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NUCLEAR ENERGY: 
PRESENT STATUS, 
CHALLENGES AND 
THE RISE OF A 
NEW ERA

Cinzia DaVia

The University of Manchester, UK

Stony Brook University, USA
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Nuclear energy – generated by large nuclear fission power plants - has been a significant source of electricity
generation for decades, contributing to global energy supplies while producing low greenhouse gas emissions. As
of the current state, several countries heavily rely on nuclear power, while others are re-evaluating their nuclear
energy strategies due to safety concerns and the rise of alternative energy sources. Fusion has been the source of
studies for decades and several countries are investing on fusion projects

Fission Nuclear Power /country Fusion Projects

Nuclear energy -Present Status
Source IAEA Director General Report 2022
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Generations of Nuclear Fission Power Plants
Source: Generation IV International Forum, www.gen-4.org
Slide from Varenna2023 -S. Leray

present
preparing

http://www.gen-4.org/
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Key Features of Present Nuclear Energy I

Electricity Generation:
Nuclear power plants use
controlled nuclear reactions
to produce heat, which is
then converted into
electricity. These plants
provide a consistent and
reliable source of baseload
power, often operating at
high capacity factors.

Low Carbon Emissions:
Nuclear energy emits
minimal greenhouse gases
during electricity
generation, making it an
important option for
reducing carbon emissions
and combating climate
change.
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•Resource Availability:
•Uranium, the primary fuel for nuclear
reactors, is relatively abundant and can
provide a stable source of energy for
decades, if not longer.

•Quantities of mineral resources are
greater than commonly perceived, and are
relative to both market prices and cost of
extraction.

•The world's known uranium resources
increased by at least one-quarter in the
last decade due to increased mineral
exploration.

•Uranium should last at least until
the end of the century

Key Features of Present Nuclear Energy II
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Safety Concerns: Nuclear accidents like Chernobyl and Fukushima have raised serious safety concerns and
prompted re-evaluations of nuclear plant design, disaster preparedness, and reactor decommissioning.

Challenges I

Nuclear Accidents Worldwide Mortality by Energy Source
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Nuclear Waste: Radioactive waste disposal remains a complex challenge, requiring secure long-
term storage solutions to prevent environmental contamination.

Challenges II

Types of Waste Waste Disposal

Spent Fuel 
Composition

Half Life

https://www.compoundchem.com/2020/04/22/nuclear-waste/
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Nuclear Energy: The Rise of a New Era

This new era is characterized by the following key developments:

1.Advanced Reactor Designs: Next-generation nuclear reactors are being developed with
enhanced safety features, improved efficiency, and reduced waste production. Small modular
reactors (SMRs) and advanced fast reactors are among the innovative designs gaining attention.

2.Use of nuclear energy beyond electricity: heat generation, H production, water desalinisation,
energy storage…

3.Nuclear Fusion: nuclear fusion holds the promise of virtually limitless and clean energy.
Projects like ITER (International Thermonuclear Experimental Reactor) aim to achieve
controlled fusion reactions. Industry is booming with small fusion reactors. New concepts are
being proposed

4.Innovation in Waste Management: Research is ongoing to develop more effective and secure
methods for managing and disposing of nuclear waste, including advanced reprocessing
techniques.

5.Public Engagement: Public understanding and acceptance of nuclear energy are being
addressed through education, transparency, and open dialogue.
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9

• from GW to MW
SMR, AMR and MMR

more than 70 concepts under study worldwide

A large number of concepts
§ Light water reactors of the 3rd generation (PWR 

& BWR) P=pressurized, B=boiling

§ 4th generation reactors (AMR) A=Advanced

§Intrinsically VERY SAFE!!!

