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The energy sector is complex and strongly influenced by 
economic growth and development, demographic 
evolutions, consumer behavior, technological advancements, 
policy changes, climate variability, geopolitical factors. 
  
Considering the energy demand, existing policies for 
decarbonization, and impact of societal and technological 
changes on the future energy market, some scenarios for 
nuclear development are probable in European Union at 
the horizon of 2050: ▪ Nuclear Status Quo (unchanged 
pace of nuclear development, not much influenced by an 
acceleration of renewables); ▪ Nuclear Phase-Out (no new 
nuclear project, progressive phase-out); ▪ Nuclear and 
Renewables Synergy (nuclear to support accelerated 
implementation of renewables); ▪ Nuclear Renaissance 
(nuclear accelerated by the new reactor technologies). 
 

An analysis of societal and technological shifts in the 
energy sector, as explored by the ECOSENS project 
(https://ecosens-project.eu/), highlights Small Modular 
Reactors (SMRs) and Generation IV reactors as promising 
responses to longstanding critiques of traditional nuclear 
power – particularly in the areas of safety, waste 
management, and social acceptance. 
 

Next-generation reactors produce significantly less high-
level waste. Generation IV designs, such as lead fast 
reactors (LFRs), can burn long-lived actinides, reduce both 
the volume and longevity of hazardous waste, and ease the 
burden on future waste repositories.  
 
SMRs and Generation IV reactors emphasize passive 
safety features, such as inherent cooling systems that 
operate without external power or human intervention. 
Designs like LFRSs or the pebble-bed reactor further 
minimize the risk of core meltdowns, directly addressing 
fears sparked by past nuclear accidents. 
 
Many Generation IV reactors, including fast breeder 
models, are capable of recycling spent fuel, reducing the 
need for fresh uranium and the accumulation of long-lived 
waste. This enhances fuel efficiency and closes the nuclear 
fuel cycle. 
 
SMRs provide scalable, modular solutions that can adjust 
output to match grid demand – an essential feature for 
integrating intermittent renewables. Their ability to load-
follow makes them more adaptable than conventional 
large reactors. 

Factory-built and designed for simpler operation, SMRs 
require less on-site labor and technical oversight. This not 
only lowers operational costs but also makes deployment 
more feasible in remote or infrastructure-limited regions. 
 
The smaller footprint, improved safety, and reduced 
environmental risks of SMRs and Gen IV technologies 
foster greater public and political acceptance. Their 
compatibility with diverse locations and smaller energy 
markets makes them less controversial than traditional 
plants. 
 
Enhanced safety reduces the probability of catastrophic 
failure, lowering insurance costs and operational risks. 
SMRs’ compact, robust design improves both economic 
viability and public confidence promoting more 
sustainable, mindful consumption. 
 

Advanced reactors offer the potential to repurpose existing 
nuclear waste, including military and legacy stockpiles. 
Fast neutron reactors, for instance, can reduce long-term 
radiotoxicity while helping address historical 
environmental liabilities. 
 

While Generation IV reactors and Small Modular Reactors 
offer compelling solutions to many of the criticisms 
surrounding traditional nuclear power, they are not without 
significant drawbacks. High upfront costs, unproven long-
term performance, and regulatory complexity remain key 
obstacles, compounded by competition from increasingly 
affordable and deployable renewable energy sources. 
 

Most advanced nuclear technologies are still in early 
development, with low technology readiness levels and 
few operational prototypes. Long lead times for testing, 
licensing, and construction contrast with the speed of 
renewable deployment – an important factor in urgent 
decarbonization timelines. Moreover, their long-term 
operational reliability remains uncertain due to limited 
field data. 
  

Despite potential cost savings over time, the initial 
investment required for research, design, and infrastructure 
is quite substantial. Economic viability is still unclear, 
particularly if mass production does not materialize to 
drive costs down. At the same time, falling prices for 
solar, wind, and storage technologies further challenge the 
financial competitiveness of new nuclear projects. 
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Regulatory hurdles also loom large. New reactor designs 
must undergo extensive safety assessments, which can 
delay progress – especially when regulatory frameworks 
are not yet adapted to novel technologies. SMRs, in 
particular, depend on streamlined, harmonized licensing 
processes to realize their economic potential. 
 
Additional concerns include the risks tied to advanced fuel 
cycles, particularly proliferation issues associated with 
plutonium production, and the immaturity of supply chains 
for specialized reactor components. Public scepticism 
remains a formidable barrier, fuelled by historical 
accidents and enduring concerns over waste and safety. 
 

Despite these challenges the new nuclear technologies like 
Generation IV reactors and SMRs offer the potential to 
significantly reduce many of the longstanding drawbacks 
of traditional nuclear power. Through enhanced safety 
features, improved recyclability of materials, reduced 
radioactive waste, and greater operational flexibility, 
critical concerns in the environmental, economic, and 
social domains are addressed. SMRs’ ability to provide 
more flexible, more reliable energy while fitting into 
modern grids alongside renewables makes them 
particularly valuable in the transition to a low-carbon 
future. Likewise, Generation IV reactors’ innovations in 
fuel efficiency, waste management, and non-proliferation 
offer solutions to some of the most pressing challenges in 
nuclear energy. 

 
In this context, our journal is oriented to publish 
meaningful results oriented to reflect the efforts of 
the research and development, education and 
training, academia and industry, and also the efforts 
to build sustainable decisions by involving the 
diversity of the stakeholders.   
 

 
Dear readers and dear potential contributors,  
you are welcomed in our journal to participate to a 
balanced debate on the nuclear issues and moreover 
to contribute with innovative and valuable solutions 
to the nuclear development in the context of the 
modern society sustainable development. 

 


