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INTRODUCTION

1.3 billion of the world's population does not have access to freshwater which is expected to be doubled in 25 years time. The water demand has increased 60% in the last 25 years. The problem of water scarcity has given rise to the evaluation and development of alternative approaches to the existing water supply practices. Decentralized systems have been drawing significant attention in the last decades especially for small communities in the remote areas facing fresh water shortages (Kujinga, 2002; Lemos et al., 2004)

Autonomous desalination which relies on renewable energy driven desalination systems proves to be a viable alternative to obtain fresh water from sea or brackish water that at the same time addresses environmental sustainability. The autonomous desalination systems (ADS) refer to many thermal and membrane systems driven by solar, wind and geothermal energies depending on the abundant renewable energy resource yielding the most technically and economically feasible design.

The ADS concept has been recently introduced in the European Union Co-funded project namely, ADIRA (Autonomous Desalination system concepts for seawater and brackish water In Rural Areas with renewable energies- potentials, technologies, field experience, socio-technical and socio-economic impacts). The project focuses on the implementation of small-scale ADS depending on existing technologies which have fresh water output in the range of 100 l/day to 10 m³/day. The countries involved are Morocco, Egypt, Jordan, Cyprus and Turkey. The planned activities include identification and quantification of regions, collection of information on desalination systems available on the market, planning, implementation and monitoring of pilot installations, analysis of stakeholders and master plans, preparation of handbook, database and decision support tool (DST) (Seibert et al., 2004). The corresponding partner from Turkey is the Eurasia Institute of Earth Sciences in Istanbul Technical University. As a part of the project activities ITU will install two pilot ADS in the selected sites.
In order to be able to implement the ADS concept, it is important to first evaluate the target country’s water potential, demand and supply trends and the distribution of the renewable energy resources. In this study, Turkey has been investigated in terms of its water and renewable energy resources, their potential, distribution and exploitation to find out the most suitable regions. The suitable regions for the ADS applications were determined according to several criteria to assure technical and financial feasibility of these systems. The major criterion is of course, the existence of a water deficient situation coinciding with available renewable energy resource. The remaining criteria are the social and political willingness and acceptance, involvement of the stakeholders and water actors, and the building of satisfactory infrastructure to assure the sustainable use of the ADS. 

STATE OF THE ART IN TURKEY

Water Potential

Turkey has a total land area of 779 452 km2 (78 million ha), out of which 765 152 km2 is

surface water. The total technically and economically usable surface and ground water potential of Turkey is only around 110 km3, with 95 km3 (86 %) coming from rivers within Turkish borders, 3 km3 (3 %) from external rivers originating outside the country borders and 12 km3 (11 %) from groundwater resources (SHW, 1999). The development of water consumption is given in Table 1 (SHW, 2002)

Table 1. Development of water consumption in Turkey (MEDAWARE, Sub-report, 2003)

	YEAR
	TOTAL WATER WITHDRAWAL
	SECTORS

	
	
	Irriagation
	Domestic
	Industrial

	
	million m3  
	%
	million m3
	million m3
	million m3

	1990
	30 600
	28
	22 016
	5 141
	3 443

	1992
	31 600
	29
	22 939
	5 195
	3 466

	1995
	33 500
	30
	24 700
	5 300
	3 500

	2000
	42 000
	38
	31 500
	6 400
	4 100

	2002
	38 900
	36
	29 200
	5 700
	4 000


The amount of actual water consumption through the exploitation of surface waters is 26.4 billion m3 as of the groundwater is 7.6 billion m3. The consumption trends in the year 2000 revealed that 75 % of the water withdrawn was used for irrigation, 15 % for domestic uses and 10 % for industrial uses as out lined in Table 1.
The water resource management in Turkey is based on a basin approach where responsible agency, General Directorate of State Hydraulic Works (SHW) categorizes the country into 26 main hydrological basins according to their respective drainage areas. Basin wide master plans have been realized mostly based on a demand-oriented approach. Turkey’s water potential on the basis of basin classification is depicted in Fig 1. It is evident that there is an uneven distribution of water resources among the basins. 
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Fig. 1 Stored Water in the Basins of Turkey

The basins in the Mediterranean (Antalya, Batı Akdeniz, Burdur Göller) and Aegean (Kuzey Ege, K. Menderes) regions may be observed to have relatively smaller amounts of stored water.

Renewable Energy Resources 

Turkey is unique among other European countries in having substantial reserves of renewable energy resources. The share of renewable energy production of total primary energy supply (TPES) was approximately 14.4%, i.e. 10.10 million tons of oil equivalents (Mtoe) in 1999, as the second-largest domestic energy source after coal. Main renewable energy resources in Turkey are hydro, biomass, wind, and biogas, geothermal, and solar. According to recent studies, the economically usable hydropower potential of Turkey is estimated as 125 000 GWh per year (34 729 MW) of which 24 010 GWh was produced in operating hydro power plants (HPPs) in 2001 (Kaya, 2004). 

Turkey is considered to have significant wind energy potential up to 20 000 MW of which around 8000 MW is estimated as the usable wind energy potential (Hanağasıoğlu, 1999). The most favorable locations for wind power generation; with annual average wind speeds around 2.5 m/s and annual wind power densities of 2.4 W/m2 are the Marmara Sea region, the Mediterranean and Aegean Sea coasts, and inland Anatolia. Although not extensive, the total installed capacity has reached 18.9 MW and 72 new projects totaling about 2000 MW are under evaluation by the Ministry of Energy and Natural Resources (MENR) (Kaya, 2004). The total production for the year 2001 is 152 GWh. 

