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Objectives 
The main SSA objective was the transfer into MPC and dissemination of know how and tools for systems analysis on the appropriate integration of RE technologies with de-central water and power services under local conditions of MPC. The action scope comprised:

· exemplary studies on the integration of (hybrid) RE conversion with combined water and power supply to villages and rural areas 

· identification of opportunities and conditions for economically and socially sustainable deployment of hybrid RE technologies in MPC, 

· training and capacity building in MPC institutions for IWPP assessment services under local socio-economic conditions,

· dissemination of results through the networks of the European Desalination Society (EDS) and MEDRC covering the MENA region.

The central task of the SSA is the equipping of MPC-partner institutions with 

· knowledge on the principles of IWPP concepts and appropriate water treatment and RES technologies 

· access and user guidance to the general systems analysis tool RESYSproDESAL for technical and economic assessment of de-central IWPP projects. 

The capacity building was oriented to planning and assessment services and included training of the participants in using RESYSproDESAL for exemplary case studies in their countries. 

The SSA concept was open for later extension to the participation of R&TD institutions and water and power authorities from other MPC not yet represented by the Consortium at the start of the SSA. 

The SSA work packages (integrated support and management activities) were:

WP-1 
RESYSproDESAL adaptation, completion and documentation
WP-2 
Capacity building in MPCs and training of experts

WP-3 
Exemplary case studies in Jordan and Algeria 

WP-4 
Dissemination and networking in MPCs and other MENA countries

Activities carried out during the SSA
The aims of the work packages and the status of elaboration at the end of the SSA are summarized in the following:

1.1 WP-1:
RESYSproDESAL adaptation, completion and documentation

The aims of the WP were:

Adaptation of existing systems analysis principles, tools and know-how related to IWPP technologies for MPC within the general Systems Analysis Environment (SAE) RESYSproDESAL. The coordinator will collect the MPC specific information for this task from the MPC partners by appropriate questionnaires. The measurable result and deliverable of this WP will be the documentation on the SAE including system models and standard configurations of IWPP systems elaborated as demonstration cases with typical MPC data background. 

The achievements of the WP are:

Starting from its state of development achieved until June 2005 within the earlier MEDRC Research Project 03-AS-005, the model library of RESYSproDESAL was extended and updated with mathematical models and performance characteristics for the following processes:

· single stage evaporation (for MED, MVC and TVC applications)

· sea water cooled condenser for steam from MED 

· steam ejector (for MED and TVC applications)

· thermal energy storage with two tanks (hot and cold compartments)

· parabolic trough solar collector (thermal oil for heat transfer fluid)

· fossil fired heater of thermal oil (for back up heat supply)

Through co-operation between ZSW and SimTech new integrated system configurations were developed and analyzed by simulation:

· MVC_24_WE: mechanical vapor compression for 24m³/day powered from wind energy conversion and fly wheel energy storage

· SW_2MED5000_SFhtf_TES: Sea water desalination in 2 trains of multiple effect distillation for 5000m³/day each with thermal energy supply from a solar parabolic trough collector field with heat transfer fluid and thermal energy storage 

The performance studies for these configurations were done with site and weather data input from MPC partners. The documentation on the SAE including developed system configurations and all case studies done is accessible via

ftp://ftp.zsw-bw.de/pub/Rheinlaender/RESYSproDESAL

For the running of simulations from this library the user needs to own one basic IPSEpro license. 

1.2 WP-2:
Capacity building at MPC partner institutes and training of experts

The aims of the WP were:

Transfer of the SAE components (software and licenses) and user know-how to the participating MPC institutes. This includes the basic training in IPSEpro modeling by the software developer SimTech and the special training on RESYSproDESAL by the SAE developer ZSW. Short term visits of experts from the MPC partners to SimTech and ZSW will be arranged for this. The verifiable result of this WP will be the expertise created at the participating MPC institutes. The transfer experience will be available for repetition at similar institutes in other MPC. The deliverable of this WP will be a guide for IWPP case studies and assessment.

