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Abstract

Worldwide, approximately 30% of total primary energy is used to produce electricity.
Most of the remaining 70% is either used for transportation or is converted into hot water,
steam and heat. The International Atomic Energy Agency (IAEA) is a specialized agency
within the United Nations family whose role includes the development and practical
application of atomic energy for peaceful uses throughout the world. The focus of this paper
is on those applications associated with district heating and process heat production for
industrial use.

The temperature requirements for these applications vary greatly from low
temperature heat for district heating and desalination up to high temperature process heat for
coal gasification and hydrogen production. Processes requiring temperatures of up to 300°C
can be supplied by water cooled reactors while breeders may be applied to processes
requiring up to 540°C. The high temperature gas cooled reactor can provide process heat
temperatures of 950°C. Thus, nuclear energy has the potential to provide not only electricity,
but also heat for many of the world's industrial heat application processes.

Currently, only a small number of countries have nuclear plants for the production
of hot water and steam. However, the interest in non-electric applications of nuclear energy
is growing, primarily in those countries having negligible fossil fuel resources or countries
experiencing or expecting serious shortages in potable water. Nuclear seawater desalination
has been a renewed topic of considerable emphasis within the IAEA since 1989. National and
regional water shortages, especially in some Arab States, prompted an assessment of the
technical and economic potential of nuclear reactors for seawater desalination. The initial
phase of this assessment included a status report of the experiences gained in various
countries throughout the past decade. A study was then undertaken to determine the economic
viability of nuclear seawater desalination in comparison to the use of fossil fuels. An Options
Identification Programme has now been initiated through the IAEA to determine the most
feasible combinations of nuclear reactors and desalination processes for practical
demonstration projects.

Other IAEA supported activities for non-electric application of nuclear energy includes
use of the high temperature gas cooled reactor for heat processes such as steam reforming
of methane and hydrogen production. Some Member States, through an IAEA Coordinated
Research Programme, are investigating these high temperature processes for further
development and actual demonstration in a test reactor currently under construction in Japan.

1. Introduction

The International Atomic Energy Agency (IAEA) is a specialized agency within the United
Nations family and its charter includes to "foster the exchange of scientific and technical information",
and "encourage and assist research on, and development and practical application of, atomic energy for
peaceful uses throughout the world". This also concerns the promotion of the utilization of nuclear
energy for electricity generation as well as for district heating and process heat production for various
industrial applications.
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As the World Energy Council has noted during its meeting in October 1995 in Japan, energy supplies
will have to increase in years ahead, especially in the electricity sector, to meet the needs of the world's
growing population. At the same time, environmental problems, including the greenhouse effect, linked to
emissions of carbon dioxide and other gases from the burning of fossil fuels, pose serious challenges in the
view of the Intergovernmental panel on Climate Change and other bodies.

Nuclear energy has the potential to contribute to solutions of such problems. It already has become
a valuable energy source with important environmental benefits. Its share of the world's electricity
production is now about 17%.

Yet only part of its potential is being realized. The technology can play an even greater role in
assuring adequate energy supplies by producing both electricity and heat for residential, industrial and other
purposes.

2. Characteristics of energy use

Worldwide, about 30% of total primary energy is used to produce electricity. Most of the remaining
70% is either used for transportation or converted into hot water, steam and heat. This shows that the non-
electrical market, in particular that for hot water and steam, is rather large [1].

Nuclear energy is now being used to produce electricity in 29 countries [2]. Some 432 nuclear
plants, with a total capacity of about 340 gigawatts-electric (GWe) are in operation. Only a few of these
plants are being used to supply hot water and steam. The total capacity of these plants is about 5 GW
thermal (th), and they are operating in just a few countries, mostly in Canada, China, Kazakhstan, Russian
Federation and Ukraine.

There are many reasons for the disparity in electricity and heat production from nuclear energy.
They include a fragmented co-generation market, electrical grid sizes, low costs of alternate energy sources
for heat production, and high costs of transportation and distribution.

