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Today’s Young Are 
Tomorrow’s Leaders

Ismail Serageldin

The topic of  BioVisionAlexandria 2008, ‘From Promises to Practice’, 
is designed to highlight a fundamental difficulty experienced by almost 
everyone who lives in the South, in the developing world. When we look 
at the fruits of  science, we cannot but fail to notice that the promises of  
science mostly benefit those who already have much; and that not enough 
is being done to address the needs and concerns of  the poorest. 

So what do we ask? We ask: ‘What can science do to help us and what 
can wise policies do to help us?’ Why do I say wise policies, and not just 
‘good’ policies or ‘effective’ policies ? I use the word ‘wise’ because there 
is a lot of  talk these days about living in the third global revolution: the 
information age, the knowledge society. It is true of  course that when 
data is organized it becomes information; and that information when 
explained becomes knowledge. But we need more than knowledge. We 
need wisdom: wisdom to craft the sound policies that will ensure that the 
benefits of  science are shared with all. 

Three challenges in particular will need all of  our collective creativity. 
The first of  these is food. It is no secret that food shortages have led to 
riots in Mexico and elsewhere. There have been tensions in Egypt too 
about rising food prices. It is also no secret that governments’ ability to 
step in with ever-increasing subsidies is limited.  

Why is this happening now?
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There are a number of  reasons, some of  which have to do with 
prosperity in parts of  the developing world. Those of  us who experience 
higher incomes can afford diets that are richer in proteins. At the same 
time more of  us are getting the keys to vehicles that run on fossil fuels 
mixed with biofuels. A situation is emerging where food, feed and now 
fuel are all competing for the same land and the same water. Not just that 
but the world’s appetite for fuel and energy is burning the very food that 
we all want and need. The net effect is that the price of  food, that most 
basic of  all human rights, is increasingly beyond the reach of  the world’s 
poor. 

The second challenge is what I call ‘public health and private medicine’. 
It is tremendously exciting to see major advances in medicine, and more 
and more sophisticated techniques for medical treatment. But these are 
mostly available to those who can pay, or to those whose governments can 
pay. The world’s poorest are being left behind – and would be even more 
disadvantaged were it not for generosity of  private philanthropists such 
as the Gates Foundation and others. The challenge to provide accessible 
and affordable healthcare for the peoples of  the developing countries is 
a public need; but so far the best answers seem to be coming from the 
private sector. 

My third challenge is climate change. This is a challenge that faces all 
of  humanity, as we share one single planet. If  Earth is in peril, so are we 
all. Climate change is no discriminator of  rich, or poor. Both North and 
South will feel its effects. Except in one sense: richer countries will be able 
to face down some of  the threats.  The poorest countries on the other 
hand will be least equipped. When the cycles of  rain and drought become 
more frequent; when growing seasons become shorter; when infectious 
diseases become more prevalent, it will be the South that will be more 
threatened.

What then is to be done? 
There are many interventions that can be done – indeed many excellent 

examples are described in this volume. But in addition all developing 
nations must do one thing and do it well if  they want to be able to survive 
these and other challenges. They must strengthen science in their countries. 
They must invest in education at all levels; and they must invest in R&D. 
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households would collectively be willing to pay approximately 1.8% of  the 
country’s GDP to access this insurance (Jimoh et al., 2007).

To the extent that a health convergence center generates positive health 
impacts, it will directly benefit the country as a whole, including savings to 
the health system, fewer working days lost, higher workforce productivity 
and long-term economic competitive advantage.

Conclusions

Given the potential benefits, the high demand and need, and the feasibility 
we have demonstrated here, we see a strategic opportunity to create a 
network of  health convergence centers linked with a sub-Saharan health 
venture fund. Creating this critical infrastructure will help translate 
indigenous talent, capital and know-how into positive health and economic 
impacts in a sustainable way.

Our proposed approach includes several key actions. Develop the 
convergence centers through a country-by-country process, driven by a 
broad-based coalition of  local experts and stakeholders who create their 
own solutions. Pilot a first center, apply lessons to subsequent centers, 
and scale up if  it is successful. Consider locating centers within existing 
institutions to reduce costs and leverage existing centers of  expertise, 
and explore potential synergies between health and other sectors such as 
agriculture.

On the investment side, link the convergence centers with a venture 
fund so the centers act as opportunity generators for the fund to invest in, 
and the fund supports many businesses in the centers. Finally, assess the 
potential ‘deal flow’ for this venture fund through research into existing 
health R&D that could be commercialized.