The achievements of the WP are:

IPSEpro licences and the model library RESYSproDESAL were transferred by SimTech and ZSW at the beginning of the work to NERC and LMMC. 

Eng. Firas Alawneh from NERC and Dr. Kamal Mohammedi from LMMC were trained simultaneously in the use of IPSEpro by SimTech in Graz from July 26th until July 28th 2005. Prior to this training all 4 participants of the SSA met for the kick-off meeting in the offices of SimTech on July 25th 2005.

Dr. Kamal Mohammedi from LMMC was trained in the use of RESYSproDESAL by ZSW in Stuttgart from August 15th until August 21st 2005.

Eng. Firas Alawneh from NERC was trained in the use of RESYSproDESAL by ZSW in Stuttgart from September 11th until September 16th 2005.

Eng. Abdelkrim Sadi from CDER was trained in the use of IPSEpro by SimTech in Graz from July 17th until July 19th 2006. This training of an expert from a second (non participant) institution in Algeria was arranged additionally to the originally scheduled actions in view of interest and capacity in CDER for active participation in further case studies in this country.

Dr. Kamal Mohammedi from LMMC visited ZSW again from December 3rd until December 10th for further training on the elaboration of case studies in Algeria involving time series simulation of annual systems performance using the additional tool PSExcel. 

The guidelines for IWPP case studies and assessment was compiled and included in the documentation on “RESYSproDESAL_MENA”.

1.3 WP-3:
Exemplary case studies in Jordan and Algeria

The aims of the WP were:

Exemplary application of the SAE for case studies in Jordan and Algiers. Brackish water situations (dominant in Jordan) as well as sea water treatment (relevant for both MPC) will be considered. The work will include site selection and data acquisition in close contact with local authorities. Elaboration of the case studies will include system specification, analysis and case variations, and a joint evaluation of results by the Consortium, organised by the co-ordinator. The deliverable from this WP will be a jointly compiled sample case report, supplying a template for similar reports from other MPC.  

The achievements of the WP are:

The project partners in Algeria and Jordan inspected and selected suitable sites for case studies. 

1.3.1 Jordan – Case studies for Aqaba and Qatar 

Aqaba:  De-central Water and Power Production by BWRO Integrating Solar Photovoltaic Energy.

This study was started at the end of the training for Eng. F. Alawneh in Stuttgart and continued jointly by NERC and ZSW until presentation of the results by F. Alawneh at EUROMED 2006 (see WP 4).
Qatar: De-central Water and Power Production by either BWRO or BWED Integrating Solar Photovoltaic Energy. 

1.3.2 Algeria – Case Studies for Azzefoun and Hassi Khebbi
Azzefoun: De-central Water and Power Production nearby by SWRO Integrating Wind Energy.

Hassi_Khebbi: De-central Water and Power Production at by BWRO Integrating Solar Photovoltaic Energy. 
This study included cooperation of CDER for site assessment and provision of climatic input data.  This study was presented at the EuroSun2006 conference at Glasgow (see WP 4: K. Mohammedi: “Performance Analysis of De-central Water and Power Production by BWRO Integrating PV Solar Energy”).

1.3.3 MENA – Case Study for Sea Water Desalination at Typical Coastal Site

Typical MENA coastal site: Containerized SWRO Desalination Integrating Solar Photovoltaic Energy - Exemplary Technical and Economic Scenario Analysis.
This study underlines that well adapted water and power point solutions depend on the specific local parameters, and require comprehensive system analyses with appropriate tools like RESYSproDESAL.

All case studies listed above are included in the jointly compiled sample case report “RESYSproDESAL_MENA”, supplying a template for similar reports from other MPC, and submitted to CEC as a separate reference document with this report.

