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Abstract: Worldwide, there is a permanent concern to maintain in operation 
all nuclear power plants that contribute to each state's nuclear power production 
independence and, at the same time, limiting the dependence on imported energetic 
resources. 

Thus, a distinctive importance should  be given towards energetic security in 
the context of increased instability, reflecting ESA's best practice recommendations of 
the states of  developing and maintaining uranium stocks of different types, according 
to the kind of the nuclear fuel used, sufficient for an approximately  1-5 years of 
reactor functioning. 

The present paper aims a review of the technological evolution of Nuclear 
Reactors and their influence on the demand for nuclear fuel, an analysis of the major 
suppliers on the market for the production and supply of natural uranium-based 
nuclear fuel, and also an overview of the supply price evolution for it. 
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Rezumat: La nivel mondial, există o preocupare permanentă pentru menţinerea în 
funcţiune a tuturor centralelor nucleare care contribuie la independenţa producţiei de 
energie electrică a fiecărui stat şi, în acelaşi timp, la limitarea dependenţei de 
resursele energetice importate. 

Astfel, trebuie acordata  o importanta deosebita asigurarii securitatii 
energetice în contextul instabilităţii crescute, reflectând recomandările ESA privind 
bunele practici ale statelor membre de a constitui şi menţine stocuri de uraniu sub 
diferite forme, în funcţie de tipul de combustibil nuclear utilizat, suficiente pentru o 
perioadă de consum pe reactor de aproximativ 1 ÷ 5 ani. 

Lucrarea de faţă îşi propune o trecere în revistă a evoluţiei tehnologice a 
reactoarelor nucleare şi a influenţei lor asupra cererii de combustibil nuclear, o 
analiză a principalilor furnizori pe piaţa mondială pentru producerea şi furnizarea 
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combustibilului nuclear pe bază de uraniu natural, dar, de asemenea, şi o prezentare 
generală a evoluţiei preţurilor de aprovizionare pentru combustibilul nuclear pe bază 
de uraniu natural. 

 
Cuvinte cheie: centrale nucleare, combustibil nuclear, uraniu natural, securitate. 
 

1. Introduction 
 
At global level, among the governmental entities of the developed states, 

there is a permanent concern for maintaining the operational status of all the 
nuclear objectives  which are  strategic components of the nuclear fuel cycle and 
which contribute to the maintenance of the independence of each state in nuclear 
energy generation and, at the same time, to limit the dependence of imported 
energy resources According to the recommendations of the Euratom Supply 
Agency (Euratom), in order to choose the best alternative for nuclear fuel supply, 
each state must assess its own risk profile and, depending on the risk, use the 
appropriate ways which lead to risk mitigation and ensure the best energy security, 
each country taking the decision that it considers the best. 

ESA's experience shows that some states, on the basis of their own 
assessments, have made the decision to set up safety reserve stocks for periods 
ranging from 1 ÷ 3 years to ensure the security of nuclear fuel supplying for nuclear 
plants. 

The manufacture of nuclear fuel is carried out in specific installations, 
which make up the start-up part of the so-called nuclear fuel cycle – NFC (Nuclear 
Fuel Cycle), including nuclear  reactors (research and nuclear power plants) and 
radioactive waste and used nuclear fuel storage facilities. 

Nuclear fuel production facilities form those Front End Facilities that open 
the cycle and which are classified as non-reactor nuclear installations /. From the 
point of view of the importance of these objectives, considering them as a priority, 
concerns a series of economic and energy policy justifications and is also related to 
the anticipation, conception, organization and management of processes 
characterized by a significant quantity and quality impact , on economy, 
technology, education, as well as on the population in the  adjacent areas to the site 
and on the environmental factors. 

The main characteristics of a nuclear fuel cycle, starting with the 
identification of the quality and physico-chemical nature of uranium, and ending 
with the most important technological processes that are used for the production of 
triuranium octoxide, U3O8, or yellowcake and uranium dioxide, UO2, or the nuclear 
quality sintered powder from which are manufactured the nuclear fuel bundles for 
Nuclear Power Plants. 
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World-class mining technologies (eg ISL) are used for extraction and 
separation of uranium from fields with enrichment levels below 0.1%. [1]. 

