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Abstract 

Nuclear fusion is a process where atomic nuclei combine to form a heavier nucleus, releasing energy. It powers stars 
and holds immense potential as a clean, virtually limitless energy source for humanity. This comparative review 
analyzes the primary confinement approaches, gravitational, magnetic, inertial, and electrostatic. It evaluates their 
historical development, underlying principles, and technological maturity. An analysis of these methods highlights 
their respective advantages and limitations. The report analysis concludes that magnetic confinement fusion (MCF), 
particularly tokamak and stellarator designs, is the most advanced and scalable pathway for near-future energy 
production, despite challenges related to plasma stability and materials. 
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1. Introduction 
 

Energy demand continues to rise globally due to factors such as increased population, economic growth, and the 
need to power technological advancements. This increase in energy demand has increased the overall development 
and improvements in technologies of sustainable and efficient power sources. Nuclear fusion, the process by which 
light atomic nuclei combine to form heavier ones, releasing vast amounts of energy, currently presents prospectively 
the best solution. This process has been defined by Albert Einstein's famous equation, E=mc², which relates the 
relationship between mass and energy. The total mass of the resulting nucleus is slightly less than the combined mass 
of the original nuclei, and this "missing" mass is converted into energy (International Atomic Energy Agency, n.d.). 

Fusion produces no greenhouse gases, and unlike nuclear fission, it generates minimal long-lived radioactive 
waste (EUROfusion, n.d.). Furthermore, fusion fuels like isotopes of hydrogen (deuterium and tritium) are abundant, 
making fusion a nearly inexhaustible energy source, satisfying the many concerns over possible CO2 production. The 
concept of harnessing fusion energy started in the early 20th century when British astrophysicist Arthur Eddington 
suggested that stars draw their energy from the fusion of hydrogen into helium. (EUROfusion, n.d.) However, 
replicating the conditions found in where gravitational confinement naturally sustains fusion. 

There are mainly three conditions necessary for a controlled thermonuclear fusion: The temperature must be hot 
enough to allow the ions of deuterium and tritium to have enough kinetic energy to overcome the Coulomb barrier 
and fuse together, the ions must be confined with a high ion density to achieve a suitable fusion reaction rate, and the 
ions must be held together in close proximity at high temperature with a confinement time long enough to avoid 
cooling (EUROfusion, n.d.; HyperPhysics, n.d.). 

Maintaining these extreme temperatures and densities is not enough on its own; the conditions must also be 
sustained long enough to yield more energy than was used to heat the plasma. This condition is defined by the Lawson 
criterion, which states that the product of ion density (n) and confinement time (τ) must exceed a specific threshold. 

Lastly, the central metric for evaluating a fusion device’s performance is the fusion energy gain factor, Q. It is  
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defined as the ratio of thermonuclear 
power output to the external heating power 
input required to sustain the plasma. When 
Q = 1, it’s known as scientific breakeven, 
where the fusion power is equal to the heating power. Fusion energy research aims to achieve a Q value significantly 
greater than 1, indicating a net energy gain from the fusion process. 

Currently, newer and better solutions for nuclear fusion are still being discovered today, with the most prominent 
methods being what this paper will be focusing on: Magnetic confinement, Inertial confinement and Electrostatic 
confinement. 

This manuscript seeks to evaluate and analyze the weaknesses and strengths of the three currently most prominent 
approaches to achieving nuclear fusion: Magnetic Confinement (MCF), Inertial Confinement (ICF), and Electrostatic 
Confinement (ECF). The core objective is to assess and compare these technologies against key criteria: their scientific 
feasibility in meeting the Lawson criterion, their current technological maturity, their potential for energy efficiency 
(Q>1), and their scalability to power plant dimensions. By conducting a comparative analysis against these 
benchmarks, this paper will ultimately conclude on which method or combination of methods yields the best and most 
effective results. 
 