1.4 WP-4:
Dissemination and networking in MPCs and other MENA countries

The aims of the WP were:

Dissemination of information on the SAE RESYSproDESAL and on the library of case studies to institutes and authorities in other MPC. The media for dissemination will be mailing actions, and feature contributions to the newsletters of the European Desalination Society (EDS) and of the Middle East Desalination Research Center (MEDRC). A workshop will be coordinated with the EUROMED conference planned for May 2006 at Izmir (Turkey). Newsletter articles and proceedings will be the measurable results, and the workshop will serve as the verifiable end-point of the project, producing the proceedings as a deliverable which will be accessible to the R&TD public.

The achievements of the WP are:

1.4.1 RESYSproDESAL_web continued

Though already started with an earlier project supported by the Middle East Desalination Research Center (MEDRC) the internet version of RESYSproDESAL was updated and completed within this WP and is accessible free of charge for everybody via www.RESYSpro.net. The server for this address is operated by SSA participant SimTech, and links to this address are inserted on the following websites of the participants:

http://www.nerc.gov.jo/
- browse www.nerc.gov.jo 
- click on Activities 
- click on R&D 
- click on PV 
- click on R&D 
- find Feasibility Studies at R&D page and click on the seventh point: 
              7. Selection of technologies and feasibility analysis of small and medium size RE plants 
- then you will find a link to RESYSproDESAL_WEB.

1.4.2 Workshops in MPC:

· NATO Advanced Research Workshop “Solar Desalination for the 21st Century”, 23-25 February 2006, Hammamet, Tunisia, about 40 invited participants from MENA and Europe.
Presentation by Dr. J. Rheinländer on “De-central Water and Power Supply Integrating Renewable Energy”. (Publication in book of proceedings under preparation).

· RESYSproDESAL FP6 Workshop on “Systems Analysis Environment for the Integration of Renewable Energy with De-central Water and Power Production in MPC, organized by Le Groupe Modelisation en Mecanique et Productique (GMMP/LMMC) and Centre de Developpement des Energies Reouvelables (CDER), 26th March 2006, about 30 participants from Algeria (ADE, CDER, APRUE, NEAL, CITSS).
Presentations from RESYSproDESAL -project partners: 
J. Rheinländer: RESYSproDESAL – Systems Analysis Environment for the Integration of Renewable Energy with De-central Water and Power Production in MENA
E.W. Perz, S. Bergmann: RESYSproDESAL and PSEconomy – Integrating Technical with Economic Performance Prediction within one Systems Analysis Environment for water and Power Cogeneration
K. Mohammedi: RESYSproDESAL in Algeria – A Case Study on De-central Water and Power production nearby Azzefoun by SWRO Integrating Wind Energy
A. Sadi: RESYSproDESAL in Algeria – A Case Study on De-central Water and Power production nearby Hassi-Khebbi by BWRO Integrating PV

1.4.3 Presentations at international conferences:

· EUROMED 2006 “Desalination Strategies in South Mediterranean Countries”, May 22-24, 2006, Montpellier, France, organized by the European Desalination Society (location changed from Izmir to Montpellier after specification of this WP)
Presentations from RESYSproDESAL-project partners: 
J. Rheinländer: RESYSproDESAL – Systems Analysis Environment for the Integration of Renewable Energy with De-central Water and Power Production in MENA
E.W. Perz, S. Bergmann: A Simulation Environment for the Techno-economic Performance Prediction of Water and Power Cogeneration Systems Using Renewable and Fossil Energy Sources 
F. Alawneh: RESYSproDESAL in Jordan – A Case Study on De-central Water and Power production by BWRO Integrating Solar Energy
(a presentation by Dr. Mohammedi and A. Sadi was scheduled but could not be done, as the Visa for Dr. Mohammedi’s visit to France was not extended in time by the Embassy of France in Algeria).