For heat applications, specific temperature requirements vary greatly (Fig. 1). They range from low
temperatures, just about room temperature, for applications such as hot water and steam for agro-industry,
district heating, and seawater desalination, to up to 1000° Celsius for process steam and heat for the
chemical industry and high-pressure injection steam for enhanced oil recovery, oil shale and oil sand
processing, oil refinery processes and define production, and refinement of coal and lignite [3]. The process
of water splitting for the production of hydrogen is at the upper end. Up to about 550° Celsius, the heat
can be supplied by steam; above that, requirements must be served directly by process heat, since steam
pressures become much higher than 550°. The upper limit of 1000° for nuclear-supplied process heat is
set on the basis of the long-term strength capabilities of metallic reactor materials [4].

Of course, there are industrial processes with temperature requirements above 1000°; for example,
steel production. Such processes can utilize nuclear energy only via secondary energy carriers, such as
electricity, hydrogen and synthesis gas.

3. Capabilities of reactors

At all nuclear plants, the primary process in the reactor core is the conversion of nuclear energy into
heat. Therefore, in principle, all nuclear reactors could be used to produce process heat. However, in
practice, two criteria are decisive: the temperature of the produced heat (of primary coolant); and the
pressure of produced steam (in some cases).

Regarding the first factor, water-cooled reactors offer heat up to 300° Celsius. These types of
reactors include pressurized-water reactors (PWRs), boiling-water reactors (BWHs), pressurized heavy-
water reactors (PHWRs) and light-water-cooled, graphite-moderated reactors (LWGRs). Organic-cooled,
heavy-water-moderated reactors (OCHWRs) reach temperatures of about 400°, while liquid-metal fast
breeder reactors (LMFBRs) produce heat up to 540°. Gas-cooled reactors reach even higher temperatures,
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about 650° for the advanced gas-cooled, graphite-moderated reactor (AGR), and 950° for the high-
temperature gas-cooled, graphite-moderated reactor (HTGR).

In addition to the maximum temperature of the primary coolant, another important consideration
is the temperature difference between coolant inlet and outlet. The pressure of the produced steam is
important when it comes to applications in the field of enhanced oil recovery: The deeper the oil resource,
the higher the injection steam's pressure must be. Here, reactor types that have primary coolants other than
water - the OCHWR, LMFBR, AGR and HTGR - have advantages. They can easily produce injection
steam with a higher pressure (for example, 10 Mpa), for an oil field depth of about 500 meters. For water-
cooled reactors, attainment of such pressures would require the additional step of steam compression.

4. Thermodynamics of electricity and heat generation

As noted before, the primary conversion process in a nuclear reactor is the conversion of nuclear
energy into heat. This heat can be used in a "dedicated" mode of operation for direct heating purposes. In
this case, no electricity is produced.

The other mode is co-generation of heat and electricity. Parallel co-generation is achieved by the
extraction of some of the steam from the secondary side of the steam generator, before the entrance to the
turbine. Series co-generation is achieved by the extraction of some or all of the steam at some time during
steam expansion in the turbine, when it has the right temperature for the intended application. During this
cycle, the extracted steam also has been used for electricity production. Series co-generation is ideally
suited to industrial processes related to district heating, desalination and agriculture.

5. Examples of existing applications

Currently, a number of countries have nuclear plants that are being used for the production of hot
water and steam. The total capacity amounts to about 5 GWth.

Significant experience in the co-generation of electricity and heat has been gained in these countries,
notably in Canada, China, Kazakhstan, Russian Federation and Ukraine. This experience encompasses
reactors at Beloyarsky, Kursk, Novovoronezh, Rovno and Kolskaya in Russia; Tsinghua University in
China; Bruce Nuclear Power Development in Canada; Bohunice in the Slovak Republic and Goesgen and
Beznau in Switzerland.

