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SUMMARY 

⚫ Power generation technology using fusion reactions has been researched since the 1950s, but it 

is now transitioning from the “research” stage to the “preparation phase for demonstration and 

initial power generation” through development initiatives driven by national policies and through 

private investment. 

⚫ In addition to the promising tokamak approach, technical development towards practical 

application is also accelerating for the stellarator and laser approaches and the significantly 

different FRC and MTF approaches. 

⚫ While delays in the ITER (International Thermonuclear Experimental Reactor) project seemed to 

push fusion reactor development further away, development by startups is accelerating under the 

support of Big Tech seeking large-scale decarbonized power sources. 

1． OVERVIEW OF FUSION ENERGY 

Fusion reactors are being developed to generate electricity using the energy from fusion reactions, the same 

reactions1 that occur in the Sun and stars. Fusion reactors are a decarbonized power source that emits no 

carbon dioxide during electricity generation. They also represent next-generation power generation technology, 

offering widely available fuel 2  and high safety due to the fusion reaction rapidly weakening if operating 

conditions are exceeded. In recent years, the English term “fusion” has gained wider use in Japan, replacing 

the Japanese word for fusion, and efforts to accelerate development have been underway. Japan’s Cabinet 

Office launched the Fusion Energy Innovation Strategy in 2023, and that was revised in June 2025. In the 

private sector, the Japan Fusion Energy Council (J-Fusion) has been established, and domestic startups are 

emerging. Outside Japan, startups are also raising substantial funds and accelerating development. This report 

focuses on the technologies being developed by some Big Tech-backed companies seeking low-carbon 

electricity, against the backdrop of the expansion of AI data centers, and discusses the challenges and future 

potential of these technologies. 

 

 
1 At the Sun’s core, four fusion reactions known as the p-p (proton-proton) chain occur under extreme conditions of 16 million °C and 

240 billion atmospheres of pressure. Fusion reactors cannot achieve the p-p chain, so the reaction conditions differ even though while 

the principle of fusion is the same. Furthermore, in stars hotter than the Sun, a different set of fusion reactions occurs: the carbon-

nitrogen-oxygen (CNO) cycle. 
2 While deuterium used in the most-developed deuterium-tritium (D-T) reaction is readily available, tritium is scarce in nature, 

necessitating breeding within a reactor. 
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1-1． DEVELOPMENT LED BY THE PRIVATE SECTOR TOWARD ACHIEVING FUSION ENERGY 

Fusion reactors generate electricity using energy produced when light atomic nuclei undergo a fusion reaction 

in a high-temperature plasma state. International cooperation for demonstration 3  is underway, and the 

International Thermonuclear Experimental Reactor (ITER) is being developed. When completed, ITER will be 

the world’s largest fusion reactor. Its initial operational is currently scheduled for 2034, as announced in July 

2024. 

Enormous sums of money are required to realize fusion reactors, so development has been supported by public 

funds until now. However, the annual survey of the FIA4 shows that while cumulative private investment 

reached $6.7 billion by 2024, it increased by $2.2 billion in 2025 to reach $8.9 billion. This indicates that private 

sector activities are intensifying. In the US, the Department of Energy selected and supported eight private 

companies through the MBFDP 5  in 2023, and it announced the Fusion Energy Strategy 2024 in 2024. 

Additionally, support at the state level is also being provided, creating an environment conducive to the activities 

of startups. As shown in Figure 1, support to accelerate private development is also being carried out worldwide 

outside the US. 

  

 
3 Japan, the EU, the US, Russia, South Korea, China, and India are participating in ITER. 
4 Fusion Industry Association 
5 Milestone-Based Fusion Development Program 

Figure 1: Fusion-related policies and support examples

Country Policy/Support/Bill Details of support

US Milestone‑Based Fusion Development

Program

This is an initial USD 46 million in milestone-based support (for the first 18 months of the program), with a total

budget of USD 415 million authorized under the CHIPS and Science Act.

The eight companies selected are as follows:

・Commonwealth Fusion Systems

・Tokamak Energy

・Type One Energy

・Thea Energy

・Realta Fusion

・Xcimer Energy

・Focused Energy

・Zap Energy

HB1018 (Washington state) Fusion facilities were added to the scope of the EFSEC (Energy Facility Site Evaluation Council) system.

