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DEVELOPMENT  OF A  NEW  SOLAR PHOTOVOLTAIC  POWERED  DESALINATION PLANT

 Contents:

1.Abstract

2.Introduction

3.Plant Requirments

· System’s Configuration and It’s Working
· Control system considerations

· Data acquisition and Display

· On-going operation and future experiments

· Results

4.Conclusion

1.ABSTRACT:
The present work outlines the designing, erection and operation process of a stand-alone desalination plant powered by solar photovoltaic energy. Such a plant will serve small isolated communities in remote areas devoid of water resources. A specially customized code was built to simulate the operation of the installation in order to allow appropriate choice of components specifications. Site meteorological data were used to enhance prediction capabilities. The code continuously updates the instantaneous water lever of the reservoir as well as the current state of charge of the accumulators. Depending on these two variables, a logical decision tree is built to decide whether the cumulated solar energy production can satisfy the load of the plant or additional energy must be provided from the accumulators or an auxiliary diesel engine generator. The process control system for such an installation must allow for operation in isolated areas where qualified maintenance personnel are scarce or remote. These are special considerations regarding the design philosophy in order to reach a state as close as possible to a maintenance-free system. In view of this consideration, several layers of back-up were built into the system such as a diesel generator (whose use is to be kept to a minimum). Also, the system has been designed to operate at about a 33% service factor. Two-day battery storage autonomy has also been provided. The desalination plant uses reverse osmosis technology. The plant has a maximum product capacity of 9 m3/d in view of future needs, even though it is designed to currently produce only 3 m3/d. The inlet water is to be provided from on-site brackish water wells. The local water quality is approximately 3500–5000 ppm corresponding to brackish water. The expected life-span of the plant is about 15 years. The system was successfully erected and has been continuously operated producing 3 m3/d. Experimental measurements are now in progress, and a comparison to theoretical predictions is presented. The time schedule for the whole project consisted of 6–8 months, including many changes required during construction.

2.INTRODUCTION:
The system under investigation is a system that is specially designed for remote located communities, who do not have access to national electricity and fresh water. The heart of this is a solar photovoltaic (PV) array, which provides electricity. The high solar irradiation and the existence of huge amounts of saline underground water characterize the earth’s desert belts; it is useful to investigate the feasibility of desalting this readily available water by solar energy.
The suitability of photovoltaic solar energy for reverse osmosis (RO) desalination is attributed to the following:

• This technology is suitable for desalting small amounts of water at remote and isolated locations.

• Low consumption of electrical energy (less than 5 kWh/m3 of desalinated water)

• Operation of this system needs little maintenance since the generation end has mainly solid-state components and the RO load is fully automatic, needing only periodic inspection and maintenance.

• New improved RO low-pressure membranes further reduce overall energy consumption and hence increase the quantity of product water per installed power.

• Constant decline in the prices of photovoltaic modules, RO systems and microprocessors gradually close the price gap with large-scale thermal desalination systems. As for small remote brackish water desalination systems, the RO–solar option is already the most economical one.

• The use of a brushless DC motor in a later stage of the project could further improve system efficiency and eliminate the need for a DC to AC inverter.

The project goal was to fulfill two purposes:

1. Serve as a test bench for analyzing battery bank behavior, fed by renewable energy generators.
2. Reduce overall system cost by using readily available standard hardware.

3.PLANT REQUIRMENTS:
· System description

Five major parts comprise the system:

Photovoltaic array, a DC/AC power inverter, single-phase induction motor coupled with a multi-stage centrifugal pump, a RO desalination unit and a deep cycle battery bank. The small diesel generator serves as back-up only.
The system contains a 20 container into two well-insulated rooms: one for the battery bank while the other accommodates the RO unit and it has a working space for the system operator. 
From the above five parts the first part is to produce the electricity from solar energy by using solar photovoltaic array. 

From the above diagram, the photovoltaic arrays contain the PV modules, which are formed by combination of solar cells.
[image: image1.emf]
Fig. 1. General view of the system layout.

When sun light strikes the SOLAR CELL electrons are knocked loose. They move towards the treated front surface. An electron imbalance is created between the front and back. When the two surfaces are joined by a connector, like a wire, a current of electricity occurs between the negative and positive sides. Hence we get the electricity.
 
We get the electricity in the form of DC (direct current), while we are using inverters it would be converted into AC (alternating current).
Since photovoltaic energy output varies with respect to the position of the sun and the transparency of the atmosphere (erratic changes)[2,3], a battery back-up system was installed in order to ensure a constant power input to the system.
[image: image2.emf]
 Fig. 2. General view of the battery room.

· RO Unit:
RO means the Reverse Osmosis, in which desalination takes place. Desalination is the removal of salt from the water (sea water). Water is pumped from nearby brackish water well. The 2 bar water pressure at the intake is sufficient for the intake demand of the RO unit.
[image: image3.emf]
Fig. 3. General view of the RO unit.
It contains two controllers.