A brief technical overview of some of these applications follows:

Heat reactor in China. At the Institute of Nuclear Energy Technology (INET), Tsinghua
University, Beijing, a nuclear heat reactor with the capacity of 5MWth started operations during the Winter
of 1989-90. Used to supply heat to the INET centre, the reactor's operating experience has been very good.
Its design principles follow that of a PWR. The design pressure of the primary circuit is 1.5 Mpa (about
ten times smaller that in a usual PWR) and temperature conditions in the primary loop are 186/146 degrees
Celsius. Temperatures in the intermediate loop are 160/110° at 1.7 MPa, and in the heat grid, 90/60°.

Parallel co-generation of process steam and heat in Canada. One of the largest uses of process
steam occurs at the Bruce Nuclear Power Development Facility in Ontario, Canada. The Candu PHWRs
at this site are capable of producing over 6000 MWe of electricity, as well as process steam and heat for use
by Ontario Hydro and an adjacent industrial energy park. The Bruce-A nuclear station consists of four 825-
MWe units that are generating electricity. Additionally, the plants supply steam to a steam transformer
plant. This plant generates 720 MWth of process heat and steam for heavy water production plants,
70MWth for the Bruce energy centre; and 3 MWth for side services. The cycle is typical for parallel co-
generation. Nuclear heat generated in the reactor is transferred to the steam generator, in parallel with the
steam supply to the turbine and then fed directly to the steam transformer plant. The extracted steam is not
used to produce electricity.
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Series co-generation of hot water for district heat in the Slovak Republic. The Bohunice nuclear
power station consists of two Russian-designed WER-440/230 units, and two VVER-400/213 units. All
units are in service. Each one cosists of the reactor with a thermal power of 1375 MWth, six horizontal
steam generators, and two condensation turbines. The plants co-generate electricity and low-temperature
heat for heating, industrial and agricultural purposes in the area near Trnava.

In the series co-generation cycle, water is heated to temperatures of 70° and 150° Celsius; the
turbines are capbale of supplying 60 MWth of heat.

Series co-generation for seawater desalination in Kazakhstan. Exploiting natural resources in
the arid regions of Kazakhstan became possible once water and electricity supply problems were solved.
An important contributor to this effort has been Aktau complex. It includes a fast reactor, type BN-350,
three thermal power stations, and a desalination plant with thermal distillation equipment. The complex
constitutes the world's first plant where a nuclear reactor is used in seawater desalination.

In the process, the BN-350's steam generators and a boiler unit supply steam to several different
turbines. Steam from the BN-350 unit at 4.5 MPa and 450° Celsius is directed to the back-pressure turbines
and to the condensing turbine. Steam from the back-pressure turbines is directed towards the desalination
units and the industrial enterprises of the town.

6. Integration of nuclear and fossil energy

More than 80% of the world's energy use is based on fossil energy sources, namely coal, oil and gas.
Burning these fuels is known to cause serious environmental problems from emissions of sulphur oxides,
nitrogen oxides and carbon dioxide.

To help solve such problems, one approach that has been proposed is the integration of energy
systems. A typical example for one future integration is the application of nuclear heat for the reforming
of natural gas. Synthesis gas, methanol, hydrogen, heat and electricity would be produced from natural gas
and uranium, using what is known as the HTGR-reforming process. In the process, natural gas is
decomposed into mainly hydrogen and carbon monoxide. The main products are methanol, a liquid
carbohydron, and hydrogen. Side products are heat and electricity.

A separate IAEA paper by Mr. L. Brey will provide you with a review of IAEA activities on gas-
cooled reactors and their applications.

Another example of this integrated approach is seen in the oil industry. Several studies have been
done on the use of nuclear power as a heat source for heavy oil exploitation. They have shown that under
favourable oil market conditions, the nuclear option presents economical and environmental benefits, as
compared to conventional methods.