If  this combination of  centers and fund succeeds in the health and 
life-sciences area, it could serve as proof  of  concept for an even more 
ambitious goal: expanding the model to include water, energy, environment 
and other key technology domains. Imagine a network of  implementation 
centers that channels funds and expertise to amplifying and facilitating 
local solutions, harnessing the tremendous entrepreneurial resources 
available into a self-sustaining improvement cycle that can tackle many 
other basic human needs.
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A key issue is at stake here. Several African countries have invested 
in human capital and succeeded in creating democratic governance and 
stable macro-economies. Now will they enter the higher-value, knowledge-
based sectors of  the global economy? By tackling their own problems and 
implementing their own solutions, indigenous talent can combine with 
investment to create sustainable innovation capacity and positive health 
outcomes.
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How Food Crops can be 
Made More Nutritious

Gurdev S. Khush

Access to a healthy diet is a fundamental right. Yet a billion people, mostly 
in developing countries, go to bed hungry every day, and micronutrient 
deficiencies affect 3 billion people. Malnutrition limits human potential 
and the social and economic development of  whole countries. Access to 
food depends on income, and more than 1.3 billion people live in absolute 
poverty, somehow surviving on an income of  less than US$1 per day. 

A further 2 billion people are only marginally better off  (World Bank, 
1997). That is why investment to create employment is just as important 
as investment in food production. The planet’s increasing population is 
compounding the problem of  malnutrition. It is likely to reach 8 billion by 
2030, and 93% of  this increase is expected to take place in the developing 
world, whose share of  the population would increase from 78% in 1995 
to 83% in 2020. 

The most obvious element of  malnutrition is the lack of  protein, but 
deficiencies of  minerals and vitamins also affect much of  the world’s 
population, particularly in the developing world. Organizations such 
as World Health Organization (WHO) and the Consultative Group 
on International Agricultural Research (CGIAR) have made fighting 
this ‘hidden hunger’ (micronutrient deficiencies) a high priority (World 
Health Organization, 1992; Bouis et al., 2000). They have targeted the 
micronutrients iron, zinc, iodine and vitamin A because deficiencies 
in these micronutrients are a major problem for the world’s poor. An 
estimated 2 billion people have Iron deficiency, resulting in diminished 
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work performance, impaired body temperature regulation, impaired 
psychomotor development and intellectual performance, detrimental 
behavioural changes (such as decreased responsiveness and activity, and 
increased body tension and fearfulness), decreased resistance to infection, 
and increased susceptibility to lead poisoning (Dallman, 1990). Women 
and children are particularly at risk of  iron deficiency because they need 
more iron for child-bearing and growth. An estimated 58% of  pregnant 
women in developing countries are anaemic, and their babies are more 
likely to have a low birth weight. The WHO estimates that 31% of  these 
children under five years of  age are also anaemic.
At least 400 million people have vitamin A deficiency, and more than 

100 million of  these are young children. Each year, 3 million children 
die as a result of  vitamin A deficiency, and 14 million children suffer 
from clinical eye problems and increased risk of  respiratory diseases and 
diarrhoea (Sommer, 1990).
A billion people live in regions where iodine deficiency is rife, resulting 

in disorders including goitre, cretinism, reduced cognitive capacity and 
increased prenatal mortality (Hetzel, 1990). Zinc deficiency, which is also 
widespread, can lead to retarded growth, depressed immune function, 
anorexia, dermatitis, skeletal abnormalities, diarrhoea, alopecia and 
increased complications and mortality during childhood (International 
Life Sciences Institute, 1990). Zinc deficiency has also been linked to 
vitamin A underutilization. 
Micronutrient deficiencies even affect a significant number of  the 

population in developed countries. Taken together, they affect more of  
the world’s population than protein-energy malnutrition (Chandra, 1990). 

Tackling micronutrient malnutrition

Intervention programs, including supplementation, food fortification 
and education, have been successful in reducing malnutrition in specific 
situations, and will be needed in the future. For example, the dietary iodine 
supplementation program, which used iodized salt, has been effective in 
many countries. Such programs can be inexpensive and reach many of  
the populations most at risk (Hetzel, 1990). However, for iron, zinc and 
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Figure 1	 Malaria: Epidemiology, 2008

Table 2	 Global Malaria Burden, 2005.

Plasmodium falciparum, 2005 Plasmodium vivax, 2004 P. falciparum 
+ P. vivax

Region
Population 

at risk 
(millions)

Cases (millions) 
(range) (%)

Population 
at risk 

(millions)

Cases 
(millions) (%)

Cases 
(millions)

Africa 521 365 (215–374)  
(57%) 50 <1 215–374

Southeast Asia 1,314 119 (66–224)  
(34%) 1,347 90–248  

(63%) 156–472

Western Pacific 142 15 (9–26)  
(4%) 89 20–77  

(20%) 29–103

Eastern 
Mediterranean 176 12 (5–25)  

(4%) 211 11–34  
(9%) 16–59

Americas 55 4 (2–8)  
(1%) 78 10–28  

(7%) 12–36

Europe 4 1 (0 –)  
(<1%) 20 1–4  

(1%) 1–5

Total 2,211 515 (298–659)  
(100%) 2,596 132–391  

(100%) 429–1,049
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Figure 2	 Manifestations of the Malaria Burden

(Table 2). The greatest number of  cases and deaths from Plasmodium occur 
in Africa (with 57%) and Southeast Asia, especially the Indian subcontinent 
(with 34%). Each year between 1 million and 2 million people die from 
malaria caused by P. falciparum—that’s 150 to 300 every hour, day after day 
(Hay et al., 2004; Snow et al., 2005; Breman et al., 2007; Price et al., 2007). 
There are almost 400 million cases of  P. vivax malaria each year, with more 
than 60% in Southeast Asia; the Eastern Mediterranean region of  WHO 
records 12 million falciparum cases (mainly from Sudan, Afghanistan and 
Yemen) and up to 34 million cases of  vivax malaria. 