 
2. General Aspects of the Current Situation of the Nuclear Power 

Plants in the World. 
 

An overview of the nuclear energy sector, both now and in its history since 
1954, shows us that there are 667 nuclear reactors built or under construction 
worldwide. 

Due to the problems arising from nuclear safety and particularly due to the 
Fukushima accident, many states that own Nuclear Power Plants have decided to 
discontinue nuclear development activities, even to shut down nuclear power plants 
by using renewable energy sources. According to data provided by the World 
Nuclear Association, in December 2016, there were 447 nuclear reactors in 
operation in 31 countries, with a total capacity of 391.3 GW covering about 11% of 
the electricity needs at world level. The 1.9% increase in energy production 
capacity in 2016 was largely due to investments in the Asia-Pacific area. 

 

 
 

Figure 1. Total global nuclear power generating capacity in operation between 1955 and 
2016 (blue area, left axis). Annual additions (red bars, right axis) and the capacity of reactors going 
offline or being shut down (yellow bars, right axis). Source: International Atomic Energy Agency 

(IAEA) PRIS database and Carbon Brief analysis. Chart by Carbon Brief. 

 
2.1.Types of nuclear reactors 

 
Nuclear reactors can be classified according to several criteria, namely: 

technological development, type of fuel used, moderator and cooling water and 
others, but this study will briefly present the four generations of reactors, the 
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resulting classification following the technological development and types of 
reactors classified according to the fuel used. 

Thus, nuclear reactor technology has been developed and improved over the 
past five decades, with four distinct generations of nuclear reactors being developed. 

Generation I: Reactors were developed in the 1950s and 1960s, of which 
very few are currently operational. These were called "early prototype reactors". 

Generation II: Reactors belonging to this generation were developed in the 
mid-1960s, distinguishing themselves from generation I, through "active safety 
systems". Safety systems involve customized electrical or mechanical operation, 
which means that they are activated by operators and cannot work if the power 
supply systems are switched off. Approximately 90% of the nuclear power plants 
operating today use second-generation technology. Many have incorporated some 
passive or inherent safety features that do not require active controls or operational 
interventions to avoid accidents in the event of malfunction and can be based on 
gravity, natural convection or high temperature resistance. 

Generation III: Advanced Reactors Developed in the Mid-1990s, their 
project incorporates other passive safety systems that improve reactor safety by 
operating without operator intervention. 

Generation IV: Reactors of this generation are still at the project stage and 
will not be operational earlier than 2035. Many of the projects will be reactors 
using fast neutrons. 

 
 

Figure 2. The Nuclear Reactors "Generations", source: http://www.bertrandbarre.com 
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If we take as a classification criterion the type of fuel used, we distinguish 
two categories of nuclear reactors: nuclear reactors using natural uranium fuel and 
nuclear reactors using uranium-enriched fuel. 

 
2.2. Uranium nuclear fuel 
 
In order to manufacture nuclear fuel there is a so-called "nuclear fuel 

cycle", NFC, which is a generic name designating a series of industrial processes 
involving the production of electricity from the uranium fission reaction in the 
nuclear power reactors. 

The main production activities are carried out in two technological streams, 
where two distinct processes take place: obtaining the sodium diuranate (uranium 
technical concentrate) by the metallurgical processing of the uranium ore and 
obtaining the sinterable uranium dioxide powder (finished product) by refining 
uranium technical concentrates. 

The processes are carried out on the basis of chemical reactions (wet and / 
or dried) to the production of triuranium octoxide U3O8 (stable intermediate 
product) and uranium dioxide sintering powder UO2. 

The technological process of nuclear fuel production starts with the 
processing of raw uranium ore. With this process, the nuclear fuel cycle is 
practically initiated 

Then follows the process of chemical purification of the uranium technical 
concentrate and the production of uranium dioxide of nuclear purity. The process 
takes place at the interface between uranium aqueous solutions and the organic 
medium formed by tributyl phosphate and an organic solvent. The raw material 
used is sodium diuranate as a finished product of the hydrometallurgical flow [2]. 