· 13th SolarPACES Symposium, Sevilla,Spain, June 19-26, 2006
Presentation by Dr. Rheinländer and S. Bergmann: Parabolic Trough Solar Field for Multi Effect Desalination

· EuroSun2006 Conference, Glasgow (UK), June 27-30, 2006, organised by the International Solar Energy Society. Presentation by K. Mohammedi: Performance Analysis of De-central Water and Power Production by BWRO Integrating PV Solar Energy

· GCREADER conference, Amman, 18 - 22 September, 2006, organised by University of Jordan / Renewable Energy Bureau (REB). Presentation by F. Alanweh: Technical and Economic Performance Prediction for a Brackish Water Reserve Osmosis Desalination Facility Driven with a Hybrid Photovoltaic/Utility Power Supply at Aqaba in Jordan.
· CIERTA 2006 - International Conference on Renewable Energies and Water Technologies Almería, Spain, October 5-7, 2006. Presentation by J. Rheinländer: De-central Water and Power Supply Integrating Renewable Energy - Prediction of Technical and Economic Performance

1.4.4 Meetings with water authorities and industry in MPC:

Algeria

· ADE (Algérienne des Eaux) (contact: M. Moussaceb)

· Hydrotechnique (contact: M. Abderrahmani)

· ALIECO (Algerian Industrial Company) interested in the realization of a prototype. (contact: M. Tayeb)

· AEC (Algerian Energy Company) (Contact: M. Oualikene)

· SONELGAZ (Société Nationale de l’Electricité et du Gaz) (Contact : M.Aggad)

· APRUE (Agence pour la Promotion et la Rationalisation de l’Utilisation de l’Energie) (contact : Ms Klouche)

· The NEAL  (New Energy Algeria) (contact : M. Derriche)

· Local authorities in Boumerdès and Azzefoun

Jordan

· Jordan Water Authority (contact: Eng. Mousa Shinan)
The annual average capacity of the PV-Water-Pumping_Systems installed by Jordan Water Authority is about 10 kWp. 57% of the country’s PV installations are in the water sector (pumping and desalination). Therefore the Water Authority of Jordan (WAJ) is the most promising beneficiary of systems optimization using RESYSproDESAL. Therefore, NERC wishes to concentrate efforts on establishing a cooperation project with WAJ to prepare a feasibility study about rural water pumping utilizing PV.
 

· University of Jordan (contact: Dr.Nasri Al Rabadi)
· Tafila Applied University in Jordan (contact: Dr. Ayman Rawajfeh)
· Royal Scientific Society in Jordan (contact: Eng. Ayman Ghmoh)
· Jordan Telecommunications Company (contact: Eng. Basel Al Tarawneh)
1.4.5 Information on website of MEDRC 

The Middle East Desalination Research Center (MEDRC) inserted a short description of RESYSproDESAL on their website http://www.medrc.org/ under the header: 

Software Packages: (referring to their former project number 03-AS-005) with title: System Analysis of Renewable Energy Conversion Integrated with Desalination Processes
2 Progress towards the objectives

The project was completed as scheduled and achieved the objectives defined in chapter 1:

· 5 Exemplary case studies were done.
· The MPC partners are in contact with their water and power authorities on opportunities for deployment of hybrid RE technologies.
· In both MPC partner institutions experts were trained in the use of RESYSproDESAL.
· Several workshops and presentations in conferences were done for the dissemination of knowledge on the capacities of RESYSproDESAL.
· The partner institutions NERC and LMMC were guided through their local case studies by regular communication by mail and phone with participants ZSW and SimTech.
· The documentation and components of the tool are available for everybody via ftp-server and actively usable for everybody owning the basic software license for IPSEpro.

· Participation of a second research institution in Algeria was established by contact with CDER and training of one of their experts on IPSEpro at Graz.

3 Status of milestones, meetings and deliverables

3.1 Kick-off meeting:


Held on July 25th 2005 in Graz (Austria) in the offices of partner SimTech. All partners participating.
3.2 Project manual:

Edited by the coordinator and supplied to the participants during the kick-off meeting. The manual 
was continuously updated and accessible via
ftp://ftp.zsw-bw.de/pub/Rheinlaender/Project_Manual.

3.3 1st progress meeting: 

Held on March 26th 2006 in Boumerdès (Algeria) in the offices of LMMC. ZSW, SimTech and 
LMMC participating. NERC excused for lack of budget for traveling.

