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Abstract
The Nuclear Fission Technology (NFT) series of Virtual Special Issues (VSIs) for the Journal Nuclear Engineering and Design (J NED) was proposed in 2023, including the request to potential authors of manuscript to address the following questions:
· For how long (water-cooling based) large size nuclear reactor will survive?
· Will water-technology based SMR displace large reactors?
· Will non-water-cooling technology SMR and micro-reactors have an industrial deployment?
· Will breeding technology, including thorium exploitation, have due relevance?
· Will ‘nuclear infrastructure’ (fuel supply, financial framework, competence by regulators for new designs, waste management, etc.) remain or be sufficiently robust?
Several dozen Guest Editors (GEs), i.e. the authors of the present document, managed the activity together with the Editor-in-Chief (EiC) of the journal. More than one-thousand scientists contributed 470+ manuscripts, not evenly distributed among the geographical regions of the world and not necessarily addressing directly the bullet-questions, but certainly providing a view of current research being done. 
Key conclusions are as follows. (a) Large size reactors are necessary for a sustainable and safe exploitation of nuclear fission technology. (b) The burning of 233U (from thorium) and 239Pu (from uranium) is unavoidable, as well as recycling residual uranium currently part of waste. (c) Nuclear infrastructures in countries that currently use, or are entering the use of, fission energy for electricity production need a century planning. (d) The adoption of small reactor for commercial naval propulsion, hydrogen production and desalination is highly recommended. 


1. Introduction
Nuclear energy is one of the products of a remarkable development in physics and technology occurred since the very beginning of the twentieth century that revolutionized our way of looking at the world and provided new means of sustaining the progress of humankind. Fission reactors, in particular, represent a mature technology applied for generating electricity by hundreds of installations worldwide.  
Military applications and proliferation of nuclear material – especially but not only the regrettable events at Hiroshima and Nagasaki – the cost of energy production connected with system complexity, the fear of radiation and the public acceptance always kept fission technology on an edge between sustainable deployment and failure or simply forgetting of its existence. No surprise that within such a context the fossil fuel industry had an easy path to its establishment and control of the world economy throughout the energy market.
Since more than one decade, in the wake of the Fukushima accident, flourishing initiatives reconsidered old solutions or proposed new ones for the exploitation of fission energy in a wide range of energy scale and industrial uses, in many cases considering or waiting for the availability of new materials.
The focus here is towards electricity production, although other uses for nuclear fission technology are promising and worth of investments, like naval transportation, local heat source (maybe for carbon capture) and central heating, hydrogen production and desalination. The concerns, synthesized hereafter, deal with the exploitation of small size reactors for electricity production.
· The uses of nuclear energy that are relevant and non-relevant for electricity production appear mixed-up by decision makers who distribute resources for the research.
· Communication and consequential financial settlements appear to have importance for nuclear energy strategies, rather than science and technology aspects.
· The demonstration of cost savings by small size reactors highly depends upon the time selected for the evaluation, i.e. number of years starting from the design to the operational life and the decommissioning: the size of large reactors allowed minimizing neutron leakages, number of components per unit-produced power (including maintenance and failure probability) and thermodynamic irreversibility. 
· Many countries like China, India and Russia who have the target to intensify the electricity production in highly populated regions, selected large reactors for main strategies in forthcoming decades, although a variety of side-strategy solutions are under investigation. On the contrary, small reactors are the only strategy for nuclear technology in several countries and one may observe progress-with-difficulty in the exploitation of large reactors in France, UK and US (here, one may observe that SMR are not a response to problems with exploitation of LRU).
· Let us consider here selected technology catastrophes[footnoteRef:1] of highly sophisticate systems. The non- comprehensive list includes Titanic (1912, ship industry), Hindenburg (1937, airship industry), Bhopal (1984, chemical industry), Space Shuttle Challenger (1986, space industry), Kursk (2000, submarine industry), Air France 447 (2009, airplane industry), Deepwater Horizon (2010, oil industry), Titan (2023, high-tech submarine industry), in addition to the nuclear tragedies of Three-Mile Island (1979), Chernobyl (1986) and Fukushima (2011). The failure of technological systems that were the best for their epoch links the above events. We may characterize any of those occurrences with a predicted/predictable equivalent probability < 10-3/year. A rough and intuitive conclusion is that designers cannot guarantee the integrity of complex systems with a probability higher than 1/1000 per year. Then, the concern here is that 10-20 (complex) small size reactors have a realistic failure probability 10-20 time larger than the failure probability of a large size reactor; the smaller amount of radioactivity in the core (in small size related to large size reactors) may have a little impact upon the severity of the catastrophe[footnoteRef:2].       [1:  Here the word catastrophes of technological systems implies failure of designs conceived by human minds, whatever is the number of deaths or the severity of environment damage. Furthermore, a qualitative statement derives that is unsupported by referencing or (necessary) analyses. ]  [2:  An analytical demonstration (theory-based) of the statement is not easily achievable and well beyond the purposes of this document. The industry designing and controlling the deployment of small and large reactors may have a role in this connection as mentioned in section 2. ] 

In this context, the Journal Nuclear Engineering and Design (J NED) launched a series of 29 (twenty-nine) Nuclear Fission Technology (NFT) Virtual Special Issues (VSI) covering 25 geographical areas of the world (in each of the China and US cases, three VSI have been proposed)[footnoteRef:3]. The aim of the NFT series of VSI was to engage the scientific community in nuclear engineering into the discussion about the future of nuclear energy, in the attempt to bring back the technology progress in the hands of scientists. [3:  The actual number of established VSI is 31, following invitations to networks for high education in nuclear engineering in Europe and for nuclear thermal hydraulics researches to present their views. The members of the former network provided a suitable number of manuscripts, allowing gathering an educator opinion summarized in section 3.26.] 

A few dozen scientists (i.e. including the authors of the present document) accepted to be Guest Editors (GE). They stimulated potential authors and oversaw the review processes of submitted manuscripts.
Following the undertaking, which lasted approximately ten months, about 1000 authors submitted 470+ manuscripts, not evenly distributed in the geographical areas (noticeably, a large number of contributions came, for instance, from Brazil and China, while low number of contributions came, for instance from Germany and US). More than 50% of those manuscripts became J NED papers published in the VSI NFT series. 
The present document includes three points for discussion, A) to C), and one main target, D):
A) To introduce five question marks (already mentioned in the Abstract) which streamline and restrict the scope, Section 2.
B) To summarize, Section 3, the NFT perspectives in each of the 25 geographical areas, plus the vision by educators. Appendix A gives details for each geographical area when proposed by GE.
C) To present a (slightly) different vision by some co-authors, Section 4.
D) To provide, Section 5, a common answer to the five question marks, although Section 4 discusses alternative views. 

