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Final goal is to obtain realistic FE  (FPP)

D-T burning  plasma   with  the SSO  or high duty time 
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T-3  
ASDEX
DIII-D
Discovers  from many 
medium size devices
and theory progress 

• q  → Ip
• Density limit
• β limit
• PL-H
• Tech. developments:

NBI,ICR,ECR,LH,
• ST - T- 7,Tore Supra, Traim ,EAST  

KSTAR, SST-1 for SSO

• ……………...

TFTR, JT-60, JET
--------------------------------------

ITRT
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The most important discovers 
• q = ( 5abBT / R Ip ) ≥ 3;

• n ≤
 

nGW = Ip / πab;

• βN = β a BT / Ip < 2.5;

• L-H  transition 

P L-H = 2.84 M-1 BT
0.82 n0.58R1.00 a0.81

• Scaling  laws on  confinement 

τE
 

∝ Ip
0.93 BT

0.15n0.41P-0.69R1.97M0.19κ0.78ε0.58

58.078.019.097.169.041.015.093.0
)2,(98

)2,(98
, 0562.0 εκτ aeTpyIPB

yIPB
thE MRPnBIH −=

key parameters

BT

R

a/b

Ip
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The goal emphasized to investigate 

whether or not the burning plasma 

can be achieved on MF device (before ITER) 

Pf

 

∝ n﹡
 

T﹡
 

τE ＞
 

10 21 m-3﹡
 

s﹡
 

kev
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Before  ITER
The most important issue for fusion research is 

to  improve the confinement

τE , p

---------------------------------------------------------------------------------------

The most important issue for fusion energy is to  
sustain the burning time 

tburning



Practical energy resources should be SSO !!

Efusion∝ ( n ×
 

T ×
 

τE  ) ×
 

t burning

Steady-State Operation  (SSO)

Pfusion ∝ n﹡
 

T﹡
 

τE ＞
 

10 21 m-3﹡
 

s﹡
 

kev
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The long burning time for FE  is a basic requirement 

tburning
---------------------------------------------------------------------------------------------------------------

Are there  good  basis  of physics and  technologies  for  SS
burning plasma operation ?  I think we have not !!
And how to achieve ?

----------------------------------------------------------------------------------------------

How to achieve the T- self-sustain by Blanket ?
What will be happened for key in-vessel  components and related
materials under high flux  irradiation by 14 MeV neutrons ?
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P L-H = 2.84 M-1 BT
0.82 n0.58R1.00 a0.81          

For  ITER :      P L-H ～
 

50  MW

For ITER (inductive operation ) τ ～ 3.7  S

Pf ∝ n﹡
 

T﹡
 

τE

For  ITER :                    P f ～
 

400-500 MW (Q ～10)

58.078.019.097.169.041.015.093.0
)2,(98

)2,(98
, 0562.0 εκτ aeTpyIPB

yIPB
thE MRPnBIH −=

400 MW burning plasma  
can be obtained on ITER is predicted 
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ITER is the burning plasma device and its scientific goals are:
 •

 
to produce a plasma dominated by α-particle heating

 •
 

produce a significant fusion power amplification
 

factor

(Q ≥10) in long-pulse operation (300 -
 

500s)
 •

 
aim to achieve steady-state operation of a tokamak (Q=5)

 •
 

retain the possibility
 

of exploring
 

controlled ignition
 

(Q≥30)
 •

 
demonstrate integrated operation of technologies for a fusion

power plant
 •

 
test

 
components required for a fusion power plant

 • test concepts
 

for a tritium breeding module

The scientific goals of ITER 
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Even if ITER can make great contribution to long pulse or 

SSO burning plasma but it is mainly on physics and not on real 

fusion energy because of the real burning time during it’s 14 

years D-T operation is only about 4 %, which results: 

1. There is no enough fusion energy produced for utilization. 

2.  As the consequent the total neutron flux is not enough

to demonstrate the real tritium breeding for self sustainable

of tritium by blanket. 

3.  No enough neutrons to do the material tests in high flux

fusion neutron radioactive environments.

Gaps between ITER and FPP
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4. Therefore there only are shielding blankets for ITER. 

5. Even if adding the TBM with addition budget but it is 

only concept testing for tritium
 

breeding and not real
 self sustainable blanket and related material tests .

Conclusion: the engineering test reactor is necessary to 

be constructed parallel with or after ITER  and  before the 

fusion power plant (FPP).

