FIRST FUSION-FISSION HYBRID REACTOR - SCEINCE & TECHNOLOGY

NEWS: China has unveiled plans to construct the world’s first fusion-fission hybrid nuclear
reactor, named Xinghuo (“spark” in Mandarin).

o The fusion-fission hybrid reactor aims to significantly enhance nuclear energy efficiency
and sustainability, marking a major shift in global energy production.

e China aims for a Q factor greater than 30 (the ratio of energy produced to energy consumed
for plasma heating).

e ITER (France) targets a Q factor of 10.
e U.S. projects have reached a Q factor of 1.5.
WHAT’S IN THE NEWS?

Q-value of a Nuclear Reaction

e The Q-value of a nuclear reaction refers to the amount of energy released or absorbed
during the reaction.

o It is calculated as the difference between the total mass of the reactants and the total
mass of the products, converted into energy using Einstein’s equation E=mc2E =
mc2E=mc2.



e A positive Q-value indicates an exothermic reaction (energy-releasing), which is ideal for
power generation.
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Overview of the Xinghuo Fusion-Fission Hybrid Reactor

e Developed by China, the Xinghuo reactor aims to revolutionize nuclear energy by
combining the benefits of both fusion and fission technologies.

e The project is designed to surpass current nuclear efforts, including those of advanced
nuclear energy programs in the United States, by the year 2030.

Concept of Fusion-Fission Hybrid

e The hybrid design uses neutron-rich fusion reactions to initiate and sustain power-rich
fission reactions in surrounding materials.



This setup ensures more efficient fuel usage and enhanced sustainability of the nuclear
fuel cycle.

The reactor simultaneously supports energy generation and fuel breeding, offering a dual-
benefit system.

Reactor Design and Operation

Fusion Core: The reactor’s central core carries out the fusion of deuterium and tritium,
resulting in helium and high-energy neutrons.

Fertile Blanket: Around the fusion core lies a blanket of fertile material (e.g., uranium-
238 or thorium-232) which absorbs fusion neutrons.

These fertile isotopes are converted into fissile isotopes (e.g., plutonium-239 or uranium-
233), enabling continuous nuclear reactions and fuel renewal.

Key Technical Features and Benefits

a. Efficient Use of Neutrons

Fusion produces abundant neutrons, which are effectively used to drive fission in the
surrounding blanket.

This improves the overall energy output and reduces neutron wastage.

b. Balanced Energy-Neutron Characteristics

Fusion alone is neutron-rich but low in power output.
Fission alone is power-rich but neutron-poor.

The hybrid reactor combines these strengths, maximizing energy yield per neutron and
ensuring fuel sustainability.

c. Lower Fusion Power Requirements

Unlike standalone fusion reactors, which require immense energy to sustain plasma, the
Xinghuo reactor uses fusion primarily as a neutron source.

This makes the fusion component less energy-intensive, improving feasibility with existing
technology.

d. Reduction in Long-Lived Nuclear Waste

Fusion neutrons can be used to transmute long-lived radioactive isotopes into short-lived,
less harmful elements.



e This drastically reduces the volume and longevity of nuclear waste, easing waste
management and disposal challenges.

e. Breeding New Fissile Fuel

o The reactor supports fuel regeneration by breeding fissile isotopes (e.g., Pu-239, U-233)
from fertile materials.

o This extends the fuel supply, making the reactor partially self-sustaining and reducing
dependence on mined fissile materials.

Projected Output and Operational Scale

e The Xinghuo reactor is designed for continuous energy output of approximately 100
megawatts.

e This scale is comparable to small nuclear power reactors, making it suitable for
decentralized and modular deployment in future energy systems.

Nuclear Fission: A Brief Overview

e Process: Involves splitting heavy atomic nuclei (like uranium-235) into smaller nuclei,
releasing a large amount of energy.

e Advantages: Proven technology; high energy output.
o Challenges:
e Generates radioactive waste with long half-lives.

¢ Risks include meltdown, radiation leaks, and nuclear proliferation.

Nuclear Fusion: A Brief Overview

e Process: Involves merging light nuclei (like deuterium and tritium) to form a heavier
nucleus (like helium), releasing vast energy.

e Advantages:
e 4x more energy per kilogram of fuel than fission.
e Minimal radioactive waste and no carbon emissions.
e Fuel materials (hydrogen isotopes) are abundant and widely available.

e Challenges: Requires extremely high temperatures (~100 million °C) and complex plasma
confinement technologies (like tokamaks), making it technologically demanding.



Significance of Hybrid Reactors for the Future
o Bridges the gap between fusion’s futuristic potential and fission’s current practicality.

o Offers a transition technology that leverages both methods to produce clean, efficient, and
sustainable energy.

e Can help extend nuclear fuel supplies, reduce waste, and accelerate clean energy goals,
especially under net-zero emission roadmaps.

Source: https://www.sustainability-times.com/energy/china-moves-decades-ahead-worlds-first-
fusion-fission-hybrid-reactor-set-to-eclipse-u-s-efforts-by-2030/
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