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In this paper, the authors propose long-term projections of global nuclear power generation, 
uranium production, and uranium enrichment capacities by region, and estimate the trade flows 
of natural uranium and uranium enrichment activities in 2020 and 2035. In spite of the rapid 
nuclear power generation capacity growth expected especially in Asia, natural uranium and 
uranium enrichment trade will not be tightened by 2020. This is due to the projected increase in 
both natural uranium production and uranium enrichment capacities, which may cause a drop 
in natural uranium and uranium enrichment prices. Therefore, there is a strong possibility that 
current capacity expansion projects will be considerably delayed. However, in the “high demand 
scenario”, where nuclear expansion will be accelerated due to growing concerns about global 
warming and energy security issues, additional investments in uranium production and enrich-
ment facilities will be required by 2035. In Asia, the self-sufficiency ratio for both natural ura-
nium supply and uranium enrichment activities will remain relatively low until 2035. However, 
the Herfindahl-Hirschman (HH) index of natural uranium and uranium enrichment activity trade 
to Asia will be lowered considerably up to 2035, indicating that nuclear capacity expansion can 
contribute to enhancing energy security in Asia.
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I.	 Introduction
The Fukushima Daiichi Nuclear Power Plant Accident in the wake of the Great East Japan 

Earthquake caused the massive release of radioactive materials and the long-term evacuation 
of local residents. This accident had a large impact on nuclear energy policies both in Japan 
and overseas countries. According to the Strategic Energy Plan1), the Japanese government had 
originally aimed to newly build nine nuclear power reactors and fourteen reactors by 2020 and 
2030, respectively. However, these plans are now under review because of the accident, and a 
significant revision of the nuclear energy policy is definitely required. Nevertheless, Japan is 
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required by international legislation to reduce greenhouse gas emissions, and it is unclear how 
the country now views the role of nuclear energy in this respect. 

Immediately after the Fukushima Accident, Germany stopped the operation of seven old 
nuclear reactors and adopted a policy to successively decommission the remaining reactors by 
2021. Furthermore, Italy had stopped operation of all nuclear power plants but had recently 
considered building new nuclear power plants; however, following a national referendum after 
the accident, over 90% of the nation were found to be opposed to resuming the program for 
building new nuclear power plants. Thus, the Fukushima Accident had a direct impact on cer-
tain European countries. In Asian countries (especially China and India), where a rapid future 
growth in power demand is expected, there has been no change in the situation, and a rapid 
expansion of the generating capacity of nuclear power plants is still expected. Similarly, in 
countries with advanced nuclear technologies (including the US, France, Russia, and Korea), 
no changes have been made to their nuclear policies, as these enable industrial development, 
the provision of a stable energy supply, and the potential to reduce greenhouse gas emissions.

Therefore, at least in the current situation, the expansion of nuclear energy use is expected 
to continue worldwide in the long term, because it provides the means to reduce fossil fuel 
consumption and greenhouse gas emissions.  

When considering long-term perspectives of nuclear power generation, one of the most 
important issues is uranium resource availability. The demand for uranium will continue to 
expand in the long term, as long as we continue using the current light-water reactor (LWR) 
technologies. However, several factors could contribute to mitigating the demand expansion, 
such as policy changes after the Fukushima Accident, the introduction of Fast Breeder Reactors 
(FBRs), and a fuel transition by introducing the thorium cycle. Nevertheless, even when con-
sidering these factors, an increased demand is still expected. It is thus significantly important 
to evaluate whether a sufficient amount of uranium can be supplied, and if so, where and how 
much can be supplied, as this will enable the country to plan for the development of future 
nuclear power generation with respect to the growing demand for global energy and require-
ments to reduce greenhouse gas emission. In addition, for the use of existing LWRs, which 
use enriched uranium as fuel, it is necessary to consider the uranium enrichment (UE) supply 
capacity when considering the supply and demand of uranium, because demand for natural 
uranium (NU) and an amount of UE services have a trade-off relationship.

As nuclear power generation provides a significant proportion of energy supplies, various 
organizations (including the International Energy Agency (IEA) 2, 3), the International Atom-
ic Energy Agency (IAEA) 4), the Organisation for Economic Co-operation and Development 
(OECD) 5), United States Department of Energy (U.S. DOE) 6) and the World Nuclear Associ-
ation (WNA) 7) have provided future nuclear outlooks. When future energy demands or power 
generation are forecast, it is common to use econometrics or cost-optimization models. How-
ever, as nuclear power development is largely dependent on national policies, nuclear power 
generation projections are made based on detailed research of current energy supplies, demand 
situations, and energy policies, rather than on these models. Such a method appears to be par-
ticular to the nuclear energy outlook. 

The future uranium production outlooks include those provided by the OECD 8) and WNA 9); 
these examine uranium mines and their development projects and estimate the uranium produc-
tion of each country, region, and the world, and associated future expansion based on the study 
results. However, these outlooks are more valuable as a reference material rather than providing 
a calculation method.

Few studies have used the supply and demand prospects to conduct a detailed analysis 
of future uranium demands. For example, Komiyama et al. 10) evaluated uranium supply and 
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demand scenarios by 2030 and 2100 and derived policy implications by uniquely projecting the 
future global nuclear power generating capacity; their study referred to the OECD’s uranium 
supply and demand forecast. However, the study separately simulated the global demand and 
production of uranium and evaluated surplus production and supply shortages by comparing 
simulation results, and it did not sufficiently consider elements specific to nuclear fuel, such as 
UE. Murakami 11) took this a step further and found that the possibility of tight supply-demand 
situations of NU in 2030 will largely change due to the changes in tail assay, considering 
demand of NU and UE service demand become trade-off relationship by changing tail assay in 
uranium enrichment. However, in this respect, only the relationship between the NU demand, 
the amount of UE services, and enriched uranium demand were globally recognized, and the 
study does not answer detailed questions such as what the supply and demand of uranium will 
be in Asia, which will be the core region where nuclear power generation will expand in the 
future. As most of the trade transactions and cost data are not disclosed, there are a lack of 
studies that forecast future trade flow by region. 

Therefore, by referring to the world energy supply and demand outlook 12) created by the 
authors, this study provides a projection of nuclear power generation by global region, and 
evaluates the future demand for NU and the generating capacity of UE plants by referring to 
previous studies and using information obtained from websites of nuclear related companies. 
By considering the results and referring to current records as of 2009, we then estimate the 
future trade flow based on the proposed evaluation model using the least-squares method.

The contribution of this study is twofold: first, the study includes observations about a possi-
bility of long-run supply of uranium by estimating the world supply and demand amounts of NU 
and UE services until 2035 in consideration of their relationship with prices. Generally a shear 
of fuel cost on power generation cost of nuclear power is low, and then, nuclear power plant 
construction plans are affected by national policies as first, and construction cost and money 
supply circumstances as second. Once a nuclear power plant is established, it generates power 
as much as possible as a basic electricity supplier, from the view points of economy. Therefore, 
fuel prices have a low impact on the amount of electricity generated by nuclear power and the 
demand for uranium fuel. On the other hand, the relative relationship between prices of NU 
and UE affects cost optimum tails, and changes the demands of NU and UE through tails. This 
study evaluates their supply and demand balance in 2020 and 2035 based on this relationship.   

Second, this study provides a regional fuel supply and demand balance by estimating future 
trade flow, especially the supply and demand trends in Asia, where a rapid growth in future 
energy demand is expected. It is anticipated that the domestic production of fossil fuels in Asia 
will not be able to meet the demand expansion, and Asian countries will need to depend more 
on other regions, such as the Middle East 12). Therefore, increasing the amount of nuclear pow-
er generation would mean diversification of energy supply; however, it is unclear how much 
dependence on foreign energy sources, through production and UE service, can be reduced. 

From these perspectives, providing an estimate of future trade flows has not yet been at-
tempted in previous studies.

II.	 Methodology and Assumptions
1.	Outlook for Nuclear Generating Capacity and Demand for Uranium

(1)	 Nuclear generating capacity
Immediately after the Fukushima Accident, Germany halted operation of its seven domestic 
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nuclear reactors that had been in operation prior to 1980. This halt was said to have been expe-
dited in lieu of the facilities being confirmed safe; however, on June 6, 2011, the government 
adopted a policy to immediately decommission the seven reactors, and to decommission the 
remaining nuclear reactors from 2013 to 2021. A national referendum was held in Italy to 
obtain consensus as to whether operation of the nuclear reactors should be resumed, and over 
90% of the nation opposed the motion; therefore, Italy will not resume its nuclear program for 
the foreseeable future. However, while the Fukushima Accident had a direct impact on some 
countries, especially those in Europe, and forced them to stop depending on nuclear power, 
certain countries retained their nuclear promotion policies: countries such as the US, France, 
Russia, and Korea, which have actively promoted nuclear energy generation for many years, 
and emerging countries such as China and India. 

In light of such circumstances, this study uses current policies, power development plans, 
and energy supply and demand trends to provide a forecast until the year 2035 of the nuclear 
generating capacities of all countries that currently use and will possibly use nuclear power. 
Based on this forecast, we then estimate nuclear generating capacities by region for North 
America, Latin America, Europe, Africa, the former Soviet Union (FSU), the Middle East, and 
Asia. The estimation is based on two scenarios: a high demand scenario and a low demand 
scenario. In the former scenario, it is assumed that countries will actively continue expanding 
their nuclear generating capacities; and in the latter, it is assumed the Fukushima Accident had 
a maximum impact on nuclear policies or that other issues, such as funding, are hampering 
nuclear development. Overviews of these scenarios per region are as follows:  

(a)	 North America 
The US is the largest nuclear power player with 103 nuclear power reactors in operation. 

However, as previously mentioned, recent nuclear power plant construction initiatives have 
not been very successful despite it previously being referred to as the Nuclear Renaissance. 
This is because of the rapid growth in unconventional natural gas production and also that the 
use of nuclear energy is not the largest mean of reducing greenhouse gas emissions for the 
US 13). However, a combined construction and operation license (COL) was issued in 2012 for 
the first time, their policy to retain and expand their nuclear generating capacity is still firmly 
maintained: a 60-year operational life extension has been approved for over half of existing 
nuclear reactors and another 20-year operational life extension is also being considered. In the 
low demand scenario, it is assumed that the generation capacity will increase by approximately 
only 10 GW by 2035, which is in line with the projection by the U.S. Department of Energy 14); 
and in the high demand scenario, it is assumed power plant capacity will increase up to 130 GW 
by 2035, with respect to construction of nuclear reactors that are currently in the planning stage.  

Canada is a country with a long nuclear power development history that mainly uses the 
country’s unique heavy water reactor (HWR) technology. Ontario province, which has the larg-
est energy demand and is home to 16 of the 18 nuclear reactors in the country, plans to expand 
its nuclear generating capacity 15).

Therefore, it is assumed that the nuclear generating capacity of North America will gradually 
increase from 119 GW in 2010 up to 129 GW in 2035 in the low demand scenario, and up to 
147 GW in the high demand scenario. 

(b)	 Latin America
The Latin American countries currently using nuclear energy are Mexico, Brazil, and Argen-

tina. In Mexico, it is assumed that the capacity of nuclear power plants will increase slightly 
due to power uprates. In Brazil, two power plants are currently in operation at 2.0 GW. The 
construction of Angra III has been suspended, but this is expected to be resumed, and oper-
ation is scheduled to start in 2013. Brazil’s nuclear power generation capacity may increase 
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significantly with a future growth in energy demands. In Argentina, two nuclear reactors are in 
operation at 1 GW, one of which is likely to be decommissioned before 2030. In this country, 
construction of a heavy-water reactor (Atucha II) was underway as the third nuclear reactor, 
but this was suspended in 1994 due to financial difficulties and other reasons. Although con-
struction of this plant is expected to be resumed in the future, in the low demand scenario it 
was considered that the construction would not be resumed, mainly because of financial issues. 
However, a few new constructions were assumed in the high demand scenario.  

Thus, it is assumed that the nuclear generating capacity of Latin America will increase from 
4 GW in 2010 to 6 GW in 2035 in the low demand scenario, and to 17 GW in the high demand 
scenario.

(c)	 Europe
In Europe, many nuclear reactors were constructed between 1970s and 1980s and the gener-

ation capacity has rapidly expanded. However, owing to the lack of relative competitiveness of 
nuclear power associated with low crude oil prices, there was a reduction in the construction of 
new nuclear power plants. Moreover, in some countries, policies included  decommissioning of 
nuclear reactors stepwise have been taken.

In France, where utilization of nuclear power is widespread most, François Hollande ex-
pressed a commitment to reducing the share of nuclear power in national electricity generation 
down to 50% by 2025, when he won the presidential election in 2012. However, it is highly 
likely that the country will not to make any changes for a while, given that a schedule for 
closing nuclear reactors has not yet been provided, and it was announced in April 2012 that the 
nuclear agreement previously signed with the Green Party would be terminated.

In this study, we assume that France will retain its current high nuclear share until 2035. 
However, we assume that countries including Germany, Italy, Switzerland, and Belgium, that 
identified their clear direction toward a nuclear phase-out after the Fukushima Accident, will 
completely eliminate their nuclear power plants by 2030 in the low demand scenario. Mean-
while, as in the example of Sweden, that has not yet achieved nuclear power phase-out policies 
that were previously determined, we assumed that these countries will also retain parts of their 
nuclear generating capacities in 2035 in the high demand scenario. 

In the future, although new nuclear power plants will be constructed at a certain level in 
Europe, it is supposed that the overall nuclear generating capacity will remain at the same 
level, or it will slightly decline because many existing aging reactors will be decommissioned. 
In consideration of the above situations, it is assumed that the nuclear generating capacity of 
141 GW in 2010 will decline to 107 GW in 2035 in the low demand scenario and increase to 
161 GW in the high demand scenario.

(d)	 Former Soviet Union
The countries in the former Soviet Union with large nuclear generating capacities are Russia 

and the Ukraine. Russia is one of the world’s largest oil and gas producers, and it regards its 
energy resources as key tools in achieving diplomatic relations. No major changes have been 
seen in Russia’s nuclear policies, as previously mentioned. In addition, the Ukraine is supposed 
to continue building new nuclear reactors and has been planning to construct 14 new units by 
2030.   

This region (and Russia in particular) is expected to largely enhance its nuclear generating 
capacity by 2035. In this study, the capacity is assumed to increase from 37 GW in 2010 to 
59 GW in 2035 in the low demand scenario, and to 85 GW in the high demand scenario in 
2035. In the high demand scenario, new nuclear power plant construction in Kazakhstan is also 
assumed.   

(e)	 Middle East, Africa, and Oceania
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The Middle East is a large oil and gas producing area; however, many countries in the 
area have recently begun to consider implementing nuclear energy with the aim of diversi-
fying energy resources and desalinating seawater. To be more specific, not only Iran, which 
has imported an LWR from Russia and has been uniquely developing nuclear energy, but also 
the UAE, Saudi Arabia, Kuwait, and Jordan are considering constructing new nuclear power 
plants. The UAE has already decided to construct a new nuclear plant and placed an order to a 
Korean plant manufacturer. In this study, we assumed that only the UAE would construct new 
nuclear reactors by 2035 in the low demand scenario, and in the high demand scenario other 
countries also proceed with power plant construction.

In the African continent, French LWRs have been in operation since 1984 in South Africa. 
The country planned to introduce their uniquely developed gas reactor, called the Pebble Bed 
Modular Reactor (PBMR), in the future, but this has been delayed due to the country’s econom-
ic deterioration. We assume that South Africa’s nuclear generating capacity will not increase 
from 1.9 GW in 2010 in the low demand scenario, but that it will increase up to 6 GW in 2035 
in the high demand scenario.  

(f)	 Asia
Even in the 1990s, when new nuclear power plant construction was stagnant in Europe and 

the US, Asian countries (including Japan and Korea) continued to construct new nuclear power 
plants. Today, emerging Asian countries (such as China, India, and those in Southeast Asia) 
have begun to show a rapid increasing interest in nuclear power generation, and it is expected 
that most new global nuclear power plant construction will be conducted in Asia. 

Prior to the Fukushima Accident, China had 13 nuclear reactors in operation in early 2011, 
with an output of 10.85 GW and another 30 power plants with an output of 33 GW (which is 
about three times more than its current capacity) under construction at that time. However, 
after the accident, China suspended approvals for new construction plans, which forced them 
to slightly delay their new plans to construct plants providing a capacity of 70 to 80 GW by 
2020. Nevertheless, they moved steadily forward with the construction of the new plants that 
had been approved before the accident, and are expected to resume construction of new power 
plants once their safety has been confirmed. Rapid progress is expected in China towards such 
new power plant construction. India is also planning the large scale construction of LWRs with 
foreign technology, along with development employing the thorium cycle using their domestic 
resources, which they have been engaged with for a long period of time. No change was made 
to India’s nuclear policy following the Fukushima Accident, as seen by the launch of the new 
Rajasthan VII and VIII constructions in July 2011. 

In the high demand scenario, it is assumed that a great number of power plants will be con-
structed in line with national targets, whereas in the low demand scenario, we assumed lower 
nuclear capacities due to minor changes in nuclear policies made after the Fukushima Accident. 
In Southeast Asian countries, nuclear policies are being reviewed in the wake of the accident. In 
the low demand scenario, no new construction is expected until 2035, except in Vietnam where 
a concrete construction plan is already underway. The high demand scenario assumes that about 
four nuclear power plants per country will be constructed. 

Therefore, in Asia, it is assumed that the nuclear power generation capacity will increase 
from 85 GW in 2010 to 190 GW in 2035 in the low demand scenario, but this will rapidly 
increase to 347 GW in the high demand scenario.   