Malaria takes its greatest toll on very young children and pregnant 
women because of  their immunological susceptibility (Figure 2) (Breman 
et al., 2004). Severe acute attacks of  falciparum malaria can lead to anaemia, 
hypoglycaemia, respiratory distress, hypovolaemia and cerebral malaria; 
even with treatment, the fatality rate of  patients with cerebral malaria is 
about 20%. Chronic effects can be anaemia (especially if  drug treatments 
are ineffective), neurological and cognitive deficiencies (including 
epilepsy, blindness and paralysis), impaired growth and development, and 
malnutrition. Pregnant women with malaria are prone to anaemia and 
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their fetus may be aborted, stillborn or have a low birth weight (LBW) 
owing to parasite sequestration in the placenta; LBW is associated with 
high infant mortality. 

Goals of malaria control programs

Africa’s presidents set a number of  control-related goals, strategies and 
targets when they met at the malaria summit in Abuja, Nigeria, in 2000. 
These objectives were raised in 2007 by the Roll Back Malaria Partnership 
(Table 3). 

Table 3	 Malaria Control Goals, Strategies and Targets, 2000.

Strategy Targets for 2010  
(Abuja Malaria Summit, 2000; revised 2007)

Prompt access to effective treatment•	 80% of patients having access to and using correct •	
and affordable treatment within 24 hours of symptom 
onset.

Provision of insecticide-treated nets •	
(ITNs)

80% of children <5 years and pregnant women •	
benefiting from personal and community protection, 
such as ITNs.

Prevention and control of malaria in •	
pregnant women

80% of pregnant women at risk having access to •	
intermittent preventive treatment.

Epidemic and emergency response•	 60% of epidemics detected within two weeks of onset, •	
and 60% of epidemics responded to within two weeks 
of detection.

Source: Breman and Holloway (2007).
The goal was to halve the burden of malaria by 2010 (Roll Back Malaria Partnership)

They now aim to achieve 80% of  the following targets by 2010: giving 
people access to treatment and insecticide-treated nets; providing pregnant 
women with intermittent preventive treatment (IPT); and detecting 60% 
of  epidemics within two weeks and responding to them within two weeks 
of  notification. In addition, one of  the United Nations Millennium 
Development Goals includes a targeted reduction of  childhood mortality 
by 67% by 2015 (equivalent to 4.3% per year) (Wagstaff  et al., 2006). 

Most of  the objectives of  the malaria program address activities or 
process indicators, rather than specific malaria-related manifestations 
that cause disease and death. Breman and Holloway (2007) have 
defined several neurological, metabolic, haematological, biochemical 
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Deserts: the new 
Powerhouses for Energy 
and Water 

Hani El Nokraschy

Every country in the Middle East and North Africa (MENA) has an 
outstanding potential for solar energy. Concentrating Solar thermal Power 
(CSP) plants can be used to power the desalination of seawater, either 
by generating electricity or in combination with process steam, solving 
the problem of water scarcity in these countries. The AQUA-CSP study 
commissioned by the German Federal Ministry for the Environment, 
Nature Conservation and Nuclear Safety (BMU) and conducted by 
the German AeroSpace Center (DLR) quantified the potential of this 
technology in MENA countries and revealed the socio-economic and 
environmental effects of its widespread use. It has thereby provided a 
reliable database for decision-makers and policymakers in the water sector, 
and led to countries including this approach in their plans.
The growth of  populations and economies, increasing urbanization 

and industrialization, and the limited natural resources of  drinking water 
in MENA countries have led to serious shortages of  fresh water. These 
countries need to establish a modern infrastructure for water distribution 
and improve the efficiency of  water use and water management as soon 
as possible. However, they would still inevitably face considerable deficits, 
leading to the over-exploitation of  groundwater resources. If  they are to 
maintain a reasonable level of  water supply, they have no choice but to 
desalinate seawater. However, basing the desalination of  seawater on fossil 
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fuels is neither sustainable nor economically feasible in the long term, as 
fuels are increasingly becoming expensive and scarce. Concentrating Solar 
Power (CSP) offers a sustainable alternative to fossil fuels for the large-scale 
desalination of  seawater. But the problem of  water shortages is already 
pressing and MENA countries need to introduce CSP without delay. 

