Annex 2 
The ITER Project

ITER, which is Latin for “the way”, is also an acronym for the International Thermonuclear Experimental Reactor. It is a prestigious international project which will nearly complete the scientific and technological investigations required to build a prototype demonstration reactor DEMO, based on the magnetic confinement scheme of controlled thermonuclear fusion. India has recently joined ITER as one of seven full partners, the others being China, European Union, Japan, Korea, Russia and USA. India will contribute equipment worth nearly 500 million US dollars to the experiment and will also participate in its subsequent operation and experiments. The equipment will largely be made by Indian industries in India.


ITER INDIA is a developmental Mega Project, a project of the type where a department undertakes a major R&D effort in a mission mode in an area of national need. ITER INDIA project is connected with the development of nuclear power programs in the country and seamlessly connects to the strategies related to the Third Stage and beyond. These strategies aim at nuclear technologies of importance in the latter half of 21st century and include new technologies like nuclear fusion.


ITER INDIA project, being large in size, is also being used to promote a national program of research and development in fusion energy and plasma physics. Some funds have been earmarked for smaller related R&D programs in Universities, IIT’s and other research institutions, which will be simultaneously promoted. This will lead to cross fertilization of ideas by networking of institutions and research programs and will assist in the task of human resource development.


India’s energy needs are enormous. With a rapidly growing economy and the rising expectations of its citizens to enjoy a decent standard of living, the energy requirements of India are simply staggering. We have one fifth of the world’s population but our per capita electricity consumption is still only a quarter of the world’s average, 1/13th of that of Western Europe and 1/30th of that of the United States. Today we are consuming about 130 GW of power, 95% of which comes from thermal or hydro sources. This number is likely to go up to a 1000 GW by the middle of this century. If this power continues to be produced by the mix we have today, the consequences for our environment are ominous. Therefore, we have to change the energy mix and go to a more aggressive pursuit of nuclear energy and renewable sources. We have an ambitious, indigenous nuclear energy programme within the country. Right now about 3% of our electricity generation is based on nuclear power. This power generation is based on reactors using the pressurized heavy water concept, a technology has been mastered. We are now in the process of building the first 500 MW prototype fast breeder reactor, at Kalpakkam, Tamil Nadu. This is a follow up on the successful experiments with the 40 MW Fast Breeder Test Reactor. We would like to bring the share of nuclear power to about 10 per cent by the year 2020. Nuclear fusion is viewed as an advanced successor technology to nuclear fission, and is likely to play a commercially important role sometime in the second half of this century.


Nuclear fusion is the process which has kept the stars burning brilliantly for billions of years. On the earth its devastating power has been seen through the hydrogen bombs. The most convenient fusion reaction is that of heavy isotopes of hydrogen, which are either readily available or may be readily bred from available material in earth’s crust and the oceans :


1D2   +    1T3      =      2He4         +     0n1     +    17.6  MeV


For the past fifty years or more, controlled thermonuclear fusion experiments have been investigating on how to confine a low density fusion grade plasma of deuterium and tritium at temperatures approaching hundred million degrees by magnetic fields, so that slow and controlled release of fusion energy may become possible. This search has led to a successful magnetic bottle concept, viz. the tokamak concept, in which the magnetic confinement geometry is produced by a combination of fields produced by external coils and fields produced by plasma currents. The plasma is heated by the plasma currents and by injection of radio frequency waves and energetic neutral particle beams into the plasma. Once the fusion reaction is ignited, the fusion plasma can be kept hot by the stopping of energetic helium nuclei in the plasma. The electrically neutral neutrons carry their energy out of the plasma where it is collected in a blanket, used to generate steam and utilized for electricity generation by the use of standard steam turbine cycles. Large experiments with millions of amperes of plasma current and tens of Megawatts of injected power (like JET in Europe and JT-60U in Japan) have produced fusion reactor grade plasmas with breakeven conditions. Empirical scaling laws have been established which indicate that an experiment of the size of ITER will produce an energy amplification by a factor of 10 and will thus be able to generate about         500 MWatts of fusion power. This is why it is important to do an experiment of the size of ITER before designs for prototype commercial fusion reactors can be finalized.


India has had a fusion research programme of its own since the early eighties. Two tokamaks have been indigenously built at the Institute for Plasma Research (IPR) near Ahmedabad and a small tokamak has been imported from Toshiba, Japan at the Saha Institute for Nuclear Physics, Kolkata (SINP). The SINP tokamak has been used for an intense study of low q tokamak discharges. ADITYA, the first indigenously built Indian tokamak, has been extensively used for the study of plasma turbulence in the edge and scrape-off layer regions. This novel work led to the discovery of intermittency in tokamak turbulence, which is related to the presence of coherent structures in the turbulence and leads to burst transport effects. The second IPR tokamak, SST1, is a steady state superconducting tokamak and is currently undergoing commissioning tests. It will have Megawatts of ion cyclotron and neutral beam based auxiliary heating. These two tokamaks and associated auxiliary equipment have been built by Indian industries with designs and integration responsibilities taken up by IPR. Many sophisticated diagnostic tools have also been developed at IPR and SINP.

India’s contributions to ITER are largely based on the indigenous experience and the expertise available in Indian industry. India will be fabricating the 28 m dia, 26 m tall SS cryostat , which forms the outer vacuum envelope for ITER. It will also take up the design and fabrication of eight 2.5 Mwatt ion cyclotron heating sources, complete with power systems and controls. It will also take up the fabrication of a diagnostic neutral beam system which will give crucial information about the physics of burning plasmas in ITER. India will also be responsible for a number of other diagnostic subsystems. Finally, India will contribute to cryo-distribution and water cooling subsystems. All this equipment will have to be built with ITER quality standards and in a time frame (approximately ten years) as determined by the International Team at the host site in Cadarache , France. This is the challenge.


The opportunity that participation in ITER offers us is also enormous. This is the first time we will be full partners in a prestigious international experiment. We will have to come to international standards of quality, safety, time schedule maintenance etc immediately. Our scientists and engineers will get direct hands on experience in design, fabrication and operation etc of the latest fusion technologies. We will get access to a number of fusion technologies on the scale relevant to fusion reactors for the first time. If we backup the ITER INDIA effort with an aggressive well focused national programme, it will allow us to leapfrog by at least a couple of decades.
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