A third example is the integration of coal and nuclear energy in the steel industry. From the
technological point of view, this is the most ambitious integration. It involves gasification of hard coal
heated by hot helium from an HTGR. The intermediate products are synthesis gas and coke, which is used
for iron ore reduction. The final products are methanol and pig iron.

Experience with HTGRs for electricity generation is available in the USA and in Germany. Small
HTGRs, for high temperature process heat applications, are under construction in Japan and China.

7. Potential role of nuclear energy in seawater desalination

7.1. Need for Water

Worldwide availability of fresh water resources substantially exceeds the amounts of water being
used. However, water resources are not evenly distributed and about three quarters of the world's
population lack safe drinking water.
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Population growth, increased pollution and reduction of ground and surface water resources are
expected to increase water supply problems, in particular in arid regions. Water is also required by
households to ensure an adequate quality of life, by industry and by agriculture, where irrigation may be
needed to complement rainfall.

Fresh water resources, however, are not a global resource like most natural resources. In many
regions the amount of the available fresh water resources is decreasing and often the quality is deteriorating
Acute water shortages exist in many water-scarce countries. Mainly due to the population increase during
the next 30 years the availability of fresh water per capita will decrease and the number of countries with
water scarcity will increase steadily [5]. Therefore, the water scarcity is becoming a global issue.

7.2 Fresh Water Supply through Seawater Desalination

Seawater is the largest existing water resource on earth (Fig. 2).
unlimited in the foreseeable future and it is still relatively unpolluted.

Its availability is essentially
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Worldwide there has been a rapid increase in the installed seawater desalination capacity (Fig. 3) during
the last decade, but there is no inventory of requirements. Nevertheless, the extent and distribution of seawater
desalination capacity (by the end of 1994,13.5 million m3/d capacity had been contracted) indicates that there are
regjons and countries which have already exhausted other less expensive potable water supply options, and are
expected to continue to expand their desalination capacities [61.
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Fig. 3. Worldwide cumulative seawater desalination capacity (daily capacity of all land based desalting plants
contracted cumulatively (Source: Wangnick Consulting).

The most important users of seawater desalination are the Middle East (about 70% of the worldwide
capacity), mainly Saudi Arabia, Kuwait, the United Arab Emirates, Qatar and Bahrain; following by Europe (9.9
%), America mainly California and Florida (7.4 %), Africa (6.3 %) and Asia (5.8 %). Assuming that the growth
rate of the last decade will be maintained during the 1990s, there could be about 20 million nrVd desalination
capacity in operation worldwide by the year 2000. Medium and long term forecasts beyond the year 2000 predict
a further increase of installed capacity each decade, assuming that current trends are maintained. Should there
be major cost reductions, growth rates could be much higher.

7.3 The use of nuclear energy

All reasons which have led in the past to the development of nuclear power, and which prevail at present
in those countries which have a nuclear power programme, are applicable to the choice of nuclear power as an
energy source for seawater desalination plants. These reasons include the production of less expensive energy
as compared to other options, overall energy supply diversification, conservation of limited fossil fuel resources,
promotion of technological development and, lately, environmental protection through the reduction of emissions
causing climate change and acid rain which originate from the burning of fossil fuels. The latter reason might be
enforced due to proposed CO2 taxes.

On the other hand, the reasons which have led countries to reject the nuclear option or to slow down their
nuclear power programmes also apply to the use of nuclear energy for seawater desalination. Political or public
opposition, concerns about nuclear safety, lack of financial resources and lack of necessary infrastructures are
some of these factors.

Coupling of the heat source to the desalination plant is obtained via a heat transfer circuit. With a fossil
fueled boiler, coupling is relatively simple but, for a nuclear reactor, the risk of possible radioactive contamination
of the potable water produced must be avoided. Unless the reactor design excludes the possibility of radioactive
contamination reaching the product water (i.e. via a pressure gradient), an additional intermediate heat exchange
circuit is required. This can be done without undue complication, as demonstrated by the experience with several
dual purpose nuclear plants in Bulgaria, Canada, the former Soviet Union, Czech Republic, Slovak Republic,
Germany, Hungary and Switzerland. However, there are extra costs involved.