3.4 2nd progress meeting:

Held on May 22nd 2006 in Montpellier (France) on the occasion of participation in the EUROMED 2006 conference. ZSW, SimTech and NERC participating. LMMC was excused for delay of Visa-extension by French Embassy in Algiers.

3.5 Workshop on RESYSproDESAL:

Originally a workshop within the frame of the EUROMED 2006 conference was scheduled in the work program. From discussion of this idea with the organizers of EUROMED 2006 the partners concluded that this would require more cost contribution than allowed by the budget foreseen in the RESYSproDESAL budget planning. Therefore the partners agreed on the following alternative: LMMC and NERC organize (smaller) workshops for locally selected groups of participants from water authorities, industry and research institutions in Algeria and Jordan. Additionally with EUROMED 2006 a session on “Performance Simulation of Integrated RE and Water Desalination Systems” was organized to which the RESYSproDESAL partners (and other authors) contributed one presentation each (see chapter 2). The national workshop in Algeria was held in March 2006 (see chapter 2). A similar national workshop in Amman was intended by NERC for November 2006, but unfortunately could not be realized for lack of budget for all partners.

3.6 Guide for case studies and assessment:

The guidelines for IWPP case studies and assessment was compiled and included in the documentation on “RESYSproDESAL_MENA”.

3.7 Documentation on RESYSproDESAL:

As already stated in chapter 2 the full documentation is accessible via 
ftp://ftp.zsw-bw.de/pub/Rheinlaender/RESYSproDESAL.

4 Problems encountered and corrective actions

Generally the work in the SSA was progressing successfully and timely as scheduled. There were few minor obstacles encountered and the following corrective actions were tried:

4.1 Software licenses not yet perpetual

The MPC partners NERC and LMMC were supplied by partner SimTech with provisional licenses for the basic software IPSEpro limited until the end of the SSA. NERC and LMMC were trying to find sponsors for the purchasing of perpetual licenses for the continuation of their activities as RESYSproDESAL users after the end of the SSA. Until the end of 2006 this search was not successful. 

4.2 Slow Visa procedure for visitors from Algeria to France

The project suffered from an unexpected slow procedure of Visa extension by France to Dr. Mohammedi when he intended to participate in the EUROMED 2006 conference in Montpellier. In consequence Dr. Mohammedi could not participate and present his scheduled paper within the special session on RESYSproDESAL. 

4.3 Excessive cost for workshop integration with EUROMED 2006

Though no definite quotation was given by the organizers of EUROMED 2006 it became soon clear from the discussions with them, that the originally foreseen 3000 Euro would not be enough as a contribution to cover an workshop session on RESYSproDESAL as a side event within the conference. The corrective action is described in 4 and the participants believe that this solution had an equivalent disseminative effect.

5 Plan for Using and Disseminating the Knowledge 

In this SSA the components of dissemination and networking play a dominant role and the steering of these actions is an immediate task of the Coordinator. The Coordinator negotiated agreements with EDS and MEDRC on feature contributions about RESYSproDESAL in their newsletters and on the integration of a session on “Performance Simulation of Integrated RE and Water Desalination Systems” within the EUROMED 2006. 

The Coordinator ZSW and participant SimTech established free access for everybody to the internet version of RESYSproDESAL via www.RESYSpro.net, which will now serve as the IWPP R&TD platform and centre point for the development and dissemination of knowledge created by this and future projects related to RESYSproDESAL. 

The MPC partners established contacts with the regional water and power authorities in their countries and particularly those who are responsible for water and power supply to the sites selected for the example case studies. Through these authorities the communities considered by the studies are informed and their specific requirements and resources have impact on the work. 

The protection of knowledge and of intellectual property is done from case to case by the authors of the invention and product in agreement with all partners.

