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ABSTRACT

A project primarily designed to mecet the energy and fresh-water requirements of isolated
coastal communitics is presented. It will also help to inacase the production of salts and
marine chemicals and fish (by aquaculture). The design involves the construction of a
solar pond which supplies hat brine at 85°C. This is used as heat source for the power
and desalination plants. The sca water of temperature approximately 15°C, brought up
from a depth of about 230 m, is used as heat sink for the plants. The temperature difference
between the source and the sink is used for production of power. The hot and the oold
waters rejected by the power plant are utilised for production of fresh water by vacuum
evaporation of sea water. The coolant water, being rich in nutrients, is further utilised for
aquaculture and production of marine living resources. We present the details of the con-
cept and examine the relevant technologics and benefits of the project.

INTRODUCTION

The development of rural arcas largely increases with the availability of power,
freshwater and employment opportunitics, in addition to other basic factors. The
cenergy demand of many rural arcas can be met from a central power station.
However, there are many arcas which are too remote to reach. In some remote
coastal arcas, it is possible to generate clectric power utilising the solar energy and
the sca. There are many marine sources that can deliver power. Tidal power, for
example, is idcally suited for the Gujarat regions. The ocean coupled solar pond
power station (Gopinathan and Sastry, 1983) may be idcal for the coastal areas of
Tamil Nadu. This power generation method is similar to the Ocean Thermal Energy
Conversion (OTEC) where a temperature difference of about 21°C is utilised for
the power production. In an Occan Coupled Solar Power Pond Station (OCSPPS),
the temperature difference utilised is more than 70°C, resulting in higher efficiency
of thermal energy conversion. Since the power plant is based on shore, many com-
plicated problems encountered in OTEC programme can be avoided.

We examine how an OCSPPS may be designed to supply both power and
freshwater and the coolant water may be utilised for aquaculture and production
of salt and marine chemicals. We present the details of the concept and examine
the relevant technologies/ capabilities available in India for its implementation.



DETAILS OF THE PROJECT

A salt gradient solar pond is the basic requircment of the project. It is a large tank,
lined with a special black material, containing layers of water of density increasing
from surface to bottom. The density layering can be achicved by a number of
ways. When exposed to solar radiation, the bottom layer of the pond becomes
progressively warmer. The temperature build-up at the bottom layer can be as
high as 100°C (sce Tabor and Weinberger, 1981) while the surface temperature may
be only 25° to 30°C. The warm water from the bottom of the pond can be pumped
through the heat exchanger/evaporator of the thermal encrgy conversion plant,
and when cooled, can be re-circulated to the pond where it regains heat. We plan
for a solar pond that will supply hot water at a steady temperature of about 80-85°C
to the thermal energy conversion and desalination plants.

The cold water needed to condense the working fluid of the plant will be obtained
from the sea. Gopinathan and Sunder (1986) observed a temperature of about 15°C
at a depth of 200 m off the ecast coast of India. Such cold water sources are found
within a range of 10-20 km from the shore along the Tamil Nadu coast. A heat
insulated pipcline will bring this water to the power plant. The technology for
manufacture of such pipes and its laying are available within India.

It is proposed to use a closed cycle power plant for the thermal energy conversion.
In such plants, water at high temperature is circulated through the heat ex-
changer/cvaporator of the plant (sece Fig. 1). A working fluid of low boiling
temperature (like ammonia) is evaporated and the vapour at high pressure is sup-
plied to the turbine. The turbine is coupled to a gencrator and clectric power is
produced by the rotation of the turbine. The working fluid after leaving the turbine
is condensed by the cold water pumped through another heat exchanger. The con-
densed working fluid is pumped back into the evaporator. Repetition of the process
results in continuous power production. Such power plants of 10 kWe net capacity
were developed at the Indian Institute of Technology, Madras (Murthy and Murthy,
1987). Recently, similar power plants have also been fabricated at the National
Aeronautical Laboratory, Bangalore.

The production of freshwater is an important aspect of the project. Many areas
along the cast coast of India which are ideally suited for such plants, have fresh-
water scarcity problems. In our programme for production of freshwater, sca water
will be heated to about 75°C with the help of the hot water rejected by the power
plant. This will be introduced to the first stage of a two-stage vacuum evaporation
plant (sce Fig. 1), where about 68% vacuum is maintained. The sca water splashes
and the vapour produced is condensed by the incoming sea water. The sea water
left after splashing is then passed to the second stage of the plant where about 89%
vacuum is maintained and the water is again splashed. The evaporated water
vapour is condensed by the coolant water rejected by the power plant. The left
over sea water is rejected and fresh sea water is admitted for further splashing. The
process is repeated and freshwater is continuously produced. In India, this technol-
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Fig. 1 The solar pond (Io ) absorbs solar energy. The hot waler from the lower layers of the pond is
drculated rouF e power plant (mldgl)é right) and the desalination plant (middle left)
The coolant water is utilised for aquaculture and salt production (bottom).
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ogy has been developed by the Bhabha Atomic Rescarch Centre, Bombay (Hanra
et al.,, 1984). :

The sea water that is proposed to be brought from a depth of about 200 m is rich
in plant nutrients and has a low dissolved oxygen content and can be utilised for
the improvement of coastal aquaculture. The water warms up nearly to the ambient
temperature as it passes through the power and desalination plants.  The oxygen
content of the water can be improved cither by acration or by passing over large
bed of seaweeds. The use of this water to fertilise the coastal waters will improve
the productivity of the coastal aquaculture many fold. Some more R & D work
may be required to optimise the productivity of the aquaculture ficlds by the use
of this watcr.

A schematic representation of the project is shown in Fig. 1. Some typical specifica-
tions of the project are given below:

1. Solar pond area for a 1CC XWe plant 2.13 rectares
2. Cooling water requirements cf the plant 25 litres/sec
3. Area for cenventional salct pans 231 hecrares
4. Amount of salt procduced per year 22 x 10° tcnaes
5. Fresn-water 1o be produces 1GC mJIday
6. Major chemicals tc be procduced Br, Mg etc.
7. Major marine living products Shrimps, Fishes,
fror aquaculture Artemia, Algae
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