Wastewater Reuse in Jordan:  A USAID Initiative
a. General
Water is a basic human need, yet millions of people around the world do not have enough access to clean water. There are many claims on the world's water supply, from agriculture and industry to drinking water, municipal uses and tourism. It is a global issue, and everyone must share what is available. However, in some places, water is exceptionally scarce and people are extracting it faster than it can be replenished. Sixty-three percent of the world's population that has no access to clean water lives in Asia, the Middle East and North Africa.
b. The Jordanian Context
Jordan, situated in Southwest Asia, covers a territory of about 90,000 km² with 99% land area, of which 95% receives less than 50 mm rainfall annually. The land is characterized by an arid landscape as part of the great North Arabian Desert supporting meager and stunted vegetation thriving for short periods after scanty winter rains. 

Jordan shares the rivers providing much of its water with Israel and Syria. Over the years, conflicts have emerged over use of the water. For Jordan, lack of water is damaging people's health as well as the economy.  Available yearly per capita share of fresh water in Jordan is among the lowest in the world estimated at about 160 m3.  This share is continuously decreasing and is forecasted to go down to 90 m3 by 2020.

On the one hand, Jordan has very limited fresh water resources estimated at 780 MCM (million cubic meters) per year split between surface and ground water resources. Furthermore, the average yearly rain fall over Jordan is estimated at about 8.3 BCM (billion cubic meters) of which 94% is evaporated leaving very little addition to available water.  On the other hand, the demand on water is ever increasing and is estimated at about 1.2 BCM.  Clearly there is a deficit between the supply and the demand.  To bridge this gap, the Government of Jordan has put together a long-term plan to increase the efficiency of water use, improve the management of the water supply and improve wastewater treatment and reuse.
Agriculture is considered to be the largest consumer of water in Jordan with 66 % of water allocated to the agricultural sector (540 MCM, 2004).  In spite of that, the output of agriculture only contributes 4% to the annual GDP.  This is largely due to planting crops that are, not only water inefficient, but also economically unstable, (e.g. watermelons).  However, it is difficult to change attitudes given the socio-economic context of the sector.  The municipal sector (hotels, hospitals, schools, houses, government and private bodies) comes in as the second consumer with about 240 MCM (30% of the total consumption), while the industrial sector consumes about 40 MCM.
c. The Problem:

Rapid population growth, poor water management, not enough wastewater treatment plants and inappropriate pricing policies all contribute to the problem.  Continuous increase in the demand for water forces water agencies to look for alternative water sources. Especially in arid areas the future demands for water cannot be met through traditional water resources such as surface and ground water. In order to handle increased water demand, treated wastewater has to be reused and ways to reuse the effluent from municipal wastewater treatment plants have to be developed.

Wastewater (reclaimed) reuse refers to a well-regulated and controlled use of properly treated and conveyed effluent after treatment of municipal and/or industrial wastewater in well-designed and maintained treatment systems.

Jordan has worked to manage irrigation with wastewater for several decades. Since the early 1980s the general approach has been to treat the wastewater and either discharge it to the environment where it mixes with freshwater flows and is indirectly reused downstream, or to use the resulting effluent to irrigate restricted, relatively low-value crops. Given the diminishing per capita freshwater supply, the increasing dominance of effluent in the water balance, the overloading of wastewater treatment plants, local riparian water rights, and the need to protect domestic and export produce markets, effectively managing water reuse, including enforcement of existing regulations, has become increasingly challenging.