2. Main body 
 

The main fuels used in nuclear fusion are elements like deuterium and tritium, both isotopes for hydrogen. The 
Deuterium to Tritium fusion reaction has the largest cross section and also the largest Q-value (the released energy of 
a reaction) of all varieties of fusion reactions (EUROfusion, n.d.). It produces an alpha particle (or Helium-4 nucleus) 
and a neutron, and releases 17.6 megaelectron volt (MeV) of energy in the form of kinetic energy of the products (3.5 
MeV to alpha particle and 14.1 MeV to neutron) (EUROfusion, n.d.). 
 
2.1 Mathematical solution for Binding Energy 
 

For a nuclear fusion reaction to successfully occur and for energy to be released, the binding energy per nucleon 
must increase during the process of combining. The binding energy, amount of required energy, is needed to 
completely separate a nucleus into its constituent protons and neutrons. It represents the stability of the nucleus, higher 
binding energy per nucleon would result in a more stable nucleus 

To calculate the specific binding energy, the mass defect or the difference between the mass of a nucleus and the 
sum of the masses of its individual protons and neutrons is converted into energy, which is the binding energy. 

To mathematically calculate this for a D-D fusion (deuterium + deuterium → helium-3 + neutron): 
 

a. Gather Mass Data (in atomic mass units, u): 
 

Deuterium: 2.014102 u 
Helium-3 : 3.016029 u 
Neutron (n): 1.008665 u 

1𝑢 = 931.494
𝑀𝑒𝑉
𝑐!  

 

b. Calculate total mass before and after fusion: 
 

𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝑚𝑎𝑠𝑠	(	2	𝑑𝑒𝑢𝑡𝑒𝑟𝑖𝑢𝑚	𝑛𝑢𝑐𝑙𝑒𝑖):			2	 × 	2.014102	𝑢 = 4.028204	𝑢 
𝐹𝑖𝑛𝑎𝑙	𝑚𝑎𝑠𝑠	(𝐻𝑒𝑙𝑖𝑢𝑚 + 𝑛): 3.016029	𝑢 + 1.008665	𝑢 = 4.024694	𝑢 

 

c. Determine mass defect (Δm): 
𝛥𝑚 = 	𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝑀𝑎𝑠𝑠 − 𝐹𝑖𝑛𝑎𝑙	𝑀𝑎𝑠𝑠 

𝛥𝑚 = 	4.028204 𝑢 − 4.024694 𝑢	 = 	0.003510 𝑢 
 

d. Convert Mass Defect to Energy: 

𝐸 = 	𝛥𝑚	 × 	931.494 
𝑀𝑒𝑉
𝑐!  

Table 1. Displays the two most common fusion reactions equations and their 
Lawson criterions for a fusion reaction to successfully happen. 
 nτ ≥ 1014 s/cm3 deuterium-tritium fusion 
Lawson's criterion for fusion nτ ≥ 1016 s/cm3 deuterium-deuterium fusion 
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𝐸 = 	0.003510 𝑢	 × 	931.494 
𝑀𝑒𝑉
𝑐! 	= 	3.27 𝑀𝑒𝑉 

(This is the energy released per fusion reaction.) 
 

Calculating binding energy is important for understanding and predicting whether nuclear fusion reactions will 
release or absorb energy. 
 
2.2 Gravitational confinement 
 

Gravitational confinement refers to the process where the force of gravity is used to hold matter, usually plasma, 
in a confined space. This is the primary mechanism that allows stars, including our Sun, to exist and sustain nuclear 
fusion reactions. Inside the core of a star, there is an immense gravitational force capable of compressing the hydrogen 
gas to high densities and heats it to millions of degrees Celsius, satisfying the conditions by creating a naturally stable 
and self-sustaining fusion reactor. The mass required to generate this force makes the method difficult to replicate on 
Earth as no man-made equipment is able to withstand the pressure needed. 
 