The uranium dioxide thus obtained is processed for the purpose of 
producing the nuclear fuel pills with which the nuclear fuel elements and beams 
that will feed the nuclear reactors are manufactured. 

The manufacturing of structural mechanical components, components of a 
nuclear fuel assembly (plugs, grids, skates, spacers, ties), is made of zircaloy and 
other components by means of turning, stamping, beryllium deposition, clamping 
welding , brazing, graphing, thermal treatment grafting, chamfering. [3]. 

 
2.2.1. Uranium ore global resources 

 
Earth bark and oceans contain a uranium concentration of about 2.7 ppm. 

and 0.003 ppm,, respectively. The average U3O8 content of ores discovered so far is 
between 0.03% and 20%. 
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Uranium resources are generally classified as conventional or 
unconventional. Conventional resources are those that have a history of production 
where uranium is either a primary product, co-product or an important by-product. 

Conventional resources are further divided into four categories, depending 
on the level of confidence in their occurrence: Rarely Guaranteed Resources 
(RAR), deducted resources, forecasting resources and speculative resources (SR). 
The first two are collectively known as identified resources. 

The reasonably guaranteed resource category includes uranium in 
warehouses of size, grade and confined configurations, for which it is possible to 
specify the quantities that could be recovered with current proven technologies. 

The deduced resource category includes uranium  where occurrence is 
deduced from direct geological evidence, well-explored warehouse expansions, or 
deposits with established geological continuity. 

The forecasting resources are uranium resources that are expected to occur 
in well-defined geological trends of known deposits or mineralized areas. 

The speculative resources refer to uranium considered to exist in favorable 
geological, but unexplored geological areas. 

The categories are subdivided according to the costs of the ore recovered in 
the processing plant: <40 USD / kg U, <80 USD / kg U and <130 USD / kg U. 

Figure 3 presents the IAEA / Nuclear Energy Agency (IEA) Schedule for 
Classification of Uranium Resources, together with the estimated quantities in each 
category [4]. 

 

 
 

Figure 3. Classification scheme for conventional uranium resources 
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Uranium resources classified as unconventional, in which uranium exists at 
very low levels or can only be recovered as a minor by-product, include some 
22 million tons occurring in phosphate deposits and up to 4 000 million tons in 
water great. 

Uranium recovery technology from phosphates is developed, but costs are 
high (~ 60-100 USD / kg U). From sea water uranium was extracted only in small 
quantities, and costs are estimated to be close to $ 300 / kg U. 

The total quantity of uranium resources identified worldwide in 2015 
increased by 0.1% compared to 2013. This small percentage is due to low levels of 
investment and implicitly due to exploratory efforts reflecting current conditions 
and less favorable situation of the uranium market. 

Total identified resources (reasonably assured and inferred) as of 1 January 
2015 amounted to 5 718 400 tons of uranium metal (t U) in the <USD 130/kg U 
(<USD 50/lb U3O8) category, a decrease of 3.1% compared to 1 January 2013. In 
the highest cost category (<USD 260/kg U or <USD 100/lb U3O8), total identified 
resources amount to 7 641 600 t U, an increase of only 0.1% compared to the total 
reported for 2013. 

The most significant change is reported in the <USD 80/kg U category, 
with an increase of 20.9% in inferred resources, compared to values reported in 
2013. This can be primarily attributed to the addition of 208 400 t U of inferred 
resources from China and Kazakhstan. At the 2014 level of uranium requirements, 
identified resources are sufficient for over 135 years of supply for the global 
nuclear power fleet. [5]. 

 
2.2.2. Uranium ore production globally 

 
Uranium production trough mining has fallen by 4% worldwide compared 

to 2013, but remains above the 2011 level, and Kazakhstan, now the world's largest 
producer, continues to increase production, but at a slower pace. 

Overall, global uranium production declined from 58 411 t U in 2012 to 
55 975 t U in  January 2015. Changes are mainly the result of the decreasing 
production in Australia and of exploited uranium production from mines in Brazil, 
the Czech Republic, Malawi, Namibia and Niger. 

