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0. “ENERGY” is fundamental for human life for many millennium!



Sun on the Earth 
- Fusion Research - 





2.  Start of Fusion Research and 50 years



3.  IAEA conferences in 50 years
1958 : 2nd Geneva conference on peaceful use of atomic energy.!
1961 :  Saltzberg IAEA conference (Artsimivich, Rosenbluth,--)!
1965 : Culham IAEA conference (Spitzer, Kadomtsev,--)!
1968 : Novosivirsk IAEA conference (Artsimovich, --)!
1971 :Madison IAEA conference (Octopole experiments)!
1974 : Tokyo IAEA conference (JFT-2, T-6, ST, ATC, ORMAK, TFR,--)!
1976 : Barchelona IAEA conference (T-10, PLT, ORMAK,--)!
1978 : Innsbruck IAEA conference (PLT, T-10, DITE,--)!
1980 : Brussels IAEA conference (PLT, T-10, Doublet-III,--)!
1982 : Baltimore IAEA conference (PDX, Doublet-III, Asdex, ISX-B,--)!
1984 : London IAEA conference (JET, TFTR, C-Mod, Doublet-III,--)!
1986 : Kyoto IAEA conference (JT-60, JET, TFTR,--, DIII-D,--)!
1988 : Nice IAEA conference (TS, TFTR, JET, JT-60,DIII-D,--)!
1990 : Washington IAEA conference (TFTR, JET, JT-60,DIII-D,--)!
1992 : Wurtzburg IAEA conference (JET, DIII-D, JT-60U, TS, JET/DT, TFTR,--)!
1994 : Seville IAEA conference (TFTR, JT-60U, JET, DIII-D, --)!
1996 : Montreal IAEA conference (ITER, TFTR, JT-60U, JET, AUG, DIII-D,Helical,--)!
1998 : Yokohama IAEA conference (JT-60U, JET, LHD,ITER,DIII-D, --)!
2000 : Sorrento IAEA conference (ITER, JT-60U, JET, DIII-D, LHD, --)!
2002 : Lyon IAEA conference (JT-60U, JET, DIII-D, AUG, --)!
2004 : Vilamoura IAEA conference (JT-60U, JET, DIII-D, LHD, AUG, NSTX, MAST,--)!
2006 : Chengdu IAEA conference (DIII-D, JT-60U, LHD, theory,)!
2008 : Geneva IAEA conference (JT-60U, DIII-D, EAST, LHD,NIF,  --)!
2010 : Daejeon IAEA conference (KSTAR, DIII-D, LHD, JET,  JT-60U,--)



4. Sun and Earth 



5. Bless by Nature



6. Fusion condition : Lawson Diagram 
Plasma must meet certain conditions (ni(0)!E, Ti(0)) to deliver fusion power.



7. How we can introduce fusion power 



!!!

8. Fusion has attractive features 

M. Kikuchi, N. Inoue, "Role of Fusion Energy for the 21 Century Energy Market and Development Strategy with 
International Thermonuclear Experimental Reactor ", 18th World Energy Congress, Buenos Aires, 2001.

1. Radiological hazard potential of T from operating 
Fusion is less than 1/1000 of that of 131I from Fission.!
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16. Radiological Toxic Hazard Potentials of Fission and Fusion!

Radiological toxic hazard potential or biological hazard potential (BHP) is a quantity 
to measure the influence of a radioactive nuclide that enters the human body.!
!
BHP = Radioactivity (Bq) / MPC (Maximum Permissible Concentration)!

! ! ! !MPC =DAC (Derived Air Concentration)!
!
MPC of 131I: 10Bq/m3 !v.s.  !MPC of T : 5x103Bq/m3!

!
Selective concentration of I to specific organ of human body is a big issue.!
!

BHP of LWR is 1500 times that of Fusion !
(at same power)!
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17. Long term Hazard Potential of Wastes (Fusion, Fission and Coal)!

Materials will be radioactive in Fusion.  !
But, its hazard potential is relatively low.!
Inhalation intake : intake by breezing!
Ingestion intake  : intake as food!
Fission waste has high risks lasting 100Millennium!
Coal ash includes Th232, U238 etc.!
Hazard potential goes down in 100 years for Fusion.!



Environmental impact 
- Fusion Research - 
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1. Increase of CO2 concentration 

Increase of CO2 concentration in the Air is ~100ppmv.!
Significant greenhouse effect is expected if we do not stop.!