Source : IAEA

Reinventing nuclear power with SMR
S. Sarrade ANIMMA 2023

Sodium Cooled
Fast Reactor

Very High Temp
Reactor

Source : Generation 4 Forum

Lead Cooled 
Reactor

Molten Salt
Reactor
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Use of nuclear energy beyond electricity 
FromXinL. Yang, JAEA, 
https://nucleus.iaea.org/sites/INPRO/df16/Day-
1/Keynote_YAN.pdf
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Reinventing nuclear power with SMR

New use cases for nuclear power
§ Network integration and balancing 

§ Energy hub and remote sites
§ Replacement of coal plants

§ Heating and industrial heating 
networks

§  Hydrogen & e-fuel
§  Desalinization

Source : Third way, NICE Initiative

•New approach to nuclear reactor 
design
§  Simplicity
§  Passive safety and absence/reduction of 

off-site countermeasures
§  Prefabrication – modularity
§  Production in series

Dr S. Sarrade CEA, ANIMMA23
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Nuclear Fuel Cycle

Waste: Cycle Options

From: Varenna2023 -S. Leray
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Nuclear Waste Disposal: Environmental Impact

•Green-House-Eases emissions (GHG, 
gCO2eq/kWhe)

•Atmospheric Pollution (mg/kWhe)
−SOx
−Nox

•Water Pollution (mg/kWhe),
−Acidification
−Eutrophisation
−POCP (photochemical ozone creation 
potential)

•Land-Use (m2/GWhe)

•Water Consumption (l/MWhe)

•Water Withdrawal (l/MWhe)

•Production of Technological Waste 
(g/MWhe)

Ch. Poinssotet al. / Energy 69 (2014)
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Transmutation of Nuclear Waste
symmetry | volume 9 | issue 1 | february 2012 

• Use of Accelerator Driven Systems (ADS) to generate a beam of particles to help transform spent nuclear fuel into a re-
useable form

• It could reduce the time required for long-term geological storage from 300,000 years to 500 years.
• Uses the abundant thorium, as a safer, cleaner, more proliferation-resistant fuel for energy production in nuclear reactors.
• EUROTRANS Projectà MYRRHA, the Multipurpose hYbrid Research Reactor for High-end Applications , Belgium
• Prototype projects GUINEVERE and Venus, (TRANSNMUTEX (CERN startup)
• Project X  at Fermilab could be used as a demonstrator
• Thorium fuel cycle is pursued in : China, India, France Denmark, Turkey and USA
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Thorium Cycle and Energy Amplifier

Thorium: 232Th is not itself fissile but is
‘fertile’
neutron absorption leads to 233U, which is
fissile 232Th (n,γ) → 233Th (22min) →233Pa
(23d)→233U(1.6x105y)

Accelerator-driven transmutation of waste
(ATW) and Energy Amplifier

The system generates electricity from thorium
whilst continuing to burn radioactive waste

Proposed by Nobel Prize Winner and CERN
former director general Carlo Rubbia in
1993

Thorium is an abundant resource (much
more than uranium) and supplies could
last thousands of centuries
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Current Fusion Technologies
Magnetic

Confinement 
Fusion

Inertial
Confinement 

Fusion
Magnetized Target

Fusion Field Reversed Configuration Stellarator

Tokamak JET, ITER
Powerful toroidal 
magnets and hot 
plasma 

Powerful pulsed
laser or ion beams
on pellets

Hybrid approach
Combining magnetic 
and inertial confinement

Uses plasma guns to accelerate two plasmas 
into each other and then heats them with 
particle beams.

Spiralling ribbon shape produces 
high-density plasma that's 
symmetrical and more stable than 
a tokamak's, allowing the reactor 
to run for long periods of time.

ZAP FUzeQ Reactor = Z-pinched D plasma

Novel “Compact” Ideas 

~2m ~12m

Helion: D+He plasma collision MIT SPARC-CFS Demonstrator =2-T coil
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Nuclear Fusion and Private Industry

Spinoff from Boeing
Commonwealth Fusion Systems
SPARC-MIT
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Public Perception of Nuclear Technology
Kuhika Gupta
Associate Director
Institute for Public Policy Research and Analysis
University of Oklahoma
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Conclusions

Nuclear energy stands at a critical juncture.

The challenges of safety, waste management, and cost must be addressed
for the industry to flourish in the future.

The rise of advanced reactor designs, fusion research, renewed focus on
decarbonization and public perception signal a potential new era for
nuclear energy, where it could play a vital role in providing clean and
reliable power as part of a diversified energy mix


