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Extensive use of nuclear power in the next century will be essential. The economic welfare of humans and the environmental quality of their world will in some significant measure depend on how well we tap its vast energy potential. However, no energy option, including nuclear, is without risk. With this paper we propose an institutional approach to the control of nuclear power that minimizes the most worrisome of those risks.





	 	The Great Need for Nuclear Energy in the Next Century


The world energy consumption rate today is estimated as huge, about 0.39 ZJ or 0.39x1021 J per year. Most of this energy is supplied by burning fossil fuels. However, the burning of fossil fuels is having an unacceptable impact on air quality. This is no longer just a local problem amenable to local solutions; we are all now profoundly affected by our neighbor nations actions. It is a truly a global problem, as was dramatized at the recent conference on global warming, which was held in Kyoto in December 1997. Nuclear power is the only known unlimited source of electricity that produces no chemical pollutants or carbon dioxide. One hundred nuclear plants with a generating capacity of 1 GWe each can produce 700 billion kilowatt-hours of electricity in a year with zero emissions to the atmosphere. Fossil systems producing the same energy will emit 110 to 160 million metric tonnes of carbon as carbon dioxide, depending on whether the source is gas or coal.


Exhaustion of some of the fossil fuels in the 21st century causes another serious concern. For example, the presently assured resources of the fossil fuels, i.e., oil, natural gas, and coal, would supply in total only 5.9 ZJ, 5.1 ZJ, and 25.7 ZJ respectively, whereas a recent projection of future world energy demand indicates an increase by 40-50%, or a consumption rate of about 0.6 ZJ a year, as soon as the year 2010. 


Use of solar energy in the future, including biomass energy, should therefore be encouraged globally by all means. However, the many investigations so far conducted on this type of energy source have shown that solar energy alone cannot meet the increasing world energy demand in the future. 


In addition, it is not only long-term shortage of energy supply that is of major concern. Even now, many regions of the world are not self-sufficient in energy resources and production, with some regions experiencing serious problems with both. Some countries such as China and South America, though not short of fossil fuels, do not possess at present environmentally acceptable energy production technologies for their resources. Even if it proves possible to ensure barely adequate electricity generation in the energy-deficient regions by using best available technologies, drastic environmental damage can be the result. Such concerns have been presented in recent predictions by the World Energy Council. 


For all the above reasons, the necessity for extensive use of nuclear energy in the future is obvious and the real question is then how best to achieve it. Here we argue that the use of fast breeder reactors in the future is inevitable because:


	(a) it can make efficient use of the available nuclear fuel resources and


	(b) it will minimize the risk of nuclear weapons proliferation by 		controlling the accumulation of plutonium.  


The potential for producing power from Pu and highly enriched uranium must be assessed with the above points in full view. The need to utilize these two materials for energy production prevails over the naive wish to dispose them at all cost because of fears of proliferation and nuclear waste. 


Nuclear technology itself, while seeking a major role in energy production, must address satisfactorily the key issues that currently preclude its further deployment in many countries, i.e., cost-effectiveness, safety, radioactive wastes, and non-proliferation. 


Major problems being encountered in using nuclear energy  


Today, there are two major problems being encountered in the use of nuclear energy in the world. One is an increasing concern over the proliferation of nuclear weapons. The other is how to deal with the spent fuels arising from the nuclear power plants being operated in the world. 


The first problem is associated with the continuous accumulation of plutonium from operation of the present types of nuclear power plants, i.e., non-breeder type nuclear reactors. The quantities of plutonium existing in the world at the end of 1992 were reported to total approximately 1,100 tonnes, with about 260 tonnes in military stockpiles and weapons, 90 tonnes as PuO2 separated from spent fuel, 60 tonnes in reactors and 670 tonnes in spent fuels. 


