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ABSTRACT 

Fusion energy has the potential to become a virtually inexhaustible, safe, environmental friendly and 
universally-available energy source, capable of meeting global energy requirements. Fusion energy 
has existed for billions of years shining benevolently upon the earth but mankind still has not 
managed to capture it in a controlled manner. To make fusion energy production a reality, enormous 
scientific and technical challenges still need to be overcome. This paper depicts fundamental atomic 
combination responses and the presence of high-temperature plasma, just as various strategies for 
the plasma age, alternative path of fusion and control. Fusion has various appealing properties, 
especially regarding asset accessibility, age of waste and discharges and low outside expenses, 
however has reliably ended up being in fact testing. Even the most well-developed current research 
programs do not lead to commercial fusion energy being widely available before the end of the 
century, which means that it is a long-term low-carbon solution. 
Key words: Fusion energy, Recent Achievements, environmental friendly 
 
Received: 1st Sept. 2018, Revised: 9th Oct. 2018, Accepted: 15th Oct. 2018 
©2018 Council of Research & Sustainable Development, India 
How to cite this article: 
Gautam S. (2018): Nuclear Fusion: Potential Source of Energy in the Future, Recent Achievements 
and Prospects. Annals of Natural Sciences, Vol. 4[4]: December, 2018: 18-23. 
 
INTRODUCTION 
Nuclear fusion is one of a very few sustainable options to replace fossil fuels as the 
world's primary energy source. Fusion fuel– produced from water and lithium – is in 
principle so abundant that fusion energy would be inexhaustible and deployable 
everywhere on the planet. Fusion power bears the promise of:  
1. Clean energy production and transmission;  
2. Proliferation-resistant fuel cycle that does not generate high level radioactive waste;  
3. Power plants with inherently safe technology features;  
4. Abundant and inexpensive fuel readily available to all nations. 
 

Though both Bose and Eistein, in 1925 predicted the condensation of atoms into super 
dense states but still even after 76 years of extensive research the idea of a nuclear fusion 
reactor has not been physically implementable. Though nuclear fusion is the primary 
governing factor in the nuclear reactor design but a number of complex systems and their 
analysis need to be incorporated for its success.  
Currently greater than eighty five% of the number one energy manufacturing within the 
world is originating from fossil fuels. The disadvantages are widely recognized: chance of 
irreversible changes to the climate device, restrained reserves. The range of conceivable 
non-fossil candidates that could update the present day large use of fossil fuels may be 
very confined: renewable, nuclear fission and fusion. This section intends to spread out 
the reason for fusion to being a piece of a future vitality framework; the fundamental 
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courses and ideas toward conveying fusion control; issues staying to be settled; and how 
fusion may add to a future vitality showcase [1]. 
 
NUCLEAR FUSION: PRINCIPLES 
 Nuclear fusion is a process in which light nuclei fuse together to form heavier ones, 
releasing a large amount of energy: 
 

 
In this Fusion reaction, the deuterium and tritium collide and recombine to form a helium 
nucleus and one neutron, releasing energy in the process. This Fusion Reactions 
accompanies the decrement in mass which is converted into the kinetic energy of the 
newly created nucleus. The tritium in the reaction is a radioactive element which is not 
available in the natural stateand it is produced by the reaction shown : 
                 N      +      6Li3          →      3 T + 4He2 + 4.78MeV  
The major contradiction faced by this concept is from the Coulomb Laws stating that two 
like charged particles repel each other. But present research highlights that, if enough 
energy (0.28 MeV) is provided then the charged nuclei would experience short range 
nuclear strong force’, which will take over and bind the two deuterium nuclei into a single 
new nucleus[2]. 
To produce sufficient fusion reactions ,the core temperature of a D-T plasma has to be 
approximately a hundred and fifty–2 hundred million C. this is about 10–15 instances 
larger than the temperature in the centre of our solar, expected to be about 15 million C. 
The response products are a 3 .5 M e V helium nucleus(alpha particle) and a 14.1 M e V 
neutron, i.e. in general about 17.6 M e V is launched in keeping with fusion response .this 
could be converted into heat in a blanket and then into energy the usage of traditional 
generation (Carnot cycle).The big power launch from the fusion response also outcomes 
in a minimal fuel consumption: the deuterium contained in 1litre of seawater (about 30 
mg)and used in D-T reactions will produce as plenty electricity as burning 250l of 
gasoline. Other fusion reactions of interest are: 
D   +   D     →      3He (0. 82 MeV )    +   n (2.45 MeV) 
 D  +    D    →         T (1.01MeV)        +  H (3. 02 M e V) 
D   +   3He   →      4He  (3 .6MeV)     +   H (14.7MeV) 
 