2. The question marks for the present framework 
Typical titles of technical and non-technical communication media, looking at a future-friendly nuclear energy, include the words Generation IV (or Gen-4)[footnoteRef:4], Small Modular Reactors (SMR) often seen as the replacement for existing large reactors (or Large Reactor Units, LRU), lead (or lead-bismuth) coolant, sodium fast breeder, gas cooled reactors, molten salt reactors, micro-reactors and fusion. Those words are the tips of icebergs of researches and technological competences. However, the same words may generate misleading expectations and interpretations even for professionals. [4:  Generations of reactors are not so clearly defined. One may observe that there is no Gen-1 reactor in operation, many Gen-2 reactors after upgrading are equivalent to Gen-3, it is not clear what is difference between Gen-3 and Gen-3+.  Technically, it would be better to speak about existing reactors, evolutionary reactor and innovative reactors. ] 

Let us clarify the following:
1) Gen-1 (infrequently used), Gen-2 and Gen-3 (including Gen-3+) refer to the past and the present of nuclear reactor technology and consider a standard technology growth process. Gen-4 implies a discontinuity, namely in terms of materials and of safety expectations. The potential for closing the fuel cycle and reducing the amount of fuel waste support the long-term development of Gen-4 reactors. Those reactors may become reality in forthcoming decades, but neither technological features nor safety implications are predictable today.
2) When considering the possible dualism of SMR versus LRU, one should distinguish between electricity production and non-electricity production. In the case of electricity production, one should distinguish between remote areas (typically not reached by powerful grids) needs and industrial needs for million+ population areas.
3) Micro-reactors are not suited for fulfilling industrial needs, i.e. electricity production, for million+ population areas.
4) Fusion energy may become (or not!) reality in forthcoming decades, but no related implications or consequences are predictable today.
5) Military applications (nuclear submarines) demonstrated the feasibility of lead (or lead-bismuth) as a coolant for nuclear reactors. This does not imply suitability for industrial deployment and market acceptance. Varieties of technological problems need solution. 
6) Molten salt reactors are as promising as lead (or lead-bismuth) cooled reactors: technological problems still exist which need attention[footnoteRef:5]. [5:  Technological challenges for MSR and lead (or lead bismuth) reactors are different; otherwise, sodium reactors, are discussed separately in this list (see below) because of the importance these reactors had in the past.] 

7) Gas reactors were in operation in the past (e.g. in UK, France and Italy in addition to High Temperature Gas Reactors, HTGR, in US and Germany) and have been the objective of long lasting research in China that recently brought to the commission of new reactors. No major (unsolved) technology issues affect the deployment of those reactors. Market acceptance including cost of electricity production need continuous update[footnoteRef:6].      [6:  Strictly speaking, gas reactors and sodium reactors at next item are not Gen-4, although new solutions for those reactors are foreseeable within the Gen-4 framework of development. ] 

8) Sodium cooled fast reactors, like gas reactors, have been in operation in the past (e.g. US, France and Japan) and are in operation nowadays (e.g. Russia and India). Well-characterized technological problems have prevented a low value of the cost of electricity produced. Burning plutonium (e.g. produced in thermal reactors), together with the breeding capability offers a (apparently unavoidable) path to sustainability for nuclear technology.   
Water-cooled reactors or LRU currently provide a viable path for electricity production needs for million+ population regions.  A rational decision-making process, i.e. within a technologically driven society, before abandoning LRU should answer the following questions[footnoteRef:7]:  [7:  The occurrence of nuclear catastrophes does not in itself justify putting aside the deployment of water-cooled reactors, where a comprehensive explanation of this statement goes beyond the scope of the present document.   ] 

· Is there something wrong with water-cooled LRU?
· Will substitute reactors be better than current LRU?[footnoteRef:8]     [8:  For instance, abandoning airship technology after the 1937 implied an answer to those questions: the Hindenburg disaster may occur again, airplane technology is improving quickly and airplanes are much faster than airships.   ] 

In fact, there is no answer to those questions, at least no answer accepted by the scientific community. Better, an implicit answer comes from a self-sustaining circle constituted by communication media and politician decision makers in some of countries where the LRU technology was developed. The implicit answer includes financing of SMR development and imagining than Gen-4 is around the corner.  
Therefore, the J NED scientific community and in particular, the authors of manuscripts for the VSI NFT series, www.sciencedirect.com/journal/nuclear-engineering-and-design, could consider five (meaningful) questions:
· For how long (water-cooling based) large size nuclear reactor will survive?
· Will water-technology based SMR displace large reactors?
· Will non-water-cooling technology SMR and micro-reactors have an industrial deployment?
· Will breeding technology, including thorium exploitation, have due relevance?
· Will ‘nuclear infrastructure’ (fuel supply, financial framework, competence by regulators for new designs, waste management, etc.) remain or be sufficiently robust?
We discuss clarifying notes for the questions hereafter before presenting the answer framework.    
Connected with the first question, LRU are in construction now: then, considering a lifetime of 80 years, large reactors will be operated for at least a century worldwide.
The answer to the second question should imply considering the following. a) SMR designs could easily grow-up within the technology competence and the research environments due to the deployment of LRU. b) Large industries have made the development of LRU possible due to their size and strategic vision. c) Small industries (in case the market will allow small industries to be competitive) capable of designing SMR may not have the capacity to invest resources in improving details that are at the basis of safety[footnoteRef:9].  [9:  A large industry having a strategic plan to deploy 10 LRU (predictable turnover of 100 billion USD) will have resources for research and development not available to each of the several small industries deploying SMR having the same total power as 10 LRU (predictable turnover 10-100 times lower than the previous value).    ] 

Items 3), 5), 6), and 7) constitute the background for the third question.
The fourth question implies a cross-connection between installed power, better energy production forecast,   and fissile material available. Re-use of U235 and plutonium from the current irradiated fuel (nuclear waste), extraction of uranium and thorium not only from mines but also from ocean water, breeding of fertile 238U and 233Th in reactors with a fast neutron spectra, need proper consideration (for thorium cycle, breeding through a thermal spectrum is also possible).      
Ensuring proper safety culture, education and competences, quality assurance in any product part of the nuclear reactor, and reasonable profit constitute an alternative way of interpreting the fifth question. In different words, societal development in countries that have designed LRU should receive consideration by new countries embarking on nuclear technology.