The decision regarding the use or rejection of nuclear power are country specific and views of countries
may be different and may also change in time. International concerns and political considerations, including non-
proliferation issues, also have an influence on the decisions of individual countries.
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Similarly as it penetrated the electricity sector, nuclear energy could do the same in the potable water
production sector through seawater desalination plants which require energy to produce potable water.

8. IAEA ACTIVITIES ON SEAWATER DESALINATION

The IAEA has been studying the feasibility of nuclear desalination since the 1960s and published a series
of reports [7-11] as part of its programme on this technology. The programme was terminated in 1977. The
reasons were mainly uncertainty in costs and mismatch between the size of nuclear power plants being available
at that time and desalination plants.

During the annual IAEA General Conference in 1989, renewed interest in nuclear seawater desalination
was indicated by some Member States. The interest was based on existing national and regional water shortages,
especially in some Arab States due to their increasing need for potable water on one hand and their diminishing
fresh water resources on the other hand. The General Conference requested that the Director General assess the
technical and economic potential of nuclear reactors for seawater desalination in the light of experience gained
during the past decade. This ushered in a new era of activities at the IAEA These activities have been carried
out in close co-operation and with significant input from many institutions in our Member States.

8.1 State-of-the-art Report

In order to address the activity of nuclear desalination thoroughly, it was decided to prepare a state-of-the-
art report based on experience gained and studies conducted in various countries during the past decade. The
report was published in 1990 and a review of the studies mentioned in the previous section was included. Many
desalination technologies have been developed based on different principles of separation. Some of them have
been successfully deployed, and these are discussed in detail in [12]. For the near term application, the most
promising technologies are distillation and membrane processes.

8.2 Economic Assessment

Following the status report, a study was undertaken including an assessment of the need for desalination
and gathering of information on the most promising desalination processes and energy sources, as well as on
nuclear reactor systems proposed by potential suppliers worldwide. The main part of the study was devoted to
evaluating the economic viability of seawater desalination by using nuclear energy, in comparison with fossil fuels.
The evaluation encompasses a broad range of both nuclear and fossil plant sizes and technologies, and
combinations with desalination processes. The results were published in 1992 [13].

Among the various existing desalination processes described in [12], the following have been used in [13]
as the most interesting for large scale water production: reverse osmosis (RO), multi effect distillation with vapor
compression (MED/VC), multi effect distillation (MED), and multistage flash distillation (MSF). All are proven
by experience and all are commercially available from a variety of suppliers.

A broad spectrum of nuclear reactors have been proposed by vendors for desalination, comprising current
as well as new designs. Most of the new designs under development are intended to meet even stricter
performance and safety requirements: passive removal of decay heat, simplification of systems, reduction of
radioactive release even under severe hypothetical conditions, etc. In principle, all nuclear power reactors are
capable of providing energy for desalination processes.

Depending on the availability and size of an electric grid, nuclear power plants can be integrated into the
grid to supply the electricity market, in addition to meeting the energy requirements of the desalination plant. The
size of the power plant will depend mainly on the grid capacity. To capture the economies of scale, a grid
connection is essential and the relative scale of a nuclear power plant and of desalination processes must be taken
into account when considering a combination of these two technologies.
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In areas without the possibility of any suitable grid connection, the reactors would have to be dedicated
exclusively to supplying energy to the desalination plant, leading to small nuclear units. Such small reactors could
be installed on shore as land-based units supplying adjacent desalination plants, or as barge-mounted self-sufficient
floating plants. The use of small reactors can only be analyzed on a case by case basis. According to studies,
floating MED plants could supply water in the range of about 20 000 m3/d up to 120 000 m3/d. Floating RO
plants may reach even 250 000 m3/d. Floating desalination plants could be especially attractive for supplying
temporary demands of potable water.

