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1. IntroDuCtIon 
1.1 eumena – Community for a sustainable energy future

His Royal Highness Prince Hassan bin Talal of Jordan
Chairman of the Governing Board of the Arab Thought Forum 
Chairman of the Higher Council for Science and Technology, Amman, Jordan 
Member of The World Future Council, Former President of The Club of Rome

Thanks to the availability of fossil fuels human populations 
and human development have developed to a point where 
continued expansion cannot occur without severely over-
shooting the carrying capacity of planet Earth. Social and 
natural systems are endangered. 

The most comprehensive threat to the natural world and to 
the development of civilization is the man-made challenge 
to the global climate, which comes as a result of powering 
our present forms of civilization with fossil fuels. The global 
and the local climates may change faster than natural and 
social systems can adapt.

By changing our global climate we also change local liv-
ing conditions with potentially severe implications for 
plants, animals and humans. Food chains may be inter-
rupted. Populations of plants and animals may change. 
Infrastructure for human civilization may be flooded or 
blown away. Climate change is an assault on the developed 
forms of life which have emerged through long processes 
of evolution.

The use of fossil fuels, which enabling human civilization 
to develop and to function, has now become a threat to our 
natural living conditions. 

Can compatibility between civilization and the natural world 
be restored, in view of a world population approaching 10 
Billion with growing economic needs? Such a renewed 
compatibility would require a form of energy that would not 
harm our natural living spaces and threaten their resilience. 
Renewable energy, and in particular solar energy, could be 
used to power our growing civilization and provide fresh 
water from desalination without harming our natural living 
environment.

In fact, there is around 10,000 times more energy coming 
from the sun than would be needed for powering human 
civilization. This solar energy comes as light at day and 

returns to outer space as heat radiation at throughout the 
day and night, whether it has been “used” or not. The use 
of solar energy - or of any other form of renewable energy 
- should then be done in an “environmentally compatible 
way” which leaves the environment unaffected. As a coun-
ter example, the building of large dams for hydropower or 
growing of energy plants in large monocultures may not ful-
fill this criterion.

How can we reclaim energy from renewable and clean 
sources in environmentally compatible ways at a scale that 
matches present and expected future consumption of en-
ergy?

Here the deserts of the earth can play a key role. They 
receive about 700 times more energy from the sun than 
humankind consumes by burning fossil fuels, day by day. 
Deserts are the places with the best solar radiation condi-
tions and with the least possible impact of collector deploy-
ment onto the biosphere on earth.

In deserts, clean power can be produced by solar thermal 
power plants (CSP) in a truly sustainable way and at any 
volume of conceivable demand. Power can be transmit-
ted with low losses by High Voltage Direct Current (HVDC) 
lines to more than 90% of the world‘s population. This gives 
the deserts a new role: Together with the many other forms 



8 9

of accessible renewable energy the newly utilised desert 
would enable us to replace fossil fuels and thus end the 
ongoing destruction of our natural living conditions.

To put this into practice, countries with deserts, countries 
with high energy demand and countries with technology 
competence must cooperate. This is an opportunity for 
the Mediterranean riparian regions of Europe, the Middle 
East and North Africa (EUMENA) to form a community for 
energy, water and climate security – with some similarities 
to the Community of Coal and Steel established in Europe 
some 60 years ago - for a prosperous and peaceful future.

More than 40 years ago the Apollo Space Program 
was launched to fulfill the old dream of taking man 
into outer space. Today, we have a bigger dream, to 
restore balance between man and his home plan-
et, Earth. With the political will, EUMENA coun-
tries could now launch an Apollo-like “EUMENA-
DESERTEC” Program, to bring humankind back into bal-
ance with its environment, by putting deserts and technol-
ogy into service for energy, water and climate security. This 
would be an important step towards creating a truly sustain-
able civilization. I very much hope that this WhiteBook will 
help to make it happen.

1.2 Decarbonisation of energy supply – central challenge for mankind
Professor Dr. Klaus Töpfer 
Member of the German Council for Sustainable Development (RNE) 
Former Executive Director of the United Nations Environment Programme (UNEP) 
Former German Federal Minister for the Environment, Nature Conservation, and Nuclear Safety (BMU)

The figures are well-known since quite a long time: When 
I was born 70 years ago this planet earth had to carry 2.6 
billion human beings. In the last 70 years this figure rose 
to 6.5 billion. For the year 2050, when my just born grand-
children will be 43 years old, this globe will carry 8.5 billion 
people at a minimum. 

Until today this world is divided in those 25% enjoying a 
high living standard and consumption pattern unique until 
now in human history. On the other side 75% of the glo-
bal population are still confronted with poverty, with no ac-
cess to safe drinking water, to living conditions in slums 
and favelas. The Millennium Development Goals (MDG) 
accepted by all heads of states and heads of governments 
in the whole world at the Special Session of the General 
Assembly of the UN in the year 2000 are focussed to half 
until the year 2015 this shocking number of poor people in 
a world of affluence.  

To overcome poverty in a further growing population makes 
economic development a must. The overcoming of the bi-
polar world, most visible in the demolition of the Berlin wall, 
gave a new chance to decrease the segregation between 
the rich and the poor in this world. The globalisation process 
made a new Industrial and Economic Revolution possible. 
It is well understood that for the stability in this globalised 
world this Industrial and Economic Revolution must work 
much better for the poor than it was until now. Especially 
the development in Africa must benefit much more from the 
positive Return on Investment of globalisation. 

Economic development needs energy. It is not surprising 
that poverty is first and for most energy poverty. The availa-
bility of affordable, secure and environmentally responsible 
energy supply is therefore the main key to reach the MDG 
and to decrease the welfare gap on the global scale. 

Until today the global energy supply is to more than 70% 
linked with the use of fossil fuels, of coal, oil and gas. 

The substantive increase of energy demand already now 
in the fast growing economies especially in Asia makes the 
access to energy resources and the affordable costs of en-
ergy one of the main risks for the stability of economic de-
velopment processes. Tensions and conflicts will be a sober 

consequence with all the risks for a peaceful development.

The concentration on the use of fossil fuels for energy sup-
ply is the main threat for the stability of the global climate 
system. The scientific community gave evidence that man-
kind has to decrease the green house gases emissions, 
mainly CO2 and methane, until the year 2050 by 60 - 70% 
as a minimum. This makes a revolution in supply and de-
mand in the energy market unavoidable. Mankind has to 
do its utmost to develop technologies for energy produc-
tion which are not or to a much lower degree linked with 
the emission of greenhouse gases. The economic need to 
provide secure energy at a competitive price is therefore 
fully in line with the need to stabilise the climate system. 
Unluckily, in the past decarbonisation of the energy supply 
was obstructed by the fact, that CO2 could be emitted at 
zero price. The energy price of the fossil fuel economy was 
and is until today heavily subsidised by nature, by the as-
similation capacity of the atmosphere. This must be brought 
to an end rapidly. The main objective is therefore combined 
with the need of a price for CO2 emissions.

This development gives the means for investments in 
human resources and for financing a new boost con-
cerning research and development of non-carbon en-
ergy sources. This common denominator is especially 
concentrated on the question, how to use the huge, 
nearly unlimited supply of solar energy. Technologies 
are already available and the market for solar tech-
nologies and production is booming. Nevertheless, we 
have to stimulate and to accelerate this process.  
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It is a revolutionary idea to use the affluent sun energy es-
pecially in the deserts of Africa and Arabia for the produc-
tion of clean energy, that can also be transported to devel-
oped countries in the North. A new development paradigm 
would be the consequence for Africa on the one side and 
for the climate targets in Europe on the other side. 

This is what makes DESERTEC fascinating. It is necessary 
to discuss this possibility intensively and to pave the way 
for the realisation of this revolutionary idea. It is good to 

know that industry starts to be open for those ideas and it is 
good to know that more and more scientists from the whole 
range of scientific disciplines are integrated in this program. 
To concentrate human and financial capital on this project 
is not to signal that other possibilities of renewable ener-
gies are not necessary any more. Quite in the contrary. The 
situation of limited fossil energies for global economic de-
velopment on the one side and the dramatic consequences 
of greenhouse gas emissions from fossil fuels on the other 
side make this a most important investment in stability, free-
dom and peace on this wonderful green planet earth.

1.3 we have to move fast towards solar energy
Anders Wijkman, MEP 
President of GLOBE EU 
Vice President of The Club of Rome 
Member of The World Future Council 
Former Assistant Secretary-General of United Nations and Policy Director of UNDP

Energy and climate security have all of a sudden become 
top priorities for policy-makers. For the Club of Rome this is 
no surprise. We have been seriously concerned about en-
ergy and material use for decades. The ”Limits to Growth” 
Report in 1972 modelled the consequences of a rapidly 
growing world population in combination with conventional 
growth policies. The report essentially predicted that the 
world was headed for major problems, in terms of both re-
source constraints and pollution over-load.

Increasingly we experience the consequences of the poli-
cies pursued. Climate change is the most obvious problem 
facing us. Add to that the ecosystems crisis. According to 
the Millennium Ecosystem Assessment, two thirds of the 
most important ecosystems that we depend on – forests, 
fisheries, wetland, fresh water resources etc. – are overu-
tilized. This can truly not go on. We have to change course 
and be as concerned by the quality of growth as by its 
quantity.

To do energy right would represent a good start. More than 
eighty per cent of our energy still comes from fossil fuels 
– roughly the same ratio as thirty years ago. It shows how 
little progress there has been so far in moving towards a 
cleaner and more efficient energy system.

The current energy debate is dominated by basically three 
concerns: energy security, carbon emissions and the price 
of energy. There are all kinds of proposals on the table how 
to address the problems: energy efficiency, renewables, 
carbon capture and storage, nuclear, hydrogen, and so on. 
The strange thing is that solar energy is more or less absent 
from the debate. 

Although the sun daily provides us with something in the 
range of 10,000 times the energy we commercially use on 
planet Earth, the efforts to capture this potential have been 
few and far between. Consequently, when we talk about 
renewables at large scale we mostly refer to biomass, geo-
thermal, hydro and wind energy.

While I am all for the development of these energy alterna-
tives I deplore the scant attention so far given to utilizing 
solar energy directly, in particular in the form of solar power. 

When listening to the major energy companies, for instance, 
one gets the impression that the options for the future are 
limited to enhanced efficiency in the way we use energy, 
increased use of coal - albeit with CCS (carbon capture and 
storage) – and increased use of nuclear. Renewables are 
also mentioned, but primarily for the long-term. 

While I strongly support action both on efficiency and CCS 
– coal will be used massively, whether we like it or not, and 
we desperately need to make sure that as much as pos-
sible of the carbon dioxide generated is captured - I fail to 
understand why not more interest is given to solar energy 
applications, notably large-scale solar power. The technol-
ogy is there and the costs are already more or less competi-
tive with other forms of alternative energy, and at good sites 
even with those of oil.

Carlo Rubbia, the Nobel Laurate, gave a passionate speech 
on behalf of solar thermal power technology in Potsdam 
recently. The occassion was the Nobel Symposium on 
Sustainable Development, organised by Professor John 
Schellnhuber. In his talk Rubbia made reference to the 
huge potential provided by the solar thermal power plants, 
using mirrors to concentrate solar radiation to spots where 
a liquid can be heated, stored and used to generate electri-
cal power according to demand. The technology is there 
and costs are coming down nicely. We would only need an 
area representing a small fraction, like a per cent of the 
deserts in North Africa to provide Europe, the Middle East 
and North Africa with all the electricity needed.

To exploit this option is exactly what TREC (the Trans-
Mediterranean Renewable Energy Cooperation) is all 
about. TREC wants to boost the generation of electricity 
and desalinated water by solar thermal power plants and 
transmit the power generated via HVDC transmission lines 
throughout the Mediterranean region. Power from deserts 
would, no doubt, speed up the process of cutting European 
emissions of CO2 and help increase the security of EU en-
ergy supplies. What are we waiting for?



12 13

Given that TREC was only launched in 2003, the project 
has gained considerable momentum over a short period of 
time. However, major decisions about the future orientation 
of energy policy in the EU will be made in the near future. I 
am afraid that conventional thinking still dominates in most 
of the capitals of Europe, and for solar power to have a 
chance we need to be much more aggressive in terms of 
advocacy.

As already indicated, TREC so far has received limited at-
tention from the leading energy companies. The reasons 
behind this are obvious. Huge investments have already 
been made in coal and nuclear, and renewables - solar 
power included - are still viewed with a lot of suspicion. 

While we cannot think away both coal and nuclear, the chal-
lenge - however - is to make sure that the energy system of 
the future is becoming both more diversified and dominated 
by clean energy sources. If solar energy can provide us 
with all the electricity we need and at reasonable cost, it 
would be a crime not to vigorously pursue that option!

The arguments against TREC have mainly centered around 
cost and security of supply. Like with all new technologies, 
costs are high in the beginning. But experience with learn-
ing curves tells us that costs will come down. The cost of 
a kWh produced by solar thermal power in California today 
is 10-12 cents, but estimates by the World Bank project a 
cost of 4-6 cents already in 2015. So the cost argument is 
not really valid.

How about security? Ever since the Russians cut off gas 
supplies to the Ukraine in early 2006, energy security has 
been high on the EU agenda. Efforts are now being made 
to decrease our dependence on imports, notably from “un-
stable regions and suppliers”. These objectives are un-
derstandable. But to use them as an argument against a 
project like TREC is far from reasonable.

Just a few years ago the EU launched its Neighbourhood 
Policy (ENP). The aim of the policy is to strengthen the 
framework for the Unions relations with those neighbour-
ing countries that do not currently have the perspective of 
membership of the EU. The policy offers incentives that are 
primarily economic: in return for concrete progress on de-
mocracy, human rights and institutional reforms the neigh-
bours will benefit from the prospect of a closer economic 
integration, including a stake in the EU’s Internal Market. 

The central element of this cooperation is the bilateral ENP 
Action Plans, agreed between the EU and each partner. 
Implementation of the first eight ENP Action Plans (Egypt, 
Israel, Jordan, Moldova, Morocco, the Palestinian Authority, 
Tunisia and Ukraine) is already underway. 

The objectives of the ENP are crystal clear. Every effort 
should be made to help facilitate economic and social 
development in the Middle East as well as North Africa 
(MENA). One of the major instruments will be trade and 
investment. To promote solar power supplies to Europe 
would, no doubt, lead to increased investments and busi-
ness opportunities for the MENA countries. This in turn will 
help provide new jobs and thereby increase political stabil-
ity.

Lastly, imports of fuels such as uranium, natural gas and 
oil, are considered to be politically risky, mainly because 
supplies are limited. By contrast, solar power is plentiful. 
Increased demand from the EU for solar thermal power 
would bring down costs and help initiate somewhat of so-
lar revolution. There are plenty of regions in the world that 
would benefit from such developments. Oil riches, which 
to date boost the economies of some countries would be 
replaced by solar riches. Both from the point of view of cli-
mate and energy security such a development would be 
highly desirable!

2. why we have to aCt
2.1 Climate Change is accelerating, but we must slow it down rapidly

Professor Dr. Hartmut Grassl 
Former Director of the Max Planck Institute for Meteorology, Hamburg, Germany 
Former Director of the World Climate Research Programme, World Meteorological Organization, UNO

Climate as the Key Natural Resource

It is well accepted that climate is an important natural re-
source, but not that it is the key resource for our life on Earth. 
Let us ask what the three most important parameters are for 
our life. The answer is: Energy from the sun, water from the 
skies and food produced by plants! What are the most im-
portant climate parameters at given size of our planet and 
average distance to the sun? Solar radiation flux density, 
clouds and precipitation, and surface properties (mainly 
vegetation). Hence, our life support and key climate param-
eters are nearly identical. Therefore, even in the absence 
of climate change, climate variability is a major concern 
for us and its impact on our activities needs the attention 
of all decision makers. In the era of anthropogenic climate 
change it has become a key policy arena and globally co-
ordinated action is a must, but proceeds much too slow. 

Recent Climate Change is Man-made

The most authoritative statement to date on anthropogenic 
climate change is contained in the very recent policy mak-
ers summary of the Working Group I on Climate Science 
of the Intergovernmental Panel on Climate Change (IPCC, 
2007) issued on 2 February 2007.

The understanding of anthropogenic warming and cool-
ing influences on climate has improved since the Third 
Assessment Report (TAR), leading to very high confidence 
that the globally averaged net effect of human activities 
since 1759 has been one of warming, with a radiative forc-
ing1 of + 1.6 [0.6 to 2.5] Watts per square meter (Wm-2).

