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Abstract

In the past decades, the major focus for nuclear power has been the design and construction of
nuclear plants of ever increasing size. This was appropriate for many industrialized countries, which
could readily add generation capability to their electrical grids in large increments. However, recently
there has been an increasing emphasis on the development of small and medium reactors especially to
meet needs in developing countries where electrical grids cannot accept the additional capacity of a
large nuclear plant. The paper presents an estimation of the wold market for small and medium sized
reactors giving the basic assumptions, criteria, scope, methods and important factors.

1. INTRODUCTION

Nuclear power has been used over the last four decades and is one of the fastest
growing energy options. At present, about 17% of electricity worldwide is generated by
nuclear power. Although the rate at which nuclear power is penetrating the world energy
market has declined, it has retained a substantial share of the market, and is expected to
continue as a viable option well into the future.

The present generation of nuclear power plants was developed primarily to satisfy the
largest market for these plants, which means supplying electricity to industrialized countries
with interconnected grids permitting the introduction of large units. However, the worldwide
market for nuclear power is not limited to large reactors; small and medium reactors (SMRs)
always had a share of this market and this is expected to prevail for the foreseeable future.

A substantial number of nuclear reactor designs have been developed within the small
and medium power range. Some have been built or are under construction, others are still in
the conceptual, basic or detailed design stage. Few of the design stage reactors are under
active development, most are "on hold", waiting for potential customers to express their
interest All the advanced designs under development share the common goals of improving
safety, reliability and economics, with different degrees of emphasis on each aspect. It is also
recognized that technology thresholds allow some technical solutions within the limits of size
and which contribute to the above goals, but which cannot be used in larger reactors.

What is offered on the market is relatively easy to assess. Designers and vendors are
willing and interested in providing information on their concepts, especially regarding
technical aspects. The recent TECDOC-881 published by the International Atomic Energy
Agency (IAEA)[1] reviews most of the designs pursued. There are several additional designs
under development, and it can be concluded that there is certainly no lack of potential
vendors.

While the appraisal of market offerings is basically a status review, the assessment of
demand is directed toward the future, that is, it has the character of a forecast. This is a more
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difficult task, and the results strongly depend on the assumptions, criteria and methods
adopted. Forecasts are directed toward predicting the future but based necessarily on past
experience and current knowledge. To achieve reasonably reliable results, it is essential to
base the predictions on real and objective expectations, and not on what one wishes or would
like to happen.

For an overview of the nuclear power market, the IAEA annually performs a forecast,
which consists of energy, electricity and nuclear power estimates for the future. [2]. The
nuclear generating capacity estimates are derived from a country by country, bottom-up
approach, and includes reactors of all size ranges. The low and high estimates reflect
contrasting but not extreme underlying assumptions on the different driving factors having an
impact on nuclear power development. These factors, and the ways they might evolve, vary
from country to country. The latest (March, 1997) estimates indicate a total net installed
capacity, by the year 2015, of between 370 and 510 gigawatts electric (GW(e), amounting to a
modest increase.

The present market assessment is intended to cover only SMRs, which constitute an
integral part of the overall nuclear power market together with large reactors. Most of the
factors affecting the evolution of the overall nuclear market are equally relevant to any nuclear
reactor whatever the size range. There are differences too, and these must be considered.

2. REACTOR SIZE RANGES

The choice of ranges is somewhat arbitrary but the usual practice is to take the upper
limit of the SMR range as approximately half the power of the largest reactors in operation.
Accordingly, reactors up to about 700 megawatts electric (MW(e)) are currently considered as
SMRs. Other limits are defined by taking similar reductions. The ranges adopted are:

Very small reactors <150 MW(e)
Small reactors 150-300 MW(e)
Medium reactors 300-700 MW(e)
Large reactors >700 MW(e)

For heat-only or co-generation reactors, the range limits are applied to the electrical
equivalencies of the thermal power . For example, for very small heat-only reactors, the upper
limit is 500 megawatts thermal (MW(th)). It should be noted that all current heat-only reactor
designs are in the very small reactor range.

