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Abstract - The global sustainability is a key word of the future energy system for human beings. It 
should be friendly to our earth. Hydrogen energy is a critical resource to sustainable energy 
development. Over the coming decades, rapid economic growth will necessitate expanded and 
diversified energy supplies. This study is proposed to illustrate the attention to the opportunities and 
possibilities of connecting the energy consumer in North Mediterranean countries, to the reservoir of 
the Great Sahara of North Africa using hydrogen as a solar energy carrier. It also discusses 
cooperation between North Africa and north sides of the Mediterranean that has been going on for a 
long time, in oil and natural gas industry, and why can not be done in solar hydrogen energy industry, 
which will reduce pollution and will last for ever. Clearly, North Africa is major bilateral partner with 
the Europe and the people of the two shares of the Mediterranean will be work together and to built 
strategic relationships for many decades. In the future, North Africa countries are well-positioned to 
play a greater role in the Europe clean energy equation. Demographically, interregional migration due 
to economic concerns will decline. Now, there are good chances to start such cooperation for the 
benefits of all partners. 
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1. Introduction 

 North African countries have an optimum solar resource, being essentially arid or semi 
arid, other than petroleum and natural gas whose reserves are limited and they have been 
declining. North African countries could face an energy deficit within the next decades [1]. 
Solar energy appears to be the on1y logical option. On the other side, the European Union, 
EU, for instance, is requiring its members to boost electricity from renewable to 22% of 
production by 2010 [2]. The first demonstration plants of solar hydrogen energy could be 
built and operated in cooperation between countries with clean energy shortages and with 
increasing pollution, but having advanced technology and Know How Exchange, EU, and 
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countries with abundant clean solar energy, but in shortages of advanced technology.           
North Africa countries have the largest Sahara of Africa; it extends between the Western 
Sahara in the West and Libya in the East. It is also bordered by the Atlas Mountains and the 
Mediterranean Sea in the North, with about 2600 Kwh/m2 annual solar irradiance and 3500 
hours of sunshine [3]. It represents a huge reservoir of clean energy that could supply Europe 
with its energy needs for centuries without fear of depletion (Fig. 1). This reservoir of solar 
energy is located just the south of Europe, where the infrastructure for energy transportation 
to Europe, undersea pipe lines and tankers, is available. The main goal of this paper is to draw 
the attention of the governments and businesses in Maghreb and in the EU to the 
opportunities and possibilities available now to start cooperation in exploiting this clean 
energy, in the same way done between the two sides in exploiting oil and natural gas. Some 
oil companies (Total, Shell, BP, ..) are now investing in solar and hydrogen energy around the 
world.  
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5. industrialization 
6. significance of science and technology 
7. gender equality 
8. climate living conditions  

 
It is not exaggerating to say that the regions Europe on one side and MAGHREB on the other 
are separated by a large cultural and infrastructural gap. But by the history and by geography 
they are neighbours, and they have significant commons. The most important and challenging 
common however is their future. The process of globalization leaves no perspective for 
continued separation. Modern means of communication and transport irreversibly put an end 
to sealed societies. Problems, unrest and wars cannot be concealed. Globalization is a 
challenge to the Mediterranean riparian countries to pay careful attention to how the shape 
their common future. Are we doomed to a clash of civilizations or can we use differences as 
complementing capacities for synergies, in support of achieving common goals? In fact, there 
are goals that either side would consider as an advantage: 

 
1- peace within and between these regions 
2- energy security 
3- water security 
4- environmental stability 
5- sustainable and fair prosperity 

 
The study demonstrates how cooperation for hydrogen energy could generate win-win 
configurations and bring all these goals into reach. Some remaining questions are: 
 

1. could the common goals overcome frictions and suspicions based on cultural 
differences? 

2. can these regions co-operate without endangering their cultural identities?  
3. can all countries become winners of a co-operation?  

 
A positive answer to question 1 is the big hope fort he common future of theses regions. In 
fact, co-operation for the use of Hydrogen energy bears the promise of enclosing or even of 
eliminating the frictions due to the present struggles for access to the limited fossil energy 
resources in North African countries. The answer to question 2 depends on the intention 
behind the co-operation. If the intention of one side is to impose its cultural values onto the 
others, then co-operation will no longer be embraced by the others. The drive for any cultural 
or societal development must be coming from inside the respective society. The frameset for 
co-operation on renewable energies must exclude its abuse for cultural, economic or political 
hegemony. Question 3 can be answered with a clear yes if proper political and economic 
general conditions were in place. In summary, a proper political framework for hydrogen 
energy partnership must 
 

