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Abstract

The objective of this paper is to present a specific case study example of an autonomous desalination system concept from Egypt that will be implemented in line with the ADIRA
 project. After a short introduction into ADIRA and the tackled problems a detailed description of the stand alone system complex follows. The pilot system will be installed in a village on the North west coast of Egypt helping a small community to overcome water & energy shortage. The paper will describe the technologies used and expected socio-technical and socio-economic impacts. The proposed autonomous and integrated complex presents a new approach to support sustainable development of small communities in remote areas.
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1 Introduction




Fresh water shortage threatens a large number of the world population and make water potentially a critical matter since it has no viable substitution. According to a recent report of the International Atomic Energy Agency (IAEA), estimated 1.1 billion people have no access to safe drinking water and more than 5 million die from water borne diseases each year. Provisions are no better even for the future. The crisis is mainly due to the mis-management of existing water resources, population growth, and continuous climatic changes. It is, therefore necessary that sincere efforts be made to face the looming water crisis and conserve shrinking water supply amid the rising demand. 

Mainly the rural population suffers from a shortage of drinking water. Especially in these remote areas, the infrastructure for water and often for energy is poorly developed. Besides the lack of water, the content of total dissolved solids in the water that’s available in these arid and remote areas is often too high. Therefore it is not suitable for human consumption. In regions without access to the electricity grid, this lack of drinkable water often corresponds with a high solar irradiation. Hence it is a good match to use solar energy as the driving force for water treatment systems. Especially in remote rural areas with low infrastructure and with no grid connection, small-scale, stand-alone operating systems for the desalination of brackish water from wells and surface water or of salt water from the sea are suitable to provide settlements with clean potable water. It is also important to mention that using renewable energy sources to feed different systems in these rural areas will help maintain a clean and healthy environment for the population. In order to gain a wide and profound knowledge of small-scale desalination units powered by renewable energies under real working conditions, it is essential to move out of the laboratories and to study real projects in the field. This is the central approach of ADIRA.

2 The ADIRA project

The ADIRA project covers the development of solutions for the problem of managing scarce regional water resources. The development and implementation of small-scale, stand-alone desalination systems powered by renewable energy will contribute to solving these problems. Water desalination is one of the most important factors for helping development in remote areas and in the desert. ADIRA, therefore, aims to develop suitable concepts for providing a fresh water supply in rural areas using salty water as a source. The focus of this project are units powered by autonomous, renewable energy supply systems with fresh water output in the range of 100 l/day to 10 m³/day. Instead of developing new desalination technologies, existing concepts from various suppliers are adapted for the use with renewable energies. Various different field installations in the countries involved (Morocco, Egypt, Jordan, Cyprus and Turkey) are planned. The experience and knowledge gained from the intensive monitoring of the implemented technologies and from the detailed evaluation of the potentials of the regions and countries allow that small scale desalination technology becomes a reliable solution for water provision in reality and not only as a demonstration installation. The project follows an interdisciplinary and socio-technical approach, taking into account not just technical, but also legal, social, economic and organisational issues. This integrated, multidisciplinary and cross-boundary approach will improve the sustainability of water management projects. The methods used and the results gained will have an impact on all other countries with similar problems. Adaptations can be made accordingly. Hence the main objectives of the project is to design optimum desalination concepts and to make a substantial contribution to promote the implementation of decentralised small scale desalination units in countries with arid climate. In order to reach this goal, the ADIRA project is pursuing the following six lines of action. :
(1)
Identification and quantification of regions

With limited resources, it is generally not possible to carry out the project for all regions of a country. Therefore, it is important to get an overview of the regions in the countries before selecting the target area. A geographical analysis of demand is thus essential for selecting the most suitable region or village for a project. A good approach consists of mapping some particularly interesting, basic indicators in a first step. 

(2)
Information on desalination systems available on the market
To provide persons or organisations (e.g. private users, NGO’s, water supplier, ministries) with a detailed summary of the current small scale desalination situation, an intensive survey of the market and the research area will be carried out. The selected data, available in a database, will give persons involved in implementation projects an overview of the important suppliers.

(3)
Analysis of stakeholders and master plans 

Any individuals, groups, institutions or companies that are connected with the project are defined as actors or stakeholders. In order to maximise the social and institutional benefits of a project and to minimise its negative impacts, a stakeholder analysis identifies those likely to be affected (either positively or negatively) by the project and how they are affected. It is important that a stakeholder analysis takes place at an early stage during the identification and appraisal phase of a project. 

(4)
Planning, implementation and monitoring of pilot installations 

To verify the technical viability, socio-technical and socio-economic concerns of the elaborated systems and concepts, –between ten and twelve pilot plants will be installed. Special emphasis will be placed on a strategy to guarantee continued operation and maintenance as well as on the follow-up of the ADS units after the end of the project.