Introduction

Freshwater sources in the Middle East and North Africa (MENA) are 
persistently over-used. This is partly due to the low efficiency of  water 
distribution and use in these countries. Another reason is the continuous 
growth of  populations and economies in this region, as more water is 
needed for more people and for new cultural, economic and industrial 
activities. In the past decade, the exploitation of  fresh water in this region 
has exceeded the available renewable surface and groundwater sources, 
and leading to the over-exploitation of  groundwater resources (Saghir et 
al., 2000). The provision of  sufficient water is dependent on improving 
the efficiency of  water management, distribution and use, although a 
pre-requisite for water management is having enough water to manage. 
Improved water management can delay and hopefully avoid the premature 
depletion of  groundwater resources, but it cannot supply new, growing 
demands. That will require an increased supply of  fresh water, but from 
where?

Possible solutions to the problem range from the transport of  fresh 
water to MENA countries by tanker ship to the desalination of  seawater 
(El-Nashar, 2000; Gasson and Allison, 2004). But all these solutions 
require significant amounts of  energy. The sustainable supply of  water 
therefore requires a sustainable source of  energy, sustainable in this context 
meaning affordable, compatible with society and the environment, and 
secure. The prices of  fossil fuels such as oil or gas have increased by 300% 
since the year 2000, and there are serious concerns about their effect on 
the global climate from carbon emissions. In addition, there are increasing 
conflicts about energy sources all over the globe, so it is obvious that the 
conventional energy system is not compatible with the requirements of  
a sustainable, secure and competitive supply of  fresh water. As a result, 
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MENA governments are reluctant to invest in any of  these solutions, but 
are instead putting increasing pressure on their groundwater. This is only 
a temporary solution, however, and will have disastrous results when these 
resources are depleted. 

In pursuing solutions to energy shortages that seemed cheap and relied 
on proven technology, MENA governments have favoured solutions that 
are ultimately expensive. They hoped that investments in off-the-shelf  
technologies would guarantee a low-risk energy supply, but they were 
wrong. If  such a situation is problematic in the energy sector, it is totally 
unacceptable in the water sector, as water is a vital commodity. Building 
a water supply on conventional energy sources could lead to a critical 
situation in the medium and long term. A different approach is urgently 
needed, aiming at a sustainable supply of  both energy and water.

Concentrating Solar Power 

The desire for ‘least cost and proven technology’ has prevented MENA 
governments from using a clean, unlimited and economic source of  energy 
that is available on their doorstep: solar energy irradiated on the deserts 
and coasts (Figure 1). 

Each square kilometre of  land in MENA receives every year an amount 
of  solar energy that is equivalent to 1.5 million barrels of  crude oil. The 

Figure 1	 Annual direct solar irradiance in MENA countries and southern Europe. Pale 
colours indicate high irradiance.
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Figure 2	 Left: Generation of heat for multi-effect desalination (MED). Middle: Power 
generation for reverse osmosis (RO) and other uses. Right: Combined heat 
and power for multi-effect desalination and other uses.

technology to harvest, store and convert it to useful energy relies on 
concentrating solar power (CSP). A CSP plant the size of  Lake Nasser in 
Egypt (the site of  the Aswan Dam) would harvest an amount of  energy 
equivalent to the present Middle East oil production. The solar energy 
received on each square kilometre of  desert land is sufficient to desalinate 
165,000 cubic metres of  water every day. 
Large fields of  mirrors concentrate the sunlight to produce high-

temperature steam for power generation or for the combined generation 
of  electricity and heat; either way, energy is generated for the desalination 
of  seawater (Figure 2). Part of  the harvesteMixed-matrix membranes are 
hybrid membranes that consist of  nanoparticles imbedded into a polymeric 
matrix. The nanoparticles, often made of  a microporous material, allow 
much higher selectivity without compromising the flux. Various strategies 
are being investigated using a range of  different nanomaterials, including 
zeolites, carbon molecular sieves, porous particles and even non-porous 
fillers. The selectivity is dependent on the free volume in the polymeric 
matrix, the size and surface features of  the nanoparticles and the presence 
of  covalent bonding, for exampled solar thermal energy can be stored for 
the night, and conventional fuel or biomass can be used as complement 
to guarantee round-the-clock operation. Heat from concentrating solar 
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collectors currently has a cost equivalent to about US$50 per barrel of  fuel 
oil, with a cost reduction of  50% likely in the coming decade thanks to 
economies of  scale, mass production and technological progress, and this 
could fall to as low as US$15 per barrel by the middle of  the century. This 
represents a great advantage over fossil fuels. 

Concentrating solar power plants with unit capacities of up to 80 MW 
are presently in operation in the United States and under construction in 
Spain. The coastal CSP potential in MENA countries amounts to 5,700 
TWh/y, with a total potential of 630,000 TWh/y (Trieb et al., 2005); at 
the end of 2008, the total global capacity of CSP had reached 510 MW/y. 
The engineering of a first plant for the combined generation of electricity, 
district cooling and desalinated water has started in Aqaba, Jordan (Trieb 
et al., 2007a). 

Increasing demand for water 

The growth rate of  the population is one of  the major driving forces for 
the rise in demand for fresh water. The population growth scenario used 
here is based on the intermediate World Population Prospects (United 
Nations, 2004). According to that study, the population in the total MENA 
region will steadily grow from about 300 million today to around 600 
million by 2050 (Figure 3).

