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The energy used worldwide may be increased fivefold  
and 80% renewable 

 
 
Most of the world present utilization of energy is for one billion people living in industrialized countries. 
It is likely that, in the second half of the century, ten billion people will have as average per capita the 
present revenue of these industrialized countries and most of their energy utilization. This will require 
about five times the present energy: it will be equivalent to 50 billion tons of oil or coal per year, most 
through 80 or 100.000 TWh of electric power, instead of 15.000 TWh now. Electric power will probably 
be used, as presently, in very large grids favouring the choice of best places for generating energy and 
possibly storing it. Most transport, including road, will be probably based upon electric energy (hybrid 
cars, hydrogen for trucks …) as well as for buildings (beyond solar thermal). 
Using as now fossil fuel for 80% of the electric power would mean, beyond an unacceptable climate 
warming, the end before 2100 of all identified fossil fuel resources (2.000 billion tons of oil; gas and 
coal): using also resources of Uranium 235 with present technology would only meet the world needs 
along 10 or 20 years more. 
It is thus necessary to use essentially, as soon as possible, the renewable sources of energy; they may be 
classified in 3 parts: 
- The 4th generation of nuclear plants, possibly in operation after 2040, which could be considered as 

renewable if using very little nuclear fuel quantities. It is an option, questioned in many countries, with 
remaining uncertainties. It appears hazardous to base on it all the human future; but this may be a part 
of the solution, if cost efficient and widely accepted. 

- All the renewable energies beyond wind and solar; most may be available continuously, including 
mainly hydraulic and geothermy. They are attractive but their total potential at a reasonable cost seems 
limited to 15.000 TWh/year less than 20% of future needs. 

- Photovoltaic solar and wind: quite all countries have much sun (mainly in developing countries) or 
much wind (mainly in industrialised countries). The key advantage of these energies is their potential, 
much higher than all needs along centuries: wind farms are already cost effective in many places; the 
present cost of photovoltaic is much higher but it is likely that it will be very acceptable within 10 or       
20 years, at least in sunny countries with low labour costs, i.e. for most world population. 
Environmental impact is reduced for photovoltaic: the wind development in Germany or Spain and the 
huge offshore possibilities demonstrate that environment impacts will not prevent a large wind 
utilization. The key present limitation of solar and wind energies is the fact that they are available one 
third of time, with fossil fuel thus necessary along two thirds; as fossil fuels should be limited under 
20% of total needs in the future, this could limit the wind and solar utilization to 10% of all needs. 

 
This limitation of wind and solar energies is based upon the hypothesis that it is not possible to store 
energy at an acceptable cost: this hypothesis is wrong for the quantities involved: if storing the wind or 
solar energy along one or 2 days, the need of fossil fuel is limited to a part of the weeks with little sun or 
wind; this may represent 10 or 20% of the yearly needs, instead of two thirds if there is no storage. Wind 
and sun may then supply 5 times the fossil fuel energy instead of half of it. Sharing of energy is 
represented next page with or without such energy storage. 
 
The total corresponding need of storage will be in the second part of the Century close to 200 TWh. The 
100 existing worldwide pumping stations operating between 2 lakes store only few TWh altogether but 
the technology is well known and the cost acceptable. The difficulty of creating two very large lakes in a 
same area at two very different levels will limit probably this inland solution to 10 or 20% of the future 
storage needs; but all this needs can be met if using the sea instead of lakes: it is possible to pump 
between the sea and high onshore basins; it is also possible to create atolls by artificial breakwaters and to 
build inside them dykes 50 m high closing high basins at sea with pumping plants between them and the 
sea. This solution (called Emerald lakes as being “green” and precious) avoids inland impacts of 
traditional dams and is based upon well known technologies: breakwaters, dams, pumping stations. And 
there are worldwide, along shore, many very large flat areas 20 m deep with sand, gravel or rock suitable 
for dykes foundation and material. Some hundreds atolls shall be necessary worldwide: for instance five 
atolls 10 or 15 km diameter shall be needed for 100 million people. This investment for storage, requiring 
along 50 years one per thousand of the world revenue, should later be used for centuries. 
 
The importance and flexibility of these storages will favour the quick adjustment of the energy supply to 
variable needs and an optimization of all energies utilization. Tidal and waves intermittent energies will 
be also favoured. 
 
Conclusion: A five fold increase of the worldwide energy utilization can be obtained with 80% 
renewable energies if storing them at some extent. This may be obtained at a rather low cost by 
proofed technologies. Using then essentially the local energy resources in most countries will reduce 
the risk of world conflicts. 
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Future world electric energy with 
wind and solar energy storage 

 
 

The nuclear share may be modified with  
adjustment by solar and wind 

 
 
 
 
 
 
 
 O  :  Oil and gas 
 C  :  Coal 
 H  :  Hydropower and miscellaneous 
 W  :  Wind 
 S  :  Solar photovoltaic 
 N  :  Nuclear 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Future world electric energy without 
energy storage 

 
 

The nuclear share may be modified with  
adjustment by coal (2/3), solar and/ or wind (1/3) 

 
 
 
 
 
 
 
 O  :  Oil and gas 
 C  :  Coal 
 H  :  Hydropower and miscellaneous 
 W  :  Wind 
 S  :  Solar photovoltaic 
 N  :  Nuclear 
 

 
 
 
 
 