Hence, the linear global mean warming trend observed un-
til 2005, 0.74 ± 0.18°C since 1906, is the sum of warming 
caused by an increased greenhouse effect of the atmos-
phere and cooling by increased turbidity of the air.

This constrains climate system sensitivity to a change in 
atmospheric composition. As stated in IPCC (2007) it lies 
between 2°C and 4.5°C for a radiation budget change 
caused by a doubling of carbon dioxide (CO2). In com-
parison to earlier assessments the average sensitiv-
ity has slightly increased, thereby also enhancing warm-
ing at a given greenhouse gas concentration increase.  
At the same time the calculated contribution to global 
warming by higher solar irradiance in the 20th century has 
been reduced, due to an improved understanding of solar 
physics and better direct observations of solar output with 
satellites. Also mean sea level rise can be measured with 
higher accuracy since late 1991 after the advent of precise 
altimeters on satellites. It is on average slightly above 3 mm 
per year, clearly above the 1.7 ± 0.5 mm per year average 
derived from gauging stations for the 20th century (see fig-
ure 1).

 
Climate is in a Non-analogue State

The influencing factors causing natural climate change 
vary over many time-scales from years, e.g. explosive vol-
canic eruptions, to many million years (e.g. drifting conti-
nents) and have always caused natural climate change. 
Therefore, no analogue states in climate history exist, which 
could be used for forecasting future climates. An example: 
During the Eemian interglacial, about 125,000 years ago, 
when average surface temperatures where higher by about 
1.5°C compared to the pre-industrial period and sea level 
was higher by 4-6 m, because of a considerable melting 
of the Greenland ice sheet, eccentricity of the Earth’s orbit 
around the sun was much stronger than today and obliquity 
of the Earth’s rotation axis was also higher than today. This 
has led to only about 10,000 years duration of the Eemian 
interglacial, while ours, the holocene, can last for further 
30,000 to 40,000 years because eccentricity will shrink and 
obliquity as well, thereby not repeating a situation with very 
low insolation in higher northern latitudes and stronger an-
nual cycles, favouring ice sheet formation.

1 Radiative forcing is a measure of the influence that a factor has in altering 
the balance incoming and outgoing energy in the Earth atmosphere system 
and is an index of the importance of the factor as a potential climate change 
mechanism. If positive the surface warms on average.
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Fig. 1: Observed changes in  
(a) global average surface temperature;  
(b) global average sea level rise from tide gauge (blue) and satellite (red) data and  
(c) Northern Hemisphere snow cover for March-April.  
All changes are relative to corresponding averages for the period 1961-1990. Smoothed curves and shaded areas represent decadal averaged values and 
their assessed uncertainty intervals, while circles show yearly values (IPCC, 2007).

In addition the present extremely rapid change in at-
mospheric composition pushes the climate system 
in an extreme non-analogue state, which will certain-
ly cause new hitherto unknown feedbacks. We even  
cannot rule out rapid transitions into another state, be-
cause never before in recent Earth history the green-
house effect was as high as today when two large 
ice sheets still exist. Will we trigger the melting of the 
Greenland ice sheet or have we triggered it already? 

What would happen in the 21st century without globally 
co-ordinated climate change policy?

The only way to project future climate change is by using 
validated numerical models that solve prognostic equations 
for prescribed anticipated emissions of greenhouse gases 
in scenarios of potential socio-economic development. As 
we do not know the probable emission path the scenarios 
have to span a wide range. 

Fig. 2: Relative changes in precipitation (in percent) for the period 2090-2099, relative to 1980-1999. Values are multi-model averages based on the SRES 
A1B scenario for December to February (left) and June to August (right). White areas are where less than 66% of the models agree in the sign of the change 
and stippled areas are where more than 90% of the models agree in the sign of the change (IPCC, 2007)

All these scenario calculations have, however, no feed-
backs with the socio-economic system, as we also do not 
know our reactions to accelerating climate change impacts 
or rough knowledge on further climate change.

The model projections for scenarios without co-ordinated 
global climate change policy (see figure 2) can be con-
densed into one sentence: Warming in the 21st century will 
be more rapid than ever experienced by homo sapiens, as 
one century could see warming of the same magnitude as 
occurring after the end of an intense glaciations, in about 
10,000 years. However, different projections also point to 
major differences in warming and thus climate change is 
depending on the emission scenarios. Hence, it is in our 
hands to devise a prudent co-ordinated globally climate 
change policy.
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Until which mean global warming value could we avoid 
a dangerous interference with the climate system?

The answer can still not be given; but when we could give 
it, it might be too late. What might then be first approaches? 
Definition of a maximum tolerable mean warming of 2°C 
until 2100, as it was accepted by the European Union, fol-
lowing earlier proposals by scientific advisory bodies, e.g. 
the German Global Change Council report of 1996, giving 
advice to the Federal German Government. This maximum 
mean warming, it could be called a tolerable climate win-
dow, is derived from the following reasoning: Firstly, future 
climate should not exceed experience of homo sapiens, 
secondly, natural ecosystems should be able to adapt to 
climate change, and thirdly, sustainable economic develop-
ment should remain possible.

Following recent scientific studies, however, it cannot be 
ruled out that mean global warming of +2°C is already too 
high in order to avoid melting of substantial parts of the 
Greenland ice sheet; thus causing inundation of unpro-
tected marsh lands with many mega-cities in the coming 
centuries.

In combination with the most probable climate sensitivity 
estimate (IPCC, 2007), +3°C for a doubling of pre-industrial 
carbon dioxide (CO2) concentration to 560 parts per million 
by volume (ppmv), even the probably too high +2°C goal 
asks for a maximum CO2 concentration of less than 450 
ppmv, in a situation where 380 ppmv have been reached 
now. Emission reduction policies are the urgent global po-
litical task.

 
Stringent Reduction Goals Follow from the  
Tolerable Climate Window

The long life-time of anthropogenic carbon dioxide (CO2) in 
the atmosphere, it needs several revolutions of the global 
ocean to store about 85 percent of the emissions, has led 
at present emission ratios to an ever increasing accumula-
tion of CO2 in the atmosphere since industrialisation began. 

Less than a quarter of present anthropogenic emissions of 
8.8 billion tons of carbon per year (GtC/a) enters the deeper 
ocean for long-term storage. As the recent yearly CO2 in-
crease rate is about 0.5 percent per year, equivalent to an 
accumulation of about 3.5 GtC/a in the atmosphere, more 
than 3 GtC/a must be stored in the terrestrial biosphere, 
i.e. in soils and forests. How long these carbon reservoirs 
will grow under accelerating climate stress is still unknown. 
We cannot count on them. The later parts of the 21st cen-
tury might well see – under the assumption of weak climate 
protection measures – carbon releases from soils, for ex-
ample emissions of methane (CH4) and CO2 from melting 
permafrost soils, and CO2 emissions from other soils and ill-
adapted forests. Both processes would accelerate climate 
change.

How strong must emission reductions be to stabilize green-
house gas concentrations at a level avoiding a mean global 
warming above 2°C? The answer depends on the life-time 
of the gas. For CO2 stabilization at present concentrations 
a reduction of 50 to 60 percent would be needed. Since 
we depend to about 80 percent on global average on fos-
sil fuels a further growth of CO2 concentration cannot be 
avoided. Adopting the +2°C maximum warming goal and 
a climate system sensitivity of 3°C for a doubling of pre-
industrial CO2 concentration, the global CO2 emission re-
duction has to reach about 50 percent until 2050. Because 
the developing countries will rapidly expand emissions in 
the coming few decades, industrialized countries have to 
reach the 80 percent reduction target until 2050. In other 
words: they have to adopt the strategy to become solar so-
cieties as fast as they can in order that the others can take 
the new technologies. The -20 percent CO2 emission target 
of the European Union to be reached in 2020, adopted on 
8 March 2007, is a good sign but still only a first major step 
and other industrialized regions have to follow.

The reduction policy debate has neglected the influences 
of other greenhouse gases like nitrous oxide (N2O) and 
methane (CH4), whose present contribution of 0.64 Wm-2 to 
radiative forcing is about 40 percent of the CO2 contribution, 
thus not negligible at all.

It is clear that mankind cannot wait to introduce renewable 
energy sources when fossil fuels (often still subsidized) 
came to an end and reach prices high enough to make re-
newables competitive. Emission reductions have to be im-
plemented now to avoid a dangerous interference with the 
climate system, as stipulated by the UNFCCC.

 
Technical Potential of Renewable Energy Sources

The sun offers on average a radiation flux density of 343 
Wm-2 of which about 70 percent are absorbed by the Earth 
system. These remaining 237 Wm-2 reach to a large part the 
surface, namely 165 Wm-2. In comparison to mankind’s en-
ergy flux density of about 0.03 Wm-2 the sun’s offers at the 
surface is by a factor of more than 5000 higher. Hence, the 
motto of the 21st century could become: Learn to harvest 
one five-thousandth of the sun’s offer! All other renewable 
energy sources are comparably small parts of the sun’s of-
fer. For example the kinetic energy contained in the cease-
less winds amounts to a global mean energy flux density 
of about 3 Wm-2, often concentrated on the sea or along 
coastlines. Next comes the energy flux of the sun stored 
in biomass; on global mean only 0.1 Wm-2 are available 
reaching peak values of about 1.0 Wm-2 if humid climates 
support strong plant growth on fertilized soils. Equivalent 
in the global mean with 0.1 Wm-2 is the geothermal energy 
flux from the Earth’s interior, sustained mainly by radioac-
tive decay. All other renewable energy sources are much 
smaller, including hydropower, but can be important region-
ally in mountainous areas or tidal channels. However, the 
energy supply system of mankind cannot be build on them. 

Conclusion

The long-term solution is an energy supply system using 
solar radiation where it is most plentiful: in deserts. We 
have learnt to transport oil around the globe in big quanti-
ties; hence we will learn to transport solar electric current 
over long distances, if local production is insufficient and/
or to costly. If we do not start research and pilot projects on 
such new energy supply system now, sustainable develop-
ment can no longer be reached, because climate change 
will hit developing countries most strongly, populations of 
which have not caused the climate change impacts under 
which they suffer.
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2.2 a brief overview on Global energy, water and  
Carrying Capacity Perspectives
A brief overview compiled by Dr. Gerhard Knies 
Chairman of the Supervisory Board of the DESERTEC Foundation
Member of the German Association for The Club of Rome (DGCoR) 
Former Scientist at the German Electron Synchrotron (DESY)

2.2.1  survey on Global enerGy 
DemanDs, resourCes anD  
solar CaPaCItIes

Energy demand

The developing and in particular the developed world de-
pend crucially on the continuous supply of energy. The 
fossil fuel consumption in 2005 was 107,000 TWh/y. The 
energy demand is expected to grow, driven by growth of 
population and of economies. An expectation of the growth 
has been estimated by the German Advisory Council on 
Global Change (WBGU, 2003). In this scenario the total 
energy demand will triple from 2005 to 2050, as shown in 
Fig.1.

 

Energy supplies and fossil resources

The global energy supply system of today is mainly built 
on stored, non-renewable fossil fuels. These fuels deliver 
energy primarily as heat, mainly from combusting hydro-
carbons, and also from nuclear fission. The fossil fuels 
come from sources which are limited. Here we distinguish 
reserves and resources. Reserves are known deposits 
that can be profitably recovered with current technology. 
Resources are known deposits that cannot be profitably re-
covered with current technology but might be recoverable 
in the future, as well as deposits that are geologically pos-
sible but not yet found. Reserves, resources and present 
consumption of the significant fossil fuels are listed in Table 
1, according to a compilation by the German Institute for 
Geology and Resources (BGR, 2005), in columns 2 and 
4. The main message from column 6, the so called static 
depletion time of proven reserves, is that there are by far 
much more fossil reserves than we could afford to be com-
busted to CO2 without risking a break-down of our climate 
system, but that there are not enough for a save long-term 
operation of our civilization.

 

Figure 1: Development of energy demand as in the A1T-450 scenario, but reduced by a stronger energy efficiency enhancement. This path assumes from 
2040 onwards a 1.6 per cent annual increase in energy productivity, compared to the historical figure of 1 per cent annually. Source: WBGU
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2.0 
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to produce the entire annual primary energy consumption 
of humankind as electric power. In other words: Any con-
ceivable global demand of energy, today or in future, could 
be produced from solar energy in deserts. To this end we 
show in Fig. 2 the accumulated areas for collectors typically 
needed to generate 17,000 TWh/y (approx. current world 
consumption), 3200 TWh/y (approx. EU-25 consumption), 
and 600 TWh/y (approx. MENA consumption). 

It is also interesting to take notice of the times by which the 
energy content of the various fossil reserves and resources 
are received as solar radiation in deserts. Column 5 gives 
the respective times in terms of days. We notice, that all 
known fossil reserves contain an energy as is arriving in 
deserts within 47 days.

Solar energy capacity of deserts

The largest accessible but least tapped form of energy on 
earth is solar radiation on deserts. Its capacity, i.e. the an-
nually received amount can be estimated in a rather straight 
forward way, since radiation is quite uniform across the 
desert regions. The hot deserts cover around 36 Million km² 
(UNEP, 2006) of the 149 Million km² of the earths land sur-
face. The solar energy arriving per 1 year on 1 km² desert 
is on average 2.2 Terawatt hours (TWh), yielding 80 Mio 
Terawatt hours/year. This is a factor of 750 more than the 
fossil energy consumption of 2005, and there is still a factor 
of 250 if this demand would triple until 2050.

Table 1 shows in column 3 how many hours of sunshine in 
deserts are needed to receive the same energy as provided 
annually by the respective fossil fuel in column 2. The glo-
bal annual fossil energy consumption corresponds to the 
energy received by 5.7 hours sunshine in deserts. This is 
about 0.15 % of annually incoming radiation.

We know how to convert 15% of solar radiation into the use-
ful energy form of electricity (MED-CSP, 2005). This means, 
that 1% of the area of global deserts would be sufficient 

Table 1: Fossil energy reserves and resources (BGR, 2005) and solar energy in deserts.
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These numbers tell us that if we develop the technologies 
for converting solar energy into electricity, if we learn how to 
store solar heat from day to night and how to transmit pow-
er over a few thousand kilometres with small losses, then 
fossil fuels could be replaced by solar energy from deserts 
(except for some fraction of the transportation sector), and 
by the other forms as wind, biomass, and hydropower. In 
fact, we do have the required technologies for conversion, 
storage of solar heat, and long distance transmission.

Technology and clean energy resources for a sustainable 
energy system are there. Also, as desribed in chapter 3, 
costs of solar power from good locations in deserts are al-
ready competitive with power from fossil fuels. The rising 
cost of fossil fuels is a disaster for poor countries and for 
the efforts to achieve the Millennium Development Goals. 
Therefore, a world-wide effort like the former Apollo Space 
Program should be launched to put deserts and technol-
ogy into service for energy, water and climate security: an 
Apollo-like “EUMENA-DESERTEC” Programme.

2.2.2 water resourCes CrIses

Different from fossil fuels, water is not shipped around 
the world. Availability or shortage of water is much more 
a regional feature. Availability of sweet water varies sig-
nificantly with the climate zones. Basically, 4 zones can be 
distinguished:
1. the tropic rain zone
2. the arid belt
3. the moderate climate belt
4. the polar zone

The World Meteorological Organization (WMO) 
has made a world-wide assessment of water stres 
on a country base and arrives at the conclusion:  
By the year 2025, as much as two-thirds of the world popu-
lation may be subject to moderate to high water stress.

The International Water Management Institute has made a 
classification of countries into 3 categories of water stress: 
physical scarcity, economic scarcity and no scarcity, as 
shown in Fig. 3.

Figure 2: Areas of the size as indicated by the red squares would be sufficient for Concentrating Solar Thermal Power Plants to generate as much electric-
ity as is currently consumed by the World (17,000 TWh/y), by Europe (EU-25, 3,200 TWh/y) and by MENA (600 TWh/y). respectively. The square labelled 
“TRANS-CSP Mix 2050” indicates the space needed for solar collectors to supply the needs for seawater desalination and about two-thirds of the electricity 
consumption in MENA in the year 2050 and about one-fifth of the European electricity consumption by Concentrating Solar Thermal Power Plants (2,940 
TWh/y in total).

CSP collector areas
for electricity

World  2005

EU-25 2005

MENA 2005

TRANS-CSP Mix EUMENA 2050

Fig. 3 shows that all MENA countries are expected to be-
come unable to produce enough food for their population 
already in 2025 because of water scarcity. In addition to 
large-scale desalination there is the option of importing 
food, with the income from exporting clean power from their 
deserts. 