Figure 3	 Expected population of the analysed countries in 
MENA according to a medium-growth scenario 
(United Nations, 2004).
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The second driving force is economic growth, which can be assessed by 
the change in Gross Domestic Product (GDP). Long-term average growth 
rates for different countries have been selected in a range of  reasonable 
values, with most countries achieving a per capita income similar to that of  
present Central European countries by 2050 (Trieb et al., 2005).

Calculations of  the water demand for irrigation have been based on 
the population growth rate of  each country. This implies that the present 
per capita water consumption for irrigation will be maintained, along with 
today’s level of  per capita food production in each country. Efficiency 
gains lead to a closing of  65% of  the gap between present and best-
practice irrigation efficiency (70%) for all MENA countries until 2050. 
The model also assumes a 65% closing of  the gap between present water 
distribution efficiency and best practice (85%) until 2050. The general end-
use efficiency is assumed to increase by 1.8% per year, leading to a general 
reduction in water consumption for constant water services of  60% until 
2050. A similar development has been experienced in Australia over the 
past 40 years (Australian Bureau of  Statistics, 2006), for example. 

The resulting model of  the development of  freshwater demand in each 
country is shown in Figure 4. The demand for fresh water in MENA will 

Figure 4	 Freshwater demand estimated from the growth of 
both populations and economies.
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grow more or less proportional to the population; the additional growth 
of  per capita GDP and the related additional water services appear to 
be compensated by efficiency improvements. This demonstrates the 
crucial importance of  water management, efficient distribution and end 



	 Deserts: The New Powerhouses for Energy and Water 341

use. However, it also shows that these measures alone will not be enough 
to cover the future demand of  the MENA region, especially if  present 
demand is already over-using natural groundwater resources. 

Renewable Sources of Freshwater 

Our analysis of  the resources of  fresh water is based largely on data from 
the AQUASTAT Database of  the Food and Agriculture Organization 
of  the United Nations, available at http://www.fao.org/ag/agl/aglw/
aquastat/dbase/index.stm. The following definitions have been used for 
the water balances:

Renewable water = Renewable surface water + Renewable groundwater – •	
Overlap 
Exploitable water = Renewable water × Exploitable share •	
Sustainable water = Exploitable water + Reused waste water •	
Water demand = Agricultural demand + Municipal demand + Industrial •	
demand 
Deficit = Water demand – Sustainable water •	
Unsustainable Water = Deficit – CSP desalination = Fossil-fuel-based •	
desalination + Excessive groundwater withdrawal 

In our model, the amount of  reused waste water increases continuously 
from the present statistical values of  each country until it reaches a best-
practice rate of  50% within the municipal and industrial sector in the year 
2050. The sustainable water is shown in Figure 5 along with the agricultural, 
municipal and industrial freshwater demand of  the MENA region. Sustainable 
water increases with time thanks to presently untapped resources in some 
countries that will be exploited in the future and to the increased reuse of  
wastewater in the municipal and industrial sector. The difference between 
sustainable sources and water demand leads to a water deficit. 
There is already a significant deficit today, which is covered by 

seawater desalination based on fossil fuels and by the over-exploitation 
of  groundwater resources. As a result, groundwater levels are falling, 
salt water is intruding into groundwater reservoirs, and many regions 
in MENA are undergoing desertification. According to our analysis, 
this deficit will increase from 50 billion MWh per year, which is almost 
equivalent to the annual flow of  the River Nile to Egypt, to 150 billion 
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MWh per year by 2050. Egypt, Saudi Arabia, Yemen and Syria are the 
countries with the largest future deficits. Increasing efficiency of  water 
distribution, use and management to best-practice standards is already 
included in the underlying assumptions of  this scenario. It is obvious that 
MENA countries will face a serious problem in the medium term if  these 
standards are not implemented and additional measures are not initiated 
very soon. These additional measures should include concentrating solar 
power technology for seawater desalination. 

Using solar power for desalination

Both water and energy are available in abundance in MENA, in the form 
of  seawater, solar radiation and other renewable energy sources. Future 
water and energy deficits could be covered by solar thermal power plants, 
used in conjunction with thermal multi-effect desalination, and by using 
solar electricity for reverse osmosis. Other renewable sources of  heat and 
electricity will also be used for these purposes. We have not distinguished 
the individual potentials of  the different technologies for desalination, 

Figure 5	 Industrial, municipal and agricultural freshwater 
demand in MENA are shown in comparison with the 
sustainable freshwater resources of the region (white 
line). The increase in sustainable water is due to the 
increased re-use of water and to resources in some 
countries remaining presently untapped. 
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only their potential as a whole, and we have assumed that CSP would 
cover it all, as it has the largest potential for renewable energy in the region 
(Trieb et al., 2005). 
From 2020 to 2030, the growing freshwater deficit could be increasingly 

covered by desalination plants powered by renewable energy, mainly CSP, 
reducing the non-sustainable water supply, and providing most of  the non-
conventional water by the year 2030 (Figure 6). Until 2030, the increasing 
deficits will have to be bridged by fossil-fuel-powered desalination and 
the removal of  groundwater, in the hope that those resources will remain 
available and affordable until then. This may seem optimistic, but there are 

Figure 6	 Water demand in MENA until 2050 and coverage 
by sustainable sources, unsustainable sources and 
solar energy (CSP desalination). 
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Non-sustainable supply could be stopped by 2030
if CSP is introduced at maximum possible speed

no sustainable and affordable alternatives. It is reassuring that the potential 
of  CSP is not limited by either the availability of  solar energy or its cost. 
Indeed, the only limit on CSP is the speed of  CSP capacity expansion. 