Jordan's 19 wastewater treatment plants generate more that 80 million cubic meters of treated wastewater per year.  This volume is significant and will play an important role in meeting future demands for water in Jordan.
Public acceptance generally dictates that, in addition to irrigated agriculture, which is likely to continue to be the largest user, reclaimed water can be effectively used for environmental restoration and enhancements, irrigation of green areas (parks, golf courses, sports fields), urban development (waterfalls, fountains, lakes), road cleaning, car washing, fire fighting, toilet flushing, and/or industrial uses, but not for potable water supplies. 
A major consideration in the use of reclaimed water in Jordan is the potential impact of regulations on the export market of fresh fruit and vegetables, and the possibility of restrictions placed by importing countries based on the poor microbiological quality of the irrigation water.  The export market for food crops grown in Jordan has suffered from restrictions imposed by some of the importing countries of the Arabian Peninsula and Persian Gulf because wastewater, where inadequately treated, may have been used to irrigate crops in some parts of Jordan.  More recently, standards for exporting crops to Europe have become more rigorous, as they need to be compliant with Euregap, stressing the importance of addressing the role of wastewater in the water used for irrigation.
d. The case study: "Description of the experience"
In an effort to integrate reclaimed water resources in national water planning, the government of Jordan, with support from the US Agency for International Development (USAID), has been for the past four years implementing several direct water reuse activities that seek to demonstrate that reclaimed water reuse can be reliable, commercially viable, socially acceptable, environmentally sustainable and safe.
Water Reuse Implementation Project (WRIP) which ran through 2002 to 2004 and The Reuse for Industry, Agriculture and Landscaping (RIAL) Project, funded by the USAID, and implemented by the U.S engineering firm Camp Dresser and McKee (CDM), which commenced in 2004 with the goal of creating successful examples of sustainable, treated wastewater reuse that can be replicated throughout Jordan.  These reuse project aim at working toward sustainable use of reclaimed water resources, providing economic benefit, and supporting community development.  The RIAL project also aims at providing training and technical assistance, in order to achieve the above mentioned sustainability.
$7.1 million is allocated for the RIAL project which is set to run for three years. The RIAL Project represents a second phase of investment in reuse implementation in Jordan by the USAID, and follows on from a pilot USAID-funded Water Reuse Implementation Project (WRIP) that begun in 2002.  WRIP, which was implemented by PA Consulting Group, set up (using a $3.5 million USAID grant) three treated wastewater reuse pilot sites in Aqaba, Wadi Mousa and Irbid (at the Jordan University of Science and Technology, JUST).  WRIP demonstrated that reclaimed water could be used safely, reliably and sustainably. Specific accomplishments are further discussed below.
The RIAL project focuses on four components, namly agricultral, landscape, industrial reclaimed water reuse and institutional capacity building   The agricultural component aims at further developing the sites in Wadi Musa, Aqaba and Irbid (each of which is operating under a unique set of environmental, financial, and technical conditions) to achieve sustainability. The landscape component established sites in Amman and Aqaba to promote the use of treated wastewater for irrigation of urban landscaping, while the industrial component targets the Jordanian industrial sector to encourage resources conservation, pollution reduction, and the promotion of an Environmental Management System (EMS) framework approach.  RIAL also engages in institutional strengthening and public participation activities, including support to the newly established Water Reuse and Environment Unit (WREU) at the Water Authority of Jordan and public awareness and training events to improve acceptance of water reuse. Furthermore, part of the RIAL project has included the development of sustainability plans, addressing financial, marketing, environmental and technical aspects of the reuse sites in the future. This is achieved through working with stakeholders and local agencies government to address and formulate the national policy on the role of reuse in Jordan.
As previously stated, a first phase of reuse implementation activities – the Water Reuse Implementation Program (WRIP) – was completed in March 2004. The accomplishments of the WRIP represent the foundation upon which the RIAL project is built. The major WRIP accomplishments are briefly summarized below:


· Establishment of Demonstration Projects – Wastewater reuse demonstration projects were designed and implemented at three locations in Jordan (Aqaba, Wadi Mousa and JUST). Operation and maintenance of these projects, completed under the previous phase, and part of the RIAL Project Scope of Work.

· Development of an Industrial Strategy – A strategy for advancing water conservation recycling reuse, and with Jordanian industries was developed and proposed. This strategy served as the basis for the industrial activities (Task 3) of the RIAL project.