2.3 Magnetic confinement 
 

Magnetic Confinement Fusion (MCF) is one of the most developed and promising approaches to achieving 
controlled fusion on Earth. The magnetic confinement concept involves a giant magnetic field to confine the 
movement of the fusion fuel, which exists in a superheated, ionized state known as plasma (International Atomic 
Energy Agency, n.d.). This is due to the plasma’s properties of being composed from charged particles which are able 
to be controlled by magnetic forces (Norman, 2021). The magnetic field creates a “magnetic bottle”. By coming in 
contact with the reactor walls, it prevents the particles from exceeding the temperature of 100 million degrees Celsius, 
dissipating the heat of the nuclei and slowing down its movement (L’Annunziata, 2016). 

In a magnetic field, charged plasma particles are forced to spiral 
along the magnetic field lines. The most promising magnetic 
confinement systems are toroidal (in a torus shape); of these, the most 
advanced is the Tokamak (International Atomic Energy Agency, n.d.). 

A tokamak is a toroidal (doughnut-shaped) device that uses a 
combination of magnetic fields to confine the plasma. 

Observing from figure 1, large coils around the torus create a 
powerful toroidal field surrounding the vacuum vessel, while a current 
driven through the plasma itself generates a poloidal field. The toroidal 
field provides the primary mechanism of confinement of the plasma 
particles while the poloidal field produces a field around the plasma 
cross-section (International Atomic Energy Agency, n.d.). It pinches 
the plasma away from the walls and maintains the plasma’s shape and stability. The poloidal field is induced both 
internally by the current driven in the plasma (one of the plasma-heating mechanisms) and externally by coils that are 
positioned around the perimeter of the vessel (Carr, 2010). 

The combination of these fields creates a helical magnetic field that spirals around the torus, effectively trapping 
the plasma particles and keeping them stable. 

Another type of magnetic confinement is a stellarator: similar to a tokamak, a stellarator also uses a toroidal shape. 
Its key difference with a tokamak is in how the magnetic field is generated to contain the plasma (L’Annunziata, 
2016). Instead of relying on a tokamak’s induced plasma current to create the magnetic field, stellarators use external 
electromagnets to generate a complex, twisting magnetic field that confines the plasma in a toroidal shape (Department 
of Energy, n.d.). It can operate in a steady state without needing to drive a current through the plasma, which can be 
prone to disruptions and interruptions that halt the fusion reaction. The absence of a strong plasma current in 
stellarators allows for continuous operation without the limitations associated with plasma disruptions and current 
ramp-up cycles in tokamaks (Department of Energy, n.d.). 

 
Figure 1. Diagram showing a tokamak with 
detailed labelling (Thaman, 2024). 
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2.4 Inertial confinement  
 

Inertial Confinement Fusion (ICF) is another popular approach to nuclear fusion where Instead of containing a 
plasma for long durations, it aims to create fusion in a very brief, powerful burst using powerful energy sources, such 
as lasers or ion beams, to rapidly com- press and heat the fuel target from all directions. ("Sandia National 
Laboratories," n.d.) The process involves a small, spherical pellet, typically a few millimeters in diameter, containing 
deuterium and tritium fuel. 

As shown in figure 2, to successfully 
execute the process of ICF, the surface of the 
fuel pellet is first blasted with extremely high-
energy laser beams or particle beams, delivering 
a massive amount of energy in nanoseconds 
(Zohuri, 2017). Then the intense energy rapidly 
heats the outer layer of the pellet, causing it to 
vaporize and explode outward: Due to Newton’s third law– that for every action, there is an equal and opposite 
reaction–this outward explosion creates an equal and opposite reaction force, driving the rest of the pellet in the 
opposite direction in a rocket-like implosion. The implosion compresses the fuel at the core to densities hundreds of 
times that of lead and heats it to over 100 million degrees Celsius (Zhou, 2017). 

As the fusion reactions happen so quickly, the fuel’s own inertia—its 
resistance to being blown apart—is enough to hold it together for the moment 
needed for the burn to spread through the compressed fuel, releasing a large 
burst of energy. In December 2022, the NIF successfully achieved “scientific 
breakthrough,” producing more energy from the fusion reaction than the 
laser energy delivered to the target (Clery 2022). 
 