This already accumulated quantity of plutonium is quite large. To put the matter in perspective, the critical mass of plutonium is only a few tens of kilograms, even without a neutron reflector. Bombs are not large physical objects. For example, it was reported that in the fall of 1997 at testimony before a military sub-committee of the US Congress, a high ranking Russian official confirmed that small portable nuclear explosive devices to be carried in a suitcase were produced in the Soviet Union in the 1970’s and they still exist today, although he did not disclose whether those devices were made by using plutonium or higher actinides. The existing plutonium thus represents a very large number of bombs, assuming someone has the technical capability to make them. The concern about nuclear proliferation is legitimate and it stems from the existence of this vast quantity of plutonium sitting in locations all over the world. 


The second serious problem being encountered today in many countries with civilian nuclear programs is the continuous accumulation of un-reprocessed spent fuel arising from their nuclear reactors. 


It has been estimated by the IAEA that by 1995, the total quantity of the spent fuel that had arisen from the world civilian nuclear programs was 165,000 tonnes, of which about 110,000 tonnes had been stored as un-reprocessed spent fuel. 


Recent statistics reported by the OECD indicated that in 1994, 8,070 tonnes of spent fuel arose from the nuclear reactors operated in the member countries, whereas the total reprocessing capability of the member countries in that year was for 3,949 tonnes only. It means that approximately a half of the spent fuel produced could not be reprocessed and had to be stored as un-reprocessed spent fuel. 


If one looks into the situations of individual countries, the problems appear already rather serious in several. The US, for example, produces about 2400 tonnes of the spent fuel annually. Since President Carter initiated a policy of no reprocessing, the continuous accumulation of spent fuel is an issue in the country. In Japan, the quantity of the spent fuel currently arising annually is about 900 tonnes, which is increasing gradually as nuclear program expands. It is noteworthy however that the quantity has already exceeded the capacity of the reprocessing plant under construction in Japan, i.e., 800 tonnes per year. France and the UK have large reprocessing capacities, but they are providing a part of the capacities for reprocessing spent fuel from other countries, like Germany and Japan. Consequently, even in France, in 1996, while about 850 tonnes out of the total 1200 tonne spent fuel which arose from the French reactors in that year were reprocessed, the rest of about 350 tonnes were stored as un-reprocessed spent fuel. 


Recent projections made by the IAEA indicate that the amount of the spent fuel arising annually from the world civilian nuclear program will grow gradually from about 10,000 tonnes of heavy metal in 1993 to over 12,000 tonnes of heavy metal in 2010, whereas the projected reprocessing capacities of spent fuel in the world will remain virtually constant; i.e., 5,565 tonnes in 1995, 5,055 tonnes in 2005, and 5,765 tonnes in 2010, even with operation of a new reprocessing facility in Japan during that period. There is at present no plan to increase the reprocessing capacities thereafter. Thus, if one extrapolates the current trends to the future, the projected cumulative quantity of the un-reprocessed spent fuel to be stored would amount to about 200,000 tonnes by 2010. 


These general trends are projected to last well beyond 2010. It poses an increasingly serious problem to many counties. It forces those countries with a civilian nuclear program to increase continuously their storage capacities for spent fuel. At the same time it also creates growing concerns about the risk of nuclear proliferation. It should be noted that longer storage of spent fuel will unfortunately allow easier extraction of plutonium, because of the gradual decay of the radioactivity associated with the spent fuel as time elapses. 


An estimate recently made by the IAEA indicates that in total, about 50 tonnes of plutonium are produced yearly from the operation of the civilian nuclear reactors in the world. In the past, very little of this plutonium has been consumed in the civilian nuclear program, primarily due to the delay of deployment of fast breeder reactors and limited use of plutonium in the form of mixed oxide fuel in thermal reactors. Thus the total quantity of the plutonium accumulated is increasing year by year.


This lack of balance between plutonium consumption and production is causing a difficult situation. For instance, an imbalance between the quantity of separated plutonium from spent fuel and the quantity of plutonium used in various reactors had resulted in a “separated” plutonium inventory of about 126 tonnes at the end of 1995, and it is projected that the quantity will increase to about 190 tonnes by the year 2000. Another imbalance between the reprocessing capacity and the quantity of spent fuel arising from power reactors had caused a situation where the quantity of plutonium in the spent fuels stored at the beginning of 1996 might amount to more than 800 tonnes. 