Gaps between ITER and FPP
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By this reason almost all of partners of ITER 
project are seriously interest to develop the roadmap 
from ITER to FPP at the multiple levels such as 
research groups, institutes, international workshops, 
task groups supported by government etc. Following 
roadmaps or considerations which I collected here are 
mainly from Monaco International ITER Fusion Energy 
Days (MIIFED), 23 Nov. 2010 and the International 
Workshop on MFE Roadmapping in the ITER Era, PU, 
Princeton, NJ, U.S.A. 7 - 10 Sept. 2011

It can be believed that the more information will  
come in with the progress of  ITER project.
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Indian Fusion Program

First Tokamak
ADITYA 1984

Steady State Physics and 
related technologies

SST-1   1996

scientific and technological 
feasibility of fusion energy 

ITER Participation 2005

• Qualification of Technologies
• Qualification of reactor 

components & Process
• Qualification of materials

Indigenous Fusion Experiment 

Fusion Power Reactor

Power Plant 2050

2 x 1GWe Power 
plant by 2060

Note: Years represent start of project

SST-2 2027

DEMO 2037

By R.Srinivasan



Plasma 
parameters SST-2

R0 4.4
a 1.5
A 3.0

Bt (T) 5.4
Ip (MA) 11
fbs (%) 11.5

Ploss (MW) 40 
Pfusion (MW) 100
Paux (MW) 20

Q 5
n/nGW 0.93

<T> keV 4.5
βN 1.31

Plasma 
parameters Indian DEMO

R0 7.7
a 2.6
A 3.0

Bt (T) 6.0
Ip (MA) 17.8
fbs (%) 50

Ploss (MW) 720 
Pfusion (MW) 3300
Paux (MW) 110

Q 30
n/nGW 0.93

<T> keV 21.5
βN 3.3

By R. Srinivasan
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By H.Yamada
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(presented by B.Kuteev)
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Long-term perspectives in energy development 

and the potential role of fusion energy



Words on energy and climate change

Our starting point is that the world's dependence on energy will increase 
dramatically in the coming years. As the population grows, energy demand in the 
next 50 years is likely to double. Currently, fossil fuel supplies amount to around 
80% of current energy needs and we all know that this dependency is also largely 
responsible for greenhouse gas emissions which alter our climate and 
environment.
The G8 committed in July last year to 50% reduction of global emissions by 2050. 
They also supported a goal of developed countries reducing emissions of 
greenhouse gases in aggregate by 80% or more by 2050 compared to 1990 or 
more recent years.
Moreover, the European Union is faced with a situation where it now imports more 
than 50% of its energy.
On the supply side of energy provision, renewable technologies are starting to 
contribute significantly to our energy mix. But deployment of renewables is unlikely 
to fill in the energy gap in the future by itself. On the demand side, energy 
efficiency gains will be actively pursued but such improvements also may not 
suffice.
In such a landscape fusion cannot be omitted.
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Topics for discussion

Our on-going considerations on the fusion roadmap allow to put 
more emphasis than before on two specific points.

Firstly, how to build up the future team that will operate and exploit 
ITER?

How will ITER operate? “Users’ facility” or “centralised team”?
How do we train future ITER scientists and operators? On existing 
machines within the framework of an ad-hoc cooperation scheme?

We believe that JET should be part of these machines because of 
its unique features (ITER-like wall, DT operation).

by D. Maisonnier
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Topics for discussion (cont’d)

Secondly, we need  the definite precisely of the programmatic 
objectives of DEMO and of its accompanying programme.

To do so, we need to answer the following question: will there be 
only one DEMO†, or several DEMO’s, or several “next step” 
facilities?

I believe we should seriously consider a scenario where more than 
one device will be build.

Commercial considerations will make international collaboration 
more difficult to finalise than it has been the case for ITER, but there 
will be more to gain than to loose to establish a collaboration 
scheme between the Parties planning to build a “next step” facility.

(†) excluding facilities for the qualification of materials       by D. Maisonnier
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JET
1983 ITER

Concept improvement

Technology

EU strategy towards Fusion Energy

POWER

PLANT

?stellarator

DEMO
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Topics for discussion (cont’d)

There is, today, a divergence of opinion on how to bridge the gap 
between ITER and the first FPP.

