neglected physical 
factors, the looseness of grids, the agreement between the different models, the 
agreement between the models and the observations, etc. It is also remarkable that 
the uncertainty estimated by the IPCC has not improved much over the years (for 
example between 2002 and 2007) despite undisputed improvements in the models.  
Everybody agrees that the uncertainties are great. In fact, the IPCC predictions 
concerning global warming for this century show a difference of a factor of 3 between 
the highest value and the lowest value. More uncertain yet are the evaluations of 
extreme events like storms and droughts. These events seem to have increased over 
the last few decades, but is this a result of human activities? “More likely than not,” 
according to the IPCC! 
 
3. Uncertainty does not justify an act of faith 
Whatever the uncertainties, we cannot ignore the fact that, from the 20th century, the 
extent of global warming resulting from human activities is by no means insignificant.  
Its precise value is in fact the sum of contributions some of which (like the effect of 
clouds) are difficult to evaluate, while others are major and calculable. The 
assumption that the various contributions will mutually compensate would be an 
unjustified act of faith.  

 

II - ENVIRONMENT AND OCEANS 

II-1 We hear about the use of the level of the seas and its disastrous 
consequences on the low and populated coastal regions.  What is the situation 
for the coasts of metropolitan France and of its overseas’ dependencies? 
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Anny Cazenave (Membre de l’Académie des sciences) : 

“Since the end of the last Glacial Age about 20 000 years ago, sea level rose by 
~120 m on average and stabilized in the mid-Holocene. Geological and archeological 
observations indicate that the mean sea level did not rise more than 0.1 -0.2 mm/yr 
during the last 2-3 millennia. However, tide gauges available since the late 19th 
century have reported significant sea level rise during the 20th century, with a mean 
rate of ~1.8 mm/yr since 1950. Since the early 1990s, satellite altimetry has become 
the main tool for precisely and continuously measuring sea level with quasi global 
coverage of the oceanic domain. High-precision satellite altimetry started with the 
launch of the NASA-CNES missions, Topex/Poseidon in 1992, followed by Jason-1 
and Jason-2 launched in 2001 and 2008 respectively. The temporal evolution of the 
global mean sea level measured by satellite altimetry since early 1993 shows an 
almost linear rate of ~ 3.5 mm/yr, a value nearly twice higher than the mean rate 
recorded by tide gauges over the past decades.  Satellite altimetry have also shown 
that sea level rise in far from being uniform; in some regions (e.g., the western 
Pacific),  rates of sea level rise are up to 3 time fasters than the global mean. There 
is strong evidence that contemporary sea level rise results from current climate 
warming. During the past 4 to 5 decades, the ocean has warmed significantly and 
stored about 85% of excess heat accumulated in the climate system because of 
anthropogenic greenhouse gases emissions. Associated thermal expansion of the 
ocean explains part of the present-day sea level rise. Since a few years/decades, we 
also observe significant land ice shrinkage. Mountain glaciers are retreating 
worldwide while Greenland and West Antarctica are losing ice into the ocean at an 
unexpected rate. Land ice loss is another contributor to present-day sea level rise. To 
give an order of magnitude, over the past 2 decades, ocean warming, mountain 
glaciers melting,  and Greenland and Antarctica ice mass loss have each contributed 
by about 1/3 to sea level rise. 
Sea level rise is a major concern for populations living in low-lying coastal regions 
(about 25% of humans).  In effect, sea level will continue to rise in the coming 
decades, probably at an accelerated rate because of continuing ocean warming and 
increased ice sheet melting into the ocean.  Exactly how much is difficult to predict 
however. But sea levels  higher than 50 cm to 1 m above today’s value are  plausible 
by the end of the 21st century.  Low-lying coastal areas around the world will be 
particularly at risk. Moreover, in many regions, the adverse effects of rising sea level 
will act in combination with other natural and human-induced factors, such as 
decreased rate of sediment deposition in river deltas, ground subsidence as a result 
of groundwater pumping or oil and gas extraction, amplifying the vulnerability of 
these areas. Integrated models of future sea level rise, taking into account all 
potential factors acting globally, regionally and locally, are crucially needed for 
mitigation and adaptation purposes.”  

II-2 We recently heard about the increase of acidity of the oceans and the 
dangers on the life in the seas and the oceans.  What are the facts?  

Anny Cazenave (Membre de l’Académie des sciences) : 
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“The concentration of atmospheric carbon dioxide (CO2) has increased by 38%  
since the beginning of the industrial revolution. While during the last million years this 
concentration never exceeded 280 ppm (parts per million), it has now reached >380 
ppm (383 ppm in 2007). Half of this level has occurred in the last 30 years. The 
increasing atmospheric CO2 concentration results from fossil fuel combustion, 
deforestation in tropical countries and other human activities. Total emissions 
increased from 6 gigatons of carbon per year in 1993 to 8.5 gigatons in 2007. Natural 
land (vegetation) and ocean have removed 4.8 gigatons per year during 2000-2007 
(hence about 3.7 gigatons per year accumulate in the atmosphere).  Ocean CO2 sink 
amounted about 2.3 gigatons per year during 2002-2007. CO2 absorption by the 
ocean mostly results from CO2 dissolution in surface waters (but photosynthesis by 
phytoplankton also plays some role). When CO2 dissolves in sea water, carbonic 
acid is formed. In this chemical reaction, hydrogen ions are released, leading to pH 
decrease, hence ocean acidification (acidity is commonly expressed as pH, a 
measure of hydrogen ions concentration in sea water). Over the past 250 years, the 
mean pH of the surface global ocean has decreased from 8.2 to 8.1. Ocean 
acidification is causing seawaters to become corrosive to the shells and skeletons of 
marine organisms. It also affects metabolism, physical activity and reproduction of 
certain marine animals.  
Is is expected that the CO2 atmospheric concentration will continue to increase 
during the 21st century (and possibly double by 2100 compared to pre-industrial era). 
Models predict that surface ocean pH may decline by another 0.3-0.4 in the coming 
decades. Many marine organisms will be negatively impacted by such pH reductions. 
Coral calcification rates will substantially decline and many coral reefs will be 
particularly at risk.”  

Bernard Kloareg (Correspondant de l’Académie des sciences) avec 
Colomban de Vargas, chercheur au CNRS, Station biologique de 
Roscoff : 

 “The term “Acidification of the oceans” refers to the relatively simple physico-
chemical phenomenon that links the rise in carbon dioxide partial pressure in the 
atmosphere ([pCO2]) to the increase in the concentration of hydrogen carbonate ions 
([HCO3

-]) and protons ([H+]) in oceanic waters.  
Since the industrial revolution, around 200 years ago, humanity has burnt a large part 
of the organic matter trapped in the lithosphere and converted into hydrocarbons or 
coal during geological times. This combustion of fossil energies has brought about a 
sudden rise in the concentration of atmospheric CO2: measurements from ice cores 
indicate that levels have increased from 280 to 380 ppmv (parts per million in 
volume), which amounts to a 30% rise in the atmospheric CO2 level since the start of 
the 19th century. Now, a third of the CO2 discharged into the air by human activities 
has been absorbed by the oceans, where it is either photosynthesised by coastal 
macro-algae and micro-algae (phytoplankton), then recycled into O2 and organic 
matter, or it is combined with water to produce H+ and HCO3

- ions. The reduction in 
pH is also accompanied by a pauperization of carbonate ions (CO3

2-).  
Thus, the rise in atmospheric carbon dioxide levels has resulted in a marked 
acidification (drop in pH) of seawater. While the acidification and corresponding 
changes in the seawater’s ionic composition are relatively well known and 
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predictable, the effects that all these changes will have on the physiology and 
adaptation of marine organisms are not so well known. It is certain, however, that the 
changes in the oceans’ chemistry correlated to the water’s acidification will have 
major consequences on the metabolism of marine organisms. Two fundamental 
cellular processes in particular will be affected: the inorganic carbon concentration 
mechanisms for photosynthesis, and the calcification processes which are essential 
to the development of organisms with an internal or external calcareous skeleton. In 
fact, the starting substrates of these metabolisms are respectively CO2 and CO3

2- 

ions. 
Photosynthesis and calcification indeed are two fundamental processes for the major 
biogeochemical balances of our planet, because they bring the action of living 
organisms into play. Photosynthetic oceanic plankton in particular produces around 
half of the plant biomass (and therefore the oxygen) on the earth. It plays a major 
role in the carbon cycle, notably through the production of calcareous exoskeletons, 
which export carbon to the bottom of the oceans when these micro-algae die (a 
phenomenon which causes calcareous sedimentary formations). An important issue 
in terms of climate regulation is, therefore, the adaptation of micro-algae to the 
consequences of current climate changes, whether it is the rise in seawater 
temperature or its acidification.  
How will photosynthesis and the calcification processes of marine phytoplankton 
react to the changes in concentrations of HCO3

- and CO3
2- ions respectively? 

Unfortunately, at present it is very difficult to assess and, therefore, predict the 
physiological and genetic responses of these unicellular algae. Neither laboratory 
experiments on isolated strains, nor mesocosm-type field experiments can 
realistically reproduce the spatio-temporal complexity of plankton populations which 
have enormous genetic diversity on a global scale. It is possible that certain species 
may adapt themselves because they are capable of evolving quickly due to their very 
high population numbers and the speed at which they reproduce, but these issues 
have been the subject of very little research so far. 
 
Similarly, different experiments on sea urchins and ophiurans for example have 
already shown that a reduction in seawater pH by a few tenths of a unit greatly 
affects the development of the larvae of these organisms. Again the adaptation of 
marine organisms to climate change will depend on both the speed of these 
changes, and the biology and genetic resources of these organisms. However, 
concerns are high in the scientific community that this will result in a very large 
reduction in marine biodiversity. Some people even predict there will be massive 
extinctions due to the scale and speed of the now inevitable changes in the 
seawater’s physico-chemical parameters.  
Without going as far as this catastrophic scenario, it is certain that our marine 
ecosystems will undergo significant changes, including rapid erosion of biodiversity 
or, at the very least, a displacement of the bio-geographical distribution areas of 
species. Food chains will also be affected, having all of the consequences we can 
expect in terms of the services these ecosystems provide for human activities: 
fishing, aquaculture, tourism, etc. An ecosystem emblematic of these challenges, the 
coral reefs, is already suffering head on the combined effects of the warming and 
acidification of seawater, with massive bleaching and mortality phenomena.  
All things considered, achieving a very high reduction in carbon dioxide emissions 
into the atmosphere represents a fundamental challenge in the evolution of marine 
ecosystems and for humans.”  
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III - ENVIRONMENT AND ENERGIES 

III - 1 France has significantly reduced its emission of greenhouse effect gases, 
thanks to its electronuclear central plants.  Will we need to make more 
scientific or technical investments?  If so which ones and in what order of 
priorities?  

Robert Guillaumont (Membre de l’Académie des sciences) : 

“Indeed the electricity nuclear energy based emits very few CO2 gas 
The fossil fuels (coal, oil products, natural gas) are carbon compounds. The heat 
provided by their burning comes from the oxidation of carbon into CO2 by oxygen in 
air. It is a chemical reaction (combustion). The burning of a ton of oil or of 1000 m3 of 
natural gas produces 11.6 MWh (1metric ton oil equivalent = 1mtoe) and the 
combustion of a ton of coal produces between 0.6 to 0.4 mtoe. The yields of 
conversion into electricity are of 0.4 for power stations fuelled by coal or oil and 0.5 
for those fuelled by gas. 
The nuclear fuels are compounds of heavy metals (thorium, uranium, plutonium). The 
heat provided by their « burning » comes primarily from the fission of the nuclei of 
these elements embedded in a flow of neutrons. It is a nuclear reaction. The use of 
the word : burning, in the nuclear field, is by analogy with the burning of the fossil 
fuels (where the neutrons would be the equivalent of oxygen) but here the release of 
the energy comes from the nuclei of the atoms and not from the combination of 
atoms, as it is in a traditional chemical combustion. The burning of nuclear fuels 
gives radioactive wastes, which are the equivalent of CO2, but the radwastes are 
confined. Today the nuclear reactors, all based on fission by thermal neutrons, allow 
extracting, on average, of 15,000 mtoe from a ton of natural uranium. Their yield of 
conversion into electrical energy is 0.33. The next generation of reactors, based on 
the fission of heavy nuclei by fast neutrons, if deployed, will make possible to extract 
20 to 30 times more energy from a ton of uranium in one pass of the fuel in the 
reactor (the theoretical limit is of 140 in several passes) and to improve the yield of 
conversion of heat into electricity.  
The nuclear fuel while burning does not emit CO2. Nevertheless one credits the 
electricity based on nuclear energy with the production of 4 to 6 kg of CO2 by MWhe, 
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to be compared with 0.8 to 1.2 ton of CO2 by MWhe for the electricity produced from 
coal, 0.4 to 0.6 ton by MWhe if one uses gas and 0.9 ton by MWhe if oil is used. 
These values result from scientific and economic analyses known as « Life 
Cycle Analysis» which take into account the use of energy producing CO2 which it is 
necessary to ensure the construction, the operation and the decommissioning of the 
installations needed to produce electricity. For the nuclear energy it is the energy 
spent at all the stages of the nuclear fuel cycle (extraction of uranium, uranium 
enrichment, fuel fabrication, operation of the reactor, management of waste …). 
These values depend on the origin of the energy used, nuclear based or not, and of 
the time during which the installations will exist. They vary according to the countries. 
 
 
Which efforts does one have to agree on in the future? 
A nuclear reactor of 1 GWe of the present generation (second generation) produces 
approximately 7.5 TWhe by year. The French nuclear park has a power capacity of 
60 GWe and ensures 85% of the 550 TWhe of the consumed electricity each year. 
The complement is primarily brought by hydraulic energy (25 GWe), then by the 
thermal power plants (coal, gas, oil, total power capacity of 27 GWe), and additionally 
by wind mills (power capacity of 2.24 GWe). So CO2 avoided by the use of nuclear 
energy to produce electricity is considerable, compared to a virtual reference 
situation where the electricity would be produced with gas. The CO2 credits for 
hydraulic and wind energy are very low (respectively 3 to 4 kg/MWhe and 10 to 15 
kg/MWhe). 
It is not seen to increase the nuclear power in the coming years for the massive 
production of electricity. The increase in demand in electricity should be covered by 
energies with low carbon content, in particular by a growth up to 25 GWe of wind 
mills power capacity for the year 2020, (approximately 6000 wind mills should be set 
up besides the 2000 actually installed). Only wind power is able to bring a substantial 
additional complement to the nuclear power because the hydraulic resources cannot 
increase. The wind energy industry is mature and does not ask for particular 
research and development, except the insertion of the instantaneous produced 
electricity on the electrical network and the storage of electrical energy which cannot 
be injected into. In contrast the nuclear capacity must be gradually renewed with 
EPR (improved version of the current nuclear reactors, called third generation). The 
run out of uranium resources could lead, as from 2050, to operate reactors fast 
neutrons based (nuclear power of the fourth generation). It will be then a drastic 
change in the nuclear field calling a new closed nuclear fuel cycle (mandatory 
reprocessing of all spent fuels and all fuels of transmutation). The efforts in R & D are 
already engaged in this way. It is at this price and by supplementing its needs by 20 
to 25% for renewable energy that France will continue to preserve its energy 
independence (which was the initial objective of the nuclear program) and to emit 
only few CO2 quantity to produce its electricity.” 