These results indicate that the global generating capacity of nuclear power plants will in-
crease from 390 GW in 2010 to 795 GW in 2035 in the high demand scenario and to 500 GW 
in 2035 in the low demand scenario. The assumptions by country are shown in Table 1. 

However, even in the high demand scenario, if we assume a future power demand growth, 
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Table 1 Nuclear generating capacity outlook
Unit: GW

2010
Low demand
scenario

High demand
scenario

2020 2035 2020 2035

North America 118.6 129.0 129.0 129.1 146.7

USA 105.3 115.8 115.8 114.7 130.4
Canada 13.3 13.2 13.2 14.4 16.3

Latin America 4.4 6.0 5.6 9.2 16.6

Mexico 1.4 1.6 1.6 1.6 1.6
Brazil 2.0 3.4 3.4 5.8 12.2
Argentina 1.0 1.0 0.6 1.8 2.7

Europe 141.3 126.5 107.3 146.0 161.3

UK 12.0 7.8 6.5 10.4 11.7
Germany 21.5 8.6 0.0 12.7 12.7
France 66.0 67.5 67.5 67.5 69.1
Italy 0.0 0.0 0.0 3.2 6.4
Turkey 0.0 0.0 0.0 2.6 5.2
Sweden 9.4 10.0 8.9 10.0 11.3
Spain 7.7 7.3 7.3 7.3 8.6
Belgium 6.2 4.3 0.0 5.5 5.5
Switzerland 3.4 1.2 0.0 3.4 1.9
Finland 2.8 5.8 5.8 7.4 7.4
Netherlands 0.5 0.0 0.0 0.5 3.1
Slovakia 1.9 1.9 1.9 2.6 2.6
Hungary 1.9 2.0 0.0 2.0 2.0
Czech 3.9 4.0 4.0 4.0 5.1
Burgaria 2.0 4.2 4.2 4.2 4.2
Slovenia 0.7 0.7 0.0 0.7 1.8
Romania 1.4 1.4 1.4 2.1 2.8

Africa 1.9 1.9 1.9 1.9 5.8

S. Africa 1.9 1.9 1.9 1.9 5.8

FSUa) 37.4 43.7 59.3 61.5 85.5

Russia 23.2 26.2 39.5 42.5 57.7
Ukraine 13.8 16.0 18.2 16.0 20.4
Armenia 0.4 0.0 0.0 0.4 0.4
Kazakhstan 0.0 0.0 0.0 1.1 4.4
Lithuania 0.0 1.5 1.5 1.5 1.5
Belarus 0.0 0.0 0.0 0.0 1.1

Middle East 1.0 1.0 6.6 6.2 31.8

Iran 1.0 1.0 1.0 2.3 4.9
UAE 0.0 0.0 5.6 2.8 8.4
Saudi Arabia 0.0 0.0 0.0 0.0 7.8
Jordan 0.0 0.0 0.0 1.1 1.1
Kuwait 0.0 0.0 0.0 0.0 4.4
Qatar 0.0 0.0 0.0 0.0 2.6
Oman 0.0 0.0 0.0 0.0 2.6

Asia 85.4 139.0 190.1 179.2 347.2

China 9.1 60.0 103.6 69.8 158.1
Japan 48.8 31.3 10.3 42.4 31.5
Taiwan 5.1 5.2 3.9 7.7 7.7
S. Korea 17.7 24.0 34.0 32.0 48.0
Indonesia 0.0 0.0 0.0 0.0 5.2
Malaysia 0.0 0.0 0.0 0.0 5.2
Philippines 0.0 0.0 0.0 0.0 5.2
Thailand 0.0 0.0 0.0 0.0 5.2
India 4.1 17.8 34.9 25.8 72.5
Vietnam 0.0 0.0 2.6 0.0 5.2
Pakistan 0.5 0.8 0.8 1.4 3.4

World 390.1 447.1 499.8 533.0 794.8
a) FSU: Former Soviet Union.

Fig. 1 Comparison with nuclear capacity projections by IEA
and IAEA
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機関の見通しと比較したものが Fig. 1 である。

IAEAの見通し4)では低位ケース(Low Estimate)および

高位ケース(High Estimate)の 2つの数字が公開されてお

り，2010年版では2030年の見通しとして現在の 372 GW

(ネット)から低位で 546 GW，高位で 843 GWとの見通

しが示されていた。2011年 3月の福島事故の後，IAEA

は最新版の見通しを公開し，そこでは2030年に低位で

501 GW，高位で 746 GWと，やや下方修正を行っている。

Fig. 1からわかるように，この低位ケースおよび高位ケー

スはほぼ本研究での低需要シナリオ・高需要シナリオと同

等のレベルとなっている。

また IEAの見通し2)では，エネルギー需給の将来につ

いて現行政策シナリオ(CPS)，新政策シナリオ(NPS)お

よび450シナリオの 3つのシナリオが設定されている。こ

の中で，原子力発電設備容量の見通しは CPSが最も小さ

く，450が最も大きい。Fig. 1に示すように，最も需要の

大きい450シナリオでは原子力発電設備の伸びは高需要シ

ナリオと同程度であり，最も小さい CPSでは低需要シナ

リオをやや上回る。これらのように，本研究で各国の政策

動向等から積み上げた原子力発電設備の見通しは代表的な

国際機関の公表する見通しとおおむね同程度であり，世界

的にみても違和感のないものであることがわかる。

( 2 ) 原子力発電電力量

この発電設備容量に設備利用率を乗じることにより，原

子力発電電力量を推計することができる。設備利用率とし

ては，すでに原子力発電を行っている国については過去 5

年間の平均値を用い，新規の建設が見込まれる国について

は80�を�定した。

この発電電力量から，天然ウラン需要量およびウラン濃

縮役務需要量(分離作業量)を推計することが可能である。

た�し，ウランの濃縮を行う際にテイル濃度を��に設定

するかによって値が異なってくる。一般的に，一定の発電

電力量に対して，高いテイル濃度での濃縮を行う場合には

Table 1   Nuclear generating capacity outlook
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as reported in literature 12), the nuclear share in global electricity generation will stay at around 
18% by 2035. Therefore, even in this scenario, there is still room for a further increase in 
nuclear capacities after 2035.   

Figure 1 shows a comparison between the low and high demand scenarios presented here 
and scenarios presented by leading international organizations.

The IAEA presents two scenarios: high and low estimates 4). In the 2010 version, they esti-
mated that the current net capacity of 372 GW would increase to 546 GW by 2030 in the low 
estimate and 843 GW in the high estimate. Immediately following the Fukushima Accident in 
March 2011, the IAEA published a slight downward revision of its latest estimates, where the 
low estimate would have a capacity of 501 GW and the high estimate of 746 GW by 2030. As 
can be seen from Figure 1, the IAEA estimates have similar trends to the low and high demand 
scenarios presented in this study.  

Three scenarios were defined in the IEA’s estimates 2): the Current Policies Scenario (CPS), 
the New Policies Scenario (NPS) and the 450 Scenario. The nuclear capacities are the lowest in 
the CPS and the highest in the 450 Scenario. As seen in Figure 1, the growth in the generating 
capacity of the 450 Scenario is similar to that in the high demand scenario presented in this 
study, and that of the CPS is slightly higher than that in the low demand scenario presented here. 
It is clear that nuclear generating capacities estimated in the present study based on policies of 
each country fairly matched with those published by the representative international agencies, 
and then there should be no discomfort.

(2)	 Nuclear power output
The nuclear power output can be estimated by multiplying the generating capacity by as-

sumed capacity factors. For countries that have already been using nuclear energy, the average 
of the capacity factors over the past five years was used, whereas for newcomer countries, a 
capacity factor of 80% was assumed.

From the nuclear power generation estimates calculated above, it is then possible to estimate 
the demand for NU and UE services in Separative Work Unit (SWU). It should be noted that 
each demand differs depending on enrichment tails assays: the NU demand is higher and UE 
services demand is lower with higher tails assays.

There is thus a trade-off relationship between NU and the amount of UE services with re-
spect to tails assays. Tables 2 and 3 show the NU and UE services demands with high (0.3%) 
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the high estimate of 746 GW by 2030. As can be seen from Fig. 
1, the IAEA estimates have similar trends to the low and high 
demand scenarios presented in this study.   

Three scenarios were defined in the IEA’s estimates2): the 
Current Policies Scenario (CPS), the New policies Scenario 
(NPS) and the 450 Scenario. The nuclear capacities are the 
lowest in the CPS and the highest in the 450 Scenario. As seen 
in Fig. 1, the growth in the generating capacity of the 450 
Scenario is similar to that in the high demand scenario 
presented in this study, and that of the CPS is slightly higher 
than that in the low demand scenario presented here. 

(2) Nuclear power output 
The nuclear power output can be estimated by 

multiplying the generating capacity by assumed load factors. 
For countries that have already been using nuclear energy, the 
average of the load factors over the past five years was used, 
whereas for newcomer countries, a load factor of 80% was 
assumed. 

From the nuclear power generation estimates calculated 
above, it is then possible to estimate the demand for NU and 
UE services in Separative Work Unit (SWU). It should be 
noted that each demand differs depending on enrichment tails 
assays: the NU demand is higher and UE services demand is 
lower with higher tails assays. 
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and low (0.1%) tails assays in the high and low demand scenarios, respectively. Here, for 
simplicity, all nuclear power plants are assumed to be LWRs, with the exception of HWRs in 
Canada, and the UE services demand is calculated for LWRs with an assumption of UE, the 
fuel burnup, and a thermal efficiency of 4%, 45 GWd/t, and 34.5%, respectively. The tables 
also show the electricity demand and nuclear share in the Advanced Technologies Scenario 
presented in literature 12). As the high and low demand scenarios in this study refer only to 
nuclear energy demand, rather than to the electricity demand, the nuclear share is higher in the 
high demand scenario than in the low demand scenario.

2.	Uranium Production Forecast

With recent increases in the price of uranium, investments in uranium resource development 
are rapidly expanding. Accordingly, uranium production capacities are expected to drastically 
improve by 2020. For the future expansion of uranium production capacities, we refer to the 
evaluation by OECD 8) (Table 4).

A-II in Table 4 shows the forecast based on existing and committed projects, while B-II 
shows the forecast based on existing, committed, planned, and prospective projects. It is as-
sumed that the committed projects will be launched by 2020 and existing uranium mines will 
diminish; therefore, the production capacity in 2035 is assumed to be less than that in 2025. 
Note that in this forecast, Kazakhstan’s production capacity is expected to increase from the 
current 18,000 tU to 24,000 tU by 2020, but will decrease to 5,000 to 6,000 tU by 2035. With 
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Table 2 Uranium and uranium enrichment demand (Low demand scenario)

Electricity
generation
(TWh)

Nuclear power
generation
(TWh)

Nuclear
share

Uranium demand
(tU)

Uranium enrichment demand
(tSWU)

0.1� 0.3� 0.1� 0.3�

2020 2035 2020 2035 2020 2035 2020 2035 2020 2035 2020 2035 2020 2035

USA 4,673 5,261 867 912 19� 17� 15,109 15,886 21,326 22,423 21,127 22,214 12,421 13,060
Canada 658 684 81 81 12� 12� 1,554 1,554 1,554 1,554 0 0 0 0
L. America 1,812 2,749 40 38 2� 1� 703 657 992 927 982 918 578 540
Europe 4,270 4,689 887 747 21� 16� 15,453 13,004 21,813 18,356 21,609 18,185 12,705 10,692
FSU 1,675 1,863 276 375 17� 20� 4,816 6,533 6,798 9,221 6,735 9,135 3,960 5,371
Middle East 1,140 1,589 7 46 1� 3� 122 806 172 1,137 171 1,127 100 662
Africa 1,023 1,930 13 13 1� 1� 221 221 312 312 309 309 182 182
Asia 10,096 13,836 1,174 1,627 12� 12� 20,447 28,341 28,861 40,004 28,592 39,631 16,810 23,300
Oceania 392 514 0 0 0� 0� 0 0 0 0 0 0 0 0

World 25,737 33,115 3,346 3,838 13� 12� 58,424 67,000 81,828 93,934 79,525 91,518 46,756 53,807

Table 3 Uranium and uranium enrichment demand (High demand scenario)

Electricity
generation
(TWh)

Nuclear power
generation
(TWh)

Nuclear
share

Uranium demand
(tU)

Uranium enrichment demand
(tSWU)

0.1� 0.3� 0.1� 0.3�

2020 2035 2020 2035 2020 2035 2020 2035 2020 2035 2020 2035 2020 2035

USA 4,673 5,261 903 1,027 19� 20� 15,736 17,895 22,212 25,259 22,005 25,024 12,937 14,712
Canada 658 684 88 100 13� 15� 1,687 1,910 1,687 1,910 0 0 0 0
L. America 1,812 2,749 61 107 3� 4� 1,064 1,868 1,501 2,636 1,487 2,611 874 1,535
Europe 4,270 4,689 1,028 1,139 24� 24� 17,903 19,835 25,271 27,997 25,035 27,736 14,719 16,307
FSU 1,675 1,863 389 541 23� 29� 6,779 9,426 9,569 13,305 9,479 13,181 5,573 7,749
Middle East 1,140 1,589 43 223 4� 14� 757 3,882 1,068 5,480 1,058 5,428 622 3,192
Africa 1,023 1,930 13 39 1� 2� 221 677 312 955 309 946 182 556
Asia 10,096 13,836 1,562 2,846 15� 21� 27,211 49,568 38,408 69,966 38,050 69,313 22,371 40,752
Oceania 392 514 0 0 0� 0� 0 0 0 0 0 0 0 0

World 25,737 33,115 4,088 6,021 16� 18� 71,357 105,059 100,029 147,508 97,424 144,240 57,279 84,804
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必要な天然ウラン需要量が増大し，濃縮役務量が減少す

る。すなわち，天然ウラン需要量と濃縮役務需要量とはテ

イル濃度を媒介としてトレードオフの関係にある。テイル

濃度が高い場合(0.3�)と低い場合(0.1�)の天然ウラン需

要量および濃縮役務需要量を，低需要シナリオ・高需要シ

ナリオそれぞれについて計算すると Tables 2 および 3 の

とおりとなる。ただしこの計算を行うに当たっては，簡単

のためカナダの発電設備はすべて重水炉，その他の国の発

電設備は軽水炉と単純化し，軽水炉用燃料のみに対し，ウ

ラン濃縮度 4�，燃�度 45 GWd/t，熱効率34.5�と�定

してウラン濃縮役務需要量を計算した。またこれらの表に

は，参考のため，本研究で電力需要増加のベースとして参

照した文献12)における電力需要量(技術進展ケース)と，

それによる原子力発電比率を併記した。本研究での「高需

要シナリオ」および「低需要シナリオ」は，主に各国の原

子力政策の進展によって原子力発電量が高い成長をみせた

場合と低い成長に止まった場合を推計したものであり，両

ケースにおいて発電電力量自体は同一と想定しているた

め，高需要シナリオは低需要シナリオに比べて原子力発電

比率が高くなっている。

2. ウラン生産量の見通し

近年，ウラン価格の上昇に伴い各国でウランの開発投資

が急速に進んでおり，それに伴って2020年までにウラン

の生産能力は格段に向上する見通しである。ウラン生産能

力の見通しについては OECDによる評価8)を参照した

(Table 4)。

表中，A�IIは確定したウラン開発プロジェクトのみが

実現することを想定した見通し，B�IIは計画中のものも

含めすべての開発プロジェクトが進展すると想定した見通

しである。現在確定，もしくは計画中のプロジェクトは

2020年までに開始され，その後既存のウラン鉱山が減退

することが見込まれるため，2035年の生産能力は2025年

に比べて小さな値となっている。特にこの見通しでは，カ

ザフスタンにおいて現在の 18,000 tUから 2020年に

24,000 tUまで能力が拡大するものの， 2035年には

5,000～6,000 tUまで減退することとなっている点が特徴

的である。実際には，今後どの需要シナリオにあっても世

Table 2   Uranium and uranium enrichment demand (Low demand scenario)
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the future growth in global nuclear power generation, irrespective of the scenario, it seems un-
likely that uranium production will significantly decrease once it has increased. As diminished 
existing uranium mines are likely to be compensated for by new uranium resource development 
after 2020, it is therefore considered that global uranium production will remain stable or in-
crease in the future.    

Here, we established two cases, where the uranium production increases until 2020 accord-
ing to forecast A-II or B-II, and then remains constant until 2035: these are respectively named 
Uranium Production Cases A and B. In addition, for the high demand scenario in 2035, we 
also established another case named Production Case C for when the highest demand occurs 
and production increases more than in B-II in relation to uranium resource development after 
2020. The regional differences between Cases B and C are assumed to be proportional to the 
differences between Cases A and B.

3.	Outlook for UE Capacities

Global uranium enrichment facilities currently in operation and in the planning stage are 
shown in Table 5 16-19). It is apparent that these facilities are dominated by a few countries, and 
four companies (including USEC (US), Areva NC (France), Urenco (UK, Germany, and the 
Netherlands), and Atomenergoprom (Russia)) dominate more than 95% of the global enrich-
ment capacity. 