EU (and JA?): DEMO and 
IFMIF;
US: CTF or a Pilot Plant and 
no dedicated materials test 
facility.

R. Goldston (IAEA TM, June 2011) by D. Maisonnier
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Conclusion

The EU is currently developing a new fusion roadmap.

The focus is to define the framework programme 2014-2020.

The fusion roadmap should aim at:
Regain credibility for fusion.
Ensure the success of ITER:

• ITER construction within scope schedule and cost;
• Start building up the team of future ITER operators and scientists, possibly 

within the framework of an international collaboration scheme.
Clarify the programmatic objectives of DEMO.
Consider a “multi-DEMO“ scenario.

by D. Maisonnier















China 
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The CFETR must be built before the fusion power 

plant in China

ITER can be a good basis for  CFETR both on SSO 

burning plasma physics and some technologies;

The goals of CFETR should be different with ITER and

aimed to the problems related with fusion energy; 

Both physic and technical basis of the CFETR should

be more realistic and basic when it is designed.

Common  understanding
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A good complementarities with ITER  
Demonstration of fusion energy with a minim 
Pf = 50 ~ 200MW
Long pulse or steady-state operation with 
duty cycle time ≥ 0.3 ~ 0.5；
Demonstration of full cycle of T self-sufficiency with
TBR ≥ 1.2
Relay on the existing ITER physical（k<1.8, q>3, H~1 )
and technical  bases (higher BT , diagnostic, H&CD);
Exploring options for DEMO blanket & diverter with a
easy changeable core by RH；

The Mission and Design goal of the CFETR
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Mission Sub-missions Results Required answer by design groups Remarks

CW  or  long 
pulse burning
plasma 

Pf =  50 -200 MW
(with H mode and duty 

cycle  time ≧0.3-0.5 

no requirement on Q )

• Suitable  size 
of  device;

• Require enough
addition PH  and  
PCD ;

• Require large 
amount of  T 
consumptions;

What are the key 

required  parameters 

of  CFETR ？

Bt =  4.5-5.0  T        

SC/ Cu coils 

R0 =  5.5-5.7

b/a ~ 1.8     

a  = 1.6                      

IP = 7.5-10MA 

βN = ~ 2           

Pad ~100MW

Duty time≧ 0.3- 0.5
CW  PCD and  PH

What kind of and how high of  PCD 
and PH are required ? What kind of 
diverter and material could be used?

T  consumptions     
per year:≧6 Kg Is it right and possible? Assuming 

Pf = 200MW

TBR ≧ 1.2 Produce T ≧ 6 
Kg/year

Is it right and possible? What kind 
of blanket and the dimension are 
required? 

Assuming 
Pf = 200MW

Working target



Several versions of CFETR are under comparison

Bt =  4.5-5.0  T        

R0 =  5.5-5.7

b/a ~ 1.8     
a  = 1.6                      
δ

 

~  0.5
IP = 7.5-10MA 
βN = ~ 2           
Pad ~ 100MW
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Now- 2014: provide two options of engineering
concept design of CFETR which should include in:
• Missions
• Type 
• Main physics basis 
• Main techniques basis to be taken
• The concept engineering design for all sub-systems
• Budget & Schedule
• Location
• Management system
• List of the key R&D items
• The plan for  200 PhD students  / year

2015: will make the proposal to government to try to
get permission for CFETR construction;

Working  task and schedule
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Summary-1
Indian ：2×1GWe power plant by 2060; ADS-Th-U

Korea ：2030 DEMO 2040 Fusion Plant

Japan ：2000-2030 BA & ITER; 2025-2050 DEMO;

after 2050 practical use of FE

Russian: T-15MD;Ignitor; KTM; HBR

EU    ：
 

ITER; fast track scenario; rediscuss

U.S.A ： MFE or IFE ??;  Pilot ?; CTF ? 

China ：CFETR is under conceptual design
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Summary-2
ITER is the most important bridge to FPP, ITER must be 
success via international collaboration and hard work of 
all partners;
Based on the ITER  all partners are seriously consider 
the roadmap aimed to FPP;  
High duty or SSO burning plasma, Tritium self 
sufficiency and materials will be big challenges before 
FPP can be built. 
But fusion energy is vital for the future of mankind. The 
big challenges should and will be overcome by the 
collaboration and complementarity by roadmaps of 
partners and fusion power plants must be built in future.



Thanks for your 
attention!
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