5.1 RESYSproDESAL Capacity of NERC Contributing to CEC R&D Project 

NERC is participant in the OPEN-GAIN-project coordinated by University of Mannheim (Germany) and approved by CEC in 2006, and expected to start in 2007.
The project is titled 

“OP_timal _EN_gineering Design for Dependable Water and Power _G_eneration in Remote _A_reas Using Renewable Energies and _IN_telligent Automation” 

and among other responsibilities NERC will contribute with its now established capacity of operating the RESYSproDESAL Systems Analysis Environment to undertake the necessary engineering studies for the transfer of (future generations of) the Renewable-Energy-for-Reverse Osmosis-System developed at Mannheim to suitable sites in Jordan. All the technical and economic analysis on system integration with local site conditions will be subject to application of the tool.

5.2 Follow-up Project under Preparation by NERC in Jordan

At the end and based on the results of the SSA NERC is preparing the following project proposal to national and international institutions:  
Modification of 16 solar powered (Photovoltaic) water pumping stations at remote sites in Jordan to produce potable water using reverse osmosis technology (RO)

ABSTRACT

The water recourses in Jordan are very limited, and the natural increase of population is relatively high. Most of the people who are living in remote areas have no access to clean drinking water supplies. Therefore, RO desalination plants are proposed to treat the abundant brackish water sources that are available in these areas. Considering that, remote areas have no electric grid networks and having in mind that Jordan is 100 % dependent on imported oil, solar energy will be the most attractive solution for supplying the RO desalination units with electric power. This will comply with the major objectives of the project: the increase of energy self- sufficiency and the environmental protection from negative impacts coming from conventional fuels. 

Water Authority of Jordan (WAJ) owns (16) water pumping stations, powered by solar energy (Photovoltaic) in different remote sites in Jordan, which were installed and now are being operated and maintained by the National Energy Research Center (NERC).

INTRODUCTION

The brackish water sources mentioned above have salinity levels in the range of 1000 - 8000 ppm TDS. Although some of this water is currently being used for human consumption apart from using it for the purpose they installed for (livestock and irrigation), this is not an acceptable long-term solution from human health perspectives.

This proposal aims at utilizing small and medium scale reverse osmosis (RO) systems for water treatment and desalination to be used within those sites to have a suitable portion of the extracted water (according to the demand) with salinity less than 500 ppm to be potable water.

Since all these stations are far away from the utility grid, and since the water pumping facility within all of them are powered by solar energy (Photovoltaic), it is obvious that the utilization of solar energy (Photovoltaic) to power the RO-units should be considered.

OBJECTIVES OF THE PROJECT

The main objectives of this project are to:

-
Increase the local institutional and individual technical capacity in areas  

          related to renewable energy and desalination technologies through    

          extensive involvement of local participants in the design and         

          implementation phases. This will lead to know-how technology transfer to the region.

-
Contribute in solving the problem of supplying the inhabitants of remote  

          areas with potable water.

-
Environmental protection and sustainable management of natural resources.

CONCEPT

Each station already contains a water storage tank with capacity of 110 m3, which will be the source to supply the RO unit, in addition to the drinking fountain for the livestock which is already installed.

The product water of the RO unit will be stored in a small tank with capacity of (10 – 20) m3 (according to the potable water demand in each site).

The solar generator (Photovoltaic system) needs to be expanded to meet the power demand of the pumps and the RO system together. 
For the engineering of the refurbishing measures at all sites NERC will employ its capacity for operation the technical and economic systems analysis environment RESYSproDESAL. 
ESTIMATED COST

400,000 USD

PROJECT DURATION

2 years

OUTCOMES OF THE PROJECT

By providing clean potable water to the inhabitants of the remote areas, better way of life for them (social and economic) will be ensured. This will also have a positive impact on their financial situation, because the desalinated water will be much cheaper than delivering water via trolleys. And finally, by using solar energy, this will decrease the level of pollution caused by Diesel generators, and in turn help the environmental situation.

Technically, this project will contribute in the know-how technology transfer to the region in the field of RO-desalination that is powered by solar energy.
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