S-364 (New Jersey) Eligibility given for state clean energy fund and other support

EU EUROfusion ITER experiment preparation

Concept development for Demonstration Fusion Power Plant (DEMO)

France France 2030 – Innovative Nuclear Reactors Renaissance Fusion granted EUR 10 million (approximately USD 11.6 million) for the development of a

stellarator fusion reactor

Germany Fusion 2040 – Research on the way to a

fusion power plant

Long term R&D funds provided

Fundamental and demonstration research supported with a view toward practical reactors around 2040

UK Fusion Industry Programme

& JET Operations

GBP 42.1 million (approximately USD 48.9 million) provided for fusion-related technology development

support

Support for experimental facilities: GBP 84 million (approximately USD 97.6 million)

Plan for Change to deliver jobs and growth

in UK leading fusion industry

GBP 410 million (approximately USD 476.2 million) to be invested for researchers conducting fusion-related

development

Canada Strategic Innovation Fund Domestic fusion demonstration supported

CAD 5 million (approximately USD 3.6 million) in support provided to General Fusion in 2023

Japan Fusion Energy Innovation Strategy

(Established April 2023/Revised June 2025)

Aiming for power generation demonstration in the 2030s, technological development, human resources

development, and supply chain development will be promoted with the goal of establishing an ecosystem that

treats fusion as a new industry.

Source: Compiled by MGSSI based on various media reports
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1-2． TECHNICAL CLASSIFICATION OF FUSION REACTORS AND GLOBAL DEVELOPMENT 

TRENDS  

Fusion reactor designs are broadly categorized into magnetic confinement where plasma is confined in a strong 

magnetic field (MFE6), and inertial confinement, through compression and heating by strong impact (IFE7). For 

MFE, in addition to the tokamak and stellarator (helical) approaches for which research has progressed the 

most, the mirror approach and the field-reversed configuration (FRC) approach have also been developed. For 

IFE, the laser inertial approach has been developed. Other approaches include an approach that combines 

MFE and IFE by confining plasma in a low magnetic field and rapidly compressing it externally (MTF8) and the 

Z-pinch approach, which uses strong currents to achieve magnetic field self-compression. Figure 2 shows the 

individual approaches and the main companies developing each. Figure 3 provides an overview and technical 

characteristics of the three approaches with the most companies performing development: tokamak, stellarator, 

and laser. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
6 Magnetic Fusion Energy 
7 Inertial Fusion Energy 
8 Magnetized Target Fusion 

Figure 2: Classification of fusion reactor methods and companies developing them

Categorization Approach US, Canada EU, UK, international cooperation Japan

Magnetic

confinement

Tokamak

(spherical tokamak)

Commonwealth Fusion

Systems

ITER Organization

(UK) Tokamak Energy

National Institutes for

Quantum Science and

Technology

Stellarator

(Helical)

Type One Energy

Thea Energy

(Germany) Proxima Fusion

(France) Renaissance Fusion

National Institute for

Fusion Science

Helical Fusion

Mirror Realta Fusion ー

FRC TAE Technologies

Helion Energy
ー

Inertial

confinement

Laser Xcimer Energy

Focused Energy

Blue Laser Fusion

(Germany) Marvel Fusion EX-Fusion

MTF General Fusion ー ー

Z-pinch Zap Energy ー ー

Note: The companies in red are the eight companies selected for the US Department of Energy’s Milestone-Based Fusion Development Program (MBFDP).

For Tokamak Energy, the US subsidiary was selected.

Source: Compiled by MGSSI based on various materials

LINEA Innovation

Other
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In the North American region, encompassing the US and Canada, development in all major approaches is 

underway comprehensively. In Japan, the tokamak approach JT-60SA is operated by the National Institutes for 

Quantum Science and Technology (QST), which is conducting support research for ITER. Development for the 

stellarator(helical) approach is done by Japan’s Helical Fusion, while EX-Fusion, also of Japan, is conducting 

development for the laser method. 