They are very difficult to recognize, as they need even higher temperatures, however the 
lower neutron energy or even absence of neutrons is of crucial gain [3]. 
 

 
 

Fig. 1: Nuclear fusion. Two lighter nuclei are joined together to make a heavier nucleus, 
while energy is released. 

 
CHALLENGES IN FUSION RESEARCH 
At the core of the stars, fusion reactions between hydrogen atoms take place within dense 
plasma with temperatures exceeding 10 million °C. Plasma is a “fourth state of matter” 
with unique properties, distinct from solids, liquids and gases. It consists of freely moving 
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charged particles and is formed at high temperatures when electrons are stripped from 
neutral atoms. More than 99 percent of the universe as we currently understand it exists 
as plasma, including interstellar matter, stars and the Sun[4].  
As seen, it is miles clear that the primary two important demanding situations in fusion 
studies are: (i) heating the gas to numerous ten million stages, that is numerous time 
shorter than in the centre of the sun, and (ii) confining the new gasoline (hot fuel) in some 
kind of ‘bottle’. This cannot be a material ‘bottle’ as the highest acknowledged melting 
point is round 3000 C. therefore the ‘bottle’ ought to be always ‘immaterial’ [5]. 
In a controlled nuclear fusion power plant, three conditions must be fulfilled-  
1. very high temperature (more than 10 times hotter than at the centre of the Sun, hence 

exceeding 100 million °C) to provoke highly energetic collisions at extreme speed;  
2. sufficient particle density in the plasma – where the reaction takes place – to increase 

the probability of collisions;  
3. sufficient confinement to hold the plasma and allow the fusion reactions to take place 

continuously. 
 
ALTERNATIVE PATH OF FUSION 
We have 4 approaches that will hopefully bring the power of the stars to earth within the 
next 30 years: Magnetic Confinement, Inertial Confinement, Muonic fusion and Cold 
Fusion. 
 
MAGNETIC CONFINEMENT FUSION 
The temperatures essential to ignite plasma are between a hundred-200 Mio °C.  No 
stable material is capable to confine a medium with such a high temperature. This 
quandary is solved through the fact that in the plasma, all the particles carry an electrical 
charge and can as a result be restricted by a magnetic field. (The charged particles gyrate 
around the magnetic field lines.) It transpires that a doughnut-shaped configuration of the 
magnetic subject “cage” is suitable for this purpose, even though the tale is without a 
doubt a little greater complicated: the magnetic field lines now not handiest should be 
doughnut-shaped, in addition they need to have a helical twist. This scheme is referred to 
as magnetic confinement. Proposals were made to produce helically-wound doughnut-
fashioned magnetic subject cages. The most successful approach has been the TOKAMAK, 
first realized in Russia. [6]. 
                              

                                                                        
 

Fig. 2: The tokamak has so far been the most successful magnetic confinement scheme. 
The magnetic 



  Gautam 
 

 
Annals of Natural Sciences                             ~ 21 ~                                             Vol 4(4): Dec. 2018 
 

field cage - necessary to confine the charged particles - is produced by the superposition 
of a toroidal magnetic field and a poloidal magnetic field produced by a current in the 
plasma. 
The magnetic area is the sum of the magnetic area produced by way of the coils proven 
and the magnetic field produced by way of current inside the plasma. The trouble related 
to the TOKAMAK concept is driving of the current in the plasma. The most vital idea 
applied nowadays is to place every other magnetic coil in the centre of the TOKAMAK and 
to ramp the modern-day in this coil up or down. This will produce a varying magnetic 
field inside the coil which in turn induces a voltage within the plasma (the precept of 
induction). This voltage can simplest be sustained for a confined time -   hours at the very 
maximum. 
 