For any desalination process, specific water production costs would be lower with larger desalination
units (economics of scale). Site related factors also have a substantial influence on production costs, in particular
seawater composition and temperature, and water intake and outlet structures. Costs for RO desalination plants
are strongly influenced by the required quality of the water produced. None of the processes selected in the study
show a clear general economic advantage with respect to the others, though recent contracting experience
indicates preference for the RO process.

The method considered appropriate for deriving average water costs for seawater desalination is the
constant money levelized cost method. In the assessment, the costs of water storage, transport and distribution
were not considered. This cost component is fundamentally site dependant and can only be analyzed on a case-by
-case basis. The cost of electricity, which depends on the energy source chosen, will effect the water transport
and distribution costs (pumping), but this will be relatively minor. A more important effect on the cost of
transport may come from siting constraints, if the energy source and the desalination plant have to be located
adjacent to each other, as compared to independent siting conditions applicable to the processes which require
electricity only. The desalination cost component (excluding energy input) has been evaluated using cost
information available from the desalination market. It has been found that desalination plants (excluding the
energy sources) are in general capital intensive, investment requirements being on the order of $1000 to $2000
per m3 of production per day, for large units. Plants using the RO process are at the lower end of capital
investment, but they have higher operation and maintenance costs.

The choice of the energy source has little influence on the two production cost components of the
desalination plants which are capital charges and operation and maintenance costs. The influence of the choice
of the energy source on the water cost is practically limited to the energy cost component.

Among fossil fueled plants, it has been found that low speed diesel engines are the most economical
choice for small electricity generation capacities, up to about 50 MW(e); gas turbines for up to about 100 MW(e);
combined cycle gas and steam turbines or fuel oil or gas fired plants for the largest sizes available for these options
(500 MW(e)); and coal plants for sizes above 500 MW(e). All fossil fueled plants are less capital intensive than
the equivalent nuclear options, but have a larger fuel cost component.

The economic assessment of the nuclear option has been based on cost information available in general,
and in particular on information provided to the IAEA in response to the questionnaire. To cover a wide range,
representative sizes of 50, 300, 600 and 900 MW(e) were selected for single purpose electricity or dual purpose
(cogeneration of electricity and heat) plants, and of 50, 100, 200, and 500 MW(th) for single purpose heat only
units. The economics of units in the very small size range have not been analyzed in detail. For single purpose
electricity and dual purpose nuclear plants (electricity being the main product), the estimated specific construction
costs were between $1600 and $2800 per kW(e). Heat only single purpose plants were estimated to cost between
$650 and $1700 per kW(th).

The study shows that specific water costs range from 0.70 to 2.00 US$/m3 and concludes that, the use
of nuclear energy as an alternative option to the use of fossil fueled plants for supplying energy for seawater
desalination is technically feasible, and in general economically competitive for medium to large size units
integrated into the electric grid system. Large electricity generating nuclear power plants, which are integrated
into the electricity supply grid system and which supply electricity to separately located desalination plants using
reverse osmosis, offer the most cost advantageous option.
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8.3 Example: North Africa

The adequate supply of potable water is one of the major problems of the North African Region.
Therefore, in view of the limited regional water resources and the possible role of nuclear energy in seawater
desalination, the five North African countries Algeria, Egypt, Libyan Arab Jamahiriya, Morocco and Tunisia
submitted a request to the IAEA for technical assistance in carrying out a feasibility study on the use of nuclear
energy for seawater desalination at some selected sites in order to cover their potable water needs economically.

Data on the demand and supply of potable water and electricity had been collected in all the participating
countries. Data had also been collected on available energy and water resources, experience with seawater
desalination and on possible sites. Five sites had been suggested for further study [14].