In OECD countries, production declined from 17 956 t U in 2012 to 16 185 
t U in 2014, mainly as a result of falling production in Australia and, to a lesser 
extent, of the production in the Czech Republic. 

According to recent studies, uranium is produced in 21 countries, with the 
largest producer being Kazakhstan even though it has been slower lately, with 
output of 22 781 tons in 2014 and 23 800 tons in 2015. 
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Kazakhstan produced in 2014 more than Canada and Australia combined, 
countries which are the second and respectively the third largest uranium producers. 

2.2.3. Uranium global demand 
 
On the 1st of January 2015, a total of 437 commercial nuclear reactors with 

a net generation capacity of 377 G We were connected to the grid, requiring about 
56 600 t U per year. 

Taking into account the changes to nuclear development plans in several 
countries, it is estimated that the world's nuclear capacity by 2035 will increase to 
418 G We net in the case of low demand and up to 683 G We net in the case of 
high demand which in percent means 11% and 81% respectively. Accordingly, it is 
estimated that global requirements for uranium fuel will increase to between 66 995 
t U and 104 740 t U by 2035. 

Projects to increase nuclear power electricity generation capacity differs 
considerably from one region to another. It is estimated that the East Asian region 
will see the largest increase, which by 2035 could result in the installation of a new 
capacity of 48 G We to 166 G We, representing increases of over 54% and 
respectively 188% from the capacity in 2014. 

Nuclear capacity installed in the countries of Europe is also planned to 
increase significantly until 2035 with a value between 21 G We and 45 G We (an 
increase of about 49% and 105%, respectively). 

Other regions planned to significantly increase nuclear capacity are: Middle 
East, Central and South Asia and Southeast Asia, with a more modest increase 
estimated in Africa and the Central and South American regions. 

In the case of North America, where nuclear power projects have a low 
level, nuclear power generation capacity will remain roughly the same by 2035 and 
will increase by 11% to a large extent, depending on future electricity demand, 
extending the life of existing reactors and government policies regarding 
greenhouse gas emissions. 

In the European Union, nuclear capacity in 2035 is estimated to fall by 48% 
in the case of a low demand scenario or to increase by 2% if the demand is high. 

These predictions are subject to even greater uncertainty than usual after 
the Fukushima Daiichi accident, as the role that nuclear power will play in the 
future mix of generations in some countries that has not yet been established and 
China has not reported official targets for nuclear power capacity after 2020. 

Key factors influencing the future capacity of nuclear energy include 
projected electricity demand, the economic competitiveness of nuclear power plants 
as well as funding arrangements for such intensive projects, the cost of fuel for 
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other power generation technologies, concerns about non-proliferation, and public 
acceptance of nuclear energy, which is a particularly important factor in some 
countries after the Fukushima Daiichi accident. 

Concerns over the long-term security of fuel supply for nuclear energy 
considered to be beneficial for fulfilling the objectives of reducing greenhouse gas 
emissions, could contribute to the expected increase in demand of uranium [5]. 

 
3. Estimation and trends in uranium purchase prices  

 
After extraction and initial processing at the mines, uranium is sent in the 

form of a yellowcake concentrate to a conversion facility. Here uranium is first 
separated from impurities through a series of chemical processes. This purification 
results in high purity uranium trioxide (UO3). 

This is the raw material for the next phase in the process of obtaining the fuel, 
namely conversion. There are converting facility in the world operating 
commercially in the US, Canada, France, Russia and China. The largest new 
facility is Areva's Comurhex II, which operates in two locations in France. It is 
expected that by 2025 and beyond, China will considerably increase its conversion 
capacity to meet the internal requirements [6]. 

 

 
 

Figure 4. Evolution of conversion prices for natural and enriched uranium in the year 2016, 
source: https://www.uxc.com, 2018 
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Conversion spot purchase prices in Europe and North America, calculated 
by UxC, fell from $ 7.25 / kg U and $ 6.75 / kg U to $ 7.00 / kg U and $ 6.50 / kg U 
and remained stable until the end of July 2016. In August prices fell again and 
ended the year at $ 6.40 / kg U in the EU and $ 5.85 / kg U in the US.  

