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ABSTRACT.
Solar Energy Systems Ltd, is in the process of developing a  fully integrated water supply, purification and storage system that is solely powered by photovoltaic panels. This self contained system, has been designed primarily for use in remote areas of Australia and developing countries. 

There are three Australian technologies which combine to form the Village Scale Potable Water Supply System . The Sun Mill pump (solar powered pump), the Sun Tracer (solar tracking system), and the Solarflow  (solar powered reverse osmosis unit). The Sun Mill pump technology, incorporating the sun tracer, currently are in full commercial deployment. The Solarflow reverse osmosis technology has been successfully demonstrated and field tested in more than 20 projects across 6 countries. It is the integration of these three components which form the basis for the current research and development which is being field tested at the Murdoch University Environment Technology Centre.

The system is currently in pre-production stage of development. It is the culmination of many years of research and development into the various individual components. The primary focus of the work completed  to date aimed at producing the most robust , low maintenance, easily serviceable but cost effective system possible. It is anticipated that the system will be offered for commercial sale in the latter half of this year.
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1.0 INTRODUCTION.
Despite the fact that water covers sixty percent of the world’s surface, clean, uncontaminated drinking water is becoming our most rare and endangered resource. It has been reported that over 1.5 billion people in the world have no direct access to potable quality water, while four billion of the world’s six billion people remain unconnected to collective water sanitation systems.(World Water Forum, 2000). The World Health Organisation (WHO) reports that each year over 5 million people die of water related illnesses including the staggering statistic that every  eight seconds a child becomes another casualty.

Not only does consumption of poor quality water result in a high health toll, but it has been shown that improving water and sanitation brings valuable benefits to both social and economic development. The WHO has estimated that annually, over ten million person-years of time and effort are provided by women and female children carrying water from distant, often polluted sources.

Water in some regions is limited, while in many regions supplies are adequate, but have become contaminated and therefore harmful for human consumption. There are numerous treatment methods available for purifying contaminated water, but few are suitable for remote area applications particularly in developing countries. This is often due to capital expenditure and ongoing costs, the level of expertise that is needed for plant operation or associated infrastructure that may be necessary. In many remote communities the problem of contaminated water is compounded by the lack of a reliable electricity supply needed to power water treatment technology. Where water supplies have been contaminated by salts and other pollutants, more than 40% of the cost of providing water lies in the energy required to purify it.(Hoffman, 2000) 

A local West Australian based company, Solar Energy Systems Ltd, has addressed these needs by developing a completely automated, water supply and treatment station ideally designed for use in remote areas. 

2.0 Implications of Consumption of Contaminated Water.
Because of the essential role water plays in supporting human life, if contaminated it also has a huge potential to spread a wide variety of illnesses and disease. Water related illnesses are rare in the developed world,  mainly due to the fact that water supply and sanitation systems are well managed and financed. In the developing world however, inadequate water supply and sanitation systems result in millions of deaths annually. This results from water that has become contaminated by human, natural or industrial means which can consequently cause a variety of communicable diseases and illness through both ingestion or by physical contact. 

2.1 Water- related disease

Water-borne diseases: include diseases that are spread by the contamination of water by human/ animal faeces or urine. This is the most common form of water related disease and creates the most harm on a global scale, see Figure 1. These broad spectrum of diseases are caused by the ingestion of pathogenic bacteria or viruses : including Cholera, Giardiasis and Typhoid.

Water-washed diseases: are generally spread by poor personal hygiene. This may be as a result of inadequate water supply for washing or by physical contact with contaminated water. Diseases that fall within this category may not be fatal but still have a serious debilitating effect on sufferers. Diseases of this type include : scabies, trachoma, bacterial ulcers and tick-borne diseases.

Water-based diseases; are caused by parasites that depend upon the pathogenic organisms spending part of its life cycle in water. Many diseases that fall within this category are caused by worms and infection often occurs by penetration of the skin rather than by consumption of water.