However, a considerable increase in the non-sustainable use of  water 
will occur in the meantime, reaching a peak between 2015 and 2025  
(Figure 7). This calls for great improvements in freshwater management 
and the efficiency of  its use in both urban and rural regions if  MENA 
countries are to have a satisfactory and sustainable water supply. Seawater 
desalination using renewable energy is not an alternative; it can only 
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complement other measures. The measures recommended by the Food 
and Agriculture Organization (2002) include: 
Increasing irrigation efficiency (from less than 40% now to 70%)  •	
Increasing the efficiency of  municipal water distribution (from less than 50% •	
now to 85%)
Increasing the general efficiency of  all end users of  water by at least 1.5% per •	
year 
Avoiding upstream soil erosion resulting from excessive logging and other •	
activities 
Concentrating agriculture on high-value crops with low water demands•	
Avoiding the overexploitation of  groundwater resources, because this will •	
cause the groundwater level to sink and favours the intrusion of  salt water
Cleaning and reusing at least 50% of  municipal and industrial wastewater •	
Harvesting rain water in small-scale distributed basins and dams•	

Neglecting these measures would lead to a much higher deficit than 
that shown in Figure 6. A sustainable supply can only be achieved in time 
if  they are made a high priority (Gleick, 2004; Schenkeveld et al., 2004). 
To quantify the CSP potential for desalination, we have assumed in our 
model that all plants will be combined with multi-effect desalination, and 
all the electricity generated is used for reverse osmosis. Given the rapid 
increase in water deficits in MENA, this may be necessary to avoid a 

Figure 7	 Scenario of market expansion of CSP resulting from 
different studies for the local supply of electricity in 
Europe and MENA, for export of solar electricity from 
MENA to Europe, and for seawater desalination in 
Europe. Data from Trieb et al., (2005, 2006, 2007b).
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severe overexploitation of  unsustainable water sources. This model leads 
to a minimum installed (electric) capacity of  CSP needed to cover future 
water deficits in MENA and to the maximum possible speed of  expansion 
of  this technology. 

In MENA, the capacity of  CSP plants until 2050—if  they are installed 
exclusively for seawater desalination—would amount to a total of  65 
GW. North Africa (32 GW) has the largest potential for CSP desalination 
plants, followed by the Arabian Peninsula (25 GW) and the Western Asian 
countries (8 GW). 

CSP production of  115 TWh per year in 2025 and 550 Twh per year in 
2050 may be used for desalination purposes. This will require 10% of  the 
existing coastal CSP potential. After 2030, the CSP desalination capacity 
will be large enough to cope with the freshwater demand and less solar 
desalination will be needed.  

Water desalination and power generation

Obtaining sustainable supplies of  water and energy are closely related 
challenges for the MENA region. If  seawater desalination is a viable option 
to escape the threat of  a water crisis, a sustainable source of  energy will 
be required to power it. At the same time, the energy demand in MENA 
is growing rapidly, and a sustainable solution must be found for energy 
too. In the past decades, fossil fuels from MENA have been the motor 
of  the economic development in today’s industrialized countries. But 
just when MENA countries are starting to boost their economies too, 
those resources are now becoming scarce, threatening climate stability and 
depriving MENA from securing its own economic development. 

However, MENA countries have access to several different renewable 
energy sources, such as wind power, hydropower, biomass and geothermal 
energy, and solar energy, which on its own has the potential to exceed the 
world’s total energy demand by several orders of  magnitude. Less than 1% 
of  the land area would be required to power MENA in a sustainable way 
and to provide enough electricity for export to Europe to supply 15% of  
its demand by 2050 (Trieb et al., 2006). 
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Underlying a scenario for the expansion of  CSP technology in MENA 
(Figure 8), the cost of  concentrating solar collector technology will 

come down from around 300 US$/m² to about 150 US$/m² by 2015 
and 100–120 US$/m²  by the middle of  the century (Trieb et al., 2005). 
But considering also the introduction of  thermal energy storage and the 
option of  prolonging solar operation to base load, solar electricity costs 
from CSP in the long term will be as low as 0.04–0.06 US$ per kWh, 
depending on the solar irradiance of  the site (Figure 9). This will compare 
very favourably with electricity from fossil fuels, as combined cycle power 
stations using natural gas have an unsubsidised cost of  about 0.06 US$ per 
kWh with an increasing trend. 