3. The evaluation by the J NED community
As already mentioned, several dozen Guest Editors (GEs), i.e. the authors of the present document, managed the J NED VSI NFT activity together with the Editor-in-Chief (EiC) of the journal. More than one-thousand scientists/authors contributed 470+ manuscripts, not evenly distributed among the geographical regions of the world and not necessarily addressing directly the bullet-questions in section 2. 
The present section deals with an overview of the main outcomes from the VSI NFT series, including, in each sub-section, a summary for the perspectives of nuclear technology in individual countries or geographical areas and specific elements (if any, i.e. not discussed in sections 2. and 4.) related to bullet-questions. Furthermore:
· Sub-sections 3.1 to 3.25 refer to geographical areas of the NFT VSI and sub-section 3.26 deals with the views from educators in nuclear engineering 
· The brief content of each sub-section does not replace the prefaces of each VSI.
· The provided texts reports the Guest Editors opinions, partly based upon received manuscripts.
· There is no purpose to duplicate the content of relevant international reports (e.g. from IAEA and OECD/NEA) on the topic. Rather, the opinions of GE and the authors are as independent as possible from industry and political strategies.
· In all countries, non-nuclear energy (fossil fuels in the past, primarily, and solar and wind energy, recently) market and economics had some role in determining the deployment of nuclear power: we do not repeat this in each case below. 
3.1 Spain and Portugal – VSI NFT-01
Portugal scientists did not participate in the activities of the present VSI. Therefore, the discussion below deals with Spain and is a sample to depict situations in different regions. 
During the last decades of the last century, nuclear power had an important role in the economic and technological development of Spain. The fear for nuclear accidents, mainly, led to the political decision to abandon the technology. The phase-out of nuclear technology is underway despite the availability of relevant knowledge and skills available in the society (universities, industries, research bodies, regulators). The process seems irreversible now.
3.2 France, Belgium and Luxembourg – VSI NFT-02
Luxembourg, because of its geographical location, i.e. bordering France, Germany and Belgium, and its population (just over half a million inhabitants) has a difficulty to have an autonomous nuclear energy strategy. Therefore, the discussion below deals with France and Belgium.
France is a world leader in the development and use of nuclear energy (e.g. in 2023, nuclear represents 65% of electricity production and contributes to the 92% of green electricity production). LRU are under construction, although there is also interest in SMR (e.g. development of NuWARD) and advanced reactors (e.g. sodium fast breeder reactor); related to sodium reactors, two LRU were in operation for several years.
The situation in Belgium for deployment of nuclear energy looks similar as the situation in Spain (additional details provided in Appendix A). 
3.3 Switzerland, Germany and Austria – VSI NFT-03
Austria took a political position against nuclear technology since several decades. No change in strategy is foreseeable. 
The situation in Switzerland for deployment of nuclear energy looks similar as the situation in Spain (section 3.1): the existing nuclear power plants will continue to contribute to electricity production in the coming years; research in nuclear technology field industry includes both LRU and SMR.
Germany dominated the nuclear technology market for many decades until the Fukushima accident. The Fukushima accident sparked a strong public debate that ultimately resulted in a political decision to phase out of nuclear power. Though, the recovery of the sector’s activities is no foreseeable for the next few years, Germany continues to invest in nuclear safety research, particularly with an emphasis on national competence retention and participation of national expertise in the safety assessment of LRU and SMR in the frame of international collaboration (additional details in Appendix A).  
3.4 Czech Republic, Slovak Republic, Poland and Ukraine – VSI NFT-04
The nuclear technology is in vogue, as far as one may adopt this term, in Czech and Slovak republics, following a history that dates back to the period of Czechoslovakia, that is, one of the satellite countries of the USSR. Research is bright, competences are available and LRU receive proper consideration for expanding the fleet of reactors, mainly in the Czech Republic.   
Poland (no nuclear plant ever built, but two large research reactors and several critical or sub-critical assemblies) showed the interest to deploy nuclear power for electricity production, since a few decades. The Fukushima event has slowed down the process. To date, LRU and SMR are of interest: the Country may highly benefit from the opinion expressed in this document when planning future strategies (additional details in Appendix A).
Ukraine, like Czechoslovakia, has a long history with nuclear power. Chernobyl event occurred within its borders and did not affect too much the country commitment towards nuclear energy.  
3.5 Italy and Greece – VSI NFT-05
Greece scientists did not participate in the activities of the present VSI. Therefore, the discussion below deals with Italy only. 
A bright future for nuclear energy immediately became opaque after the Chernobyl accident; however, nuclear energy still can hold its promises. Noticeably, some research continued after that event and valuable expertise persists in industry, research centers and universities (although the scientists’ number in nuclear technology is 100 times smaller than during the pre-Chernobyl event). The commitment to research on the safety aspects related to current reactors generations and advanced reactors using passive safety systems should be underlined. In the short term, light water SMR designs appear to be a target of the strategy for government. Even though LRU have demonstrated the capability to benefit a country like Italy, SMR technology might have a role to fulfill the zero carbon target. It is also to note the interest for the future deployment for Gen-4 reactors, and in particular the lead fast reactors, considering the expertise in the country. Addressing the challenges of identifying suitable sites (mainly for LRU, but also for SMR) coming from population density[footnoteRef:10], the seismicity and the volcanos, as well as enhancing the country infrastructure are crucial steps towards a successful re-introduction of nuclear technology roll-out for energy generation. [10:  Population density is extremely high in the coastal areas that are suitable for siting the nuclear reactors.] 