1-3． TRENDS AT BIG TECH 

In recent years, as shown in Figure 4, investments and PPAs9 by Google, Microsoft, and other large companies 

known as Big Tech and by prominent investors have been prominent. Google has invested in Commonwealth 

Fusion Systems (CFS), a US company developing the tokamak approach, and concluded a long-term 200 MW 

PPA with a target of beginning power transmission in the early 2030s. CFS, a spin-off from the Massachusetts 

Institute of Technology, possesses advanced technical capabilities in high-temperature superconducting 

magnets, and, as of March 2025, it has secured the largest external financing in the fusion sector. Furthermore, 

a consortium comprising 12 Japanese companies10, including Mitsui & Co., invested in CFS in September 2025. 

Google has also invested in TAE Technologies (TAE), a US company aiming to develop commercial reactors 

using the FRC approach, and it is providing technical support for its development. Microsoft has concluded a 

50 MW PPA with Helion Energy, a US company developing the FRC approach, with a target of beginning power 

transmission in 2028. If achieved, this would mark the world’s first power generation using fusion energy. 

However, development is proceeding under a policy of limited information disclosure, making external 

evaluation difficult and leading to skepticism about feasibility. Additionally, Jeff Bezos, former CEO of Amazon, 

has invested in General Fusion (GF), a Canadian company advancing development using the MTF approach. 

Chapter 2 provides a detailed explanation of the FRC and MTF approaches, which differ from the three main 

approaches shown in Figure 3 of the previous section. 

 
9 Power Purchase Agreement 
10 The 12 companies of Mitsui & Co., Ltd., Mitsubishi Corporation, Kansai Electric Power Co., Inc., JERA Co., Inc., Mitsui O.S.K. 

Lines, Ltd., JGC Japan Corporation, Development Bank of Japan Inc., NTT, Inc., Fujikura Ltd., Sumitomo Mitsui Banking 

Corporation, Sumitomo Mitsui Trust Bank, Limited, and Mitsui Fudosan Co., Ltd. 
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2． FUSION TECHNOLOGY FUNDED BY BIG TECH AND INVESTORS 

2-1. FRC-METHOD FUSION REACTOR UNDER DEVELOPMENT BY TAE TECHNOLOGIES IN THE US 

The FRC approach features a comparatively simple magnetic geometry. The plasma’s azimuthal current 

generates the poloidal confining field. This simplifies the system, offering high potential for size and cost 

reduction. In Japan, LINEA Innovations is also conducting studies using the FRC approach11. While this 

technology allows the coils that generate the magnetic field to be smaller, it faces the challenge of a short time 

in which high-temperature, high-density plasma can be stably maintained. 

The beam-driven FRC approach12 developed by TAE operates as shown in Figure 5. A low-temperature initial 

plasma is formed from gas supplied to the fuel supply region. A neutral beam is then injected into this initial 

plasma to obtain high-temperature FRC plasma. After that, further heating by the neutral beam causes fusion 

reactions. Furthermore, the company aims to use an aneutronic fuel, “protium 13-boron (p-11B),” which can 

reduce radioactive waste during commercial operation in the future. The plan is to achieve output energy greater 

than input energy in a demonstration reactor by the late 2020s and commence operation of the Da Vinci 

 
11 LINEA Innovations combines the FRC method with the mirror method, employing collisional merging where FRC plasma is 

generated at both ends and the two plasmoids are made to collide at the center. 
12 TAE Technologies previously considered collisional merging, but its latest design envisions a system that generates FRC plasma 

solely using a neutral beam. 
13 Protium is the hydrogen isotope with the greatest natural abundance. This term is used to distinguish it from deuterium and tritium, 

other hydrogen isotopes. 

Figure 4: Investments and PPAs in nuclear and fusion energy by Big Tech and related investors

Large LWRs SMR Fusion reactors

Google (Alphabet)
Duane Arnold

(PPA 615MW)

Kairos Power

(PPA 50MW
*1

)

Commonwealth Fusion Systems

(PPA 200MW)

TAE Technologies

Amazon (AWS)

Susquehanna Steam

Electric Station

(PPA 1,920MW)

X-energy ー

Jeff Bezos

(Bezos Expeditions)
ー ー General Fusion

Microsoft

Three Mile Island Nuclear

Generating Station

(PPA 835MW)

ー
Helion Energy

(PPA 50MW)

Bill Gates

(Breakthrough Energy)
ー TerraPower (founder)

Type One Energy

Zap Energy

Meta Platforms

Clinton nuclear power

plant

(PPA 1,121MW)

ー ー

Apple ー ー ー

OpenAI ー ー ー

Sam Altman

(Individual)
ー Oklo Helion Energy

Anthropic ー ー ー

Source: Compiled by MGSSI based on various media reports

Note: The two companies in red text are those developing the FRC and MTF methods covered in the next chapter; the red boxes indicate the

fusion reactors highlighted in this report.

