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1 The demand for primary energy and electricity 
is increasing year by year.

2 The global warming is becoming a more 
serious problem.

3 The development of renewable energy has to be 
promoted. However, it will require sufficient 
resources of time and budget.

4 Human beings cannot help depending on nuclear 
energy as well as other energy resources which do 
not emit CO2.



5  Nuclear technology must be developed

5-1 The safety technology of nuclear energy has 
to be developed for the future.

5-2  The technology for the back-end of the 
nuclear fuel cycle has to be enhanced.  The site 
for final disposal of nuclear wastes has to be 
determined as soon as possible in Japan, which 
is a responsibility of the Central Government.



• 5-3  The research and development of 
innovative technologies, such as Accelerator 
Driven Systems,  have to be promoted in order 
to encourage  the progress of final disposal.

• 5-4  The research and development of nuclear 
technologies for reactor decommissioning, 
safety technology, back-end, etc., have to be 
promoted intensively through international 
cooperation.



1. The demand for primary energy and electricity 
is increasing year by year.
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Fig.1 Estimation of World Population(medium variant)

Source: Population Division of the Department of Economic and Social Affairs of the United 
Nations Secretariat World Population Prospects: The 2010 Revision, 

http://esa.un.org/unpd/wpp/index.htm
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A simple arithmetic tells us that the total 
demand for primary energy in near future will 
be 3,2 more than the present consumption.

10𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
7𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

×
4𝑡𝑡𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏𝑡𝑡

1,8𝑡𝑡𝑏𝑏𝑏𝑏𝑡𝑡𝑏𝑏𝑡𝑡
= 3,2





The demand in countries other than OECD in 
2035 will be 1.6 times more than in 2010.  The 
demand for primary energy in the world in 2035 
will be 1.35 times more than in 2010.  We 
should be careful that this increase of 35% will 
occur only in 25 years from now. 

11347𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀
6972𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀

=1,6



If this increase continues linearly for the next 
100 years, we find a 140% increase, namely 
altogether 2.4 times more than the present 
consumption. 



According to IEA, the demand for electricity in 
the world in 2035 will be 1.73 times more than 
in 2011, which is an increase two times as fast as 
that for the primary energy.  See the second 
table.

31859𝑇𝑇𝑇𝑇𝑇
18443𝑇𝑇𝑇𝑇𝑇

=1,73





2  The global warming is becoming 
a more serious problem

According to the Working group Ⅰ Contribution 
to top the IPCC Fifth Assessment Report Climate 
Change 2013.



Warming of the climate system is unequivocal, 
and since the 1950s, many of the observed 
changes are unprecedented over decades to 
millenia.  The atmosphere and ocean have 
warmed, the amounts of snow and ice have 
diminished, sea level have risen, and the 
concentrations of greenhouse gases have 
increased.









Professor Akimasa Sumi and his collaborators 
have carried out computer simulations using 
climate models for many years.  
According to their results, it seems very very
clear that the anthropological emission of 
greenhouse gases (mainly CO2) is a main 
contributor to the global warming.



２０Century Climate Change Simulation by MIROC-Earth 
System Model
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3  The development of renewable energy 
has to promoted.  

However, it will require sufficient 
resources of time and budget.
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The electric power generated by renewable energy 
is predicted as Fig.   shows.  
The electric power generated by renewable energy 
other than water power increases very slowly 
from about 4% in 2010 to only 15% in 2035, 
as shown in Fig.   , while the electric power 
generated by nuclear energy will be kept almost 
constant from 13% in 2010 to 12% in 2035. 



Development of renewables-based electricity generation in Germany

 Increased trippled(from 2000 to 2011)

Source：BMU）「Entwichlung der erneuerbaren Energien in Deutschland im Jahr 2011」

（GWh） 【Generated Energy of Renewables-based Electricity】



Taking off that generated by water power, 
we have 82.9 billion kWh.  The total electric 
power generation in Japan was 976.2 billion 
kWh in 2010.  
Namely the electric power generated by 
renewable energy other than water in Germany 
in 2010 was only 8,5% of the total electric 
power generation in Japan in the same year. 



The electric power generated by nuclear energy 
in Japan was 300.4 billion kWh in 2010.  
Therefore the electric power generated in 
Germany by renewable energy other than water 
in 2010 is only 28% of it. 