2.5 Electrostatic confinement  
 

Inertial Electrostatic Confinement (IEC) is another approach that uses 
electric fields to confine and accelerate ions to fusion conditions.  

The most well-known IEC device is the Farnsworth-Hirsch "fusor." As 
shown in figure 3, a typical fusor consists of two concentric, spherical wire 
grids inside a vacuum chamber.  

A high negative voltage is applied to the inner, bigger grid of the fusor. 
Fuel gas introduced into the chamber is ionized, and the positively charged 
ions are accelerated at high speeds toward the central negative grid. The gaps 
between the grids allow ions to fly through the gaps and collide in the center, 
where some can fuse. (Hull, 1997) While fusors are relatively simple to build 
and are effective as 

portable neutron sources, they suffer from significant energy 
losses. Many ions collide with the wire grid itself, heating it 
up and losing energy that could have been used for fusion. 
This makes it very difficult for simple fusor designs to 
achieve net energy gain. (Hull, 1997) 

Another concept called the Polywell, which combines 
electrostatic confinement with magnetic fields to trap 
electrons and form a "virtual cathode.” 

As shown in figure 4, by combing electrostatic and 
mangetic confinement within a trapping container, it aims to 
create a stable and efficient fusion power. The Polywell's 

 
Figure 2. Steps 1 to 4 displayed to illustrate the process of an inertial 
fusion reaction within confinement (Laughlin, 2015). 

 
Figure 3. Diagram shows a CAD 
model of the Farnsworth Hirsch fusor, 
emphasising on the components 
inside the vacuum chamber (Klopfer, 
2012). 

 
Figure 4. Image illustrates the idea of confinement 
using electrostatics through the concept of Polywells. 
The trapping motion is displayed on the right image in 
order to confine the electrons and to form the virtual 
cathode which is colored blue on the left (Brendan, 
2022). 
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design directly addresses the fusor’s flaw by removing the physical grid. It instead creates a virtual grid, using 
magnetic fields to confine an electron cloud which allows for lower energy losses from ion collisions (Carr, 2010). 

The primary problem is the process of effectively contacting the electrons inside the magnetic field. It is also less 
developed in the creation and maintenance of a stable, high-density plasma. The interaction between the electron cloud 
and the ion population can lead to various instabilities that could disrupt the confinement and quench the fusion 
reactions. 
 
3. Discussion 
 

Comparing the 4 types of confinement methods, it is argued widely of which is the most suitable method to be 
used. There are certain strengths and limitations to all methods, influencing their suitability for practical usage.  

A comparative analysis of the four confinement methods reveals distinct advantages and limitations, summarized 
in Table 1. The qualitative labels (Strong, Moderate, Weak) are based on an assessment of current technological 
progress, scalability, and demonstrated performance toward energy-producing reactors. 
 

Table 2. Shows the comparison between the four confinement methods– Gravitational, magnetic, inertial, and electrostatic 
confinement– within the categories of advancability, feasibility on earth, confinement duration, and energy efficiency. The level 
of classification provides insights into their viability for that category. 

Method Advancability Feasibility on Earth Confinement Duration Energy Efficiency 

Gravitational 
Weak: Naturally occurs 
in stars, no Earth-based 
progress. 

Not Feasible: Requires 
massive gravity and 
mass, impossible to 
replicate. 

Long: Stable in stars, but 
irrelevant for Earth. 

High in stars, but 
unachievable on Earth. 

Magnetic 
(MCF) 

Strong: Most developed 
with projects like ITER, 
W7-X; tokamaks and 
stellarators advanced. 

Feasible: Can sustain 
plasma at high 
temperatures with 
current technology. 

Long: Seconds to 
minutes but requires 
precise control to avoid 
disruptions. 

Moderate: Energy input 
for magnetic fields and 
plasma heating, scalable 
for power plants. 

Inertial 
(ICF) 

Moderate: Less mature 
than MCF, fewer large-
scale projects. 