The two controllers are responsible for autonomous operation of the system. The first is a process controller, which takes care of the water quality and production and is an integral part of the RO unit, while the second controller manages the data collection and other control tasks. Almost all types of failures such as over-current, overheating, high and low water pressure, etc., are taken care of by the controller. If a certain problem persists, the controllers alert the system operator either by audio or visual means. The controllers are connected to an on-site computer 
· Working:
Whenever we generate the electricity from the solar photovoltaic arrays, we have the batteries for constant power supply to plant in the RO unit, in which to heat the water to remove the salt. And there are some filters internally in the RO unit there by we get the fresh water.
· Control system considerations:
            The system control for such an installation must allow an operation in isolated areas where qualified personnel are scarce and remote. That imposed special considerations regarding the design philosophy in order to reach as close as possible a maintenance-free system. The control system assures that the specified daily water production shall be met.
 A specially customized code was built to simulate the operation of the system in order to allow appropriate selection of system components. Site meteorological data were used to enable performance prediction. The code integrates the data continuously to find and compare the instantaneous water level as well as the currents associated with the accumulators. 

Depending on these two variables, a logical decision tree was built in to decide whether the cumulated solar energy can satisfy the energy need of the plant or additional energy should be provided from the auxiliary diesel generator.

· Data acquisition and display:
The data acquisition and display system of the plant means, the software enables the operator to view on-line data and track abnormalities in case they arise. On-screen display enables the operator to perform some actions such as system turn-on and shut-off and manually activate the array rinsing system. The parameters are further screened and processed in 15-min averages and directed into a local PC, which serves as a MMI with the aid of Wizcon software.

[image: image4.emf]
 Fig. 4. MMI on screen display.

So the parameters like, meteorological, electrical and water parameters. The specific data relating to the waterside are displayed on the meters attached to the RO unit. Flow parameters, salinity and pH are recorded manually. Water level indication in the product tank enters the main controller along with all the electrical parameters of the solar field, diesel turbine battery bank and more. All the data from the meteorological station such as radiation, wind speed, and ambient and cell temperatures also enter the main controller. 

· On-going operation and future experiments:
The so-called “on-going operation” is simply following the system performance under the designed operation regime. During this process, we compared the actual data and hardware durability with the design under real site conditions. As for component reliability, it is evident that almost all system components functioned normally after 1.5 years of operation. That relates to PV modules, bypass diodes, battery bank and various electronic components.

We connected four charge regulators in parallel to the battery bank. After a short time, we realized that even when the battery was relatively drained, the regulators acted as if the battery were almost full (i.e., severe current inhibition). An added fault was on the side of asymmetric performance of the four chargers (sometimes variation exceeded 50%). Eliminating the fuzzy-logic option solved this problem. As for the battery bank, all 36 individual cells were tested, showing 2.2V and normal water level.

Three major experiments were scheduled for the system. 
The first will test its existing operating regime:  the actual system performance in terms of water production and battery state of charge at all times, comparing it to the design goals.
The second experiment is aided by an appropriate algorithm, which will assist in maximizing the daily water production by shifting the start and stop periods of operation along the daily time axis.
The third experiment will involve some hardware changes in the system. We have already changed the existing two high-pressure RO membranes with two low-pressure ones. This caused a significant increase in the amount of water production by about 30%.
The fourth experiment will take place after all previous experiments are concluded. The idea is to convert the system into DC. By doing so, we eliminate the need for an inverter, which reduces the capital cost and increases overall system efficiency. In addition, system reliability increases dramatically, mainly due to the fact that usually most failures relate to the inverter.

· Results:
The excessive power consumption of the RO unit (about 30% more than the design) force us to reduce the number of hours of operation.  Meanwhile, we operate the system on a continuous basis for 4 h a day.

Although this mode of operation does not yet allow us to check the compatibility between the designer plan and the actual field findings, it enables us to keep track after the various system components operation, reliability, accuracy and adaptability.

We roughly tested the influence of backwards shifting of the operation time span. By doing so, we deplete the battery bank early in the morning, several hours before sunset. This mode change enables the charge regulators to fully utilize the solar field and diesel turbine energies. Fig. 5 presents these two operating modes (both operate 4 h). After normalizing the meteorological data, it is evident that a 5% improvement had occurred. We anticipate that in the near future, after applying the necessary hardware changes, we shall be able to double the operating hours of the system and realize a much more distinct

improvement in applying this mode.
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4.CONCLUSION:
Here in this paper an accurate sizing procedure of components of  PV power system, which is produce electricity and to develop RO unit of desalination i.e. fresh water for remote located communities, has been presented.

In summer the PV array generates more electricity than what is needed by the system, battery bank will be in a good condition. Therefore in this season the usage of diesel generator will be at its minimum. In winter in contrast,PVarray generates less electricity, more energy support from the battery bank is needed. Therefore usage of the diesel generator will be at its maximum. Along with it we have to use Wind generator, which is supported to battery bank, there by we improved the efficiency of the plant. Here the battery bank is the weakest component in the system. So this component requires a special care to make sure that it always in healthy condition.
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