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COGENERATION TECHNOLOGY DEVELOPMENT
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E. 1.1. BACKGROUND

Canada has long recognized the importance of nuclear technology to the industrial and
economic development of a nation. The CANDU reactor has played a significant role in the
supply of electrical energy in many countries, and its use for the supply of process heat has been
successfully demonstrated. Its application as an energy source for seawater desalination has
been the focus of activities aimed at the development a nuclear desalination/cogeneration
capability based on the integration of two well proven and reliable technologies; the CANDU
reactor as a source of electrical and thermal energy and the reverse osmosis (RO) water
purification process for seawater desalination.

It is recognized that one of the most pressing problems facing the world today is that of
inadequate supplies of safe, fresh drinking water. The severity of the problem is increasing as
populations grow, countries become more highly industrialized, and supplies of naturally
occurring fresh water diminish. Because of the abundance of seawater, desalination offers one
of the most attractive solutions to this problem. However, most countries facing severe water
shortages also face shortages of electrical energy and this creates an impediment to the
introduction of seawater desalination, which is an energy intensive process. The Canadian
approach to addressing this problem has been the development of an integrated system for the
efficient and economic cogeneration of both potable water and electricity.

H.I.2. PURPOSE AND GOAL

The goal of the CANDESAL program has been to develop innovative applications of
existing technologies that would offer an energy efficient, cost effective mechanism for the
production of potable water and electricity. Large scale seawater desalination will be an
important element in the solution of the global water shortage problem. For nuclear desalination
to capture a significant share of this growing market, it must be economically competitive, as
well as offer other advantages over more traditional fossil-fueled alternatives. The focus of
activities in Canada has been on development of the technology in directions that would result
in improved water production efficiency, reduced energy consumption, reduced environmental
burden and reduced costs.

H.I.3. CONCEPT OF NUCLEAR DESALINATION

(1) Reactor type

The CANDESAL development activities have been based on using the highly successful
and well proven CANDU reactor as an energy source for desalination. Both the currently
available CANDU 6 and the newer, lower power designs such as CANDU 3 and CANDU 80
have been evaluated in detail and found to be well suited to nuclear desalination application. The
integration of reactor and desalination technologies as described below allows the use of a
standardized reactor design, thereby eliminating the need for reactor design changes to
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accommodate the desalination application and retaining maximum efficiency of electrical
generation from the nuclear power plant.

(2) Desalination system

Reverse osmosis has been selected as the desalination technology for the Canadian system.
It is recognized as being the most energy efficient process currently available. It also has the
advantage of offering the most potential for further technological improvements which could lead
to additional improvements in water production efficiency and reduced costs.

(3) Integrated plant concept

Proper design integration and optimization of performance characteristics are essential to
achieving the objectives of improved efficiency and reduced costs. In addition to electrical
coupling required for RO systems, the Canadian approach to system integration uses the reactor
condenser cooling water discharge stream as preheated feedwater to the RO system. This
provides a significant improvement in RO system efficiency, thereby reducing both capital cost
and unit water production costs. Further improvements are achieved by using advanced
feedwater pre-treatment, energy recovery systems, and sophisticated RO system design
optimization techniques similar to those used in the nuclear industry. Potential savings in unit
water production costs on the order of 8-12% are considered achievable. Water production can
vary over a range from a few tens of thousands of cubic meters per day to a several hundred
thousand cubic meters per day, depending on user requirements and on the particular CANDU
reactor being used. Up to 25% of the reactor's electrical power production can be economically
used for water production, with the balance being distributed to the grid.

H. 1.4. SCHEDULE

Pre-design feasibility studies and conceptual design work have been completed. Economic
studies have been carried out to assess the benefits of the design innovations introduced.
Preliminary design and detailed engineering will be carried out on a project specific basis. The
technology is low risk due to its reliance on existing reactor and desalination systems, and at this
stage is considered ready for deployment in commercial production facilities.

H.I.5. PROGRAM ORGANIZATION

The CANDESAL nuclear desalination/cogeneration development program is being carried
out by private industry in Canada, with support and cooperation from government through
Atomic Energy of Canada Limited. Industry has taken the lead in design integration and system
optimization, and in the development of innovative approaches to the application of the RO water
purification process.

n.1.6. INTERNATIONAL COOPERATION

Canada has cooperated with the IAEA through extra-budgetary contributions and through
active participation in all aspects of their nuclear desalination development program. In addition,
Canada is prepared to cooperate on a bilateral or multi-lateral basis with other countries in a
nuclear desalination demonstration program or in full scale deployment of production facilities.
Continued cooperation with the IAEA in their programs is expected.
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