Projection of the present situation into the future implies that the cumulative amount of plutonium from the worldwide civilian nuclear program will increase to about 1,010 tonnes in total by 2000, and probably to about 1,520 tonnes by 2010. 


World concern about the risks of nuclear weapons proliferation associated with the peaceful uses of nuclear energy stems from the situations described in the above and has been quoted often as serious already. Therefore, the world needs an effective means to cope with the increasing risks of the proliferation. 


At this point in the discussion, however, one must also recognize that the plutonium already stockpiled in the world is indeed an indispensable fuel for energy production in the future society of mankind.  For this reason, this stockpiled plutonium is a precious resource and should be preserved properly for future, primarily for use as the initial fuel inventory for future fast breeder reactors.


For instance, every fast breeder reactor with a power of 1 GWe would require about 5 tonnes of plutonium for its initial inventory. It means that the quantity of plutonium already accumulated in the world would suffice for building more than one hundred fast breeder reactors with 1 GWe and the total power of such reactors would amount to roughly a half of the total capacity of the nuclear power plants currently operated in the world. This implies that if the stockpiled plutonium is preserved properly, there would be practically no global constraint for worldwide deployment of fast breeder reactors in the future, at least with regard to the fuel needed to start them up.


From a viewpoint of minimizing the stockpile of plutonium in the world, early worldwide deployment of fast breeder reactors for energy production is highly desirable. Furthermore, it should be noted also that for a given amount of electric energy, the quantities of spent fuel arising from fast breeder reactors will be significantly less than those from light water reactors. For example, the quantity of spent fuel from a fast breeder reactor will be approximately one half that from a light water reactor with the same electric power output, in terms of the weights of the relevant heavy metals in their spent fuels. Deployment of fast breeder reactors would therefore also ease the problems of spent fuel storage in the future. 


	       	The Need for an  “International Nuclear Fuel Bank”


Soon after the end of the World War II, a concept for controlling the use of nuclear energy in the world, called the Baruch Proposal, was presented by the US delegation at the first Atomic Energy Committee Meeting of the United Nations in 1946.  But it was not supported and implemented by the concerned parties. 


In December 1953, the US President Mr. D. D. Eisenhower made a famous address at the 8th General Conference of the United Nations, in which he proposed a new guiding principle for the utilization of nuclear energy for peaceful purposes in the world. The address was called  “Atoms for Peace”, receiving worldwide support. This led to the formation of an international organization for the purpose, the International Atomic Energy Agency, or “IAEA.” After that the use of nuclear energy began in several countries. 


The present approach to the control of proliferation of nuclear weapons, pursued by the IAEA now for the several decades, is based primarily on “inspection of nuclear materials.” Many knowledgeable experts believe, however, that this institutional approach has not been very successful.  


Moreover, a large amount of weapon’s grade materials accumulated during a short period of time as a result of arm’s reduction has aggravated the problem of non-proliferation. To make matters worse, nuclear weapons can be produced using the materials in conditions previously regarded as non-weapon’s grade, if the contemporary advanced technologies for the purpose are available. 


To minimize the proliferation risks of nuclear weapons and at the same time to maximize the efficient use of civilian nuclear energy in the world, a prudent worldwide institution to facilitate the use of nuclear energy appears necessary. 


i.	Such an institution is proposed and called hereunder the “International Nuclear Fuel Bank.” The institution may be characterized as follows; 


ii.	It is a worldwide institution into which any individual enterprise or country, to be called hereunder customers, can deposit their nuclear fuels containing plutonium or enriched uranium. All the enterprises and countries in the world, using nuclear energy, are encouraged to deposit into the bank their fuels that are not needed for immediate use. 