Solar energy also could provide a significant power for Turkey, which is calculated as 35 mtoe per year (Kaya, 2004). Preliminary studies indicate that the country has an average 2 640 sunshine hours annually, with an average solar intensity of 3.6 kWh/m2.day, with higher peaks at some locations like the Southeastern Anatolia and the Mediterranean as 3.97 kWh/m2.day and 3.86 kWh/m2.day, respectively (TÜSİAD, 1999). 

The overall geothermal energy potential of Turkey is estimated as 35 000 MW. However, for the year 2001, the geothermal energy production was only 1.759 Mtoe (Kaygusuz and Sari, 2004). The use of geothermal energy is expected to increase to 6.3 Mtoe by 2020, especially for direct heating applications.

Biomass energy includes agricultural residues, municipal wastes, fuel wood, animal wastes and other fuel derived from biological sources. The estimate of total recoverable bioenergy potential based on the recoverable energy potential from main agricultural residues, livestock farming wastes, forestry and wood processing residues and municipal wastes is about 16.92 Mtoe. The biomass energy production for the year 2001 is 6.98 Mtoe.

Identification of Suitable Regions

The most suitable regions for the implementation of the ADS concept in Turkey have been determined according to the preliminary water and renewable energy potentials as summarized in the previous sections. The regions which have populations not as dense, not highly industrialized and where high renewable energy potentials, especially solar, and rather less amount of stored water coincide may be pointed out as the Mediterranean coast and west Mediterranean region. 

These regions are also known for their high tourist attractions with their natural and historical assets. As a result of heavy tourism activities, the region are exposed to wide fluctuations in water demand which causes severe water stresses. The water demand may go up to 3 times the usual demand in high seasons. This intolerable water demand also leads to the unsustainable use of the existing water resources as a result of short-term solution approaches. Therefore these regions may be evaluated as feasible target area for the ADS implementation since they prove to have the satisfactory renewable energy potential and sources of sea and brackish water as alternative water resources, which may be subjected to desalination to produce potable water. 

Since coastal zones are often regarded as environmentally sensitive zones water management in these areas should be considered with a careful long-term sustainable management strategy. Therefore the ADS concept is obviously a viable alternative supporting the proper management of the existing resources in coastal areas. 

Renewable Energy Driven Desalination Systems

The desalination systems driven by renewable energies are scarce, only representing 0.02 % of total desalination capacity. However, there are many reasons that indicate the use of renewable energies is feasible for desalination of sea or brackish water. These have been identified in review conducted by Garcia Rodriguez (2002) as; a. Seasonal changes. Tourism activities increase the demand on water which is often concurrent with high renewable energy availability especially for solar energy; b. Energy availability. There may be a lack of conventional energy supply in remote areas or little islands both due to difficulties in fossil fuel supply, and lack of grid or satisfactory power to drive a desalination plant; c. Self-sufficiency. Renewable energies allow energetic diversification and avoid external dependence on energy supply; d. Technology. The development and commercialisation of desalination systems driven by renewable energies result in technology exportation and cooperation among less developed countries; e. Environmental impact. The environmental effects of the fossil fuel consumption for the high energy consuming desalination of seawater are eliminated through the use of clean renewable energies; f. Economics. Desalination on-site eliminates the conveyance of potable water over distances with high costs and improper hygienic conditions; g. Operation and maintenance. The renewable energy systems are more durable and resistant to deterioration and hence their operation and maintenance are normally easier than conventional energy ones making them of choice for remote areas. Their costs also have been falling significantly during the last decades. 

Table 3 summarizes the major desalination technologies coupled with renewable energies 
Table 3. Renewable energies coupled with desalination technologies (Desalination Guide Using Renewable Energies, 1998 & Voivontas et al., 2001 )

	Renewable Energy
	Feed water
	Desalination Technology
	Costs (€/m3)

	Solar energy
	
	
	

	Solar thermal
	SW
	MED
	3.5

	
	SW
	MSF
	

	Photovoltaics
	SW
	RO
	6.5

	
	BW
	
	

	
	BW
	ED
	

	Wind energy
	SW
	RO
	3

	
	BW
	
	

	
	SW
	MVC
	

	Geothermal
	SW
	MED
	


      SW: Sea water, BW: Brackish water, MED: Multi Effect Distillation, MSF: Multi Stage Flash, 

      RO: Reverse Osmosis, ED: Electrodialysis, MVC: Mechanical Vapor Compression

CONCLUSIONS

There is a growing awareness that water resources development as well as all other types of development efforts must be sustainable for the rational management of water resources. Evaluation of techniques to provide water from alternative resources is of critical importance for sustainability because of the predictable impacts of expanding population, increasing pollution and the heightened severity of extreme water-related events such as droughts and floods. 

Although the major systematic aspect of water-related activities in Turkey is central planning, in order to guide planning at the national level and facilitate rational decision making, special emphasis should be given to develop a decentralized strategy, based on the specific water stresses faced by particular regions. According to the results of this study, desalination with renewable energies offers a sustainable solution to the water deficiency problems of the touristic regions faced during the high seasons along the Mediterranean coast. The abundance of renewable energies, especially solar and in some cases wind energy, in these regions makes it possible to evaluate the sea and brackish water as water resources through an energy sustainable alternative. These regions are also favourable in terms of the social and economical sustainability of the ADS due to the interest and involvement of the local entrepreneurs in the tourism sector and the government organizations. Therefore the small-scale ADS units will provide a sustainable water supply alternative to compensate for the water deficient summer seasons.
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