· Establishment of Water Reuse Institutional units– The WREU of the Water Authority of Jordan (WAJ) was established to master plan monitor and manage reuse projects and activities throughout Jordan. In addition, a National Water Reuse Coordination Committee was established to regularly bring together various stakeholder agencies for discussion and resolution of different issues related to wastewater reclamation and reuse. The institutions and agencies that participated in the previous phase of the project served as the cornerstone of institutional development activities under the RIAL Project.

· Raising Pubic Awareness – Through development and distribution of media materials related to the reuse of treated wastewater and the facilitation of a major regional reuse conference in Jordan, awareness of reuse issues was elevated, at least among some target communities. As follow up, the RIAL project leveraged the existing materials and prior accomplishments to further awareness and influence acceptance of wastewater as a viable resource and related products among target audiences key to the sustainability of activities.

The RIAL Project which built upon the achievements of WRIP set the following specific objectives:
· Help achieve sustainability of wastewater reuse activities. Towards this end, each reuse implementation activity must be approached with an integration of all factors leading to sustainability: technical soundness, economic viability, community acceptance, risk management and environmental and public health protection. Addressing each of these factors in the development of reuse implementation projects will help lead to overall project success and sustainability.

· Improve regulatory capability for monitoring and management of reuse activities – Technical excellence and legislation does not necessarily lead to project success. Strong institutions leading a consistent and transparent program of project monitoring and management will build experience and public confidence in reuse activities.

· Improve acceptance of wastewater reuse– Perception is reality. It is important to assure that key target groups who can influence project sustainability (clients, consumers, farmers, etc.) have a positive understanding of wastewater reuse. Negative perceptions of reclaimed wastewater and related products must be understood, dealt with and changed if possible.

To meet its objectives, the RIAL project is organized in three distinct tasks:
· Task 1 – Implementation of Direct Water Reuse for Agriculture and Landscaping (Agriculture) – This task focuses on direct implementation of wastewater reuse for both agriculture and landscaping. Activities are aimed at project development and achieving sustainability of operations.

· Task 2 – Institutional Strengthening and Public Participation - This task aims to further develop institutional capability for monitoring and management of reuse activities. Training and Public Awareness activities to improve perception and acceptance of reuse are also planned.

· Task 3 – Water Conservation Reuse, and Pollution Prevention in Industries – This task aims at improving water use efficiency and reducing pollutant discharge in Jordan’s industries. Wastewater reuse opportunities will be integrated with conservation and recycling activities in an Environmental Management System (EMS) framework approach.
The rest of the report will focus on the agricultural and landscape components of the project.  As mentioned above, these components carried on from a previous project and are at an advanced stage.  As for the industrial component, although much progress has been accomplished, information is available and tangible water conservation and cost reduction results have been achieved were published and shared with the partner enterprises.
e. Results
i. Environmental and Socio-Economic gains
Long term positive impacts on groundwater have been demonstrated through reducing the rate of exploiting groundwater and conforming to the safe yields.  Consequently, the successful implementation of this project in such arid parts of Jordan promoted the application of reclaimed water and encouraged the responsible governmental agencies to replicate this experiment in other areas and on a larger scale.  Furthermore, increasing the green spot in Jordan's desert environment has been demonstrated to contribute to desertification control and a reduction of the rate of soil erosion.  Each pilot area had its own unique environmental and socio-economic gains.

Another environmental gain was protecting the biodiversity through growing and marketing fodder for the live stocks which leads to enormous reduction in the rate of animals grazing the unique flora.

This project has a unique standing as an environmentally friendly initiative.  Treating water, reclaiming it and safely directing its use, has certainly enhance the environment 
The major and direct beneficiaries from this project and its expansion are the farmers and the society, whose income, standards of living and economic status were remarkably elevated, thus almost reducing unemployment and poverty.   In order to evaluate the income of the farmers, the projected Net Income of the project in 6 years was calculated based on constant expansion as follows: the Net Cash Income per farmer per year is projected at: US$ 530, 600, 1000, 1400, 1800 and 2300 for the years 2005 – 2010, respectively. If we take into consideration ownerships costs of farms, machineries and variables, then the Net Income would be: US$ -190
, 65, 650, 1250, 1800 and 2400 for same projected years, respectively.