Examples are schistosomiasis (bilharzia) and drancunculiasis (guinea worm).

Water-related insect vectors: diseases are  spread by insects that breed or feed near water. Infection of the disease is not connected to consumption or physical contact with the water. Malaria, Yellow Fever, Filariasis and Dengue Fever are examples of diseases that fall within this category and are spread by mosquitoes.

2.2 Chemical-related illness

In addition to water borne diseases, there is another broad spectrum of illnesses that result from consumption of water that has been contaminated by chemicals. These pollutants  usually  result from human activities through agriculture and industry but in many cases occur either indirectly or directly via natural causes. These contaminants usually do not pose dire consequences from single exposures but usually produce observable health effects after medium to long-term consumption. 

The WHO has published guidelines for drinking water that lists the acceptable concentration of certain contaminants. A number of which pose no direct consequence to health even if ingested at higher levels, but nevertheless may be objectionable to consumers for various reasons. Examples of this include colour, taste and odor, that may then lead to a reduced level of intake and consequently other health concerns. 

There are many undesirable constituents in groundwater that do cause detrimental health concerns and the WHO guideline levels on these should no be exceeded. 

Nitrates
The level of nitrates in many ground waters is a major problem in many areas. Nitrites occur naturally in most ground-waters and many surface waters but concentrations are rising in many areas due to the residual effect of fertilizers used in agriculture. Consumption of  nitrates shows no real heath concern for children or adults,  but can be dangerous to bottle fed babies up to the age of six months. If a baby below this age is bottle-fed with milk made up with water containing high levels of nitrates (10-20mg/l) there is a possibility of methaemoglobinaemia (blue baby disease), caused by an oxygen depletion in the blood stream.

Fluoride

Fluoride is added to many urban water supply systems at a level of  approximately 1mg/l in an effort to prevent tooth decay. Fluoride occurs naturally in many ground waters at levels exceeding the drinking water guidelines. At levels above 1.5mg/l there is a risk of yellow staining of teeth and at levels higher than this there is a danger of bone damage.

Arsenic

Arsenic occurs naturally in many regions around the world. Its presence is due to the dissolution of minerals and ores, and its concentrations have elevated in some areas to dangerously high levels due to the erosion of local rocks. Long term ingestion of dissolved arsenic in water can lead to cancer of the skin, lungs, bladder and kidneys as well as skin pigmentation. 

It can be seen from the above that in order to reduce the toll of water related diseases it is important that improvements be made not only to water supply, but also in efficient water purification/sanitation systems. The WHO reports that improved water and sanitation can reduce morbidity and mortality rates of some of the most serious diseases by as much as 80%.

It must also be noted that rather than the installation of sophisticated ‘developed-country’ style water supply/treatment systems that are often donated through international aid projects, appropriate technology should be used to provide these services in developing regions. Many of these ‘un-appropriate’ systems are of little long term value unless ongoing operation and maintenance assistance is also provided.

	  
 

Disease
	Morbidity
(episodes/year,

or as stated)
	Mortality
(deaths/year)
	 
Relationship of Disease to Water Supply and Sanitation

	Diarrhoeal diseases
	1,000,000,000
	3,300,000
	Strongly related to unsanitary excreta disposal, poor personal and domestic hygiene, unsafe drinking water

	Infection with intestinal helminths
	1,500,000,000(
	100,000
	Strongly related to unsanitary excreta disposal, poor personal and domestic hygiene

	Schistosomiasis
	200,000,000(
	200,000
	Strongly related to unsanitary excreta disposal and absence of nearby sources of safe water

	Dracunculiasis
	100,000
	-
	Strongly related to unsafe drinking water

	Trachoma
	150,000,000(
	-
	Strongly related to lack of face washing, often due to absence of nearby sources of safe water

	Malaria
	400,000,000
	1,500,000
	Related to poor water management, water storage, operation of water points and drainage