(5)
Preparation of handbook, database and decision-support tool (DST)
Planning and realising an autonomous desalination system in remote rural areas is an ambitious task and must be adapted to geographic, economic and social conditions. Special emphasis must therefore be placed on the preparation and provision of quality information and training materials for all involved stakeholders. A major outcome of this action will be the development of supporting tools for the entities directly involved in planning, designing, implementation and operation of autonomous desalination units in the field. Practical assistance for this will be provided through different tools such as a handbook, a database system and a Decision Support Tool (DST):

(6)
Dissemination and awareness raising
The main goal of the dissemination activities is to increase the knowledge about ADS among relevant stakeholders: to inform a wide audience about the experiences, potentials and barriers for implementing ADS; and to offer tools and strategies for analysing a given situation pertaining to certain countries and regions. Therefore, the results of the ADIRA project will address a wide audience. 

The project ADIRA takes about four years and will presumably end in 2007. Therefore the work packages listed above have mainly to be finalised and are still in process. However, to demonstrate a first tangible result of ADIRA the ADS concept developed by the Egyptian Energy & Water Association (EWE) is presented in the next paragraphs. 

3
Stand Alone Complex for the Production of Water, Food, Electrical Power & Salts

The motivation for the planned installation arises from the fact that desert Land, Seawater, Solar and Wind Energies are all available and for free in Egypt. On the other hand, the area suffers a severe shortage of fresh water and food. Lack of developing small communities living in remote areas (fishers, Bedouins, and tourists serving communities, for example) leads to migration to the larger cities; increasing the percentage of unemployment, crimes and the pressure on utilities, …etc.. The basic question that arise is: Could we develop systems to produce food, water, and other basic requirements for small communities living in remote areas enhancing a sustainable development?

The system to be developed should be environmentally friendly and of simple, known, and available technologies which can locally be developed and manufactured. It should improve impacts on the local society development and the larger society as creating an area of investment and manufacturing. For these objectives, Fath [1 & 24], proposed the construction of a stand alone and integrated complex that can provide the community with the main life necessities; water, food, energy and salts. The proposed complexes utilise the abundant solar/wind energies for power generation, agriculture crops, domestic water and salt production. It consists mainly of; Figure, (i) a farm of greenhouses, partially self sufficient of irrigation water (developed by the author) for food (and other agriculture crops) production, (ii) a group of Photo Voltaic (PV) Panels and wind mill(s) for electricity generation, and, (iii) a set of solar stills with precipitation basins for fresh water and salts production. The proposed autonomous and integrated complex presents a new concept for supporting the sustainable development of small communities living in remote areas.

3.1
Complex Description

(A)
Farm of Greenhouses (GH), partially self sufficient of irrigating water

Greenhouses are known for their irrigating water conservation as compared to open field. They may relay partially on rain or ground fresh water (if available) or fully on produced fresh water using desalination processes. The present greenhouses utilise the abundant solar energy for the partial production of irrigating fresh water using solar distillation. Three types of agriculture greenhouses can be used, see complex components (1), (2) & (3) of Fig. (1);

 - Type (1), Fig. (2), is a long term glass (Fiberglass/Polycarbonate) type GH’s, with roof solar distillation basins, for planting high cost value agriculture products. GH dimension of 12 m long, 6 m width, and 3.0 m height, with triangle roof of 30 degree from horizontal (to maximise solar incident to GH internal and to act as vapour condensing surface) is shown,

- Type (2), Fig. (3), is an economical polyethylene GH’s, with roof solar distillation basins, for vegetables planting. GH dimension of 3.0 m wide and 1.0 m height and 3.0 m diameter half cylindrical dome is shown, and 

- Type (3), Fig. (4), is also an economical polyethylene GH’s, however, with land solar distillation and salts concentration basins/stills. This GH type suits plants growing in hot/humid environment. GH dimension of 3.0 m diameter half cylindrical dome is shown. (Note: GH dimensions should, however, be flexible to suits the market standard dimensions for cost reduction). 

For greenhouses types (1) and (2), a group of transparent saline water basins are placed on the greenhouses roofs to absorb the excess solar thermal energy. Greenhouses top covers will act as the vapour condensation surfaces. The roof basins will reduce the heat load on the greenhouse cavity and, therefore, reduce the ventilation/cooling requirements. It will also reduces the temperature of greenhouse walls and land so that additional irrigating fresh water will be produced through condensing ventilation air vapour on the colder surfaces. The greenhouse will be, therefore, self sufficient of irrigating water. 