INERTIAL CONFINEMENT 
In inertial confinement fusion a small pellet of deuterium and tritium fuel is compressed 
by so-called momentum conservation to extremely high density and temperature. 
(Densities of twenty times the density of lead and temperatures of 100 Mio ° C are 
envisaged.) The fuel pellet is encapsulated by an layer of another material and subject to 
extremely intense beams of laser radiation or high energy charged particles. The outer 
layer heats up and evaporates. The evaporation products move outwards, but the rest of 
the pellet is compressed inwards, due to momentum conservation. Inertial confinement is 
mainly investigated in the US and France and to a lesser extent in Japan, Britain and other 
European countries[7] 
 
MUONIC FUSION 
Which seemed very promising in the beginning, is now only investigated in a few 
laboratories. The idea is to produce muons, which are the heavy sisters of the electron. 
The muon is injected into a deuterium-tritium gas mixture. There is a finite probability 
that the muon will be captured by 4 a tritium or deuterium atom and form a deuterium-
tritium molecule. Since the muon is very heavy, the dimensions of such a molecule are 
much smaller than those of a normal molecule with bound electrons. Therefore the nuclei 
will be much closer to each other and there is a greater likelihood that they will undergo a 
fusion reaction. The problem of this scheme is that the production of muons costs too 
much [8]. 
 
COLD FUSION 
Stanley Pons and Martin Fleischman had announced that they were able to create and 
sustain a cold fusion process. Cold Fusion is the merging of two dissimilar metal hydrides. 
The process is exothermic, and can generate energy in one of two ways. Energy can be 
input in to a system and multiplied, or energy alone can be generated although in a much 
smaller amount. For example, one watt of energy can be input and 3 watts recovered. 
Some systems are capable of producing hundreds of watts per individual watt. The actual 
physics of the reaction is not completely understood. Some claim it is merely a chemical 
reaction not yet understood, while others are convinced it is a nuclear reaction.  
 
FUSION FUELS AND THE ADVANTAGES OF USING ANEUTRONIC FUELS  
Numerous different fusion fuels are under consideration for fusion strength devices. The 
fuels can be divided into two classes: those who produce neutrons as a byproduct of the 
response and those that do not. Fuels that don't produce neutrons are known as 
aneutronic fuels. Aneutronic fuels have several important blessings over those who 
produce neutrons. The government research with TOKMAKS and other gadgets has 
targeted on the usage of the combination of deuterium and tritium fuels for fusion 
electricity technology, in which deuterium and tritium are isotopes of hydrogen. The 
deuterium and tritium fuse together to supply helium plus a neutron. 
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These fuels require the bottom temperature to fuse together of any fusion response, and 
hence a sustained fusion response have to be less difficult to reap. This one benefit comes 
with numerous risks, but, specifically due to the fact substantial quantities of neutrons are 
produced. Deuterium is a naturally happening isotope of hydrogen and is usually to be 
had. But tritium isn't always ample and is radioactive, with a half of-life of 12.32 years. 
Consequently, the deuterium tritium aggregate calls for the breeding of tritium from 
lithium .Lithium is abundantly found and might deliver the wished tritium, even though 
the breeding process provides widespread complexity to the technique. Care should also 
be taken to save the leakage of tritium from the reactor, since tritium is radioactive. The 
main disadvantage of deuterium-tritium fusion although is that it produces large 
quantities of neutrons. This causes numerous issues. Over the years the neutrons make 
the reactor partitions and other components of the reactor radioactive, weakening the 
reactor substances and inflicting radioactive waste. The weakening of the reactor 
elements because of neutron bombardment limits the lifestyles of the reactor, and the 
radioactive waste need to be effectively stored for many years after the reactor is 
deactivated. These factors convey into query whether or not a fusion reactor the use of 
deuterium-tritium fuel might ever be reasonable.[10] 
 