The productivity of the reclaimed-water irrigated lands was substantial especially that they are no longer dependent on rainfall except for supplemental irrigation as needed (in the winter season).  As for marketing of the products, farmers are either using the fodder for their own livestock or selling it to local animal producers in an area where it is not available in sufficient quantities. One example is the (alfalfa) crop which is being produced at the rate of about 150 tons of fresh alfalfa per Hectare per year. Each ton is selling at US$ 50. This year, 2006, a record quantity was achieved where the produced alfalfa exceeded 150 tons per Hectare, which is equal to, if not more than the medium average of production (mainly store fruits in tons/hectare/year, worldwide. Fruit trees are expected to have a contribution in wholesale, by 2007, when they are expected to supply local tourist hotels and local population.  In terms of financial viability, the project has proved to be successful and sustainable, where revenues from fodder crops alone are high enough to cover the direct production costs and to provide an attractive income. 

The project’s indirect beneficiaries include: (a) The local livestock owners who receive a feed source for their livestock at reasonable and affordable prices, (b) women: Six local breadwinner women are now working in their farming plots and (c) two local agricultural engineers and two local laborers are working on the project and providing advice to the local farmers. 

One important social benefit is the development of human resources.  Several NGOs involved in agriculture and wastewater reuse activities have organized training and practical demonstrations of new agricultural techniques and methodologies.  As a result, community members have acquired new knowledge and skills and started to practice greater decision making and involvement of women and vulnerable groups.

Another important gain is the enhanced measures taken to protect the environment, health and safety of the workers, framers, as well as the general public.  All necessary precautions, measures and educational training in the area of Public Health & Safety were administered.  This was done via the implementation of a "Health and Safety Protection Plan", and operation and maintenance procedure such as "Wadi Mousa Operational and Maintenance Manual for Wastewater Reuse".  For example, pesticides used are mainly of organic origin and degradable with a maximum life time of 10 days; they all conform to USAID regulations.  Furthermore, and due to water reuse regulations in Jordan that strictly limit sprinkler irrigation, drip and subsurface irrigation systems were installed. Drip tubing and fittings with the unique purple color that are manufactured domestically with local contractors installing the systems.
One of the very essential and indeed challenging issues for the success of such projects is the confidence of the public in reclaimed water.  The Jordanian public has been historically uncomfortable with the concept of treated wastewater being re-used due to perception and religious misconceptions and beliefs.  In the past, water has been re-used informally and sometimes in an uncontrolled manner.  To overcome this, a multitude of awareness campaigns have been conducted to increase public understanding that reclaimed water can free-up fresh water, enhance wastewater discharge and generate income too is used in a controlled manner.

The Project public awareness programs included:
· Giving presentations on water re-use to stakeholders and special interest groups such as farmers, utility managers, religious leaders, university and school students, and the public. 

· Creating a well stocked reference library to make technical reports and publications available to water resources personnel and the public. 

· Formulating a strategy for appropriate levels of water treatment and for selecting crops that will be effluent tolerant, suitable for export and cost effective.
· Arranging tours for Jordan’s water re-use managers to successful water reclamation projects in the USA, Tunisia and Morocco. 

· Training field workers and farmers in hygiene and control measures when working with reclaimed water.

ii. Institutionalization and capacity building

As a first step in the capacity building effort, an institutional evaluation and analysis was performed.  An institutional analysis was required to determine the organizational structure, roles and responsibilities and supporting resources.  This capacity building includes:
· Enhancing relevant managerial, technical and operational capacity.

· Developing appropriate strategies, policy guidelines and action plans.

· Development of competency to allocate supplies, balance the daily and seasonal supplies and demands and plan future investments.