Bernard Tissot (Membre de l’Académie des sciences) : 

"In the commitments that may be made by the various countries, changes that have 
already been made must be taken into account.  Three steps can make a significant 
contribution to the reduction in greenhouse gas emissions: (i) replacing thermal 
electric power stations (those using coal, oil products) with power stations that use 
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nuclear or renewable energies; (ii) saving energy within the home and in cars; (iii) 
finding alternative modes of transportation for shipping goods. 
In France’s case, the first step (i) has already been taken:  the profit in terms of 
emissions has already been "accounted for” and we can only, in future, maintain the 
nuclear/water share of electricity production, that does not generate greenhouse 
gases, at around 95% (and not freeze this production at its current level).  An 
international commitment to cut our greenhouse gas emissions by three quarters by 
2050 would therefore be far more difficult to uphold than it would for those countries 
that still have many traditional coal-fired power plants.  France’s commitment must 
therefore essentially focus on energy efficiency (ii) in the home and the 
transformation of ways and means of consuming energy, such as the use of electric 
cars; and (iii) on the transportation of heavy goods by means of containers shipped 
by electric rail networks in the first instance, then delivered by road.    These various 
changes pose some difficult challenges.  
In the residential and tertiary sectors, solar heating of water for bathrooms in 
panels installed on the roof or the frontage of buildings is already widely used in 
some European and Mediterranean countries.  Heat pumps enable the cost of 
heating to be reduced.  However, in France we face challenges in this area that are 
either sociological (lifestyle, age of buildings, after-sales service) or economic 
(excessive price of the necessary materials such as double-glazed windows and their 
frames, low-energy light bulbs, etc.). 
It is in the area of transportation, in particular land transportation, that economising 
will be the most difficult.  This sector is already responsible for the highest annual 
level of CO2 emissions at a global level and represents the highest annual growth.  
The most effective solution in the long term, particularly in large urban areas with 
several million inhabitants, is transportation by electric vehicles in segregated 
transport networks (train, underground train, tramway or a combination of these 
various means of transport).   Over longer distances, the journey from Paris to 
Marseilles generates 5kg of CO2 per passenger travelling in a high-speed train, 20 
times more in a plane and 30 to 50 times more by car.  Rail transportation is 
preferred in Japan.   
Heavy goods transport by road is widely used in Europe, which reduces the share of 
rail and water transport.  The growth of the European Union has reinforced this trend.  
This means of transport is a huge energy consumer and capturing the CO2 emitted is 
not possible.  There are only two options: continued growth in the emission of 
greenhouse gases (which will be even more pronounced if, as some are requesting, 
the maximum authorised weight rises from 40 tonnes to 44 or 48 tonnes) or finding 
alternative means of transport.  Heavy goods (construction materials, new vehicles, 
containers and manufacturing equipment, etc.) are transportable via electric rail 
networks or by water; they can then be delivered to the customer by means of road 
transport over only a few dozen kilometres.  France has managed for a century by 
this means.  Switzerland has thus found a balance that enables it currently to 
economise both in terms of fuel consumption and the costly maintenance of a 
mountain road network.” 

III-2  Should we use biofuels, should we mix them with fossil fuels?  What are 
the advantages and the risks? 
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Sébastien Candel (Correspondant de l’Académie des sciences) : 

“The biofuels development policy established in Europe since the beginning of the 90 
th has been defined around three objectives: support of agricultural activity, combat 
greenhouse gas emission and support to a new supply chain of fuels enhancing 
energy independence. This has resulted in first generation biofuels of two types: 
 (1) Ethanol being produced by sugar fermentation (sugar cane, beetroot) or from 
starch (wheat or corn) is now widely used in gasoline engines. Ethanol is generally 
mixed with gasoline in a proportion of 10 to 25 % but can also be used in a pure state 
in certain engines. In Europe, a derivative of ethanol is employed in the form of ETBE 
(Ethyltertiobutylether) obtained by combining ethanol and isobutene. This substance 
can be mixed with gasoline up to a fraction of 15 % and does not induce demixing 
problems when water is present.  
(2) Biodiesel is a methylic ester of vegetable oil originating from colza and methanol. 
This is commercialized under the name Diester™. Its physical properties are close to 
those of Diesel fuel. It is now available at the pump in the form of a mixture with fuel 
in proportions varying from 2 to 5 %. In the two cases the inclusion of biofuels allows 
a reduction in fossile fuels consumption. Addition of a small quantity of biofuels 
requires no or a minor engine adaptation and is therefore applicable to the present 
automotive fleet. Use of biofuels in greater proportion (for example 85% éthanol) 
requires  further modifications and engines which can adapt to the new mixes (flex 
fuel engines used in Brasil). Biofuels enhance energy independence with respect to 
oil but in a relatively small amount (the European consumption of biodiesel is at 
present of the order of 4 Mtep and that of bioethanol is about 0.9 Mtep) 
These fuels offer interesting perspectives in the reduction of green house gases 
since the CO2 exhausted in their combustion is part of the carbon cycle which 
assures the growth of plants. A life cycle analysis indicates however that the gain, 
while remaining positive, is less important than one may think. One has to account 
for energy use by agricultural machinery, fertilizers, pesticides, collection and 
transformation of plants to convert them into biofuels. All this requires energy but 
ratings from different evaluations do not agree and depend on assessment methods 
and underlying assumptions. For biodiesel extracted from colza, the gain in energy 
consumption is of the  order of 65% and the gain in green house gas emissions 
reaches about 70 %. One interest put forward for biofuels is the use of land for 
biofuel production that was left fallow in the framework of the common agricultural 
pact. One estimates that consumption of 5% biofuels (equivalent to 2 MOET) would 
necessitate the total available fallow land in France (or 1500000 ha).  
One danger of the widespread use of biofuels, often evoked at the international level 
is the competition between land utilization for feeding human population and that 
devoted to growing plants for conversion into biofuels.  
To allow  production of biofuels in the coming years and avoid limitations associated 
with land availability, it will be important to augment productivity per unit acre by 
making use of rapid growth plants and by employing a wider range of primary 
material and in particular waste or byproducts of agricultural activities or forest 
exploitation. New technologies that are currently in development should enable the 
emergence of new production methods of second generation biofuels using for 
example, agricultural residues such as straw or sawdust gasification to produce 
synthetic hydrocarbons by Fischer-Tropsch type synthesis, which could then be 
mixed with diesel oil. There are clear needs for future research to develop production 
of second generation biofuels. 
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Beyond this second generation, research focuses on the potential production of 
biofuels from algae. Algae are interesting because they do not use surfaces 
dedicated to the production of food, they absorb carbon dioxide and sunlight to 
produce aqueous oil whose structure is similar to that of petroleum products. Biofuel 
from algae could form an important source of alternatives to oil. An estimate of Exxon 
Mobil, which has recently invested heavily in this area, gives a yield of 20,000 liters 
per hectare per year but the large scale production of biofuel from algae poses 
challenges that require a major effort of research and development including the 
optimization of algae growth and of the process of oil extraction.” 

Bernard Tissot (Membre de l’Académie des sciences) : 

“Biomass usually appears on the energy balance sheet in its traditional form, used as 
a fuel to produce heat.  This is without doubt its most direct and effective use:  
industrialised countries could reconsider this use.  In medium-sized towns, urban 
heating networks enable its use.  
The use of biofuels (alcohols, esters) produced presently by growing materials 
dedicated for this purpose (corn, rape seed) may facilitate a period of transition in 
Europe. In every case, it would be very important to have available accurate and 
reliable data on the fossil energy consumed throughout the entire lifecycle of the 
product in order to produce an energy balance sheet from the start of the agricultural 
production, then manufacturing process, to the point at which it is burned in motor 
engines.  This way of fuel production is certainly profitable in Brazil (alcohol produced 
from sugar cane) but does not appear to represent, in France, a significant way 
forward for the future (energy balance sheet, subsidies, tax provisions, etc.). It is 
already the case that all the arable land in France would not be enough to power all 
the vehicles in use; this will be the case on a global world scale by 2030. Ultimately 
there exists a degree of risk of competition between the production of fuel for 
vehicles and the production of food for a population of 9 billion by the middle of the 
century.  Another form of competition will arise between the use of fresh water (the 
supply of which is not inexhaustible) for growing food and its use for growing 
materials dedicated to the production of biofuels.  
On the other hand, the use of all lignocellulosic biomass, such as short rotation 
forests, could be a preferred option for land which is less favourable to the production 
of food and could target the entire plant (it is this route that we call the 2nd or even the 
4th generation, still without specifying what the previous ones are).   This more 
complex route would enable quality fuels, in particular those for diesel engines, to be 
produced by gasification followed by chemical synthesis.   
We must always bear in mind, however, that the greatest contribution of biomass 
to the fight against climate change already exists and we are destroying it:  that 
is, the primary forest, which plays a key role in CO2 exchanges between the 
atmosphere, plant life and the soil.” 

III -3  In France, why should we develop windmills?  
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Michel Combarnous (Correspondant de l’Académie des sciences) : 

“The general energy context and its future evolution 
While the consumption of all types of energy has, for each of the planet's inhabitants, 
been more or less the same since the start of the 1970s – equal to over 1.5 tons of 
equivalent petrol per inhabitant per year –, overall consumption is steadily on the 
increase as the world’s population is growing at a startling rate of 200,000 inhabitants 
a day.  
In this general context, every day in the world we use the equivalent of 500 MW of 
energy (corresponding to a “continuous production" with no stoppage throughout the 
year). 
 
The necessary expansion of renewable energies 
This major development is clearly behind increased constraints on all forms of 
energy. Prospects mapping out the future exhaustion of oil and gas, with the 
inevitable rise in the prices of these energy resources, are contributing greatly to the 
development of all forms of renewable energies whilst also having numerous effects 
on energy saving. The increase in all of these factors means that the average weight 
of renewable energies in the global energy mix for the time being remains relatively 
stable at about 20% of the total. 
 
Wind energy and its prospects 
In this general context, debates over the costs of different forms of energy, as 
important as they are, often have a relative nature which should prompt caution, both 
at world level and regional or national levels. 
While there are many ways of capturing part of the kinetic energy from moving air 
masses, from the first windmills to the country wind turbines that have been used in 
many countries for a long time now, and while a number of solutions are currently 
being investigated (vertical-axis wind turbines, wind towers, etc.) we only touch on 
traditional three-blade turbines here. 
This type of wind turbine (there are about sixty manufacturers of these machines 
worldwide) have three blades of about 30 to 60 metres. The nacelle is situated on top 
of an 80 to 120 m post. The whole unit weights several dozen tons and production at 
maximum power varies, depending on the model, between 1.5 and 6 MW. 
These devices have been very highly developed in recent years. The latest world 
statistics indicate that at the end of 2008, the total installed power was 120,000 MW. 
The total power of the machines installed at the moment, mainly in Europe and the 
United States, with a more recent but significant development in Asia and the Pacific, 
has doubled in just three years from 2005 to 2008.  
We can compare the wind power currently installed to that of the world's nuclear 
reactors which have an installed electric power of around 350,000 MW, less than 
three times more than the electric power provided by wind machines. It should of 
course be noted that the production times in the year are markedly different between 
wind (about 2,000 hours a year, out of the total 8,800 in the year) and nuclear (over 
7,000 on average). 
In France, a “committed” country, which is a little behind in the field of wind electricity 
production, there are now almost 2,500 wind turbines installed (a national 
programme plans for almost 4,000). The share of wind power in the domestic 
electricity production of certain regions (Picardie, Lorraine, Centre, Champagne-
Ardenne and Languedoc-Roussillon) is already higher than 10%. In certain regions, 
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however, like Aquitaine and Bourgogne, Alsace and Ile-de-France, wind energy 
production is low. The effective production in 2008 was 5.5 TWh, or MMWh (tera = 
1012, or a million million), which is the equivalent of a power station unit producing 
uninterrupted power of just over 600 MW a year. 
 
Despite this spectacular development of the many wind farms throughout the world 
we should not forget that a great deal of progress is still to be made on the currently 
more “standard”, relatively high-power wind turbines. Probably not on their size, but 
rather certain aspects of their design, such as the individual interactivity of each of 
the three blades, whose angle can be controlled individually. A lot of technical 
advances, often inspired by changes encountered in the aeronautics industry, and 
also in the management of intermittences in electricity production in the networks, are 
yet to be made which will lead to an increase in the effective running time of the 
machines over the year and therefore their profitability. 
 
Imminent future developments 
 
If the major developments of a large number of wind farm projects at sea are quite 
significant for the future, there are other apparently very promising prospects that can 
also be classed in the theme of “air and water movements at the service of energy”.  
These naturally include all forms of small wind turbines for local and very 
decentralised use, wind towers, vertical-axis machines, and even work on the 
planning of certain buildings, and indeed districts, to make the most of localised and 
controlled air currents. 
Moreover, since water mills and wind mills have always been naturally linked, we 
should also include the important prospects offered by marine turbines, to be 
installed at sea in areas with strong currents. At equal powers, they will of course be 
smaller in size, since the densities of liquid water and air under atmospheric pressure 
are in a ratio of almost 750, a ratio found in the kinetic energy ratio for two equal 
volumes and for the same speeds of the two liquids The technological techniques 
and approaches share many common points, and the future looks promising with all 
the advances in the equipment and systems being installed at sea.”  
 
 
References: 
 

• There are a large number of often high-quality sites dedicated to wind energy. For 
example: http://www.thewindpower.net 

• « L’éolien une énergie du 21ème siècle ». (The wind turbine, a 21st century energy). 
10 questions proposées par Gilbert Ruelle, Académie des Technologies, 40 pages, 
mars 2009. (10 questions put forward by Gilbert Ruelle, Technologies Academy, 40 
pages, March 2009). 

 
 
 

Bernard Tissot (Membre de l’Académie des sciences) : 
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“Renewable energy from wind is often quoted and presented as a possible 
source of energy to meet the concentrated and ever-increasing demand for 
electricity, without generating CO2.  Some countries, who have decided to close 
down their nuclear power stations, are seeking to replace them with wind farms.  The 
principal problem with this form of energy is its intermittent nature (too little or too 
much wind):  this limitation results in an average capacity factor of 15% to 20% 
instead of 80% to 90% for thermal electric power stations or nuclear power stations.  
It is the classic variation between rated output capacity and energy produced, 
although this is often forgotten in announcements made to the public.  For an 
installed capacity of 1,000MW, the amount of energy produced in a year is 
8,000GWh (gigawatt hours) in the case of gas or nuclear power stations and 
2,000GWh in the case of wind farms.  It is important that the enthusiasm for this form 
of energy should not hide the reality: in most cases, it will be an additional form of 
energy in countries with high population density and significant demand for electricity.  
Wind power may constitute a significant factor in the production of electricity in 
Germany, Denmark and other countries of the European Union to limit the currently 
very high proportion produced by means of coal, which is a heavy greenhouse gas 
emitter.  Above and beyond 15% or 20% of production, the question arises of 
whether to connect it to a large and robust interconnected network and to ensure that 
this is backed up in the event that there is too little or too much wind (for example, 
Denmark's wind farms are backed up by hydroelectric power from Norway).   
Such an approach in France would result in using this intermittent source of energy 
to replace nuclear or hydroelectric power as a back-up (not an eco-friendly decision, 
if it would mean having traditional coal-fired power stations in reserve).  
Finally we must note the reserves set out by the Members of the French Academy 
and the Academy of the Fine Arts as well as by various associations, regarding 
protected sites and historical monuments. Other reserves concerning the conditions 
for buyback of electricity produced and the overall economics of the project, are set 
out by the Members of the French Academy and the Academy of Moral and Political 
Sciences. 
A significant level of photovoltaic production of electricity in relation to the level of 
European demand appears to be far off.  Conversely, supplying direct aid to the 
villages of third world countries, not linked up to a network, by means of a minimum 
amount of electricity for a medical radio station or to relieve their isolation is a matter 
of ethics and could enable European industrials to gain precious experience.” 

III-4 a) In Europe will it be appropriate to use natural gas, despite their 
production of carbon dioxide and the threats on availability?  Can we continue 
to use gas/petroleum during the next decades?  

b) Some countries with large coal reserves are working on the capture of 
flue gaz and on the storage of carbon dioxide. How? What role can Europe 
play?   