iii.	Each enterprise or country, i.e., customers, can deposit, withdraw, and trade the needed amount of fuels containing plutonium or enriched uranium at the bank, whenever they need to do so. 


iv.	At the request of the customers, the bank delivers nuclear fuels to the customers, with appropriately safeguarded means for the transportation. Also, at the customer’s request, the bank receives nuclear fuels from the customers at specified places and transports the fuels to its repository with safeguarded means for the transportation. 


v.	It is desirable that the bank has at its repository a capability of reprocessing spent fuels as well as repositing radioactive wastes, in addition to the capability of fuel enrichment. 


vi.	The bank should have a few physical repositories of nuclear fuels in the world. Each repository should be located in an isolated territory, not under the jurisdiction of any particular country, e.g., a territory under the United Nation’s trusteeship, and it should be safeguarded properly. 


vii.	The bank is operated by the funds provided by the concerned enterprises and countries, including the customers, and the handling charges of the nuclear fuels, that are to be paid by the customers. 


The inspection system of nuclear materials currently pursued by the IAEA needs to be modified in accordance with the policy as well as the implementing procedures of the bank.  Effective execution of such a properly modified inspection system will ensure to control unauthorized diversion of nuclear materials and enhance the function of the bank for non-proliferation of nuclear weapons.


The essential function of this bank may resemble to that of an ordinary monetary bank. The money depository function of today’s monetary bank significantly reduces the risks of preserving and handling a large sum of money by individuals. As a result, this function of the monetary bank leads to minimizing crimes in the society as well as facilitating daily life of the people. 


Implementation of the concept described in the above will not be able to eliminate the proliferation risks of nuclear weapons completely.  Nonetheless, should the world nuclear fuel bank proposed here function properly, it will be effective on reducing the proliferation risks to acceptable levels, far below those we now must face. The key is that the enterprises and countries, i.e., owners of materials susceptible to making nuclear weapons, will voluntarily leave their jurisdiction over these materials to the bank. 


If such a banking system is implemented, there will be only a few repositories in the world needed for accommodating these nuclear materials, which will be bound to facilitate their safeguarding, closing of the fuel cycle and waste management. 


In addition, the bank will receive spent fuels from the customers at their requests. Therefore, the necessity to increase forever the storage capacities of their spent fuels will virtually varnish. 


Thus, the bank will not only prove to be efficient in ensuring the non-proliferation of nuclear weapons from the civilian nuclear program in the world, but will also provide practical means to facilitate global utilization of nuclear energy, in contrast to the projects seeking the means to do away with plutonium and highly enriched uranium at whatever cost. The bank will serve developing countries as well as all the other energy consumers in the developed countries alike. 


Not the least important is that facilitation for using nuclear energy with the suggested strategy will help relieve the political tension around the major fossil fuel deposits, primarily in the Middle East. More of the fossil fuel reserves can be used for indispensable purposes other than energy production, not simply burn such valuable natural resources for the descendants of mankind.


 				Concluding Remarks 


More than half a century has passed since the first nuclear fission chain reaction was achieved in Chicago in 1942. Today the evidence is becoming increasingly clear that our descendants will undoubtedly need this type of energy for maintaining their civilized society. There are, however, serious problems to be resolved in order to use this type of energy properly, as we have discussed. 


The concept proposed in this paper for mitigating the major concerns and difficulties being confronted today in the use of nuclear energy is still in a very preliminary stage, and it will certainly need careful and extensive investigations in order to develop a workable plan to implement the concept. Perhaps it may not be easy, but it appears very clear that some actions have to be initiated immediately in order to mitigate the concern and difficulties, otherwise the world will face increasingly serious risks and difficulties in the coming century. 


It is the authors’ strong opinion that proper actions must be initiated as soon as possible in order to provide a safe and acceptable path to the society of mankind in the next century. The authors believe this is the duty of the people of this century, who so freely and incautiously consumed and benefited from the precious fossil resources formed over many millions of years.
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