· Establishment of an Information office for outreach and awareness regarding water issues
As a result of the institutional evaluation and analysis performed, a Water Reuse and Environment Unit (WREU) was established within the Ministry of Water and Irrigation (MWI), Water Authority of Jordan (WAJ) with the responsibility of planning, allocating, permitting monitoring and regulating wastewater reuse activities.  In addition, a National Water Reuse Coordination Committee has been established as a forum for discussing reuse issues among key stakeholders. Jordan has also adopted clear standards regulating the reuse of treated wastewater for agriculture.

In Aqaba, institutional support is being provided to the Aqaba Special Economic Zone Authority (ASEZA) to establish the “Water Resources Management Directorate” (WRMD) including a wastewater resources division to ensure the regulation and management of reuse activities in a sustainable and comprehensive fashion. In addition to this, a “Water Reuse Information Office” was established to form the base for a comprehensive communication and public awareness program.  This awarness program aims to introduce clear and specific messages to Aqaba's community concerning water reuse as well as working proactively to manage misconceptions that could affect implementation of the reuse project.

iii. Demo Sites

· Wadi Musa pilot project: water re-use demonstration farm


To protect the environment around Petra, which is a UNESCO World Heritage Site, and to ensure enough water for tourists, the local population and regional farmers, a new water and wastewater treatment facility was necessary. USAID joined forces with other donors and the Jordanian government to design and build the wastewater treatment facility. USAID contributed $28 million of the total $45 million cost of the project. Today, it benefits 17,000 residents, up to 3,000 tourists a day, the tourism sector as a whole and the natural environment of Petra. Furthermore, the high-quality treated wastewater coming out of the treatment plant is being used to irrigate a nearby model farm to demonstrate the safe and effective use of reclaimed water in irrigating high-value crops of environmental and phytosanitary suitability. 
Jordanian farmers in Wadi Musa, near the historic city of Petra, were the first in the area to receive leases to irrigate with treated wastewater.  These farmers are directly benefiting from the pilot demonstration farm, to show that reclaimed water can provide safe and reliable irrigation for some types of agriculture.  
The project exploits the Petra Regional Wastewater Treatment plant effluent, using treated wastewater on a variety of agricultural crops with several different irrigation methods.  The farm grows field crops such as alfalfa, maize, sunflowers and Sudan grass, tree crops including pistachio, almond, olives, date palms, lemons, poplars, spruce and junipers, and many varieties of ornamental flowers including iris, geraniums, petunias and daisies.  A demand for the farm’s cut flowers was created in several of Petra's tourist hotels.  Hotel managers have said they will purchase all the flowers that can be produced at the site, demonstrating the economic benefits generated from the project.

Funds from the sale of crops grown at the site will be used to establish a revolving fund for the farmers, including local Bedouin tribes, who will receive loans to help them establish and plant their lease holdings.

· Jordan University of Science and Technology pilot project

The JUST project, located on five sites in the University campus, is benefiting from the strategic, technical and hands-on practical experience to plan, manage and monitor re-use of treated wastewater in agriculture, as a model for future initiatives throughout Jordan 

Using conventional spray irrigation with re-used water was not possible as an aerosol effect is created which would travel beyond the boundaries of the project.  The solution was a drip system of irrigation using color coded purple pipes.  In addition, a new spraying system which generates larger water drops to ensure the spray does not form aerosol or travel beyond the boundaries of the site has been introduced.  This is the first time such pioneering technology, imported from South Africa by local distributors, has been used in the Kingdom.

The produce grown on the JUST site includes vetch and barley, as well as tree crops such as pistachio, almond, carob, fruited and non-fruited pine, Barbary figs, and olives.  Once the crops from the test site had been checked to be safe, financial value was generated from the project. The first harvest of barley and vetch (some 1,700 kilograms) has been sold as animal fodder and the proceeds went to the JUST Needy Student Fund.

· Aqaba Special Economic zone(ASEZ) pilot project

The Aqaba Special Economic Zone (ASEZ) was established in 2001 as a zone with special economic status in Aqaba to encourage industry and trade activities in the port city and its surroundings.  The zone is managed by the Aqaba Special Economic Zone Authority (ASEZA).  