Bernard Tissot (Membre de l’Académie des sciences) : 
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“Petroleum products, (natural gas and products derived from crude oil) are largely 
used for heating in the residential and tertiary sectors, transport, the production of 
electricity and in some industries (such as metallurgy or cement manufacturing). 
Coal, which dominated in the past, is regaining its position, particularly in countries 
that are undergoing rapid development, if they possess substantial reserves.  In 
these countries, coal-fired power stations represent a major part of the new 
capacities being built to respond to the growing demand for electricity.  Other 
countries want to continue using coal, which has played an historic role in their 
industrial development and provides employment for a significant part of the 
population.   All of these fossil fuels – natural gas, oil and coal – currently provide 
nearly 90% of the primary energies marketed throughout the world.  
  Three potentially limiting factors apply for these fossil fuels:  

• The reserves, which are gradually running out (millions of years are 
needed for geological evolution to produce oil or coal from organic matter contained 
in some deposits). Oil reserves could run out in the middle of the century and gas 
before the end of the century.  Coal could last for two centuries. The cost of energy 
will also be a significant factor but it is likely that this will result from many other 
factors than simply the fact that resources are running out.  

• They produce greenhouse gases, particularly carbon dioxide; coal 
produces more than the others, as well as various other toxic atmospheric pollutants.  
The capturing of carbon dioxide and its storage (CCS) are a necessity, in all sectors 
where this is possible, in order to enable the shift from oil and gas to coal.  This 
permanent storage could require a considerable effort in terms of research, which 
represents a significant extra cost over the use of oil or gas (double the price?) and 
could pose a serious environmental problem.  It is difficult to forecast when society 
will decide that “natural disasters”, i.e. extreme events such as heatwaves, 
droughts, floods, storms, hurricanes, etc. have reached unacceptable levels. 

• The security of supplies, which is a matter more for international 
politics than for science or technology. This is more of an acknowledged problem for 
gas (mostly transported by gas pipelines in which third party countries may have an 
interest) than for crude oil and coal, for which transport by sea is more suitable.   
France is, however, faces less of a threat than central European countries in terms of 
gas resources, as its supplies are more diversified.   

Annual global consumption of energy, which is currently 10 billion tonnes of oil 
equivalent (10 Gtep), will exceed 20 Gtep in 2040 or 2050, assuming that things 
continue as they are (business as usual or BAU), if no international agreement is 
reached before that to restrict and limit the resulting CO2 emissions and consumption 
of fossil fuels. The estimates made by our Academy in its reports of 2005 and 2007 
are in line with the assessments of consumption of hydrocarbons in the years 2030 
and 2050 made both by the Department of Energy in the United States and the 
International Energy Agency.   

It is worth bearing in mind that a considerable error in the assessment of the final 
reserves of oil and gas, such as 100 billion tonnes of oil equivalent, would only shift 
the time at which these reserves run out by 10 years one way or another, if we do not 
change our current lifestyle.  Thus, it is inevitable that these reserves of fossil fuels 
will run dry by the end of the century.  The requirement for sustainable global 
development and that for the development of a minimum level of energy 
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independence for France and Europe necessitate a very significant change in the 
scale and the sources of our energy consumption.   
The investments made over the next 20 years will have a determining influence on 
the situation of the planet in the middle of the century and even well beyond that.  
The capture and storage of CO2 will be very costly and will require solutions to the 
numerous technical problems that have not all been anticipated. If governments 
continue to allow industrials to build large coal-fired thermal power stations, without 
capture and storage of emissions, capable of operating for 40 or 60 years, our future 
will be irreparably compromised.  While it is difficult to prevent the construction of 
these facilities, it is even more difficult to close them prematurely.” 

III-4 (a) In Europe, will it be possible to continue using oil for decades? Can one 
safely use natural gas both in terms of emissions of carbon dioxide and of 
security in supply? 

Sébastien Candel (Correspondant de l’Académie des sciences) : 

“Fossil fuels like oil and gas are particularly important for transportation and energy 
production. Oil is, for example, essential for air travel and the future availability of 
fuels such as kerosene or kerosene substitutes is a central issue in this sector. On a 
broader level, the future availability of oil depends on many factors. One needs to 
consider oil reserves and envisage future prospects for consumption and pricing. 
These issues have also a political dimension because resources, unevenly 
distributed throughout the world, are often in regions where political stability is not 
assured. The consumption level will also be influenced by the changing sensitivity to 
problems of emissions of greenhouse gases.  
At present, the major oil producers are OPEC countries (Saudi Arabia, Iran, Iraq, 
Kuwait, Qatar, UAE, Algeria, Libya, Nigeria). These countries provide a significant 
share (40%) of world production. According to a study of BP in 2006, proven 
reserves would be around 150 billion tons of oil equivalent (150 Gtoe) or 1200 billion 
barrels (1200 Gbl, a barrel of oil being equivalent to 159 l). Just under three quarters 
of oil reserves (743 Gbl) are in the Middle East.  
At the current production rate of approximately 83 Mbl per day or 30 Gbl per year, 
reserves will be exhausted in 40 years. According to this study, there were only a few 
decades of oil consumption. The availability of oil is often discussed in terms of peak 
production or "peak oil". This refers to forecasts made by the american geophysicist 
King Hubbert who by noting that production follows a bell curve rightly concluded that 
U.S. production would reach its peak during the 1970’s.  
On the problem of "peak oil", the optimistic view is to note that the projected 
rarefaction of resources have not been fulfilled in the past and that there are reserves 
are in deep locations that can be exploited with improved exploration and drilling 
techniques. The pessimistic view is based on current geological knowledge which is 
quite comprehensive and the fact that there are less and less major discoveries. The 
analysis applied to global resources, give the date of 2020 for the "peak oil" if one 
assumes a total reserve of about 3000 Gb and 2030 if the level is taken to be 4000 
Gb. 



 

Independent opinions of Academicians on environment and sustainable development - May 17, 2010 32

According to Yves Mathieu (IFP) (2006) the most likely scenario is that production 
will hover around 90 Mbl/d. This value could be maintained until 2030 by taping non-
conventional oil (heavy oils, tar sands). This raises the question of the cost of oil 
which is quite complex. One may expect, very briefly, that the price of oil will rise with 
the depletion of easily accessible resources.  
Unlike in the earlier period, the marginal cost of production should not be negligible 
anymore because it will be necessary to exploit less accessible oils (deep reservoirs, 
tar sands ...). These costs would be around $30 / bl for the recovery of oil from tar 
sands, a value which becomes comparable to $80/bl or $60/bl required for the 
synthesis of fuels from coal or natural gas by Fischer-Tropsch processes (see 
below). To these internal costs, one will have to probably add external costs related  
to measures to be taken to limit emissions of greenhouse gas emissions. 
Furthermore recovery methods for the exploitation of unconventional oil will induce 
an additional energy consumption and will also release additional CO2. The 
incorporation of external costs and those which might be induced by the capture and 
sequestration of CO2 might hamper oil consumption. While oil consumption might 
level off in the next period, gas consumption is currently growing and projections are 
that it will double during the next decade, passing from the 2 billion toe / year 
consumed at present to about 4 billion toe in 2020. This rapid growth is linked to 
energy demands, especially those of emerging countries (China and India) but gas 
demand is also increasing in developed countries due to a certain reduction in coal, 
the withdrawal from nuclear energy in countries like Germany and the search for 
alternatives to petroleum for land transportation. Reserves of proven natural gas are 
about 140 Gtoe for a total of 250 Gtoe proven and hoped for. Needs may well be 
covered until about 2060. Reserves are a little more evenly distributed than those oil 
(70% in the Middle East and the countries of former USSR) but European reserves 
represent a small amount (5%) of the total. The most important resources of gas are 
located in politically sensitive areas and this may lead to supply problems, a situation 
illustrated by the recent problems for deliveries of Russian gas through Ukraine. This  
also implies gas transportation over long distances a point of concern for the stability 
of supply. Gas is transported mostly by pipeline (90%), which consumes 2.5% of the 
energy being conveyed over a distance of 1000km. Natural gas is also transported 
by tankers in liquefied form (at a temperature of 110 K), which again requires energy 
consumption for liquefaction of natural gas and its subsequent gasification. 
Consisting of 70 to 100% of methane (CH4), natural gas is characterized by good 
performance in terms of greenhouse gas emissions (CO2). There are four times as 
many hydrogen atoms as carbon atoms in the methane molecule while the ratio is 
only two to one for liquid hydrocarbons extracted from oil. For the same amount of 
energy, CO2 emissions are lower. The gain in terms of CO2 emissions may even be 
improved by using combined cycles in which products of combustion are primarily 
used in a gas turbine operating at high temperature and then serve in a more 
conventional circuit to heat the steam which powers a second turbine generator. 
Performance may be increased from a typical value of 35% to a value of about 50% 
which further reduces the amount of CO2 for the same amount of energy. Natural 
gas is therefore quite interesting for electricity production. When combined with the 
use of low temperature waste heat the total efficiency may reach about 85%. 
Performance is good but the use of natural gas in combustion process at high 
temperature can yield significant emissions of nitrogen oxides (NOx) which need to 
be its controlled. This has prompted the development of advanced combustion 
concepts based on a lean premixed mode of burning. Emission levels of NOx are 
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then reduced but the stability of the flame is diminished and instabilities may arise 
and need to be controlled. Other pollutants like sulfur oxides must also be addressed. 
This requires removing sulfur compounds (H2S) which are often present in natural 
gas. Another problem which reduces the efficiency of natural gas compared in terms 
of greenhouse gas emissions is leakage induced by long-range transport and gas 
distribution. But methane gas is particularly effective as a greenhouse gas (per unit 
mass, it is 23 times more potent than CO2). Leakage does not exceed 0.5% by 
weight in modern networks but could be much greater in older, less well maintained 
systems which would reduce the attractiveness of natural gas with respect to 
greenhouse gas emissions.” 

III-4 b):  Some countries with large coal reserves are involved in the capture of 
flue gases and storage of carbon dioxide. What are the issues in this area? 
What role should Europe and France play in this domain? What about the 
manufacturing techniques of liquid fuel from coal? 

Sébastien Candel (Correspondant de l’Académie des sciences) : 

“Coal is mainly used for electricity generation in large power stations and to a lesser 
extent for the production of steel (0.6 T of coal per ton of steel which leads to about 
360 million tons of coal to produce 600 million tons of steel from iron ore). Coal 
currently accounts for 22% of all primary energy sources from fossil and mineral 
origin. It intervenes in 75%, 57%, 24% and 5% of primary energy consumption 
respectively in China, India, the United States and France. France no longer has 
resources of easily exploitable coal and only a small part of its energy originates from 
its combustion. There are considerable coal reserves worldwide which constitute an 
important (perhaps the ultimate) resource of fossil energy. However, the large-scale 
exploitation of this resource can only be envisaged by minimizing its impact on the 
global environment. 
Proven reserves of coal exceed 3500 billion toe. They are 5 times more important 
than oil or gas. While oil and gas easier to exploit, will be depleted around the middle 
of this century, the exhaustion of coal reserves should only occur in several hundred 
years. At current rates of consumption of fossil fuels (8 billion toe) it should take 
about four centuries to exhaust the resources of coal but much less (170 years) if the 
consumption of fossil fuels increases, for example by 1% per year. In this 
perspective, coal appears to be the ultimate fuel resource but also the most polluting 
one. Combustion of coal produces, in addition to CO2, oxides of nitrogen (NOx) and 
sulfur (SOx), aromatic hydrocarbons, halogenated compounds, ash,  dust and heavy 
metals. While the electrostatic dust removal from flue gases is 99% efficient, 
reduction of other pollutants and capture and sequestration of greenhouse gases 
(GHGs) poses more complex problems. Technologies exist to eliminate a significant 
amount of SOx and NOx, by aftertreatment of flue gases from combustion in 
pulverized coal powerplants (the most common) or by making use of recirculating 
fluidized beds (CFLs), which reduce combustion temperature, lower NOx levels and 
achieve desulphurisation with a simultaneous injection of additives. Combustion of 
coal produces the largest amount of greenhouse gases (CO2) per kWh of energy. To 
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obtain the same energy, combustion of coal emits about twice as much CO2as 
natural gas. The reduction of GHG emissions (CO2) can be achieved by several 
routes: (1) Upgrading to improve their performance. One can use to this purpose 
cycles where supercritical steam is brought to a temperature of 580 ° C and a 
pressure of 28 MPa with efficiencies of around 45% while the efficiency is currently 
only 32% on average in the world and about 38% in Europe. By 2020, it is envisaged 
to use "ultrasupercritical" cycles operating at a much higher temperature of 720 ° C 
and a pressure of 35MPa which would yield a 50% efficiency and cut emissions  of 
CO2by 1.5 per kWh of energy. (2) Capture and sequestration of CO2 is considered 
through several routes. Capture is effected downstream by dissolving in a solution of 
amines which is then regenerated. This capture is more efficient if combustion is 
carried out with oxygen to increase the concentration of CO2 in the exhaust stream. A 
more advanced solution is to use integrated gasification of coal in a combined cycle 
(IGCC or « Integrated Gasification Combined Cycle »). Syngas (CO + H2) is first 
produced by combustion with oxygen. This gas, after selective purification (to remove 
H2S, COS) drives a gas turbine. Heat is then recovered in a conventional steam 
turbine. The capture of CO2 in the flue gases is easily carried out because its 
concentration is high. This concept leads, in principle, to high efficiencies of around 
45% but it is technically complex, its operation is more delicate than that of 
conventional powerplants and its cost is high. Well subsidized in the United States, 
IGCC is being developed in units of 100 to 500 MW. A prototype of 300 MW has also 
been set up at Puertollano in Spain with European support. The IGCC concept and 
other solutions leading to CO2 capture are useful only as part of a sequestration 
scheme of this gas. But CO2 sequestration, already difficult economically and 
technically, is subject to social acceptance. It will require the scale-up (CO2 emissions 
already exceed the 25 Giga tons per year) of a process which has been 
demonstrated on very small amounts of gas (of the order of one million tons). 
Difficulties are also related to the high economic costs of capture and storage. The 
long-term future of geological storage needs to be clarified and it will be necessary to 
deal with all the uncertainties associated with long-term confinement to obtain 
acceptance by the public. Despite all these issues, it is difficult to believe that the 
coal reserves can be exploited to produce energy without capture and sequestration 
of the resulting CO2. If all of the CO2 were released in the atmosphere (in the 
absence of capture) one would reach a volume fraction level of CO2 that would be 
several times higher than the current value (a rough estimate gives a value of 1200 
ppm compared to the 380 ppm of today).  
Another method of using coal which does not solve the problem just described is that 
of converting coal into oil (CTL or « Coal To Liquid »). This solution seems attractive 
at first glance and can actually be achieved through processes known for a long time. 
One first forms syn-gas (CO + H2) from coal by injecting steam and oxygen in a 
reactor at high pressure and high temperature. This gas is then used to hydrogenate 
coke in a catalytic process and obtain paraffinic hydrocarbons, olefins, petroleum gas 
and methane.  
One can also proceed by direct hydrogenation of coal using hydrogen in a reactor at 
high pressure in the presence of a catalyst. In the Fischer-Tropsch synthesis, coal is 
burned in oxygen and water vapor. Syn gas is purified and passes through a catalytic 
reactor where it is converted into methanol and hydrocarbons of high molecular 
weight. The process can be directed towards the production of gasoline and natural 
gas substitute. In all these processes, water in vapor form is the source of hydrogen 
and it must be added to convert coal to oil and gas. It is estimated that this type of 
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conversion becomes profitable when oil prices exceed approximately $40 a barrel, 
but that estimate seems optimistic. The process has been widely used by Germany 
to produce oil during the Second World War and is currently used in South Africa to 
produce oil and gas. China and the United States are quite interested in these 
processes because they have important coal reserves. The French Petroleum 
Institute and the Italian ENI oil-tecnologies are currently working on improving the 
process. In this situation and despite the fact that their coal reserves are almost 
exhausted, Europe and France cannot ignore a sector that will in the future (perhaps 
in the middle of this century) play a central role in the combined generation of 
electricity, heat, production of basic materials for chemical industry. Coal may well be 
the future source of liquid fuels for transport and its large scale utilization will require 
a reliable implementation of effective solutions for capturing and sequestering CO2. “ 

III-5  We hear that solar energy will be  available without limit for all uses for 
daytime needs.  Why don’t we devote more research effort to this energy? 