Very small, small and medium are relative concepts, related to the power level of the
largest reactors in operation. That is, at the time when the largest reactors in operation were
about 200 MW(e), the corresponding upper limit of the SMR range was 100 MW(e); when
600 MW(e) units came into operation, the SMR range increased to 300 MW(e), and so on.
Applying the current definition of the SMR range, a third of the operating nuclear power
reactors qualify as SMRs. However, when most of these plants were designed and built, they
were considered large reactors according to the prevailing definition of the term.

The above defined ranges for medium, small and very small reactors expressed in
power levels (MW(e)), should be interpreted as approximate values. The variety of reactors
with different characteristics included in each of these ranges, are intended to respond to
different requirements, which should be considered to facilitate the assessment of the potential
market.
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Medium size reactors are power reactors whose objective is electricity generation.
They can also be applied as co-generation plants supplying both electricity and heat, but the
main product remains electricity. As such, they are base load plants intended for introduction
into interconnected electric grid systems of suitable size. If operated in the co-generation
mode, the heat supply would be up to about 20% of the energy produced. Economic
competitiveness with equivalent fossil-fueled plants is expected under most conditions.

Small reactors are either power or co-generation reactors and may have a substantial
share of heat supply. Due to size, they are not expected to be economically competitive with
medium or large size nuclear power plants. They are therefore intended for special situations
where the interconnected grid size does not permit larger (medium or large size) units and
where alternative energy options are relatively expensive.

Very small reactors are not intended for base load electricity production under
commercially competitive conditions, as units integrated into interconnected electrical
systems. Clearly, very small reactors of current design are not scaled-down versions nor
competitors of large, medium or even small power reactors. Very small reactors are to address
specific objectives, such as the supply of heat and electricity or heat only (at either high or low
temperature) for industrial processes, oil extraction, desalination, district heating, etc.,
propulsion of vessels or for energy supply of concentrated loads in remote locations. They
may also serve as focal projects and stimulus for the development of nuclear infrastructures in
countries starting a nuclear power programme.

Consideration of the specific objectives of the reactors in each power range has major
relevance for the assessment of their respective markets.

3. BASIC ASSUMPTIONS, CRITERIA, SCOPE AND METHODS

3.1. Availability of SMRs

Market assessment is based on the assumption that suitable nuclear reactors are
available both for domestic use and export, when required by interested buyers. Suitability is
interpreted as meeting technical and economic conditions as defined by potential buyers, often
called user requirements. The user requirements must be reasonable and not a wish-list with a
collection of desirable goals impossible to achieve simultaneously. The nuclear reactors must
be licensable; technical features must not require further research to prove viability and
reliability; and costs must be within an acceptable range. Understanding costs and benefits in
the wider sense instead of only in monetary terms, the buyers must find a favorable
cost/benefit ratio.

Currently, seven countries have 15 SMRs under construction, 5 units in the small and
10 in the medium size ranges. The IAEA-TECDOC-881[1] contains descriptions of 29 SMR
designs. Including additional concepts on which information is available, the number in
different design stages is about 50 reactors. This shows considerable activity in the field of
SMRs and can be interpreted as a positive sign for further development. The information and
data provided by designers and vendors, as well as studies and plans of various countries
regarding the launching of power reactor projects in the SMR range, support this assumption.

3.2. Governmental role and national policy

Possibly the most decisive factor promoting nuclear development is governmental
commitment and active support of nuclear power as part of medium to long-term national
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energy development policy. In fact, this is considered a necessary condition for any country
expecting to proceed with a nuclear programme or project. In the absence of active
Governmental support, neither publicly owned utilities which directly respond to national
policies, nor privately owned utilities which function in a regulated environment, can be
expected to initiate new nuclear projects. Public acceptance is a factor affecting governmental
policies and actions and its significance depends on the influence of public opinion on
political power. Several countries have in force medium to long-term energy development and
supply policies currently excluding the nuclear option, or which only provide passive or a
reluctant acceptance of nuclear power as a last resort. However, governmental policies do not
last forever and governments and policies may change in time.