3.6 Croatia, Slovenia, Serbia, Bosnia, North Macedonia, Montenegro and Albania – VSI NFT-06
Scientists from Bosnia, North Macedonia, Montenegro and Albania did not participate in the activities of the present VSI. Therefore, the discussion below deals with Croatia, Slovenia and Serbia.
We discuss the situation of Croatia and Slovenia together. Both countries inherited a nuclear reactor from the old Yugoslavia; both countries are still keeping a positive attitude towards nuclear technology, including competences and safety culture. The difficulty of locating a new LRU (mainly in the case of Slovenia) and the availability of alternative energy resources (mainly in the case of Croatia) do not allow forecasting new reactors in forthcoming years (additional details in Appendix A for Slovenia and Croatia).
Serbia was the leading country in the old Yugoslavia and allowed the creation of suitable nuclear infrastructure, i.e. not only in Serbia, but in Croatia and Slovenia. The Chernobyl accident in 1986 led to the adoption of a law putting a moratorium on the construction of nuclear power plants. As the legal successor of the former Yugoslavia, this law is still in force. However, for the last two years there has been intensive thinking and debate about the repeal of this law and the potential construction of nuclear power plants. The strong interest toward nuclear energy from the scientific community in the country may facilitate the consideration of nuclear power for electricity production in next years. Noticeably, the Serbian Nuclear Society was founded in 2023 with enthusiastic participation of the young generation.
3.7 Bulgaria, Hungary and Romania – VSI NFT-07
All three countries operate nuclear reactors (VVER in Bulgaria and Hungary, CANDU in Romania) and lifetime extension is planned. Bulgaria, Hungary and Romania with due – not emphasized – differences, are in a situation similar to Czech Republic and Slovakia: research is ongoing, competences are available and LRU receive proper attention for expanding the fleet of reactors (AP-1000, VVER-1200 and CANDU, respectively in Bulgaria, Romania and Hungary). Hungary and Romania also considers SMR as viable. 
Nuclear energy will remain important component of the energy mix in all three countries, but its share may depend on the development of other sustainable and renewable energy sources and electricity storage solutions.   
3.8 Denmark, Netherland, Sweden, Norway and Finland – VSI NFT-08
Denmark and Norway have access to non-nuclear energy sources for electricity production. We did not receive manuscripts from these countries, even though in the case of Norway, internationally relevant R&D projects are ongoing in Halden since decades and government supports Molten Salt Reactors in Denmark. 
In Netherlands, Sweden and Finland, nuclear reactors are in operation since decades, research competences and industry capabilities are available. Although there is commitment with nuclear energy only in Finland (LRU), wavering political strategies in Netherland and Sweden are currently favorable towards nuclear energy and LRU for electricity production in the future (additional details in Appendix A).    
3.9 Lithuania, Estonia and Latvia – VSI NFT-09
As outlined in the preface of VSI NFT-09, only Lithuania built nuclear reactor (RBMK type) for electricity production: two LRU (RBMK-1500) were shutdown following the entrance of this country in the European Union. Research competences and industry capabilities are available.
All three countries, Lithuania, Estonia and Latvia, keep under consideration nuclear reactors (most probably, SMR) for electricity production in the future. 
3.10 UK and Ireland – VSI NFT-10 
Ireland scientists did not participate in the activities of the present VSI. Therefore, the discussion below deals with UK only.
Together with France and Germany (and partially Italy), UK led the progress of nuclear technology in Europe. Competences and industry capabilities are available. A couple LRU are in construction or committed.  Big foreign investors interact with government strategies, making not robust the commitment for the future of nuclear energy deployment (additional details in Appendix A).     
3.11 Canada – VSI NFT-11
Canada pioneered the development of nuclear technology. CANDU reactors were built (other than in Canada) in Argentina, China, India, Korea, Pakistan and Romania, allowing an easy access to the nuclear technology to concerned countries including the possibility to separate plutonium from the irradiated fuel. 
Needless reminding that research competences and industry capacities are available in the country where safety and design culture for nuclear reactors are rooted. 
Following three decades of no reactor construction, the interest grew in Canada during the last few years towards a possible new wave of nuclear reactors. Because of the size of the country and the lack of a robust electrical grid, ‘remote’ regions and metropolitan areas coexist and give origin to different needs. Both SMR and LRU are candidate for electricity production (additional details in Appendix A). 
3.12 United States of America – VSI NFT-12, NFT-13 and NFT-14 
The United States has historically played a pivotal role in advancing and disseminating nuclear energy technology. A reasonable balance between complexity, costs and benefits led to the successful design and construction of light water LRU from which wide varieties of reactors based on different technologies have been developed and deployed. 
The Three Mile Island incident demonstrated the potential for substantial financial losses within a short span of time, instilling apprehension within the industry and halting the construction of new plants since 1979, until Vogtle 3 and 4 constructions started in 2009 (with connection to electrical grid in 2023 and 2024, respectively).
Renewed interest (and consequential investments), since the early 2000’s, in a wide variety of reactor types including SMR, micro-reactors and fusion reactors has generated a huge interest not only in the scientific community but also among investors, politicians and the public including the communication media. One of the highlights of research efforts was the 10-year Department of Energy funded multi-university, national labs and industry Consortium for Simulation of LWRs (CASL) focused on bringing modern high performance computing for reactor modeling and simulation.
It is needless to mention that vast industrial capabilities and deep expertise in technology are available in the country, in addition to influential and powerful private investors. This will unavoidably drive further developments in nuclear technology in the entire world.
3.13 Mexico, Cuba and Venezuela (+ Central America) – VSI NFT-17 
Although interest towards nuclear technology was expressed (not only by politicians) in Venezuela and in Puerto Rico territory (at least), and Cuba had a previous history with construction of a nuclear unit (this failed after the collapse of USSR), no scientists from Latin-Central America, except Mexico, demonstrated interest for the J NED VSI NFT initiative. Therefore, the discussion below is limited to Mexico.
Mexico has a long lasting experience with two LRU; therefore, it has a consolidated Regulatory Body and an experienced Utility to resume the possible deployment of new reactors. New nuclear technologies and SMR are of interest, for which it has educational institutions to continue educating the required human resources, and research institutes with the knowledge and skills to face the challenges presented by new nuclear technologies. Academics and researchers have been participating in international projects of the IAEA and the NEA/OECD to stay updated on advances in the area. 
3.14 Brazil (+ Peru and Bolivia) – VSI NFT-18 
Peru and Bolivia have interest towards nuclear technology. However, geographical morphology of the countries, e.g. mountain areas, including the presence of Vulcans and the occurrence of earthquakes, make difficult the construction of LRU. SMR might be of interest in the future.
Brazil dominates all stages of the nuclear fuel cycle, in addition to having possibly the second largest thorium reserve in the world, as well as the eighth largest uranium reserve, which makes nuclear technology strategic for this country. These facts combine with a long history of research in nuclear engineering and reactor physics that began in the 1950s. Four research reactors in operation and one research reactor under construction reflect on the most diverse papers published in the VSI NFT-18, ranging from studies linked to the nuclear fuel cycles, to various others linked to the decommissioning of installations, experiments in reactor physics and new reactor designs (LRU, SMR and micro-reactors). Only two LRU are in operation and the third one is in (a long lasting) construction stage. 
3.15 Argentina and Chile (+ Uruguay) – VSI NFT-19
Uruguay scientists did not participate to the activities of the present VSI. Chile has interest in the technology, but geographical configuration (presence of mountains and Vulcans, occurrence of earthquake and tsunami) make difficult the construction of nuclear reactors.
Argentina, like Brazil, has a long-lasting engagement (several decades) with nuclear technology, although only three LRU (whatever the classification can be) are in operation. The research in the country is bright, together with deep industrial capabilities available. The country was a pioneer for the design of a water-cooled SMR, since a couple of decades: the reactor construction is in progress. Key interest goes towards the construction of additional LRU in the future.
3.16 China and Taiwan – VSI NFT-20, NFT-21 and NFT-22
The mainland of China has entered deeply into a nuclear development program for electricity generation a couple of decades later than leading countries (e.g. US, Russia). Due to China's policy orientation towards carbon peaking and carbon neutrality goals, nuclear energy is bound to develop further. Autonomous reactor construction puts China in a more balanced position with advanced countries in nuclear power technology. By the end of 2023, 55 nuclear power units were in operation and 26 were under construction, making China had the most units under construction in the world. A congruent development of different technological solutions, e.g. non-water-cooled SMR (noticeably, gas-cooled reactors) is underway (additional details in Appendix A).
Taiwan area has a long lasting history with deployment of nuclear power, but current public concerns about the safety of nuclear energy and government strategies make it difficult to make any predictions about the future of nuclear energy development. However, the need to reach carbon neutrality may force the government to review the energy policy.
Three VSI of the NFT series devoted to SMR, Gen III and Gen IV reactors attracted strong interest from the scientific community in the country. Needless to confirm that research in nuclear field and industry capabilities are brilliant.
3.17 Japan – VSI NFT-23
Japan in collaboration with the United States leaded the development of nuclear technology for electricity production in Asia for several decades and until the Fukushima accident. 
Support for nuclear power waned among the population and a good portion of scientists after the accident. During recent years, the importance of electricity production from nuclear source has become evident again. Before the 2011 earthquake, 65 units were in operation. At this moment (first quarter of 2024), 12 units of the total 44 units are in operation, 21 units have entered decommissioning process.
Due to the large number of inhabitants and consequent energy needs, and population density, LRU are of primary interest. 
Deep research competences are available in the country as well as strong industry capabilities.    
3.18 South Korea – VSI NFT-24
South Korea has successfully achieved competitiveness in nuclear technology. Despite some up and down over time, nuclear power has now established itself as an irreplaceable energy source.
Since the beginning of the 21st century, it has become a world leader in the design and construction of LRU. Water-cooled SMRs are at an advanced design stage, and Gen-IV SMR technologies are under development with great interest from industry.
Deep research competences are available in the country as well as strong industry capabilities.
3.19 India – VSI NFT-25
India has a similar overall situation (interests, needs and perspectives) for nuclear energy to China, although the deployment of LRU started earlier with the support from US and Canada. Furthermore, the country’s interest in the use of thorium as a fertile nuclear material is important. 
A few dozen water-cooled LRU are in operation, under construction, or are part of consolidated development plans to meet electricity demands. India aims at significantly increasing in nuclear power capacity by 2031 with nuclear source contributing nearly 9% of electricity (mix) production by 2047. A congruent development of different technological solutions, e.g. non water-cooled SMR (noticeably, sodium-cooled reactors) is underway.
Also in the case of India, needless to confirm that research in nuclear field and industry capabilities are brilliant.
3.20 Asia South-East (Vietnam, Thailand, Indonesia, Malaysia, Singapore, Bangladesh, Philippines) and Australia – VSI NFT-26
A wide variety of countries densely populated (e.g. Bangladesh and Vietnam), or characterized by immense geographical surfaces, such as Australia and Indonesia are grouped into NFT-26.  There was no submission from Thailand, Malaysia, Singapore, Philippines and Australia.
Nuclear programs, based on LRU, are advanced or quickly advancing in Bangladesh, Indonesia and Vietnam. Otherwise, adverse environment conditions (e.g. earthquake, Vulcans, tsunami) have slowed down the interest in the use of nuclear technology for electricity production in Malaysia, Singapore and Philippines, primarily. Interest in nuclear power surfaces periodically in Thailand and Australia, but without commitments so far. However, Philippines and Thailand are currently looking at nuclear power (SMR) to help support the country’s energy independence and to help meet de-carbonization goals.
The infrastructure for research are improving and the industry capabilities are growing in Bangladesh, Indonesia and Vietnam. Interest in SMR and micro-reactors is increasing in Indonesia, propelled by their promising applications in meeting the energy requirements of the proposed new capital on Kalimantan Island and facilitating the electrification efforts of remote islands. This surge in interest underscores the imperative for innovative energy solutions to support Indonesia's growing energy needs. Research in this field has mainly focused on the development of HTGR and molten salt reactors.
3.21 Russia, Kazakhstan, Uzbekistan – VSI NFT-27   
Kazakhstan, Uzbekistan together with Turkmenistan, Kirghizstan and Tajikistan are former USSR republics in Central Asia. They have access, not only through Russia, to fossil energy sources. Despite the potential advantages, interest in the use of nuclear fission is limited. Namely, in the case of Kazakhstan, one fast breeder reactor was in operation until 1999 and the country is a world leader in the extraction of uranium from underground. Therefore, the discussion below is restricted to Russia. 
Russia has been a leader country in nuclear technology since WWII. The former USSR constructed LRU inside the country and in satellite countries. Recently, Russia is financing the construction of LRU in different countries (e.g. Bangladesh, Egypt, Turkey, Belarus, as already mentioned, etc.) with the reasonable strategic vision to substitute fossil fuels for the production of electrical energy. The interest towards SMR and new technologies is high, although massive generation of electricity by the nuclear source is associated with LRU.
Needless to confirm that research in nuclear field and industry capabilities are brilliant.
3.22 Turkey, Armenia, Israel, and Jordan – VSI NFT-28
We combined in this VSI countries that have very different political, financial and technological development situations only to reduce the number of VSI. We can summarize the situations as follows:
· Turkey and Armenia have a long lasting history of interest towards nuclear technology: two LRU have been in operation in Armenia and eight LRU (construction supported by Russia) are in construction or under planning in Turkey.
· Israel and Jordan expressed interest towards the nuclear technology, but the implementation of construction plans is not easy in the region.
In all countries active nuclear research group exist, although participation in the VSI was low. Industrial capabilities are growing in Turkey.
3.23 Kingdom of Saudi Arabia and Gulf States – VSI NFT-29
All concerned countries (Saudi Arabia and Gulf States) base their wealth and financial stability on fossil fuel.
About a dozen year ago, one of the Gulf States (UAE) made the wise decision to invest oil revenues in the construction of LRU (Gen-3 Advanced Pressurized Water Reactor 1400). UAE with four LRU in operation (and four more units planned) is now the first country amongst the Arab nations and the second country in the Middle East region to have a fully functional nuclear power plant. UAE is the country in the world with the highest value of electricity from nuclear-source per capita. Rather than first mastering the nuances of nuclear technology and subsequently constructing nuclear power plants, the nation has opted to import the technology and learn concurrently. 
As part of Vision 2030, the Kingdom of Saudi Arabia has opted for diversifying its energy sources, including the adoption of nuclear fission energy. The focus for development is still on LRU, with no foreseeable interest in SMR by any of the countries in this region. The research in nuclear technology is growing in the country, as it is the capacity of the industrial infrastructure (additional details in Appendix A).      
3.24 Iran and Pakistan – VSI NFT-30
Iran and Pakistan share a common and longstanding interest in nuclear technology, which dates back to the seventies and sixties of the last century in the respective countries. Both nations have made significant strides in the development and utilization of nuclear reactors, with the construction, ongoing development, or planned projects of LRU.
Pakistan has a nuclear generation capacity of around 3,500 MWe. The state entity Pakistan Atomic Energy Commission regulates operational and future plants/expansions with support from Pakistan Institute of Engineering and Applied Sciences. Furthermore, the Iran government has also interest for nuclear desalination.
The strong interest and commitment of both Iran and Pakistan to nuclear technology have fostered a rich and dynamic environment for research and development in their respective countries. This active engagement of the research communities bolsters the knowledge base and technical expertise necessary for the safe and effective utilization of nuclear reactors, as well as the exploration of new frontiers in nuclear science and technology. 
3.25 Africa – VSI NFT-31
The level of education in nuclear engineering is low in Africa. Research communities are active but are few. There is a need for collaboration among nuclear engineering research institutes and universities in Africa for training and development of work force. Regarding the use of nuclear energy for the production of electricity, we categorize African nations into four groups:
a) South Africa and Egypt, where LRU have been in operation since a couple of decades and are in construction, respectively. A suitable research infrastructure exists in those countries and interest (more details in Appendix A), primarily in the case of South Africa, goes to SMR, too.
b) Countries with large populations and relatively stable financial conditions, e.g. Nigeria, Kenya, Algeria and Morocco. Those countries could highly benefit of nuclear technology, either LRU or SMR, but no plans exist.
c) Countries with relatively small populations and without robust electrical grids, e.g. Ghana, which expressed interests towards SMR.
d) Countries that did not consider (yet) a nuclear strategy for electricity production.    
3.26 ENEN – The Consortium of universities providing nuclear engineering courses in Europe – VSI NFT-32
The VSI deals with the status and the perspectives for education in nuclear engineering, primarily across Europe. 
A strong and tightly interconnected educational culture for nuclear technology emerges from the VSI, as well as the enthusiastic commitment from several dozen professors towards the applications of nuclear fission.  