*1: A PPA was concluded between Kairos Power and the Tennessee Valley Authority (TVA). Electricity is supplied under a separate agreement

between Google and TVA.
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commercial reactor in the early 2030s. 

TAE is exploring solutions to the challenge of plasma stability by controlling factors such as the generated 

magnetic field, the neutral beam, and fueling. However, using p-11B as fuel requires plasma temperatures 

exceeding 1 billion °C14, presenting major technical challenges. While multiple prototypes have been built and 

pulsed plasma generation/maintenance proving tests are progressing, even hotter plasma needs to be 

generated to induce fusion reactions. Furthermore, as the current status is the testing phase involving pulsed 

operation, various technological developments will be necessary to sustain high-temperature plasma 

continuously in the future. For example, this requires increasing the power output and enabling continuous 

operation of the neutral beam injection system, as well as a device called a “divertor” to recover particles no 

longer needed after the reaction. 

 

2-2. MTF REACTOR OF CANADA’S GENERAL FUSION 

MTF maintains plasma at lower magnetic fields than with the tokamak approach and elevates plasma to high-

temperature, high-pressure reaction conditions through external impact compression, positioning it between 

magnetic confinement and inertial confinement. GF is attempting to generate fusion reactions by forming and 

injecting a plasma target into a cylindrical cavity created by a layer of liquid lithium (liquid metal layer), then 

rapidly compressing it into a spherical shape by driving the liquid metal layer with pistons, as shown in Figure 

6. The liquid metal serves as a buffer wall against heat and neutrons, reducing wall damage while also 

performing tritium breeding. Furthermore, superconducting coils to maintain the plasma in a low magnetic field 

can be made smaller, reducing costs. GF achieved plasma generation and compression in 2025 with the 

Lawson Machine 26 at a scale of approximately 50% of commercial size15. Testing continues with the aim of 

generating and compressing high-temperature plasma at 10 million °C and 100 million °C, with the ultimate 

goal of achieving an energy output comparable to the energy input. Based on these test results, GF aims to 

 
14 The D-T reaction requires a high-temperature plasma of 150 million °C. 
15 Lawson Machine 26 does not use liquid metal; instead, it uses solid lithium, compressing the cavity by pushing the solid lithium 

with electromagnetic force. 
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realize a commercial reactor within the next decade. 

This system faces challenges, including synchronized control of pistons, reproducibility of repetitive operations, 

stability of liquid metal circulation and cooling, and tritium production and recovery within the reactor. 

Furthermore, achieving plasma generation and compression multiple times per second is difficult, and 

inhomogeneities during impact compression pose a risk of plasma collapse, necessitating improved control 

precision. 

3． FUTURE PROSPECTS 

While the start of ITER operation is delayed from its initial schedule, startups are raising investments and 

advancing development with the goal of commencing operations and limited power transmission between 2025 

and 2028, earlier than ITER. Regardless of the approach, continuous power generation is essential for electricity 

transmission. This requires maintaining plasma for a long time at high temperature with the tokamak and FRC 

approaches, and stable pulsed operation with the laser and MTF approaches. Achieving this necessitates 

solving numerous challenges besides plasma stabilization and heating technologies, including high-

temperature-resistant materials, fuel reproduction, heat extraction, and power generation. 

Regardless of the approach, common technical challenges exist, such as understanding high-temperature 

tolerance and plasma instability. Therefore, progress is expected through research and development at large-
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scale devices such as ITER and at the existing JT-60SA. Furthermore, compact fusion reactors such as those 

using the FRC and MTF approaches being developed by startups hold potential for reducing construction costs 

and shortening lead times for introduction. The conclusion of PPAs by Big Tech and the provision of technical 

support, such as computational technology assistance, play a crucial role in financing for scaling up and in 

accelerating technological development. Against the backdrop of data center electricity demand and the need 

to secure low-carbon, stable power sources, expectations for fusion reactors are high, and activities towards 

practical application will likely continue. 
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