Marc Fontecave (Membre de l’Académie des sciences) : 

“There is no doubt that the most abundant renewable energy source, far superior to 
the potential contributions of wind energy, geothermal energy or hydroelectric power, 
is solar energy. The sun sends about 100,000 TW of energy to the earth each year, 
while the world population consumes only 13-14 TW, and it will continue to do so for 
several billion years. When we talk about solar energy, we generally think of solar 
panels, a technology that allows light energy to be collected and converted into 
electrical energy. One of the challenges is that of reducing their cost, and a factor of 
10 seems reasonable and would enable substantial development of this technology. 
Clearly, as any electricity not consumed is lost, the matter of the electricity's storage 
is also a major concern. J. M. Tarascon raised this issue (see III-6) when discussing 
the prospects of batteries, which are still too expensive and currently have insufficient 
energy storage capacities. 
 There is another way of using solar energy, however, although this is not 
something for the near but perhaps the distant future. It concerns transforming the 
sun’s energy directly into chemical energy and storing it in the form of a chemical 
fuel, such as hydrogen. Hydrogen is a very interesting fuel, both due to the large 
amount of energy it releases during its oxidation (fuel cells, hydrogen fuel cells), and 
the fact that the only by-product of this oxidation is water. Yet the disadvantages of 
hydrogen should not be concealed, the biggest being linked to its gaseous state at 
ambient temperature and pressure, which has major implications for its storage and 
transport. A number of projects across the world are attempting to develop new 
storage and transport technologies for hydrogen, and chemistry will play a major role 
in these developments, notably through the invention of materials capable of 
integrating massive quantities of hydrogen into reduced volumes (porous solid 
materials) or the development of synthesis techniques for molecules with a high 
hydrogen density (boranes, metallic hydrides).  
 The conversion of solar energy into fuel is in fact carried out wonderfully by the 
living world, which continuously uses the sun to transform water and carbon dioxide 
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into molecules with a high energy value which are found in biomass. Certain living 
organisms, like micro-algae or cyanobacteria, even have the capacity to carry out 
simple water photolysis. They use solar energy to transform water into oxygen and 
hydrogen. Because water does not absorb the sun’s photons and because the 
processes used in this photolysis are complex multi-electronic processes, 
microorganisms achieve this amazing feat thanks to the incredibly sophisticated and 
efficient enzymatic systems they possess for collecting these photons, converting this 
light absorption into chemical energy and catalysing the electron transfer reactions, 
the photosystem for the oxidation of water into oxygen and the hydrogenases for the 
reduction of water into hydrogen. What is remarkable is that these systems use 
abundant metals like manganese, nickel and iron while today in water electrolysis 
devices or fuel cells chemists use noble metals like platinum which are very 
expensive and not very abundant in the earth’s crust. We often forget to point out that 
a hydrogen economy has no future if we do not resolve these major problems. Today 
there are around 700 million vehicles on the surface of the earth. If we got them to 
run on a hydrogen fuel cell, even integrating a platinum recycling rate of 50%, there 
would be no more platinum available in 15 years. 
 The knowledge of these natural photosystem and hydrogenase systems 
biologists and chemists have acquired over the last 30 years, combined with the 
power of bio-inspired chemistry, which allows us to translate the operating principles 
of an enzyme active site into original photocatalysts using non-noble metals, leads 
most of the world to think that artificial photosynthesis is within our reach. This has 
been shown by some large research programmes in the United States involving the 
research centres of the Department of Energy and prestigious universities like 
CalTech and MIT, in Europe with the SolarH2 project and in a number of European 
countries. Converting water into hydrogen simply by using the sun’s light will soon no 
longer be a dream. Extremely encouraging results in this respect have been 
published in reviews like Science and Nature very recently. 

Jacques Friedel (Membre de l’Académie des sciences) : 

“The interest for solar energy started to develop in France during the first oil crisis in 
the 1970s.  An international conference was organized in Bucharest at that time by 
the European Physical Society, presided by H. Casimir (who was then a foreign 
member of the French Academy of Sciences).   In a broadly distributed report on this 
conference, written by two American Nobel Prizes, W. Kohn and A. Heeger, three 
different aspects of the solar energy issue were emphasized: 
 
a) The capture of solar energy by photoelectronic processes. 
The solar light stimulates the electrons of a semiconductor through a banned (?) 
energy band; this locally changes its potential thus yielding some electrical energy.  A 
large number of semiconductors have been developed, beginning with the 
compounds AsGa for the solar cells used in space, because, in this product the 
electronic excitation is direct and easy in the visible wave band.    The silicon has 
been much studied because it is easier to produce it either in amorphous  form, or as 
a polycrystalline or in nanometric layers.  Further progresses can still be hoped for 
with devices with nanometric layers or with the systematic use of polymers with 
suitable structure and enhancement (?).    The electric production of the plates 
currently conceived is sufficient for local use when installed on the roof or on the 
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walls of a building, in particular in isolated villages.  This type of production which is 
so far very small at the worldwide level should reach within a few decades the 
production of windmills.    A recently suggested plane to capture a large amount of 
solar energy in the African Sahara desert for redistribution in Europe is however very 
premature.  A major difficulty to make these two sources of energy (solar and 
windmill) play a dominant role is indeed their current cost, independently of the 
problem of storage during the night for the solar energy ( or during the absence of 
wind for  the windmill energy).  This storage problem can be only resolved with the 
concomitant use of a parallel dominant network using other sources of energy such 
as fossil fuels or nuclear energy.  A specialist of these questions is Ionel Solomon 
member of the French Academy of Sciences. 
 
b) Direct heating by the sun 
Energy production processes using direct heating by the sun are the oldest ones, 
thus explaining, for instance, why few houses in the south of France used to have 
central heating.  New construction procedures using e.g. new materials double or 
multi-layer glass windows, or coupling with a cold underground source permit a better 
use of the heating from the sun or a reduction of the cooling during the night.  With 
an electronic management and the possible adjunction of solar panels we have here 
a new building method currently under development which represents a significant 
part of the current spending for insulation and heating of buildings.  But the time 
scale of the renewal of the buildings is large and the optimal balance has not been 
found yet.  Older attempts, such as the solar oven of Odeillo or the use by the 
Russian physicist Joffé of the thermoelectric power produced by the heating of 
suitable  products did not lead so far to industrial realizations.   
 
c) Chemical reactions 
Nature has been using solar energy for a long time to favor chemical reactions, most 
notably the absorption of carbon dioxide (CO2) by chlorophyll for vegetation growth.  
A researcher from General Electric Co made the estimate in 1970 that the average 
American citizen of the 19th century used to consume as much solar energy as his 
fellow countrymen of the 20th century taking into account for the former of his food, 
that of his horses and the wood for heating.  Independently of the biofluids discussed 
in question 11, other chemical reactions produced by the sun can be used in parallel 
with the photoelectronic conversion mentioned in a).  Very long range researches are 
being conducted to this end, most notably in Australia.” 

 

Antoine Labeyrie (Membre de l’Académie des sciences) : 

“Among the renewable sources of energy, that produced from the sun by photovoltaic 
cells is particularly promising since it brings us closer to the natural processes of 
biological photosynthesis. Obviously, the operating schemes of current solar panel 
types  still differ markedly from the complicated photochemical reactions evolved on 
Earth during billions of years, but they may converge or hybridise with them. 
Biological nature, particularly vegetal  but also in animal-vegetal symbiotic life forms 
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such as  lichens, jellyfish and giant clams, etc. uses solar light to produce its energy, 
but mostly in the form of sugar or fat , while our industry’s solar cells produce 
electrical current. The two forms are not fundamentally incompatible since electric 
eels convert sugar into electricity, and fuel cells do this from hydrogen or methanol, 
etc. Some solar panels produce hydrogen and may at some stage produce sugar, or 
even oil, like certain panels containing micro-algae which  are under developpement.  
Today, the production of solar cells is increasing at a spectacular rate, with doubling 
every two years. In 2009, the equivalent electricity production of several nuclear 
power plants was thus added to the world’s existing fleet of solar cells. In 2021, with 
the growth rate expected by manufacturers, this number may reach several 
hundreds. Electricity companies announcing the bulk resale of solar electricity 
mention the following advantages: reduced risks linked to the price of oil , uranium 
and carbon emission permits, minimum limitations for energy collection sites, no use 
of water, and a reduced construction time. 
 
However, solar electricity currently remains more expensive than from conventional 
sources, but experts estimate that by 2015 this will no longer be the case. With the 
cost of solar cells and their associated systems continuing to fall, it is predicted that 
the price curves will cross at  this time. This is already the case on islands like Hawaii 
and in the South of Italy.  
Another fascinating aspect of photovoltaics is the diversity of approaches which have 
inspired researchers, initially in physics laboratories, then in chemistry laboratories 
and now in the field of biochemistry and genetic engineering. In the recent years , a 
growing number of researchers have been devising new ways of producing solar 
cells with new materials, some of which are close to those used by nature. After the 
first silicon solar cells that had to be laboriously sawn into thin plates, came thin-film 
solar cells made from different materials like amorphous silicon, CuInSe, CdTe, 
doped TiO2, nanoparticles and fullerenes. The list of possibilities seems endless, and 
the resulting competition in laboratories and then in industry is helping bring down 
costs and speed up the number of roofs and other surfaces being equipped.  
  
But these surfaces in the sun do not need to take the place of greenery. This is not 
necessary, because roofs, walls and other existing infrastructures can produce all the 
electricity needed by our civilisation. And each continent has some areas of very 
sunny desert, a small part of which would be enough to supply the surrounding 
civilisation.  
  
Chemists, biochemists and geneticists are also working on the related problem of 
electricity storage, needed for adapting to daily and seasonal variations in sunlight 
hours, like nature does. Nature effectively solves this problem, for example  in the 
form of a sugar beet that spends the winter under the snow before feeding the growth 
of new leaves in spring. 
 Artificial versions of the natural chemistry which recovers the energy in spring are 
fuel cells, able to regenerate electricity from hydrogen produced by solar cells. Such 
fuel cells are barely beginning to make use of the extraordinary nano-machines 
which enzymes are, perfected by billions of years of evolution. It is another aspect of 
the convergence that seems to be forming between the ways of the living world and 
those of our most evolved industry, nanotechnology, towards new solar energy 
collection and storage systems. 
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Spain, Germany, Japan and the United States currently dominate the solar 
photovoltaics industry. Could France catch up with those who have invested in 
research and development before it? Or shall we be depending on the import of 
photovoltaic panels which are going to be producing an increasing proportion of our 
electricity? With the current proliferation of techniques, it is not impossible that our 
laboratories might develop some good ideas in terms of solar energy, and that our 
industry will be capable of implementing them.  
Among the numerous competing photovoltaic systems, it is hard to predict which are 
the most promising, given the new ideas that may emerge in the coming months or 
years. And this does not help attracting investors, which tend to focus more on 
importing foreign solar cells to equip roofs and solar power plants in France. But 
photovoltaic components  already industrialized in other countries may also be 
produced in France, which should subsequently enable the French industry to 
integrate foreseeable improvements more easily.  
 
These evolutionary trends indicate that solar panels and artificial or domesticated 
photosynthesis are going to play a major role in our civilisation, particularly with the 
local supply they allow, even in big cities and industrial areas.” 

Didier Roux (Membre de l’Académie des sciences) : 

“Solar energy has three main applications: solar thermal to produce hot water, solar 
concentrator to produce industrial electricity, solar photovoltaic (PV) for diffuse 
electricity production.  
The solar thermal produces hot water at moderate temperature for the needs of a 
habitat. This is a technology that is developing well and poses no particular problems 
except perhaps in the version when it is coupled to a PV (see below).  
 
The  solar concentrator (or thermodynamic solar) is a technology that concentrates 
sunlight on a liquid (which transports heat) and heated to relatively high temperatures 
(several hundred degrees Celsius). With this heat transported by the liquid, one can 
evaporate water and power a turbine producing electricity as with any other heat 
source (gas, oil, coal, nuclear ...). Several techniques using flat or curved mirrors can 
be used. The projects are developed, for economic reasons, mainly in countries 
where sunlight is important and the land easily accessible: for example, countries of 
the Mediterranean Arc. 
  
Solar PV is probably the area where we can expect the most significant progress in 
science and technology in the years to come. It is based on the photoelectric effect 
(for the explanation of which Albert Einstein had been rewarded by the Nobel Prize in 
1921).  It was developed in the years 50-60 as a source of electricity to power 
satellites. It allows a direct conversion from electromagnetic radiation from the sun to 
electrical energy (without using a mechanical mechanism). Current energy 
conversion efficiency (i.e. the percentage of electromagnetic energy converted into 
electrical energy) of different cells varies greatly from a few % to over 40% in the 
laboratory in the best case. There is no theoretical limit to the improvement of the 
performance and multi-cell junctions can lead to impressive improvements. The 
technology of electricity production has a feature that makes it almost unique: i.e. 
there is no financial gain by concentrating production of this electricity (no economy 
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of scale). You can install photovoltaic panels both as a plant production (fields of 
solar panels) or in installing PV panels in a diffuse way (for example on the roofs of 
buildings). These panels installed in local units can either power equipment not 
connected to the grid, or produce electricity diffusely in by connecting to the grid the 
scattered sources. The diffuse nature of the production is a feature that allows both 
to vary the production sources on a grid but also to use the direct investment of the 
individual citizens. In order to have a sustainable economic reality and to stop the 
need for incentives from the governments: one should still reduce significantly the 
costs of modules and their installation. The objective is to achieve a production cost 
of electricity by photovoltaic panels equal to the purchase price of electricity on the 
grid (grid parity), note that in some cases we are not so far (that is the case of some 
countries where electricity is expensive and sun abundant : California or Italy for 
example). The dominant technology widely used is silicon mono-crystalline or 
polycrystalline: it is the one developed for the satellites. New technologies are 
emerging on the market that eventually will bring down costs. The most advanced 
technologies are those named thin films that permit, by depositing on a rigid or 
flexible substrate a few microns film of a semiconductor material, to produce cells. 
For the moment the thin film technology industry are those based on amorphous 
silicon, CdTe (Cadmium Telluride) and CIGS (Copper Indium mixture, Gallium and 
Selenium). Note that a scientific perspective, we can still expect breakthroughs in the 
field of thin film photovoltaic technology. Indeed, we are far from having explored 
(and found) all semiconductor materials with properties adapted to photovoltaic: the 
case of CIGS (an alloy made of 4 components) is emblematic from this point of view 
because it prefigures (like it has been demonstrated for the high temperatures 
superconductors) that alloys composed of several components (> 2) can have much 
better properties than pure or binary mixtures. Keeping this in mind and the fact that 
there is the development of new sampling techniques (High Throughput Screening) 
which are particularly suited to thin films composed of mixtures, new discoveries are 
possible to find new semiconductor with very good performance and possibility of low 
cost production. More recently, new technologies based on organic molecules 
(conducting polymers) or hybrid inorganic / organic (so-called Grätzel cells) also give 
hope to develop inexpensive manufacturing processes. “ 

III-6  What can be more done in France to solve the energy problems and 
implement the solutions at the industrial scale, either alone or within the 
European framework ? 

Robert Dautray (Membre de l’Académie des sciences) : 

“A natural question regarding the research in energy, is whether we should have an 
European framework? 
Large laboratories of the European Union have discussed the issue of creating 
together an European Energy Research Agency, EERA, with the proposed website 
EERA.set.eu.  This agency would include a single laboratory per country, e.g. for 
France an entity regrouping the French Atomic Energy Agency (Commissariat à 
l’Energie Atomique) and l’Institut Français du Pétrole (IFE – French Institute for 
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Petroleum); for Germany a new institution would take place called Association of the 
Laboratories of Julich and Karlsruhe, both laboratories being former nuclear energy 
laboratories which have been reconverted to scientific research areas demanding 
large equipments. 
 
