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Abstract

At the current stage of studies of Guiding Schemes for Integrated Planning
of hydrographic basins, and all the various schemes considered for the
development of water resources and the transfer possibilities provided for, some
hydrographic basins remain in a deficit situation in the prospect of 2020,
especially Oum-Er-Rbia (240 Mm3)', Tensift (60 Mm3) and the Souss-Massa (140
Mm3). Besides, it is worth mentioning that the drought periods recently
experienced have also shown that the available hydraulic potential is very
vulnerable to rainfall deficits, which could lead to deficits, well before 2020. In
this respect, to preserve the future in the area of production and mobilization of
water resources, it is more judicious to reconsider the planning of conventional
water resources within the framework of a global vision that also integrates the
use of unconventional water resources, especially desalination of sea water for
Drinking Water Supply (DWS), mainly in the basins of Tensift, Souss-Massa and
the South Atlas. Already, the future sites for the establishment of sea water
desalination plants for DWS are to be located at the level of cities situated in the
hydrographic basins, especially in the zones overlooking the Atlantic coast. It is
the case mainly of Agadir, Tan-Tan and Essaouira. In 1977, a first desalination
plant using the technique of mechanical vapor compression was set up in
Boujdour. Its production capacity stood at 250 m3/day. This plant was renovated
in 1990 and operates normally. Seeking to face the demand of water in the
Southern Provinces and to fill the water deficit amplified by the region's
population and industrial development, ONEP strengthened drinking water
production by setting up two RO (Reverse osmosis) plants in Boujdour (800
m3/d) and Laayoune (7,000 m3/d).

1. EXPERIENCE

Desalination constitutes the most widely used exploitation means of non-
conventional resources in Morocco. ONEP and OCP (Office Cherifien des
Phosphates) are the main operators in this respect. As for OCP, desalination was
the means adopted for the production of water for industrial purposes, at the level
of the Phos-Boucraa company in Laayoune, owing to the TDS (Total Dissolved
Solids) sought of 25 ppm. The experience of ONEP is rather more diversified,
considering the variety of techniques used.

* Million of cubic meters
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1.1. Processes implemented by ONEP

As of 1973, the national guiding scheme of drinking water supply has
shown the need for using the desalination of brackish water and sea water as a
source of drinking water supply. In this paper, we will only deal with the
experience of ONEP relating to sea water desalination.

In 1977, a first desalination plant using the technique of mechanical vapor
compression was set up in Boujdour. Its production capacity stood at 250 nrVday.
This plant was renovated in 1990 and operates normally (See features in
Appendix I Table II annexed).

1.2. Actions undertaken by ONEP

Seeking to face the demand of water in the Southern Provinces and to fill
the water deficit amplified by the region's population and industrial development,
ONEP strengthened drinking water production by setting up two RO (Reverse
osmosis) plants in Boujdour and Laayoune(See description in Appendices II and
III)

With the establishment of these two projects, the production of fresh water
by ONEP will make it possible to bring the allocation per inhabitant (LPC, liter
per capita) in the Saharan Provinces to a satisfactory level.

2. DESALINATION PROSPECTS IN MOROCCO

At the current stage of studies of Guiding Schemes for Integrated Planning
of hydrographic basins, and all the various schemes considered for the
development of water resources and the transfer possibilities provided for, some
hydrographic basins remain in a deficit situation in the prospect of 2020,
especially Oum-Er-Rbia (240 Mm3), Tensift (60 Mm3) and the Souss-Massa (140
Mm3).

Besides, it is worth mentioning that the drought periods recently
experienced have also shown that the available hydraulic potential is very
vulnerable to rainfall deficits, which could lead to deficits, well before 2020.

In this respect, to preserve the future in the area of production and
mobilization of water resources, it is more judicious to reconsider the planning of
conventional water resources within the framework of a global vision that also
integrates the use of unconventional water resources, especially desalination of
sea water for Drinking Water Supply (DWS), mainly in the basins of Tensift,
Souss-Massa and the South Atlas.
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The future sites for the establishment of sea water desalination plants for
DWS are to be located at the level of cities situated in the hydrographic basins,
especially in the zones overlooking the Atlantic coast. It is the case mainly of
Agadir, Tan-Tan and Essaouira.

2.1. The city of Agadir

The water resources currently mobilized or on the verge of mobilization,
for DWS of Agadir will be saturated before 2020. After this date, other resources
must be generated to cope with water demand. The transfer possibilities are not
considered, owing to the fact that the neighboring basins are not in a surplus
situation. Consequently, the only option with respect to mobilization of water
resources consists in desalinating sea water.

The desalination plants will be dimensioned to produce a capacity of
45,000 nrVday to meet the demand until 2030. After this date, the needs will be
met through extension of such units. Owing to the necessary production capacity
(relatively significant), the idea of using nuclear power might prove interesting
and requires the carrying out of a specific thorough study before deciding on this
variant, although the results of the regional study conducted by the IAEA show
that the cost of 1 m3 of desalinated water produced by using nuclear power is the
same as that of the one produced by means of fossil energy.

It is worth mentioning that desalination for the strengthening of drinking
water supply of this town may be envisaged before the year 2000, owing to the
importance of the risk of lack of water during drought cycles.

2.2. The city of Tan-Tan

The water resources currently available for the city of Tan-Tan are
expected to deplete by 2000. After that year, two variants for DWS are under
identification and assessment within the framework of the Guiding Plan for Ziz,
Guir, Rhis and Draa, namely:

* DWS from the Guelta Zerga dam,
* Reinforcement of DWS from the Guelmim water expanse.