The long-term UxC purchase prices for conversion in Europe and North 
America were stable from January to the end of July and amounted to $ 14.00 / kg 
and $ 13.00 / kg respectively. Since August, prices have started to decline and 
ended the year at $ 13.00 / kg in the EU and $ 12.00 / kg in the US [7]. 

 
4. Conclusions 

  
 The main purpose of the study is to analyze the main suppliers on the world 

market for the production and supply of nuclear fuel based on natural uranium, but 
also an overview of the evolution of supply prices for nuclear fuel based on natural 
uranium. 

 Starting from these general aspects of the present study, an estimate of the 
global nuclear energy situation can be made taking into account some of the main 
factors: population growth and, implicitly, the demand for electricity, 
approximation of a more accurate quantity of the uranium ore that can be extracted 
and processed, the amount of natural uranium fuel required for the operation of all 
operational nuclear power plants, those under construction and those planned to be 
built and commissioned over the next 30 years. 

The increase of installed power of nuclear reactors is recognized as a very 
economical source of additional generation capacity. Turbine generator 
rehabilitation, combined with the use of initial margin benefits in reactor design, 
digital technologies and control tools, and investment in other generating 
capabilities, can increase production by up to 15-20%. There are many examples of 
this kind all over the world, but this has been a special concern in Sweden, the 
United States and Eastern European countries. 

The overall picture of today's nuclear power plants is that they operate 
more efficiently than in the past, and unit operating costs are low compared to 
alternative power generation. These improvements have now become commonplace 
and will be integrated into the construction of new nuclear power plants. 

World production and consumption of electricity grew to around 2.6% per 
year between 1990 and 2013, but many forecast factors believe that this growth rate 
will decrease in the future. For example, the International Energy Agency (IEA) 
scenario estimates growth in global electricity demand by 1.9% per annum over the 
2014-2040 period. 
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It is estimated that by 2040 an important investment in new generation 
capacity will be needed to meet both the 10% anticipated demand growth and 
the need to replace a large number of nuclear power plants that will be closed 
during this period. As can be deduced from the study, there are sufficient uranium 
resources to support the continued use of nuclear energy and the significant 
increase in nuclear capacity for electricity generation and other long-term uses. 

The identified resources, including the resources reasonably warranted and 
the resources deducted, are sufficient for more than 135 years, given the uranium 
requirements of about 56 600 t U (as of 1 January 2015). If estimates of current 
uranium consumption rates are used in power reactors, the resource base identified 
would be sufficient for over 160 years of nuclear reactor fueling. 

The uranium resource described in this document is more than adequate 
meeting planned growth requirements by 2035. Complying with low expected 
estimates by 2035 would consume approximately 25% of the available identified 
resources at a cost of <130 USD / kg U and less than 20% of the identified 
identified resources at a cost of <260 USD / kg U. 

Given the limited maturity and geographic coverage of uranium exploration 
worldwide, there is considerable potential for discovering new resources of 
economic interest. As has been clearly demonstrated in recent years, with adequate 
market signals, new uranium resources can be easily identified and exploited. 

As mentioned in this paper, there are also considerable unconventional 
resources, including phosphate deposits and black shale / shale that could be used to 
significantly prolong the time needed for nuclear power to provide the demanded 
energy using current technologies. 

Encouraging the advanced technology of the reactor and fuel cycle could 
also contribute significantly to the world energy supplies in the long term.  

The transition to the advanced technology reactors and reused fuel is likely 
to increase the availability on the long-term viability of nuclear energy up to 
hundreds of thousands of years.  

In addition, Thorium, which is more abundant than uranium is also a 
potential source of nuclear fuel, in case alternative fuel cycles are developed and 
successfully introduced in a cost-effective way.  

The fuel reactors based on thorium have been proven and operated in the 
past. There are sufficient nuclear fuel resources in order to meet the requirements of 
the current energy demand and to increase in the future.  

However, in order to achieve its full potential, it will be necessary to 
explore, research and to significant invest to develop in time new mining projects in 
order to facilitate the implementation of promising technologies.  
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