3.3. Infrastructure availability

For any country, viability of a nuclear power programme depends on the availability of
adequate infrastructures. These infrastructures are technological, manpower, industrial,
economic, financial and institutional. In principle, any country can develop its infrastructures
to an adequate level, but this requires substantial time and effort. Countries unable to invest
the effort to develop their infrastructures in an appropriate time, or where such efforts are not
justified by medium to long-term prospects of using nuclear power, are unlikely to start a
nuclear power programme. Very small or small reactors offer an attractive option with which
to start. Though these also need infrastructures, relatively lower and therefore more easily
achievable development effort is required.

3.4. Programs with large units

Several countries with ongoing nuclear programs have interconnected electrical grid
systems, which readily accept large size units. Unless there are compelling reasons which
require or promote the use of SMRs, these countries are expected to add similar large size
units when required to satisfy the electrical demand.

3.5. Economic and financial constraints

Countries with chronic economic problems, high indebtedness and scarce financial
resources are not expected to invest in capital intensive projects, such as nuclear reactors.

3.6. Scope

The assessment includes all countries, and is not limited to those with ongoing nuclear
power programs, or with expressed intentions of launching SMR projects. All countries are
considered individually and all uses are included, electricity generation, heat only, and co-
generation. Reactors on which construction has been started are not considered in the market
assessment; it is only for new projects.

3.7. Time frames

The market assessment is for reactors coming on line up to the year 2015. Beyond a
period of about 20 years, forecasts become very speculative. They are based more on
postulated scenarios and general statistical analysis than on a country-by-country or project-
by-project consideration, the approach adopted for the present assessment. For purposes of the
market assessment, the average construction times assumed for medium, small and very small
reactors are 6, 5 and 4 years respectively. Lead-times for preparation (planning, site
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qualification, feasibility studies, acquisition, infrastructure development or upgrading,
institutional arrangements, etc.) vary with specific projects and conditions and situations
prevailing in each country. They are therefore assessed on a case-by-case basis.

3.8. Method

A two-phase procedure is applied: in the first, individual countries are assessed
applying the above- assumptions and criteria. The result is a short list of countries (Table I),
assessed as having a potential demand for SMRs within the period considered, and which
therefore deserve a more thorough consideration. Some countries not included in the short list
might initiate and implement SMRs within the time frame; conversely, not all countries
selected might fulfill expectations by implementing new projects. However, this should not
substantially alter results of the market assessment. Neither exclusion from nor inclusion in
the short list, should be interpreted as recommendations for individual countries or projects.

Countries selected for further consideration have been grouped according to their
nuclear power development status, i.e., those which have already started implementation of
their first nuclear power project, and those which have not yet done so.

TABLE I. LIST OF COUNTRIES FOR FURTHER CONSIDERATION

First nuclear power projects have been started No nuclear power projects started

Argentina Algeria
Canada Belarus
China Chile
Hungary Croatia
India Egypt
Iran, Islamic Republic of Indonesia
Italy Israel
Korea, Republic of Libyan Arab Jamahiriya
Mexico Malaysia
Pakistan Morocco
Poland Portugal
Russian Federation Saudi Arabia
South Africa Syrian Arab Republic
United States of America Thailand

Tunisia
Turkey

In a second phase, the market for SMRs is assessed for each country selected,
considering the plans or intentions of the individual countries, the previously mentioned
criteria and a series of factors affecting the market, which are identified and discussed in the
following section. The market is assessed separately for medium, small and very small
reactors, as well as that for reactors expected to be imported or of domestic supply.

It has been attempted to be objective, practical and realistic. The high and low
estimates obtained do not indicate a too optimistic theoretical maximum, nor an overly
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pessimistic minimum. They are rather the result of expectations under more or under less
favorable conditions and scenarios, applied to both overall nuclear power development and to
the role and market share of SMRs. However, both the high and the low estimates correspond
to scenarios in which nuclear power remains a viable energy option in an environment
graduallyevolving towards improved acceptance. Assuming more extreme scenarios apply,
that is, where the attractiveness of nuclear power substantially improves worldwide on a short
term, or where no noticeable improvement occurs, the corresponding high and low estimates
would be respectively higher and lower than the results obtained in this market assessment.