4. A different vision
Being a (typical) document with 100+ authors, i.e. deeply-involved-scientists from all parts of the world who are independent among each other, divergences in thinking that reflect in different wording in the document are inevitable. Therefore, the vision (slightly different from the main vision) shared by a dozen authors[footnoteRef:11] is presented hereafter.   [11:  Among proponents of different vision, i.e. supporting the text in Section 4, there are Ferry Roelofs, Jean-Louis Francois, Csilla Pesznyak, Walter Ambrosini, Piotr Darnowski, Tomaz Zagar, Domenico Paladino and Jovica Riznic.] 

4.1 Bases of the document: a different vision 
The questions at the 1st and the 3rd bullet items in the current abstract are reformulated as follows
· For how long (water-cooling based) large size nuclear reactor will be applied?
· Will non-water-cooling technology large reactors, AMR[footnoteRef:12] and micro-reactors have an industrial deployment? [12:  The acronym AMR (Advanced Modular Reactor) was introduced. Whatever are the relevance of the new acronym and its implications, no modification of a published text (J NED Website) that is at the basis of the VSI NFT initiative appears reasonable.] 

A positive statement for nuclear energy is proposed as first statement in Introduction[footnoteRef:13]. In this connection, all authors of present document agree that nuclear technology has been an engine for technology development and a way to minimize the emission of pollutants in electricity production. However, both statements can be countered (even improbably and not by the authors of the present document) by considering the impact of radiation following accidents. [13:  All authors are in favor of nuclear technology and ‘being on an edge’ is not a negative statement: the last statement reflects the situation that more than 10000 large reactors could have been built since 1950 and only less than 800 were built (so far).  ] 

A remarkable number of scientists is working with Gen-4. Several of those scientists consider Gen-4 a challenging and promising endeavor, i.e. rather than a problematic research path, as it may result from the present document, e.g. item 1) in Section 2.
4.2 Perspectives for nuclear technology: a different vision 
In Conclusions:
a) Related to LRU, it is noted that NPP (or current LRU) are megaprojects, highly complex with long-term planning, which commonly are delayed. Companies prefer fast, simple, revenue generating enterprises. There is an issue with providing proper financing for such a large investment. The economy and financing can be considered, as a one of the main problems for new reactors.
b) The answer to the 2nd (open bullet) question is ‘SMR (and AMR) have the potential to substitute LRU for massive electricity production, addressing worldwide needs’.