As per articles No. 9 and 11 of the environment protection law No.1 of the year 2003 and as per ASEZA zero discharge policy to the Gulf of Aqaba, any wastewater produced within the ASEZ should be treated to meet standards for reuse, or to meet the regulations set for its disposal through the collection system. This necessitated the speedy initiation of wastewater reuse within the zone.  To facilitate this, a new advanced tertiary treatment plant utilizing the extended aeration process was constructed.  This plant provides tertiary treated effluent suitable for industrial and landscaping purposes.  Additionally, the existing secondary treatment plant was rehabilitated to get its optimal treatment efficiency for restricted agricultural reuse.

The Reuse for Industry, Agriculture and Landscaping (RIAL) Project’s Aqaba water reuse demonstration project was initiated to demonstrate the viability of a wide range of ornamental plants, fruits trees and grasses in Aqaba’s harsh desert environment exploiting secondary treated effluent for restricted agricultures irrigation.  As well, the project includes two sites within the city of Aqaba (namely Al-Darb road and civil aviation road) as a direct implementation of water reuse concept for landscaping.
The project provides technical assistance and on-the-job training in crop selection, water irrigation scheduling and irrigation network design including drip and subsurface irrigation networks. Environmental monitoring is applied to assess the baseline groundwater and soil quality in the sites targeted for irrigation with reclaimed water and to monitor the potential impact of reclaimed water reuse on fauna and flora as well as ground water quality.

This project will provide a business model for other urban areas where agricultural opportunities are precluded due to lack of suitable sites, inadequate water quality, or other adverse conditions. In line with its policy to sustain water reuse strategy in ASEZ, the results and conclusions of this project will be introduced by ASEZA to investors to be applied on larger and commercial scales. ASEZA also plans to sustain the operation of the project site after RIAL as a recreation park and water reuse research and demonstration station.

A part of its eco-tourism and water reuse policies, ASEZA started a joint project with the Jordan Society for Sustainable Development (JSSD) to establish Aqaba Birds Observatory (ABO) at the wastewater treatment plant vicinity. ABO would enhance eco-tourism, environmental education and public awareness about water reuse benefits and its relation with different environment components.

· Greater Amman "Environment Street" Project

This component of the RIAL project serves to demonstrate the use of treated wastewater in urban landscaping. It is being implemented in conjunction with the Greater Amman Municipality on two major interchanges along the Jordan Street, and the new North-South highway linking Amman to the north and Syrian border.
The purpose of irrigating landscaped areas in Greater Amman is to provide supplemental irrigation during periods when there is no rainfall. Once mature trees have been established, they need little irrigation due to adequate rainfall in winter months that replenishes soil moisture. Shrubs and ground cover plants with shallower rooting depth require some supplemental irrigation throughout the drier months to maintain strong growth.
The larger landscaping site at the Jubiha-Yajoz interchange covers some 50 dunums of land, and a 25 dunum site is located at the Abu Nusair interchange. The landscaping has been designed with an attractive mixture of trees, shrubs, and ground cover that will be a pleasant sight throughout the year. The plants have been placed so that taller plants will grow to a peak in the center of the landscaped areas, leaving lower plants closer to the road so as not to obstruct the view of drivers passing through the interchanges.
Both sites are now fully operational, with full planting completed. Wastewater for this site is obtained from the Abu Nusair Wastewater Treatment Plant. At this location, the Greater Amman Municipality (GAM) has installed a sand filter and tanker filling station. Specially painted purple tankers are used to convey the filtered wastewater from the Abu Nusair wastewater plant to fill the storage tanks at the two interchange sites.
Underground tanks at each interchange site minimize the impact of infrastructure on the landscaping. Each interchange has two sets of tanks, one on each side of Jordan Street, so as to minimize disruption to the flow of traffic on the highway. Tankers discharge their filtered wastewater into the underground storage tanks, which have a total capacity of 50 m3/day. The tank capacity allows some day-to-day storage, but in periods of peak demand, tanks must be filled several times a day. GAM is responsible for management of the purple tankers and filtration at Abu Nusair.
Each interchange is divided into several independent zones, allowing the system operators to irrigate each part of the interchange in accordance with the water demand of that zone. The project has produced a very attractive landscaping, saving enough water to supply approximately 150 households with treated drinking water.