4. FACTORS AFFECTING THE MARKET

Among the many factors affecting the market, either promoting or opposing nuclear
power programs and SMRs in particular, the most important ones are identified and briefly
discussed below, complementing the criteria previously established.

4.1. Energy resources and supply diversification

High dependence on imported fossil energy sources (oil, gas, coal) and little or no
diversification in the pattern of energy supply tend to promote nuclear power development.
Countries with these characteristics are more likely to adopt nuclear power then those with
abundant and cheap conventional (fossil or hydraulic) energy resources.

4.2. Economic and financial resources

Nuclear power is capital-intensive and requires substantial investment. Countries with
strong economies and access to financial resources are in a better position to launch nuclear
projects than those with struggling economies, high indebtedness, and a general lack of
capital. Privatization and deregulation often discourage nuclear projects because of high
capital requirements and long-term return of investment. Within this negative context, SMRs
are favored over large plants due to lower capital requirements, easier financing and shorter
construction times.

4.3. Interconnected electrical systems

Due to the relatively large share of fixed costs in the energy production costs of
nuclear power, base load operation is required to achieve favorable economic conditions.
Therefore, nuclear power plants intended for electricity generation as the only or main
product, must be integrated into the interconnected electrical grid systems. The total
interconnected generating capacity limits the maximum unit size that can be added. The
optimal unit size, determined through generation system expansion planning, however, is
often smaller than the acceptable maximum unit size.

4.4. Growth rates

Countries characterized by sustained high GDP, large industrial production, and high
growth in energy and electricity demand are more likely to adopt nuclear power programs than
those with stagnant economies or in recession. High population growth unaccompanied by
economic and industrial development are unfavorable to nuclear power.
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4.5. Energy demand pattern

An increasing share of electricity in overall energy consumption, a high share of
industrial demand in overall energy demand, and a high base load to peak load ratio are
characteristics promoting nuclear power. Concentrated large demand for energy in the form of
heat favors co-generation or heat-only reactors. Remote and isolated areas with relatively large
energy (electricity and heat) demand and with lack of local energy resources are favorable
conditions for very small reactors.

4.6. Electricity supply structure

Large utilities with solid economic and financial structures supported by a rentable
tariff system are more likely to possess the investment capability and credit rating required for
nuclear projects, than small, weak utilities and subsidized tariff systems. Experiences in power
plant operation with high availability, reliable transmission and distribution systems, with low
break down rate and low supply interruption rate, and especially, experience in nuclear power,
provide a favorable background for new nuclear projects.

4.7. Industrial and technical development

If adopted as priority national development goals, they act in favor of nuclear
programs. As shown by experience, nuclear projects promote quality improvements, transfer
of technology, and general development of domestic capabilities. The side effects of nuclear
power programs are recognized as important contributions, even though they are difficult to
identify and measure.

4.8. Environmental and nuclear safety concerns

Worldwide concerns about climate change and environmental pollution from
conventional energy sources are increasing and in principle, should promote nuclear power
development. On the other hand, concerns with nuclear safety and radioactive waste disposal
tend to discourage decision makers from this option. How these concerns balance and which
will have the dominant role, influence national policies and therefore, affect the market.
Concerns about nuclear safety do have a positive influence on the development and market
potential of SMRs, which are perceived as offering improved safety features and safety levels.

5. MARKET ESTIMATES

According to the method adopted here, the market for SMRs is assessed for each
country selected for further consideration, as listed in Table I. The results (high and low
estimates) are presented in Table II, discriminated by geographical regions and by reactor size
range. A summary is presented in Table III, which also contains an estimate of the market
shares corresponding to domestic and foreign supply sources. The following are brief
comments referring to the various countries with a potential market for SMRs.