Feasible: Uses high-
intensity laser bursts for 
small-volume fusion. 

Short: Nanoseconds, 
relies on fuel inertia, no 
need for prolonged 
stability. 

Low: High energy loss 
in laser systems, frequent 
maintenance needed. 

Electrostatic 
Weak: Least developed, 
limited progress for 
practical use. 

Feasible: Simple and 
safe, but inefficient. 

Short: Limited by ion 
collisions with grid. 

Low: Significant energy 
losses, poor confinement 
efficiency. 

 

Gravitational confinement, while naturally effective in stars, is unable to be performed on Earth due to the large 
amount of mass and gravity required to maintain the procedure. For example, the Sun utilizes its massive gravitational 
force to produce nuclear fusion – without this force a replacement of high temperature is required to support the 
reaction needed to take place (Table 2). On Earth, we need temperatures of over 100 million degrees Celsius to make 
deuterium and tritium fuse, while regulating pressure and magnetic forces at the same time, for a stable confinement 
of the plasma and to maintain the fusion reaction long enough to produce more energy than what was required to start 
the reaction. As this confinement method relies completely on gravity and mass, this is the least feasible method for 
nuclear fusion confinement.  

Magnetic confinement is currently the most developed method of nuclear fusion. This method uses magnetic 
fields to maintain and reach the required high temperature plasma in a defined space. The tokamak can sustain this 
plasma at fusion relevant temperatures though for limited durations. The stellarator can replace the need for a plasma 
current, which is the current sole problem with the tokamak as continuous external energy input is required to drive 
the plasma current. Though the stellarator is more complex to design and construct. Compared to gravitational 
confinement, it can overcome the Coulomb barrier with current technologies with its replacement solution to the lack 
of sufficient gravity and mass.  

As compared to the other two confinement methods, ICF delivers energy in more high intensity bursts, allowing 
controlled fusion reactions in small volumes (Table 2). ICF also has shorter confinement time, requiring only 
nanoseconds to achieve, as it relies on the fuel’s inertia to hold together, avoiding the need for plasma to be stable for 
long durations. MCF as comparison requires sustained confinement from seconds to even minutes to meet the Lawson 
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criterion, which demands more magnetic field control, risking disruptions.  
Though there are also disadvantages as ICF requires extremely high energy lasers to compress the fuel pellets, 

with the risk of losing energy in the delivery system. This compared to MCF is still less effective as the energy input 
used does not need to power lasers and are instead only used for magnetic field and plasma heating, offering better 
scalability for power plants.( Table 2)  Another disadvantage to ICF is that the intense energy bursts per usage causes 
significant wear on the systems, requiring frequent maintenance and replacement, becoming costly compared to MCF 
which is able to operate continuously. (Table 2) ICF technology is also overall less mature than MCF, with fewer large 
scale projects as compared to global MCF projects such as ITER and W7-X results.  

Lastly electrostatic confinement would be the least developed method out of the previous few methods. Though 
this method is relatively simpler and can be attempted more safely, it suffers from limitations such as energy losses 
due to ion collisions with the central grid and poor confinement efficiency compared to the other listed methods. 
 
3.1 MCF vs ICF: A Comparison of Scalability and Stability 
 

After comparing the four confinement methods, magnetic confinement is the most promising and practically 
feasible approach for large-scale energy production in the future, mainly due to its stability and suitability for 
continuous operation. 
 

Table 3. Presents a comparison of MCF and ICF confinement methods specifically—across various categories, including 
operational mode, energy efficiency, confinement stability, and suitability for power generation. The classifications highlight 
the advantages and limitations of each method in terms of their potential for practical application in energy production. 
Method Operational Mode Energy Efficiency Confinement Stability Suitability for Power 

Magnetic 
(MCF) 

Continuous: Seconds to 
minutes, supports steady-
state power. 

High: Uses low-power 
superconducting magnets 
(5–10 T). 

Stable: Toroidal 
geometry with helical 
fields prevents wall 
contact. 