The Paducah enrichment plant in the US (run by USEC), and the George Besse enrichment 
plant in France (run by EURODIF, which is a subsidiary of Areva) have played leading role 
in UE in their respective countries since they were established in 1952 and 1979, respective-
ly. However, as these are inefficient gaseous diffusion plants, they are no longer operating 
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Table 4 Uranium production forecast (OECD8))

Unit: tU/yr

2010

2020 2035

A�II
(Production
case A)

B�II
(Production
case B)

A�II B�II

Argentina 120 500 500 500 500
Australia 9,700 10,100 24,200 9,800 27,600
Brazil 340 2,000 2,000 2,000 2,000
Canada 16,430 17,730 19,000 17,730 19,000
China 940 1,200 1,200 1,200 1,200
Czech 500 50 50 20 20
India 295 980 1,200 1,000 2,000
Iran 20 100 100 100 100
Jordan 0 2,000 2,000 2,000 2,000
Kazakhstan 18,000 24,000 24,000 5,000 6,000
Malawi 0 1,425 1,100 0 0
Mongolia 0 150 1,000 150 1,000
Namibia 5,000 8,000 19,000 5,000 7,500
Niger 4,000 9,500 10,500 5,000 5,000
Pakistan 65 140 155 140 650
Romania 230 350 475 350 630
Russia 3,520 7,600 11,990 6,800 13,400
S. Africa 4,860 4,860 6,320 4,860 6,320
Ukraine 960 810 5,500 170 5,500
USA 2,900 3,800 6,600 3,100 5,600
Uzbekistan 2,300 3,000 3,750 3,500 3,500

World 70,180 98,295 140,640 68,420 109,520

Table 5 World's enrichment facilities

Country Company Location Type Capacity,
tSWU/yr

USA USEC Paducah Gaseous diŠusion 11,300
Piketon Centrifugation 3,800

Urenco Eunice Centrifugation 3,800
Areva NC Idaho falls Centrifugation 6,600
GE Hitachi Nuclear Energy Wilmington Laser 6,000

Europe Eurodif (Areva NC etc.) Georges Besse (Tricastin) Gaseous diŠusion 10,800
France Areva NC Georges Besse II (Tricastin) Centrifugation 7,500
UK, Germany and
Netherlands

Urenco Capenhurst (UK) Centrifugation 5,000
Almelo (Netherlands) Centrifugation 5,000
Gronau (Germany) Centrifugation 4,200

Japan JNFL Rokkasho Centrifugation 1,050
Russia Atomenergoprom Angarsk Centrifugation 2,500

Atomenergoprom Novouralsk Centrifugation 13,200
Atomenergoprom Zelenogorsk Centrifugation 7,800
Atomenergoprom Seversk Centrifugation 3,700

China CNNC Lanzhou Centrifugation 500
Hanzhong Centrifugation 500

India Department of Atoic Energy Ratnahalli Centrifugation 25
Iran Natanz Centrifugation n/a

Natanz Centrifugation
Qom Centrifugation

Brazil INB F áabrica de Combustáƒvel Nuclear Centrifugation 200
Pakistan Kahuta Centrifugation 5
North Korea Nyeongbyeon Centrifugation n/a
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界の原子力発電量自体は増加を続ける中で，一度増加した

ウラン生産量が大幅に減少することは想定し難く，既存の

鉱山の減退は2020年以降の新規開発によって相殺され，

生産量は維持もしくは拡大する可能性が高い，と考えられ

る。ここでは，天然ウラン資源開発の進展として，2020

年まで A�IIもしくは B�IIに従って生産量が拡大し，そ

の後2035年までその水準を維持するケースを想定し，そ

れぞれウラン生産ケース Aおよび Bとした。さらに，需

要が最も拡大する2035年の高需要シナリオでは，後述の

とおり，生産ケース Cとして，2020年以降のウラン資源

開発により，B�IIからさらに生産量が拡大するケース(地

域ごとの拡大幅は A�IIから B�IIまでの拡大幅に比例す

るものと想定)を設定した。

3. ウラン濃縮設備容量の見通し

現在世界で運転中・計画中のウラン濃縮施設は Table 5

のとおりである16～19)。ウラン濃縮設備は少数の国に寡占

されていることが特徴的であり，USEC(米)，Areva NC

(仏)，Urenco(英独蘭)および Atomenergoprom(露)の 4

企業で世界の濃縮設備容量の95�以�を占める。

米国の Paducah濃縮工場は USEC社が運営する濃縮施

設，フランスの George Besse濃縮工場の設備容量は

Areva社の子会社 EURODIF社が運営する濃縮施設であ

り，1952年および1979年の操業開始以来，両国のウラン

濃縮において中心的な役割を占めてきた。これらの濃縮施

Table 4   Uranium production forecast (OECD 8))
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at full capacity for economic reasons, and they only operate at around 5,000 tSWU/yr and 
3,000 tSWU/yr out of a capacity of 11,300 tSWU/yr and 10,800 tSWU/yr, respectively 20).

Therefore, these companies are currently establishing, or planning to establish, new centri-
fuge plants to replace the old plants, which is further expected to increase the growing enrich-
ment demand. In France, the George Besse II enrichment plant, which is adjacent to the existing 
plant, began operation in 2010, and its production capacity is expected to rise to 7,500 tSWU/yr 
at full operation. In the US, USEC is planning to establish a new centrifuge plant in Piketon 
in Ohio called the American Centrifuge Plant, and Urenco constructed an enrichment plant in 
Eunice, New Mexico, that began operating in 2010. Furthermore, Areva NC is planning the 
construction of a new plant in Eagle Rock, Idaho, and a construction and operation license was 
acquired in October 2011 from the Nuclear Regulatory Commission (NRC). Moreover, GE-Hi-
tachi is currently constructing an advanced enrichment plant equipped with laser enrichment 
processes that launched test operations in 2010. 

In Europe, Urenco, which is jointly owned by the UK, Germany, and the Netherlands, has 
enrichment plants in each of these countries and a total capacity of 14,200 tSWU/yr as of 2011. 
In addition to the above-mentioned plant in the US, the company plans to expand its capacity 
up to 18,000 tSWU/yr by 2015 21).

Russia has the largest enrichment capacity in the world and owns enrichment plants in An-
garsk, Novouralsk, Zelenogorsk, and Seversk that have a total capacity of 27,200 tSWU/yr. In 
2007, they established the International Uranium Enrichment Center (IUEC) in Angarsk, as 
advocated by President Vladimir Putin. Russia aims to prevent UE technologies from being 
promulgated and also prevent their nuclear fuel supplies from being disrupted by stockpiling 
enriched uranium under the supervision of the IAEA. 

In cooperation with Russia, China has constructed and is operating UE plants in Lanzhou 
and Hanzhong, each with a capacity of 500 tSWU/yr. In addition, Russian President Dmitry 
Medvedev and Chinese Premier Wen Jiabao have signed an agreement and contract to build a 

287

Table 4 Uranium production forecast (OECD8))

Unit: tU/yr

2010

2020 2035

A�II
(Production
case A)

B�II
(Production
case B)

A�II B�II

Argentina 120 500 500 500 500
Australia 9,700 10,100 24,200 9,800 27,600
Brazil 340 2,000 2,000 2,000 2,000
Canada 16,430 17,730 19,000 17,730 19,000
China 940 1,200 1,200 1,200 1,200
Czech 500 50 50 20 20
India 295 980 1,200 1,000 2,000
Iran 20 100 100 100 100
Jordan 0 2,000 2,000 2,000 2,000
Kazakhstan 18,000 24,000 24,000 5,000 6,000
Malawi 0 1,425 1,100 0 0
Mongolia 0 150 1,000 150 1,000
Namibia 5,000 8,000 19,000 5,000 7,500
Niger 4,000 9,500 10,500 5,000 5,000
Pakistan 65 140 155 140 650
Romania 230 350 475 350 630
Russia 3,520 7,600 11,990 6,800 13,400
S. Africa 4,860 4,860 6,320 4,860 6,320
Ukraine 960 810 5,500 170 5,500
USA 2,900 3,800 6,600 3,100 5,600
Uzbekistan 2,300 3,000 3,750 3,500 3,500

World 70,180 98,295 140,640 68,420 109,520

Table 5 World's enrichment facilities

Country Company Location Type Capacity,
tSWU/yr

USA USEC Paducah Gaseous diŠusion 11,300
Piketon Centrifugation 3,800

Urenco Eunice Centrifugation 3,800
Areva NC Idaho falls Centrifugation 6,600
GE Hitachi Nuclear Energy Wilmington Laser 6,000

Europe Eurodif (Areva NC etc.) Georges Besse (Tricastin) Gaseous diŠusion 10,800
France Areva NC Georges Besse II (Tricastin) Centrifugation 7,500
UK, Germany and
Netherlands

Urenco Capenhurst (UK) Centrifugation 5,000
Almelo (Netherlands) Centrifugation 5,000
Gronau (Germany) Centrifugation 4,200

Japan JNFL Rokkasho Centrifugation 1,050
Russia Atomenergoprom Angarsk Centrifugation 2,500

Atomenergoprom Novouralsk Centrifugation 13,200
Atomenergoprom Zelenogorsk Centrifugation 7,800
Atomenergoprom Seversk Centrifugation 3,700

China CNNC Lanzhou Centrifugation 500
Hanzhong Centrifugation 500

India Department of Atoic Energy Ratnahalli Centrifugation 25
Iran Natanz Centrifugation n/a

Natanz Centrifugation
Qom Centrifugation

Brazil INB F áabrica de Combustáƒvel Nuclear Centrifugation 200
Pakistan Kahuta Centrifugation 5
North Korea Nyeongbyeon Centrifugation n/a
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界の原子力発電量自体は増加を続ける中で，一度増加した

ウラン生産量が大幅に減少することは想定し難く，既存の

鉱山の減退は2020年以降の新規開発によって相殺され，

生産量は維持もしくは拡大する可能性が高い，と考えられ

る。ここでは，天然ウラン資源開発の進展として，2020

年まで A�IIもしくは B�IIに従って生産量が拡大し，そ

の後2035年までその水準を維持するケースを想定し，そ

れぞれウラン生産ケース Aおよび Bとした。さらに，需

要が最も拡大する2035年の高需要シナリオでは，後述の

とおり，生産ケース Cとして，2020年以降のウラン資源

開発により，B�IIからさらに生産量が拡大するケース(地

域ごとの拡大幅は A�IIから B�IIまでの拡大幅に比例す

るものと想定)を設定した。

3. ウラン濃縮設備容量の見通し

現在世界で運転中・計画中のウラン濃縮施設は Table 5

のとおりである16～19)。ウラン濃縮設備は少数の国に寡占

されていることが特徴的であり，USEC(米)，Areva NC

(仏)，Urenco(英独蘭)および Atomenergoprom(露)の 4

企業で世界の濃縮設備容量の95�以�を占める。

米国の Paducah濃縮工場は USEC社が運営する濃縮施

設，フランスの George Besse濃縮工場の設備容量は

Areva社の子会社 EURODIF社が運営する濃縮施設であ

り，1952年および1979年の操業開始以来，両国のウラン

濃縮において中心的な役割を占めてきた。これらの濃縮施

Table 5   World’s enrichment facilities
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new enrichment plant in 2008 (the 4th plant including those which have already been closed), 
and if this is completed, China’s enrichment capacity will be 1,500 tSWU/yr. 

The world’s enrichment capacity as of 2011 is estimated at approximately 42,200 tSWU/yr, 
excluding declines due to economic and other reasons 21). In addition, enriched uranium from 
dismantled nuclear weapons was exported from Russia to the US between 1994 and 2013 under 
the “Megatons to Megawatts” program, and it is estimated that this amounted to 5,500 tSWU 
annually. In addition, these covered the UE service demand. In this study, we assume that 
the uranium supply from dismantled weapons will come to an end by 2020, and that gaseous 
diffusion plants will be closed in a phased manner, mainly due to economic reasons. Under 
such circumstances and if the above stated new plants are completed, the world’s enrichment 
capacity will reach 72,300 tSWU by 2020. This UE capacity is sufficient or not is depends on 
the amount of UE demand.

If the global enrichment capacity is insufficient in the future and needs to be expanded 
further, which corresponds to the high demand case and the Enrichment Case C in 2035, the 
associated regional capacities are assumed to be as follows. In this respect, we firstly restrict the 
additional capacity expansion to regions (countries) that currently have enrichment facilities 
and have clear intentions of further expansion. If we exclude Japan, these regions (countries) 
are the US, Europe, former Soviet Union, and China. Of these, Europe and the US are already 
expected to construct new plants, as mentioned above, but the nuclear power generation growth 
will not be as great as that in China and Russia, and may even decline. Consequently, in Europe, 
where the supply of UE will exceed demand when the new plants that are currently under 
construction or planning are in operated, it is assumed that enrichment plants will not be further 
established. Furthermore, in the US, where the demand will slightly exceed the supply in the 
high demand scenario (as mentioned later), it is assumed only one enrichment plant with a 
capacity of 6,000 tSWU/yr, which is equivalent to the capacity of the latest laser enrichment 
plant, will be established. To cover the rest of the increased demand, we assume that enrichment 
plants will be constructed in Russia and China, where the establishment of no new large facil-
ities have been assumed in Enrichment Case B, in spite of the expected significant increased 
future demand. Considering the differences between the maturity of domestic technologies, we 
assume that 70% of the additional capacity will be constructed in Russia and 30% in China.

Table 6 shows the assumed capacities of UE plants. Considering all current construction 
plans, the global enrichment capacity is expected to grow to 72,300 tSWU/yr, as shown in 
Enrichment Case B. Meanwhile, considering that existing Russian plants currently generate 
only 18,000 tSWU/yr 20), in the case where the UE services demand is eased, we assume that 
plants would not be operated in Russia to generate more than the current level, and the glob-
al capacity would be 63,100 tSWU/yr (Enrichment Case A). Meanwhile, in the high demand 
scenario (in 2035), when enrichment facilities become insufficient in relation to the current 
established plans, we established Enrichment Case C, where Russia and China will expand 
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Table 6 Enrichment capacity projection
Unit: tSWU/yr

2011 Enrichment
case A

Enrichment
case B

Enrichment
case C

Americas 5,400 20,400 20,400 26,400
Europe 18,200 21,700 21,700 21,700
FSU 18,000 18,000 27,200 35,472
Asia 2,050 3,000 3,000 6,545
Total 43,650 63,100 72,300 90,117
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設は旧式のガス拡散法を用いており，そのため，経済性の

観点から現在フル操業は行っておらず，それぞれ 11,300

tSWU/年および 10,800 tSWU/年の設備容量に対して現

在 5,000 tSWU/年および 3,000 tSWU/年程度しか稼働し

ていない20)。このため，各社は今後増大する需要を見込

み，旧式の工場を代替するための遠心分離法による濃縮設

備を新設中，または新設を計画している。具体的には，フ

ランスにおいて既存の工場に隣接する George Besse II濃

縮工場が2010年に操業を開始しており，フル操業時の生

産能力は 7,500 tSWU/年となる見込みである。また米国

においては USEC社がオハイオ州 Piketonにおいて

American Centrifuge Plantと呼ばれる遠心分離法による

濃縮工場の新設を計画しているほか，Urenco社がニュー

メキシコ州 Euniceに濃縮工場を建設し2010年より操業開

始，Areva NC社はアイダホ州 Eagle Rockに濃縮工場を

計画中である(2011年10月に米原子力規制委員会より建

設・運転の認可を取得済)。さらに，より新型の濃縮法で

あるレーザー濃縮法による濃縮設備を GE�Hitachi社が建

設中であり，すでに2010年には試験運転を開始している。

欧州においては英・独・蘭合弁の URENCO社がそれぞ

れの国に濃縮設備を有しており，2011年時点の濃縮設備

容量は合計で 14,200 tSWU/年である。上記の米国の工場

も含めて同社は2015年までに 18,000 tSWU/年まで濃縮設

備を拡大する計画を有している21)。

世界最大の濃縮設備容量をもつ国はロシアである。同国

では Angarsk, Novouralsk, Zelenogorskおよび Severskに

おいて合計 27,200 tSWUの濃縮設備を有している。2007

年にはプーチン大統領の提唱によりロシア国際ウラン濃縮

センター(IUEC)が上記の Angarskに設立されている。こ

れはウラン濃縮技術の拡散を防止するとともに，核燃料の

供給停止に備えることを目的としており，IAEAの監視下

で濃縮ウランの備蓄を行っている。

中国ではロシアとの技術協力により，蘭州および漢中に

それぞれ 500 tSWU/年のウラン濃縮施設を建設・運転し

ている。さらに2008年にはロシア・メドベージェフ大統

領と中国・温家宝首相とが新たな濃縮工場(すでに廃止し

たものも含め第 4期目)を建設することで合意・調印して

おり，これが完成した場合には中国の濃縮設備容量は

1,500 tSWU/年となる。

2011年現在の世界の濃縮設備容量は，経済性等のた

め稼働低下している分を除くと，およそ 42,200 tSWU

程度である，といわれる21)。さらに， ``Megatons to

Megawatts''計画と称して1994年から2013年までの間，

ロシアの解体核兵器から生じる濃縮ウランが米国に輸出さ

れており，それによる燃料供給分が 5,500 tSWU相当程

度あるといわれており，これらによってウランの濃縮役務

需要が賄われている。

本試算では，今後，2020年にかけて解体核からの供給

は終息するとともに，旧式のガス拡散法による濃縮工場

は，主に経済性の問題から順次閉鎖すると見込んだ。その

上で上述の新規計画中のプラントが完成した場合，世界の

濃縮設備容量は2020年に 72,300 tSWU程度まで拡大する

こととなる。この設備容量で十分であるか否かはウラン濃

縮役務需要との兼ね合い次第である。

もし将来において濃縮設備容量が不足し，さらなる設備

増強が行われる場合(濃縮ケース C�2035年の高需要ケー

スに相当)，その地域区分については以下のとおり想定し

た。まず，現在濃縮設備を保有し，今後それを拡張する方

針を明確にしている国に限定した。日本を除いた場合，こ

れに該当するものは米国，欧州，旧ソ連および中国であ

る。このうち，欧州および米国においては，上記のとおり

すでに新規設備の運転を想定している上，今後の原子力発

電設備の増加率は中国・ロシア等に比べて大きくない，も

しくは設備容量が減少に向う。このため，計画中・建設中

の設備運開により供給力が需要を上回る欧州ではそれ以上

の濃縮設備建設はなされず，また高需要シナリオにおいて

後述のとおり需要が若干上回る米州においては，最新の

レーザー濃縮設備と同規模の 6,000 tSWU/yrの濃縮工場

が一箇所のみ新設されるものと想定し，残りの需要量拡大

分に対応する設備としては，需要の大幅な拡大が見込まれ

るにも関わらず，濃縮ケース Bで大規模な新規建設が見

込まれていないロシアおよび中国において設備増強がなさ

れるものと想定した。中でも技術の成熟度から中国よりも

ロシアにおいてより重点的に設備建設が進むものと考え，

仮に設備追加量の70�がロシア，30�が中国で建設され

ると想定した。

ウラン濃縮設備の想定は Table 6 のとおりである。既

存の濃縮工場建設計画を考慮した場合，濃縮ケース Bの

とおりウラン濃縮設備容量は 72,300 tSWU/yrまで拡大す

ると見通される。ただし現在，ロシアにおける濃縮設備は

18,000 tSWU/yr程度しか稼働していない20)ことから，ウ

ラン濃縮役務需要が緩和したケースではロシアでは現状以

上の稼働を見込まず，実質的に 63,100 tSWU/yr程度の設

備容量とした(濃縮ケース A)。一方で2035年の高需要シ

ナリオにおいて，既存の計画のみでは濃縮設備が不足する

場合には，濃縮ケース Cとして，上記の考えに基づき必

要な濃縮設備の拡大を想定した。

Table 6   Enrichment capacity projection
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their enrichment facilities.