f. Lessons learned:

Project successes are measured using several indicators in addition to document completion and submittal. Some of the broad indicators of project success, which are monitored throughout project implementation, include:
· Degree of sustainability of reuse activities. At the end of the project, sustainable management plans should be in place for all reuse implementation activities (agricultural and industrial).

· Functioning monitoring and regulatory program. The GOJ shall be significantly engaged in the implementation of a program of monitoring and management of reuse activities.

· Appropriate markets and market mechanisms in place. Farmers utilizing wastewater for crop irrigation shall have access to the appropriate markets for selling their products according to applicable regulations.

· Participation of the private sector. Industries engaging in reuse, recycling and pollution prevention of their own accord will be an important indicator of project success.
· Public acceptance as demonstrated by sale of reclaimed water irrigated crops.
Thus far, socio-economic indicators point to the positive impact of this pioneering project and its success, most evidently portrayed by increased income per family, elevated standards of living and economical situation of the local community and farmers.  Hence, it can be stated that, in terms of financial viability, the project has proved to be successful and sustainable, where revenues from fodder crops alone are high enough to cover the direct production costs and to provide an attractive income.  This Water Reuse Project for Agriculture has created the opportunity for the local community groups to take responsibility for water management, while improving general efficiency and system performance and reducing costs for the farmers and the Government. It also allowed decentralization that is beneficial to both the farmers and the nation, which came with a sense of ownership and commitment. The farmers worked towards solutions to increase their income and raise their standards of living, with great transparency within their local community.

Some of the Key lessons learned:

One of the most important pressing issues, to be addressed is the sustainability of the established sites when sponsorship of these sites ceases.  It was realised that it is imperative for sustainability to empower the local community through extensive training, new acquired skills and techniques in agriculture, irrigation, use of fertilizers and organic pesticides, as well as involvement in decision making, water management responsibilities and gender considerations. 
Another very important lesson learned is related to the operational performance, sound institutional arrangements, conservative cost and cost effective, realistic reclaimed water sales estimates, and good public communication which are fundamental to the success of any water reuse project. It can only realistically be promoted where investments in wastewater collection and treatment systems have already or are soon to be made.
One of the most important lessons learned is that, to enable the Jordanian people to feel confident with re-used water for irrigation, it was imperative to establish trusted institutions to ensure that the highest standards of health and safety are adhered to. This was accomplished and could be sustained through:
· Focus on building partnerships with all stakeholders, and most importantly, find a strong champion within the government and donor sectors with whom a joint vision can be built that they will be committed to and sustained after the program is completed.

· Successful partnerships are those built by helping partners learn new information together – explicit “relationship-building” workshops must be complemented with daily, sometimes mundane, working interaction.

· Donor programs can create a forum for all stakeholders to communicate – often this is all that is needed, and facilitating the interaction is not difficult.

· Community participation created awareness and then demand for improved conditions. Community motivation was instrumental in getting Government and donors to commit funds for future phases. Local community stakeholders are technically empowered to discuss their needs with government

g. Some of the Challenges faced:

Any endeavor to change the way people interact and conduct their business will encounter obstacles which needed to be identified and managed. Obstacles faced and steps taken to overcome them include:

· Lack of trust and stakeholder, informative community and local government officials.  Workshop process enabled the partners to talk to each other, and thereby build mutual respect and trust.

· It was very difficult to convey the benefits of the wastewater reuse program to people who are not directly involved in the use of the treated wastewater.   Positive response to the awareness raising activities was not easily attained.  It was not until its relation to lower water tariff was established that appreciation was attained.