High: Ideal for 
continuous, scalable 
energy production. 

Inertial 
(ICF) 

Pulsed: Nanoseconds, 
single-shot process. 

Low: Lasers lose most 
energy, needing ~300 MJ 
per shot. 

Unstable: Spherical 
geometry prone to 
implosion disruptions. 

Low: Not suited for 
continuous power due to 
pulsed nature. 

 

The most compelling advantage of magnetic confinement is its suitability for continuous or steady-state 
operations (Table 3). To use nuclear fusion as a constant energy source, a commercial power plant must deliver a 
stable supply of electricity to the grid. MCF devices, such as tokamaks, achieve confinement times on the order of 
seconds to minutes. In contrast, ICF systems, such as the National Ignition Facility (NIF), operate in a pulsed mode 
with confinement times on the order of nanoseconds. This difference makes MCF more compatible with the steady 
energy output required by power grids, whereas ICF’s pulsed nature presents major challenges with engineering for 
continuous power production (Zylstra et al. , 2024). 

As MCF uses superconducting magnets and self-sustaining plasma currents, its energy efficiencies surpass other 
options. Tokamaks use superconducting magnets to generate stable magnetic fields (5–10 T), requiring relatively low 
power input to sustain the plasma. In contrast, ICF faces significant energy efficiency challenges. The NIF’s 192 laser 
beams deliver 2 MJ of energy per shot, but the lasers convert less than 1% of their electrical input into target drive 
energy, requiring approximately 300 MJ of electrical energy per shot (Table 3)(Kramer, 2023). This difference in 
system-level efficiency highlights MCF’s higher potential for a net energy power plant. 
 
3.2 Comparison of Q value 
 

The reported Q-values for ICF and MCF experiments shows their different operational paradigms. 
 
Inertial Confinement Fusion (ICF): The NIF Example 
In the landmark 2022 experiment at the NIF using ICF, these are the values involved: 
 

Fusion Energy Output: 3.15 Megajoules (MJ) 
Laser Energy Input to Target: 2.05 Megajoules (MJ) 
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Using these figures, we can calculate the Q value for this specific experiment: 
 

	𝑄(𝑁𝐼𝐹) 	= 	3.15	𝑀𝐽	 ÷ 	2.05	𝑀𝐽		 = 	1.54 
 

This result was historic because it marked the first time a fusion experiment achieved a Q value significantly greater 
than 1.  
 
Magnetic Confinement Fusion (MCF): The JET Example 
For comparison, we can look at a key result from the Joint European Torus (JET), a tokamak-based MCF device 
located in the UK. 
 
Fusion Power Output: 16 Megawatts (MW) 
Heating Power Input: 24 Megawatts (MW) 
 

𝑄(𝐽𝐸𝑇) 	= 	16	𝑀𝑊	 ÷ 	24	𝑀𝑊	 ≈ 	0.67 
 

Even though the NIF's Q value is higher than 
JET's, there are also factors to consider, for 
example: NIF's achievement is a single, powerful 
pulse. The challenge lies in increasing the 
repetition rate and the massive inefficiency of the 
lasers for continuous power generation. JET's 
results, while below breakeven (Q < 1), 
demonstrate the ability to sustain a plasma and 
generate significant fusion power for several 
seconds, which is the operational mode required 
for a future power plant. (Table 4) 

The toroidal geometry of MCF devices 
allows for stable plasma confinement by preventing particle trajectories from intersecting reactor walls. The 
combination of toroidal and poloidal magnetic fields creates helical field lines that ensure stability, with beta values 
(plasma pressure relative to magnetic pressure) reaching 5% in advanced configurations. (Zohuri, 2017) While some 
argue that ICF’s spherical geometry is theoretically superior for uniform compression, practical data show that its 
geometry is unstable due to implosion disruptions, which decrease fusion yield. MCF’s ability to maintain a “good 
vacuum” (10¹⁴ particles/cc) contrasts with ICF’s high-density requirements, avoiding the repetitive stress on reactor 
components seen in ICF’s pulsed approach, thus reducing material fatigue and potential operational failure. 