To estimate the cost of power and water for these five selected sites, the same methodology was used
as in the generic study described in 7.2 (IAEA-TECDOC-666). The reactors were selected on the basis of power
outputs compatible with grid requirements and the availability of economic data supplied by the vendors. The
water plant size had to match the site water demand independent of the power plant size. Numerous
improvements and performance options were added to the calculation methods to adjust to the regional
conditions.

The cost estimates of the various nuclear/desalination coupling schemes for the five reference sites were
made in constant value January 1994 US dollars and compared on a consistent basis with fossil fueled plants
(steam power plants, gas turbines, combined cycles, diesel engines, and boilers) as well as solar ponds.
Adjustments were made to the nuclear plant costs to reflect the additional costs anticipated for construction in
the NACs. For the base case an 8 % annual discount rate and an oil price of US$ 15 per barrel (+ 0.5 US$ per
barrel for transportation) with 2 % per year real escalation was used. Both oil price and nuclear fuel cost reflect
current and projected market conditions.

The most economic combination of nuclear/desalination and fossil/desalination for each site are shown
in Table 1. It is clear from the Table that the levelized water costs of fossil and nuclear options are in similar range
for the base case. The average costs of produced water in the various sites by the nuclear and fossil options are
also shown in the table below. Water production costs with single purpose heat only plants were found to be
substantially higher than with dual purpose (electricity and heat), or single purpose electricity only power plants.

Plant Size
103m3/d

720

240

120

60

24

Location

Tripoli

El-Dabaa

Oran

Zarzis

Laayoune

Economic Couplings(l)

Nuclear

GT-MHR/RO-C01

CANDU-6/RO-C

GT-MHR/RO-C2'

CAREM-25/RO-CO)

. («)

Water Cost
$/m3

0.73

0.80

0.79

0.87

-

Fossil

GT/Hybrid

CC/RO-C

CC/RO-C (3)

CC/RO-C

Diesel/RO-C

Water Cost $/m3

0.70

0.78

0.83

0.89

1.04

Average
$/m3

0.715

0.790

0.810

0.880

-

(1) Base case: &% interest rate, 2% oil price escalation and US$15.5/bbl oil price including cost of transportation.
(2) Preheat is used.
(3) GT/MED will give slightly lower costs of US$ 0.82/m3. However, this combinaiton was chosen to facilitate comparison with other

combinations in the Table.
(4) AH selected reactors for this site were heat only reactors.

Table 1. Most economic cases of nuclear and fossil couplings

Under the assumptions made in the economic assessments, the use of nuclear energy for seawater
desalination is competitive with fossil energy. A preliminary conclusion on the competitiveness and viability of
nuclear desalination can be reached at the feasibility study stage. The final decision on the investment could only
be reached on the basis of responses to an invitation to tender.
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8.4 Example: Saudi Arabia

In Saudi Arabia, the demand of potable water is almost entirely met through seawater desalination. The
enormous power and heat requirements are met by fossil energy resources.

Because fossil energy resources eventually will be depleted and their costs are expected to escalate, also
Saudi Arabia is interested in carrying out a feasibility study on prospects for nuclear desalination. It requested
the IAEA to assist under its regular programme of Technical Co-operation to perform such a study. The study
has recently been started.

8.5 Example: Morocco

As a follow-up of the North-African Feasibility Study Morocco has requested in 1995, technical assistance
from the Agency for a pre-prqject study, to be performed by Morocco and China on a bi-lateral basis. The study
includes the review of the possible introduction of a nuclear desalination plant ( about 7000 m3/day) around the
year 2000. The reactor will be a nuclear heating reactor (about 10 MWth) from INET, China, which will be
coupled to an MED desalination process.

8.6 Current Activities - Options Identification Programme

Besides the finalization of the report on the North African feasibility study, the continuation
of the Saudi Arabian feasibility study and reviews of generic technology areas, such as the technical
status at and experience with floating nuclear energy plants for desalination, the Agency is currently
conducting with experts from interested Member States the Options Identification Programme as
requested at the General Conference in 1994.