A wide-spread “quick fix” for pressing water scarcity is over-
abstraction of groundwater. This, however, leads to deple-
tion of such resources, as for instance in the Sana’a basin, 
or to the intrusion of salt water into near shore line aquifers 
when the groundwater table has sunk below the sea water 
table. In the latter case the quality of aquifers is destroyed 
by salinity. As a result, some arable land, such as that on the 
Batinah coastal plain of Oman, has been completely lost. It 
is estimated that the saline interface between the sea and 
groundwater advances at an annual rate of 75-130 metres 
in Bahrain. Also, the groundwater under Gaza is increas-
ingly spoiled by salt water intrusion from the Mediterranean 
Sea. Some of the limited wells had to be closed already. 
Groundwater pumping is cheap, but over-abstraction may 
become extremely costly afterwards.

The Global Environment Outlook (GEO, 2000) states:

Mismatches between human population density and water 
availability occur mainly in the transition regions from the 
arid belt to the tropic zone and to the moderate climate belt. 
About one-third of the world‘s population lives in countries 
with moderate to high water stress. The problems are most 
acute in Africa and West Asia but lack of water is already 
a major constraint to industrial and socio-economic growth 
in many other areas, including China, India and Indonesia. 
If present consumption patterns continue, two out of every 
three persons on Earth will live in water-stressed conditions 
by the year 2025. After 2025 world‘s freshwater resources 
may degrade even faster, in terms of quantity and quality, 
due changing precipitation patterns caused by ongoing cli-
mate change, and by growing population in particular in the 
water poor regions. Efforts for establishing water security 
may become a dominant issue on the environment, devel-
opment and security agenda of the 21st century.

Figure 3: Water scarcity projection for 2025 by International Water Management Institute IWMI
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A solution for the MENA REGION

According to the world map of projected water scarcity, the 
MENA region is the world’s most threatened region. The 
AQUA-CSP study (AQUA-CSP, 2007) quantifies the ex-
pected deficits. 

In Fig. 4 the deficit expected for a development scenario 
with medium-strong efforts (reference scenario) to increase 
the efficiency of water use, water distribution and irrigation 
and the re-use of waste-water is shown. The deficits may go 
up to 150 billion m³/year, corresponding to a volume of 2.4 
Nile rivers. Countries with very large upcoming fresh water 
deficits are Egypt, Saudi Arabia, Syria, Yemen, United Arab 
Emirates and Libya. 

Sea water desalination may be a remedy to fresh water 
scarcity. Desalination, however, requires large amounts of 
energy, in the order of 4 kWh-el/m³. 

For building a sustainable water supply by desalination, 
clean and inexhaustible forms of energy are required at 
large quantities. The MENA countries can provide such en-
ergy from their deserts and make the shore lines of North 
Africa and of the Middle East to inexhaustible sources of 
fresh water. In fact, our studies (MED-CSP, 2006, AQUA-
CSP, 2007) show how the imminent water crisis in the 
MENA region could be coped with by desalinating sea 
water. The WhiteBook will address the potential of clean 
power from deserts to resolve the water crisis in MENA.

Further information on the global water situation can be 
found e.g. in the GLOBAL INTERNATIONAL WATERS 
ASSESSMENT (GIWA, 2006)

Figure 4: Projected water deficit from a scenario with medium-strong measures to increase the efficiency of water use, water distribution and irrigation and 
the re-use of waste-water, for all MENA countries.

2.2.3 Earth’s Carrying CapaCity 
CrIsIs

Population growth

World population is on its way to 10 ±1 billion people. This 
number may be achieved at about 2050. There are several 
indicators that world population may stabilize at that number 
by “soft” mechanisms (Kapitza, 2006). An important driver 
for stabilization is growing wealth, which for its world-wide 
realization requires world-wide supply of sufficient amounts 
of affordable and clean energy. Clean power from deserts 
can make this goal feasible.

Stable living conditions for 10 billion people could never be 
achieved by fossil fuels. To this end we look at the carrying 
capacity of earth for humans, as described by the concept 
of human footprint (Wackernagel, 1997). This method finds 
that by now the 6.5 billion people are requiring 1.3 earths 
for not to overshoot earth’s carrying capacity. In other 
words, earth might carry 5 billion people with the present 
life styles. Beginning climate change confirms that we have 
left the regime of stability and find ourselves already in the 
overshoot phase. 

How far from or how close we are to the onset of a self-
accelerating collapse is not known. We should not risk to 
cross a line of no return. 

Fossil downgrade of carrying capacity

Continued climate change will reduce earth’s carrying ca-
pacity, in particular by harming – at least temporarily – glo-
bal food chains and health conditions, and by inundation 
or desertification of inhabited areas. This may reduce the 
carrying capacity to 2/3 of the present value, or even more, 
if run-away processes are triggered. The upcoming short-
age of fossil fuels – see for instance the “peak oil” discus-
sion (Peak Oil, 2007) – will reduce earth’s carrying capacity 
as well, mainly by a reduction of the energy available for 
intensive food production, again by a factor 2/3 or more. 
Both these reduction factors are our assessment, their real 
values may well be lower. This will bring down the global 
carrying capacity in the second half of this century to 1-3 bil-
lion people, while population has arrived at 10 billion. Such 
incompatibility between world population and earth’s carry-
ing capacity will lead to major disasters.

 

Earth’s carrying capacity
2000           2050

population:
carrying capacity:

pop
10 bn

cc
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population 
growth Renewable energies:

•	not depletable (x1)
•	clean (x2)
carrying capacity

1 earth required
renewable stability

5 earths required
fossil collaps

Fossil energies:
•	depletable (x2/3)
•	climate poison (x2/3)
carrying capacity

Figure 5: Earths’a carrying capacity until 2050, impact of fossil and renewable energies.
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With clean energies towards a planet for 10 billion 

This threat to security of life and of humankind’s living con-
ditions may be avoided by a fast transition to emission-free 
and inexhaustible energies, to which clean power from 
deserts may make a substantial contribution. Clean power 
from deserts is not the only available source of clean en-
ergy, but it is practically the only one which is available with-
out source limitations and simultaneously at economically 
viable conditions. There are 3 effects:

1. Avoiding collapse of civilization by energy scarcity

2. Stopping of climate change

These two effects might avoid the above mentioned reduc-
tion of earth’s carrying capacity from 5 to 1-3 billion. 

3. 50% of present human footprint is due to the use of fos-
sil fuels. By a transition to clean energy from deserts 
the energy related part of the footprint could be brought 
close to zero, since there is enough unused space in 
deserts.

With a single person’s footprint halved the carrying capacity 
of earth would rise to about 10 billion people (Fig. 5), con-
sistent with the expected value to come. 

A transition to clean energies is not yet the solution of 
all problems, but a fast transition is a precondition for 
the existence of 10 billion people on earth. This transi-
tion we need to master by and large within the extremely 
short time of about 50 years. An Apollo-like “EUMENA-
DESERTEC” Programme for putting deserts and technol-
ogy into service for energy, water and climate security can 
bring this goal into reach. 
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Summary

This paper describes the perspective of a sustainable sup-
ply of electricity for Europe (EU), the Middle East (ME) and 
North Africa (NA) up to the year 2050. It shows that a tran-
sition to competitive, secure and compatible supply is pos-
sible using renewable energy sources and efficiency gains, 
and fossil fuels as backup for balancing power. A close 
cooperation between EU and MENA for market introduc-
tion of renewable energy and interconnection of electricity 
grids by high-voltage direct-current transmission are keys 
for economic and physical survival of the whole region. 
However, the necessary measures will take at least two 
decades to become effective. Therefore, adequate policy 
and economic frameworks for their realization must be in-
troduced immediately. The role of sustainable energy to se-
cure freshwater supplies based on seawater desalination is 
also addressed. 

A  Introduction

In order to find a viable transition to an electricity supply that 
is inexpensive, compatible with the environment and based 
on secure resources, rigorous criteria must be applied to 
ensure that the results are compatible with a comprehen-
sive definition of sustainability (Table 1). A central criterion 
for power generation is its availability at any moment on de-
mand. Today, this is achieved by consuming stored fossil or 
nuclear energy sources that can provide electricity whenev-
er and wherever required. This is the easiest way to provide 
power on demand. However, consuming the stored energy 
reserves of the globe has a high price: they are quickly de-
pleted and their residues contaminate the planet. 

With the exception of hydropower, natural flows of energy 
are not widely used for power generation today, because 
they are not as easily stored and exploited as fossil or nu-
clear fuels. Some of them can be stored with a reasonable 
technical effort for a limited time-span, but others must be 
taken as provided by nature (Table 1). The challenge of fu-
ture electricity supply is to find a mix of available technolo-
gies and resources that is capable of satisfying not only the 
criterion of “power on demand”, but all the other criteria for 
sustainability, too. 

The paper describes a scenario of electricity demand and 
supply opportunities by renewable energy in the integrated 
EUMENA region up to the middle of the century, and con-
firms the importance of international cooperation to achieve 
economic and environmental sustainability (MED-CSP 
2005, TRANS-CSP 2006).
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Criteria for Energy Sustainability

 9 Inexpensive
  low electricity cost 
  no long term subsidies

 9 Secure
  diversified and redundant supply 
  power on demand 
  based on undepletable resources 
  available or at least visible technology

 9 Compatible
  low pollution 
  climate protection 
  low risks for health and environment 
  fair access

Technology Portfolio

 9 Coal, Lignite
 9 Oil, Gas
 9 Nuclear Fission, Fusion

 9 Concentrating Solar Power  
 (CSP)

 9 Geothermal Power  
 (Hot Dry Rock)

 9 Biomass
 9 Hydropower

 9 Wind Power
 9 Photovoltaic
 9 Wave / Tidal

ideally stored 
energy

storable 
energy

fluctuating 
energy

Table 1: Criteria for sustainability and portfolio of technologies and resources for power generation

B  Pressure on Electricity and Water 
is Increasing

As a first step, our analysis quantifies electricity demand in 
Europe and MENA up to the middle of the century. Growing 
freshwater deficits in MENA are also part of the energy 
problem, as there will be an increasing demand for seawa-
ter desalination. For simplicity we assume that in the long 
term, the necessary energy for desalination will also be 
supplied by electricity. 

Population growth is a major driving force for electricity 
and water consumption. According to the World Population 
Prospect of the United Nations the population of the 
European region will stabilize at around 600 million while 
MENA will grow from 300 million in the year 2000 to a simi-
lar 600 million by the middle of the century (UN 2004).

The second driving force is economic growth, which usually 
has two opposite effects on energy and water demand: on 
the one hand, the demand increases because new services 
are requested within a developing economy. On the other 
hand, efficiency of production, distribution and end-use is 
enhanced, thus allowing the provision of more services for 
a given amount of energy. In past decades, all industrial 
nations observed a typical decoupling of economic growth 
and energy demand. 

In order to be able to afford efficiency measures, a certain 
economic level beyond sheer subsistence must have been 
attained, something that is now true of most countries in 
EUMENA. The demand study is described elsewhere 
(Trieb, Klann 2006).

Our analysis shows that by 2050 electricity consumption in 
the Middle East and North Africa is likely to be around 3000 
TWh/year (Figure 1), which is comparable with what is con-
sumed in Europe today. Meanwhile, European consumption 
is likely to increase to and stabilize at a value of about 4000 
TWh/year (Figure 2). Due to increased efficiency gains, our 
model yields lower levels of predicted demand than most 
other scenarios (IEA 2005, IEA 2006, CEC 2006, Mantzos 
and Capros 2005). However, there are also scenarios indi-
cating lower demand (Benoit and Comeau 2005, Teske et 
al., 2007). The reduction of demand in Europe after 2040 
(as shown in Figure 2) is however uncertain. Stagnant or 
slowly growing demand is also a possibility, since efficiency 
gains may be transformed into new energy services not 
considered here, such as, for example, electric vehicles or 
hydrogen for the transport sector. 

Figure 1: Electricity demand scenario for the MENA countries considered in the study (MED-CSP 2005)

Figure 2: Electricity demand for the European countries considered in the study (TRANS-CSP 2006)
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A similar analysis has been done for the water sector in 
MENA. The difference between the available sources of 
fresh water that are renewable and growing demands for 
water leads to the water deficit displayed in Figure 3. 

There is already a significant deficit today, which is poorly 
met by sea-water desalination via fossil fuels and mainly 
by the over-exploitation of groundwater resources, leading 
in many regions in MENA to falling levels of groundwater, 
intrusion of salt water into groundwater reservoirs and to a 
fast expansion of deserts.

According to our projection, this deficit tends to increase 
from the current 60 billion m³ per year, which is almost the 
annual flow of the Nile River, to 150 billion m³ in the year 
2050. Egypt, Saudi Arabia, Yemen, and Syria are the coun-
tries with the largest deficits. Enhancement of efficiency of 
water distribution, water (re-)use and water management to 
achieve best-practice standards is already included in the 
underlying assumptions of this scenario. 

It is obvious that the MENA countries will be confronted 
with a very serious problem in the not too distant future, 
if those measures and the necessary additional measures 

are not initiated in good time. Seawater desalination is one 
of those additional options. Assuming that, on average, 3.5 
kWh of electricity is needed to desalinate one cubic meter 
of seawater, this would mean an additional demand for al-
most 550 TWh/y by 2050 for desalination. This would be 
equivalent to the current electricity demand of a country like 
Germany (MED-CSP 2005).

 
C  Available Resources and Technology Options

In the financial and insurance business there is a clear an-
swer to the question of security and risk management: the 
diversification of the assets portfolio (Awerbuch and Berger 
2003). This simple truth has been completely ignored in the 
energy sector. Here, investment decisions were based on 
“least cost and proven technology” and the portfolio was 
usually limited to fossil fuel, hydropower and nuclear plants. 

This short-sighted policy has been harmful both for con-
sumers and for the environment: prices of all kinds of fossil 
fuels and of uranium have multiplied several times since 
the year 2000 and the burning of these fuels is seriously 
contaminating the global atmosphere. Today, consumers 
and taxpayers have no choice but to pay the higher cost of 

Figure 3: Freshwater deficit defined as the difference between water demand and renewable freshwater resources for each of the MENA countries, and 
equivalent electricity demand for seawater desalination (Trieb and Müller-Steinhagen 2007)

fossil fuels, as the energy policies of the past failed to build 
up alternatives in good time and to establish them as part of 
the energy market. To add insult to injury, fossil and nuclear 
energy technologies still receive 75 % of current energy 
subsidies (EEA 2004), a number that increases to over 90 
% if the failure to include external costs is also considered.

Nevertheless, an impressive portfolio of renewable energy 
technologies is available today (Dürrschmidt et al. 2006). 
Some of these produce fluctuating output, like wind and 
photovoltaic power (PV), but some of them (such as bio-
mass, hydropower and concentrating solar thermal power 
(CSP)) can meet both peak- and base-load demands for 
electricity (Table 2). 

The long-term economic potential of renewable energy in 
EUMENA is much larger than present demand, and the po-
tential of solar energy dwarfs them all. From each km² of 
desert land, up to 250 GWh of electricity can be harvested 
each year using the technology of concentrating solar ther-
mal power. This is 250 times more than can be produced 
per square kilometre by biomass or 5 times more than can 
be generated by the best available wind and hydropower 

sites. Each year, each square kilometre of land in MENA 
receives an amount of solar energy that is equivalent to 
1.5 million barrels of crude oil1. A concentrating solar col-
lector field with the size of Lake Nasser in Egypt (Aswan) 
could harvest energy equivalent to the present Middle East 
oil production2. 

1 reference solar irradiance 2400 kWh/m²/year, 
  1600 kWh heating value per barrel 
2 Lake Nasser has a surface of 6000 km², 
  Middle East oil production is currently 9 billion barrels/year

Figure 4: Renewable energy resource maps for EUMENA, showing the minimum and maximum annual electricity yield (as specified in brackets) that can 
be harvested by each technology from 1 km² of land area. Solar includes both photovoltaic and concentrating solar thermal power technologies. The overall 
potential and the different characteristics of each resource are given in Table 2 (MED-CSP 2005)
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In addition, there are other large sources of renewable en-
ergy in EUMENA: there is potential of almost 2000 TWh 
of wind power and 4000 TWh/y of power from geothermal, 
hydro and biomass sources including agricultural and mu-
nicipal waste. Also PV, wave and tidal power have consid-
erable potentials in the region. By contrast with fossil and 
nuclear fuels, renewable energy sources in the region are 
over-abundant. 