4.	Prices of NU and UE Services 

Although large parts of NU and UE services are procured under long-term contracts, some 
are purchased at spot markets where prices are disclosed 22). However, even with long-term 
contracts, NU and UE services are often traded based on spot prices. Therefore, changes in spot 
prices are supposed to reflect the trends of overall NU and UE service prices. Past trends in spot 
prices are shown in Figure 2.

Prior to 2003, the price of NU was very low at around 10 USD/lb-U3O8, which reflected 
the fact that uranium production, including that for military purposes, exceeded commercial 
uranium demand until the early-90s, and that enriched uranium supply was abundant after the 
mid-90s because of secondary sources. Thereafter however, nuclear energy was politically pro-
moted in each country due to global environmental concerns, which upwardly revised estimates 
of nuclear energy generation. Consequently, the price of NU dramatically increased after 2004 
and reached nearly 140 USD/lb-U3O8 in 2007, due to the increased societal awareness of the 
finite nature of natural resources, an understanding that the uranium supply chain depends on a 
few important facilities, the increased price of primary energies (including crude oil), and inter-
vention by speculators. Although the dramatically increased price entered an adjustment phase, 
the price stabilized at a higher than previous level and reached approximately 51 USD/lb-U3O8 
in June 2012. 

While the UE service price does not fluctuate as much as that of the price of NU (in the past 
it fluctuated between 80 USD and 110 USD per kgSWU), it continued to rise after 2005 and 
temporarily reached 160 USD per kgSWU. It then slowly declined and reached 130 USD per 
kgSWU as of June 2012.  

As seen in Figure 2, in this study we set two future price scenarios for NU and UE services. 
First, in the low price case for NU we assumed that although it will not decline to the previous 
record of 10 USD/lb-U3O8, it will remain stable at the lowest price after price adjustment of 
40 USD/lb-U3O8, because secondary uranium supplies will be terminated. Second, in the high 
price case for NU, it is estimated to rise again to 140 USD/lb-U3O8 (which is the price reached 
when prices soared in the past).

For the UE service price, in the low price case we estimated that it would drop to 100 USD 
per kgSWU, which is the price reached prior to the sudden rise, but in the high price case we 
estimated it would rise to 160 USD per kgSWU, which is the price reached when prices soared.

290 Article (Matsuo et al.) 
 

Transactions of the Atomic Energy Society of Japan (in Japanese), Vol. 11, No. 4 (2012) 

4. Prices of NU and UE services  
Although large parts of NU and UE services are procured 

under long-term contracts, some are purchased at spot markets 
where prices are disclosed22). However, even with long-term 
contracts, NU and UE services are often traded based on spot 
prices. Therefore, changes in spot prices are supposed to 
reflect the trends of overall NU and UE service prices. Past 
trends in spot prices are shown in Fig. 2. 

Prior to 2003, the price of NU was very low at around 10 
USD/lb-U3O8, which reflected the fact that uranium production, 
including that for military purposes, exceeded commercial 
uranium demand until the early-90s, and that enriched uranium 
supply was abundant after the mid-90s because of secondary 
sources. Thereafter however, nuclear energy was politically 
promoted in each country due to global environmental 
concerns, which upwardly revised estimates of nuclear energy 
generation. Consequently, the price of NU dramatically 
increased after 2004 and reached nearly 140 USD/lb-U3O8 in 
2007, due to the increased societal awareness of the finite 
nature of natural resources, an understanding that the uranium 
supply chain depends on a few important facilities, the 
increased price of primary energies (including crude oil), and 
intervention by speculators. Although the dramatically 
increased price entered an adjustment phase, the price 
stabilized at a higher than previous level and reached 
approximately 51 USD/lb-U3O8 in June 2012.  

While the UE service price does not fluctuate as much as 
that of the price of NU (in the past it fluctuated between 80 
USD and 110 USD per kgSWU), it continued to rise after 2005 
and temporarily reached 160 USD per kgSWU. It then slowly 
declined and reached 130 USD per kgSWU as of June 2012.   

As seen in Fig. 2, in this study we set two future price 
scenarios for NU and UE services. First, in the low price case 
for NU we assumed that although it will not decline to the 
previous record of 10 USD/lb-U3O8, it will remain stable at the 
lowest price after price adjustment of 40 USD/lb-U3O8, 
because secondary uranium supplies will be terminated. 
Second, in the high price case for NU, it is estimated to rise 
again to 140 USD/lb-U3O8 (which is the price reached when 
prices soared in the past). 

For the UE service price, in the low price case we 
estimated that it would drop to 100 USD per kgSWU, which is 
the price reached prior to the sudden rise, but in the high price 
case we estimated it would rise to 160 USD per kgSWU, 
which is the price reached when prices soared. 

The demand for NU and UE services have a trade-off 
relationship in relation to tails assays. Therefore, when the NU 
unit price and UE service unit price are determined, the total 
price (the NU purchase price and the UE service price) is 
calculated based on their demand amounts according to tails 
assays, and the optimum tails assay is calculated using the 
condition that provides the lowest total cost. Therefore, to 
estimate the prices of NU and UE services in 2020 and 2035, 
we established two representative price cases: Price Case I and 
Price Case II. In Price Case 1, NU is estimated to be as high at 
140 USD/lb-U3O8 and UE services as 100 USD per kgSWU, 
whereas in Price Case 2, NU is estimated to be as low as 40 
USD/lb-U3O8 and UE services as 160 USD per kgSWU. These 
cases provide an estimate that optimum tails assays are 0.11% 
and 0.27%, respectively (Fig.3). In this study, these two price 
cases were set as the upper and lower tails assays limits, and 
the future demand amounts of NU and UE services were then 
calculated. The optimum tails assay is determined by the ratio 
of the UE service price (USD/kgSWU) to the NU price 
(USD/lb-U3O8), which is 0.7 and 4.0 for Price Case I and II, 
respectively. 

 
5. Method used to estimate trade flows  
Based on the above assumptions, we made an estimate for 

NU and EU trade flows in 2020 and 2035.   
Global trade flow estimations of oil products or natural 

gas are usually conducted using cost optimization methods23,24). 
For example, using linear programming as an optimization 
method, costs of production, shipping, transportation, and 
refining of petroleum and natural gas are calculated for every 
country in the world and the optimal supply-demand balance 
where the total cost takes the minimal value is obtained to 
make trade flow.  

 

 
 

 
 

Fig. 2  U3O8 and uranium enrichment spot prices22) 
  

Figure 2   U3O8 and uranium enrichment spot prices 22)
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The demand for NU and UE services have a trade-off relationship in relation to tails assays. 
Therefore, when the NU unit price and UE service unit price are determined, the total price 
(the NU purchase price and the UE service price) is calculated based on their demand amounts 
according to tails assays, and the optimum tails assay is calculated using the condition that 
provides the lowest total cost. Therefore, to estimate the prices of NU and UE services in 2020 
and 2035, we established two representative price cases: Price Case I and Price Case II. In Price 
Case 1, NU is estimated to be as high at 140 USD/lb-U3O8 and UE services as 100 USD per 
kgSWU, whereas in Price Case 2, NU is estimated to be as low as 40 USD/lb-U3O8 and UE 
services as 160 USD per kgSWU. These cases provide an estimate that optimum tails assays 
are 0.11% and 0.27%, respectively (Figure 3). In this study, these two price cases were set as 
the upper and lower tails assays limits, and the future demand amounts of NU and UE services 
were then calculated. The optimum tails assay is determined by the ratio of the UE service price 
(USD/kg-SWU) to the NU price (USD/lb-U3O8), which is 0.7 and 4.0 for Price Case I and II, 
respectively.

5.	Method used to Estimate Trade Flows 

Based on the above assumptions, we made an estimate for NU and EU trade flows in 2020 
and 2035.

Global trade flow estimations of oil products or natural gas are usually conducted using cost 
optimization methods 23,24). For example, using linear programming as an optimization method, 
costs of production, shipping, transportation, and refining of petroleum and natural gas are 
calculated for every country in the world and the optimal supply-demand balance where the 
total cost takes the minimal value is obtained to make trade flow. 

In the above estimations, selection of the LNG supplier is determined by the balance between 
the local production costs and those related to transportation to the destination. In the case of 
nuclear power, however, unlike oil and natural gas, it is practically impossible to obtain accu-
rate data on costs relating to shipment, transportation, conversion, enrichment, reconversion, 
and other processes, as most of them are undisclosed. At the same time, as often pointed out, 
because the energy density of uranium fuel is far higher than that of fossil fuels, costs related to 
its transportation are proportionally low. For example, one reference 25) estimated the transporta-
tion cost of uranium hexafluoride from Europe to an enrichment plant in Russia as 1.5 USD per 
kg, which is almost equivalent to 1/100 of LNG’s transportation cost from Indonesia to Japan  
(0.5 USD/MMBtu) 26), if costs per unit electricity generation are compared. However, the cost 
per unit mass for intercontinental transportation of spent nuclear fuels is much higher at 200 
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Fig. 3  Two cases for U3O8 and enrichment prices 

 
 

In the above estimations, selection of the LNG supplier is 
determined by the balance between the local production costs 
and those related to transportation to the destination. In the 
case of nuclear power, however, unlike oil and natural gas, it is 
practically impossible to obtain accurate data on costs relating 
to shipment, transportation, conversion, enrichment, 
reconversion, and other processes, as most of them are 
undisclosed. At the same time, as often pointed out, because 
the energy density of uranium fuel is far higher than that of 
fossil fuels, costs related to its transportation are proportionally 
low. For example, one reference25) estimated the transportation 
cost of uranium hexafluoride from Europe to an enrichment 
plant in Russia as 1.5 USD per kg, which is almost equivalent 
to 1/100 of LNG’s transportation cost from Indonesia to Japan 
(0.5 USD/MMBtu)26). However, the cost per unit mass for 
intercontinental transportation of spent nuclear fuels is much 
higher at 200 USD/ kg27), which suggests that nuclear-related 
transportation costs are largely related to safety measures and 
regulations rather than distance.    

The actual procurement of uranium fuel by power utilities 
is mainly based on long-term contracts. When selecting a 
supplier, the purchasers usually consider the price for the fuel 
itself, past contracts, various rights and interests, and the 
political partnership between the two countries, and the 
transportation costs are not the most important factor 
considered. Therefore, unlike conducting analyzes of 
petroleum product trade flows, calculating trade balances 
based on differences in transportation costs is not appropriate 
when analyzing nuclear fuels.  

Therefore, this study uses actual recent trade flow data 
(i.e., the share of NU and UE services supplied to a country 
from various countries), and estimates future trade flows by 
revising the data according to future conditions. In other words, 
we assumed that past trade flows contain various information 
about political and geopolitical influences, existing contracts, 

rights and interests, and other important factors, and that these 
situations will not change greatly in the future from those in 
2009 because of the rigidity associated with long-term 
contracts. To be more specific, we calculated the demand for 
NU and UE services in 2020 and 2035 in each region with the 
assumption of tails assays for each case (as described later). 
On this basis, and supposing that global supply meets global 
demand, we assumed that the supply will decrease with a 
uniform decline in operation rates among regions, when it has 
a capacity lower than Production and Enrichment Case A. 
When the supply lies between that of Cases A and B, we set 
capacities assuming that the proportion between the two cases 
was uniform for each region. Furthermore, when it exceeds 
Case B, we calculated the supply for each region by using 
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USD/ kg 27), which suggests that nuclear-related transportation costs are largely related to safety 
measures and regulations rather than distance.

The actual procurement of uranium fuel by power utilities is mainly based on long-term 
contracts. When selecting a supplier, the purchasers usually consider the price for the fuel 
itself, past contracts, various rights and interests, and the political partnership between the two 
countries, and the transportation costs are not the most important factor considered. Therefore, 
unlike conducting analyzes of petroleum product trade flows, calculating trade balances based 
on differences in transportation costs is not appropriate when analyzing nuclear fuels. 

Therefore, this study uses actual recent trade flow data (i.e., the share of NU and UE services 
supplied to a country from various countries), and estimates future trade flows by revising the 
data according to future conditions. In other words, we assumed that past trade flows contain 
various information about political and geopolitical influences, existing contracts, rights and 
interests, and other important factors, and that these situations will not change greatly in the 
future from those in 2009 because of the rigidity associated with long-term contracts. To be 
more specific, we calculated the demand for NU and UE services in 2020 and 2035 in each 
region with the assumption of tails assays for each case (as described later). On this basis, and 
supposing that global supply meets global demand, we assumed that the supply will decrease 
with a uniform decline in operation rates among regions, when it has a capacity lower than 
Production and Enrichment Case A. When the supply lies between that of Cases A and B, we 
set capacities assuming that the proportion between the two cases was uniform for each region. 
Furthermore, when it exceeds Case B, we calculated the supply for each region by using Case 
C, as previously mentioned. 

In the past, global uranium production has never exceeded 90% of its production capacity, 
and production has been between 75% to 84% since 2003 8). We assumed here that the actual 
uranium production cap was 80% of the uranium production capacity, as shown in Table 4.  

Using these assumptions for the demand by region for NU and UE services as boundary 
conditions, we evaluated a flow that minimizes the following objective function x, 
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あげ，トータルでのコストが最小となるような需給バラン

スを線形計画法によって求め，貿易フローを作成する，と

いうような方法が用いられる。ここでは，例えば LNGの

供給元の選択は現地での生産コストと，そこから需要地ま

での輸送に関わるコストとの兼ね合いによって決定され

る。しかし石油や天然ガスとは異なり，原子力については

公開されていないデータが多く，出荷・輸送や転換・濃

縮・再転換等に関わるコストの正確なデータを得ることは

事実上不可能である。一方で広く指摘されるとおり，ウラ

ン燃料は化石燃料に比べてエネルギー密度が圧倒的に高い

ため，輸送に関わるコストそのものは相対的に低い水準に

ある。例えば文献25)では，欧州とロシアの濃縮施設の間

での六弗化ウランの輸送費を1.5ドル/kgとしている。こ

れは，発電量に換算すると，インドネシアから日本までの

LNGの輸送費0.5ドル/MMBtu26)の約 1/100程度に相当す

る。一方で，同じく単位質量当たりの輸送費であっても使

用済み核燃料の場合には大陸間横断費用として200ドル/

kgかかる27)など，原子力関連の輸送費は距離よりもむし

ろ安全対策・安全規制等の動向に大きく依存する状況とな

っている。

実際の電力会社のウラン燃料調達は，主に長期契約に基

づいて行われる。その際，調達先を選定するに当たって重

視されるのは燃料自体の価格のほか，過去の契約関係や権

益の状況，二国間の政治的協力関係等であり，輸送等にか

かるコストは全く影響を与えないものではないものの，必

ずしも最重要視される要因ではない。このことから，上記

の石油製品の貿易フロー分析のように，輸送コストの差異

によって貿易のバランスを推計する手法は，ウラン燃料の

分析に当たっては必ずしも適切ではない。

このため，本研究では直近の貿易フローの実績値(ある

国が，天然ウランやウラン濃縮役務をどの国からどの程度

の比率で供給されるか)を用い，これを拡大する形で将来

推計を行った。すなわち，過去の貿易の実績には，上記の

政治的・地政学的影響や既存の契約・権益関係等，種々の

要因に関する情報が含まれているものと考え，長期的契約

の形態が継続することにより，今後もこれらの状況が大き

く変化するものではないと想定した上で，2020年および

2035年にも2009年の実績値に近い比率で供給が行われる

ものとして試算を行った。具体的には，まず後述のとおり

各ケースについて想定されるテイル濃度を設定することに

より，世界全体および各地域の天然ウラン・ウラン濃縮役

務の需要量を推計した。その上で，それぞれの供給量が世

界全体で需要量と一致すると想定し，供給量が上記の生産

ケース/濃縮ケース Aの容量を下回る場合には各地域一律

の稼働率低下により供給量が減少すると想定，ケース A

と Bの間に位置する場合にはその比に応じて各地域で一

律に供給量を按分，ケース Bを上回る場合には上記のと

おり新たにケース Cを設定し，地域別の供給量を想定し

た。なお，ウラン生産量については，過去世界全体の生産

量は生産容量の 9割を超えたことはなく，2003年以降は

おおむね75～84�程度の水準となっている8)。ここでは，

ウランの実際の生産量上限は Table 4で示したウラン生産

容量の80�と想定した。

このように想定された地域別の天然ウランおよびウラン

濃縮役務需要量を境界条件として，下記の目的関数 x を

最小化するようなフローを計算した。

x＝∑
i, j
(xi, j－x0i, j)2 ( 1 )

ただし x0i, j は i地域への輸入量全体に占める j地域から

の輸入量のシェア(2009年実績値)，xi, j はその将来推計値

(2020年または2035年)である。

貿易量の実績値としては，文献28)のデータを加工して

推計した。ここでは，天然ウラン・ウラン転換役務，ウラ

ン濃縮役務，PWR用燃料成型加工役務および BWR用燃

料成型加工役務について，関係する事業者ごとに，地域別

供給量が推計されている。これをもとに，天然ウランおよ

�
(1)

where x0
i,j and xi,j indicate the share of import from region j to region i in the entire import to i in 

2009 (actual value), and its future estimates for the years 2020 or 2035, respectively.
Actual trades in 2009 were calculated by modifying data 28), where the supply of NU, urani-

um conversion and UE services, and fuel fabrication services for PWRs and BWRs is estimated 
by region and by company. Tables 7 and 8 show aggregated inter-regional trade of NU and UE 
services for 2009.