As a first step, the research areas chosen by the EERA are as follows: 

• Basic sciences for energy 

• Biofuels 

• Clean Carbon – Capture of CO2  

• Clean Carbon – Storage of CO2 

• Clean Carbon – Other aspects (for example from carbon to liquid fuels) 

• Concentration of the solar light flux 

• Electric power: storage, transport, and networks 

• Fuel batteries (?) 

• Geothermal energy 

• Energy from the seas 

• Materials (?) for nuclear energy 

• Solar energy captured through the photovoltaic way 

• Networks for transmission and distribution of the future 

• Wind energy. 

The first works on these programs would be launched at the beginning of 2010. 
 
For France, one can make three remarks (?) 
 
First remark: 
Importance of electricity in France, thanks to the electronuclear park of the present 
national utility company. 
One should connect the primary sources of new energies to the new users of 
electricity (such as fully electrical cars, low level carbon buildings using photovoltaic 
energy, photothermics) and thus create a “smart” (computerized) new grid of the 
electricity transport network which can automatically adjust to the intermittent 
demands of the consumers and the intermittent availability of the primary sources of 
energy. 
This grid, most likely unique for all of metropolitan France, should also be able to 
store, transport and distribute electricity both ways (for example a house equipped 
with photovoltaic panels will consume electricity by night and produce it during 
daytime).  This grid will use captors measuring the electric currents, “smart” counters, 
and meteorological data to predict the future needs, etc.  All this information will be 
sent to computers which will be as well connected to various sources of information 
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(such as the memory of the past), and which will predict the evolutions of both the 
primary sources of energy and of the needs of the consumers.  This grid, called 
‘smart grid’, will permit to optimize the energetic services for the consumers, 
according to criteria oriented towards the well being of all: economy of energy, cost 
for the consumer, safety of operation, minimal rejection of waste, services provided 
to other external grids (for example the sale of electricity to regions close to our 
country by interconnection of the grids, which is already a fact for the electrical 
networks of some of the contiguous countries), etc. 
 
The transformation of this grid will require scientific and technical research, industrial 
conception and deployment; all of this with optimization criteria connected to the 
tarification (?), and will take two to three decades to reach an optimal adaptation. 
 
Second Remark: 
The main limitation of all these energy techniques is always connected to the 
structural materials (non-oxidizing steels, and their corrosion under mechanical 
fatigue, due to high temperatures, etc.) and to the functioning (?) materials (anodes 
of electrical batteries of cars, membranes for water desalinization, combustibles of 
the self breeders (?) , etc). 
This is an area in which France must make important efforts in research, man 
training, creation of laboratories, etc. , efforts which will bear fruit after one or two 
decades. 
 
As of today’s knowledge, the understanding of materials necessitate inputs from solid 
state physics, and also chemistry, physico-chemistry, scientific computation, 
production techniques, etc., hence many areas of fundamental research. 
 
Third Remark: 
Since the first (choc petrolier?), we are told that the main source of energy in France 
is the Saving of energy. Experience shows that this can only work if everybody feels 
concerned.  But, to reach this point, each consumer will have to get separate 
information on the different components of his/her consumption and their costs, so as 
to measure the effects of the efforts which he/she makes. 

 

Conclusion: 
The time necessary for all these researches will be at least one or two decades, to 
which one should add the time of the technical developments, of industrialization, 
including experimental plants, of deployment, which means at least two to three more 
decades.  The main message of this text is that before making the substantial 
necessary industrial investments, it will be desirable to start by developing research 
during the coming decade. “ 

Jean-Marie Tarascon (Membre de l’Académie des sciences) : 
 
“Energy storage: Energy storage will be far more important in the future than at 
any time in the past. Becoming aware of finite fossil energy sources and of the 
harm done to the environment, one important stake of the forthcoming decades is 
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to couple renewable energy sources with storing systems, which are much more 
performing than today, in the electricity distribution network. So the priority is to 
develop new energy storage systems for transportation as much as for distribution 
networks.  
Although Li-ions batteries, which are invading today’s portable market, constitute 
the most important progress in the field of energy storage of the last century, their 
performances will not match the technical needs of tomorrow.  To develop new 
concepts/materials has become a reality. 
Present commercial Li-ions batteries are based on the use of ‘insertion’ compounds 
(materials able to reversibly insert and release Li-ions while keeping the same 
structural framework) as positive and negative electrodes. 
 Their choice controls the cell voltage as well as its capacity and finally the power and 
the electric energy.   In spite of the wide panel of lithiated materials and the variety of 
oxidation/reduction reactional mechanisms, the numerous selection criteria needed to 
make an insertion electrode have led, to this day, to only a few materials among the 
hundreds studied over 30 years: Li(Ni, Co)O2 (200 mAh/g, 3,9 V) and LiMn2O4 (140 
mAh, 4,1 V) for the positive electrode and graphite (372 mAh/g, <0,4 V) for the 
negative one. 
Towards 2000 the situation suddenly changed when reactions occurring at 
nanometric scale were evidenced in some materials, thus considerably changing our 
perspectives and opening up many opportunities; the latter have already led to the 
first commercial achievements.  
Reducing the particles size has enabled, among other things, to 1) reversibly insert 
Li+ ions in the hematite a-Fe2O3 phase or rutile TiO2, which was impossible until now, 
2) use alloys with large volume expansion, and 3) trigger new reaction mechanisms, 
such as conversion reactions which enabled to outreach the limit of one electron per 
transition metal associated to insertion reactions. This change in scale put a stop to 
the slowly pace of the field of energy storage since it took solely about 10 years for 
nanomaterials to move from the status of laboratory objects to very performing 
systems being commercialised. NEXELION battery technology, introduced by Sony in 
2006, would have never existed if it had not been for the nanomaterials-based 
negative electrode which results in an increased volume energy density – very much 
appreciated in portable electronic.  
This change to nanometric scale also enabled the set up of high performing LiFePO4 
electrodes, notably power wise, which led in 2006 A123 Systems to commercialise 
batteries of high power density for applications in portable (mobile tools) and in 
electric vehicles (Tesla). 
 Presently, much hope is put into Li-ions batteries which, thanks to nanomaterials, 
have become more attractive for large scale applications.  Yet, given the limited earth 
resources regarding the presently used materials (LiCoO2) or the indirect cost in CO2 
for their making (LiFePO4), it is obvious that the entire present research on 
nanomaterials must be done bearing in mind sustainable development;  their making 
will obviously follow innovative mow cost efficient synthesis routes even resorting to 
some ‘green chemistry’ precepts.  This justifies the actual trend based on bio-
inspired, biomimetic and/or bio-assisted approaches that are likely to offer a new 
lease of life to materials that have until now been neglected or thought to be of limited 
interest in energy-related applications. 
Although puzzling at first, this return to the most primitive organisms (virus, unicellular 
algae, and bacteria) is a fascinating intellectual challenge. LiFePO4 electrode 
material, given as the ideal solution for tomorrow’s batteries, is perfect for these 
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approaches insofar as iron and phosphates are both major biological and geological 
constituents, and that its precipitation occurs in aqueous medium at a pH close to 7.  
Angela Belcher’s recent and spectacular works, which have led to the elaboration of 
electrodes nanomaterials (Co3O4, MnO2, FePO4) with the help of viruses and 
bacteria, are in line with this new perspective. 
Also following this perspective of sustainable development we find the present works 
on metal-air technology, and notably Li-air technology which is very attractive due to 
its high theoretical energy outreaching the Li-ion technology by at least a factor 5. 
Let’s hope that the progress of the research pertaining to this valued but complex 
topic will meet our high hopes in the years to come. 
Finally we cannot but mention the controversy regarding the finite Li resources.  
Never mind the difference of opinion regarding the present earth’s supply, it is a 
crucial matter that we must address by promoting new ideas and new concepts such 
as, for example, the development of Na-ions systems due to its abundance. 
In short, battery technologies, which control and improvement are essential to favour 
the use of renewable energies and the development of electric transportation, have a 
bright future ahead if they develop steadily; that will include research in several fields 
such as electrochemistry, metallurgy, materials chemistry and organic chemistry.”    

Bernard Tissot (Membre de l’Académie des sciences) : 

“We must urgently develop a very ambitious scientific and technical research 
effort to alleviate all the current deficiencies, both in the field of energy and 
that of climate, about which we do not know enough for the anticipated 
requirements.  Scientific and technological research are indispensable, but 
economy and sociology should also be the subject of new research, in order to 
face up to a massive change in our lifestyles by ensuring some relief to our 
primary sources of energy.   
 Global energy thrift is one of the ways we can achieve this, but it does not constitute 
an objective in itself.  We can therefore envisage scenarios that enable the 
continuation of a certain degree of global development, where electricity is our major 
energy vector.  It is a development in the same direction as current trends, i.e. 
towards electricity, and not against them.  
Electricity is an energy vector that is favoured in industrialised countries, to the point 
that its availability has become a necessary condition for all activities involved in daily 
life (drinking water, public transport, communications, etc.), industry and commerce.   
It is rapidly assuming growing significance in countries that are in transition and 
global demand could triple between now and 2050. Our problem is therefore not only 
one of replacing existing power stations, but also one of constructing new and 
additional ones that are capable of answering the "concentrated" electricity 
requirements to supply industry as well as major cities (the vast majority of the 
world’s population now lives in an urban environment) without running our resources 
down too rapidly and increasing our greenhouse gas emissions at the same time.  
Coal-fired or gas-fired thermal power plants, on condition that they separate and 
store on an ongoing basis the greenhouse gases produced, as well as wind and solar 
power, on condition that they we are able to store the electricity produced, can 
contribute to this effort, as can geothermal power in the appropriate regions, 
particularly in Iceland. But the principal sources of energy that do not produce 
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greenhouse gases are hydroelectricity, if appropriate sites are still available, and 
nuclear power stations.   
The latter require, above all, strict management of the nuclear waste, an area in 
which Sweden and France are most advanced.  International research into breeder 
reactors aims to increase fissile material resources by means of fast neutron reactors 
and therefore to ensure an energy supply for several millennia.  
The future of coal-fired thermal power stations will depend on research currently 
underway on the separation and permanent storage of CO2 resulting from 
combustion; this research will require a long and sustained effort – therein lies the 
complexity of the problem – in order to be able to use coal resources without 
impacting climate issues.  
The storage of energy, especially from electricity, will constitute an essential factor 
in gaining value from the intermittent energies (wind and sun) and will shift the trend 
towards them. If this is not possible, these energies will be obliged to maintain a 
back-up supply, relying on gas-fired or coal-fired facilities to meet demand, which will 
increase investment, pollution and greenhouse gas emissions.” 
 

IV - ENVIRONNEMENT, DEMOGRAPHIE, EAU, ALIMENTATION 
SANTE 

IV-1 What will be the consequences in the world of the respective 
demographic evolutions by broad continental areas? Can France play a 
positive role in this issue? 

Henri Léridon (Correspondant de l’Académie des sciences): 

“Over the twentieth century, the world population grew at an unprecedented rate. 
From 1.7 billion in 1900, it rose to 6.1 billion in 2000. Annual growth reached a 
historic peak of 2% – corresponding to a doubling every 35 years – in the 1960s, but 
the rate has since dropped back to 1.2%. This episode can be explained by the 
world-wide progress in combating the main causes of death and hence in reducing 
mortality. The process was not always accompanied by a parallel decrease in birth 
rates, however. As the growth rate is equal to the difference between birth rates and 
death rates (ignoring migration, though this is obviously nil at global level), it soared 
to very high levels – above 3% in some countries – for a number of years. This 
temporary historical phase will soon come to an end. According to various 
international projections, the world population is unlikely to exceed 9 billion in 2050, 
and should then stabilize or start to decline.  
These projections are based on current fertility and mortality trends. For fertility, we 
observe that in most developed countries, but also in China, women now have fewer 
than two children on average. In Brazil, Iran, Turkey and Vietnam, for example, the 
fertility rate is exactly 2 children per woman, and in several states of India (Andhra 
Pradesh, West Bengal, Punjab, Kerala) it is below 2.4. By contrast, fertility decline is 
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just beginning in the countries of sub-Saharan Africa and in certain Middle Eastern 
and Asian countries such as Pakistan and the Philippines. At global level, fertility has 
fallen from 5 children per woman in 1950, to 2.6 today and should reach a mean of 
around 2 children by 2050.  
In terms of mortality, change has been equally spectacular. At world level, mean life 
expectancy has risen from 47 years to 68 years (+21 years) in just half a century, 
thanks to a dramatic reduction in infectious disease mortality achieved through better 
prevention (universal vaccination) and improved medical treatments. Progress will be 
more limited over the next 50 years, with a projected further increase of just 8 years. 
The main challenges to be addressed are now degenerative diseases 
(cardiovascular diseases, cancer, etc.) which mainly affect the over-50s, and man-
made diseases (alcoholism, smoking, accidents, etc.). In developing countries, 
further efforts are needed to reduce infant and child mortality through improvements 
in medical assistance at delivery, vaccination coverage, nutrition, healthcare 
infrastructures, etc. 
The spread of the AIDS epidemic over the last two decades has also had devastating 
effects in certain countries: almost 20 years of life expectancy have been lost in 
South Africa, and the population growth rate has fallen to below 1%. Note, however, 
that for the African continent as a whole, the impact of AIDS on population growth is 
quite small, and will probably remain so in coming decades.  
These radical changes will have important consequences. First, in demographic 
terms. The heterogeneity of growth rates between countries and regions over the last 
century will result in a geographical redistribution of the world population. The 
inhabitants of Europe and North America represented 21% of the world population in 
1800, 30% in 1900, and just 17% in 2000. By 2050 they will account for a mere 13%. 
In that year, India (the most populous nation) and China will be home to one-third of 
the total population, the rest of Asia to almost one quarter (24%), Africa to 22% and 
Latin America to 8%. 
Just 5% of the world population will live in Europe, including Russia, and less than 
1% in France (although France will represent 15% of the European population).  
The second consequence is widespread population ageing, i.e. an increase in the 
proportion of persons aged over 60 or 65. The ongoing ageing process has three 
causes. First, the (past) decrease in fertility. All other things being equal, a low-
fertility country has an “older” age structure than a high-fertility one. This is why the 
French population, which was the first to lower its fertility, long held the record for the 
highest percentage of old people. Second, irregularities in the population pyramid, 
resulting from fluctuations in the numbers of births and deaths (due, for example, to 
the First World War or the baby boom in the countries where these events occurred) 
can lead, decades later, to a transient rise or fall in this percentage. Over the last fifty 
years, a third factor has accentuated the phenonomen, namely the decline in 
mortality beyond age 60, which results in “top-down ageing” of the population 
pyramid. In the most developed countries, the life expectancy gain due to this trend is 
around one year every four years. The proportion of over-60s will thus increase from 
11% at present to 22% in 2050 at world level, and from 22% to 34% in Europe.  
The steady increase in the number of human beings also exerts pressure on food 
and natural resources. Thanks to technical progress in recent decades, the “green 
revolution” in particular, food production has so far kept pace with population growth. 
The main international bodies project that enough food can be produced to feed 9 
billion people, despite a slower pace of improvement in crop yields, provided that the 
current modes of consumption of the most developed nations are not copied by the 
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rest of the world. These projections do not, however, predict a total eradication of 
under-nutrition or malnutrition by 2050.  
Generally speaking, scientific progress has accompanied population growth, first by 
fostering this growth (through mortality reduction, still in progress), and then by 
controlling it (through the development of contraception). The key challenge for the 
coming decades will be to ensure a sustainable supply of food and natural resources 
for the still growing world population. This can only be achieved by adopting more 
“responsible” behaviour in order to reduce waste in all its forms, choose more healthy 
eating patterns and limit our energy consumption.”  