(B)
Set of Photo Voltaic (PV) Panels and Wind Mill(s)

Electrical power is required for complex components (as pumps, fans, lighting, … other) and for the small community basic needs (such as lighting, Radio/TV and summer fan). Photo Voltaic (PV) panels are installed to generate 75 % of both the complex and community electrical power requirements, see complex component number (5) of Fig. (1). Similarly, one (or more) wind mill(s) will be installed as a second electrical power generation system, for generating another 75% of both the complex and community requirements, see complex component number (6) of Fig. (1). A total of 150 % of the required power is installed.

Electrical Batteries system will be used for electrical energy storage in order to smoothen the electricity supply and to guarantee continuos demand loads, in case of part of the PV or wind mills systems failure or malfunction, see complex component number (8) of Fig. (1). In case of larger electrical power demand, these power generation and storage systems can be expanded by adding more units.  

(C)
Set of Land Solar Stills with Salts Precipitation Basins

A set of conventional and economical land solar stills are used for fresh water production using direct solar distillation. Feed water for these solar stills will be the brine of the GH’s basins. Distilled water is collected in the stills troughs and passed, by gravity, to the distilled water tank. The rate distilled water production should satisfy the community basic demand (as drinking water, after being disinfected and specification adjustments) and to supplement greenhouses irrigation water requirements.

The basins of these still will also act as salts perspiration basins. Different chemical salts are precipitated in each basin so that the accumulated salts can be collected separately, after a scheduled time, and supplied to the corresponding chemical industry or partially used for animal feeding. 

(D)
Supporting and auxiliary systems and components  

The above main components of the complex (GHs, PV pannels, wind mills, and land stills) need additional supporting and auxiliary systems and components. For example, greenhouses require irrigation, ventilation and lighting systems. Roof and land basins/stills require salty water feed and brine drain systems. These systems require many components such as pumps, fans, evaporative coolers pads, tanks, piping, valves, lambs, switches, …etc.. Electrical power generators (P.V. Pannels & wind mills) require supporting systems and components as power rectifiers, stabilisers, electrical cables,..etc. Complex to surrounding community supply requires water and electricity transmission systems with tanks, bottles, pumps, electrical cables, ….. etc.

The electrical auxiliary components, batteries, spare parts and other storage inventory are placed in the electrical service room, complex component number (7) of Fig. (1), while the mechanical auxiliary components and spare parts are placed in the mechanical service room, number (9). A separate space will also be allocated for the complex operator resting.

3.2
Overall Complex Operation

(A) 
Greenhouses & Food Production

As indicated above, three types of agriculture greenhouses could be used for different plants production, Figures (1) to (4). For irrigating water production, the operator will daily open feed water valve, near sun rise hour, to partially fill all the basins through feed water piping system. Saline feed water will partially evaporate, during the day, due to solar energy absorption and then condensed on the greenhouse top cover. Perspiration water is collected through the distillate collection troughs and then flows (by gravity) to the distillate tank. After being cooled over night, distilled water is fed to the irrigation system after blending with the necessary fertilisers and other required ingredients. After sunset, the operator will open the brine drain valve to drain the basins brine to the brine tank. Brine is then pumped to the salts precipitation basins of the land stills for salts production. Agriculture crops and vegetables will be planted and irrigated, in different greenhouses, following the conventional growth schedule and procedure.

For greenhouse ventilation, cooling, heating and humidification, the operator will switch on the fan/evaporative cooling system based on the scenario of operation required. Details of the operational processes of greenhouses heating, cooling and ventilation (both in summer and winter) is given in Appendix (A). The complex operator needs to clean the transparent surfaces of the greenhouses, and basins as frequent as required (based on the site environmental and operational conditions).

(B)
Electrical power Generation

As soon as the PV panels and wind mill(s) are commissioned, electrical power is generated during the day time by PV and during day and night by wind mill(s). Generated power is then stored in the storage batteries. Then, electricity can be supplied to the different loads of both the complex and the living community. Complex operators need to clean the transparent surfaces of the PV panels as frequent as required (based on the site environmental and operational conditions).

(C)
Fresh Water and Salts Production 

Fresh water is produced during the day utilising the solar energy absorbed by the saline water in the basins of the land solar stills. Salty water is fed from the brine feed tank to all basins. Part of the saline water is evaporated to produce the fresh distilled water while saturate salts precipitate. The rest of salty water (Brine) is drained after sunset to the main brine tank. Fresh water is collected through the still’s trough to the distilled water tank. Complex operators need to clean the transparent surfaces of the stills as frequent as required (based on the site environmental conditions).

Different salts are produced from the brine by precipitation (after each salts reaches its saturation condition). The process is carried out in series of cascaded basins such that each basin is selected for the precipitation of one salt. For salts production, the basins are divided into three groups of basins; (1) the concentration basins, (2) the crystallisation basins, and (3) sour brine down basins. The process of salts production follows different steps including; (1) sedimentation of suspended solids and impurities, (2) sedimentation of Calcium carbonate and bicarbonate, (3) sedimentation of Calcium sulphate, (4) sedimentation of Sodium Chloride, …etc.  