Table 2: Some characteristics of contemporary power technologies. * Contribution to firm power and reserve capacity. ** Average annual utilisation. 
*** Technical electricity potential in EUMENA that can be exploited in the long-term at competitive cost considering each technology’s learning curve. In the 
case of PV only the demand-side potential used until 2050 was assessed; the technical potential is comparable to that of CSP

Unit  
Capacity

Capacity 
Credit*

Capacity 
Factor**

Potential*** 
(TWh/y)

Type of Resource Applications Comment

Wind Power 1 kW 
-5 MW 0 - 30% 15 - 50% 1950 kinetic energy  

of the wind electricity fluctuating, supply  
defined by resource

Photovoltaic 1W 
-5 MW 0% 5 - 25% 325

direct and diffuse  
irradiance on a surface 

tilted with latitude
electricity fluctuating, supply  

defined by resource

Biomass 1 kW 
-25 MW 50 - 90% 40 - 90% 1350

municipal and  
agricultural organic 

waste and wood

electricity 
and heat

seasonal fluctuations  
but good storability, power on 

demand

Geothermal 
(Hot Dry Rock)

25 MW 
-50 MW 90% 40 - 90% 1100

heat from hot dry  
rocks of several  

1000 meters depth

electricity 
and heat

no fluctuations, power on 
demand

Hydropower 1 kW 
 -1000 MW 50 - 90% 10 - 90%

1350 kinetic and  
potential energy  
from water flows

electricity

seasonal fluctuations, good 
storability in dams, also used 

as pump  
storage for other sources

Solar Updraft 
Tower

100 MW 
-200 MW

10 - 70% 
depending on 

storage
20 - 70%

part of 
CSP  

potential

direct and diffuse  
irradiance on a  

horizontal surface
electricity

seasonal fluctuations, good 
storability,  

base-load power

Concentrating  
Solar Thermal 
Power (CSP)

10 kW 
-200 MW

0 - 90% 
depending on 

storage and  
hybridisation

20 - 90% 630,000
direct irradiance  

on a surface  
tracking the sun

electricity 
and heat

fluctuations are  
compensated by thermal 

storage and (bio)fuel, power 
on demand

Gas Turbine 0.5 MW 
-100  MW 90% 10 - 90% n.a. natural gas, fuel oil electricity 

and heat power on demand

Steam Cycle 5 MW  
-500 MW 90% 40 - 90% n.a. coal, lignite, fuel oil, 

natural gas
electricity 
and heat power on demand

Nuclear >500 MW 90% 90% n.a. uranium electricity 
and heat base-load power

However, each renewable energy resource has a specific 
geographic distribution (Figure 4). Each country will there-
fore have its specific mix of resources, with hydropower, 
biomass and wind energy being the preferred sources in 
the North, and solar and wind energy being the most pow-
erful sources in the South of EUMENA.

Fossil energy sources like coal, oil and gas can be a use-
ful complement to the renewable energy mix, being stored 
forms of energy that can easily be used for balancing power 
and for grid stabilization. If their consumption is reduced to 
the point where they are used exclusively for this purpose, 
their cost escalation will be reduced and cause only a minor 
burden to economic development and their environmental 
impact will be minimized. Moreover, their availability will be 
extended for decades or even centuries. 

By contrast, nuclear fission plants are not easily combined 
with renewables because their output cannot, economi-
cally, be varied to meet fluctuating demands. Moreover, 
decommissioning costs of nuclear plants exceed their initial 
investment (NDA 2002) and, half a century after market in-
troduction, there are still unsolved problems like plutonium 
proliferation and nuclear waste disposal. The other nuclear 
option, fusion, is not expected to be commercially available 
before 2050 and is therefore not relevant for our proposals 
(HGF 2001).

Several renewable power technologies can also provide 
base-load and balancing power. These include: geother-
mal (hot dry rock) systems that are today in a phase of 
research and development; hydropower plants with large 
storage dams in Norway, Iceland and the Alps; most bio-
mass plants; and concentrating solar thermal power plants 
(CSP) in MENA. CSP plants use the high annual solar irra-
diance of that region, the possibility of solar thermal energy 
storage for overnight operation and the option of backup 
firing with fossil fuels or biomass. CSP in Europe is sub-
ject to significant seasonal fluctuations. Constant output 
for base-load power can only be provided with a consid-
erable fossil fuel share. Due to the higher solar irradiance 
in MENA, the cost of concentrating solar power there is 
usually lower and its availability is better than in Europe. 
Therefore, there will be a significant market for solar elec-
tricity imports to complement the European sources and 
provide firm renewable power capacity at competitive cost.  

D Concentrating Solar Power as Key Element of the 
Energy Mix

Steam turbines and gas turbines powered by coal, uranium, 
oil and natural gas are today’s guarantors of electrical grid 
stability, providing both base-load and balancing power. 
However, turbines can also be powered by high tempera-
ture heat from concentrating solar collector fields (Figure 
5). Power plants of this type with 30 - 80 MW unit capacity 
are operating successfully in California since 20 years, and 
new plants are currently erected in the U.S. and Spain. The 
concentrating solar collectors are efficient fuel savers, to-
day producing heat at a cost equivalent to 50 $/barrel of fuel 
oil, with the perspective to achieve a level below 25 $/barrel 
within a decade (MED-CSP 2005, Pitz-Paal et al. 2005). 

Just like conventional power stations, concentrating solar 
power plants can deliver base-load or balancing power, di-
rectly using sunshine during the day, making use of thermal 
energy storage facilities during the night and in case there 
is a longer period without sunshine, using fossil or biomass 
fuel as backup heat source. Just like fossil fuel fired con-
ventional power stations, CSP plants have an availability 
that is close to 100 %, but with significantly lower fuel con-
sumption. A CSP plant with a thermal energy storage facil-
ity for additional 8 hours of full load operation is currently 
build in the Spanish Sierra Nevada near Guadix, allowing 
solar electricity generation also during night-time. This plant 
with a capacity of 50 MW will have a minimum annual solar 
share of 85 %.

Another feature that distinguishes CSP is the possibility of 
combined generation of electricity and heat to achieve the 
highest possible efficiencies for energy conversion. In addi-
tion to electricity, such plants can provide steam for absorp-
tion chillers, industrial process heat or thermal seawater 
desalination. A design study for such a plant was finished 
late 2006, the plant is scheduled to be commissioned for 
early 2009 (Figure 5, left). It will provide 10 MW of power, 
40 MW of district cooling and 10,000 cubic metres per day 
of desalted water for a large hotel resort in Aqaba, Jordan 
(Trieb et al. 2007).
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Figure 5: Left: Configuration of a concentrating solar power station for combined generation of electricity and heat for absorption cooling (AC) and multi-effect 
seawater desalination (MED). Right: Line-concentrating solar thermal collector technologies.

E Sustainable Energy and Water for EUMENA

Following the criteria for sustainability in Table 1 and ad-
ditional technical, social and economic frame conditions 
described in other reports (MED-CSP 2005, TRANS-CSP 
2006), we have developed a scenario for electricity gen-
eration for 50 countries in EUMENA up to the year 2050. 
Except for wind power that is already booming today, and 
hydropower that has been established since decades, re-
newable energy will hardly become visible in the electricity 
mix before 2020 (Figure 6 and Figure 7). At the same time, 
phasing out of nuclear power in many European countries 
and the stagnating use of coal and lignite due to climate 
protection will generate increasing pressure on natural gas 
resources, increasing their consumption as well as their in-
stalled capacity for power generation. Until 2020, renewa-
bles like wind and PV power will mainly have the effect of 
reducing fuel consumption, but will do little to replace exist-
ing capacities of balancing power. Owing to growing de-
mands and the replacement of nuclear power, consumption 
of fossil fuels cannot be reduced before 2020. 

Fuel oil for electricity will largely disappear by 2030 and nu-
clear power will follow after 2040. The consumption of gas 
and coal will increase until 2030 and thereafter be reduced 
to a compatible and affordable level by 2050. In the long 
term, new services such as electric vehicles may increase 
the electricity demand further and thus require a higher ex-
ploitation of renewables.

The electricity mix in the year 2000 depends mainly on five 
resources, most of them exhaustable, while the mix in 2050 
will be based on ten energy sources, most of them inex-
haustable. Thus, our scenario responds positively to the 
European Strategy for Sustainable, Competitive and Secure 
Energy declared by the European Commission in the cor-
responding Green Paper and Background Document, aim-
ing at higher diversification and security of the European 
energy supply (Commission of the European Communities 
2006).
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Figure 6: Electricity generated for regional demand according to Figure 1 and in addition for seawater desalination and for export to  
Europe using the different forms of primary energy available in MENA

Figure 7: Electricity generated from the different forms of primary energy in Europe including the import of solar electricity from MENA
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A prerequisite of the electricity mix is to provide firm capac-
ity with a reserve of about 25 % in addition to the expected 
peaking load (Figure 8). Before significant CSP transmis-
sion starts in the year 2020, this can only be provided by 
extending the capacity and fuel consumption of gas fired 
peaking plants based on natural gas and later eventually 
on coal gasification. In Europe, the consumption of natural 
gas doubles with respect to the starting year 2000; but it is 
then brought back to the initial level, after the introduction in 
2020 of increasing shares of CSP transmission from MENA 
as well as geothermal and hydropower from Scandinavia, 
via High-Voltage Direct-Current (HVDC) interconnections. 
European renewable energy sources that could provide 
firm capacity are rather limited from the point of view of 
their potential. Therefore, CSP transmission from MENA to 
Europe will be essential to reduce both the installed capac-
ity and the fuel consumption of gas fired peaking plants and 
to provide firm renewable power capacity. 

In MENA, concentrating solar power is the only source that 
can really cope with rapidly growing electricity consump-
tion, providing both base-load- and balancing power. By 
2050, fossil energy sources will be used solely for backup 
purposes. This will reduce their consumption to a sustain-
able level and bring down the otherwise rapidly escalating 
cost of power generation. Fossil fuels will be used to guar-
antee firm balancing power capacity, while renewables will 
serve to reduce their consumption for everyday use and 
base-load supply.

An efficient backup infrastructure will be necessary to 
complement the renewable electricity mix: on one hand to 
provide firm capacity on demand by quickly-reacting, natu-
ral-gas-fired peaking plants, and on the other hand as an 
efficient grid infrastructure that allows the transmission of 
renewable electricity from the best centres of production to 
the main centres of demand. The best solution is a combi-
nation of High-Voltage Direct-Current (HVDC) transmission 
lines and the conventional Alternating Current (AC) grid. 

Figure 8: Scenario of the installed power capacity in comparison to the cumulated peak load of all countries in the EUMENA region.  
Firm power capacity is calculated on the basis of capacity credits for each technology according to Table 2. By the year 2050, 68 % of the installed CSP 
capacity is used for local supplies, 19 % for long-distance transmission and 13 % for desalination. 

At lower voltage levels, decentralised structures will also 
gain importance, combining, for example, PV, wind and 
micro-turbines operating together just like a single virtual 
power plant. Such a grid infrastructure will not be motivated 
by the use of renewables alone. In fact, its construction will 
probably take place anyway, in order to stabilize the grow-
ing European grid, to provide greater security of supply, and 
to foster competition (Asplund 2004, Eurelectric 2003). By 
2050, transmission lines with a capacity of 2.5-5.0 GW each 
will transport about 700 TWh/y of solar electricity from 20-40 
different locations in the Middle East and North Africa to the 
main centres of demand in Europe (Figure 9 and Table 3).

Figure 9: Concept of a “EUMENA Supergrid” based on HVDC power transmission as “Electricity Highways” to complement the conventional AC electricity grid, 
as developed by TREC in 2003. The symbols for power sources and lines are only sketching typical locations.

HVDC technology has been a mature technology for several 
decades and is becoming increasingly important for the sta-
bilisation of large-scale electricity grids, especially if more 
fluctuating resources are incorporated. HVDC transmission 
over long distances contributes considerably to increase 
the compensational effects between distant and local en-
ergy sources, and it allows failures of large power stations 
to be accommodated via distant backup capacity. It can be 
expected that a HVDC backbone will be established in the 
long term to support the conventional electricity grid and to 
increase the stability of the future power-supply system.
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As a spin-off effect of this development, solar electricity 
from MENA will become an attractive means of diversify-
ing the European power-generation portfolio. Due to the 
abundance and seasonal uniformity of solar energy from 
deserts it will be cheaper and better available than solar 
electricity generated in Europe. In a coming renewable 
energy alliance of Europe and MENA solar and wind en-
ergy, hydropower, geothermal power and biomass will be 
generated in places where they work best and where they 
are most abundant. This power will be distributed all over 
Europe and MENA through a highly efficient HVDC grid 
at high-voltage levels, and delivered to consumers by the 
conventional interconnected AC grid at low-voltage levels.  
By analogy with the network of interstate highways, a fu-
ture HVDC grid will have a low number of inlets to and out-
lets from the conventional AC system because its primary 
purpose will be to serve long-distance power transmission, 
while the AC grid will function in a manner that is analogous 
to the operation of country roads and city streets. In our cal-
culations we assume that about 10 % of the generated so-
lar electricity will be lost by HVDC transmission from MENA 
to Europe over 3000 km distance. 

In 2050, twenty to forty power lines with 2500 - 5000 MW 
capacity each could provide about 15 % of the European 
electricity as clean power from deserts, motivated by a low 
production cost of around 5 €-cent/kWh (not accounting for 
further cost reduction via carbon credits) and their high flex-
ibility for base-, intermediate- and peak-load operation. In 
future transmission losses may be lowered to 5 % per 3,000 
km by new developments in HVDC technology (Asplund 
2007).

There is a wide-spread belief that for every wind farm or PV 
plant a fossil fuel fired backup power plant must be installed. 
However, hourly time series modelling of the power sup-
ply system of selected countries according to our scenario 
showed that even without additional storage capacities for 
electricity, the existing balancing capacity is sufficient for 
the purpose of covering fluctuations in demand. No extra 
backup or storage capacity is needed as long as the fluc-
tuating renewable energy share is smaller than the existing 
peaking plant capacity, which is the case in our scenario.

Table 3: Main indicators of a EUMENA High Voltage Direct Current (HVDC) interconnection for Concentrating Solar Thermal Power (CSP) from 2020 – 2050 
according to the TRANS-CSP scenario (data 2006). In 2050, lines with a capacity of 5 GW each will transmit about 700 TWh/y of electricity from 20-40 different 
locations in the Middle East and North Africa to the main centres of demand in Europe. 

Year 2020 2030 2040 2050

Transfer Capacity GW 2 x 5 8 x 5 14 x  5 20 x 5

Electricity Transfer  
TWh/y 60 230 470 700

Capacity Factor 0.60 0.67 0.75 0.80

Turnover Billion €/y 3.8 12.5 24 35

Land Area       CSP 
km x km         HVDC

15 x 15 
3100 x 0.1

30 x 30 
3600 x 0.4

40 x 40 
3600 x 0.7

50 x 50 
3600 x 1.0

Investment     CSP 
Bilion €           HVDC

42 
5

143 
20

245 
31

350 
45

Elec. Cost       CSP 
€/kWh            HVDC

0.050 
0.014

0.045 
0.010

0.040 
0.010

0.040 
0.010

Concentrating Solar Thermal Power 
(CSP) plants use mirrors to con-
centrate sunlight for steam and 
power generation. Solar heat can 
be stored in tanks of molten salt  
and used for nighttime operation of the 
turbines, which can also be powered by 
oil, natural gas or biomass fuels.

High Voltage Direct Current (HVDC) 
transmission lines are used in some 100 
projects world wide transmitting today 
about 80 GW of electricity from remote, 
mostly renewable sources like large hy-
dropower dams and geothermal plants to 
large centres of demand.

In fact, as a consequence of the increasing share of renew-
able electricity generation, the need for conventional base 
load plants with constant output will step by step disap-
pear (Figure 10). Base load will be covered by plants for 
combined generation of heat and power (CHP) using fos-
sil and biomass fuels, river run-off hydropower, wind pow-
er and photovoltaics. Intermediate power capacity will be 
provided by better storable sources like hydropower from 
dams, biomass and geothermal power. This combination of 
power sources will not totally cover, but fairly approximate 
the daily load curve. The remaining balancing capacity will 
be supplied by pump storage, hydropower dams, concen-
trating solar power and fossil fuel fired peaking plants. In 
addition to that, enhanced demand side management will 
increasingly be used to minimise the need of pump stor-
age capacity and fossil fuel consumption for peaking power, 
which both will remain in the same order of magnitude as 
today (Brischke 2005). 