Among the countries with ongoing nuclear power programs, China, India and the
Russian Federation represent a substantial market for SMRs. In China, there is an ambitious
nuclear power program firmly supported by the government.. In addition to some imported
medium size units, a series of domestic design medium size, some small and also several very
small units (including heat-only reactors) are expected to be put in place. There is continuing
firm governmental support for the nuclear power program in India, and a large demand for
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TABLE II. SMR MARKET ASSESSMENT BY GEOGRAPHIC AREAS

Region

North
America

South and
Central
America

European
Union

Eastern
Europe

Africa

Middle East
and South &
Middle Asia

Southeast
Asia and the
Pacific

Far East

World Total

HIGH ESTIMATE

Size

M
S

VS

M
S

VS

M

s
VS

M
S

VS

M
s

VS

M
S

VS

M
S

VS

M
s

VS

M
s

VS

2001-
2005

0
0
0

0
0
1

0
0
0

1
0
1

0
0
1

1
2
0

0
0
0

5
0
2

7
2
5

2006-
2010

2
0
0

0
0
0

2
0
0

4
0
2

2
0
2

5
5
0

2
0
0

4
2
2

21
7
6

2011-
2015

1
0
0

4
1
0

7
0
0

7
0
2

3
3
1

10
1
1

4
0
1

2
1
3

38
6
8

Total
(2001-15)

3
0
0

4
1
1

9
0
0

12
0
5

5
3
4

16
8
1

6
0
1

11
3
7

66
15
19

2001-
2005

0
0
0

0
0
0

0
0
0

0
0
0

0
0
0

1
1
0

0
0
0

3
0
1

4
1
1

LOW ESTIMATE

2006-
2010

0
0
0

0
0
0

1
0
0

2
0
2

0
0
0

3
4
0

1
0
0

4
1
2

11
5
4

2011-
2015

0
0
0

2
1
0

3
0
0

6
0
1

5
0
1

5
0
1

2
0
0

4
1
2

27
2
5

Total
(2001-15)

0
0
0

2
1
0

4
0
0

8
0
3

5
0
1

9
5
1

3
0
0

11
2
5

42
8
10

Size definition M: 300-700 MW(e), S: 150-300 MW(e), VS:<150 MW(e) or equivalent

new capacity. The country is expected to proceed with its program based on domestic design
SMRs. In the Russian Federation there is an ongoing nuclear power program based mainly on
large size units, but limited by financial constraints. Several designs are under development, in
particular in the medium and the very small reactor ranges. It is expected that a series of units
in these ranges will be implemented. It is estimated that the market for SMRs in the above-
three countries is of the order of 30 to 40 units, more than half of which correspond to
medium size reactors.

Argentina, the Islamic Republic of Iran, the Republic of Korea and Pakistan have
ongoing nuclear power programs including reactors under construction. In Argentina, follow-
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up nuclear power plants are expected to be in the medium size range; the development of a
very small domestic design reactor has been pursued, and they intend building a first unit. In
the Islamic Republic of Iran, the construction of two large power reactors has been started
again, and they plan to acquire some small units. In Pakistan, a further small reactor is
expected to be followed by a series of medium size units. Though large power reactors are the
base for the ongoing nuclear program of the Republic of Korea, more units in the medium
range are expected. Also, implementation of a domestic-design very small reactor is expected.
The estimate for the four countries within the period considered is 10 to 15 units.

Canada may install some units to replace older plants; Hungary requires follow-up
reactors to satisfy a growing electricity demand without unduly increasing its import
dependence; Italy shut down all its nuclear power reactors following a political decision, but a
change in attitude and in policy could lead to restarting the programme with advanced
reactors; Mexico could follow-up its operating reactors with new projects; Poland canceled
nuclear reactors under construction, but it could reconsider and implement new projects;
South Africa is interested in implementing a series of very small reactors of modular design;
and finally, the USA could end its de-facto nuclear moratorium and implement some
advanced reactor projects it has been developing. None of these countries have nuclear
reactors under construction, but they all possess adequate infrastructures to launch nuclear
projects. It is possible that prevailing conditions will gradually change in favor of nuclear
development and if so, the expected market for SMRs would be 5 to 15 units, most in the
medium power range.