GH gas! Tsurface w/o 
GHE!

GH effect! Measured T!

Venus! >90% CO2 ! -46℃! 523℃! 477℃!

Earth! ~0.04% CO2! -18℃! 33℃! 15℃!

地球温暖化のしくみ

温室効果ガス(二酸化炭素、メタン)

太陽光

赤外線

 

Mechanism of Global Warming! Sun Light!

   Greenhouse Gas (CO2, Methane)    !

   Infrared light!

http://zfacts.com/p/194.html
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2. World CO2 emission is increasing rapidly!
!

! World CO2 emission increases ~28%/10years !
!between 1995 and 2005 while, it was agreed to reduce 5% !
!from 1990 level in Kyoto Protocol (COP-3) in 2008-2012.!

!
!World effort is important to reduce CO2 emission.!
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3. Expiration of fossil fuel leads to 4 times atmospheric CO2!

Assume world population saturates 
at 12 Billion People(1.67TOE/person)
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Environmentally unacceptable scenario!!!

Coal!
(75%)!

Oil!
(13.3%)!

N.Gas!
(11.7%)!

CO2 potential!
4.8TCton!

Problem is it emits 6.4 x CO2 in Atmosphere!We have enough fossil fuels for century time scale!

[Tton=1012ton]!

[Resource life] Coal : 231years, Nat. gas : 63years, Oil : 44 years!
$&'()*+&)#,-.#/0#-/123/04#/.#10-(56-781#
9:03#-66;#!<+&)#*'&)#=,01#>?)#
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4. Increasing evidence of Global Warming 

Yearly change of world average temperature !

Yearly change of world average temperature!
In the Southern hemisphere !

Yearly change of world average temperature!
In the Northern hemisphere !

Year
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ICPP scenarios (1992)!

Y. Manabe, Symposium on Earth Frontier,1997

Climate change 1995: The Science of Climate Change, Contribution of Working 
Group I to the Second Assessment Report of IPCC, Cambridge Univ. Press, 1995.

5. Climate change is irreversible process 

Increase of CO2 concentration in the Air is ~100ppmv.!
Significant greenhouse effect is expected if we do not stop.!
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6. Significant reduction of CO2 emission required 

Revolution in energy sources (Fossil to Renewables & Nuclear)!
Revolution in energy user sectors (Transportation(CAR), Industry(Steel), Living)!
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7. Carbon-free society should be realized in end of 21st century 

  Contribution to the CO2 reduction in later half of this century 
by fusion have to be pursued by the international effort.

CD1E27

)!BB#982,EF#GE1E27#H23#I-5-7##
J/0H230#CDKD1LE,-M



 
Tokamak 

and  
the Steady State Tokamak 

Reactor : SSTR 



Tokamak-type magnetic configuration which is said to be closest to the fusion 
reactor, is shown in iv), superposition of ii) and iii) magnetic field lines. 

1. Tokamak Configuration



Plasma current 

Primary current 

time 

time 
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Observation of 80% bootstrap fraction in JT-60 is a significant turning point.  
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5. Tokamak Reactor Parameters 
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Magnetic Fusion Research  

and  
the ITER 



1. International cooperation among Large Tokamaks  



2. JT-60 Program is national project to achieve break-even (Qeq=1) 



4. Magnetic Fusion Research : Lack of long pulse demonstration 



5. Next phase World Fusion Program 
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6. Asia is hot in fusion : Invited talks and Lectures in China/Korea/Japan
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6. ITER 

34�



7. ITER construction started 
ITER DDG Prof. Motojima



7. ITER Burning Plasma is Complex System



8. ITER Operation Scenarios validation is in progress 

TDF60-3#CD1E27#^3Ed0#)BB$#
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9. ITER Actuators (2) Density profile physics in progress.  



10. ITER Actuators : RMP is validated 



11. ITER Actuators : RWM mode control 



12. ITER Actuators : Intrinsic Rotation 
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Physics in Steady State Tokamak Reactor 



Fusion physics made significant progress 
benefited by fundamental disciplines
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Concluding Remark 

Sagrada Familia1882-future!

To realize Sun on the Earth is not an easy job.!
But it is challenging and human being knows to 
continue work for century as seen in construction 
of Sagrada Familia church