	Dengue Fever
	1,750,000
	20,000
	Related to poor solid wastes management, water storage, operation of water points and drainage

	Poliomyelitis
	114,000
	-
	Related to unsanitary excreta disposal, poor personal and domestic hygiene, unsafe drinking water

	Trypanosomiasis
	275,000
	130,000
	Related to the absence of nearby sources of safe water

	Bancroftian filariasis
	72,800,000(
	-
	Related to poor water management, water storage, operation of water points and drainage

	Onchocerciasis
	17,700,000(,(
	40,000(
	Related to poor water management in large-scale projects


Figure 1. Estimates of Morbidity and Mortality of Water-related Diseases. 

Source: WHO Fact sheet No. 112

(  People Currently Infected


(  Includes an estimated 270,000 blind

(  Case of the active disease. Approx. 5,900,000 cases of blindness or severe complications of Trachoma per year.

(  Mortality caused by blindness.

3.0 Appropriate Technology - Water Treatment Methods.
Appropriate technology may be defined as the implementation and dissemination of  sustainable technologies and community based approaches that protect natural resources and assist people, especially the economically disadvantaged, in becoming more self reliant while also increasing community living standards.

Many suitable technologies exist for the sanitation and purification of a broad range of contaminated water. However many of these are un-suitable for remote area applications particularly in developing countries. This may be due to ;

· the level of expertise needed to operate and maintain the systems does not exist 

· a lack of infrastructure such as electricity grid

· ongoing cost of specialized consumables may be prohibitive 

Following is a brief description of some technologies that have had some success in the remote area applications of water purification.

3.1 Solar Distillation.
Solar distillation is a method of water desalination that has been applied in areas of the world that receive relatively high amounts of solar radiation. The main developments in this technology were in the 1960’s and 1970’s where improvements were made in the efficiency and reductions in construction costs. Over this period many large distillation plants were constructed around the world, however most of them are not in operation today.

Solar distillation is primarily a simple desalination process in which the energy of the sun is used to evaporate water that is contained within a glass covered basin. Water vapor then condenses on the coolest surface, which is normally the stills roof, and is then collected as product water. The salt and other impurities remain in the basin and must be cleaned out on a regular basis. 
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Figure 2. A typical solar distillation plant design

Distillation involves a phase change of the feed solution, so in theory a well designed system will separate both organic and inorganic contaminants. However this is not the case in most solar distillation systems and an additional disinfection system should  be used.

Solar stills can produce approximately 2.5 –5L/m2 per day, they are simple to operate and maintain. The major drawback of this technology is that it is usually only suitable for small scale applications because of the large areas of land that must be covered by the relatively fragile, solar receivers. Because the system is essentially modular in concept, it is easy to increase the output of a plant by increasing the number of stills, although the cost increase is fundamentally linear with the quantity of stills. Hence the cost becomes prohibitive for larger systems as there is limited economy of scale.

3.2 Ultra violet sterilisation.

Ultraviolet (UV) sterilisation works by dissociating the DNA structure of living cells thus preventing their multiplication. UV light is a particular selection of wavelengths from the light spectrum. Special lamps may be used to shine a particular wavelength light onto the water to be treated, which results in the killing of bacteria and viruses. The water to be treated must be first filtered to reduce turbidity, this is essential to provide the highest possible light transmission through the water.

The energy requirements for UV sterilisation is relatively low which makes it a viable option to power from photovoltaic or other renewable sources. 

Disadvantages of UV sterilisation are that no residual disinfection is left in the water, which gives no guarantee of post treatment contamination. UV treatment is primarily a method of sterilization and usually must be used with other water treatment methods to remove other contaminants such as dissolved solids, pesticides etc. 

3.3 Reverse Osmosis.

Osmosis is a naturally occurring phenomenon. Simply, if two salt solutions are separated by a membrane, water will pass from the more dilute side to the more concentrated side of the membrane.

