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Abstract 

 Energy due to environmental consideration is not 

available in abundant form which limits the energy 

generation. The solution to this is plasma which is 

the fourth state of the matter. Plasma can be 

produced by various means out of which plasma 

through nuclear fusion is most effective for 

generation of energy. This paper discusses the 

concept of power generation from plasma, it also 

discusses the advantages, disadvantages of this 

process. The study will help to conclude the 

emerging trend in power generation sector. 

I Introduction  

 Mankind is confronted with a continually rising 

world energy demand, which is a vital and 

precarious issue. Our energy future depends on a 

number of uncertainties of technological, 

environmental and political nature. Most of our 

energy is currently produced by burning fossil fuels. 

Negative side effects for the environment or 

depletion of fossil resources might force us in the 

future to switch to alternative energy sources. Using 

renewable energy resources is the alternative way to 

produce the present day energy requirements. Solar, 

wind, tidal, geothermal energies can be thought as 

best means to produce electricity. The heat 

developed in the plasma can be many times greater 

than the surface temperature of sun; this heat can be 

utilized to produce steam. The production of such 

plasma takes place in the reactor called Tokomak 

rector. The primary fuels used in fusion are 

deuterium and lithium. Deuterium is a hydrogen 

isotope, which can be readily extracted from water 

(there is around 30g of deuterium in every cubic 

meter of water), and lithium is an abundant light 

metal from which tritium can be generated inside 

the reactor. By using such method giga watts of 

electricity can be generated without harmful 

emission of radioactive substances. Tokomaks an 

experimental facility, in which the toroidal plasma 

ring can be confined for a sufficiently long time and 

heated up to high enough temperatures. Final goal 

of the tokamak research is to reach fusion of 

deuterium and tritium nuclei for production of 

electricity. Fusion is the fundamental energy source 

of the universe. It is the process that powers the sun 

and the stars. In a fusion reaction, large amounts of 

energy are released when the nuclei of two light 

atoms (deuterium and tritium) fuse together to form 

a heavier one, helium. Tapping into this energy 
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source offers the prospect of a long-term, safe, 

environmentally friendly option to meet the energy 

needs of a growing world population. The fusion of 

one deuterium nucleus with a tritium nucleus makes 

a new nucleus of the element helium (also known as 

an alpha particle), a neutron and energy lots of it. 

The extra neutron can be used to generate more 

tritium fuel from lithium. One gram of fusion fuel 

could generate 100 000 kilowatt hours of electricity 

to supply the equivalent power you would need to 

burn eight tones of coal.  

 

Figure 1: The two hydrogen isotopes, deuterium and 

tritium, fuse to form helium and a neutron.  

 

But the challenge for fusion researchers is to 

compensate by heating lower-density plasma to a 

higher temperature (about 100 million ºC, or 10 

times hotter than the core of the sun) with excellent 

thermal insulation to initiate self-sustaining fusion 

reactions. To reach fusion conditions in the plasma, 

powerful heating is necessary and heat loss must be 

kept to a minimum by keeping the hot plasma 

thermally insulated from the reactor walls a process 

known as confinement. This is a difficult task, both 

in terms of understanding the complex physical 

processes involved and developing the sophisticated 

technologies required to control them. Two 

different technologies have been developed in 

fusion research: magnetic confinement and inertial 

confinement. Magnetic confinement uses strong 

magnetic fields to provide the thermal insulation of 

the plasma and allows the possibility of steady state 

operation, while inertial confinement  uses high-

power lasers or ion beams to heat and compress 

minuscule pellets of fuel. 

II Plasma:  

Plasma is one of the four fundamental states of 

matter (the others being solid, liquid, and gas). It 

comprises the major component of the Sun. Heating 

a gas may ionize its molecules or atoms (reducing 

or increasing the number of electrons in them), thus 

turning it into a plasma, which 

contains charged particles: positive ions and 

negative electrons or ions. Ionization can be 

induced by other means, such as strong 

electromagnetic field applied with 

a laser or microwave generator, and is accompanied 

by the dissociation of molecular bonds, if 

present. Plasma can also be created by the 

application of an electric field on a gas, where the 

underlying process is the Townsend avalanche. The 

presence of a non-negligible number of charge 

carriers makes the plasma electrically conductive so 

that it responds strongly to electromagnetic fields. 

Plasma, therefore, has properties quite unlike those 

of solids, liquids, or  gases  and is considered a 

distinct state of matter. Like gas, plasma does not 

have a definite shape or a definite volume unless 

enclosed in a container; unlike gas, under the 

http://ec.europa.eu/research/energy/fu/fu_rt/fu_rt_mc/article_1227_en.htm
http://ec.europa.eu/research/energy/fu/fu_rt/fu_rt_mc/article_1231_en.htm
http://en.wikipedia.org/wiki/State_of_matter#The_Four_Fundamental_States
http://en.wikipedia.org/wiki/State_of_matter#The_Four_Fundamental_States
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/Ionization
http://en.wikipedia.org/wiki/Electrons
http://en.wikipedia.org/wiki/Charge_(physics)
http://en.wikipedia.org/wiki/Ions
http://en.wikipedia.org/wiki/Laser
http://en.wikipedia.org/wiki/Microwave
http://en.wikipedia.org/wiki/Townsend_avalanche
http://en.wikipedia.org/wiki/Charge_carrier
http://en.wikipedia.org/wiki/Charge_carrier
http://en.wikipedia.org/wiki/Electrical_conductivity
http://en.wikipedia.org/wiki/Electromagnetic_field
http://en.wikipedia.org/wiki/Solid
http://en.wikipedia.org/wiki/Liquid
http://en.wikipedia.org/wiki/Gas
http://en.wikipedia.org/wiki/State_of_matter


Spvryan’s International Journal of Engineering Sciences & Technology (SEST) 

ISSN : 2394-0905 

Issue 1 Volume 2 

Paper : 14 

Page 3of 5 

influence of a magnetic field, it may form structures 

such as filaments, beams and double layers. Some 

common plasma is found in stars and neon signs. 

