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Large Scale Seawater Desalination

No reliable data is available concerning the total actual capacities concerning desalination
units presently operating in the region. It is generally agreed that the annual production of
these units is relatively insignificant in proportion to total water demand, and quite modest
compared to the production of similar installations in Saudi Arabia and the other Gulf states,
But in spite of their limited capacities, their small production volume does satisfy part of the
municipal and industrial water requirements of several communities in water shortage areas
along the southern Mediterranean coast. Several factors, including poor management and lack
of spare parts and local skills for maintenance and repair, have contributed to the low
operating capacities of these units in comparison to their full installed potential. These facts
clearly indicate that desalination has not been taken seriously in the past. Most of the installed
units came about almost through the commercial efforts of sales companies as accessory
components to steam power generation plants. Some of them were installed under the
expediency of short term drinking water shortages in certain locations. All of them, however,
lack a long term rational plan to integrate them with the overall national water supply system.

‘Desalination technology in the region has been clouded with several misconceptions and lack
of understanding its multifarious aspects. Top level decision makers usually associate
desalination with international companies of imperialist tendencies that monopolize this
technology to extract the highest possible price for its products. As a result only very rich
nations that are willing to squander their national wealth can afford the high cost of
desalinated water. These misconceptions should be immediately corrected since all available
facts and information, as will be demonstrated later, clearly indicate that desalinated water is
no longer so expensive as it has been thought and desalination technology is not monopolistic.

Sustainability and Cost Comparison

The only available example of mass water transfers that has been implemented in the region is
the Libyan Great Man-made River project. After its completion the project will transfer and
redistribute a total of more than 2 billion cubic meters per year. Whenever large-scale mass
water transfers are considered, the financial resources available for investment in these
projects and the expected cost of the transferred water are of prime concern. It is essential to
compare the average unit cost of transferred water with the other potentially available
alternate supplies.

The economic analysis performed during project conception estimated the average unit cost of
transferred water at about 0.25 US Dollars per cubic meter, which was highly competitive
with other alternatives such as seawater desalination estimated at 2.5 — 3.0 US Dollars per
cubic meter at that time. Actual economic studies performed after the completion of stage one
[5] revealed that the average unit cost of water to the user’s gate, with the cost of capital set at
7 percent interest, is 0.83 US Dollars per cubic meter at 1991 prices. It is generally believed
that this figure has been dramatically exceeded for the remaining stages of the project since
that time.

While there is a clear trend of increasing costs of transferred water with time, the cost of
desalinated seawater has witnessed during the last two decades a dramatic revolutionary trend
in the opposite direction. The average price of desalinated seawater is today only one-tenth of
what it was twenty years ago. It dropped from 5.5 US Dollars per cubic meter in 1979 to less
than 0.55 US Dollars in 1999, including interest, capital recovery and operation and
management [6]. A Tampa Bay seawater desalination plant in Florida, USA, was contracted
in 1999 at a cost of 0.45 — 0.49 US Dollars per cubic meter in the first year of operation. This
low cost of desalinated seawater takés on an international significance when compared with a
proposed desalination plant in Singapore for which the first year cost of water has been
estimated to be 1.5 US Dollars per cubic meter at its worst case [7]. It seems that mass water
transfer projects in North Africa, at least as represented by the Libyan Man-made River
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project, have lost their economic advantages over the fastly developing and expanding
desalination technology. When the questions related to sustainability considerations are
raised, the advantages of the desalination option become even clearer. For example, the above
mentioned cost of transferred water in the first stage of the Great Man-made River project was
based on the costs of development, operation and maintenance of well fields and conveyance
systems only. But since the exploited aquifers are nonrenewable, and thus nonsustainable, the
scarcity value, or for a better term, a “depletion cost” of the mined groundwater resources
should be taken into account when calculating the actual cost of the transferred water. A
rough estimate of depletion cost can be derived according to the willingness to pay of the
would be users, or as the equivalent of the cost of developing the least expensive alternative
water supply that can be used to sustain the socioeconomic activities based on transferred
water after its pumping and conveyance become uneconomical, or its feeding aquifers are
completely exhausted.