· Public accessibility to the demo site in Aqaba for demonstration purposes presented a challenge. The demo site is in a decommissioned military site and military clearance is required to enter the site.  Demo sites should be chosen with ease of access to the public as one of the conditions with potential of changing the demo-site into a visiting center
· Clogging: Filtration system maintenance varies with treated wastewater quality and filtration design, and emitter clogging has been a problem in this project due initially to improper system operation and poor treated water quality. Enhanced wastewater quality through upgrading of treatment plants is essential to ensure smooth operation and sustainability.

· Lack as well as inadequacy in policy and legislation regulating the use of wastewater was a challenge for the success of this project.  For example, the JS893/2002 Water Reuse Standard for irrigated agriculture tried to regulate both water reuse and environmental discharges, so it was necessary to establish discharge requirements for treatment plants irrespective of, and in addition to, the standards for specific uses of reclaimed water.  The 35 202/2004 for industrial effluent discharges addressed pre-treatment capabilities.
h. Next Steps: Industrial recycling, reuse and Environmental Management Systems :

It is estimated that over 90% of the treated wastewater effluent from treatment plants across Jordan is reused in some way; however, much of it is mixed with freshwater before use, particularly in the Jordan Valley. Thus, additional monitoring and regulation and documentation of the results of reuse projects is needed to determine the volume being reused and whether the prescribed standards are being met.

The implementation of water reuse and recycling can improve enterprise competitiveness and simultaneously improve economic and environmental performance.  How to increase water efficiency and water re-use practices by implementing pollution prevention concepts is currently initiated but needs to be taken further. 
By applying the principles of an integrated environmental management systems (EMS), with pollution prevention at its core, companies will not only identify ways to recycle and re-use treated and untreated wastewater, but will also improve their environmental performance in other areas too. Because the principles and tools can reduce pollution and waste at the resource, the need for costly end-of-pipe treatment technologies and their add-on costs can be reduced or eliminated
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With high unemployment rates�, no sources of income resulting in deteriorating standards of living and poor economic, the poverty indicator measured at about 44% in the Maan Governorate (Reference: Feb.2, 2003 - Mohamed Fayez Tarawneh Report, based on the Socio-economic Assessment for the Wadi Mousa Wastewater Reuse Implementation Project Document / USAID Contract) , including the Wadi Mousa valley. Agriculture is a vital source of income for the majority of households in Wadi Mousa, which totaled about 12,535 persons within 2,233 families, with an average age of 18 years. A tribal leader of Um Sayhoon was quoted as saying: "There are families that cannot find their daily food...they are starving...the situation is really bad...we �had never faced this situation before".





In 2005 there was an actual average return of more than 1000 US$ per farmer, while the estimated return per farmer in 2010 is about US$ 2400 inclusive ownership, and maintenance cost of machineries and equipments





As part of RIAL, it was shown that the yield of maize became approximately 25 percent higher than that for maize grown with fresh water, and the yield for sunflowers was increased by approximately 30 %.

















Through dynamic and varied cropping schedules, various water application and irrigation methods, diversification of cropping patterns and other innovative methods, the RIAL project demonstrated that not only can crops be grown, but that irrigation with reclaimed water can significantly increase yields, producing tangible financial benefits in the first opening four months of the project





Whereas the average U.S. citizen has more than 9,000 cubic meters of fresh water available per year, the average Jordanian has less than 200 - a 45-fold difference





The farmers' income from farming fodder only, during winter/Spring of 2003/2004 varied between 290 US$ to 980 US$ based on the planted area in each farm unit. Incidentally, a UNDP measure of human resources indicators in Maan in 1997 revealed an average (total) per capita income of US$ 870.








� Note: The negative net income in 2005 is due to the fruit trees that have not yet generated revenues but already have production costs. More over if farmers opt to perform activities on their own rather than recruit local labour, then they would easily sustain a 20% average reduction in production cost
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