Even if Japan strives as much as Germany,
it takes at least thirty years to replace the nuclear 
energy by renewable energy.  
Meanwhile Japan must depend on fossil fuel, 
which increases the CO2 emission into the air.  
In order to import fossil fuel, the deficit in foreign 
trade of Japan, which is now already more than 4 
trillion yen (about $40 billion), will continue to 
increase.



When we stop all nuclear power stations in 
Japan, the renewable energy must be increased 
not only to replace the nuclear energy but also 
the energy produced by fossil fuel.  It is really 
possible in near future?  It is time for us to 
deliberate the future of energy in Japan in order 
to guarantee the energy security, to avoid the 
global warming and to stabilize the economy of 
Japan.



4 Human beings cannot help depending on 
nuclear energy as well as other 
energy resources, 
including renewable energy, 
which do not emit 
CO2 into the air.



It is now very clear that it is almost impossible 
for renewable energy in near future to replace 
fossil fuel.  Both nuclear energy and renewable 
energy are necessary, not only in Japan but also 
in the world.  At the same time we must develop 
a new technology to fix the CO2 emission from 
fossil fuel.



5  Nuclear technology must be 
developed.

5-1  The safety technology of nuclear energy has to 
be developed for the future.

Concerning nuclear energy, we must not stop 
researching and developing new advanced reactors 
in which more safety is guaranteed against natural 
calamity as well as man-made disaster.  Small scale 
nuclear reactors also should be developed in order 
to decentralize electric power stations.  

If economical problems are overcome, smaller scale 
reactors might be easier to guarantee safety.



5-2  The technology for the back-end of the nuclear 
fuel cycle has to be enhanced. The site for final 
disposal of nuclear wastes has to be determined as 
soon as possible in Japan, which is a responsibility 
of the Central Government.



Not only Japan but almost all countries including 
Germany, USA, Britain and Russia have not yet 
decided the location for final disposal, except 
Finland and Sweden.  This decision must be 
made irrespectively whether to continue nuclear 
power stations or not.



5-3  The research and development of 
innovative technologies, such as Accelerator 
Driven Systems, have to be promoted in order to 
encourage the progress of final disposal.



It is extremely important to shorten life times of 
many radioactive nuclei in the nuclear wastes.  
The role of nuclear transmutation technology is 
one of the main themes of this Symposium.  
The Accelerator Driven System is one of the 
most promising methods to transmute 
radioactive nuclei to those of shorter life times.



Mechanism of ADS:
・Protons are accelerated by a superconducting accelerator with high intensity.
・Protons  are directed to a lead-bismuth (Pb-Bi) target through a beam duct 

and a beam window.
・The Pb-Bi combines a reactor coolant with a spallation target.
・Major composition of the reactor fuel is MA.
・Spallation reactions generate a large number of neutrons.
・MAs are transmuted by neutron-induced fission reaction.
・Neutrons generated by the fission are also used for the transmutation.

→ neutrons are increased by 20 times by a fission chain reaction.
・The electricity generated by ADS is partly fed  to its own accelerator.

Feature of ADS:
・If the accelerator runs down, 

fission chain reactions come to a 
stop.  → High safety

・Existing reactors (critical reactors) 
with a large amount of MAs 
cause safety difficulties, but that 
is not the case in ADS.

・Pb-Bi is chemically-inactive.

Transmutation using Accelerator-Driven System(ADS)
Proton beam

MA fuel subcritical core

Electric generation

Feed to acceleratorElectric power 
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5-4  The research and development of nuclear 
technologies for reactor decommissioning, 
safety technology, back-end, etc., have to be 
promoted intensively through international 
cooperation.



Nuclear technologies for reactor 
decommissioning, safety technology, back-end, 
etc, must be urgently developed.  They are very 
important especially in Japan after the 
Fukushima Daiichi Accident.



Fukushima would be a very good candidate for 
us to construct an international center for 
researching and developing technologies for 
reactor decommissioning.  



Conclusion

For the future of human beings, nuclear 
technology is indispensable to guarantee the 
safety of energy and to reduce CO2 in the air 
which causes the global warming.



For promoting nuclear technology, we must 
encourage young researchers to be interested in 
nuclear science and engineering.  Education is 
very important for this purpose.



You experts of nuclear science and technology 
should be very proud of your specialty.  It is the 
most important time for you to solve very 
difficult problems after the accident of the 
Fukushima Daiichi Nuclear Power Station.  
I sincerely hope that you will overcome this 
crisis caused by the Fukushima accident.
Let us change the misfortune into good luck for 
the future of human beings.



Thank you very much for your listening to me.
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