It is of note that, in line with actual trade, the trade flow of NU refers to the flow from the 
uranium production country to the country where the final fuel is consumed, rather than to the 
country where uranium is enriched.  

The actual data from 2009 include the enrichment service flow from Europe to the US, and 
this shows that uranium enriched in Areva’s plant in Europe is consumed in the US. However, 
as can be seen from Table 5, Areva is currently constructing an enrichment plant in the US for 
use in the US market. Therefore, in this study, we assumed the future operation and launch of 
this plant, and thus the UE service supply from Europe to the US is not included in the future 
estimation. It was not possible to obtain the historical input share of the Middle East for use in 
equation (1) because there has been no actual nuclear power generation or production/supply of 
NU. Therefore, we assumed that if the Middle East exports NU, the destination will be Asia or 
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Europe, where the demand is high. For x0
i,j we used the production in the Middle East divided 

by the demand in each region, and for the case where the Middle East imports NU, we assumed 
that the source regions would be the former Soviet Union, Africa, and Oceania, where resources 
are abundant. If the Middle East imported UE services, we assumed that the source regions 
would be the former Soviet Union and Europe, which have greater export capacities. We used 
values of 1/3 for NU and 1/2 for UE services as x0

i,j in equation (1), respectively. 
In these estimates, the cost of transportation between regions was not considered to be an 

influential factor when calculating future trade flow. This is because, as stated above, the impact 
of transportation costs is considered to be relatively low when determining the uranium fuel 
flow. To evaluate the uncertainty of the estimates, we also estimated a case (as a reference) 
where trade flow is determined based on transportation cost between regions. In this case, we 
firstly set the supply and demand by region, as described above, and then calculated the flows 
of trade across the world where transportation costs are the lowest, assuming (for simplicity) 
that transportation costs would proportionally increase with the distance between regions. We 
set the distance between regions by referring to Ref. 29, which is widely used for oil tankers. 
To simplify this estimation, we used the distance between representative ports, such as St. 
Petersburg and Hamburg, for each region. It is of note that ports used for the actual shipping 
and receiving uranium are sometimes other neighboring ports. As we considered that the for-
mer Soviet Union requires land transportation to ports in addition to marine transportation, 
we added the distance from Kazakhstan to St. Petersburg for NU and that from Angarsk to 
St. Petersburg for UE. In the case of oil, for example, land transportation is more expensive 
than marine transportation, but in the case of uranium, as the transportation lot size is small, 
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Table 7 Uranium trade (2009)
Unit: tU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania Unknown World

USA 1,921 1,921
Canada 3,867 1,600 21 3,664 19 1,819 1,913 12,904
L. America 330 330
Europe 1,174 1,174
FSU 3,789 62 8,480 8,856 131 12,013 5,466 38,796
Middle East 0
Africa 1,425 52 2,188 62 2,904 3,315 9,946
Asia 1,274 1,274
Oceania 522 47 2,048 61 3,924 2,900 9,503
Unknown 51 10 883 13 2,496 101 3,554

World 11,576 1,600 522 18,438 9,011 131 24,431 13,695 79,402

Table 8 Enrichment trade (2009)
Unit: tSWU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania Unknown World

USA 7,063 909 4,536 1,219 13,727
Canada 0
L. America 236 236
Europe 5,133 160 16,875 2,958 1,146 26,272
FSU 5,500 2 4,213 5,540 94 1,078 4,899 21,326
Middle East 0
Africa 0
Asia 955 955
Oceania 0

World 17,696 0 398 21,997 5,540 0 94 9,527 0 7,264 62,516
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びウラン濃縮役務の地域間貿易を推計すると，Tables 7

および 8 のとおりとなる。なお，取引上の実態に即し

て，天然ウランのフローはウランの生産国から，濃縮工場

ではなく，実際に燃料が消費される国までのフローとして

示されることに注意を要する。

なお，2009年の実績値では，欧州から米国への濃縮役

務のフローがみられるが，これは Areva社の濃縮工場で

濃縮されたウランが米国で利用されているためである。し

かし Table 5に示すとおり，同社は米国市場を視野に入れ

て米国内での濃縮工場建設を進めており，本試算ではその

運開を想定しているため，将来推計において欧州から米国

へのウラン濃縮役務供給はないものと想定した。また濃縮

中東地域については，これまで原子力発電および天然ウラ

ン生産・供給の実績がないため，( 1 )式の輸入シェア(実

績)の数値を得ることができない。ここでは仮に，中東か

ら天然ウランの輸出が行われる際には需要の多いアジアお

よび欧州地域を対象とするものと想定し，x0i, j の値として

は中東での生産量をそれぞれの地域の需要量で除した値を

用いた。また中東への天然ウラン輸入が行われる場合に

は，資源量の豊富な旧ソ連・アフリカ・オセアニアの 3

地域から，ウラン濃縮役務輸入が行われる場合には輸出余

力の大きい旧ソ連・欧州の 2地域から輸入が行われるも

のと想定し，x0i, j の値としてはそれぞれ 1/3, 1/2とした。

本試算による将来の貿易フロー推計では，地域間の輸送

コストを影響要因として扱っていない。これは，上記のよ

うにウラン燃料フローが決定される際に，輸送コストが与

える影響は比較的小さいものと想定されるからであるが，

この想定の是非による将来推計の不確実さを確認するた

め，「参考ケース」として，貿易フローが地域間の輸送コ

ストによって決定されるケースについても試算を行った。

この参考ケースにおいては，まず地域ごとの需要量と供給

量については上記の計算と同様に設定し，その上で，単純

のため地域間の輸送距離に比例して輸送コストがかかるも

のと想定し，世界全体での輸送コストが最小となるような

フローを推計した。地域間の距離は石油タンカーに関して

広く用いられる文献29)に準じて設定し，単純のため各地

域についてサンクトペテルブルク，ハンブルク等の代表的

な港の間の距離の値を用いた(実際にウランが出荷・入荷

する港は近傍する他の港である可能性はある)。なお旧ソ

連については，海上輸送のほかに，港までの陸上輸送を考

慮し，天然ウランについてはカザフスタンから，ウラン濃

縮についてはアンガルスクからの距離を加算した。通常，

Table 8   Enrichment trade (2009)
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および 8 のとおりとなる。なお，取引上の実態に即し

て，天然ウランのフローはウランの生産国から，濃縮工場

ではなく，実際に燃料が消費される国までのフローとして

示されることに注意を要する。

なお，2009年の実績値では，欧州から米国への濃縮役

務のフローがみられるが，これは Areva社の濃縮工場で

濃縮されたウランが米国で利用されているためである。し

かし Table 5に示すとおり，同社は米国市場を視野に入れ

て米国内での濃縮工場建設を進めており，本試算ではその

運開を想定しているため，将来推計において欧州から米国

へのウラン濃縮役務供給はないものと想定した。また濃縮

中東地域については，これまで原子力発電および天然ウラ

ン生産・供給の実績がないため，( 1 )式の輸入シェア(実

績)の数値を得ることができない。ここでは仮に，中東か

ら天然ウランの輸出が行われる際には需要の多いアジアお

よび欧州地域を対象とするものと想定し，x0i, j の値として

は中東での生産量をそれぞれの地域の需要量で除した値を

用いた。また中東への天然ウラン輸入が行われる場合に

は，資源量の豊富な旧ソ連・アフリカ・オセアニアの 3

地域から，ウラン濃縮役務輸入が行われる場合には輸出余

力の大きい旧ソ連・欧州の 2地域から輸入が行われるも

のと想定し，x0i, j の値としてはそれぞれ 1/3, 1/2とした。

本試算による将来の貿易フロー推計では，地域間の輸送

コストを影響要因として扱っていない。これは，上記のよ

うにウラン燃料フローが決定される際に，輸送コストが与

える影響は比較的小さいものと想定されるからであるが，

この想定の是非による将来推計の不確実さを確認するた

め，「参考ケース」として，貿易フローが地域間の輸送コ

ストによって決定されるケースについても試算を行った。

この参考ケースにおいては，まず地域ごとの需要量と供給

量については上記の計算と同様に設定し，その上で，単純

のため地域間の輸送距離に比例して輸送コストがかかるも

のと想定し，世界全体での輸送コストが最小となるような

フローを推計した。地域間の距離は石油タンカーに関して

広く用いられる文献29)に準じて設定し，単純のため各地

域についてサンクトペテルブルク，ハンブルク等の代表的

な港の間の距離の値を用いた(実際にウランが出荷・入荷

する港は近傍する他の港である可能性はある)。なお旧ソ

連については，海上輸送のほかに，港までの陸上輸送を考

慮し，天然ウランについてはカザフスタンから，ウラン濃

縮についてはアンガルスクからの距離を加算した。通常，
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marine transportation is relatively costly. In this study, we assumed that both land and marine 
transportation costs for uranium would work out the same.   

We also assumed (as discussed later) that the US and Europe would use at least 50% of the 
output from newly established UE plants in US and EU to cover the demand of their own regions.

6.	Scenario Setting

Table 9 shows the scenario setting. We estimated the supply and demand balance in 2020 
and 2035 and calculated trade flows for the low and high demand scenarios. 

As described in detail in the following section, in both scenarios for 2020 and in the low 
demand scenario for 2035, the demand for enriched uranium can be met with existing uranium 
resource development projects and enrichment plant construction plans. 

In the low demand scenario in 2020, in particular, both the supply and demand balance 
of NU and UE services will be significantly eased. In this case, we assumed the minimum 
cases, Production Case A and Enrichment Case A, for the NU production capacity and the UE 
capacity, respectively. However, even in these cases, the supply and demand balance is eased 
and facilities will not be required to work at full operation. In contrast, for the low demand 
scenario (2035) and high demand scenario (2020), we assumed the planned expansion of Case 
B’s estimation of capacities. In the high demand scenario in 2035, the demand for NU and UE 
services cannot be satisfied by the existing plan only; therefore, in these cases, we established 
Case C, where both the uranium production capacity and enrichment capacity are additionally 
expanded to a greater extent than previously planned. We then defined the tails assay for each 
case based on the supply and demand status of NU and UE services. The details of the assump-
tions are described in each subsection in Chapter III. For the high demand scenario in 2035, 
we made a separate estimation for the reference case (where supply and demand regions are 
matched based on transportation costs) for comparison purposes.

7.	Usability of Reprocessed Uranium 

Reprocessed uranium is that generated when spent fuel is reprocessed, and it usually con-
tains around 1% U235, which is higher than 0.72% for NU. By enriching and using reprocessed 
uranium, it is possible to reduce the demand for NU.  

 According to Ref. 30, an accumulated amount of 6,350 MOX fuel assemblies, which was 
generated by reprocessing spent fuel, had been loaded into 58 reactors in France, Germany, 
Switzerland, Belgium, the US, and other countries by the end of 2008. When we calculate the 
power output with MOX fuel using actual values of the loading rate estimated in Ref. 30, and 
supposing a facility capacity factor of 80%, it provides 83 TWh per year, which is about 3% of 
the global nuclear power generation in 2009.

Because producing fuel using reprocessed uranium costs more than that by enriching NU, as 
more reprocessed uranium is used, costs are higher in most cases. However, if the price of NU 
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Table 9 Scenario setting

Scenario
Uranium
production
capacity

Enrichment
capacity

Tail assay
�

Low demand 2020 Case A Case A 0.22
2035 Case B Case B 0.27

High demand 2020 Case B Case B 0.27
2035 Case C Case C 0.27
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石油等の輸送については陸上輸送の方が海上輸送よりも高

価であるが，ウランに関する輸送はロットが小さいことか

ら海上輸送の経済性が相対的に悪化し，ここでは仮に陸

上・海上で同程度になると想定した。また，後述のとお

り，ウラン濃縮設備を新規建設する米国および欧州では設

備の稼働量のうち最低限50�以上が自地域の需要に�て

られるものと想定した。

6. ケース設定

今回の試算におけるケース設定を Table 9 に示す。低

需要シナリオと高需要シナリオの双方につき，2020年お

よび2035年の需給バランスを推計し，貿易フローを計算

した。

次項で詳述するとおり，2020年の両シナリオおよび

2035年の低需要シナリオでは，既存のウラン資源開発プ

ロジェクトおよび濃縮設備建設計画の範囲内で供給を賄う

ことが可能となる。

特に低需要シナリオ(2020年)においては，天然ウラ

ン，ウラン濃縮役務ともに需給が大幅に緩和されることと

なる。このケースでは天然ウラン生産能力・ウラン濃縮設

備容量ともにそれぞれ最低限の生産ケース A・濃縮ケー

ス Aとしたが，それでも需給は緩和し，設備はフル稼働

を必要としない。それに対し，低需要シナリオ(2035年)

および高需要シナリオ(2020年)では計画どおりの容量拡

大を見込んでそれぞれケース Bを想定した。2035年の高

需要シナリオでは，既存の計画のみでは天然ウラン生産お

よびウラン濃縮役務ともに需要を満たすことができない。

このため，これらのケースでは既存の計画以上に追加的に

生産能力・濃縮設備が拡張されるケース Cを想定した。

それぞれの場合において，天然ウランおよびウラン濃縮役

務の需給状況からテイル濃度の想定を置き，試算を実施し

た。想定の詳細については III章の各シナリオの項に示

す。また，2035年の高需要シナリオについては，比較の

ため，輸送コストによって地域選択を行う「参考ケース」

の推計も別途行った。

7. 回収ウランの利用可能性について

回収ウランは使用済燃料を再処理した際に発生するウラ

ンであり，通常天然ウランよりも高い 1��後の U235を

含んでいる。この回収ウランを濃縮し，利用に供すること

により天然ウランの需要量を低減することができる。

文献30)によれば，再処理から得られるMOX燃料は，

2008年末までにフランス・ドイツ・スイス・ベルギー・

米国等の58基において累計6,350本の装荷がなされてい

る。同文献で推定されている装荷率実績値を用い，原子炉

1基の設備利用率を仮に80�として，MOX燃料を用いた

原子力発電量を推定すると，年間 83 TWh(2009年の原子

力発電量の約 3�)となる。

再処理による燃料の製造は天然ウランを濃縮する場合に

比べて単価が高いため，一般的には回収ウランの利用を拡

大するに従いトータルのコスト負担は上昇する。ただし，

天然ウラン価格が150ドル/ポンドを超える高い水準にあ

った場合には，回収ウランの利用拡大が天然ウランの利用

と同等程度のコストとなる場合もあり得る11)。2010年現

在，世界には英セラフィールド，仏ラ・アーグ，露チェリ

ャビンスクなどに 4,600 tHM/yr程度の再処理施設が存在

している(ロシアでさらに RT�2再処理施設(1,000～1,500

tU/yr)の新設計画があるが，経済性等の理由により新規

建設が中断している)17)。これらの設備を安定的・継続的

に稼働させた場合，例えば稼働率80�では最大 3,700 tU

程度の回収ウランが利用可能となることになる。これは，

Tables 2および 3に示す天然ウラン需要量(2020年および

2035年)の 3～6�程度の量となり，その�だけ生産必要量

が減少することになる。また，回収ウランの U235濃度は

1��後であることから，天然ウランの U235濃度0.72�

との差によりウラン濃縮役務需要も減少することになる

が，天然ウラン需要自体の減少率に比べれば微量である。

以下，本試算では回収ウランの利用が需給に及ぼす影響を

明示的に考慮に入れていないが，これを考慮に入れた場

合，特に天然ウランの需要量が若干低減する可能性がある

ことは留意を要する。現状の再処理施設のみではその影響

は必ずしも大きくないものの，今後，仮にそのコストの動

向等に応じて再処理施設の大規模新規建設が計画された場

合には，改めて考慮する必要があるだろう。

III. 試算結果および考察

1. 低需要シナリオの貿易フロー推計

低需要シナリオにおいては，世界の天然ウランおよびウ

ラン濃縮役務の見通しは Fig. 4 のとおりとなる。

( 1 ) 2020年

2020年の天然ウランの需要量は価格ケース Iおよび II

(テイル濃度0.11�および0.27�)でそれぞれ 59,232 tUお

よび 76,978 tU，ウラン濃縮役務量は 76,372 tSWUおよ

び 49,685 tSWUである。

一方で天然ウランの生産能力(稼働率0.8を乗じたもの)

は 78,636～112,512 tUである。今後新たなプロジェクト

が進展しない生産ケース Aの 78,636 tU程度の生産量で

も，いずれの価格ケース(テイル濃度)を仮定しても，天然

ウラン需要を賄うことができる。一方で，ウラン濃縮役務

Table 9   Scenario setting
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costs more than 150 USD/lb-U3O8, expanding the use of reprocessed uranium would cost the 
same as using NU 11). As of 2010, the reprocessing facilities at Sellafield (UK), la Hague (France), 
and Chelyabinsk (Russia) have capacities of 4,600 tHM/yr. New construction is planned for a 
RT-2 reprocessing facility (1,000 to 1,500 tU/yr) in Russia, but it is currently suspended due to 
economic reasons 17). If these facilities other than RT-2 run in a stable manner at an operation 
rate of 80%, for example, about 3,700 tU of reprocessed uranium will be available at the most. 
This is equivalent to approximately 3% to 6% of the NU demand indicated in Tables 2 and 3 
(in 2020 and 2035) and the required production amount will thus decrease by this amount. In 
addition, as the U235 assay of reprocessed uranium is around 1% and that of NU is 0.72%, the 
demand for UE services would decrease due to the difference. However, the decline would be 
small compared to the decline in the demand for NU. In this study, we did not explicitly consider 
the use of reprocessed uranium, and if this is taken into consideration, the demand for NU may 
slightly decrease. Although the impact is not significant with reference to the current reprocess-
ing facilities only, it would be more significant if a new large-scale construction of reprocessing 
facility was planned responding to a trend of the reprocessed and natural uranium costs.