5. Conclusions
The present document constitutes an editorial (report) or is equivalent to a technical opinion paper. Readers may not find the rigor that is proper of a scientific paper. Nevertheless, it may be useful to scientists and decision makers for orienting their positions for the deployment of nuclear technology. 
Since the beginning of nuclear energy research, the viability of NFT has been a subject of debate. Topics like proliferation, nuclear waste management, decommissioning, the high financial costs related to nuclear energy production, and severe accidents have resulted in a negative public opinion of NFT. These issues do not have a closed mathematical formula for quantification of risk but orient around public opinion.
Nowadays, the future for NFT is promising, but as always, uncertain, despite the proclamations of various institutions and media. Important decisions in energy production are going to take place in countries that have contributed to the development of NFT. Much of the discussion centers on the viability of large reactors, which until now have shown to be the most convenient way to produce energy. Although the benefits for humanity from NFT are indisputable, here the attention goes to the unavoidable challenges that come with interacting with market trends and political strategies, which are difficult to predict or to manage.
Micro-reactors do not address massive electrical energy needs and fusion reactor will not address electrical energy needs in the near future (forthcoming decades). 
SMR can be beneficial in countries or regions with limitations in the electricity grid, or for the flexible use of cogeneration. Although economy of scales teaches that LRU are most probably more economic than SMR, multiple SMR may be an alternative for construction of one LRU, especially concerning decreasing the investment risk.
LRU, primarily for electricity production, are in construction, or have been in operation for less than a year now, in Bangladesh, Belarus, Brazil, China, Egypt, France, India, Korea, Pakistan, Russia, Slovakia, Turkey, UAE, UK and US. 
Having this in mind, following the J NED VSI NFT series effort, let us provide an answer to the questions in Section 2.
· For how long (water-cooling based) large size nuclear reactor will survive?
Large size nuclear reactors (we called them LRU, here) will be applied much longer than the working life of any active scientist, today. The implication is that we should not abandon related technology, knowledge and expertise. The loss of expertise will cause a lowering of safety levels; the increase in knowledge for micro-reactors and SMR does not compensate that loss of expertise.    
· Will water-technology based SMR displace large reactors?
It is not likely that SMR will completely replace LRU. SMR can be applied complementary to LRU. We (or the community of aware nuclear scientists) should prevent the oblivion for LRU competence-technology. The skills to manage the design, operation and safety assessment of SMR can be profoundly different from the skills to manage the design, operation and safety assessment of LRU. 
· Will non-water-cooling technology SMR and micro-reactors have an industrial deployment?
Industrial deployment of SMR and micro-reactors is desirable, namely not necessarily for solving massive electricity needs. Proper attention should go to the actual costs, including interactions with safety and proliferation issues. For instance, A) protecting micro-reactors from the theft of radioactive material can increase costs dramatically. B) Demonstrating the safety of SMR without an adequate experimental campaign may not be achievable. C) Compared with a large industry designer for LRU, a (much) smaller company can offer, deploy or operate micro-reactors and SMR: has the small industry the capability to invest large resources to address any (minor) technological issue as large industry did for LRU? Furthermore, a small industry can disappear from business with higher probability than a large industry: in this case, who will become responsible, for maintenance, safety, proliferation? D) Possible solution to the questions above is that large industry (e.g. with expertise in managing LRU) owns micro-reactors and SMR, but this may not be a market priority or strategy.  
· Will breeding technology, including thorium exploitation, have due relevance?
Nowadays, breeding technology and thorium exploitation are not pushed by LRU industry. The community of aware nuclear scientists pushes for appropriate priority in industrial investments for the use of thorium available in nature and plutonium and uranium from waste (e.g. of existing LRU). Fast reactors or breeders should have a proper role in strategic plans for the deployment of nuclear fission technology[footnoteRef:14].  [14:  Not all relevant technologies are considered in this document, which may have a role in increasing the energy production from available resources (on the earth) of fissile and fertile materials. This is the case of partitioning and transmutation with burner reactors / Accelerator Driven System (ADS). ] 

· Will ‘nuclear infrastructure’[footnoteRef:15] (fuel supply, financial framework, competence by regulators for new designs, waste management, etc.) remain or be sufficiently robust? [15:  The definition of (an appropriate) ‘nuclear infrastructure’ requires deep consideration of international document (e.g. IAEA) and is well beyond the scope for the present document.] 

The atomic acts exist in many countries and are regulating rather than promoting or streamlining the development of nuclear fission technology. Except for vague commitments there is no institutional (i.e. legal of national constitutional) strategy to create or preserve nuclear infrastructure. The community of aware nuclear scientists must demand a suitable strategy and validate its resilience and sustainability. This applies for countries that have long lasting experience in nuclear technology and for embarking countries.   
4.1 Recommendations
Recommendations derive from the previous text. Let us fix the attention on three items:
· LRU represent a suitable solution for massive electricity demands, including consideration of climate change. 
· Plutonium and uranium from depleted nuclear fuel waste (i.e. unavoidably, fast breeder reactors) and thorium need proper consideration for energy production.
· SMR research and development should continue, without unfeasible expectations (e.g. safety, costs or competition with LRU). Primarily, but not only, applications for H2 and industrial heat production, desalination of seawater, district heating and naval propulsion, in addition to the space conquest, are foreseeable and need robust strategies.  