CSP plants that produce both power and water can sell electricity at a 
competitive price and at the same time deliver water at the price shown 
in Figure 10. Shortly after 2015, water from CSP desalination will be 
considerably cheaper than water from conventional desalination powered 
by conventional fuels. In the medium term, it can achieve a price of  less 

Figure 8	 Cost of electricity from CSP plants compared with 
gas-fired (fossil fuel) and hybrid power stations, 
assuming a 5% project rate of return, 25 years of life, 
a fuel cost of 25 US$/MWh fuel cost, a 1%per year 
escalation rate and irradiance of 2,400 kWh/m²/y. 
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than 0.10 US$/m³, which would be competitive even for irrigation. Until 
then, a series of  pilot and demonstration plants of  a total of  5,000 MW 
capacity must be installed worldwide to achieve the necessary economies 
of  scale and cost reductions. MENA countries can participate significantly 
in this task, with major benefits for the region.

Figure 9	 Cost of seawater desalinated by CSP in co-generation 
with multi-effect desalination according to Figure 3 
(right) for a 0%, 5% and 10% project rate of return, 
assumed revenue for electricity, 7,500 full load hours 
per year, annual irradiance of 2400 kWh/m²/y. Data 
are from Trieb et al., (2007b). 
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Figure 10	 A scenario for the gradual but immediate transition to 
renewable energy in Egypt.
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Time for action in MENA

The MENA region is facing a water crisis on a scale that has never been seen 
before. But building a sustainable alternative will take a considerable time. 
That is why the governments of  MENA countries should act immediately 
to establish the political and technological conditions needed for efficient 
water management and for the rapid introduction and expansion of  CSP 
and other renewable energy sources for power and seawater desalination. 

Seawater desalination based on CSP offers enough affordable, sustainable 
and secure freshwater to cope with the growing deficits in the MENA 
region. In fact, it is difficult to envisage any viable alternative to CSP. 
Starting with zero installed capacity in 2008, it will take at least 10–15 

years until the CSP production capacity will be large enough to cope with 
the quickly growing water demand of  the region. Even with the fastest 
possible introduction and the full implementation of  efficiency measures, 
the unsustainable exploitation of  groundwater cannot be ended before 
2030. Even this is rather optimistic. However, a change to a sustainable 
supply is possible at least until the middle of  the century if  the necessary 
measures are initiated now.  There is no time to waste.

The challenge facing Egypt 

As a MENA country, Egypt faces the threat outlined above, and should 
respond immediately by shifting to renewable energy for its electricity 
supply. This is the first step towards sustainable seawater desalination.

The rapidly increasing demand for electricity in Egypt and the abundant 
resources of  renewable energy—notably hydropower, wind energy and 
solar irradiance—maker renewables the only logical choice. A complete 
shift to renewables is possible because of  the excellent potential of  CSP, 
which allows electricity generation in the night and on demand by means 
of  hybrid operation or heat storage. However, such a shift will take time. 
Even assuming that all new power plants built use renewables, this will not 
satisfy the demand, which is growing at a rate of  about 7% per year.
In the first decade, hydropower will be used, as it is already being planned. 

In the first and second decades, wind power will be used increasingly 
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to provide about 15–20% of  the installed capacity in the Egyptian grid 
(Figure 10). 

In the following decades, CSP plants must be built on a large scale to 
replace thermal power stations that go out of  service and to cover the 
domestic demand, especially the growing demand for desalination, and to 
have a surplus of  electricity for export to Europe. This can be the start of  
a large-scale Mediterranean Renewable Energy Partnership.

There are concerns that a high percentage of  wind energy might 
destabilise the grid, but Egypt can get round this by limiting its share to 
15–20% and installing extra capacity in the form of  conventional power 
stations and CSP with thermal storage to enable night operation and 
supply on demand.

After 2050, the share of  conventional power stations can be reduced 
by replacing them with CSP power stations, which will be able to produce 
electricity at much lower costs than can be achieved using oil and gas 
today.

The year of  German-Egyptian Science and Technology in 2007 offered 
an excellent opportunity to lay the basis for future cooperation between 
German and Egyptian scientists. They were able to establish a framework 
for shifting electricity generation in Egypt to 100% renewables during 
this century, and to enable electricity exchange with Europe within the 
Mediterranean Renewable Energy Partnership.

The mediterranean renewable energy partnership

Renewable energy resources are available all over the world with different 
intensities. However, they are not always abundant in the regions where 
energy is needed the most. The Mediterranean Renewable Energy 
Partnership means that renewable energy can be harvested where it is 
economic, with wind power from Northern Europe, the Gulf  of  Suez 
and Morocco’s Atlantic coast, and solar power from North Africa and the 
Middle East. The energy can then transmitted to where it is needed most, 
in central Europe, just as oil and gas are transported there now. It is more 
cost-effective to proceed this way than for each country to try to produce 
renewable energy from local resources, which may be weak.
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Solar thermal power stations offer the option of  hybridisation and/
or thermal storage. This will enable the production of  electricity day and 
night, and on demand, just like conventional power stations. The option 
of  seawater desalination increases their economical features. 