III.	 Results and Discussion
1.	Trade flows for the Low Demand Scenario

Figure 4 presents estimates of global NU and UE services using the low demand scenario. 

(1)	 Year 2020 
The demands for NU in 2020 are 59,232 tU and 76,978 tU, and those for UE services are 

76,372 tSWU and 49,685 tSWU in Price Cases I and II (tails assays are 0.11% and 0.27%), 
respectively. 

The production capacity of NU (multiplying operating rate of 0.8) is between 78,636 and 
112,512 tU. In Case A, where no new project proceeds, if any price cases (tails assays) are 
applied, the demand for NU can be satisfied by the production of 78,636 tU. However, although 
in Price Case I the demand for UE services slightly exceeds the capacity (Enrichment Case B), 
which includes the capacity of enrichment facilities under construction and in the planning 294 Article (Matsuo et al.) 
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Table 10  Uranium trade (Low demand scenario: 2020) 
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Considering these, it is highly likely in the low demand 
scenario that the supply and demand balance of NU, in 
particular, will be significantly eased, and the price will fall far 
below 40 USD/ lb-U3O8, which is the assumption for Case II. 
In addition, as the supply capacity of NU becomes excessive, it 
will be enriched at high tails assays. As a result, the price of 
UE services is also likely to decline, due to easing of the 
supply and demand balance. Under such circumstances, it is 
also likely that NU resource development projects will 
stagnate, and that enrichment facilities that are currently in the 
planning phase on a large scale (particularly in the US) will be 
delayed or cancelled.  In this case with the lowest tails assays, 
UE services will surpass the estimated facility capacity, and 
the demand for NU will fall significantly below supply. As 
such a price could not be accepted by the market, it is 
supposed that tails assays will remain at a high level. Here we 
obtained a tails assay value for a case where the NU demand 
and the demand for UE services have the same ratio in 
Production Case A and Enrichment Case A (0.88 times: their 
supply amounts are less than the lowest supply capacities 
because their supply and demand balances are eased), which 
provides a tails assay of 0.22%. This occurs when the UE 

service price in USD/kgSWU is about 2.5 times that of NU in 
USD/lb-U3O8, and the UE service price is relatively high. If 
we suppose that the NU price falls below 40 USD/lb-U3O8, as 
stated above, the UE service price will drop below 100 
USD/kgSWU. Therefore, this case would also cause the UE 
price to significantly drop from its current price of 130 
USD/kgSWU.    

The projected trade flows are shown in Tables 10 and 11. 
Asia, where the demands significantly increase, will be 
supplied NU from the former Soviet Union (Russia, 
Kazakhstan, and other countries), Africa, and Australia. 
Europe will be supplied from the former Soviet Union and 
Africa, and the US will be supplied from Canada. The balance 
of supply and demand of NU will be eased by 2020, and 
particularly in the low demand scenario, no large-scale project 
will be implemented other than those that are already fixed. In 
such a case, the production amount will not increase from the 
current level in Australia, and there will be an increase in the 
export from the former Soviet Union and Africa to other 
regions.      
 

Figure 4   Uranium production and enrichment projections (Low demand scenario)
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phase, it will significantly fall below the capacity in Price Case II. 
Considering these, it is highly likely in the low demand scenario that the supply and demand 

balance of NU, in particular, will be significantly eased, and the price will fall far below 40 
USD/ lb-U3O8, which is the assumption for Case II. In addition, as the supply capacity of 
NU becomes excessive, it will be enriched at high tails assays. As a result, the price of UE 
services is also likely to decline, due to easing of the supply and demand balance. Under such 
circumstances, it is also likely that NU resource development projects will stagnate, and that 
enrichment facilities that are currently in the planning phase on a large scale (particularly in the 
US) will be delayed or cancelled. 

In this case with the lowest tails assays, UE services will surpass the estimated facility 
capacity, and the demand for NU will fall significantly below supply. As such a price could not 
be accepted by the market, it is supposed that tails assays will remain at a high level. Here we 
obtained a tails assay value for a case where the NU demand and the demand for UE services 
have the same ratio in Production Case A and Enrichment Case A (0.88 times: their supply 
amounts are less than the lowest supply capacities because their supply and demand balances 
are eased), which provides a tails assay of 0.22%. This occurs when the UE service price in 
USD/kg-SWU is about 2.5 times that of NU in USD/lb-U3O8, and the UE service price is 
relatively high. If we suppose that the NU price falls below 40 USD/lb-U3O8, as stated above, 
the UE service price will drop below 100 USD/kg-SWU. Therefore, this case would also cause 
the UE price to significantly drop from its current price of 130 USD/kg-SWU.

The projected trade flows are shown in Tables 10 and 11. Asia, where the demands signifi-
cantly increase, will be supplied NU from the former Soviet Union (Russia, Kazakhstan, and 
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Fig. 4 Uranium production and enrichment projections (Low demand scenario)

Table 10 Uranium trade (Low demand scenario: 2020)
Unit: tU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 2,690 2,690
Canada 5,855 1,554 3,752 1,389 12,549
L. America 542 840 387 1,769
Europe 283 283
FSU 3,596 6,580 5,760 264 8,863 25,063
Middle East 702 146 638 1,486
Africa 4,590 4,916 7,328 16,835
Asia 1,748 1,748
Oceania 798 2,249 4,102 7,149

World 18,070 1,554 840 18,483 5,760 146 264 24,455 0 69,573
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需要は，価格ケース Iでは建設中・計画中の濃縮設備を加

えた設備容量(濃縮ケース B)の設備容量を若干上回るもの

の，価格ケース IIでは大きく下回る。

これらのことから，低需要シナリオでは特に天然ウラン

需給が大幅に緩和し，価格はケース IIで想定した40ドル/

ポンドよりもさらに下回る可能性が高い。また，天然ウラ

ン供給力が過剰になることから，高いテイル濃度での濃縮

が行われ，需給の緩和によりウラン濃縮役務価格も低下す

る可能性が高い，といえるだろう。このような状況下で

は，天然ウラン資源開発プロジェクトが停滞し，かつ，現

在特に米国において大規模に計画されている濃縮設備計画

が遅延・中止する可能性も高い，ともいえる。

このケースでは，テイル濃度の最も低いケースではウラ

ン濃縮役務量が設備容量見通しを上回る一方で，天然ウラ

ン自体は需要が供給を大幅に下回るため，このような価格

は市場によって選択されず，テイル濃度は高めで推移する

ものと推察される。ここでは仮に，天然ウラン需要量とウ

ラン濃縮役務需要量とがそれぞれ生産ケース Aおよび濃

縮ケース Aに対して同等の比率となる(0.88倍�需給の緩

和により，ともに最低の供給可能量よりも小さな供給量と

なる)ようなテイル濃度を計算(0.22�)し，それを�いて

貿易フローの計算を実施した。これは，ウラン濃縮役務価

格(ドル/kgSWU)が天然ウラン価格(ドル/ポンド)の2.5倍

程度となるテイル濃度であり，ウラン濃縮役務価格が相対

的に高い場合であるが，仮に上記のとおり天然ウラン価格

が40ドル/ポンドを下回るとすると，ウラン濃縮役務価格

は100ドル/kgSWUを下回る。このため，ウラン濃縮価格

も現状の130ドル/ポンドからは価格が大きく下落する

ケースであると考えられる。

貿易フローの試算結果は Tables 10 および 11 のとおり

である。

需要が急速に拡大するアジア地域は旧ソ連(ロシア・カ

ザフスタン等)およびアフリカ，次いで豪州から，また欧

州は旧ソ連およびアフリカから，米国はカナダから天然ウ

ランの供給を受けることとなる。2020年の天然ウラン需

給は緩和されるものと見通され，特に低需要シナリオでは

Table 10   Uranium trade (Low demand scenario: 2020)
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Table 11 Enrichment trade (Low demand scenario: 2020)
Unit: tSWU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 9,700 819 7,353 17,872
Canada 0
L. America 177 177
Europe 446 11,438 60 7,256 19,199
FSU 5,132 67 2,913 4,728 60 217 2,809 15,925
Middle East 0
Africa 0
Asia 2,654 2,654
Oceania 0

World 14,831 0 690 15,170 4,728 120 217 20,072 0 55,827
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現在確定しているプロジェクト以上のものが実現しないこ

とも想定されるが，この場合には豪州での生産量は現在か

ら大きく伸びることはなく，旧ソ連地域およびアフリカか

ら他地域への輸出量が増加する。

また，仮に計画どおりヨルダンで 2,000 tUの生産が開

始すると想定した場合，この生産量は中東地域の需要を大

きく上回り，他地域(欧州・アジア等)に輸出することが必

要となる。

この低需要シナリオであってもウラン濃縮役務需要は，

アジアを中心に増大することが見込まれ，したがって同地

域への欧州・ロシア・米国等からの濃縮役務輸入が2020

年にかけて増大する。しかし，この域内のウラン濃縮役務

需要を満たすためにアジア地域(特に中国)でさらに大幅な

濃縮能力拡大を行おうとすると，世界のウラン濃縮役務量

が供給過多になる可能性が懸念される。このため，アジア

諸国が濃縮役務の輸入依存度を大幅に低減させることは困

難である。

( 2 ) 2035年

2035年の天然ウランの需要量は価格ケース Iおよび II

(テイル濃度0.11�および0.27�)でそれぞれ 67,931 tUお

よび 88,352 tU，ウラン濃縮役務量は 87,890 tSWUおよ

び 57,178 tSWUである。

2035年の天然ウラン生産能力については，上記のとお

り，生産ケース Aおよび Bで，2020年の生産能力 A�II

および B�II相当を維持するものと想定し，78,636～

112,512 tUとする。仮に需要が拡大しない場合には，生

産能力が減退し，稼働率80�を��た生産能力は2035年

に最低で A�IIの 54,736 tUまで落ち込むことになるが，

これはかつてのように，天然ウラン価格が二次的供給等の

理由により極めて低い水準で低迷した場合であると考えら

れる。

2035年の低需要シナリオにあっては，価格ケース Iで

は天然ウラン需要量 67,000 tUは生産能力の下限(78,636

tU)を超えることがなく，また価格ケース IIでも天然ウラ

ン需要量 93,934 tUと，生産能力の下限を若干上回る程度

である。すなわち，テイル濃度のいかに関わらず，天然ウ

ランの供給過剰状態が続く。一方でウラン濃縮役務量につ

いては，価格ケース IIでは需要量は濃縮ケース Aを大き

く下回るが，価格ケース Iでは逆に濃縮ケース Bを大き

く上回る。このことから，低需要シナリオでは，2035年

にあってもテイル濃度が大幅に低下することはなく，依然

として高い水準で推移するものと考えられる。仮に現在計

画中のプロジェクトがすべて進展したと想定したケース

(生産ケース Bおよび濃縮ケース B)の供給可能量に対し

て同率の水準になると想定した場合には，それぞれの需要

量は供給可能量の79�に止まり，テイル濃度は価格ケー

ス II相当の0.27�程度となる。

現在計画中の濃縮工場が遅延を含めても2035年までに

運転開始したと想定した場合，2035年にあっても天然ウ

ランおよびウラン濃縮役務の需給はやはり逼迫することは

なく，むしろ需給の緩和により生産量が減退することにな

る。この場合，2035年までの間にさらに濃縮プラントが

建設されることは難しいであろう。また，需給の緩和によ

り天然ウラン価格・濃縮役務価格は下落することが想定さ

れるが，0.27�のテイル濃度はウラン濃縮役務価格(ドル/

kgSWU)と天然ウラン価格(ドル/ポンド)との最適な比が

4倍程度となることを意味する。この場合には，仮にウラ

ン濃縮役務価格が現在と同水準の130ドル/kgSWUを維持

したとしても，天然ウラン価格は30ドル/ポンド程度と，

大きく下落することになる。すなわち，低需要シナリオに

あっては，既存のウラン資源開発・濃縮設備建設計画のみ

の進展によっても供給過剰状態が2035年まで続き，需給

緩和に伴い価格が下落することが想定される。したがって

このケースでは，計画中の両プロジェクトが遅延するのみ

でなく，2035年までの間に中止となる可能性も高い，と

いえるだろう。

このテイル濃度0.27�の場合の����は，Tables 12

および 13，Figs. 5 および 6 のとおりである。

このケースでは，2020年に比べて，世界の天然ウラン

需要量増加の 7割はアジアにおけるものとなる。アジア

Table 11   Enrichment trade (Low demand scenario: 2020)
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other countries), Africa, and Australia. Europe will be supplied from the former Soviet Union 
and Africa, and the US will be supplied from Canada. The balance of supply and demand of NU 
will be eased by 2020, and particularly in the low demand scenario, no large-scale project will 
be implemented other than those that are already fixed. In such a case, the production amount 
will not increase from the current level in Australia, and there will be an increase in the export 
from the former Soviet Union and Africa to other regions.     

In addition, if an amount of 2,000 tU is produced in Jordan as planned, it will far exceed 
production in the Middle East, and they will need to export uranium to other regions (Europe, 
Asia, and other regions).  

Even in this low demand scenario, the UE service demand is supposed to increase, especially 
in Asia. Consequently, the import of UE services from Europe, Russia, and the US to Asia will 
increase towards 2020. However, if this region (especially China) tries to substantially expand 
the enrichment capacity to satisfy the UE service demand in the region, there is a concern that 
the global supply of UE services may be excessive. It is thus difficult for Asian countries to 
substantially lower their dependence on imported enrichment services.

(2)	 Year 2035
The demands for NU in 2035 are 67,931 tU and 88,352 tU, and those for UE services are 

87,890 tSWU and 57,178 tSWU in Price Cases I and II, respectively (with tails assays of 0.11% 
and 0.27%). 

For the NU production capacity in 2035, the production capacity of A-II and B-II in 2020 
is assumed to be retained in Production Cases A and B, as stated above, which is 78,636 tU 
and 112,512 tU, respectively. If there is no increased demand, there will be a decline in the 
production capacity. The production capacity multiplied by an availability of 80% will then 
drop to 54,736 tU of A-II in 2035 at the lowest, and this would occur in a case where the NU 
price declines and remains substantially low due to a reason such as secondary supply. 

In the low demand scenario, the NU demand of 67,000 tU in 2035 will not exceed the lower 
limit (78,636 tU) of the production capacity in Price Case I. In addition, for Price Case II, the 
NU demand of 93,934 tU will be slightly above the lower limit. This means that whatever the 
tails assay amount, the supply of NU will remain excessive. Whereas, although the demand for 
UE services will fall far below Enrichment Case A in Price Case II, it will be far above that of 
Enrichment Case B in Price Case I. This shows that tails assays will not significantly decline in 
the low demand scenario, even in 2035, and that it will remain at high level. If a same ratio is 
assumed with respect to the supply capacity to the cases where all the projects currently in the 
planning stage are implemented (Production Case B and Enrichment Case B), both demands 
will remain at 79% of the supply capacities, and tails assays will be around 0.27%, which is 
equivalent to that in Price Case II.   

If enrichment plants that are currently in the planning stage begin operation by 2035, the 
supply and demand relation between NU and UE projects will not become tight even in 2035, 
and instead the production amount will decline with respect to the easing of the supply and 
demand balance. In such a case, it will be difficult to construct any further enrichment plants 
by 2035. Furthermore, it is supposed that the prices of NU and enrichment service will fall to 
easing of the supply and demand balance. The 0.27% tails assay indicates that the optimal ratio 
of the UE service price in USD/kg-SWU to the NU price in USD/lb-U3O8 is about 4:1. In this 
case, even if the UE price remains at 130 USD/kg-SWU, which is the same level as the current 
price, there will be a significant drop in the NU price to about 30 USD/lb-U3O8. This means 
that in the low demand scenario, even if only the existing uranium resource development plans 
and enrichment facility constructions that are currently in the planning stage are implemented, 
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the supply will remain excessive until 2035. In addition, it is supposed that prices will drop due 
to easing of the supply and demand balance. Therefore, it is highly likely in this case that both 
projects currently in the planning stage will not only be delayed but will be called off by 2035. 