Owing to the vulnerability of volumes in the Southern dams caused by
pluviometry deficits (arid region), as well as to the fact that the potential of the
Guelmim expanse is not controlled at the present moment, in addition to reasons
of DWS security for the city of Tan-Tan, another variant should be taken into
account, namely the desalination of sea water.
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This solution would make it possible to preserve the summonable potential
at the level of the expanse for DWS of Guelmim. With this option, the
desalination plant will be designed for a production capacity of 7,000 m3/day to
meet the needs up until 2020. After this date, the needs will be met through the
extension of the desalination plants. The possibility of sea water desalination for
the DWS of the city of Tan-Tan through the use of thermal power resulting from a
solar pond and/or the energy of exhaust gas from the turbines of the ONE (Office
National de FElectricite) station, located at the port of Tan-Tan, is under study.

2.3. The city of Essaouira

The DWS of the city of Essaouira is ensured exclusively from the
underground sources. Following the persistence of drought which prevails in the
region, a significant decrease was registered at the level of resources. In the mid-
term, the DWS of Essaouira is considered from the underground resources of the
Meskala or Ounara region in order to meet the needs until 2006. After that year,
the DWS of the city will be ensured from the waters of the future Zerrar dam.

Considering the fragility of underground water resources and for reasons of
securing the drinking water supply of Essaouira, it would be timely to consider an
DWS option through sea water desalination. The production plants will be
designed for a global production capacity of 13,000 m3/day to meet the needs
until 2020.

2.4. Overview

The following table reviews the data relating to the desalination sites
examined in the previous paragraphs.
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TABLE I. OVERVIEW OF DATA RELATING TO THE POTENTIAL SITES
FOR SEA WATER DESALINATION

CITY

Laayoune

Boujdour

Agadir

Tan-Tan

Essaouira

EXISTING
Capacity
(m3/day)

7,000

800

Saturation

2000

2020

FUTURE
Capacity
(m3/day)

14,000

45,000

7,000

13,000

Saturation

2020

2030

2020

2020

NOTES

Extension of present
plants to enable the
coverage of mid- and
long-term water needs
of the city.
The present plant will
meet the city's long-
term water needs.
Desalination may be
envisaged for the year
2000, owing to the
importance of the risk of
lack of water during
drought cycles.
Desalination of sea
water can be considered
as of 2000.
Resort to desalination
might be considered as
of 2006.
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APPENDIX I. TABLE II. SEA WATER DISTILLATION PLANT OF
BOUJDOUR
CAPACITY: 250 m3/d

Population
Capacity
User
Desalination process

Total capital cost

Commissioned in
Operating cost:

* Energy
* Chemicals
* Manpower

Energy consumption (kW (e).h/m3)
Total water cost

Chemicals dosage:
* Sodium chlorite
* Sodium bicarbonate
* Sodium hexametaphosphate

3,000 inhabitants
250 m3/d

100% for human consumption
Mechanical vapor compression

(MED/VCM, Multi-effect
distillation/mechanical vapor

compression) 1 effect
Dhs (Dirhams) 7,000,000 all tax inclusive

(1977)
1977

Dhs 18.723/m3

Dhs 16.875/m3

Dhs 0.128/m3

Dhs 1.72/m3

27
Dhs 50/m3 (The investment required by
the rehabilitation of the plant is included
in this price).

15.33 g/m3

18.33 g/m3

13 g/m3
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APPENDIX II. TABLE III. SEA WATER REVERSE OSMOSIS PLANT OF
BOUJDOUR.CAPACITY: 800 m3/d

Population
Capacity
User
Desalination process
Total capital cost
Commissioned in
Operating cost:

* Energy
* Chemicals
* Manpower
* Spare parts

Specific energy consumption
Total water cost
Chemicals dosage:

* Chlorine (Cl2)
* Coagulant (FeCl3)
* Sulfuric acid (H2SO4)
* Sequestering agent (flocon 100)
* Dechlorination (NaHSO3)
* Correction of pH

Conversion factor
Salt content in water product

15,000 inhabitants
800 m3/d

100% for human consumption
Reverse osmosis (R.O.)

Dhs 60,000,000 all tax inclusive (1992)
November 95
Dhs 5.86/m3

Dhs4.13/m3

Dhs 0.20/m3

Dhs 0.73/m3

Dhs 0.80/m3

5.11kW(e)h/m3

Dhs 42/m3

7.5 g/m3

25g/m3

49 g/m3

10 g/m3

10 g/m3

20 g/m3

4 0 %
500 ppm

249



APPENDIX III. TABLE IV. SEA WATER REVERSE OSMOSIS PLANT OF
LAAYOUNE. CAPACITY: 7,000 m3/d

Population
Capacity
User
Desalination process
Total capital cost
Commissioned in
Operating cost:

* Energy
* Chemicals
* Manpower
* Spare parts

Specific energy consumption (kW(e)h/m3)
Total water cost
Chemicals dosage:

* Chlorine (Cl2)
* Coagulant (FeCl3)
* Sulfuric acid (H2SO4)
* Sequestering agent (flocon 100)
* Dechlorination (NaHSO3)
* Correction of pH

Conversion factor
Salt content in water product

132,000 inhabitants
7000 m3/d

100% for human consumption
Reverse osmosis (R.O.)

Dhs 223,000,000 all tax inclusive (1992)
November 95
Dhs 8.85/m3

Dhs 6.07/m3

Dhsl.64/m3

Dhs 0.72/m3

Dhs 0.42/m3

5.07
Dhs 21/m3

2.5 g/m3

10g/m3

26.5 g/m3

6.5 g/m3

3 g/m3

24 g/m3

4 5 %
500 ppm
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