Much of the understanding of plasmas has come 

from the pursuit of controlled nuclear 

fusion and fusion power, for which plasma physics 

provides the scientific basis. 

III Tokamak: 

A tokamak is a device using a magnetic field to 

confine a plasma in the shape of a torus. Achieving 

a stable plasma equilibrium requires magnetic field 

lines that move around the torus in a helical shape. 

Such a helical field can be generated by adding 

a toroidal field (travelling around the torus in 

circles) and a poloidal field (travelling in circles 

orthogonal to the toroidal field). In a tokamak, the 

toroidal field is produced by electromagnets that 

surround the torus, and the poloidal field is the 

result of a toroidal electric current that flows inside 

the plasma. This current is induced inside the 

plasma with a second set of electromagnets. The 

tokamak is one of several types of magnetic 

confinement devices, and is one of the most-

researched candidates for producing 

controlled thermonuclear fusion power. Magnetic 

fields are used for confinement since no solid 

material could withstand the extremely high 

temperature of the plasma. 

 

Figure 2: Tokamak in detail 

Tokamak basic principle:  

Tokamak (means toroidal vessel with magnetic 

coils) Tokamak is composed of three basic 

components  

1. Large transformer 

2. Plasma ring as secondary winding 

3. Coils for confinement of plasma ring by 

magnetic field (toroidal solenoid 

 

Figure 3: Tokomak basic structure 

 

Electric current I generated in the plasma ring by 

the transformer delivers the ohmic 

powerPohmic=I2R plasma to plasma (heating)  

IV Importance of plasma rotation 

Fusion relevant plasma must fulfil three main 

criteria: 

• The first criterion is the Lawson criterion, which 

says that the energy and particle confinement must 

be high. This is achieved if the energy that is put 

into the plasma stays sufficiently long inside the 
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plasma. In a fusion reactor we thus have to 

minimise the energy transport to the wall. 

• The confinement must not only be high, it also has 

to be stable. Because the plasma in a tokamak is 

confined by a magnetic field, a good understanding 

of the magnetic stability is necessary. In other 

words: we need to know which magnetic 

instabilities can occur and how we can avoid them. 

• The power that goes into a fusion reactor 

eventually ends up at the wall of the reactor. A good 

knowledge of the plasma-wall interaction is needed 

in order to (a) Optimise the first wall materials, so 

that they can cope with the power load, and (b) 

Keep impurities and dust out of the core plasma. 

 

Figure 4: Electricity generation 

 

V How to reach ultrahigh temperatures? 

Ultra high temperatures can be obtained by 

following four ways in the reactor as follow, 

1. Heating by alpha particles product of fusion. 

2. Heating by electromagnetic waves. 

3. Ohamic heating. 

4. Heating by injection of neutral particle beam. 

Thus by ultra heating the steam the efficiency of the 

plant increases and more ranges of temperatures can 

be obtained. 

 

 

Figure 5: Ultra heating of steam 

VI Advantages 

1) Almost limitless fuel supply.  

2) No greenhouse gas emissions.  

3) Suitable for the large-scale electricity 

production.  

4) Waste from fusion will not be a long-term 

burden.  

5) The transport of radioactive materials is not 

required. 

6) The system has inherent safety aspects. 

7) Very low risk of radioactive emissions to the 

environment 

 

 VII Disadvantages 

1) Overall initial cost of plasma reactor is 

relatively very high. 

2) Initial landfill requirement is high. 

3) The plasma flame reduces the diameter of 

the sampler orifice over time, necessity 

occasional maintenance. 
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IX Safety features: 

1) Sustainable energy source  

2) Nuclear proliferation 

3) Effluents during normal operation 

4) Accident potential 

 

X PROSPECT OF COMERCIALISATION: 

Experimental research of tokamak systems started 

in 1956 in Kurchatov Institute, Moscow by a group 

of Soviet scientists led by Lev Artsimovich. In 

December, 1993, TFTR became the world's first 

magnetic fusion device to perform extensive 

experiments with plasmas composed of 50/50 

deuterium/tritium -- the fuel mix required for 

practical fusion power production. Consequently, in 

1994, TFTR produced a world-record 10.7 million 

watts of controlled fusion power, enough to meet 

the needs of more than 3,000 homes. The cost of 

this experimental setup was $300000 U.S. dollar, 

but by using some technical modifications this cost 

can be reduced to considerable amount and thus it 

can be thought of setting up in India. 

 

XI Conclusion: 

Energy need increases day by day & to meet all 

demand we have to find new source of generation like 

Nuclear Fusion. On balance the study indicates that 

already the first generation of commercial fusion 

power plants, whose development does not call for 

any major advances in plasma physics and materials 

research – will afford favorable safety and 

environmental properties and will be an economic 

proposition. Show the great potential for further 

physical and technological improvement. Nuclear 

Fusion has potential to fulfill all energy requirement 

of mankind.  
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