The fossil fuel fired power capacities remaining in 2050 will 
exclusively serve balancing duties and combined genera-
tion of heat and power. This is in line with the strategy of 
using those valuable, perfectly stored energy sources ex-
clusively for what they are best suited for and not wast-
ing them for quotidian use. Base load plants with constant 
output fuelled by nuclear fission, fusion or lignite will not fit 
well into such a system, as they are not capable of provid-
ing quickly changing output to fill the gap between the par-
tially fluctuating supply from cogeneration and renewables 
and the otherwise fluctuating demand. In fact, gas driven 
plants will be the preferred choice for this purpose. In the 
very long-term after 2050, renewable sources supported by 
advanced storage and load management in close coordi-
nation with other energy sectors like heating and cooling 
as well as transport and mobility will finally also take over 
the remaining demand for balancing power and combined 
generation.

Figure 10: Model of the hourly electricity balance of Germany in 2050 (Brischke 2005)



38 39

F Least Cost Electricity from Renewable 
Sources 

Installing CSP plants world wide, a reduction of the solar 
electricity cost due to economies of scale can be achieved 
with a progress ratio of about 85-90 %4 (Pitz-Paal et al. 
2005). As an example, a CSP-plant today can produce 
electricity at about 0.14-0.18 €/kWh depending on solar ir-
radiance (Figure 11). With 5000 MW installed world-wide 
the cost would drop to about 0.08-0.12 €/kWh, and to 0.04-
0.06 €/kWh once a capacity of 100 GW would be installed5. 
A prerequisite for this cost reduction is a global CSP ex-
pansion from 415 MW today to about 28 GW by 2020 and 
roughly 140 GW by 2030 including capacities for seawa-
ter desalination (MED-CSP 2005), (TRANS-CSP 2006), 
(AQUA-CSP 2007). In the long-term, a total of 500 GW 
could be installed by 2050. For the calculation of this learn-
ing curve we have assumed solar only operation, an eco-
nomic lifetime of 25 years and a real project rate of return of 
6.5 %/y. 

All renewable energy sources show similar learning curves, 
becoming cheaper the more they are exploited. While most 
renewable sources show capacity limits of exploitation, the 
solar energy resource in MENA is about hundred times 
larger than demand will ever be. Further, due to better so-
lar radiation costs of clean power from deserts including 
transmission will be lower than for solar power produced 
by the same type of power plants located in Europe, as 
shown for Spain in Figure 12. If we take as example the 
Spanish electricity mix as described in (TRANS-CSP 2006) 
a scenario based on a mix of domestic renewable energies, 
solar electricity from North Africa and fossil fuels for bal-
ancing power has the medium-term perspective of stable 
and even slightly reduced electricity costs (red curves in 
Fig. 12), while a business-as-usual scenario would lead to 
steadily escalating costs of energy (black curves) as has 
happened since the year 2000. In the TRANS-CSP sce-
nario, the expansion of renewable energy will take place 
in niche markets like the Spanish Renewable Energy Act 
until about 2020, temporarily leading to slightly higher elec-
tricity costs than for a business-as-usual mix. During that 
time, the share of renewable energy will increase while the 
cost of renewable energy will decrease. Latest from 2030 
onwards solar energy imported to more Northern countries 
like Germany, will also be clearly cheaper than local pro-
duction from a fossil-nuclear mix (black curve Germany), 
and also from fossil sources alone (green curve Germany) 
as in case of phasing out nuclear as scheduled.

CSP electricity cost is given in constant Euro of the start-
ing point of our scenario in the beginning of the year 2000 
(real values). This is to avoid speculations on future in-
flation rates. To calculate the nominal value in a subse-
quent year one must consider inflation since the starting 
year 2000. E.g. the 7.7 c/kWh for CSP in Spain in 2020 
given in Fig. 12 would equal 7.7 c/kWh (real value 2000) 
x 1.03 (assuming 3% Inflation Rate) exp. 21 (Years) = 
14.3 c/kWh nominal cost in currency value of 2020. In that 
case our assumed real interest rate of 5% would change to 
a nominal 8%. This has to be considered in the interpreta-
tion of our results. General inflation as well as technology 
specific escalation rates (e.g. steel) will have an influence 
on the nominal values in the future and had an influence in 
the past since the year 2000.

Our model gives a reasonable estimate of CSP cost devel-
opment for a broad spectrum of technologies and provid-
ers, but may differ from the development of specific techni-
cal solutions. Our scenario is not a general prediction of the 
future, but a consistant model of the future assuming a de-
fined set of frame parametres and their future development.

4 A progress ratio of 90 % means that the specific investment is re-
duced by 10 % every time the total installed capacity of the 
solar collectors is doubled (Neij et al. 2003, Pitz-Paal et al. 2005)

5 This cost is calculated for solar only operation and would be
lower in hybrid mode, as there would be a better amortisation  
of the power block investment.

Figure 11: Expected cost of electric-
ity from CSP in solar-only operation 
as function of installed capacity ac-
cording to (NEEDS 2007) for an an-
nual irradiance (from top to bottom) 
of 2000, 2400 and 2800 kWh/m²/y.

Figure 12: Cost of electricity in 
Spain and in Germany (TRANS-
CSP 2006); red: TRANS-CSP mix 
with increasing share of renew-
able sources, black: continuing the 
mix of the year 2000 with fuel cost 
escalation, blue: CSP import from 
Africa,  orange: local CSP produc-
tion in Spain, green: mix 2000 but 
phasing out nuclear as scheduled 
in Germany.
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Once cost break-even with conventional power is achieved, 
renewable capacities will be extended faster, avoiding fur-
ther increases in the nationwide cost of electricity. Thus, the 
cost of the electricity mix can be maintained constant or in 
some cases even be brought back to lower levels, by sub-
sequently increasing the share of renewable energy sourc-
es. This concept can be realized in all EUMENA countries.

The ongoing electricity cost escalation shows clearly that 
introducing CSP and other renewable energy sources on 
a large scale is the only viable solution for avoiding further 
long-term cost elevation in the power sector and to return to 
a relatively low cost level for electricity in the medium-term 
future. This is in line with the utilities’ commitment to deliver 
least cost electricity to their clients. CSP from deserts is a 
key element of such a strategy.

An affordable and sustainable source of energy is also re-
quired for an even more vital commodity: freshwater from 
seawater desalination. CSP and other renewables can be 
the solution for this, too (Bennouna and Nokraschy 2006). 
The AQUA-CSP study shows the potential of CSP for sea-
water desalination in the MENA region and describes the 
technical options available, ranging from solar-powered 
membrane desalination to the combined generation of so-
lar electricity and heat for thermal multi-effect desalination 
(AQUA-CSP 2007).

In fact, there is no other way to avoid a serious water crisis 
in the MENA region, than to activate all options for better 
water management, higher efficiency of water distribution 
and end-use, re-use of waste-water and seawater desalina-
tion based on renewable energy sources (Figure 13).

Figure 13: Water demand scenario for MENA until 2050 and coverage of demand by sustainable sources, by unsustainable sources and by solar desalination. 
(shaded: efficiency gains with respect to business as usual). Source: (AQUA-CSP 2007)

G There is an Alternative to Climate Change and 
Nuclear Proliferation

By implementing our scenario, carbon emissions can be re-
duced to values that are compatible with the goal of stabilis-
ing the CO2 content of the atmosphere at 450 parts per mil-
lion that is considered necessary by the Intergovernmental 
Panel on Climate Change in order to keep global warming 
in a range of 1.5 to 3.9 °C (IPCC 2001). Starting with 1790 
million tons of carbon dioxide per year in the year 2000, 
emissions can be reduced to 690 Mt/y in 2050, instead of 
growing to 3700 Mt/y in a business as usual case (Figure 
14). The final per capita emission of 0.58 tons/cap/y in the 
electricity sector is acceptable in terms of a maximum total 
emission of 1-1.5 tons/cap/y that has been recommended 
by the German Scientific Council on Global Environmental 
Change (Graßl 2003). Further reductions can be achieved 
after 2050.

Other pollutants are reduced in a similar way, without any need 
to expand the use of nuclear energy and its associated risks.  
Carbon capture and sequestration (CCS) has been consid-

ered in our study as a complement, but not as an alternative 
to renewable energy, as it will reduce power plant efficiency 
and thus accelerate the consumption of fossil fuels. The fact 
that the cost of carbon capturing always adds to the cost of 
fossil fuels will accelerate cost break-even with renewables 
and increase the speed of their market introduction. 

Figure 14: CO2-emissions from electricity generation in million tons per year for all EUMENA countries and emissions avoided by implementing the proposed 
scenario with respect to an electricity mix equivalent to that of the year 2000.
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The area required for the total renewable energy infrastruc-
ture including the proposed HVDC transmission lines for 
the period up to 2050 amounts to roughly 1 % of the total 
land area of EUMENA. This is comparable to the land re-
quired at present for the transport and mobility infrastructure 
in Europe. Using a geographic information system (GIS) 
three examples of HVDC lines connecting very good sites 
for CSP generation in MENA with three major European 
centres of demand were analyzed on the basis of a life cy-
cle eco-balance (May 2005). The GIS was programmed to 
minimize cost, environmental impacts and visibility of the 
power lines, and we found that the resulting impacts are 
in an acceptable range. In general, the environmental im-
pacts of HVDC lines are much lower than those of com-
parable AC overhead lines using conventional technology. 
Altogether, our scenario shows a way to reduce significant-
ly the negative environmental impacts of power generation, 
and could also serve as a model for global application. This 
has been recognized by a study of the U.S. Department of 
Energy analysing the feasibility of this concept for the U.S. 
(Price 2007).

If desalination of sea water is powered by solar energy 
instead by fossil fuels, its environmental impacts are sig-
nificantly reduced. However, seawater desalination itself is 
always a considerable burden to the environment, due to 
the resulting salty brine and the necessary chemical wa-
ter treatment. Nano-filtration of intake water can mitigate 
those impacts, but more energy is required in that case. 
Therefore, activating the existing potential for enhanced ef-
ficiency of water use, water management and infrastructure 
is also a very high priority, in order to minimize the need for 
desalination. The AQUA-CSP study analyses the environ-
mental impact of a broad application of solar-powered sea-
water desalination to cover the expected freshwater deficits 
in MENA (AQUA-CSP 2007). The results will be published 
by the end of 2007.

Five Focal Points for Sustainable Energy Policy

The timely realization of a scenario that meets all criteria of sustainability will require determined political 
support and action. Five focal points for national and international policy for all countries in Europe, the 
Middle East and North Africa (EUMENA) result from our studies:

1. Increase support for research, for development and for the market introduction of measures for ef-
ficient supply, distribution and use of energy (efficiency focus).

2. Provide a reliable framework for the market introduction of existing renewable energy technologies, 
based on best practice experience and increase support for research and development for promising 
enhancements (renewable energy focus). 

3. Initiate a EUMENA-wide partnership for sustainable energy. Provide European support to accelerate 
renewable energy use in MENA (interregional cooperation focus).

4. Initiate planning and evaluation of a EUMENA High Voltage Direct Current super-grid to combine the 
best renewable energy sources in this region and to increase diversity and redundancy of supply 
(interconnection focus). 

5. Support research and development for shifting the use of fossil fuels from bulk electricity to balancing 
power production (balancing power focus)

H Electricity in other Energy Sectors

A sustainable solution must also be found for the heating, 
cooling and transport sectors. Energy efficiency and in-
creasing renewable shares are useful guidelines for these 
sectors. In the long term, there is the option of a partial 
shift from traditional heat and fuel to electricity. Examples 
for such a possible shift are electric heat pumps or direct 
electricity for space and water heating and electric or hybrid 
vehicles. In terms of sustainability, the higher demand for 
electricity arising from that shift will not constitute a problem 
if electricity is mainly produced by renewable energy as as-
sumed in our scenario. In the power sector, each kWh of 
electricity produced by solar and wind energy will substitute 
approximately three kWh of primary energy from coal, oil, 
gas or uranium6. This relation depends on the actual ef-
ficiency of conventional primary-energy conversion, which 
ranges from about 20 % in the transport sector to about 80 
% in space heating.  

6 assuming a typical conventional power plant efficiency of 33%

Thus, the use of renewable electricity will add to the effi-
ciency gains of primary energy in all energy sectors. A par-
tial long-term shift of other sectors to (clean) electricity is 
possible, as the renewable electricity potential in EUMENA 
is large enough to cope with that additional demand. In ad-
dition to electricity, direct renewable solutions also exist for 
those sectors, such as the use of bio-fuels for transport 
and heating, energy-efficient buildings, absorption cool-
ing and solar water heaters, to give only a few examples 
(Dürrschmidt et al. 2006). 

Combined heat and power is an important measure for 
increasing the energy efficiency of fossil fuels. Some re-
newable technologies, such as biomass, geothermal and 
concentrating solar thermal power plants, can also use this 
option for the combined generation of electricity and heat 
– usually via steam – for industrial processes, cooling and 
desalination, and will gain an increasing share in a future 
energy supply system.
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Conclusions

The report quantifies the renewable electricity potentials in 
Europe and MENA and confirms their ability to provide firm 
power capacity on demand. Of great advantage for a fast 
transition to clean and secure power is an interconnection 
between the electricity grids of Europe, the Middle East and 
North Africa (EUMENA). Our study evaluates the potential 
and benefits of solar power from deserts. The conventional 
electricity grid is not capable of transferring large amounts 
of electricity over long distances. Therefore, a combination 
of the conventional Alternating Current (AC) grid for local 
distribution and High-Voltage Direct-Current (HVDC) trans-
mission technology for long-distance transfer will be used 
in a Trans-Mediterranean electricity scheme based mainly 
on renewable energy sources with some fossil fuel backup. 
Sustainable energy will also be vital for sustainable fresh-
water supply by desalination. The results can be summa-
rized in the following statements:

1. A mix of various renewable energy sources backed by 
fossil fuels can provide sustainable, competitive and 
secure electricity. Our scenario for EUMENA starts with 
the 16% share of renewable electricity that existed in 
the year 2000 and reaches 80 % in 2050. An efficient 
backup infrastructure will be necessary to complement 
the renewable electricity mix, providing firm capacity on 
demand by quickly-reacting gas-fired peaking plants, 
and by an efficient grid infrastructure to distribute renew-
able electricity from the best centres of production to the 
main centres of demand.

2. Market introduction of renewable electricity requires in-
itial support in the form of long term power purchase 
agreements that cover the costs of operation together 
with a reasonable return on investment. This will mean 
only a small increase in national electricity prices, but will 
avoid their long-term escalation thanks to an increasing 
proportion of relatively inexpensive renewables and cor-
responding reductions in cost. 

3. If initiated now, the change to a sustainable energy mix 
will, within a time-span of about 15 years, lead to power 
generation that is less expensive than it would be in a 
business-as-usual strategy. Fossil fuels with steadily ris-
ing costs will be replaced progressively by renewable 
forms of energy, most of which will be home-grown. The 
negative socio-economic impacts of increases in fossil-
fuel prices can be reversed by 2020 if an adequate po-
litical and legal framework for the introduction of renew-
ables into the market is established in time. Long-term 
power-purchase agreements like those provided by the 
German or Spanish Renewable Energy Acts are very ef-

fective instruments for the market introduction of renew-
ables. If initial tariff additions are subsequently reduced 
to zero, they can be considered as a very efficient public 
investment into affordable and secure power generation 
rather than as subsidy. 

4. Solar electricity generated by concentrating solar ther-
mal power plants in MENA and transferred to Europe 
via high-voltage direct-current transmission can provide 
firm capacity for base-load and peaking power, effec-
tively complementing European electricity sources. 
Starting between 2020 and 2025 with a transfer of 60 
TWh/y, solar electricity imports could subsequently be 
extended to 700 TWh/y by 2050. High solar irradiance in 
MENA and low transmission losses of around 10 % will 
yield a competitive price of about 0.05 €/kWh in Europe 
for import of solar electricity. 

5. Instead of a doubling of carbon dioxide emissions in the 
period up to 2050, which is likely to happen in a busi-
ness-as-usual scenario, the CO2 emissions from power 
generation in EUMENA can be reduced to 38 % of emis-
sions of the year 2000. Only 1 % of the land area will be 
required for this renewable electricity scheme, which is 
equivalent to the land used at present for transport and 
mobility in Europe. 

6. Growing freshwater deficits in MENA will in 
creasingly require seawater desalination, but this must 
be done using sustainable sources of energy. Solar 
electricity for membrane desalination and combined 
solar heat and power for thermal seawater desalination 
are major candidates for such a sustainable solution.

7. European support for MENA for the introduction of re-
newables into the market can relieve the increasing 
pressure on fossil fuel resources that would otherwise 
result from the economic growth of this region, thus help-
ing indirectly to secure fossil fuel supply also in Europe. 
The necessary political process could be initiated by a 
renewable energy partnership and a common free trade 
area for renewable forms of energy in EUMENA and cul-
minate in a Community for Energy, Water and Climate 
Security. 