IV-2 We are told that the first consequence of the world population increase 
will be a growing lack of water as well as an alteration of environment . How 
are we to cope with these major problems? 

Roland Douce (Membre de l’Académie des sciences) : 

“The sustained increase of the agricultural productivity that we observed during the 
last century can be attributed to the use of pesticides (insects, fungi, or weed killers), 
to irrigation, to sexual hybridization, to the reasonable use of genetics in the selection 
programs and to the improvement of the agricultural machineries.  For example, the 
spectacular increase of wheat productivity these last three decades is closely related 
to the use of short straws varieties which are much more resistant to falling over.  
These varieties bear a mutation of one gene which determines the response to a 
vegetable hormone which commands the growth of the stems. Unfortunately some 
agricultural practices are a source of perturbation for the environment as they induce: 
 
a) a fragmentation of the ecosystems which leads to a deep regression of the 

species diversity including microorganisms in the soil, 

b) the contamination of the waters and soils by the various inputs (pesticides, 
nitrates, etc.), and finally, 

c) The lowering often spectacular of the level of certain ground water sheets related 
to abusive watering. 

 
Everywhere, including in Europe, the use of the water of the ground water sheets 
increases whereas their renewal ability is decreasing because of the climate 
warming. The Earth annually receives about 110,000 km3 of water of which 
40,000km3 go into the rivers and the underground networks, the rest being lost by 
evaporation.  Each year the world agriculture demands nearly 8,000km3 of water, of 
which 80% are brought by rain and 20% by irrigation.   
The majority of the water drained by the vegetation is rejected in the atmosphere by 
evapo-perspiration which arises at the level of the leaves.  Hence, for example, one 
hectare of Indian corn (about 2.5 acres or 100,000 square feet) evaporates in the 
atmosphere nearly 60 m3 of water per day.  Because of this intense evaporation the 
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vegetation controls in part the climate by its ability to reduce the gaps of temperature 
and the air hygrometry.  Consequently it thus behaves like a natural “air conditioner” 
of an unbelievable efficiency.  In fact, one can say that the yield of a harvest is 
roughly proportional to the intensity of the perspiration.  This is the reason why, in 
average, the production of one kg of grains demands a large quantity of water; 
between 500 and 4,000 liters (kgs) of water.  It is clear that, in theory, rain brings 
globally enough water for the food production, but the problem is that it does not rain 
enough at the right place at the right time.  Rarefaction of water is already a dread 
problem in certain regions on Earth, in particular those bordering the Indus in Asia, 
the Colorado river in the United Stated, and the Yellow river in China.  The rapid 
disappearance of the Aral Sea next to Kazakhstan and Uzbekistan is directly related 
to the abusive irrigation of the cotton fields.   
Humanity will be confronted in the future with more frequent droughts and water will 
be a factor limiting the development of agriculture.  Obviously the implantation and 
the choice of cultures should be done according to the amount of available water.  
Means must be formed to considerably increase the amount of food per liter of 
consumed water. 
The word agriculture will have to evolve to respond to numerous emergent problems 
as well as to the legitimate demands of society.  It will first be confronted to the 
foreseeable augmentation of population which should continue its strong 
demographic increase until 2075 with a historical maximum of 9.2 billion inhabitants 
versus 6.4 at present time. The new advances in biotechnologies should help 
resolve, during the coming decades, the critical problem of feeding several billions of 
additional inhabitants.  This is a true challenge because of the rarefaction of the fossil 
energies, of the stagnation of the world agricultural productivity observed during 
these last years and the unavoidable loss of soils in favor of urbanization.  
Subsequently under the legitimate pressure of public opinions, agriculture will have to 
more and more take into account the preservation of the environment.  For that 
purpose it will have, imperatively, to limit the use of fertilizers and of pesticides, avoid 
wasting water from rivers and underground water, and keep spaces to preserve 
biodiversity, and also spaces necessary for some predators detrimental to cultures.  
This is a unique opportunity for agriculture to endow itself with a major role in the 
preservation of the environment while avoiding as much as possible the opposition 
between manmade agro systems dedicated to culture and nature made ecosystems 
dedicated to biodiversity. The two systems will have to coexist in perfect harmony.  
These challenges are enhanced by the increasing demand of cultures not devoted to 
feeding and mainly dedicated to the production of biofuels (oils, ethanol).  According 
to the International agency for energy, the production of biofuels should at least 
quintuple between now and 2030!  Those agricultural productions which use newly 
cleared soils and induce an overconsumption of pesticides, will enter a frontal 
competition with the food crops cultures and might very soon raise sociological and 
environmental problems.  It is necessary to precisely evaluate the interest of the 
biofuels from the points of view of energy, environment and society. The response to 
all these challenges will primarily depend on our own actions and also on economical 
agreements.” 
Douce R (2000), The vegetable world. From genome to the full plant.  RST No10 
(Académie des sciences), 220 pages. Edition Tec & Doc (in French). 
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Henri Léridon (Correspondant de l’Académie des sciences) et 
Ghislain de Marsily (Membre de l’Académie des sciences) : 

“At present, around 96% of the water consumed by humans are used to produce 
food, if we add to the water for irrigation the rainwater used naturally by non-irrigated 
agriculture. The water problem is therefore essentially a food problem. 
The number of inhabitants of the Planet in 2009 is on the order of 6.8 billion 
individuals. The growth rate of the world population passed a maximum (2% per 
year) approximately in 1969 and, since then, it has decreased steadily and is now 
about 1,2% but it should fall to 0.3% in 2050. The decrease in fertility has already 
progressed considerably: the average number of children per woman has gone from 
5 to 2.6 while the “level of generation replacement” is 2.2, a figure which may be 
reached in 2030. In Asia the population growth is still significant. The world 
population will most likely slightly exceed 9 billion in 2050 and might stabilise or 
decrease before the end of this century.   
How to feed the population of 2050 while, at the same time, eradicating the 
malnutrition which has affected, since approximately 2008, around 1 billion 
inhabitants? The figure of malnourished individuals had been decreasing every year 
since the 1960s because the population growth (an increase from 3 to 6 billion 
people, i.e. a factor of 2) was slower than that of the food production, which was 
multiplied by 2.5 during the same period, and in 2005 this figure was on the order of 
850 million. But the number of malnourished started to grow very rapidly with the 
“food price crisis” in 2006-2008, highlighting the precarious state of present 
conditions. Taking into account the age of the population that has to be fed and the 
progressive changes in eating habits (increase in meat consumption throughout the 
world), nutritionists estimate that the food production will have to double between 
2000 and 2050 in order to satisfy the demand. However, a smaller increase would be 
feasible if the food were distributed more equitably among all the inhabitants (in 
2003, the average individual consumption, expressed in kilo-calories per day and per 
person, varied between 2 400 in Sub-Saharan Africa and 4 000 in the OECD 
countries, and excess of calories generates obesity) and also if the individual 
consumption of meat decreased in the developed countries; finally, if the food waste 
were reduced (it is now on the order of 30% in the developed countries where the 
food is thrown away and around the same proportion in the developing countries, 
because the food is poorly conserved or eaten by predators). 
At present 40% of the food is produced by irrigated crops (264 million hectares in 
2000) and 60% by “rainfed” crops, which receive water only from the rainfall (1 300 
million hectares in 2000). Present trends indicate that the potential doubling of the 
production will come mainly from an extension of the areas of rainfed agriculture, 
wherever possible, which means opening up new arable land, formerly prairie-
savannahs or forests; by increasing the yield as well through improving the crop 
species, better farming practices and use of crop treatments (fertilisers, pesticides, 
etc.); and, in the last instance, by extending the irrigated acreage. The global rate of 
dam construction and increase in irrigated surface area reached a maximum in 1975 
(800 dams per year) and has now fallen to 20 dams per year because of the strong 
opposition to this type of construction, particularly in developed countries, and the 
result is that the irrigated surface area now grows by only 1.34 million hectares per 
year. 
The extension of crop land will occur at the expense of natural environments (as is 
the case of dam construction) and requires that particular attention be paid to the 
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protection of endangered natural environments and to the biodiversity. Opening up 
additional land to cultivate crops for the purpose of producing biofuels brings us 
another step closer to losing these essential environments. Finally, all continents do 
not have natural spaces available for cultivation: North Africa and the Middle-East 
have hardly any left, Asia has very few, the OECD countries have some and South 
America and Sub-Saharan Africa still have a great deal. It is therefore most likely that 
in 2050, some countries, or even continents, will no longer be able to ensure their 
self-sufficiency in food production and will have to import food, as is already the case 
today in North Africa and the Middle-East. 
Overall, climate changes will increase the water resources (mean increase in the 
global rainfall rate) while modifying the geographical distribution: it will rain less, on 
average, at the Mediterranean latitudes  (i.e. zones which already today experience a 
deficit in their water resource, such as southern Europe, North Africa, close to us, but 
also across the whole corresponding band in both hemispheres). It will rain more in 
northern regions (northern Europe, Siberia, North America) as well as in the zones 
near the Equator. But in addition to these changes in the amount of rainfall, there will 
be changes in  their seasonal distribution and in the frequency and intensity of rainfall 
events, which should in general result in a reduction of the amount of water stored in 
the soil. However if, world-wide, it is estimated that 110 million hectares of arable 
land will be lost from rainfed agriculture because of these changes, the increased 
temperatures will allow around 160 million hectares to be opened up to cultivation in 
the northern regions.                     
In the end, except for Mediterranean countries aiming at self-sufficiency in food 
production, it is not actually the water that will become the limiting factor in global 
food production but rather the World’s availability of land and the possible 
degradation of soils due to salt accumulation, erosion or loss of organic matter and 
minerals, if the farming practices are not strictly adapted to the nature of the soil. 
However, in abnormally dry years and if the drought occurs simultaneously on 
several continents, which has happened in the past (e.g. in the 19th century), it is not 
impossible that great food deficits may appear and lead to real famines because the 
world food stocks have never been as low as they are today; in terms of cereals they 
represent less than two months of global consumption and a little bit more in terms of 
cattle consumption. 
The problem of the availability of drinking-water for the world population is another 
great challenge facing humanity: at present, over a billion human beings do not have 
access to clean and safe water and more than two billion have no sanitation. 
Generally, it is not a question of lack of water but of insufficient means to treat the 
water to make it potable and a lack of networks to transport and distribute it and of 
facilities to collect and treat the wastewater. The problem is not a technical one (the 
techniques are well-known and available) but financial: it would cost around 20 billion 
dollars a year to equip the poor countries in order to reduce by only a factor of two 
the number of humans without access to potable water and sewage disposal from 
today until 2015 (called the millennium goal). At present, around half of this sum is 
spent….In case of a lack of water resources, one solution may be desalinisation but 
at a relatively high cost in energy (2 to 4 kWh per m3) and equipment (0.7 euro per 
m3). These costs are acceptable for developed countries but nevertheless too high to 
produce water for agriculture, with a few exceptions (some high-value fruit or 
vegetable).. 
Finally, concerning industrial water, the greatest demand is for the cooling of power 
plants but alternative solutions exist (air-cooling, sea water etc.). Industries that 
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consume great quantities of water have managed, in times of need, to reduce their 
consumption (recycling, etc.) or locate their plants in countries where water is 
abundant.” 

IV-3 In France, will there be a shortage of water within the two coming 
decades, and if so, how to solve this problem, in the respective areas? What 
will be the consequences for the agricultural food processing industry? 

Ghislain de Marsily (Membre de l’Académie des sciences) avec 
Bernard Itier (chercheur à l’INRA) et Bernard Seguin (chercheur à 
l’INRA) : 

“In France the major part of the agriculture is rainfed, i.e., it is not irrigated. The 
irrigated surface area in France has increased from 450 000 ha in 1955 to 1.5 million 
ha in 1990 (of a total arable surface area of 27.6 million ha) and has remained fairly 
stable since. The 1.5 million irrigated ha consisted, in 2000, of 50% maize, 11% 
produce and greenhouse crops, 7% orchards, 7% animal feed and the rest 
distributed among potatoes, wheat and other cereals, sunflower, oil-seed, meadows. 
The total withdrawal of irrigation water in 2001-2002 was 4.9 billion m3 as compared 
to 6.3 billion m3 for domestic water supply, 3.8 for industry and 19 for energy 
production (hydroelectric power and cooling of power plants). However, irrigation 
withdrawals, contrary to domestic or industrial withdrawals, are not given back to the 
environment after use since, if irrigation is well  managed, the water is evaporated. 
This leads to a large difference between the water withdrawn and that actually 
“consumed” (withdrawal minus water returned to the environment) with percentages 
of up to 70% for well-managed irrigation and 11-15% for domestic and industrial 
withdrawals.  
The large hydrographic basins where irrigation is used are Rhone-Mediterranean-
Corsica (39% of the withdrawals), Adour-Garonne (31%), Loire-Brittany (24%), the 
remainder, i.e., 6% are shared between Seine-Normandy, Artois-Picardie and Rhine-
Meuse. In south-eastern France, the withdrawn water comes mainly from the Alps, 
i.e., first through the Serre-Ponçon dam, which is the largest artificial lake in Europe 
(28.2 km2) and the second largest in terms of volume (1.27 km3); it produces 
electricity and through the Provence canal it provides water to most of Provence. The 
region also benefits directly from the Rhone, the second largest French river, whose 
flow at summer low water at Beaucaire is very strong, on the order of 600 m3  per 
second. The Rhone is used for the irrigation of the Languedoc region (through the 
Philippe Lamour canal, managed by the Bas-Rhône-Languedoc utility) whose 
capacity is greatly under-exploited. Thus the resources are abundant because the 
Alps receive and will always receive in the future a great deal of water, partly stored 
as snow and ice, which explains the strong flow rates available in the summer. In the 
South-West, the Pyrenees are also a water tower, equipped with a number of dams 
but not at sufficiently high altitudes to retain the snow and the ice and thus with a 
much weaker summer flow rate.  
Climate changes will in general probably decrease the rainfall in France, particularly 
in summer and, in the near future (2002-2050) first mostly in the south; later on 
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(2070-2100), the entire western part of France and in particular the south-west will 
receive less rainfall.. For south-eastern France, we can expect that existing facilities, 
or possibly new ones to be built will compensate for the rainfall deficit. For south-
western France, water resources will be less guaranteed, and, it may become 
necessary to construct new dams (large or small) if some irrigation is to be 
maintained, but the resource may be insufficient. Water resources may also be 
lacking in western and even perhaps in northern France (where the decrease in 
rainfall is less certain to occur but nevertheless quite possible), and where the water 
resources will become less secure, For these three regions, it is possible that the 
reduction of rainfall will make it preferable to switch to crops demanding less water 
when water is lacking, such as, for example, winter cereals instead of summer crops, 
or, for summer crops, sorghum which needs less water than maize. In any case, 
France which, at the moment, exports large amounts of cereals but imports fruits and 
vegetables, should remain largely self-sufficient in food production despite the 
climate changes and able to sustain an active food-producing industrial sector albeit 
with some changes in the products. 
For the non-agricultural  water requirements, France might in the future experience 
shortages of water for the cooling of power plants, in the summer during years of 
heat waves. It might then be necessary to re-direct the cooling systems toward air-
cooling, demanding less water or to preferentially construct new power plants on the 
coast and use seawater. The requirements of domestic and industrial water should 
not create any great problems as this water can be transported over long distances, 
recycled or even, for large coastal cities, obtained by desalinisation. In drought years, 
water-saving measures can be imposed to reduce the consumption.” 

IV-4 What can be said about the consequences on health of the various 
problems related to climatic change ? 

Bernard Meunier (Membre de l’Académie des sciences) : 

“What are the influences of the climate change on the development of 
infectious diseases? The development of infectious diseases and the proliferation 
of the corresponding pathogens are influenced by many different parameters. The 
climate change is one of these elements. 
First we can make a non-exhaustive list of the main different parameters, without 
ranking them, influencing the development of infectious diseases. The presentation 
will be limited to three pathogen categories: viruses, bacteria and parasites. 
Influence of temperature changes on pathogens. 