In the absence of any sufficient amounts of surface water for development, the only available
alternatives to the North African countries, including Libya, are limited to cross-boundary
water importation or seawater desalination. Potential sources for cross-boundary water
importation are limited to water diversions from Equatorial Africa or southern Europe. There
are speculations at the present time concerning the technical, financial and political
feasibilities of rerouting the Congo river towards the Northern Sahara, or at least diverting
part of the water of its Ubangi tributary towards the river Shari that discharges into lake Chad.
But these speculations are in the realm of future dreams and devoid of any practical
importance at the present level of socioeconomic planning strategies.

As to the south European source, a new emerging technology promises to provide most of the
southern Mediterranean region with good quality water at a reasonable price through water
importation by mega-sized plastic bags [8]. These so called “Medusa Bags”, having a capacity
of 1.75 million cubic meters each can be loaded with water at specially constructed terminals
at any southern European water source and tugged across the Mediterranean sea to unload
there contents at any water receiving terminals in the southern Mediterranean coasts. The
Canadian firm “Medusa Corporation” that develops this technology claims that it can supply
the cities of Tunis and Tripoli at a cost of 0.17 US Dollars per cubic meter. Libya is currently
involved in assessing this technology and its feasibility for future use in augmenting local
water supplies.

But even if the Medusa bags or any other cross-boundary water importing technology proves
its competitiveness with desalination, most of the North African countries will exclude the
alternative of cross-boundary water importation simply on the mere grounds of national
sovereignty and geopolitical considerations. Thus the only remaining alternative is seawater
desalination. If we accept the cost of desalinated seawater at the conservative figure of 1.5 US
Dollars per cubic meter, then the actual cost of transferred water through stage one of the
great Man-made River project may reach up to 2.35 US Dollars per cubic meter inclusive of
depletion cost. This is more than four times the cost of desalinated seawater. To achieve long-
term sustainability of the transferred groundwater, it should be priced for utilization in
production models that can generate the financial and economic resources to be needed in the
future for the development of large scale desalination after the fossil groundwater aquifers
are depleted. At the above actual price inclusive or exclusive of a depletion cost, it is unlikely
to sustain this transferred water unless it is continuously subsidized throughout the project
life. When the national treasury becomes unable to provide the required subsidies for any
reason, the project either fails to achieve its objectives or will be put out of operation
altogether.
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ABSTRACT

Cogeneration plants for simultaneous production of water and electricity are widely used in
the Arabian Gulf region. They are proved to be more thermodynamically efficient and
economically viable than single purpose power generation and water production plants. There
is no standard or universally agreed upon methodology to be applied to determine the unit
cost of electric power and desalinated water produced by dual purpose plants.

A comprehensive literature survey to assess and critically evaluate the different methods,
which have been used for cost application in power/water cogeneration plants, is reported in
this paper. An in-depth thermo economic analysis will then be carried out for a selected
power/water cogeneration plant. The plant employs a regenerative Rankine cycle
incorporating a steam generator, back pressure turbine supplying steam to two MSF distillers,
a deaerator and two feed water heaters. The turbine generation is rated at 118 MW while
MSF distiller is rated at 7.7 MIGD at a top brine temperature of 105°C. An appropriate
costing procedure based on the available energy accounting method which divides the
benefits of the cogeneration configuration equitably between electricity generation and water
production is used to determine the unit costs of electricity and water. The capital charges of
common equipment such as boiler, deaerator and feed water heaters as well as boiler fuel cost
are distributed between power generated and desalinated water according to the available
energy consumption of the major subsystems. A detailed sensitivity analysis was then
performed to examine the impact of the variation of fuel cost, load and availability factors as
well as capital recovery factor on the electricity and water production costs.

Keywords: Dual-purpose plants, available energy, water and power costs, sensitivity analysis
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By using the Liu and Jordan relation for the angle of incidence, 6,
cos0, =sina, cosp+sinPcosa, cos(y—A )
One can estimate the various intensities on an inclined surface of any slope and any

orientation.
I =Igsina,

1
L =3 (oy ~Ty)sina,

The =Lys +1gp

Table 1:

Monthly average of turbidity factor

Month TR
January 3

February 32
March 3.5
April 39
May 4.1
June 4.2
July 43
August 4.2
September 3.9
October 3.6
November 33
December 3.1

By using the Lui and jordanrelation [8] for the angle of incidence, 8i
cos 8i =sin acos B+ sin 8 cos @ cos (Y- Aw )

one can estimate the various intensities on an inclined surface of any slope and any
orientation.
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