In order to achieve those benefits, governments in 
EUMENA must now take the initiative and establish an ad-
equate legal and financial framework for new investment 
into this least-cost option for clean and sustainable energy. 
As energy is also a prerequisite for a sustainable supply 
of water, a timely decision by EUMENA governments to 
initiate that path is of vital importance for the total region. 
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4. statements from the mena reGIon

In the cooperation between MENA region and Europe or 
partners from Europe for renewable energy utilization, the 
European side plays a very strong role in this partnership 
as technology provider, and as a potential clean energy 
customer. What are the expectations in the MENA countries 
with regard to such cooperation with Europe? This chapter 
presents statements by six members of the TREC network 
from MENA countries, expressing their expectations con-
nected with a EU-MENA cooperation along the lines of the 
DESERTEC Concept, for the development of their coun-
tries, and giving recommendations for how their countries 
and the European side could make such developments 
happen fast.

The statements presented in these chapters are the per-
sonal views of their authors. They may be close to the of-
ficial policy of their country, or they may be proposals for 
what their country’s policy should be. For the future it may 
be desirable to conduct a really comprehensive poll cover-
ing all countries, addressing directly their governments and 
other relevant stakeholders, in a systematic approach, to 
get a representative picture. Nevertheless, the statements 
collected here are already quite stimulating, and they show 
that the expectations described by persons from different 
countries have a lot of similarities. Insofar, these state-
ments provide already quite a representative assessment.
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4.1 Prof. Dr. rer. nat. abdelaziz bennouna, rabat (morocco)
Former Head of Unit for Technologies and Economy of Renewable Energies,  
Centre	National	Centre	for	Scientifique	and	Technical	Research	(CNRST) 
Founding member of TREC

Morocco on its way to an energy exporting country 

“More powerful than all the armies in the world  
is an idea whose time has come.” 
Victor Hugo

Morocco is a country that started a very ambitious develop-
ment in recent years:

• Democratization and strong efforts for improving liv-
ing conditions, in particular those of the poorer parts 
of society

• Founding of new cities in the vicinity of Rabat, 
Marrakech and at other places

• Completion of rural electrification by the end of the cur-
rent year.

• Construction of highways has been tripling in the last 
ten years

• By 2010 the number of tourists will be raised to 10 mil-
lion, from 4.2 in 2002.

• Construction of a new, very large Mediterranean sea 
port at Tangier

• Big industrial projects in connection with the new sea 
port, for instance production of 400,000 vehicles per 
year, in 2012.

Barriers on the path of implantation of those projects are 

• Total dependence (over 97%) on imports in the field of 
commercial energy carriers, and that already under the 
condition of a rather low per capita consumption of less 
than 0.5 toe (tonne oil equivalent).

• A decline of precipitation and of fresh water availability, 
expected as implication of beginning climate change. 
Fresh water per capita will be further reduced by demo-
graphic growth. Present water availability is near 600 
m³ per capita and year, already significantly below the 
internationally accepted water stress limit of 1000 m³. In 
some regions desalination is required to ensure the sup-
ply of drinking water. With 3000 km shore lines Morocco 
could be rich in water if large scale desalination would 
be employed.

• Technology for desalination is available leaving energy 
the bottleneck. For an expected annual desalination of 
around 5 billion m³ of water, more than 20 TWh of elec-

tricity would be required per year. Desalination can only 
become a solution if sufficient, inexhaustible, economi-
cally and environmentally acceptable sources of energy 
can be found – or made.

Supplies of energy and water, which are so basic for the 
future of humankind and so questionable at the same time, 
require well understood, internationally coordinated, cou-
rageous and convincing answers. Such answers will have 
to produce synergies, which will have positive impacts for 
solutions of climate problem, fundamental changes in the 
North-South relations and their co-operation. The studies 
underlying this WhiteBook reveal and quantify the tremen-
dous volumes of renewable energies available in the MENA 
countries. International developments on the energy sec-
tor and the mounting events heralding the onset of climate 
change and its dangers require global or at least a region-
ally coordinated reaction. This will only be successful if all 
concerned parties begin to accept that global or at least 
their regional commons are at stake. The fast transition to 
clean energies has become a question of survival of our 
civilizations and requires radical changes.

Based on my experiences from before the founding of 
TREC, my experiences within TREC and in parallel with the 
activities of TREC, I would propose from a Moroccan angle:

1. In the past centuries, North Africa and also Morocco have 
suffered in their development by occupations through 
European powers. Now Europe could contribute to 
the modernization of our industry, technology and sci-
ence through a large-scale development program on 
technology for clean power from deserts. Such a pro-
gram could be defined as an immediate moratorium in 
Morocco for all fossil energy carriers in the expansion of 
the Moroccan electricity supplies, so to speak a freeze 
of carbon dioxide emissions. In exchange of such a 
radical change of direction of a developing country the 
EU and G-8 will put in force a program of finance and 
technology transfer and development to make this ex-
emplary path of Morocco a success and a model for 
many other developing countries in the sun belts. 

2. An agreement between the EU and Morocco on a joint 
program of producing clean power from deserts 
(solar and wind) and transmission to Europe. The 
studies have demonstrated that solar power from the 
excellent sites in Morocco would be cheaper in Spain 
than from local solar power plants, including the costs 
of transmission. The same is true for the excellent wind 
sites in Morocco. Within 2 decades Spain and other 
parts of Europe could receive clean power from deserts 
at costs less than from their local fossil fuel power plants. 

Our energy and climate problems could be solved if poli-
tics would do what is technically possible and economi-
cally clever.

3. Negotiation with EU (mainly with Spain, France and 
Germany) for achieving the best possible develop-
ment and exploitation of their mutual renewable re-
sources (with human being at position 1), of technolo-
gies and of knowledge for our common struggle against 
poverty, climate change and South-North discrimination.

4. Such program would have to be based on de-tailed 
projects. Here is a number of proposals to this end:

a) Solar thermal power plants with thermal energy stor-
age for overnight. The first plant of at least 100 MW 
should be commissioned by 2010.

b) A program for capacity building in wind power tech-
nology and utilization.

c) Construction of HVDC transmission lines with multi-
GW capacity from Morocco to Europe.

d) The annually installed clean power capacity (solar, 
wind, hydro, biomass, ...) should latest in 2012 cover 
the new demand and the necessary replacements of 
old plants.

e) Installation of a pump-storage system at  
SEBCHAT TAH, with a storage capacity of about 
1 TWh. This and other storage capacities (thermal 
storage inside solar thermal power plants, exchange 
with the European grid, chemical storage) will allow 
for grid stability for any share of power from renew-
able sources. 

f) Reforestation to at least compensate the on-going 
deforestation.

g) National programmes of vocational training, research 
and development to bring Morocco into a position to 
take maximum advantage at all levels from the nec-
essary transition to clean energies.



50 51

4.2 Eng. tewfik hasni, algiers (algeria)
CEO, New Energy ALgeria NEAL, Algiers

Europe – Middle East North Africa Cooperation for 
Sustainable Electricity

The Development of Renewable Energies

The large-scale introduction of renewable energies is of 
very high importance. The increasing effects of the climate 
change show that sensitizing people all over the world to 
this issue is justified. With respect to solar thermal power 
we emphasize: 

• It does not burden the atmosphere with greenhouse 
gases. 

• Unlike fossil and nuclear energy, it represents a renew-
able form of energy.

 
Solar Thermal Power as an Alternative

Solar thermal power is the most convincing form of alterna-
tive energy, as it is the most important resource regarding 
its potential. Algeria alone has an economic potential of 170 
000 Twh/y in solar thermal power. 

A clean source of energy would have to comply with the 
following criteria:

• Security:
Power supply via electrical distribution supply networks 
must not be affected by each and every line or power 
plant interruption. The Hassi R’mel hybrid project is 
equipped with natural gas backup firing. During sum-
mer and winter times because of seasonal fluctuation, 
there are supply problems for power from wind and nu-
clear, leading to power failures. By contrast, solar power 
plants reach maximum power in these same periods.

• Costs:
While costs of solar thermal power are still higher than 
those of fossil energies, rising prices of fossil energies 
(80 $/bbl in September 2007) as well as declining ones 
for CSP projects are expected to balance the costs of 
fossil and solar thermal energy earlier than expected. 
Today, power from hybrid CSP plants is competitive with 
gas at 3$/MMBTU. Solar-only operation will be com-
petitive with gas when the gas price comes up to 6$/
MMBTU, which could be the case before the year 2015.

• Prospects of CSP:
The Hassi R’mel hybrid CSP project will serve as trial 
run for the credibility of CSP technology set up in a North 
African country. The access to the European power mar-
ket should soon be facilitated. It should be pointed out 
that this source of energy is:

- reliable: In the last 30 years, there has not been a sin-
gle interruption in energy supply coming from our re-
gion to Europe

- dispatchable: Hybrid systems with an additional unit 
of gas burners will prove the complementing effect of 
gas and solar energy regarding production security 
and the adaptation to the considerable variations in 
electricity demand.

- secure: 6 000 MW of CSP in 2020 from Algeria to 
Europe would comply with energy dependency limits. 
Of course, this could lead to an equivalent reduction in 
exports of gas, if necessary.

Finally, access to EU market still has to be facilitated. 
The difficulties faced by the Algerian national company 
SONATRACH when entering the Spanish energy market 
show that there are still problems. 

There are also some problems in power transmission: 
Technically transmission via HVDC is solved. Of concern 
is the economy of power transmission projects. It is known 
that infrastructure is not economical without state subsidies. 
Of very high importance is also security against power fail-
ures, as we have already experienced them in Europe. The 
cost of measures for secure grid operation should be taken 
care of by EU countries. Both problems requires compen-
sation by the European States.

The actual development the HVDC network supported by 
the EU-MENA group should be marked by pragmatism. 
Initially, two or three HVDC lines should be set up: Spain – 
Northern Europe and Italy – Northern Europe. Algeria has 
already launched two HVDC lines. The first one, Algeria – 
Spain, is currently in the testing stage; the second will con-
nect Algeria and Sardinia.

Conclusion:

Solar thermal power is becoming a real alternative to fossil 
energies. Lowering the costs and facilitating market access 
requires the support and assistance of the EU for the next 
ten years.

The first measure the European Union should take is to 
ensure that the imported solar electricity benefits from the 
incentives provided by the “feed-in law”. These benefits 
should not be fixed but variable. The bonuses for solar 
electricity supply should allow a TRI (R.O.I.) of 5 to 8%. 
In return, the authority granting the bonus for the supplied 
electricity would benefit from “emission certificates” related 
to the purchased solar power. This would apply to the pe-
riod of 2007 to 2017. At the end of this period, the competi-
tiveness of solar energy will make it possible to abandon 
these incentives.

On the other hand, any attempts of preventing African en-
ergy suppliers from supplying Europe with energy, either by 
direct discrimination or by more subtle approaches, should 
be abolished since they would jeopardize the entire EU – 
MENA cooperation program that TREC is pursuing.
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4.3 eng. malek Kabariti, amman (Jordan)
President, National Energy Research Center (NERC), Amman, Jordan 
Founding Member of TREC

A vision uniting the EU-MENA Region

For a long time the EC and MENA Regions have been con-
sidered to be one community in the region, and trade, po-
litical and economical relationships have been established 
long time ago.

Due to economical and cultural differences tension has 
been rising in this region. One of the best ways to reduce 
conflicts in the region is through cooperation and bet-
ter neighbour relationship. A peaceful co-existence of the 
Mediterranean riparian, of Europe and MENA, based on 
productive cooperation requires a joint vision for the en-
tire EUMENA region. What would be nicer than an energy-
water-environment cooperation to put deserts and technol-
ogy into service for energy, water and climate security? 
How could we get a closer relationship in this region than 
by solving these conflicts?

With the abundance of solar energy resources in the region, 
large solar thermal power plants (CSP technology) would 
be part of this solution, taking into consideration that Jordan 
is one of the world‘s poorest countries when it comes to wa-
ter resources. Also, Jordan lacks indigenous conventional 
fossil fuel resources. Just last year the energy bill of Jordan 
was about 25% of the GDP. 

Taking notice of the fact that high voltage grid connec-
tion between Africa and Asia has already been started 
through the Jordanian-Egyptian grid interconnection, and 
likewise an European-African connection between Spain 
and Morocco, a beginning of the basic infrastructure for 
European - Middle Eastern - North African cooperation for 
clean power from deserts is emerging. 

The prospect of building large CSP plants in Jordan would 
serve two purposes. The first one is to fulfil the need of 
meeting Jordan‘s water and energy requirements for the 
present and future generations as well as enhancing pros-
perity of Jordan. Second is increasing its capability for the 
export of very expensive and badly needed commodity 
(Energy and Electricity) which can be transferred to Europe. 

To get started, Jordan and another European country, for 
instance Germany, could negotiate on a sustainable de-
velopment enforcement program, by which Jordan would 
consider to install by 2015 solar thermal power plants of 
1 GW total capacity, when combined with development of 
local collector production lines and with financial support 
for their installation to such an extent that clean power from 
these plants is cost competitive with power from new fossil 
power plants.

On the micro level, social and economic development 
would proceed in Jordan and on the macro level this would 
help to get Europe and MENA closer together.

• If Europe would embrace the option “Clean power from 
deserts” and support investments into initial CSP plants 
in MENA countries and into the transmission grid, as it 
gave – and still gives – subsidy to coal and nuclear in-
dustries, 

• And if Jordan and other MENA countries would allocate 
excellent solar sites for CSP plants and give long term 
commitments to buy their power. 

• Then we are on the right track to a sustainable energy 
era with EU-MENA as a region of energy, water and cli-
mate security and of good neighbourhood. 

If the two regions merge their complementary strengths, 
the excellent solar sites and the excellent solar technology, 
they will enhance substantially their capacity of establishing 
sustainability and stability. This unifying vision that cross-
es boundaries of religions, cultures and politics should be 
made a reality.

4.4 Dr. eng. hani el nokraschy, hamburg, Cairo (Germany, egypt)
NOKRASCHY ENGINEERING GmbH, Hamburg, Germany 
Founding Member of TREC

Energy Challenges in Egypt

Driven by a population increase of about 1.5% and an in-
crease in GDP of over 7%, electricity demand is growing in 
Egypt at a yearly rate of about 7%. This demand was cov-
ered till now by using hydropower from the Nile dams at the 
maximum possible and building conventional power stations 
mainly gas fired. In the near future another challenge will 
appear, namely water scarcity. As there are no other signifi-
cant sources for water than the Nile, it will be essential to go 
to seawater desalination, which will need additional energy. 

How can Egypt handle this challenge?

By starting immediately a consequent shift to renewable 
energies for electricity supply. This is the first step towards 
sustainable seawater desalination.

The rapidly increasing demand on electricity in Egypt and 
the available abundant resources of renewable energy in 
terms of hydro power, wind energy and especially solar ir-
radiance suggest a logical solution, namely generation from 
renewables. 

A complete shift to renewables is possible because of the 
available excellent CSP potential which allows electricity 
generation in the night and on demand (hybrid operation 
or heat storage), however, such a shift needs its time. Even 
if envisaged that all new plants built use renewables, this 
will not satisfy the demand growing at a rate of about 7% 
per year.

In the first decade hydro power shall be used to its full avail-
ability as it is already planned, in the first and second dec-
ades wind power shall be built up to reach about 15-20% of 
the installed capacity in the Egyptian grid. 

In the following decades Concentrating Solar Power (CSP) 
plants shall be built on a large scale to replace thermal 
power stations that are getting out of service and to cover 
the domestic demand especially the growing demand for 
desalination and also to have a surplus for export to Europe 
starting a large scale “Mediterranean Renewable Energy 
Partnership”.

Fig.: Scenario suggested starting a gradual but immediate transition to renewables in Egypt.
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The concern that a high percentage of wind energy may 
destabilise the grid is accounted for by limiting its share to 
15-20% and installing compensating capacity of conven-
tional power stations and CSP with thermal storage ena-
bling night operation and supply on demand.

After 2050 the conventional power stations shall be re-
placed successively with CSP power stations which will 
produce electricity by that time at considerably lower costs 
than generated today from oil and gas.

There is a real chance for future cooperation between 
European and Egyptian experts to establish a master frame-
work for shifting electricity generation in Egypt to 100% 
renewables during this century and enabling electricity 
exchange with Europe within a Mediterranean Renewable 
Energy Partnership.  

 
What is “Mediterranean Renewable Energy 
Partnership”?

Renewable energy resources are available all over the 
world with different intensities, however, not always in 
the regions where energy is needed. Energy partnership 
means that the renewable energy shall be harvested where 
it is economic, e.g. wind-power from Northern Europe, 
Gulf of Suez and Moroccan Atlantic coast, sun-power from 
North Africa and Middle East. Then transmitted to where it 
is needed in central Europe, like oil and gas are transported 
now. It is cheaper and requires less effort than trying to pro-
duce renewable energy from weak local resources.