8.6.1 Objective

The purpose of the Options Identification Programme is to narrow down the very broad range
of possible combinations of nuclear reactors with desalination processes to a much more limited set
of practical demonstrations projects. This limited set of options would be ones which would be well
defined, in which all the aspects necessary to ensure success would be fully investigated, which had an
applicability much broader than the specific country and site at which they were carried out, and which
could practically be developed on a time scale commensurate with the needs of that specific option being
identified. Any demonstration options identified would be based on reactor and desalination technologies
which were themselves readily available without further development being required at the time of the
demonstration.

8.6.2 Approach

The study of the Option Identification Programme is carried out in the framework of a small
standing working group which uses consultant meetings and workshops for further input and advise.

The Programme will be carried out over a period of approximately two years. It has just started
early 1995. The phase 1 of the study was completed in 1995 and phase 2 will be finalized in 1996, with
a final report and recommendations going to the General Conference in September 1996

8.6.3 Current Status

In the framework of this study the number of possible nuclear reactors has been considerably
reduced by the application of a set of screening criteria based on design status and licensing status as
go/no go criteria. These criteria were applied to all reactors, which were assumed to be commercially
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available within the next ten years.Three combinations of reactors with desalination processes have
been selected as the most promising candidates for demonstration.

The assessment of the world market projection for seawater desalination was carried out in
March 1995. The assessment results into a demand for additional desalination capacity of large
magnitude by the years 2015 (35,000,000 mVd in 2015 municipal use). Furthermore, it was
concluded that several countries will need large desalination production plants producing in the order
of 200,000 to 500,000 mVd at one site.

At the present time, the Agency is preparing the progress report for the 1996 General Conference.

9. Conclusions

Energy demand will continue to grow worldwide, with a faster growth in developing countries, and
generation capacity will have to be expanded accordingly. Therefore, a wide range of options needs to be
maintained for energy production in order to achieve environmental and economic objectives. While fossil fuels
will remain a major component of energy production mixes in most countries, alternatives have to be developed
in order to diversify energy sources, enhance the security of supply, and to preserve natural resources, including
our environment. Renewable sources are not likely to play a significant role in the short and medium term for
energy production.

Nuclear power, which has reached the stage of commercial deployment and has demonstrated excellent
technical and economic performance in many countries, could play an important role in energy policies aiming
towards sustainability. Nuclear power plants contribute to mitigate the risk of global climate change and to
alleviate many other environmental burdens. While nuclear power alone will not suffice to reconcile adequate
service supply and environmental protection aiming towards worldwide enhancement of quality of life, it is indeed
one of the elements of sustainable development.

Resources, technologies and industrial capabilities for reactors and fuel cycle services supply are available
to support a broader deployment of nuclear power. Technological progress is likely to further enhance its
competitiveness and safety.

The attractiveness of using nuclear energy for non-electric applications, compared to fossil energy is the
long-term stability of nuclear fuel prices in contrast to the rising prices of fossil fuels, increase of energy
independence, decrease of the environmental impact and contribution to national technology development and
to highly qualified manpower.

The interest in non-electric applications by using nuclear energy is growing in many countries, mainly in
those countries having only negligible own fossil fiiel resources, or countries experiencing or expecting serious
shortages in potable water. Feasibility studies are on desalination are being performed for North Africa, Saudi
Arabia and Morocco, and follow-up studies could lead to the initiation of a nuclear desalination demonstration
facility and hence constitute to solving the potable water problems in many arid areas in the world. However,
international co-operation and political willingness is required for implementing any project on non-electric
applications of nuclear energy. The IAEA as the only global organization dealing with nuclear power could
provide an appropriate international forum for promoting international information exchange and cooperation in
non-electric applications of nuclear energy.
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