• The development of viruses is favored by low temperature, explaining why 
viral influenza is more frequent in winter times (the aerial flu-viruses are easily 
transported by humid particles). The geographical propagation of the avian flu 
virus is related to bird migrations that are influenced by climate and 
temperature changes. Facing a viral infection, the human body is increasing 
its temperature to reduce the virus viability.  

• A temperature increase favors the proliferation of bacteria, so the chain for 
supply food chain is based on refrigerated transportation systems in order to 
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keep as low as possible the level of exogenous bacterial population. In hot 
countries, in the absence of adapted treatments, the surface waters are highly 
favorable for bacterial proliferation and the use of powerful disinfectants is 
essential to obtain drinkable water.  

• The propagation of some important parasite-related diseases involves 
mosquitoes as vectors (e.g. anopheles in the case of malaria). In tropical 
zones, the development of mosquito larva is favored in warm hot still waters.    

• A temperature increase has an impact on the development of parasites and 
fungi during the storage of cereals and leguminous plants (which are alive 
seeds) in non-refrigerated sites.  

 
 Except for aerial viruses (e.g. influenza viruses), an elevation of the average 
temperature enhances the proliferation of pathogens. On the other side, we have 
to remember that the periods of cold weathers, like the ones observed in the 18th 
century generated bad harvests at the origin of food shortages.  
 In reality, the propagation of infectious diseases and pandemics is mainly 
controlled by parameters that are summarized below.   
 
 Other factors having a strong influence on the development of infectious 
diseases. 
• The spreading of AIDS at the beginning of the 1980’s is essentially due to the 

sexual transmission of the HIV retrovirus. Up to now, there is still no efficient 
vaccines or chemotherapies able to eradicate HIV in infected patients.  

• Bacterial infections are favored when basic hygiene rules are less respected. 
Quickly after the initial alerts of Health Authorities on the H1N1 flu, all different 
media have diffuse messages on regular hand washing with soap and the use 
of tissues when couching to avoid the spread of the flu virus. One more step 
will be to remember that spitting in public areas should be strictly forbidden. 
Many young people ignore that the fight against tuberculosis involved the strict 
respect of all hygiene rules, including the interdiction of spitting. The inhalation 
of single bacillus of Mycobacterium tuberculosis from desiccated sputum is 
enough to initiate the contamination of one person.  

• An other important factor is the densification of the human population in large 
cities. The number and the growth of megacities are directly related to the 
increase of the world population from 1 to 6 billion between 1900 and 2000. 
Cholera epidemics are not rare in megalopoles located in hot countries when 
the treatment of waste-waters is limited or deficient. More than 80% of the 
waste-waters are not treated in non-developed countries. The reduction of 
quality of water in many countries is amplified by the continuous growth of the 
population and constitutes a major health concern. 

• In developed countries, the poor maintenance of air conditioning system can 
be at the origin of new pathologies, like the Legionnaires’ disease. This new 
disease has been observed for the first time with American veterans gathered 
in a hotel with filters of the air-conditioning system unable to retain the 
infectious bacteria. That same bacteria is proliferating in stagnant domestic 
hot water at 35 °C.  

• The increase of international exchanges of goods and travels also contributes 
to the diffusion of pathogens. The monitoring of the going-on influenza 
pandemic has confirmed that airplane travels is a key factor for virus 
propagation.  



 

Independent opinions of Academicians on environment and sustainable development - May 17, 2010 54

 
 When taking in consideration all the different parameters, it is reasonable to 
consider that the development of infectious diseases will be more influenced by 
the increase of the world population, the volumes of exchanges and the quality of 
water in general, rather than by the climate changes during the next 30-40 years.” 

Maxime Schwartz (Correspondant de l’Académie des sciences) : 

“Global climate change and infectious diseases: A number of new infectious 
diseases have emerged during the last 30 years or so, including the present H1N1 flu 
pandemic. Could it be that such phenomena are linked with the global climate 
change? If this were the case, the emergence of additional infectious diseases might 
be expected to occur in the years to come. 
Most probably, global climate change played very little or no role in the recent cases 
of emergence. 
Thus, for instance, the emergence of AIDS during the early 1980’s, resulting from the 
transmission of the virus from apes to human beings in the wilds of central Africa, 
and of its dissemination, first to African urban centers and then to the rest of the 
world because of the development of intercontinental air travel, had no obvious link to 
global climate change. The same could be said of the epidemic of “mad cow disease” 
in the UK, with its transmission to human beings as the new variant of Creutzfeldt-
Jakob disease: it resulted from changes in the feeding practices of cattle. The same 
holds true for H1N1 flu. Indeed, the great flu pandemics, which occur periodically  
and among which the famous “Spanish flu” of 1918-1919, result from a phenomenon 
independent from climate change: the adaptation to human beings of influenza 
viruses of animal origin, most often from birds, or of hybrid viruses resulting from the 
re-assortment of genes from viruses of human and animal origin. These viruses 
cause pandemics because their surface proteins, hemagglutinin (H) and 
neuraminidase (N) are from animal viruses and have never been seen by the 
immune system of human populations which, therefore, is unprepared to block virus 
replication.  
Before trying to assess the possible impact of global climate change on infectious 
diseases in the future, let us mention the case of legionellosis, a disease that 
emerged independently of climate change…but the prevalence of which could 
increase as a consequence of a temperature increase in certain regions. The 
emergence of that disease, first recognized in 1976, resulted from the fact that a 
Legionella, a bacterium frequently found in rivers, ponds and lakes, found a new 
habitat in the residual water of air conditioning systems. From there, it can become 
airborne and may then enter the human respiratory tract, infect the pulmonary cells 
and cause serious infections, sometimes lethal. Even if air conditioning has not been 
invented because of global climate change, unsignificant at the time, its increased 
usage due to climate change could impact on the prevalence of legionellosis. 
Anecdotic as it may seem, because the impact of this particular disease on public 
health remains limited, this example illustrates the indirect and not readily predictable 
effects that climate change might exert on infectious diseases. But what can be said 
about such effects on more general grounds? 
In fact, previsions in this field are very difficult. The reasons are many, but three of 
them stand out: the uncertainty of previsions concerning climate changes, the little 
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knowledge that we have of how ecosystems work and may adapt to change, and the 
impossibility to perform experiments simulating natural conditions. 
Global climate change will inevitably impact our modes of life. The functioning of 
ecosystems will be affected, as will be water resources and the management of 
water supplies, agriculture and cattle breeding, with consequences on our food 
supply. We shall have to modify our housing conditions and our use of energy. The 
distribution of human populations will change and “climatic refugees” will have to be 
hosted. Health problems will result, especially dealing with infectious diseases, but in 
a manner difficult to predict. 
Theoretically, climate change will affect the different components of epidemiologic 
systems. First, the infectious agents themselves, with a possible selection for better 
adapted strains, resulting in potential modifications of their infecting power or their 
virulence; even in the above mentioned case of flu, climate change could alter the 
stability of the virus, and hence its transmissibility. Then, the vertebrate hosts, be 
they animals or human beings, the density of which, or the distribution, or the 
physiology, or the behavior, or the dynamics of migration, or the genetic features 
could be affected. One may think, for instance, of the often mentioned effects of 
climate change on the dates of migration of birds, which carry viruses such as those 
causing flu. As for human beings, the above mentioned “climatic refugees” could 
carry infectious agents unknown or rare in the country hosting them or, conversely, 
be infected by microbes that they did not usually encounter in their country of origin. 
Finally, arthropods, mainly insects, responsible for the transmission of a plethora of 
diseases, will likely also be affected in similar ways. It would already seem that the 
extension to northern Italy of canine leishmaniosis, the unexpected arrival in 2003-
2004 of bluetongue disease among ovine populations of the south of Europe, and the 
apparent extension of tick-borne encephalitis in Sweden, might have been caused by 
a global temperature increase in these regions that favored the development of the 
vectors transmitting these diseases. 
This being said, even if global climate change is likely to result in changes in the 
distribution of infectious diseases on the surface of Earth, they will not necessarily 
occur where they are expected. Thus, we often hear or read that a disease such as 
malaria, nowadays restricted to tropical countries where it takes a very high toll (500 
million new cases each year and 1 to 2 million deaths) will spread to temperate 
regions of the Earth, due to an expected increase of the temperature in these 
regions. However, such a reasoning forgets that long ago, and especially when the 
climate was much colder than today, malaria was all over Europe, as far north as the 
Baltic Sea. Therefore, temperature is not the limiting factor. If malaria progressively 
disappeared from the continent, this was due to economic development and to the 
increase in the standard of living: a better housing, the drying of humid land which 
was then cultivated, a generalized accessibility to quinine and the possibility given to 
treat oneself in cases of fever, etc. Malaria is rather a disease linked to poverty than 
a tropical disease per se. Whatever the evolution of climate, a re-emergence of 
malaria in developed countries would seem all the more unlikely that, if it were to 
start, it would be immediately detected and the means to eliminate the centers of 
transmission would be implemented. 
To conclude, global climate change will inevitably have consequences on public 
health. Some could be very direct: remember the effects of the heat wave in France 
in 2003. Others will be more indirect, among which those mentioned above. Several 
international organizations, such as WHO, are trying to foresee these effects in order 
to help us face them. However, previsions in this field are highly uncertain.” 
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Alain-Jacques Valleron (Membre de l’Académie des sciences): 

“Climate change and health  In terms of possible impact on the health, the most 
worrying consequence of the expected global climate change is the increase of the 
frequency of extreme meteorological events such as hurricanes, typhoons, etc. 
These events are indeed known to already cause huge damages to human health: 
the death toll due to extreme climatic events was evaluated at 120,000/year during 
the 1972-1996 period and it has been estimated that the total burden of these events 
(new diseases and social impacts due to displacement, loss of income and housing) 
might be 1,000 times larger. For example, the cyclone in Orissa (India) in 1999 killed 
more than 10,000 and made several millions of victims. It is therefore likely that the 
climate change will amplify this burden in the future. Moreover, it is worth noticing 
that these events happen mainly in the poorest countries, where public health 
structures lack and where the demographic is increasing. Similar indirect health 
consequences of the expected climate change could occur in many developing 
countries as a consequence of the decrease of the yield of crops with increasing 
temperatures, or of the rise of the sea level which will affect the housing in coastal 
areas, and push to massive migrations.  
The possible impact of the global warming on chronic diseases is more difficult to 
assess. A starting point may be to consider the shape of the present mortality curves, 
which has been observed as a function of the temperature of the day in various cities 
of the world. These curves are U shaped, which means that the highest mortalities 
were observed at very high and at very low temperatures, and also that there is an 
"optimal" temperature for which the mortality is minimum. It is striking that this 
"optimal" temperature was found in several studies to vary with the latitude: it is 
lower, for example, in northern Europe than in southern Europe. This makes hint that 
to this day humans of different regions adapt to the ambient temperature, and it can 
be expected that they will also be able to adapt to future changes of temperature. 
Another worrying observation that can be used in the anticipation is that atmospheric 
pollution, including ozone, is higher when the temperature increases. Exposure to 
peak and/or chronic atmospheric pollution being associated to an increase of 
morbidity and mortality from cardio respiratory causes, it is therefore likely that the 
global warming will also have an impact on health through this mechanism, inasmuch 
the urbanization, which is another factor of atmospheric pollution, is expected to 
increase in parallel.  
High mortalities associated to heat waves are well known from the epidemiologists, 
and from the lay people as well. The dying of 15,000 because of the 2003 heat wave 
is still on everybody’s mind in France. High mortalities associated to very low 
temperatures do also exist, but get at present less attention. For example in January 
1949, 29,000 extra deaths were observed in France. Epidemiological reports 
published worldwide during the last 10 years have indicated that a 3 fold in mortality 
by ischemic diseases in young men were observed during the winter in several 
places. Other reports have indicated a linear increase of mortality with low 
temperature. From these findings, one may hypothesize that the global warning will 
not just increase the deaths because of the higher temperatures, it may also 
hopefully decrease some of the mortality linked to low/very low temperatures. 
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Concerning infectious diseases, it is obvious that climate change will induce 
ecological changes that may have consequences on the human health. The most 
often advocated ecological hazard is the extension of the territories of the insects 
responsible of vector born diseases (such as malaria, dengue, chikungunya). 
However, two remarks can be done. First, the forecasting of these extensions of 
territories is extremely difficult to make, because temperature is not their only 
determinant. Rainfall distribution, in time and in space, is another important 
determinant that impacts on the survival of the larvae. Second, it must not be 
forgotten that as recently as during the early 20th century, malaria was prevalent in 
the south of Europe and in the north of Africa, and is now totally absent from these 
places. The reason is not a temperature change. Why malaria persists, vanishes or 
reappears in a zone is without doubt more a consequence of the public health 
environment made available, and of the anti mosquitoes fight, which was done 
aggressively and successfully in Europe and North Africa, than of the changes in 
temperature or climate. 
The expected ecological modifications induced by the climate change may also 
impact some bacterial and viral diseases. One example for which evidence accrued 
is Cholera, but other diseases such as Rift Valley Fever, Hantavirus pneumonia are 
also concerned. It has for example been shown that the cholera epidemics observed 
in Bengladesh during the 1980-1998 period were correlated to the El Niňo episodes 
with a 11 month lag. The elevation of temperature melted the snowpack in Himalaya, 
with as a consequence increased precipitations and river discharges. The correlation 
of Cholera outbreaks with El Niňo events was also found in Africa, and later in South 
America. This correlation is likely causal: during an El Niňo season, the surface 
temperature of the Ocean can rise by as much as 3 degrees Celsius. As a 
consequence, bursts of phytoplankton, which host vibrio cholera, happen –as was 
evidenced by satellite observation- and deliver the agent of the disease in the sea, 
which in turn contaminates humans. It is therefore quite possible –even if not formally 
demonstrated- that the future climate changes will increase such phenomena. More 
hypothetical, but also possible, are the mechanisms by which climate change could 
modify the dynamics of the epidemics of other diseases, for example seasonal 
influenza. It is indeed well known that the epidemiology of seasonal influenza is 
different in temperate climates (with one well defined epidemic each year) and in 
tropical climate (where apparently influenza is prevalent all over the year at a low 
level, with no epidemic peak, or with two or more peaks as was observed in Hong 
Kong and Taiwan. An hypothesis was made along which the tropical countries could 
be a reservoir, where antigenic drifts would occur all over the year, and from which 
would originate the seasonal epidemics that attack the temperate countries. If this 
hypothesis –which is debated- is accepted, one might also hypothesize that the 
climate change, because it will change the borders of the tropical zones, can impact 
on the dynamic of the seasonal influenza. This is one more example of the numerous 
hypotheses that can be made on the possible effects of climate change. 
A final remark is again that most of the possible effects of climate on human health 
are more likely to attack the old, the poor, and the deprived. The expected world 
demographic changes, such as the general aging of the world population, will 
therefore likely amplify the above enumerated effects of climate on health. 
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V - ENVIRONMENT, BIODIVERSITY 

V-1 The public opinion is concerned with the threats of environment 
modifications on biodiversity. Can one present some evidences in France and 
explain the threats? 

Henri Décamps (Membre de l’Académie des sciences) : 

“Our lives depend on the whole set of living species existing on earth and in the seas.  
A vast diversity of living species allows us to eat, to warm ourselves, to dress or to 
heal ourselves, while also purifying the air that we breathe and the water that we 
drink.  At the same time, living species, of vegetal or animal origin, prevent the 
erosion of soils, reduce the climatic variations, and guarantee the pollination of the 
harvest and the dispersal of the seeds.  In many regions, this biodiversity is a vital 
tourist resource.  We recognize its cultural, aesthetic and spiritual value.  From an 
ethical point of view, it constitutes a natural inheritance that we ought to pass to our 
descendants.   