ENVIRONMENTAL ASPECTS 
 

ENVIRONMENTAL POLLUTION: 
The primary fuels (D and Li) and the direct cease product (4 He) are not radioactive, do 
not pollute the ecosystem, and do not contribute to the green house impact or the 
destruction of the ozone layer. Helium is similarly chemically inert and integral for 
superconducting applications. There are no issues with mining (Li) and gasoline 
transportation. No ecological, geophysical and land-use problems exist together with 
those related to biomass energy, hydro strength and sun power. Measures for tritium 
containment contaminated with tritium must be taken .during ordinary operation the 
dose for the public inside the   neighborhood of the plant will best be a fraction of the dose 
due to natural radioactivity. 
 

DANGEROUS WASTE: 
A vital benefit of fusion is the absence of direct radioactive reaction products , in 
comparison to fission, in which radioactive waste is unavoidable since the products of the 
strength releasing nuclear reaction are radioactive. Good enough disposal of radioactive 
waste is especially tough if the goods are unstable, corrosive or long-lived. The neutron-
activated structural substances of a fusion reactor could no longer pose such issues and 
because of their excessive melting point and their low decay heat, will now not 
necessitate active cooling for the duration of decommissioning, transport or disposal 
.Studies show that over their lifetime , fusion reactors would generate ,through issue 
replacement and decommissioning, activated material comparable in volume to that of 
fission reactors however qualitatively distinct in that the lengthy-time period radio 
toxicity is notably decrease(no radioactive spent gas).Fusion might be made even more 
appealing through the use of superior structural substances with low activation as e.g. 
vanadium alloys or silicon carbides. Those substances offer in precept the 
prospect of recycling in about a hundred years after the  shutdown of the reactor because 
the radioactivity would fall to levels similar to those of the ashes from coal-fired flowers 
(which incorporate always small quantities of thorium and different actinides ).[11] 
 
THE BENEFITS OF FUSION AS AN ENERGY SOURCE 
1. The fuel for fusion is amply available. Two isotopes of hydrogen are well applicable 

for fusion: deuterium and tritium. Deuterium is accessible from seawater (and can be 
extracted by way of electrolysis) and it's miles predicted that tritium may be 
produced within a fusion electricity station from small portions of lithium.4 Lithium 
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has more than a few commercial uses, which include, importantly, in modern 
batteries. Despite growing demand, lithium materials continue to be abundant. 

2. Fusion has a low environmental impact. Whereas fission stations produce spent 
gasoline with half of-lives of lots of years, the best radioactive wastes made out of a 
fusion station could be from the intermediate gasoline, tritium, and any radioactivity 
generated in structural materials. The radioactivity of tritium is brief-lived, with a 
1/2-existence of round 12years, and if selected correctly the structural substances 
have a half life of round 100years. 

3. Fusion is inherently more secure than fission in that it does not rely upon a crucial 
mass of fuel. This manner that there are small quantities of fuel within the response 
sector, making nuclear meltdown impossible. 

4. Fusion strength stations would no longer produce fissile materials and make little 
need of uranium and plutonium, the elements associated with nuclear guns. This 
reduces proliferation issues associated with those elements, even though fusion is not 
absolutely free from proliferation risks.[12] 

 
CONCLUSION 
Fusion has numerous of appealing properties, Especially in phrases of resource 
availability, era of waste and emissions and low external prices, however has continually 
proven to be technically tough. Even the most properly-developed current research 
programs do not result in commercial fusion electricity being broadly available before  
the end of this century, that means it's far an extended-term low-carbon solution  not a 
near-term fix for current climate change issues but, even with high use of renewable 
intermittent of era leads to difficult requirements for the storage of energy and it seems 
possibly that there will usually be a need for sorts of base load energy generation in an 
optimized system; a need to which fusion is perfectly acceptable. Tremendous 
development has been made to understand the physics, technology and materials 
problems in latest decades and in the next 20 years, ITER and IFMIF should provide the 
final TOKAMAK burning plasma physics and radiation-resistant substances basis allowing 
the subsequent steps to be taken toward an strength-producing reactor prototype around 
the middle of the century. 
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