Solar thermal power stations offer the options of hybridi-
sation and thermal storage. Thus enable production of 
electricity day and night and “on demand” exactly like con-
ventional power stations. Optional seawater desalination in 
co-generation increases their economical features. 

The Mediterranean electricity ring, operating at 400 kV 
alternating current, is nearly completed now. It can be 
considered as just the beginning of commercial electricity 
exchange between the connected countries because it is 
obvious that its capacity is limited and the losses for long 
distance transmission are higher than tolerable limits. 

For these reasons another transmission technology shall be 
adopted, namely the High Voltage Direct Current (HVDC) 
connections. These shall connect with high performance 
lines, each line capable of transmitting about 5 GW, from 
collection centres for renewable energies in North Africa 
and Middle East directly to the demand centres in central 
Europe.

 
Realisation

Political will is essential to establish a legal and financial 
framework to govern actions and activities of such a huge 
project, whereas it shall be considered that at the start 
phase strong support from the European countries to the 
MENA-countries will accelerate this positive development. 
The target until 2050 shall be to supply 10-15% of Europe’s 
demand from clean electricity from MENA-Countries. 

In this framework the industrialised countries shall help de-
veloping countries to build up a high potential of renewable 
energy (RE) using their available resources and establish 
HVDC lines to transport the surplus energy to Europe. The 
surplus energy is bought by the industrialised countries, 
thus enabling the developing countries to buy more equip-
ment from the industrialised countries to raise their RE po-
tential.

Considering that the industrialised countries in Europe will 
spend money in equipment production creating jobs in their 
own countries instead of spending it for burning fossil fuels, 
and that the developing countries in MENA will accelerate 
their development due to income from selling clean elec-
tricity, this will lead to prosperity for all peoples involved. 

Conclusion:

The WhiteBook shows that it is possible and even eco-
nomic on the long run, to cover Egypt’s needs for electric-
ity and water from Concentrating Solar Power and other 
renewable energy sources. A favorable side effect is that 
the renewable energy available can cover all of Egypt’s de-
mands and offer surplus for export to Europe in the frame of 
a Mediterranean Renewable Energy Partnership. A shift to 
100% renewable electricity within this century is possible.

4.5  Prof. Dr. eng. Galal osman, Cairo (egypt)
Renewable Energy Professor & Department Head Mansoura University, Egypt 
Egyptian Wind Energy Association, Founding President 
World Wind Energy Association WWEA , Founding V. President 
WCRE, WEC, IEEE, IEE, ISES, TREC- Member

Clean Energy for Development of Egypt

Sustainable development in Egypt needs develop-
ment and efficient management of primary energy re-
sources. Energy resources can be classified into con-
ventional resources such as oil, natural gas as well as 
renewables, mainly hydro, solar, wind and biomass. 
Growth of demand of electricity for expected socio-eco-
nomic development during the next decade ranges be-
tween 6-8% per year.

Policies of diversifying energy resources, improving energy 
efficiency, applying energy conservation measures as well 
as promoting renewable energy utilization are the possible 
venues to secure the necessary electric energy supplies.

In order to save fossil fuel, to reduce green house 
gases emissions, to secure job opportunities, and to 
secure water for development, clean energy coopera-
tion between sun-belt and technology belt countries is 
considered the only solution for the development plans 
in Egypt.

More over clean power from solar energy from 94% of 
Egypt’s unutilized land in western and eastern deserts and 
from wind energy potential of 20 000 MW at the Red Sea 
and the Mediterranean Sea is a new source of currency. It 
can be exported directly to Europe via a future EU-MENA 
grid, or indirectly by substituting domestic power generated 
from domestic oil and gas and exporting these saved fuels.

Egypt’s hydro energy from river Nile has been already ex-
ploited. 

With growing population and limited quota of water from 
river Nile, Egypt is approaching water poverty line and there 
is urgent need to get fresh water by desalination from both 
the red sea for tourism activity and the Mediterranean for 
irrigation and drinking water. This can be achieved with so-
lar power and desalination plants at high intensity locations 
where direct solar radiation reaches 2400 kWh/m²/year and 
more, and with an extended unified power grid and back-up 
systems from expanded natural gas pipe lines, and sources 
of water from river Nile, Red Sea and Mediterranean sea.

Local industrial capabilities for domestic and regional mar-
kets will be enhanced by using matured technology from 
technology belt through technology and knowhow transfer.

This can be made to lead to creation of new job opportuni-
ties in relevant fields whether wind energy or solar energy 
or water desalination.

Emission reduction purchase agreements will allow sell-
ing Certified Emission Reductions CERs produced by solar 
and wind projects to carbon funds around the world for mil-
lions of tons of CO2/year.

In summary: 
when Egypt would adopt an aggressive role in acquiring 
competence and in building capacity for the use of its ex-
cellent wind and its vast solar resources by a close coop-
eration with Europe, it could create jobs, energy and water 
for its own people, and clean power for the big European 
market.
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4.6 Dr. amor ounalli, tunis (tunisia)
Director, Renewable Energies Department at ANME, National Agency for Energy Management  
Development of renewable energies in Tunisia and partnership with Europe

Development of Renewable Energies in Tunisia and 
Partnership with Europe 

Energy context
During the two last decades, the energy balance of Tunisia 
was characterized by a falling contribution to the GDP, by 
the stabilization of the hydrocarbon resources and by the 
increase in the consumption of energy in the whole of the 
economic sectors leading to an energy deficit since the 
year 2000. In 2006, the national energy resources delivered 
6.3 Mtoe and the consumption was 7.3 Mtoe. The increase 
in the prices of oil and of imports of petroleum products re-
sulted in an extremely heavy pressure on the budget of the 
State. For this reason the State engaged a policy in favour 
of energy management.

Environmental context
Energy management constitutes a means of greenhouse 
gas emission reduction. Their increases are due prima-
rily to the energy activities (production and consumption). 
Thus, Tunisia adopted a policy of energy saving contribut-
ing to the reduction of GHG emissions. 

Potential of energy saving
The potential of energy saving as evaluated by surveys by 
2030 amounts to approximately 80 Mtoe.

Achievements in the field of renewable energies 
The development programme of renewable energies 
stresses the two most mature technologies and whose en-
ergy contributions are most significant, namely wind and 
solar thermal.

1. Wind 
For wind energy, the objective is to reach 200 MW 
by 2011, 1100 MW in 2020 and 1800 MW in 2030 in-
stalled capacity. Currently, the wind capacity installed 
by the national utility STEG (Tunisian Company of 
Electricity and Gas) in Sidi Daoud reached 20 MW. 
This capacity is under reinforcement to reach 55 MW. 
The STEG also launched in 2007 an invitation to ten-
der for the installation of a 120 MW wind farm. The fi-
nancing of these projects was financed by Spanish 
credit. The development of wind energy follows  
national objectives:

- To facilitate the emergence of qualified independent 
operators;

- To increase the rate of local integration of manufacture 
and assembly of wind farms;

- To facilitate the development of wind farms using Clean 
Development Mechanism;

- To satisfy the electric needs of large consuming energy 
industries (cement factories, iron and steel industry…) 

2. Solar thermal water heating 
For solar thermal, the objective is to reach 700000 m² 
in 2011 of installed solar water heaters. Present instal-
lation is about 250000 m². The State is supporting solar 
water heaters installation. 

3. Solar photovoltaic
Photovoltaic electricity is produced for the basic 
requirements in energy of rural population. Until 
now approximately 12 000 systems were installed. 
Knowing that the national rate of electrification reached 
a value close to 99 %, the remaining potential of solar 
home systems is extremely reduced. Several European 
countries (Spain, Germany and France) supported the 
implementation of this program through the initiation 
of demonstration projects. These supports concern as 
well the supply and the installation of systems as the 
reinforcement of local capacity building in the field. 
In addition, the application of photovoltaic pumping to 
supply rural population with potable water has reached 
an installed capacity of 260 kW in total. This technol-
ogy was introduced with support by the German GTZ, 
Spanish co-operation and by a European program MEDA.  
Photovoltaic constitutes one of the most interesting so-
lar technologies in Tunisia for water pumping for drink-
ing water of population and cattle or for irrigation.  
Another application is brackish water desalination. 
ANME is carrying out a project for pumping and desali-
nation of the brackish water with 600 kW total capacity.  

4. Bio fuels
Here we mention the installation in 2000 of a dem-
onstration project of biogas plant, which treats 
the chicken waste to produce biogas and electric-
ity. This activity will allow in future the valorisation 
of domestic waste for the production of electricity. 
Interest is growing in production of bio diesel which 
could serve as an additive with the gas oil, and would 
make it possible to obtain interesting advantages from 
the economic, social and environmental points of view.

Development prospects of the co-operation with 
the European Community in the field of renewable  
energies

In spite of the climatic and political conditions in favour to 
the development of renewable energies in Tunisia, the con-
tribution of renewable energies in the national energy bal-
ance did not reach 1 %. This rate can be clearly improved 
mainly through the recourse to the use of the wind power 
and in particular by the installation of wind farms (onshore, 
offshore, achievement by STEG, IGCE (Large electric en-
ergy consumer Industrials).

The co-operation with Europe on this level can be very ben-
eficial by supporting the national effort at various levels: to 
improve the study of the wind potential following the exam-
ple what is currently accomplished with the Spanish and 
German co-operation, reinforcement of the local capacity 
building, realization of technical, economical, financial fea-
sibility studies, to establish grid interconnections between 
the close European countries and Tunisia in order to make 
benefit as well Tunisia as the European countries from 
the electricity which would be produced by wind energy in 
Tunisia.

Solar thermal can also contribute with a significant share in 
the improvement of the energy balance. Solar thermal water 
heating in the residential and tertiary sectors is in full rise. 
European countries could consolidate this effort of develop-
ment in Tunisia, as done already by the Italian Ministry of 
Territory and Environment.

From another side, it is expected a big development 
of solar thermal plants to produce heat and electricity 
(Concentrating Solar Power) which would be installed in 
the desert areas, is favourable with these technologies in 
Tunisia. Some European developers of these technolo-
gies are studying infrastructure and projects in relation with 
thermodynamic power to be produced in Tunisia and to be 
exported to Europe.

Solar thermal power generation can be coupled with 
thermal sea water desalination at large scale. This 
way should open very interesting co-operation with the 
European countries (elaborating specific studies, re-
inforcing local capacity building, achieving projects, 
transferring technologies, grid interconnection).  
Solar thermal applications can also meet the 
needs for heating and air-conditioning of the build-

ings. It can also cover the cooling needs of the in-
dustrial sector and particularly for the food industry. 
In addition solar energy constitutes an interesting solution 
to meet the needs for energy of potable and brackish water 
pumping and desalination in the arid and semi-arid area in 
Tunisia. The co-operation with some European countries 
can contribute a lot in order to improve water supplying in 
remote and desert area.

In the same way, other kind of renewable energies can 
largely contribute to the diversification of energy sources 
by the production of electricity connected to grid, such as 
photovoltaic solar plants and biogas plants. The develop-
ment of these technologies is dependent also on the re-
inforcement of the building capacities of the stakeholders 
and on their financial capacities. The technical and financial 
co-operation with Europe will play a great role in this way.

Finally, relations exist already between Tunisia and the 
European Commission through the achievement of re-
search projects (such as FP6 and FP7) in the fields of en-
ergy and water. By this co-operation between Europe and 
Tunisia links and networks are established in order to ex-
change data, analysis and competences.
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5. summary anD reCommenDatIons
5.1 Conclusions of the whitebook

The beginning climate change process bears the risk of 
running out of control at any time, since there is no analogue 
in earth’s climate history from which we could determine with 
certainty our distance from the point of no return. Even the 
goal of maintaining temperature increase below 2°C cannot 
give us security. With solar and wind technology and with 
the resources in deserts we can now take powerful steps 
to defend humankind against a global climate and energy 
crash. The implications for global economic and social 
development of exhaustion in supplies of fossil fuels on the 
one side and the dramatic consequences of greenhouse 
gas emissions on the other side make clean power from 
deserts a most important instrument for stability, freedom 
and peace on this wonderful green planet earth.

How does this translate into a “Clean Power from Deserts” 
programme? Our analysis says: By the year 2050 we need 
for the EUMENA-region a CSP capacity of around 500 
Gigawatt. Can this be achieved? Now, say in 2010, we will 
have installed 1 Gigawatt. Therefore we need an expansion 
by a factor 500 within 40 years, or a factor 2 every 4-5 
years, respectively. A corresponding annual growth rate 
for CSP power capacity of close to 20% is no problem for 
industry. The mechanical engineering industry could handle 
such EUMENA-DESERTEC programme.

Our analysis of renewable electricity potentials in Europe 
and MENA finds that there are excellent sites for wind 
power and, in the MENA deserts, there are the largest but 
least tapped sources of solar energy of the world - with an 
economical potential for over 100 times the demands 
of EUMENA.

Solar power from deserts

1. can already be generated reliably and cost effectively 
with today’s technology of concentrating solar thermal 
power (CSP),

2. can also be produced from stored solar heat and thus 
provide firm power capacity, i.e. power on demand, 
during the day and also at night,

3. will become cheaper than power produced from fossil 
fuels at their present cost levels,

4. can provide sustainable power sufficient to meet the 
demand of fast growing MENA population,

5. can deliver the energy for desalination of sea water 
as will be required to avoid a fresh-water crisis in the 
MENA region,

6. can stimulate industrialization and economic 
development in MENA countries, and become a long-
term export product,

7. can be transmitted to Europe with such low losses 
and costs that it will be cheaper than solar power from 
production in Europe,

8. can accelerate the transition to clean power in Europe 
by 10 to 15 years,

9. allows to slow down climate change according to the 
ΔT<2° goal 

10. can promote energy, food and water security, through 
an Apollo-Program-like effort “DESERTEC” by 
countries of the EU and MENA,

11. can open a new era of prosperity and peaceful 
neighbourhood for the people of EUMENA.

In order to achieve those benefits, governments in 
EUMENA must establish adequate political, legal and 
financial frameworks for new forms of North-South 
cooperation and for investments into this option. To launch 
the EUMENA-DESERTEC programme, financial support of 
about 10 billion Euros appear to be sufficient, a price tag 
typical for the damage caused by a single major climate 
change related extreme weather event like by a strong 
hurricane. Financial support of a quick start of a EUMENA-
DESERTEC programme should be seen as what it really 
is: an investment into an economical path to energy and 
climate security for present and future generations. The 
recently initiated Union for the Mediterranean (UfM) 
within the Barcelona Process may provide an adequate 
international framework to establish such a programme. 

5.2 what Politicians could do

A fundamental change of energy policy is mandatory for 
global survival: instead of increasingly fighting for access 
to and exploitation of the remaining limited fossil energy re-
sources, governments must now cooperate for the develop-
ment of the unlimited renewable energy resources that are 
available. 

This change of paradigm and course of action must be 
implemented as an emergency measure with all speed to 
prevent the collapse of global climate conditions and of hu-
man civilization, very much like the efforts to prevent the 
collapse of the global financial system.

Implementation of the DESERTEC Concept requires two 
lines of action

1. Large-scale production and deployment of solar power 
plants in the MENA region.

2. Interconnection of MENA and Europe with a HVDC 
lines (Supergrid) for multi-GigaWatt power transfer.

Power plant and EU-MENA Supergrid installations can be 
started in parallel, and they both need appropriate political 
and financial support.

5.2.1 solar Power Plant DePloyment  
ProGramme

New concentrating solar thermal power plants have bee 
connected to the grid already in Spain and in the USA, fur-
ther ones with over 400MW of capacity are currently under 
construction in Spain. Here CSP technology and new col-
lector developments are demonstrated. In the MENA re-
gion, the construction of Integrated Solar Combined Cycle 
Systems (ISCCS) has already started in Algeria, Egypt 
and Morocco. Further CSP projects are being planned 
in Jordan, Libya, Tunisia, and the United Arab Emirates. 
Algeria and Morocco have already developed feed-in regu-
lations for clean power.

Solar thermal power plants in the cogeneration mode, for 
desalination and cooling, make better use of the collect-
ed solar energy. They could already work economically at 
good MENA sites, and with some further cost reductions 
they can make clean power from deserts a profitable export 
option for MENA within 10 to 15 years. Horticulture in the 
shaded areas of the solar collectors may also help to make 
CSP financially viable.