TABLE III. SMR MARKET ASSESSMENT SUMMARY

High estimate

Medium

Small

Very small

Total

Low estimate

Medium

Small

Very small

Total

2001-2005

7
(5+2)

2
(0+2)

5
(4+1))

14
(9+5)

2001-2005

4
(2+2)

1
(0+1)

1
(1+0)

6
(3+3)

2006-2010

21
(11+10)

7
(6+1)

6
(4+2)

34
(21+13)

2006-2010

11
(8+3)

5
(3+2)

4
(4+0)

20
(15+5)

2011-2015

38
(8+30)

6
(1+5)

8
(6+2)

52
(15+37)

2011-2015

27
(9+18)

2
(1+1)

5
(4+1)

34
(14+20)

TOTAL

66
(24+42)

15
(7+8)

19
(14+5)

100
(45+55)

TOTAL

42
(19+23)

8
(4+4)

10
(9+1)

60
(32+28)

Note: Numbers in brackets refer to units of domestic supply plus units of foreign supply.
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Among countries not yet initiating nuclear power projects, Turkey and Indonesia are in
the acquisition stage of their first units. Both have intended to go nuclear for a long time.
Malaysia and Thailand performed studies indicating the convenience qf the nuclear option.
All four countries are potential markets for medium size reactors, and in addition, Indonesia
might implement a very small unit at a remote site. The implementation of 5 to 10 SMRs is
expected for this group of countries.

The North African countries: Algeria, Egypt, the Libyan Arab Jamahiriya, Morocco
and Tunisia, show a high degree of interest in initiating nuclear power programs. All have
performed studies and preparations, including, in some cases, attempts to acquire nuclear
power reactors. It is expected that further attempts will finally succeed, leading to the
implementation of 5 to 10 SMRs, including very small, small and medium size units.

Several countries not yet initiating nuclear power projects, have performed studies and
indicated interest in launching nuclear programs. Belarus has persistent energy supply
constraints and might acquire some medium size units. In Chile, nuclear power could
contribute to energy supply diversification in a fast growing economy and corresponding
energy and electricity demand. In Croatia, a follow-up unit to the 600 MW(e) plant built in
Slovenia was planned; new attempts could lead to implementing a medium size unit. Israel
has consistently indicated interest in nuclear power; it has a solid nuclear technology
infrastructure and could implement a nuclear project, subject to the success of the Middle East
peace process. This also applies to Syria, which intends to proceed with medium size units.
Portugal was on the verge of launching a nuclear power programme in the past, but has since
desisted; new attempts to implement medium size units could succeed. Saudi Arabia has very
large oil and gas resources, but energy supply diversification seems advisable. A nuclear
power program starting with a very small or small reactor might be launched. In addition,
some other countries have indicated interest in nuclear power and in SMRs in particular,
performing studies and building infrastructures :Peru, Uruguay, Bangladesh are examples.
There are others, such as Cuba, Romania or the Philippines, where the construction of SMRs
was suspended. In these countries, completing these projects would have priority over the
initiation of new plants. The estimated market for SMRs in the above group of countries is 5
to 10 units altogether.

6. RESULTS

Overall market. These results indicate a market with the rather wide range of 60 to 100
units to be implemented up to the year 2015. Probably not all countries will evolve
according to either the high or to the low estimates. It seems reasonable to assume that
there will be a certain compensatory effect. Also, it is recognized that forecasts, just like
national development plans, tend to err on the optimistic side. Therefore, an overall
market estimate of 70 to 80 units seems reasonable.

- Evolution of the market. There is a sustained, gradually increasing trend in the overall
market. At first, countries which have already started nuclear projects have a dominant
role with a share of about 70% of the market throughout the assessment. Initially,
projects will primarily be supplied by domestic sources; only during the latter part are
imports expected to attain major importance. During the entire period, domestic and
foreign market shares are similar.
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- Market for medium size reactors. About 70% of the SMR units anticipated are in the
medium size range. An initially dominant position by domestic supplies is expected to
gradually shift to a larger share for the foreign market. Three countries, China, India and
the Russian Federation, together represent about 40% of the overall market for this
reactor size.

- Market for small and very small reactors. Together, they represent about 30% of the
overall SMR market, expressed in numbers of units. Very small reactors have a
somewhat larger share of the market than small reactors. It is expected that they will be
supplied predominantly by domestic sources, with China, the Russian Federation, India
and the Republic of Korea accounting for about 80% of the units anticipated. For small
reactors, domestic and foreign market shares appear similar.
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