Despite challenges such as plasma instabilities and material degradation, ongoing advancements in 
superconducting magnets and plasma control technologies enhance MCF’s feasibility.  
 
3.3 Limits of MCF 
 

The biggest challenge for MCF is managing complex plasma behaviors. Plasma, by nature, is prone to many 
instabilities with technology, the most common issue is the magnetohydrodynamic instability (MHD). In more simple 
terms, these are sudden, uncontrollable breaks in the magnetic cage holding the plasma, which can rapidly shut down 
the reaction and damage the reactor walls. They are driven using the plasma’s high pressure and current leading to 
rapid energy loss. ("ScienceDirect," n.d.)   

Another limitation involves material science challenges. High energy neutrons produced during this reaction can 
cause damage to the reactor materials, affecting their durability and making them radioactive and to become brittle 
and degrade over time. A more specific and common material to be affected is the diverter, which must handle extreme 
heat loads without frequent and costly shutdowns and replacements.  

Lastly, the magnetic field used for the reactions require extremely strong fields to effectively trap the plasma, 
which can be challenging and expensive to generate and maintain. The shield must be extremely thick to allow a 
successful trade-off between the magnetic field strength and the radiation damage the magnet can withstand. 

Table 4: This table summarizes the calculated Q value results from 
the NIF and JET produced from ICF and MCF respectively. It 
compares key features such as energy input to the plasma or target, 
energy output from fusion, calculated Q value, and operational 
mode. 

Feature NIF (ICF) - Dec 2022 
Experiment 

JET (MCF) - 1997 
Experiment 

Energy Input 
(to plasma/target) 2.05 MJ 24 MW 

(of heating power) 
Energy Output 
(from fusion) 3.15 MJ 16 MW 

(of fusion power) 
Calculated Q 

Value 1.54 ~0.67 
Operation Mode Pulsed (nanoseconds) Sustained (seconds) 
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3.4 Limitations overall 
 

There are also several other limitations that must be considered. Firstly, fusion research evolves quickly, meaning 
that the milestones and project timelines can change very frequently, potentially some specific data addressed in this 
paper less updated to reality. Secondly, many of the data gathered for analysis are based on available papers and 
literature and are not primarily collected. Thirdly, there was no economic cost benefit analysis or any detailed 
engineering considerations, which must be addressed along with the other factors for a thorough feasibility study. 
Finally, all analyses were made from information limited to the public domain and do not contain any consideration 
from private fusion investigations, limiting the measurement for the analysis. 
 
4. Conclusion 
 

In conclusion, magnetic confinement represents a promising solution and method to generating nuclear fusion. 
Unlike nuclear fission, fusion generates significantly less unsustainable radioactive waste and utilizes abundant fuel 
sources primarily isotopes of hydrogen.  

Among the chosen subjects: Magnetic confinement, inertial confinement and electrostatic confinement. Magnetic 
confinement fusion (MCF) stands out as the most viable approach for nuclear fusion energy production. Its capability 
for continuous operation and efficiency within the maintenance of high plasma temperatures and through its 
comparison with inertial confinement and electrostatic confinement, it positions as the most developed and safe 
currently. 

While inertial confinement fusion (ICF) has achieved milestones like scientific breakeven at the National Ignition 
Facility, its reliance on high-energy lasers and pulsed operation limits its scalability and efficiency compared to MCF.  

Electrostatic confinement, though simpler, suffers from significant energy losses, making it less practical for 
power generation. Gravitational confinement, while effective in stars, remains infeasible on Earth due to the immense 
mass required. 

Despite challenges such as plasma instabilities and material degradation, ongoing advancements in 
superconducting magnets and plasma control technologies continue to enhance MCF’s feasibility. As research 
progresses, particularly with projects like ITER, magnetic confinement fusion holds the greatest promise for delivering 
a sustainable, high-yield energy solution to address the world’s growing energy needs. 
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