The estimated results for a tails assay of 0.27% are shown in Tables 12 and 13 and in 
Figures 5 and 6. 

In this case, 70% of the increased demand from 2020 to 2035 for global NU will come from 
Asia. This increased demand will mainly be covered by supplies from Africa and Australia. The 
demand in Europe will decrease from 2020, which will slightly reduce the amount traded from 
the former Soviet Union and Africa. 

In this scenario, as the tails assay is supposed to increase from that in 2020, there will be a 
relatively small increase in the UE service demand. Although the demand in Asia will increase, 
that in the US and Europe will decrease. In particular, there will be a significant decline in the 
demand in Europe, and the export of UE services from Europe and Russia to Asia will increase.

2.	High Demand Scenario

Estimates of global NU and UE services in the high demand scenario are shown in Figure 7. 

(1)	 Year 2020
The demands for NU in 2020 in the high demand scenario are 72,348 tU and 94,086 tU, and 

those for UE services are 93,561 tSWU and 60,868 tSWU in Price Cases I and II (tails assays 
are 0.11% and 0.27%), respectively.
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Table 12 Uranium trade (Low demand scenario: 2035)
Unit: tU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 3,703 3,703
Canada 6,808 1,554 3,583 2,540 14,485
L. America 465 874 661 2,000
Europe 350 350
FSU 3,890 6,473 8,695 0 294 11,303 30,655
Middle East 606 1,072 2 1,680
Africa 5,074 3,946 0 13,117 22,138
Asia 2,233 2,233
Oceania 1,202 2,351 0 7,866 11,419

World 21,144 1,554 874 17,309 8,695 1,072 294 37,721 0 88,662

Table 13 Enrichment trade (High demand scenario: 2035)
Unit: tSWU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 8,242 91 7,585 15,918
Canada 0
L. America 158 158
Europe 363 8,411 349 7,977 17,100
FSU 5,587 51 2,819 5,687 353 192 6,745 21,434
Middle East 0
Africa 0
Asia 2,364 2,364
Oceania 0

World 13,829 0 572 11,321 5,687 701 192 24,672 0 56,974

Fig. 5 Uranium trade (Low demand scenario: 2035)

295福島第一原子力発電所事故後の世界の天然ウラン・ウラン濃縮役務貿易フローの長期見通し

日本原子力学会和文論文誌，Vol. 11, No. 4 (2012)

Table 12   Uranium trade (Low demand scenario: 2035) 295

Table 12 Uranium trade (Low demand scenario: 2035)
Unit: tU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 3,703 3,703
Canada 6,808 1,554 3,583 2,540 14,485
L. America 465 874 661 2,000
Europe 350 350
FSU 3,890 6,473 8,695 0 294 11,303 30,655
Middle East 606 1,072 2 1,680
Africa 5,074 3,946 0 13,117 22,138
Asia 2,233 2,233
Oceania 1,202 2,351 0 7,866 11,419

World 21,144 1,554 874 17,309 8,695 1,072 294 37,721 0 88,662

Table 13 Enrichment trade (High demand scenario: 2035)
Unit: tSWU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 8,242 91 7,585 15,918
Canada 0
L. America 158 158
Europe 363 8,411 349 7,977 17,100
FSU 5,587 51 2,819 5,687 353 192 6,745 21,434
Middle East 0
Africa 0
Asia 2,364 2,364
Oceania 0

World 13,829 0 572 11,321 5,687 701 192 24,672 0 56,974

Fig. 5 Uranium trade (Low demand scenario: 2035)

295福島第一原子力発電所事故後の世界の天然ウラン・ウラン濃縮役務貿易フローの長期見通し

日本原子力学会和文論文誌，Vol. 11, No. 4 (2012)

Table 13   Enrichment trade (High demand scenario: 2035)

158

INSIGHTS CONCERNING THE FUKUSHIMA DAIICHI NUCLEAR ACCIDENT Vol. 4



Long-Term Outlook for Global Natural Uranium and Uranium Enrichment Supply and Demand Situations in 
Relation to the Impact of the Fukushima Daiichi Nuclear Power Plant Accident

297

 

Transactions of the Atomic Energy Society of Japan (in Japanese), Vol. 11, No. 4 (2012) 

 
Fig. 6 Enrichment trade (Low demand scenario: 2035) 

 

 
 

Fig. 7 Uranium production and enrichment projections (High demand scenario) 
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The demand for NU will fall below that in Production Case B, even with Price Case II 
where the tails assay is high. This means that if uranium resource development projects that are 
currently in the planning stage are implemented, the supply will exceed the demand, even in 
the high demand scenario. The demand for UE services will be at around the same level as in 
Enrichment Case A with Price Case II where the tails assay is high, and it will far exceed that of 
Enrichment Case B with Price Case I, where the tails assay is low. This means that the supply 
and demand for NU will be relatively eased compared to that of UE services, and in this case, 
therefore, it is supposed that the tails assay will remain at a high level. 

If we suppose that the ratio of both NU production and UE services will be the same with re-
spect to the supply capacities for Production Case B and Enrichment Case B, where all projects 
currently in the planning stages are implemented, demands will be 84% (94,400 tU and 60,662 
tSWU) of the capacity, and tails assay will again be around 0.27%, which is at a similar level 
to that in Price Case II. 

If we suppose that all new projects currently in the planning stages have been planned to 
provide reasonable profits at the current price level, the demand growth to attain levels of Pro-
duction Case B and Enrichment Case B, where implementation of the new projects are taken into 
account, will be that sustains the current price level. If demand falls lower than this, it is supposed 
that only low-cost projects will be implemented and uranium prices will decline. As in the case 
presented in the previous section, the 0.27% tails assay in this case indicates that the optimal ratio 
between the UE service price in USD/kg-SWU to the NU price in USD/lb-U3O8 is about 4:1. 
Even if the UE price remains at the current level of 130 USD/kg-SWU, the NU price will drop 
significantly to about 30 USD/lb-U3O8. This means that even in the high demand scenario, if we 
consider the operation launch of the currently planned UE plants, it is highly likely that the sup-
ply and demand balance of NU will be eased, and resource development investment will decline.

The estimated results of trade flows are presented in Tables 14 and 15.
In response to the increased demand, the trade in NU will increase more than in the low 

demand scenario. In particular, exports from the former Soviet Union, Africa, and Australia to 
Asia will increase. With an increase in the global uranium demand, it is expected that Australia 
will become increasingly important as a uranium producing country, because of its large ura-
nium resources. However, the NU production capability of Australia in 2020 is not so large. 

The UE service demand will also increase, particularly in Asia. In this respect, imports from 
North America, Russia, and Europe will increase. Compared to the current situation, import 
expansion will be significant, particularly from North America where many new enrichment 
plants are being constructed, and from Russia, which has a significant capacity margin. How-
ever, as stated above, even in this case, no further enrichment facilities will be required, other 
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Table 14 Uranium trade (High demand scenario: 2020)
Unit: tU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 4,082 4,082
Canada 6,450 1,687 4,670 1,850 14,657
L. America 293 1,415 291 2,000
Europe 367 367
FSU 3,769 7,886 9,021 0 294 11,017 31,988
Middle East 667 1,007 6 1,680
Africa 4,984 6,480 0 12,454 23,918
Asia 2,380 2,380
Oceania 1,362 3,755 0 8,212 13,329

World 20,941 1,687 1,415 23,824 9,021 1,007 294 36,210 0 94,400

Table 15 Enrichment trade (High demand scenario: 2020)
Unit: tSWU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 8,276 468 8,205 16,948
Canada 0
L. America 168 168
Europe 629 10,818 327 6,433 18,207
FSU 5,426 129 4,302 5,902 332 192 6,537 22,821
Middle East 0
Africa 0
Asia 2,517 2,517
Oceania 0

World 13,701 0 926 15,588 5,902 659 192 23,692 0 60,662
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的に天然ウランの方がウラン濃縮役務よりも需給が緩和す

る状況にあり，したがってこのケースでもテイル濃度は高

めで推移することが見通される。

仮に，天然ウラン生産量およびウラン濃縮役務量が，と

もに現在計画中のプロジェクトがすべて進展したと想定し

たケース(生産ケース Bおよび濃縮ケース B)の供給可能

量に対して同率の水準になると想定した場合には，それぞ

れの需要量は供給可能量の84�(94,400 tUおよび 60,662

tSWU)，テイル濃度はやはり0.27�程度，すなわち価格

ケース IIとほぼ同程度の水準となる。

現在計画されている新規プロジェクトは現在の価格水準

で適度な利潤を得られるよう計画されているものと仮に想

定すると，それらの進展を見込んだ生産ケース Bおよび

濃縮ケース B程度までの需要の拡大が現状の価格水準を

維持し得る需要レベルであることになり，それよりも需要

量が低下した場合には，比較的安価なプロジェクトのみが

進展し，価格は低下することが想定される。このケースで

も前項と同様，0.27�のテイル濃度はウラン濃縮役務価格

(ドル/kgSWU)と天然ウラン価格(ドル/ポンド)との最適

な比が 4倍程度となることを意味し，仮にウラン濃縮役

務価格が現在と同水準の130ドル/kgSWUを維持したとし

ても天然ウラン価格は30ドル/ポンド程度と，大きく下落

することになる。すなわち，現状のウラン濃縮工場の運転

開始を考慮に入れた場合，高需要シナリオにあっても天然

ウラン需給は緩和し，価格の下落とともに資源開発投資が

停滞する可能性が高い，といえる。

貿易フローの試算結果は Tables 14 および 15 のとおり

となる。

需要の増加に対応して，天然ウランの貿易量は低需要シ

ナリオに比較して増大する。特に旧ソ連・アフリカ・豪州

の各地域からアジアへの輸出量が増大する。豪州は生産拡

大の余地を大きく有すると考えられることから，世界の需

要が高まるにつれ，ウラン生産国としての同国の重要性は

高まるものと考えられる。ただし，2020年においてはそ

の規模はいまださほど大きくはない。

ウラン濃縮役務需要についても，アジアを中心として増

大し，それに応じて北米・ロシア・欧州からの輸入が拡大

する。特に，現状と比べて，新規濃縮設備建設計画が多数

存在する北米と，設備余力を多量に有するロシアからの輸

入拡大が著しい。しかし上述のように，このケースであっ

ても，現在計画されている以上の濃縮設備は必要とされ

ず，むしろ濃縮設備拡張計画が遅延する可能性が高いと考

Table 14   Uranium trade (High demand scenario: 2020)
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than those that are currently in the planning stages, and it is more likely that the expansion plans 
of enrichment plants will be delayed. 

(2)	 Year 2035
The demands for NU in 2035 in the high demand scenario will be 106,525 tU and 138,710 

tU, and those for UE services will be 138,521 tSWU and 90,117 tSWU in Price Cases I and II, 
respectively (with tails assays of 0.11% and 0.27%).

In such a case, the demand for NU in Price Case II will exceed 112,512 tU in Production 
Case B, and even in Price Case I, the demand will be close to the level in Production Case B. 
The demand for UE services will significantly exceed the supply capacity in Enrichment Case 
B, even in the Price Case II. This means it is highly likely that the supply-demand balance of 
NU will become tight in the high demand scenario, unless the NU production capacity and EU 
facilities steadily expand. 

However, as in this case, if a steady growth in uranium production is expected, even after 
2020, it would be natural to assume that greater resources development investment will oc-
cur accordingly, and uranium production will further increase. Assuming Production Case C, 
where uranium production will grow at a rate that is half of that occurring between 2010 and 
2020, production in 2035 will be 154,788 tU and will exceed demand with the tails assay of 
0.27%. Therefore, as long as steady development investment in uranium resources continue, a 
sufficient supply is expected, even if demand rises and the tails assay is high. 

With respect to UE facilities, the required facility growth between 2020 and 2035 in Price 
Cases II and I is 17,817 tSWU and 66,221 tSWU, respectively. In particular, growth in Price 
Case I is at a level that exceeds the current total capacity of global enrichment facilities, and to 
construct new facilities to cover the level, a significantly tight balance of supply and demand 
and a price rise in UE service costs would be required. However, as mentioned above, the 
supply and demand of NU itself would be satisfied, even if such rapid resource development 
was not be made. Therefore, in this case, it is also expected that tails assays will remain high 
and that construction of UE facilities will be minimal. The facility growth in Price Case II 
is 17,817 tSWU, which is equivalent to the capacity of three to four large-scale enrichment 
plants. It is not unrealistic to expect this level of facility construction between 2020 and 2035. 
In this study, we established Case C which assumes that an enrichment plant with a capacity of 
6,000 tSWU/yr would be constructed in the US, and that the remaining required facility growth 
would be covered by new construction in the former Soviet Union and China. The estimated 
results are presented in Tables 16 and 17 and Figures 8 and 9.

With respect to the supply and demand of NU, the demand in Asia will be significant, and 
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67% of global growth after 2020 will occur in this area. The demand for this growth will 
be covered by imports from the former Soviet Union, Africa, and Australia. However, as the 
demand for uranium will also increase in the former Soviet Union, the amount exported will be 
limited. In contrast, imports from Africa and Australia will largely expand.     

Despite the new large-scale enrichment facilities assumed in China, the supply for UE 
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Table 16 Uranium trade (High demand scenario: 2035)
Unit: tU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 6,656 6,656
Canada 6,859 1,910 5,314 2,073 16,156
L. America 2,477 282 2,759
Europe 344 344
FSU 4,438 9,786 12,501 767 898 15,410 43,799
Middle East 2,453 2,453
Africa 4,533 6,419 999 26,160 38,110
Asia 3,682 3,682
Oceania 1,247 4,444 929 18,131 24,751

World 23,733 1,910 2,477 26,306 12,501 5,148 898 65,738 0 138,710

Table 17 Enrichment trade (High demand scenario: 2035)
Unit: tSWU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 9,271 485 16,444 26,200
Canada 0
L. America 200 200
Europe 1,077 12,130 1,679 6,814 21,700
FSU 6,363 355 4,713 8,235 1,713 591 13,502 35,472
Middle East 0
Africa 0
Asia 6,545 6,545
Oceania 0

World 15,634 0 1,632 17,329 8,235 3,392 591 43,305 0 90,117
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えられる。

( 2 ) 2035年

高需要シナリオの2035年の天然ウランの需要量は価格

ケース Iおよび II(テイル濃度0.11�および0.27�)でそれ

ぞれ 106,525 tUおよび 138,710 tU，ウラン濃縮役務量は

138,521 tSWUおよび 90,117 tSWUである。

この場合，価格ケース IIの場合の天然ウラン需要量

は，生産ケース Bの 112,512 tUを超える。価格ケース I

の場合でも，天然ウラン需要は生産ケース Bの水準に近

づく。また濃縮役務需要については，価格ケース IIの場

合にあってさえ，濃縮ケース Bの供給力を大幅に超える

こととなる。すなわち，今後天然ウラン生産能力や濃縮設

備の拡大が順調に進捗しない場合には，高需要シナリオに

あっては天然ウランの需給がタイトになる可能性が高い，

といえる。

しかし一方でこのケースのように，2020年以降も堅調

なウラン生産量の伸びが予想される場合には，それに応じ

て開発投資が進み，2020年よりもさらにウラン生産量が

拡大するとみるのが自然であろう。仮に生産ケース Cと

して2010年から2020年までの 1/2のペースでウラン生産

量が拡大した場合を想定すると，2035年の生産量は

154,788 tUとなり，テイル濃度0.27�の場合の需要量を

上回ることになる。したがって，ウラン資源の堅調な開発

投資が継続する場合には，需要の高成長かつ高いテイル濃

度を想定しても，十分に供給が足りるものと考えられる。

一方でウラン濃縮設備についていえば，価格ケース II

および Iで2020年から2035年までに必要とされる設備増

加量は，それぞれ 17,817 tSWUおよび 66,221 tSWUに

及ぶ。特に価格ケース Iでの増加量は現在の世界の濃縮設

備容量全体を上回る水準であり，このレベルの新規建設が

なされるためには，相当に深刻な需給逼迫と濃縮役務価格

の上昇が必要となる。実際には上記のとおり，天然ウラン

需給自体はさほど急速な資源開発を想定しなくとも足りる

ものであり，したがってこのケースでもやはりテイル濃度

は高い水準に止まり，濃縮設備の建設は最低限のものとな

ることが予想される。価格ケース IIでの設備増加量

17,817 tSWUは大規模濃縮プラント 3～4箇所程度に相当

し，この程度であれば，2020年から2035年までの間の建

設を見込むことに特段の違和感はない。ここでは，前節で

述べたとおり，ケース Cとして，米国に 6,000 tSWU/yr

の濃縮プラントが 1つ建設され，残りの設備増加必要量

は旧ソ連および中国において建設されると想定した。試算

結果は Tables 16 および 17，Figs. 8 および 9 のとおり

である。

Table 16   Uranium trade (High demand scenario: 2035)
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services in Asia will not be satisfied and will be supplied from Russia and the US. 
In the high demand scenario for 2035, estimated results for the reference case where trade 

flows are optimized depending on the cost of transportation between regions is shown in Tables 
18 and 19. Table 18 shows flows between NU production areas and UE facilities areas, unlike 
Table 16, which shows flows from uranium production to fuel demand areas. The values in 

