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The World’s sustainability is our scientific responsibility and we must share knowledge to share a sustainable World

*****
It is the opinion of the Biosphere Systems International Foundation that the serious problems the Globe is facing regarding environmental and human existence issues are integrated problems.  Therefore we feel it is our responsibility to publish articles that discuss a variety of critical areas from experts.

The following paper assists in fulfilling that philosophy.  Leonard Koch has spent most of his professional life in the area of nuclear energy.  He is the recipient of the Global Energy International Prize.  He is the author of a number of books on the topic (see his list of publications on his page).

Read and become a Thinking Person!
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Meeting the World's demand for energy may be the most critical technical challenge in this century.  It will be caused by the continuing increase in demand for energy by an increasing world population and their desire to improve their standard of living.  It will become increasingly difficult to satisfy this increasing demand.  The challenge will be to do so.

Energy has become a basic part of life as we now know it.  It is used to perform virtually all work.  The sun has been the source of that energy; directly by man and beast to perform work and indirectly to sustain plant and animal life and produce products from which energy can be extracted.  Fortunately, this latter process has tremendous longevity (millions of years) and the World has been able to sustain and improve its standard of living by utilizing this vast, but finite, inventory of "stored energy".  Unfortunately, this stored energy source must be combined with oxygen (burned) to extract the contained energy and perform work.  This process is now thought to be detrimental to the environment.  As a result, providing more "burnable" energy sources is not an acceptable response to the challenge. 

The energy challenge is increased because one of its delayed energy sources, petroleum (and natural gas) has the very desirable characteristic of being both an energy source and an energy carrier, an attribute desired for transportation.  Because petroleum production is approaching (or at) it's limit (about 85 million barrels a day), alternative options are needed.

One of the most versatile "energy carriers" is electricity; it is now essential to life.   It can be produced in a variety of ways.  It is not necessary "to burn something" to produce electricity, even though more than half of it is produced in this manner.  Solar energy and wind energy can produce electricity on an intermittent basis while hydro and nuclear can produce electricity on a continuing basis "when the wind doesn't blow and the sun doesn't shine".  A significant increase in electricity demand should be anticipated, because it can substitute for other energy demands.

The most likely cause for increase in electricity demand will be to substitute for petroleum (and natural gas).  First to substitute for petroleum as a heat source and later as the energy source for energy carriers for transportation.  Petroleum resources are probably near (or at) their maximum production limit of about 85 million barrels a day.  Although major efforts are being made to reduce demand, future plans should presume that demand will exceed supply and alternatives will be required.  This should be a significant consideration in energy planning because substitution for petroleum represents a huge amount of energy.  Alternatives (such as ethanol) must be evaluated on the basis of the NET ENERGY which can be produced, including the energy which is consumed by its production.

Nuclear power is probably the most realistic alternative energy source for petroleum.  The other non-combustible energy sources are limited because they are intermittent (solar and wind) or geographically limited (hydro).  Also, alternatives to gasoline, such as hydrogen, will require a huge new infrastructure to produce, store and deliver.  Such an investment can only be justified if a large, sustainable energy source can be assured.

Uranium does represent such a potential energy source.  A pound of uranium (a volume less than a tennis ball) contains the energy equivalent to about 5,000 barrels of oil!  The "typical" nuclear power plants that are now in use extract only about 1% of that energy.  The remaining 99% of the energy is left in the "waste" in the form of spent fuel and depleted uranium.  The United States has about a million tons of this material in storage.  This material contains the energy equivalent to about 10 trillion barrels of oil.  [The US only consumes about 8 billion barrels of oil a year].   The International inventory is 2 or 3 times as large. 

Obviously this nuclear energy inventory, added to the reserves still in the ground, represents a virtually inexhaustible energy source.  If it can be developed it could supply all of the electricity demand for hundreds of years including all of the increases in demand which may occur.  What is needed is the technology for recycling nuclear fuel.  The nuclear energy "pioneers" recognized this requirement and correctly predicted that this technology would be needed if nuclear power was to achieve its real potential.  They also correctly predicted that this could be accomplished by recycling fuel in fast reactors. 

The feasibility of Fast Power Reactors has been demonstrated internationally, and much of the "science" involved in nuclear fuel recycle has been established, but the technology involved in performing these operations on a large scale has yet to be developed and demonstrated. 

The incentive for doing so is enormous.  Not only will this technology permit nuclear power to achieve its real potential, but it will also minimize the problems associated with the storage of the present "wastes".  The ideal fuel cycle would consume all of this material.  This would be achieved by conversion of uranium to plutonium and fission of the plutonium.  This is a complex process because a variety of additional isotopes are also produced.  The power cycle begins when non-fissionable Uranium-238, the dominant isotope, absorbs a neutron and is converted to fissionable plutonium-239.  Higher isotopes of plutonium and other actinides also are created by the absorption of neutrons; some are fissionable and others are converted to fissionable atoms, but all are eventually destroyed in the process.  All of these higher isotopes would be destroyed in an "ideal" fuel cycle by continually recycling the fuel.  The resulting "true waste" would contain only fission products, which have much shorter half-lives, and would be much easier to store.  [The volume of true fission product waste produced to provide a years supply of electricity for one person would be equivalent to a few aspirin tablets].

Energy plans must reflect the realities of our present knowledge but be sufficiently flexible to permit the incorporation of new and/or better technology in the future and incorporate the following features: (1) it should emphasize the development and application of non-combustion energy sources; (2) it should recognize that some combustion energy sources, such as petroleum and natural gas, have very unique capabilities as both energy sources and energy carriers and a new combination of energy technologies may be required to replace them; (3) it must recognize the depth of the World's dependence on energy and its reliable availability at all times.  These requirements must be incorporated into the assessment of intermittent energy sources as well.

Nuclear fission energy sources (and nuclear fusion energy sources, if feasible) appear to have the capability to become the World's primary energy source.  Therefore the Energy Plans should assign the highest priority to the development of the technology to extract that energy.  For nuclear fission, the primary need is the capability to extract all of the energy contained in uranium which requires complete fuel recycling.  For nuclear fusion, the primary need is to develop and demonstrate the feasibility of this horrendously difficult technology.  Because the potential benefits of fusion are even greater than fission, its development has received very significant International support.  Nuclear fission has not enjoyed similar support to achieve complete fuel recycle, even though it was known from the very early stages of its history that it would be required.
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