Operators will transfer the brine from a group of basins to another based on a defined schedule to satisfy the salts saturation (& super-saturation) requirements. For example, brine is fed to the first group of land stills basins for brine concentration (up to Bomi 3.5 – 8). The brine is then transferred to the second group of basins. During the day, part of the brine from the first basin is evaporated to produce fresh water on the still cover, while some of the required salt (Calcium Carbonate, CaCO3, Baume 8-10) is precipitated in these basins. The brine is again transferred to the next group of basins where another part of the brine water is evaporated to produce fresh water on the still cover, while some of another salt (Calcium  Sulfate, CaSO4, Baume 10-18) is precipitated in these basins. The process is repeated for other salts precipitation (Sodium Chloride NaCl, Baume 18-28, Epson, Baume 28-32, …etc.). After a reasonable period of operating time, the salts are collected separately and transferred to the corresponding chemical industries or partially used for enhancing local animals feeding.

3.3
Economical Feasibility  

(A)
 Complex Capital Cost

The total capital cost of the proposed complex is 150,000 $. Table (2) shows the breakdown of the estimated complex capital cost. Details of this table calculations are given in Fath & El-Shall [ ]. For complex average ten years life time and 0.0 % interest (own investor or government support), the annual payment is 15,000 $. 
Table (1) Complex Capital Cost Break Down

	No
	Component
	Total Cost ($)
	Remarks

	1
	Greenhouses
	32,400
	

	2
	Solar Stills
	45,000
	

	3
	P.V. Pannels 
	25,800
	

	4
	Wind Mills
	9,000
	

	5
	Batteries
	4,600
	

	
	
	
	

	
	Sub-Total
	116,800
	

	6
	Auxiliaries
	23,360
	20 % of Sub-Total

	
	
	
	

	
	Total
	140,160
	Take 150,000 $

	
	
	
	

	
	Annual Payment
	15,000
	10 years life time, 0.0% interest


(B)
Complex Operation and Maintenance Costs

The estimated Operation and Maintenance (O & M) cost of the complex is 17,800 $/year. Table (3) summarises the O & M of complex main components
Table (2) Complex O & M Cost Break Down 

	No
	Component
	Annual Cost

$/year
	Remarks

	1
	Labour
	10,800
	3 operators x 300 $/month x 12 month

	2
	Energy
	---
	In house Generation

	3
	Spare Parts
	2,000
	Estimated*

	4
	Others
	5,000
	Chemicals, Fertilisers, cleaning materials, …etc

	
	Total Annual Payment
	17,800
	


* for example, GH polyethylene sheet replacement every 2-3 years, stills glass cover break,  …etc.

(C)
Complex Return Income

Table (4) shows the complex total annual payment while Table (4) shows the annual return from the complex main products. 

Table (3) Complex Annual Running Cost

	No
	Component
	Annual Cost

$/year
	Remarks

	1
	Capital Annual Payment
	15,000
	Table (2)

	2
	O & M Annual Payment
	17800
	Table (3)

	
	
	
	

	
	Total Annual Payment
	32,800
	


Table (4) Complex Annual Return Income(a)
	No
	Component
	Annual Return
	Remarks

	1
	Agriculture Products
	32,400
	Table (C2)

	2
	Water
	27,375
	

	3
	Electricity
	1825
	

	4
	Salts
	2,393
	Table (C3)

	
	
	
	

	
	Total Annual Income 
	63,993
	Say 63,000 $


(a) See Reference [ ] 

From Tables (4) and (5), the annual income is higher than the annual running payment. The difference is the annual profit.

Annual Profit 
= Annual Return – Annual Payment

                      

=     63,000 $     -      32,800   $               

                       

=     30,200 $/year (say 30,000 $/year)

Pay Back Period 
= Capital cost / Annual Profit




= 150,000 ($) / 30,000 ($/year)




= 5 years

(4) Conclusion

Solar energy is the major un-depletable source of renewable energy. Egyptian, the Arab world and most arid regions enjoy an abundant incidence of solar irradiation of 3000 – 3500 hours of sunshine per year and receive about 6.0 kWhr/m2 per day. Solar desalination presents a promising alternative, that can partially support the needs for fresh water with renewable, free and environmentally friendly energy source. The development of solar desalination systems has demonstrated its suitability when the weather conditions are suitable and the demand is not too large. This suits for example small population communities living in remote areas. The summarised experiences gained at the local level, the conclusions and the lessons learned, will all be helpful to all countries and regions who depend on sea water or brackish water desalination to overcome water shortage problems in rural areas with ADS.
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