The German Federal Minister for the Environment, Sigmar Gabriel, 
told the fourth Middle East–North Africa Renewable Energy Conference 
in Damascus:

‘Solar energy offers huge potential, which is currently going all but 
unused. Studies on potential carried out by the German Aerospace 
Center conclude that solar thermal power plants in southern Europe 
and North Africa can make a significant contribution to sustainable 
energy supply in Europe.

This vision is groundbreaking: it means that in 20 to 30 years we 
will be able to obtain some of  our energy from solar thermal power 
plants.

To achieve this we need adaptation of  the political framework 
conditions in your countries and dismantling of  subsidies for fossil 
energies; at the same time we need to strengthen regional cooperation 
and provide joint investments for the expansion of  a stable electricity 
grid. An electricity grid that crosses borders and the Mediterranean 
poses no technical problems at all. There are already electricity grids 
between Spain and Morocco and hopefully there will soon be a first 
connection from Tunisia to Italy.

However, to ensure that electricity, for example from solar thermal 
power plants, can be conducted to Central Europe in the coming 20 
years, we need greater political will.’

The whole speech is available here: http://www.menarec.org/
MENAREC4.html.

Following the minister’s recommendations, a political and financial 
framework is essential to govern the activities of  such a huge project. 
In the early phase, European countries should provide strong support to 
MENA countries to accelerate its development. The target is for MENA 
countries to supply 10–15% of  Europe’s demand from clean electricity.

The Mediterranean ring, operating at 400 kV alternating current, is 
nearly complete. It can be considered as just the beginning of  commercial 
electricity exchange between the connected countries, as it only has limited 
capacity and the losses for long-distance transmission are too high. 
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For these reasons, another transmission technology will be adopted: 
High Voltage Direct Current (HVDC). This will connect with high-
performance lines, each one capable of  transmitting 5 GW, from the 
renewable-energy collection centres in North Africa and the Middle East 
directly to Central Europe (Figure 11).

Figure 11	 Three examples of HVDC lines connecting Europe with MENA. From Trieb 
et al., (2006). 

How the partnership will work

The best way to explain the framework suggested here is to use the 
example of  participation between Germany and Egypt. The first step is to 
establish a company in public–private partnership, with the participation 
of  the German and the Egyptian governments, to construct and operate 
an HVDC transmission line from Egypt to Germany. A German private 
company will establish a joint venture with an Egyptian private company 
to create a wind field or a solar thermal power station in Egypt. We will 
consider the case of  a solar thermal power station. The concept of  a solar 
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hybrid station, which uses fossil fuel to generate power at night, is chosen 
to ensure supply on demand. The solar electricity share, totalling at least 
20% of  the power generated, will be transmitted to Germany while the 
conventional share will be used in Egypt. In addition to electricity, the 
plant will produce desalinated water from the waste heat of  the power 
station, making the plant even more economical. 

What can Egypt do?
Egypt can transfer the subsidies for fossil fuels to a subsidy for electricity 

at the user side, giving incentives for electricity generated from a renewable 
source. It can offer free land and infrastructure to give the project a boost. 
It can then buy the conventional electricity share (for example at 0.025 
US$ per kWh) and buy the desalinated water produced (for example at 
0.50 US$/m³). It can then guarantee by law capital security and ensure that 
the project is free of  taxes for the first ten years.

What can Germany do?
Germany can set a quota for clean electricity and increase it each year by 

1% over the actual value for each electricity producer. This is compatible 
with the renewable-energy target of  20% set in 2020 by the European 
Commission and Germany. It can extend support to clean electricity 
for supplies from the HVDC lines from Egypt. It can set an incentive 
bonus for the import of  clean electricity over the price of  conventional 
electricity, for example €0.08 per kWh for solar electricity and €0.04 per 
kWh for wind electricity. It can give a priority feed-in to the German grid. 
The price bonus will be valid only for the clean share of  a hybrid system 
and is guaranteed for 10 years, after which the bonus is reduced by 10% 
each year.

What can both countries do?
Egypt and Germany together can establish a public–private partnership 

to build and operate the transmission lines.

A ‘Win–Win’ situation
Germany benefits from: 

Clean and cheaper electricity •	
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Employment as the machinery must be made and exported •	
Investing capital instead of  spending it burning fossil fuels•	
A diversification of  energy supplies•	

Egypt benefits from: 
The desalination of  large amounts of  water •	
The ability to sell electricity for a reasonable price.•	
Social and economic development•	
Employment and access to high technology •	

The environment benefits from: 
Less carbon dioxide emission•	
The development of  low-cost equipment and the extension of  the solar share •	
to 100% using heat storage

Conclusions

I have shown that it is possible, and even economically beneficial in 
the long term, to cover Egypt’s needs for electricity and water from the 
technology of  Concentrating Solar Power and other renewable energy 
sources. A favourable side effect is that the renewable energy available can 
cover all of  Egypt’s demands and provide a surplus for export to Europe 
in the framework of  a Mediterranean Renewable Energy Partnership.
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