EU and MENA countries, which are now partners in the 
Union for the Mediterranean and which are cooperating in 
the implementation of the Mediterranean Solar Plan (MSP) 
could roll out a programme to boost the construction of so-
lar thermal power plants in MENA:

The MSP could/should:

1. support a campaign to inform MENA governments 
that, over the lifetime of those plants, they will be a 
clean, safe and stable source of power, competitive 
with electricity generated from (clean) coal, oil or natu-
ral gas with their soaring or fluctuating fuel costs. 

2. launch the production of a world-wide solar radiation 
atlas of direct normal insolation, with proper spatial 
and timely resolution, for free access.

3. launch a feasibility study to identify and resolve un-
settled political, organizational, financial, technical 
and ecological obstacles to the implementation of the 
DESERTEC Concept in the EUMENA region at the 
scale that will be needed to have an impact on climate 
change. 

4. organize the planning of an appropriate HVDC grid as 
a necessary infrastructure for energy and climate se-
curity. 

5. support the launch of a multi- GigaWatt MENA-CSP 
kick-off programme with the construction of CSP 
plants to begin by 2010 in MENA countries that are 
willing to participate

6. support industrial capacity building for CSP and 
wind technology in interested MENA countries such 
that by 2020 most of the new power generation capac-
ity in those countries could be built as wind farms or 
solar power plants.

7. organize an Apollo-Program-like effort “EUMENA-
DESERTEC” to enable efficient mass produc-
tion of solar thermal power plants and installation 
of transmission infrastructure to Europe. Such a 
programme would be of great economic, develop-
mental and ecological benefit for all participants. 
These measures could give the MSP a similar role for 
the EUMENA region as the Union for Coal and Steel 
had for the development of Europe.
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The EC or individual countries within the EU should

8. make commitments to import clean power from 
MENA countries by 2020, by offering power purchase 
agreements. To this end, solar power imported from 
MENA should be included in the European energy 
portfolio. 

9. set up bilateral country partnerships (EU – MENA) 
for the development of clean energy technologies and 
for their deployment throughout the MENA countries. 
Faster slow down of climate change and accelerating 
technology development and transfer would be benefi-
cial to both sides.

10. support the Gaza Solar Power & Water Project, a
1 GW CSP plant for combined generation of electric-
ity and desalination as part of a overdue international 
recovery programme for Gaza. The plants could be lo-
cated in the Egyptian Sinai coastal region and serve 
water and power to 2-3 million people in Gaza. This 
project could mark a turning point in the disastrous 
social and economic development of Gaza, in the re-
gional conflicts for water and in the completely failed 
peace process between Israel and Palestine. The total 
investment required would be about 5 billion Euros.

Sun-belt countries could reduce the use of domestic fossil 
fuels or of costly imports and, at the same time, acquire the 
capacity to produce clean power from their own deserts and 
by employing their own human resources for construction. 
There would be the additional advantage that clean power 
can easily be sold to Europe.

5.2.1 eu-mena suPerGrID ConneCtIon

Discussions about an HVDC Supergrid across Europe 
(Euro-SuperSmartGrid, which combines HVDC for low loss 
over long distance with intelligent optimisation of the grid) 
and about building Trans-Mediterranean transmission lines 
(EU-MENA Supergrid connection) have started already, in 
Europe and in MENA countries, and are now under discus-
sion in the development of the MSP. These connections 
would facilitate the optimal combination of diverse renew-
able sources, of dispatchable demand and storage capaci-
ties, in both Europe and MENA, for achieving the necessary 
fast transition to clean sources of energy.

Already the planning of the EU-MENA Supergrid connection 
may trigger a boom in investments in wind and solar power 
in MENA countries, and would give to MENA countries the 
long-term potential to export clean power. Construction of 
HVDC grids for the first 10 GW would cost about 5 billion 
Euros.

Talks on a EU-MENA Supergrid connection have started al-
ready in the framework of the MSP. Solar power from North 
Africa is very likely to be cheaper in Southern European 
countries like Spain, Italy, Greece and Turkey as compared 
to power from new local fossil and nuclear plants, already 
with transmission beginning in about 2020. The necessary 
exit process from coal burning could begin by replacing old 
coal power plants in those 4 countries by DCAC inverter 
stations connected to new HVDC lines bringing in clean 
power from deserts. With progressing cost reduction and 
EUMENA grid expansion most other European countries 
may enjoy this benefit, latest in 2030. The HVDC grid infra-
structure required for the 100 GW EU-MENA connection as 
described in Chapter 3 will require an investment of about 
45 billion Euros up to the year 2050, and is likely to yield an-
nual savings approaching 10 billion Euros, as compared to 
producing power from fossil fuels. The EU-MENA Supergrid 
connection will make clean power from deserts the least-
cost option for Europe. Setting up this grid is really a great 
opportunity for European and MENA economies. The full 
EU-MENA Supergrid connection will grow over several 
decades and will start with the laying of a few submarine 
cables.

Clean power from deserts together with a well 
balanced combination of other renewable sources 
of energy is a realistic option for resolving 
the global energy and climate crisis without 
enhancing the risk of nuclear proliferation. At a 
global scale, more than 90% of population can be 
served by clean power from deserts.

HVDC supergrid connections and a large-scale 
deployment of solar thermal and wind power 
plants in deserts are realistic and powerful tools 
for energy, climate and developmental security, 
and for safeguarding the carrying capacity of 
our globe as will be necessary in a world with 10 
billion people.

A EUMENA-DESERTEC programme could be the 
pacemaker for this global solution. 

The Mediterranean Solar Plan could open up a 
new era in the relations between Europe and its 
Southern neighbours, and become the starting 
point for EUMENA as a region of cooperation, 
peace and prosperity, much as the coal and 
steel community was the origin of a cooperating, 
peaceful and prosperous Europe.

We estimate that such an EUMENA-DESERTEC 
programme can be launched as a major effort 
like the Apollo Space Program within 7 years. To 
this end a fund of about 10 billion Euros would 
get things started and would facilitate a highly 
profitable investment in our collective future.

Humankind has succeeded in reaching the 
Moon. Now it has everything that is needed for 
an equally successful programme to master the 
energy, water and climate crises on Earth. – Let’s 
do it!

towards a  
eumena-DeserteC Programme
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6. what we have Done anD what we wIll Do: 
treC anD the DeserteC founDatIon

To strengthen and intensify those initiatives and the en-
deavours of the TREC-Network, we have – with support 
from His Royal Highness Prince Hassan bin Talal and the 
German Association for the Club of Rome – created a new 
organization the DESERTEC Foundation (DF) which is 
based in Berlin, Germany.

Other Co-Founders are: Christian Breyer, Prof. 
Dr. Michael Düren, Gisela and Sebastian Gallehr, 
Tim Hufermann, Dr. Wolfgang Knothe, Mouldi 
Miled, Tobias Morell, Abdel Hamied Moussa, 
Stephan Schoenen, Götz Schuchart, Michael Straub, 
Stewart Taggart and the below mentioned members of the 
bodies of the Foundation.

The Members of the Supervisory Board are:

Dr. Gerhard Knies
based in Hamburg, who is Project Director for the 
DESERTEC Concept at the German Association for the 
Club of Rome (GACoR)

Max Schön
based in Lübeck who is President of the GACoR

Polly Higgins
based in London, who is a barrister

Dr.-Ing. Hani El Nokraschy
who is based in Hamburg and Cairo, and is an 
entrepreneur

Dr. Oliver Steinmetz
based in Luxemburg, who works at the European 
Investment Bank in the field of risk management

Dr. Gerry Wolff
based in Menai Bridge in Wales, who is Coordinator of 
DESERTEC-UK and formerly a university lecturer in 
computer systems engineering.

“We are in the middle of a defence situation 
against global climate change and energy short-
ages! We need a defence and recovery strategy, 
defence and recovery measures, and a defence 
and recovery budget!” says Dr. Gerhard Knies, co-
ordinator of the Trans-Mediterranean Renewable 
Energy Cooperation (TREC) which developed the 
DESERTEC Concept in collaboration with scientists 
at the German Aerospace Center (DLR).

To resolve these problems The Club of Rome 
presents an international action plan. It foresees 
seven immediate measures to be implemented 
within seven years. 

The Club of Rome demands a budget of 10 billion 
Euro for an Apollo-Program like effort to implement 
the DESERTEC Concept.”

Excerpt of a press release on the occasion of the 
Presentation of the WhiteBook in Brussels on the 
28th of November 2007.

The TREC-Network has achieved a great deal since the first 
edition of the WhiteBook was presented to the European 
Parliament! It has – with mounting support by others – 
brought the DESERTEC Concept to the attention of deci-
sion-makers throughout EUMENA and also world-wide. In 
the recently established Union for the Mediterranean, the 
French Presidency has put the DESERTEC Concept on the 
political agenda. 

The Mediterranean Solar Plan of the Union for the 
Mediterranean is a powerful political framework. But there 
is a lot to do to exploit its great potential, to overcome bar-
riers, and to win the race against the climate change clock. 

We urgently need a plan with the spirit, the boldness and 
imagination of the Apollo Program that put astronauts on 
the Moon. The good news pointed out in the WhiteBook is 
that the technology is ready to go. What is needed now is 
the political commitment, appropriate funding and invest-
ments to make the DESERTEC Concept into a reality. We 
expect that the new US-Administration will strongly push 
forward the use of solar thermal energy as an answer to the 
climate and energy crisis. This will – hopefully – inspire sim-
ilar initiatives around the world. Countries like India, China 
and Australia do also have excellent conditions to produce 
their electricity by CSP-Plants.

The Directors of the Foundation are:

Friedrich Führ
based in Dubai and Berlin, who is a lawyer and 
DESERTEC Representative in Dubai and

Dr. Gerhard Timm
based in Berlin, who is a former CEO of Friends of the 
Earth Germany.

The DESERTEC Foundation is intended to serve as a hub 
for realizing the DESERTEC Concept. It will also work for 
creating a global alliance to ensure security of energy sup-
plies, to promote economic development, and to stabilize 
the world’s climate. 

We want to act as “awareness raiser”, “catalyst” and “barri-
er remover” to pave the way for DESERTEC developments. 
One of the most useful things we can do is to work with 
national governments and political bodies like the EU, and 
similar bodies in other parts of the world, to create the right 
framework of laws and regulations and to ensure that there 
is a good framework of incentives for DESERTEC develop-
ments.

Since the DESERTEC Concept can serve as key part of 
any scenario for sustainable development in a world with 
10 billion people, it will be of interest to a wide range of 
stakeholders. An important function of the DESERTEC 
Foundation will be to serve as a think tank and forum for 
the exchange of ideas and for discussion of relevant issues. 

Other functions the DF will include:

• The DF will be a source of knowledge and expertise 
about all matters relating to the DESERTEC Concept 
including political, social, industrial, legal, and regula-
tory aspects. If there are gaps in knowledge, we want 
to encourage and promote appropriate research to 
plug those gaps.

• The DF may serve as an intermediary and advisor 
for parties involved in DESERTEC projects. The DF 
may bring together commercial organizations and na-
tional governments that wish to establish DESERTEC 
projects and it may provide advice.

• The DF will define standards for environmental pro-
tection and social responsibility in the conduct of 
DESERTEC projects. It will require adherence to those 
standards amongst organizations that are affiliated to 
the DF, and it will encourage adherence to those stand-
ards by individuals and organizations that are not part 
of the DF. 

• National governments may benefit from the knowledge 
and expertise of the DF. The governments of sun-belt 
countries may also see the potential benefits of dealing 
with companies that have agreed to adhere to the DF 
standards, as described above. 

• To achieve these aims and to fulfill these several func-
tions, the DF will need money. We believe that when 
the DF is properly established, it will attract funds from 
stakeholders with an interest in the realization of the 
DESERTEC Concept including companies involved 
in the development of technology and production of 
components, companies with a need for large supplies 
of clean energy, and national governments wishing to 
take advantage of their own solar resources or wishing 
to secure new sources of clean energy.

To get things moving rapidly, the DF will also need fund-
ing from other beneficiaries. If you share our belief that 
DESERTEC can become a key part of the urgently needed 
solution to the crises in energy and climate security, and 
if you wish to see results soon, be a part of this great en-
deavour: 

Do please join us and enable our work by a donation!

Please contact: Foundation@DESERTEC.org

If you would like to make a donation:

Depositor DESERTEC Foundation
Bank Account 1100 1105 00
Bank Code 430 609 67
Bank  GLS Gemeinschaftsbank eG
IBAN  DE92 430609671100110500
BIC  GENODEM1GLS
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For further information you may also contact:

Friedrich Führ
Friedrich.Fuehr@DESERTEC.org 
Dubai, Tel. +971 50 28 99 277

Dr. Gerhard Timm
Gerhard.Timm@DESERTEC.org 
Berlin, Tel. +49 30 434 07 554 
or Mobile Phone: +49 170 404 28 97

Michael Straub 
who is running the DESERTEC Office in Hamburg 
Michael.Straub@DESERTEC.org 
Tel. +49 40 32 507 795 
or Mobile Phone: +49 179 90 46 859

www.DESERTEC.org

Acknowledgement:

In addition to the authors of this White Paper, His Royal Highness Prince Hassan bin Talal, Klaus Töpfer, Anders Wijkman, 
Hartmut Grassl, Gerhard Knies, Franz Trieb, Hans Müller-Steinhagen, Abdelaziz Bennouna, Tewfik Hasni, Malek Kabariti, 
Hani El Nokraschy, Gala Osman and Amor Ounalli, we have to thank the German Ministry for Environment, Nature 
Conservation and Nuclear Safety for financing the three studies MED-CSP, TRANS-CSP and AQUA-CSP, and the following 
persons who in the last 4 years have contributed substantially to the development of the DESERTEC Concept:

Stewart Taggart, Australia; Thomas Schauer, Austria; Waheeb Essa Alnaser, Bahrain; Pavel Seifter, Czech Republic; 
Friedrich Führ, Dubai; Jeraud Barbut, Manfred Hafner, Houda Allal, France; Nasir Bassam, Christian Breyer, Gregor Czisch, 
Hans-Josef Fell, Manfred Fischedick, Jörg Geier, Andreas Haeberle, Rebecca Harms, Jürgen Kern, Stefan Kronshage, 
Harry Lehmann, Klaus-Peter Lehmann, Ludger Lorych, Axel Michaelowa, Max Schön, Christian-D. Schönwiese, Peter 
Viebahn, the members of the working group ENERGY of the German Physical Society, Germany; Vincenzo Dovi, Massimo 
Falchetta, Bruno Stella, Italy; Mousa Abu Arabi, Khaled Elshuraydeh, Ammar Taher, Jordan; Ibrahim Hasairi, Libya; Khalid 
Benhamou, Morocco; Ekkehart Naumann, Pakistan; Amjad Aliewi, Basil Makhool, Fadel Kawash, Omar Kitaneh, Palestine; 
Jan Heetebrij, Paul Metz, Emil Möller, Evert H. du Marchie van Voorthuysen, The Netherlands; Cihan Kiykac, Umit Ozlale, 
Turkey; Ricardo Díez-Hochleitner, Spain; Aeneas Wanner, Switzerland; Neil Crumpton, John Hemming, Katharine Hamnett, 
Gerry Wolff, UK; Hussain Al-Towaie, Towfick Sufian, Yemen

We appreciate financial contributions from ABB Asea Brown Boveri Ltd, M+W Zander FE GmbH, SCHOTT AG and Solar 
Millennium AG for presenting the White Paper to the public, and we thank M+W Zander FE GmbH for taking over layout 
and printing of the first edition.

Editors:

Gerhard Knies, Co-ordinator of TREC
Uwe Möller, Secretary General, The Club of Rome
Michael Straub, Head of Marketing

Hamburg, November 2007

 
Contact: Office@DESERTEC.org

Information: 
www.DESERTEC.org, all pages in English and in German
(selected pages in Arabic, French, Italian, Spanish, Swedish, Turkish) 
www.trec-uk.org.uk, TREC network in the UK, English
www.gezen.nl, TREC network in The Netherlands, Dutch

The White Paper is available as PDF: www.DESERTEC.org
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but least tapped source of energy on earth, the solar radiation of deserts, and on how it could be 
put into service for energy, water and climate security. For the regions of Europe, the Middle East 
and North Africa (EUMENA), the White Paper quantifies the potentials of all major renewable 
energy sources, available for a mix optimized for a fast and low-cost transition to a climate com-
patible EUMENA-wide power supply system. It describes the present demands for electricity and 
considers scenarios for their expected development until 2050, and how they could be served in 
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September 2003 by an initiative of The Club of Rome, the Jordanian National Energy Research 
Center NERC, and the Hamburg Climate Protection Foundation HKF, with the aim of achieving 
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