Appendix A – Details from Section 3 related to some geographical areas, as proposed by GE.
A.1 Addition for Belgium (Section 3.2)
The situation in Belgium for deployment of nuclear energy is under evolution. The 2003 “phase-out” law prohibited the building of new nuclear power plants and limited the operating lifetimes of existing ones to 40 years (to 2024-2025). Two units (Tihange 2 and Doel 3) has shutdown in end of 2022 and beginning of 2023 respectively. In December 2023, however, the Belgian government and the utility (ENGIE-Electrabel) has reached an agreement to extend the life of two units (Tihange 3 and Doel 4) to 2035. This means that the phase-out law of 2003 needs revision. In November 2023, a Memorandum of Understanding was signed between five international partners led by SCK-CEN, together with Ansaldo, ENEA, RATEN and Westinghouse, to develop an innovative and advanced SMR-LFR. The objective is to build a Belgian demonstration model of the very first SMR-LFR by 2035. At the same time, Tractebel (ENGIE) is working actively to participate in the design of construction of SMR in Europe and North America, and is building the capacity on SMRs and advanced reactors like LFR, HTGR and MSR by participating in international R&D projects.
A.2 Addition for Germany (Section 3.3) 
Prior to Fukushima event, Germany had been a powerhouse in nuclear technology, with a robust industry and a significant portion of its electricity generated from nuclear power. However, the catastrophe in Japan sent shockwaves through German society and politics. The response was swift and decisive. Politicians, particularly those affiliated with the Green Party, capitalized on public fear and discontent, spearheading a movement against nuclear power. This anti-nuclear sentiment quickly gained momentum, culminating in the passage of legislation to phase out nuclear energy altogether. The decision to shutter nuclear plants and abandon the nuclear industry sent ripples throughout the energy sector and beyond. Since then, Germany has embarked on an ambitious energy transition, known as the Energiewende, aimed at shifting towards renewable sources and reducing reliance on fossil fuels and nuclear power. While this transition has seen significant progress in expanding renewable energy capacity, the abrupt exit from nuclear energy has posed challenges. Germany has had to grapple with issues such as energy security, grid stability, and the economic implications of decommissioning nuclear facilities. Despite efforts to promote renewables, Germany still faces the reality of needing reliable base-load power, which nuclear energy historically provided. The closure of nuclear plants has led to increased reliance on coal and natural gas in the short term, hindering progress towards reduction of carbon emissions. The future of nuclear energy in Germany remains uncertain. While some argue for its reintroduction as a low-carbon alternative to fossil fuels, others remain steadfast in their opposition, citing safety concerns and the long-term risks associated with nuclear waste. As of now, the revival of the nuclear sector seems unlikely in the near future, as Germany continues to grapple with the aftermath of its anti-nuclear stance and navigate the complexities of its energy transition.
A.3 Addition for Poland (Section 3.4)
After the War in Ukraine outbreak, there has been serious nuclear program advancement. Westinghouse and Bechtel were selected for the first plant. There is a large contract to design the first plant. Some basic civil works and infrastructure preparation are ongoing. Several other activities are ongoing. 
Considering two plants under the government program, the first is 3xAP1000, the second is being negotiated, and the vendor still needs to be selected. Private companies are developing the third plant project, 2xAPR1400, with the support of a government-owned company. There are several SMR projects, which are more or less serious. The most advanced is the program by OSGE Company, which considers several locations to build BWRX-300.
A.4 Addition for Slovenia and Croatia (Section 3.6) 
Slovenia and Croatia share 50:50 ownership of in NPP Krško build during the Yugoslav era. Electricity produced in this nuclear 700 MW PWR power plant situated in Slovenia is equivalently shared between Slovenia and Croatia. 
Currently, Slovenia is advancing its plans for a new LRU owned by Slovenia alone, following the recent adoption by the Slovenian government of a proposal for the Resolution on the long-term peaceful use of nuclear energy in Slovenia, titled 'Nuclear Energy for the Future of Slovenia'. Additionally, Slovenia is contemplating holding a referendum, which would further intensify preparations for a new unit. Slovenia also actively monitors and assesses the potential for future SMR utilization. On the other hand, Croatia is focusing on the development of alternative energy sources and does not anticipate the construction of a new reactor in its territory in the coming years.
A.5 Addition for Sweden, Finland and Netherlands (Section 3.8) 
Sweden has recently moved to support nuclear power with a target of 100% fossil fuel-free electricity by 2045 while simultaneously doubling electricity production. Also, SMR and AMR are under consideration for the longer term needs. The start of the construction of the PALLAS reactor in the Netherlands for nuclear medicine production and R&D for fuels and materials is noteworthy and contributes to keep the competences in nuclear technology. In addition, Finland and Sweden are leading the way toward deep geological repositories for the final disposal of spent nuclear fuel. 
A.6 Addition for UK (Section 3.10)
In deciding to phase out nuclear in the 1990s, the UK lost much of its nuclear reactor engineering expertise – most of the UK industrial and academic expertise is centered around waste, decommissioning and reprocessing due to Sellafield. Although the UK has since committed to nuclear as part of its energy mix, financial commitment (including to developing reactor expertise) has not been forthcoming. As a result, the UK’s strategy on advanced reactors and their applications is often unclear and changes frequently. 
One example of this is in the disposition strategy for separated plutonium: MOX/Th-MOX in LWRs, MOX in SFRs, and MOX in CANDUs have all been considered. The availability of this plutonium and the ambiguity in policy has even led several ‘waste-burning’ startups to situate themselves in the UK (UK Atomics, Newcleo). However, the recent Civil Nuclear Roadmap (January 2024) has explicitly ruled out the use of this plutonium, while ‘high hazard reduction’ activities are ongoing at Sellafield; closing the fuel cycle is not of interest in the UK for the foreseeable future. This is despite the government funding reprocessing research for several years previously (NNL Advanced Fuel Cycle Programme) – it remains to be seen whether academic research in this direction will continue.
The UK does, however, have an advanced reactor strategy, focusing exclusively on high temperature gas-cooled reactors. There appears to be several reasons driving this decision, but the most commonly stated is the pursuit of hydrogen production with an emphasis on to-be-proven processes, including thermo-chemical water splitting (other stated reasons, such as ability to use thorium, are more spurious)(NIRO, Advanced Modular Reactors Technical Assessment, 2021). In support of this, the UK commonly states that HTGRs can produce core outlet coolant temperatures in excess of 900 oC, citing the Japanese HTTR. From a reactor operations perspective, this appears to be optimistic, given the limited experience and severe materials challenges posed by these conditions. It is conceivable that this target might be practically unachievable and this exclusive focus is to the detriment of more promising technologies with more modest goals. That said, numerous advanced reactor companies exist in the UK (e.g., Moltex) but appear unlikely to receive significant government support. There are additionally some developments in micro-reactors in the UK (for example, Rolls Royce) although these appear to be targeted towards use in military forward operating bases and would not be deployed within the UK.
Since the Brown government, the UK has been in favour of deploying large LWRs. Unfortunately, as with many other Western nations, much of the necessary competencies in the construction of large infrastructure projects (especially nuclear) have been lost, compounded by challenging planning legislation and a change in the nuclear regulator. As a result, Hinkley Point C is beset by delays, Westinghouse and Hitachi-GE have withdrawn from projects at Mooreside and Wylfa, and Sizewell C is awaiting funding decisions before commencing construction. While developing the nuclear supply chain will ease some of these difficulties, the most significant gains would come from changes in planning and health and safety legislation: modifying these is likely to be politically challenging and have consequences reaching far beyond nuclear projects.
This has driven support for SMRs, believed to partially overcome some of these construction and planning challenges. This has resulted in the UK government holding a multi-stage competition to decide which SMR vendor to support. The main question is whether the UK will support its native Rolls Royce SMR or a more established competitor such as Westinghouse or GE-Hitachi. At the time of writing, Rolls Royce SMR has not finalized their design, complicated by using a boron-free core, whereas the two alternatives mentioned are simply scaled-down versions of established and licensed technologies.
One of the UK’s most valuable indigenous capabilities is in Westinghouse Springfields’ fuel production plant. Until recently, the shutdown of AGRs suggested a coasting-down of operations and eventual decommissioning of the site. However, the war in Ukraine and recent government support have significantly improved the outlook for the plant, suggesting that a native fuel supply route will remain for the foreseeable future.
A.7 Addition for Canada (Section 3.11)
Eighteen of nineteen operating nuclear power plants are in province of Ontario, making Ontario grid one of the greenest electrical systems (over 90%) in the world.  Building on the fact that nuclear energy generation is currently the largest source of non-carbon energy production, Ontario is investing in refurbishment and life extension of four units at Darlington and six units at Bruce site.  The recent surge in small modular reactor (SMR) development offers a game-changing solution for Canada energy future. SMR hold promise not only for clean electricity generation but also for providing heat and power to remote areas, petrochemical and resource extraction sites, and heavy industries. Additionally, they can play a crucial role in enabling a clean hydrogen economy.
A.8 Addition for China (Section 3.15)
A congruent development of different technological solutions, e.g. non water-cooled SMR (noticeably, gas-cooled reactors) is underway in China. Recently, the world first the world’s first demonstration plant of high temperature reactor with pebble-bed module (HTR-PM) entered commercial operation in December 6, 2023. The HTR-PM reactors have a series of Gen IV design characteristics, and the inherent safety of HTR-PM reactors have verified via loss of cooling tests.
A.9 Addition for South Africa and Egypt (Section 3.25)
As for the two African countries with existing or under construction NPP; namely South Africa and Egypt, it is of interest to highlight the R&D environment.
South African Nuclear Energy Corporation (NECSA), which is responsible for nuclear research and development in the country, has a Learning Academy accredited as a Skill Development Provider and Trade Test Centre to provide for professional and technical skills.  Close cooperation between universities and research institutions provides postgraduate students with a financing scheme to conduct nuclear related research.
The main research and development organization in Egypt is the Egyptian Atomic Energy Authority (EAEA), which comprises three research centers.  Major Research and Development facilities at the EAEA (as related to nuclear energy) include:
· Two research reactors; 
· Fuel manufacturing plant devoted for the manufacture of fuel for the second research reactor; 
· Liquid rad-waste treatment facility.  
Another important research/education institution is the nuclear and radiation engineering department, Alexandria University.
A.10 Addition for Saudi Arabia (Section 3.23)
In Saudi Arabia, Saudi National Atomic Energy Project (SNEAP) was established, and the three main areas are Large Nuclear Power Reactors, Small Modular Reactor and Uranium Exploration. At the top of that, Saudi announced the four national priority areas of research and development: Health and Wellness, Sustainable Environment, Energy and Industrial Leadership, and Economies of the Future. The King Abdullah City for Atomic and Renewable Energy has already put forward many efforts for the development of human capacity building. King Fahd University of Petroleum & Minerals recently hosted one international conference in nuclear technology.
	