The first interest of biodiversity can be found in ourselves or more precisely in our 
intestinal flora:  some 400 species of micro organisms counting billions and billions of 
individuals – about ten times the total number of our own body cells – are able to 
break and process a variety of molecules, such as some pectin, celluloses, hemi 
celluloses, starches that we would be unable to assimilate without them.  This 
symbiosis between these micro organisms and us are the result of a long shared 
evolution history which has selected some interactions which are essential for our 
health and well-being.  These interactions, for instance, allow us to digest the fruits 
and vegetables which bring to us the vitamins, the antioxidants and the fibers without 
which we cannot live.  At the time of their consumption these fruits and vegetables 
have themselves mature thanks to some mineral salts coming from the 
transformation of the waste of other living species by another set of living species, 
the micro organisms of the soils.  The simple assimilation of fruits and vegetables by 
our bodies thus necessitate many categories of living species which, for themselves, 
vary from one region to another.  As human beings, we are part of this set of species 
which constitutes the biodiversity of the planet Earth. 
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We also largely depend on biodiversity for our health.  The medical properties of 
certain plants have been known for a long time and a large number of molecules 
used in modern pharmacology have been identified thanks to vegetables and 
sometimes animals.  It is also thanks to observations and experimentations 
conducted on many animal species that we better understand how the human body 
works and the diseases which reach it.  About 75% of the world population depends 
on traditional remedies of natural origin; in China, 5,000 of the 30,000 species of the 
censed superior plants are used for medical purposes; and in our western countries 
are well known for their healing properties:  the St John’s wort as an herbal treatment 
for depression, the comfrey as a healer, arnica against the bruises, not forgetting: 
hawthorn, sage, broom, verbena, white willow… Gingko has lead to the discovery of 
some products very efficient against the cardio-vascular diseases, the Pacific Yew 
and the Madagascar periwinkle are both used in the treatment of some cancers, and 
anti- AIDS properties have recently been discovered in a tree from Borneo.  One 
would not forget, famous among all, the discovery of penicillin which started from the 
observation of a bacterial culture contaminated by fungi.   

We depend as much largely on the not well-known biodiversity of the soils and the 
waters.  As for the soils the agricultural production depends on an incredible amount 
of microscopic and other animals, whose earthworms have a fundamental ventilation 
and decomposition role for organic matter.  The disappearance of the fauna by 
settling, embankment or excessive use of chemical treatments can have dramatic 
consequences on the fertility of the soils.  In freshwaters, a rich and unnoticed 
biodiversity maintains some cleaning processes which are as well indispensable.  For 
example the production of drinkable water is very much influenced by numerous 
micro-organism species working in water purification stations. In the natural 
environment, a freshwater mussel is able to filter more than seven liters of water per 
day. And various species of frogs, dragon-flies and other invertebrates give very 
accurate indications on the quality of the waters of our rivers and lakes. 

More generally, biodiversity has allowed overcome periods of brutal changes which 
have occurred all along our history. This adaptation capacity is due to the diversity of 
the genetic capital of each species. Protecting biodiversity amounts to protecting the 
survival possibilities of the whole living world, including ourselves, against the 
climatic and other unpredictable events that we can expect. In this senses, the 
extinction of any living species is an irreversible loss, that of the possibility of 
biological evolution which has been acquired during billions of years of adaptation to 
unremitting catastrophic changes of the living conditions on our planet.”  

Jean-Dominique Lebreton (Membre de l’Académie des sciences) : 

“The concerns of the public reflect a growing awareness of the erosion of biodiversity 
under the effect of human activities.  
The clearest example is that of vertebrates: among the 45,000 species of fish, 
mammals, birds, reptiles and amphibians, at least one species per year has been 
disappearing for more than five centuries. The natural extinction rate, close to one 
species per 20 years, the lifetime of a species being in the order of one million years, 
has been multiplied by at least 20. This trend is not recent: for instance the first 
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human inhabitants of North America accelerated the extinction of a whole mammal 
“mégafauna” more than 10,000 years ago.  
What is going on for other animals and for plants? The small size of insects makes 
extinction difficult to detect, and relatively few extinctions have been ascertained. 
Nevertheless, several factors concur to indicate a considerable increase in extinction 
rate. For instance, fumigation experiments on Amazonian trees showed that several 
hundred insect species were strictly attached to each tree species. Deforestation, 
impacting trees with demographic rates at least as slow as those of vertebrates, has 
been submitting tropical tree species to an intense increase in their extinction rate: 
they take with them all dependent organisms, ie. hundreds of invertebrate species. 
However the large majority of species of insects, and more generally invertebrates, is 
still unknown to science. About 2 million living species are « described », i.e. 
received a scientific name (including our species, Homo sapiens). However, one 
estimates the globe is inhabited by 10 to 40 million species. Paradoxically, the 
number of described species is in rapid increase, thanks to the inventory efforts, 
while the number of species actually present decreases. The capacity of evolution, 
and thus of appearance of new species, will only take place at a much slower pace. 
Even if current anthropogenic impacts were alleviated, the biosphere will thus live for 
a long time biologically impoverished, and one can thus speak of a biodiversity crisis. 
Among effects of human activities on biodiversity, three types of causes are usually 
distinguished: direct exploitation (hunting, fishing, lumbering…), changes in land use, 
and climate change. Change in land use covers transportation and introduction of 
alien species, as well as habitat fragmentation, agricultural intensification, 
urbanization, etc Change is land use is currently the factor with the greatest impact, 
having taken over direct exploitation. Climate change has already modified the 
demography and the distribution of many species, and there is no doubt it will heavily 
interact with changes in land use. It is from this observation that stems the need for 
an ecological intensification of agriculture, in particular in emergent countries, as the 
combination of increasing aridity and increases in human populations raise a 
particular difficult question. 
However, all these problems seem distant, both in space and time. What is the 
current situation in Europe? Monitoring programs in France indicate a strong 
decrease in “ordinary biodiversity” among farmland birds, even if species that are 
specialists are more strongly impacted than generalists. Several studies have 
provided evidence in several European countries of a marked decrease in insect 
populations, in particular pollinators. These decreases, without leading to species 
extinction, nevertheless induce local extinctions, of which the pace has been 
considerably increasing, possibly by a factor greater than 100, whereas habitat 
fragmentation often slows down recolonization. 
Yet, our planet has been able to live without mammoths, and certainly will do without 
Polar bears, a forthcoming victim of climate change. How and why does biodiversity 
erosion raise problems for human societies? The first problem is that of the erosion 
of a resource: overfishing of many marine species, despite available diagnostics on 
stocks, clearly shows that social implications – in that case for fishermen – lead to 
rush ahead, with consequences hard to mitigate and threshold effects, such as the 
collapse of cod stocks. Among other resource, plants susceptible of providing active 
molecules disappear every day, even before being known to science. Taxol, used to 
cure some cancers, would not have been discovered, had the Pacific Yew 
disappeared. One speaks of services of ecological systems and biodiversity. The 
very variety and diffuse character of such services makes the evaluation of their 
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economic impact difficult, but the very notion of “service” naturally conducts to such 
an evaluation: for instance the service of pollination provided by insects is evaluated 
to amount to 150 billion Euros per year. Sustainable development aims at taking into 
account consequences of human activities, and, in this context, the economic 
quantification of ecological services is but beginning. 
However, many services have only a diffuse link with biodiversity: How to relate the 
role of a peat bog on water quality and its plant diversity? The role for agriculture of a 
soil and its richness in invertebrate? On such questions, a degradation of biodiversity 
plays the role of a warning, often without immediate consequences. There comes in 
the parabola of the « rivet poppers » by entomologist and ecologist Paul Ehrlich: a 
passenger getting onto a plane notices an employee busy popping rivets out of the 
plane wing. He calls him mad, but the employee answers the plane is 
overdimensioned, that saving rivets will save money, and that, at any rate, he will be 
on the same plane. The rivets obviously are the living species, and the plane, our 
globe. When and how take a downturn, then stop the consequences harmful to 
human societies of the erosion of biodiversity? What is the degree of action needed, 
with which priorities? Scientific problems inevitably come within the scope of a 
network of personal beliefs and political and social questions. 

Yvon Le Maho (Membre de l’Académie des sciences) : 

“If general consciousness is starting to grasp the importance of economic and social 
challenges human kind might be facing in relation to climate change, conservation 
issues and the faith of biodiversity does not seem to be considered just as seriously. 
Nonetheless, it is important to understand that when species go extinct, they do so 
forever. Moreover, new species take hundred thousands of years to evolve by natural 
selection, and so the crisis looming on biodiversity is of great concern. Present 
biodiversity loss is not only the consequence of climate change but also that of direct 
human impact such as deforestation, loss of habitat, overexploitation of marine 
resources, introduction of invasive animal and plant species competing with native or 
endemic ones, to name but a few. Still, humans rely entirely on living organisms. 
They provide oxygen, remove carbon dioxide and filter particles in and from the air 
we breathe. Bacteria purify the water we drink. Living organisms are also the 
cornerstones on which we build our everyday life. They provide food, clothing, 
housing, health and leisure, etc. For instance, half of the American drugs come from 
molecules found in plants. The widespread increase of monoculture agriculture, 
together with the drop in biodiversity makes us more dependent upon the risk of 
massive crop destruction by pests, with, of course, the associated economic 
consequences. For example, after their destruction by phylloxera, a small aphid, in 
the XIX century, the French vineyards could only be reconstituted thanks to grafts 
from America that were naturally resistant to the pest.  
Moreover, after having overexploited a resource, it is unlikely that the situation may 
restore to its original undisturbed state. For instance, about 20 years after the 
moratorium on cod fishing along the coasts of Labrador and Newfoundland, stocks 
have not yet recovered due to the disturbance along food chains. Red tuna is facing 
extinction today. Moreover, to compensate with declining fish stocks, the fishing 
industry is now drawing its focus on species that live at great depths and high 
latitudes. Those species usually have long life spans and mature when quite old, 
which sheds serious doubts on whether their exploitation is sustainable.  
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If we had been able to predict the economic consequences of landscape 
development operations, we would certainly have made different decisions. For 
example, as for the economical consequences of overfishing, the higher financial 
cost that would have entailed a bypass of the Landes’ forest when constructing a 
major highway in Southern France, today appears lower than the economic 
consequences suffered by the wood industry, with the motorway directly cutting 
through the forest. Thus, to avoid renewing such mistakes, which are obviously 
detrimental for future generations, the development of our scientific knowledge on 
how ecosystems work, their resilience and limitations, as well as on the economical 
consequences of the present reduction of biodiversity should be a priority. In line with 
this, research on biodiversity should not remain the poor side of our scientific fields, 
rather one of the main avenues for future researchers.  
Finally, even if it may appear a less stringent area to the hard sciences, are we going 
to accept a “silent spring”? This is nonetheless the trend predicted by the latest data 
collected by French Museum of Natural history! 
For those willing to know more, the Scientific Council for the Natural Heritage of 
Biodiversity has edited in 2007 and 2008 two books on biodiversity. They emphasize 
in a brief manner and using simple words how biodiversity is essential, why it is most 
important to preserve it and what the consequences of biodiversity loss might be. 
The first book deals with species and the second with the functioning of the 
ecosystems. The French versions of these two books and the English version of the 
first can be found to download on the website of the French ministry of ecology: 
www.ecologie.gouv.fr/-CSPNB-.html “ 

Maurice Tubiana (Membre de l’Académie des sciences) : 

Biodiversity and health 
“The influence of biodiversity on health is a controversial subject among naturalists, 
who place all animal species on the same level, and physicians, who give priority to 
human health and who feel that mosquitoes, lice, flies, ticks and other carriers, 
tapeworm, schistosomes, flukes and other parasites, impair health. It is unacceptable 
that, in the most deprived countries, over three million children die every year from 
malaria and other diseases transmitted by insects or from parasitic diseases. 
Likewise, I do not see the usefulness for humans of venomous serpents and other 
harmful creatures. In 1929, Freud in his essay “Civilisation and its Discontents” 
declared that the efforts made to control them was a fundamental advance of 
civilisation. Have things changed since then? The eradication of smallpox and polio 
were happy events and I hope we will also be able to control the AIDS virus and 
eliminate plague and cholera germs as well as the carriers that transport these 
germs.  
 
 Certain insecticides have been accused of being toxic, they need to be 
thoroughly examined and those that are suspect should be banned. But we should 
remember that DTT has been cleared and is recommended by the WHO to protect 
children and infants in their homes. Because insects and mammals have different 
metabolisms, it would have been surprising not to find products that are toxic to the 
first and harmless to the second, potentially having a selective effect on certain 
categories of insects. The ban in 2004 of two insecticides (Gaucho and Regent) due 
to a rumour about their toxic effect on bees has not improved the health of bees but it 
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has damaged France's reputation abroad, underlining our decision-makers' inability 
to resist public pressure.  
 
 Nonetheless, these polemics should not hide a consensus on the main points, 
notably on the need to protect the microorganisms in the soil in order to preserve its 
fertility. In fact, one of the major problems of the 21st century will be a shortage of 
food since the population is rising quicker than food production. Malnutrition has 
dreadful consequences. For example, in France during the war and the Occupation, 
there was a high increase in mortality rate according to reduced calorie intake (see 
data from the Institut National d’Hygiène (National Institute of Hygiene) published in 
1945-46). These correlations can be found on a global scale with a billion inhabitants 
currently undernourished. We therefore need to increase the number of calories 
available (+50% by 2050) and increase yields so that we do not need to increase by 
too much the surface area of arable land to the detriment of forest areas where 
biodiversity is important. GMOs offer an essential avenue of research and we need to 
prevent them from being discredited. We also need to take the quality of the calories 
into account. In developed countries, we eat too many simple sugars, which can lead 
to diabetes, and too many saturated fats (mainly present in meat), which can lead to 
the development of cardiovascular diseases. We need to substitute fish for meat, but 
this brings up the problem of maritime resources and aquaculture. Maintaining (and 
even increasing) fish resources will be a major problem in the 21st century.  
  
 To strengthen farming (irrigation, fertiliser) we also need energy. Moreover, 
the greenhouse effect must be limited. We also need to ensure that inequalities are 
not endured and that access to energy is not limited by price. We therefore need to 
develop inexpensive energy sources that do not create any greenhouse effect. 
Nuclear energy (provided fast neutrons are used) offers several thousand years of 
potential energy, even if the entire world were to consume as much energy per head 
as Western Europe does today and is therefore indispensable. This poses the 
technical problem of producing fast neutron reactors on an industrial scale; we need 
to encourage research in this field without spreading financial resources too thinly. 
Furthermore, to gain public acceptance of nuclear power, we need to rule out the 
risks of nuclear proliferation and, in order to do this, long distance control systems 
must be introduced to shut down reactors when good practices are not followed.  
 
 To achieve all of these objectives, it is essential to provide the public with 
reliable information. The media does it, but it also has other objectives, like finding 
readers and announcers to live up to Internet competition. This is why scientists must 
take on some of this task and work with the media by placing at its disposal their 
expertise and scientific rigour they all have in common, even if they do not always 
share the same opinions. We need to put an end to disinformation on science and to 
opposition to technological progress. The public’s refusal of GMOs, the fear of 
broadcast antennas and electromagnetic fields, by-products of the principle of 
precaution, well illustrated by the symposium held recently at the Parliamentary 
Office’s initiative on scientific and technological choices, show the urgency for 
unbiased scientific information, free from the constraints of political correctness. A 
television channel devoted to science (including human sciences, the economy and 
history of art) would be a great asset. 
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 The mission of scientists is to introduce respect for facts and rationality in 
decision making and people’s behaviour. It is the rejection of preconceived ideas and 
ideologies which has given French science its prestige, from Descartes' "de omnibus 
dubitandum" to Pascal’s refusal of "l’horreur du vide" attributed to nature, which led 
him to discover atmospheric pressure. The prestige of Pasteur and the Curies is 
linked as much to their fight against prejudices as their discoveries. May we be 
worthy of our ancestors”. 
 
 
 