1- Enable feasibility and enhance productivity of the co-operation 
2- Ensure advantages for all sides 
3- Support stability of the interregional relations 
4- Bar the abuse for hegemony and cultural domination. 
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4. Scenario for Solar Hydrogen Energy via Sustainable Electricity – S2HE 
  
 The S2HE demonstrates the capability of a well balanced mix of renewable and fossil 
energy sources to provide secure, inexpensive and sustainable electricity for the supply of 
each of the European countries. Renewable energy can provide the necessary amount of clean  
energy to achieve the targets for climate stabilization and reduce the consumption of fossil 
fuels to the rare times when renewable energy supply and electricity demand do not coincide. 
The strategy of reducing fossil energy use to peaking power allows for firm capacity on 
demand and at the same time reduces the reduces the consumption of fossil fuels that are a 
very valuable, ideally stored form of energy that should be exclusively used for that purpose. 
Europe has plenty renewable energy sources for power generation (table 1).  
 

Resources maps  Energy demand (TWh/year) 
 
Biomass 

 
       620 

Geothermal        380 
Wind energy      1520 
Hydropower         910 
Solar energy      1730 
Solar Energy (Algeria) 169 440 

 
Table 1: Renewable energy resources maps for the European regions and Algeria.  All demand sum up to 5160 
TWh/Year. The total future electricity demand of the analyzed countries amounts to about 4000 TWh per year.   
 
Their total economic potential amounts to about 145% of the expected future electricity 
demand. This suggests that the coverage of the demand by 100% should be achievable within 
a time span 50 years. However, 60% of this potential comes from wind and solar energy, both 
fluctuating resources that can provide electricity, but almost no firm power capacity on 
demand (Table 2). Moreover, the potentials are not distributed uniformly, but are concentrated 
in typical regions, e.g., hydropower in Scandinavia and the south central mountains, solar 
energy in the south, wind energy at the northern coasts and geothermal energy in south and 
Eastern Europe. Therefore, only 80% of the power mix of the year 2050 will be derived from 
renewable energies.  
 
5. Global context: Environmental state 

 
 The development of renewable energy sources and rationale use of energy was a 
central aim of the world energy policy in last decade. The limitations in the exploitation of 
conventional energy resources and the necessity of the reform energy policies have given new 
impulse in development of these environmental friendly energy technologies. In this context, 
NA countries signed and ratified into the United Nations Framework Convention on Climate 
Change (UNFCCC). In addition, Algeria has recently accessed the Tokyo Protocol. However, 
since 1994, CO2 emissions have increased and the contribution of renewable energy sources 
in Maghreb is strongly low.   
  
 Maghreb is able to take a more active part in the development of new technologies for 
exploiting and utilizing renewable energy. Maghreb has significant potential for exploiting 
renewable energy, and has an area where many remote villages can benefit from renewable 
energy sources applications. Application of solar energy has already been developed and can 
be assured as matured. The best of our knowledge, renewable energy sources and rationale 
use of energy available information in Maghreb is still rare in the international literature.  
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Table 2: Some characteristics of contemporary power technologies *Contribution to firm power and reserve 
capacity, ** Average annual utilization. 
 
 
6.  North African’s Energy Reserves: Example of Algeria 
 
 The first oil discovery in Algeria was made in 1948 at Oued-Gueterini near Sidi-
Moussa. Algeria reserves of oil are about 11.8x109 barrels [4]. Algeria consumed 246,000 
barrels per day in 2004, some 13% of its production (0.3% of world total energy 
consumption). Algeria ranks the 3rd among the oil producing countries of Africa and the 12th 
in the world. Algeria’s Sahara blend oil 45°API with negligible (0.05%) sulphur content is 
among the highest quality the world. World reserves of oil are about 1x1012 barrels [4] and 
world consumption is about 75x106 barrels (8.6x106t) a day. World reserves of natural gas are 
about 1.4x1014 m3, gross production of gas is about 2.4x1012 m3 per day [5]. An Algerian 
reserve of natural gas is about 4.6x1012m3, the seventh-largest in the world and is the second-
largest gas exporter. Only 15% of the total has actually been produced. In 2004, Algeria 
consumed 29% of its production. The Algerian government has encouraged the domestic use 
of natural gas which now represented over 63% of the country’s total energy consumption in 
2004. World coal reserves are about 9.1x1011 tons. Annual consumption is about 4.5x109 

tones per year. Algerian coal reserves are 44 millions tons. Algeria generated 25.8x109 kWh 
of electricity in 2002 [5]. Conventional thermal sources of which natural gas accounted for 
97%, contributed almost all of Algeria’s electricity supply, supplemented by a small amount 
of hydroelectricity. As of 2002, Algeria had 5.93 GW of installed generating capacity. 
Algeria’s electricity demand is growing at a rapid rate and the country will require significant 
capacity incoming years.  
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7.   The Great Sahara of North Africa 