First letter to all GE
Dear All
Thanks you again for the excellent effort that brought to the submission of 470+ J NED VSI NFT series manuscripts. In this connection, I take the occasion to remind you (those who have not yet done it) the issuing of Prefaces for individual VSI (an excellent Preface was issued for NFT-09 and available on the web).
I tried to summarize with my own words the experience of the J NED VSI NFT series. I produced the attached document that will be submitted to Elsevier as an editorial of the NFT VSI series (discussion did not yet start for this publication). As an editorial type of document, we could avoid the use or use a limited number of references.
I appreciate very much, if possible that you (a) read and review the document [the document is in draft form], (b) accept or propose to modify its content, (c) add a few sentences in the location of chapter 3 concerned with your geographical area and VSI, (d) be co-author of the document.  
Individual answers are welcome as well as, if possible, common answers by each GE group. 
Actions related to (a), (b) (c) and (d) should be completed soon and, in any case, before April 15, 2024 (apologies for putting a strict deadline … please inform me in case you need more time). Alternatively, I must delete your name from the list of authors of the document.
Thanks very much for any answer.
Francesco D’Auria


Second letter to all GE (Rev1 letter)
Dear All
During all our lives of researchers, we tried our best to interpret experiments or results of calculation as well as to finalize any research task assigned to us: we have been neither positive nor optimistic. I believe that we have to keep this attitude now, i.e. considering the data and the information from all over the world and not connecting what we write with relations we have with fund raisers or with public. 
The document is NOT a handbook of nuclear technology features in individual countries or regions of the world, although I tried to include all details you provided. 
There is no target to create a situation “us vs them” (or LRU vs SMR) narrative, as Simon Middleburgh pointed out. Rather, one un-written objective is to transpose the technology and the technological findings from LRU to new reactors whatever they are. The correct words should be “us to transfer” (where ‘us’ remains LRU).  
The Section 4 is added discussing an alternative vision (names of those who support the alternative vision are listed in a footnote in the same section: please inform me whether you wish your name in or out in that footnote).  Those who have proposed conceptual modifications to the main text should find their vision in  this section. 
I added the Appendix A including details, where these are provided by authors. In this way I tried to keep homogeneous the level of detail for various countries in the main text.
Obviously, I have only considered comment from GE ‘X’ to geographical area ‘X’ (i.e. not comments from GE ‘X’ to geographical area ‘Y’)
English and editing improvements are left to Paul Cosgrove and Marat Margulis who kindly offered to do it once the new document is ready. Therefore, I minimized the introduction of editorial improvements in the present document. Dear Paul and Marat, please provide and edited document (please call this rev2), possibly by May 10, 2024. Thanks a lot. 
In the case of two or more (different) comments in relation to the same sentence, I had to select only one. 
Finally, please note that I deleted from the list of authors the names of those GE who did not answer the first letter (obviously, I could have introduced mistakes: please check your name and inform me, in case of mistake, apologies and  I will reintroduce your name  – this letter is to all GE).
Replies to comments, questions and issues that I could not consider in the rev.1 (replies are  to Ferry, Walter, Piotr and  Simon, hereafter
Thanks very much for the comments. Below some of the comments that could not be considered in the revised main text (i.e. considering the new Section 4 out of the main text).
Reply to Ferry
Please consider the following:
1) I introduced a new chapter 4 considering your thoughts and those of a dozen authors who proposed ‘more positive view’. 
2) Abstract. Obviously I cannot change the questions that were published on J NED web (following a number of detailed checks). However, I put your modified questions in a special added chapter (see below.
3) Introduction: ‘being on an edge’ is NOT a negative statement. We must convey in the overall document a message by experts who wish to affect the perception of nuclear technology by the (non-nuclear) public and we shall not act as fans (in different words, commenting the same football match by a fan is different than by an expert journalist).   
4) Section 2, bullet 1. The economics of Gen 4 hopefully is better than current reactors, but we CANNOT commit now. We simply do not know, unless we are magicians.
5) Section 2, fusion. I fully agree with you. However, the document is not devoted to fusion colleagues but also to public that sometimes does not distinguish between fission and fusion.
6) Section 2, items 5 and 6. I agree with your comments. Thanks.
7) Section 2, item 8) … You right about Japan, but Joyo status is continuously on-off … and I wrote ‘e.g.’.
8) Section 2, your note “For me the answer is simple. …” I fully agree with the note. However what your write is implicitly or explicitly part of the current document AND ‘1 or 2’ centuries constitute official information not necessarily reflecting the reality. Thorium use will change completely that perspective, indeed.
9) Section 2 and everywhere else: UK colleagues offered to improve the English and editing. So, I am not using your (acceptable) modifications.
10) Section 3.8. I agree with your changes.
11) Conclusions, first paragraph. Let’s wait for English improvement from UK colleagues.
12) Conclusion, 3rd paragraph. Considered in new section 4.2. 
13) Conclusions. Statement about SMR: accepted. Thanks.
14) Conclusions answer to the 2nd bullet question: considered in new section 4.2.
15) Conclusions, additional changes: same answer as 11). Thanks.
Reply to Walter
1) Introduction 1st paragraph: agreed, except the ‘fusion’ part.
2) Introduction, comment about cost: too deep detail (partly covered in other parts of the document).
3) Section 2, item 1), Gen-4: Considered in new section 4.1.
4) Section 3.5 related to Italy. I considered comments from Italy GE. 
Reply to Piotr
1) Related to the fourth question in abstract: same answer as answer 2) to Ferry, above. Furthermore, partitioning and transmutation are correct complements to the fourth question: however, not everything could be considered in detail with the proper perspective. 
2) Notwithstanding above answer a footnote has been added for ADS in the Conclusions. 
3) Other comments considered to my best.
Reply to Simon
1) Item 6 of section 2: it is (certainly) agreeable that challenges for MSR are different from challenges for LMR and similar for SFR (item 8 in the same section). Nevertheless, the present document does not discuss any of related technologies and creating the list in section 2 has ‘only’ the objective to define the scope for the document. A footnote has been added in the main text. 
2) Your note “us vs them”. I added a short footnote connected with this. The idea is NOT “us vs them” (or LRU vs SMR). Rather the idea is to inform that deep technology is available for “us” (or LRU) that is unknown to ‘some’ of “them”. In the footnote I tried to smooth this concept. Very happy to discuss further if needed.
3) LRU: you write “I have never heard …”. You are absolutely true. I do not like acronyms and we have already so many. Please find any better way to minimize the words in the present document.
4) Section 3.11. It is well established (I assume) that CSNDU technology spread from Canada to Pakistan and India (at least) allowed quick access to plutonium for military use. The concerned sentence can be rephrased. 
5) Sections 3.14 and 3.15, word Vulcan: this is a matter of automatic English corrector   … I do not mean ‘the Andes’ I mean vulcanos … Please do it better
6) Section 3.15: vulcanos, tsunamis and earthquake are in Chile, primarily (…)  
Attached you can find the rev1 document including (in red) the changes made to the original document.
Thanks to all for any reply by May 10, 2024 (to minimize e-mail system burden, please answer, if needed, in a separate message, i.e. do not reply to the present message).  
Francesco  
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