300

Table 18 Uranium transport to enrichment facilities (High demand scenario: 2035, optimized with freight)
Unit: tU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 6,656 6,656
Canada 11,655 4,501 16,156
L. America 2,450 308 2,759
Europe 344 344
FSU 4,043 1,536 38,220 43,799
Middle East 2,453 2,453
Africa 13,914 7,816 16,380 38,110
Asia 3,682 3,682
Oceania 1,609 16,751 6,391 24,751

World 40,328 0 308 33,401 54,599 0 0 10,074 0 138,710

Table 19 Enrichment trade (High demand scenario: 2035, optimized with freight)
Unit: tSWU

To:
From: USA Canada L. America Europe FSU Middle East Africa Asia Oceania World

USA 13,100 17 13,083 26,200
Canada 0
L. America 200 200
Europe 0 12,927 0 8,773 21,700
FSU 2,534 1,432 4,384 8,235 3,392 591 14,904 35,472
Middle East 0
Africa 0
Asia 6,545 6,545
Oceania 0

World 15,634 0 1,632 17,329 8,235 3,392 591 43,305 0 90,117

Fig. 10 Uranium supply to Asia
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取ることができるが，このケースでは上述のとおり米国の

濃縮設備稼働量のうち50�が米国内の需要に�てられる

と想定しており，仮にその制約をなくすと，ロシアから喜

望峰周りでアジアまで運ぶ距離よりもロシアから米国まで

および米国からアジアまでの距離の和の方が短いため，米

国で濃縮されたウランは全量がアジアに運ばれ，米国から

はロシアから供給される，という結果となる。実際には米

国とロシアとの間の燃料供給は微妙な政治的状況を踏まえ

て決められており，その状況が世界の燃料需給に大きな影

響を与えることが伺える。

3. アジア地域への天然ウラン・ウラン濃縮役務供

給

上記のように今後の原子力発電設備増強の核となるのは

アジア地域であり，天然ウランおよびウラン濃縮役務の需

要全体に占める同地域のシェアは，現在の30���から，

2035年にはケースによって40～50���まで上�すると

見通される。このため，アジア地域の需要拡大をいかに賄

うかが今後のウラン需給の中心的な課題となる。

上記の各ケースについて，アジアへの天然ウランおよび

ウラン濃縮役務の供給構成を示したものが Figs. 10 およ

び 11 である。現在，アジア地域へはかなりの量の天然ウ

ランが旧ソ連地域(ロシア，カザフスタン等を含む)から供

給されているものと推計されるが，今後，同地域内で見込

まれる原子力発電設備の伸びなどから，需要増大を賄うの

はこの地域でないことがわかる。その代りに，短中期的に

アフリカからの供給が拡大するものと見通される。上述の

ように，原子力発電設備の増加が抑制された低需要シナリ

オでは天然ウランの需給は大きく緩和され，資源開発も停

Table 18   Uranium transport to enrichment facilities (High demand scenario: 2035, optimized with freight)300
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Table 19 are largely similar to the estimated results shown in Table 17. In this case, as men-
tioned above, 50% of the amount provided by enrichment facilities in the US is assumed to be 
supplied for US demand. If estimations that eliminate this constraint are made, all enriched 
uranium in the US would be exported to Asia, and the supply from Russia would be sent to the 
US (because the total distance from Russia to the US and then the US to Asia is shorter than 
that from Russia to Asia via the Cape of Good Hope).

 However, the supply of fuel between the US and Russia is determined based on sensitive 
political conditions and these have a large impact on the global supply and demand of fuel.

3.	Supply of NU and UE Services to Asia

As mentioned above, Asia will be the center of nuclear power plants expansion. The demand 
share of NU and UE services in the region is assumed to increase from the current level of around 
30% to around 40–50% in 2035, depending on the case. It is thus crucial to determine how the 
demand growth in Asia can be met with regard to the future issue of uranium supply and demand.  

Figures 10 and 11 show the supply of NU and UE services from other regions to Asia in the 
above cases. It is currently estimated that a considerable amount of NU will be supplied to Asia 
from the former Soviet Union (Russia, Kazakhstan, and other countries). However, in future, as 
seen from the estimated growth of nuclear power plants in this region, the former Soviet Union 
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In the high demand scenario, where there is a maximum 

expansion of nuclear power capacities, imports from Australia 
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6% of the demand, and it is supposed their resource 
dependency on foreign countries will continue in the long run.  
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Fig. 12  HH index and self-sufficiency ratio (Uranium) 

 
 

With respect to UE services, imports from the US will 
increase in the medium term and the large-scale construction 
of new enrichment plants is planned. However, the former 
Soviet Union is the area where exports will grow in 
accordance with long-term demand increases, and their 
importance will increase. In contrast, the supply share from 
Europe to Asia will decline, and there will be no significant 
increase in the supply share from Asia. As with the case of NU, 
it is supposed that Asia will depend on imports from other 
regions for long-term UE services. Figure 11 also shows 
results of the reference case, where the trade flow is optimized 
based on the cost of transportation between regions; results are 
largely similar to those for the high demand scenario in 2035. 
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Figures 12 and 13 show changes in the self-sufficiency 

rate and the Herfindahl-Hirshman (HH) index of NU and UE 
services in Asia. As mentioned above, it is expected that NU 
self-sufficiency will remain at a very low level of about 6% 
until 2035, and UE services will increase up to about 15% in 
the high demand scenario in 2035, due to the operation and 
launch of new enrichment facilitates. However, as also 
mentioned above, it is supposed that improving the 
self-sufficiency rate will be more difficult than this level. 

The HH index indicates the diversity of NU and UE 
service suppliers to Asia, which can be expressed by Equation 
(2). A lower value shows that the suppliers are more diverse, 
which is desirable for an importer from the perspectives of 
energy security, 

 
where, ai indicates the supply amount from region i to Asia, 
and X indicates the total supply to Asia. As of 2009, the 
estimated HH index for NU is 0.36 and that of UE services is 
0.32. This index for NU is a little lower than the oil supply 
value (0.37) in Asia estimated based on the BP statistics31). 
This is because, according to the actual record in 2009, the 
supply ratio from the former Soviet Union is high. However, 
as seen in Figs. 12 and 13, both indexes for NU and UE 
services will fall below 0.3, due to the increased supplies from 
Africa, Australia, and other regions for NU, and the 
well-balanced supply from three main regions (including 
Russia, the US, and Europe) for UE services. With respect to 
the reference case, the self-sufficiency rate in Fig. 13 is the 
same value in the high demand scenario, and the HH index in 
Fig. 13 is also nearly the same as the value in the high demand 
scenario  
 

IV. Conclusions 
 
This study estimates the trade flows of NU and UE 

services in the long term by considering nuclear power 
generation growth and increases in the NU production and UE 
capacities. It is expected that although nuclear capacity will 
continue to expand mainly in Asia in the future, the balance 
between the supply and demand of NU and UE services will 
be eased until 2020, due to NU resource development and the 
enhancement of UE facilities that are currently in the planning 
stage.  
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(FSU) is not the region that will cover the growth demand. Instead, Africa will increase their 
supply in the medium and short term. As mentioned above, in the low demand scenario, where 
the growth of the global nuclear capacity is slower, it is supposed that the supply and demand 
balance of NU will be largely eased and that resource development will stagnate. In this case, 
there will be no significant increase in imports from any region other than Africa.   

In the high demand scenario, where there is a maximum expansion of nuclear power capac-
ities, imports from Australia and Africa will cover the rapid growth in demand, and imports 
from these two areas will cover 70% of the Asian demand in 2035. However, production within 
Asia will only cover about 6% of the demand, and it is supposed their resource dependency on 
foreign countries will continue in the long run.   

 With respect to UE services, imports from the US, where the large-scale construction of new 
enrichment plants is planned, will increase in the medium term. However, the former Soviet 
Union is the area where exports will grow in accordance with long-term demand increases, and 
their importance will increase. In contrast, the supply share from Europe to Asia will decline, 
and there will be no significant increase in the supply share from Asia. As with the case of NU, 
it is supposed that Asia will depend on imports from other regions for long-term UE services. 
Figure 11 also shows results of the reference case, where the trade flow is optimized based 
on the cost of transportation between regions; results are largely similar to those for the high 
demand scenario in 2035.

 Figures 12 and 13 show changes in the self-sufficiency rate and the Herfindahl-Hirshman 
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self-sufficiency rate will be more difficult than this level. 
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energy security, 
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and X indicates the total supply to Asia. As of 2009, the 
estimated HH index for NU is 0.36 and that of UE services is 
0.32. This index for NU is a little lower than the oil supply 
value (0.37) in Asia estimated based on the BP statistics31). 
This is because, according to the actual record in 2009, the 
supply ratio from the former Soviet Union is high. However, 
as seen in Figs. 12 and 13, both indexes for NU and UE 
services will fall below 0.3, due to the increased supplies from 
Africa, Australia, and other regions for NU, and the 
well-balanced supply from three main regions (including 
Russia, the US, and Europe) for UE services. With respect to 
the reference case, the self-sufficiency rate in Fig. 13 is the 
same value in the high demand scenario, and the HH index in 
Fig. 13 is also nearly the same as the value in the high demand 
scenario  
 

IV. Conclusions 
 
This study estimates the trade flows of NU and UE 

services in the long term by considering nuclear power 
generation growth and increases in the NU production and UE 
capacities. It is expected that although nuclear capacity will 
continue to expand mainly in Asia in the future, the balance 
between the supply and demand of NU and UE services will 
be eased until 2020, due to NU resource development and the 
enhancement of UE facilities that are currently in the planning 
stage.  
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(HH) index of NU and UE services in Asia. As mentioned above, it is expected that NU 
self-sufficiency will remain at a very low level of about 6% until 2035, and UE services will 
increase up to about 15% in the high demand scenario in 2035, due to the operation and launch 
of new enrichment facilitates. However, as also mentioned above, it is supposed that improving 
the self-sufficiency rate will be more difficult than this level from the view points of price and 
supply-demand balance.

The HH index indicates the diversity of NU and UE service suppliers to Asia, which can 
be expressed by Eq. (2). A lower value shows that the suppliers are more diverse, which is 
desirable for an importer from the perspectives of energy security,
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滞するものと考えられるが，このケースではアフリカ以外

の地域からの輸入が大きく増加することはない。一方で，

原子力発電設備が最大限に拡大する高需要シナリオでは，

アフリカとともに豪州からの輸入が需要の急拡大を満たす

こととなり，この両地域からの輸入が2035年の需要量の 7

割近くを占める。アジア域内での生産は需要の 6�程度を

賄うに過ぎず，資源の対外依存状況は長期に渡って継続す

るものと考えられる。

ウラン濃縮役務については，大規模な新設計画の存在す

る米国からの輸入が中期的に増加する。しかし長期的な需

要の増大に伴って供給量が増加するのは旧ソ連地域であ

り，特に需要が拡大するケースで同地域の重要性が高ま

る。逆に欧州からアジアへの供給比率は低下し，またアジ

ア域内での供給比率が大きく上昇することもない。天然ウ

ラン資源と同様，ウラン濃縮役務についても，今後長期に

亘り域外からの輸入に頼る状況が継続するものと見通され

る。なお Fig. 11には貿易フローが地域間輸送コストに従

って最適化されるとした参考ケースの結果も示しており，

2035年の高需要ケースとおおむね似た結果となっている

ことがわかる。

Figures. 12 および 13 はそれぞれのケースについて，

アジアにおける天然ウラン・ウラン濃縮役務供給の自給率

と HH(Herˆndahl�Hirshman)指数との推移を示したもの

である。上述のとおり，天然ウランの自給率は2035年ま

で 6�程度の�めて低い��に�まるものと見通される。

またウラン濃縮役務については，最も高い場合(2035年の

高需要シナリオ)で新規濃縮設備の運開に伴い15�程度ま

で上昇するが，上述のとおりこれ以上の設備建設により自

給率を向上させることは，ウラン濃縮役務需給および価格

の上から，難しいものと考えられる。

HH指数は天然ウラン・ウラン濃縮役務のアジアへの供

給元の多様性を以下の式により示すものであり，数値が小

さい方が供給元が多様化され，エネルギー・セキュリティ

上好ましいものとされる。

HH＝∑
i

�
�

�

ai
X
�
�

�

2

( 2 )

ここで ai はアジアに対する地域 iからの供給量，Xはア

ジアに対する総供給量である。この HH指数について，

2009年現在の推定実績は天然ウランについて0.36，ウラ

ン濃縮役務について0.32となっており，特に天然ウランは

文献31)から推計されるアジア地域の石油供給に関する値

(0.37)よりも若干低い程度となっている。この原因は，

2009年の実績値では旧ソ連地域からの供給比率が高いこ

とによる。しかし Figs. 12および 13からわかるとおり，

天然ウランに関してはアフリカ，豪州等からの供給が増加

することにより，またウラン濃縮役務に関してはロシア・

米国・欧州の主要三地域からバランスよく供給を受けるこ

とにより，ともに0.3を下回る程度まで HH指数が低減す

る見通しとなる。なお参考ケースについては，Fig. 13で

自給率については通常の高需要シナリオと同じ値であり，

HH指数についてもほぼ同等の値となっている。

IV. 結 論

本研究では，原子力発電量の増加と天然ウラン生産能

力・ウラン濃縮役務容量の拡大を組み合わせることによ

り，長期に渡る天然ウランおよびウラン濃縮役務の貿易フ

ローを推計した。今後アジア地域を中心として原子力発電

�
(2)

where, ai indicates the supply amount from region i to Asia, and X indicates the total supply to 
Asia. As of 2009, the estimated HH index for NU is 0.36 and that of UE services is 0.32. This 
index for NU is a little lower than the oil supply value (0.37) in Asia estimated based on the BP 
statistics 31). This is because, according to the actual record in 2009, the supply ratio from the 
former Soviet Union is high. However, as seen in Figures 12 and 13, both indexes for NU and 
UE services will fall below 0.3, due to the increased supplies from Africa, Australia, and other 
regions for NU, and the well-balanced supply from three main regions (including Russia, the 
US, and Europe) for UE services. With respect to the reference case, the self-sufficiency rate in 
Figure 13 is the same value in the high demand scenario, and the HH index in Figure 13 is also 
nearly the same as the value in the high demand scenario.

IV.	 Conclusions
This study estimates the trade flows of NU and UE services in the long term by considering 

nuclear power generation growth and increases in the NU production and UE capacities. It is 
expected that although nuclear capacity will continue to expand mainly in Asia in the future, 
the balance between the supply and demand of NU and UE services will be eased until 2020, 
due to NU resource development and the enhancement of UE facilities that are currently in the 
planning stage. 

As a result, resource development and enrichment facility enhancement projects are likely 
to be significantly delayed in the mid-term. In the case where the growth of nuclear power gen-
erating capacities is slow, this trend will probably continue until 2035, and uranium production 
might decline from 2020. However, in the case where countries throughout the world promote 
nuclear power generation at a maximum level to maintain a stable supply of energy, and to 
provide measures to prevent global warming, more projects plans will need to be implemented 
(other than those that currently exist). Even if the implementation speed is relatively slow 
compared to those currently in the planning stage, it is projected that this will be sufficient to 
satisfy demand. These projections suggest that it is unlikely that the supply and demand balance 
will be tight for the next 20 to 30 years, as long as the development plans currently underway 
are implemented by around 2020 and new projects are launched in an appropriate manner that 
considers the future growth demand. From the relation between supply and demand of NU and 
UE services, it is projected that the tails assay will remain at a high level in the long term, which 
means that UE service prices will remain at a relatively high level compared to the price of NU.  

Asia will be at the center of future demand growth, and its dependence on foreign resources 
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for both NU and UE services will stay at a high level in the long term. With respect to NU, the 
demand will be covered by imports from Africa and Australia; and for UE services, it is estimat-
ed that Asia will rely on imports to a greater degree from the US and then from Russia. Nuclear 
energy is often considered a quasi-domestic energy from the perspective of its long fuel storage 
capability, in addition to domestic implementation of the nuclear fuel cycle and the reusability 
of spent fuel. As suggested by this study, it is supposed that a rise in the self-sufficiency rate of 
the production of NU and UE services will be difficult in Asia in the medium-term. However, 
the diversification of supply regions (HH index) is projected to drastically improve compared 
to that of the oil supply, owing to progress made in global development plans. We can thus 
estimate that progress made in providing nuclear energy would contribute to energy security in 
Asia at a certain level. 

If nuclear power plants expand even after 2035, which is the period studied in this paper, the 
supply and demand balance of NU resources and UE will become gradually tighter, depending 
on development trends in new uranium resources and UE facilities. However, with respect 
to the time span, it will be necessary to consider introducing various technologies that help 
mitigate the growth in demand for NU, including those relating to the use of FBRs and thorium 
resources, uranium extraction from seawater, and nuclear fusion. This also means that, as this 
estimation suggests, as long as the supply and demand for uranium is considered only until 
2035, such innovative new technologies are not necessarily indispensable. Future studies will 
need to be conducted to determine in the longer term how we regard the use of such technol-
ogies. 

Part of this research was conducted with the support of the Environment Research and Tech-
nology Development Fund of the Ministry of the Environment (S-6-1:General Research for 
Development, Estimation and Evaluation Methods for Meddle to Long Term Political Options 
and their Promotion for Low Carbon Society in Asia; Scenario Development for Establishment 
of Low Carbon Society for Asian Countries). We would like to express our deepest gratitude 
to the Ministry. 
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