 The great Sahara covers 86% of the entire countries, and it represents the largest 
Sahara in the world. With its high solar insolation, long hours of sunshine and about 82% 
unused land, it can be considered as limitless source of clean energy that can supply Europe 
with more than of its energy requirements for long centuries. The North Africa countries with 
high population growth rate, 2%, and willingness to better their lives, are demanding more 
energy to meet the new population needs and to improve the quality of life of the existing 
people. This means connecting electricity to every home in villages scattered in or around the 
desert which is impossible to do with the existing energy centralized systems. Few of these 
regions possess limited electricity and water resources.  

8.  Europe and clean energy requirements 

 Global energy demand is expected to triple by mid-century and Europe will have a 
huge piece of this amount of energy 73 million TJ, for 2000 and 300 million TJ, for 2050 [6] 
required to move the world. If it is supplied by burning fossil fuels, it would produce shout 3 
billion metric tons of CO2 alone. Investing in solar energy of North Africa will help the 
people living in the Sahara or on its borders develop their life due to receiving electricity and 
other forms of clean energy, that could result in stabilizing the region, by creating jobs and 
prosperity. Also, some people would stop cutting trees and others reduce burning of fossil 
fuels, thus reducing their share of CO2 emissions. 

9.   Maghreb, Europe and energy relationship 

 Maghreb is one of EU’s strategic partners. Maghreb and Europe, looking at each other-
face to face- through the Mediterranean Sea, have established a vital energy relationship for a 
long time, and it appears that there is no alternative for its continuation through the next 
decades. In the past, some of Maghreb countries imported coal from Europe to generate some 
of their electric power required to start modernization of their countries. Later on, the trend is 
reversed, where European companies have invested, a lot of money exploring for oil, and then 
natural gas, in the region, which also included production, transportation, refining and 
consumption.  

 There are now undersea pipe lines transporting natural gas from Algeria to Italy and 
Spain, and from Libya to Italy, where it can be distributed to whole continent (Fig. 2) and is 
expected to continue with fossil fuels, but what this paper is calling for is to widen this energy 
relationship to include solar and solar hydrogen energy, in order for these energy and other 
relationships to be sustainable development for many decades to come. Now, both sides of the 
Mediterranean are, and will be, facing some problems that can affect both of them in the 
future.  
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  Figure 2: Undersea Pipe lines from Algeria & Libya to Spain & Italy [7]  

 Increasing energy demand, on both sides, complication of the pollution problems, on 
northern side, unemployment, on both sides, diminishing traditional energy resources that will 
affect both sides. Taking the above problems seriously, thinking in the next generation, 
thinking the relations between oil companies and local governments as an example, there is no 
doubt that some small projects, at least, can be started to exploit solar that can be tram ported 
to Europe in the Form of gaseous hydrogen through undersea pipe lines. For practical 
example: Oil Companies working in the region, in agreement with local governments, can 
include small solar hydrogen projects and construct them around their oil fields, that can be 
operated with cooperation between solar energy institutions in both sides. 

10. Hassi R’Mel Solar Valley Project in Algeria 

 In 2002, Sonatrach and Sonelgaz formed a new, renewable energy joint venture 
company, called New Energy Algeria or NEAL, have invited expressions of interest in a 
hybrid solar-gas project that will be set up at Hassi R’mel. The complex will comprise a 130 
MW combined cycle, with a gas turbine power of the order of 80 MW and a 75 MW steam 
turbine. A 25 MW solar field, requiring a surface of around 180.000 m2 of parabolic mirrors, 
will be the source of non-fossil energy. Successful management of this technology will enable 
costs to be reduced and solar energy to become a supplementary source to hydrocarbons for 
future generations as well as for exporting electricity to Europe. Investments of nearly 140 
million US $ will be contributed by the German Investment Bank KFW and the European 
Investment Bank. 

11- Conclusions 

 There is a real need to develop solar hydrogen projects in Maghreb to harness the 
energy reservoir for the benefits of both sides of the Mediterranean, and for the planet earth. 
We are confident this Forum will further advance our understanding of the mutual benefits to 
be derived from enhancing our relationship and from overcoming obstacles in increased 
bilateral trade.  
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