Reverse osmosis (R.O) is a process whereby high purity water can be produced by reversing this natural ‘osmotic force’ of a solution by pressurizing the water to be treated. High quality water will then permeate though the membrane leaving the salts and other impurities behind.
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Figure 3. The basic Reverse Osmosis process

Reverse osmosis is the finest filtration currently available and will allow the removal of particles as small as ions from a solution. Most reverse osmosis technology uses a process known as crossflow which allows the membrane to continually clean itself. Only a portion of the liquid passes through the membrane. The rest continues downstream, sweeping the rejected materials away from the membrane to prevent any build-up. The main energy requirements for the reverse osmosis process are to drive a pressure pump to force the fluid through the membrane. 

Reverse osmosis is capable of rejecting bacteria, salts, sugars, proteins, particles, dyes, and other constituents that have a molecular weight of greater than 150-250 daltons. The separation of ions with reverse osmosis is aided by charged particles. This means that dissolved ions that carry a charge, such as salts, are more likely to be rejected by the membrane than those that are not charged, such as organics. The larger the charge and the larger the particle, the more likely it will be rejected. Commonly reverse osmosis membranes reject from 96% to 99% of dissolved salts.

3.4 Operation of a Conventional Reverse Osmosis Unit.

A conventional R.O unit consists of four major sub-systems:

· Pre-treatment

· Pressure Pump

· Membrane system

· Post treatment

Because of the membranes sensitivity to fouling/clogging the feed water must first bepre-treated. This may be as simple as cartridge filtration in order to reduce turbidity or more complex, such as the addition of chemical anti-scalents, pH alteration etc. The water is then pressurised via a high pressure pump and fed to the membrane(s). A throttle valve is used to hold the system pressure at its optimum operation point and regulate the proportion of water that flows through the membrane and that which will be exhausted removing the impurities. The ratio of the purified water to that of the feed is termed the Recovery Ratio.

Because of the necessary self-cleaning process, usual recovery ratios are approximately 10 –35%. This is inherently an energy inefficient process as the majority of the energy that has been input to the system is exhausted in the reject stream. Literature suggests that small R.O plants (up to 100L/hr) use between 6-8kWhr per 1000L of purified water.

Post treatment is sometimes performed on the product water of a R.O plant. In small systems it may take the form of an activated carbon filter to polish the permeate and remove any odours that may be present. In commercial sized systems, pH correction may be implemented if necessary or a residual disinfectant may be injected into the product stream so that the water may be safely stored for a period of time.






Figure 4. Schematic of a Conventional Reverse Osmosis Unit.

4.0 The Solarflow Technology  

The need exists for a water treatment system suitable for remote area operation that is capable of treating a wide variety of water sources ultimately producing drinking water to WHO guidelines. The system needs to be:

· Robust

· Completely integrated, requiring no custom adaptations

· Easy to operate and maintain

· Automatic day to day operation

· Un-reliant on external power sources

· Easy to install and commission

· Cost effective / energy efficient

These criteria are mandatory, if a system is to be successfully operated in a remote location particularly in a developing country.

“In the area of water supply and purification, appropriate technology can dig shallow wells, provide filtration of turbidity and reduce levels of micro-organisms, and may be able to store water from existing freshwater sources. What it can’t do is effectively treat a polluted source to drinking water quality, or drill water wells beyond modest depths, or store water under sanitary conditions. However, the technology to do these tasks does exist outside of the appropriate technology arena. State-of-the-art technology can be harnessed to develop drinking water supplies that far exceeds appropriate technology capabilities and expectations”

The Solarflow technology meets these criteria by blending proven, state-of-the-art technologies powered by solar energy to produce a low impact, sustainable solution.

4.1 Background

The Solarflow desalination unit is a specially designed solar powered, reverse osmosis unit that has been aimed to meet the potable water needs of remote settlements and communities. The unit produces, up to 400L per day, of high quality drinking water that exceeds the guidelines set out by the WHO and NH&MRC. The Solarflow removes dissolved salts, colours, heavy metals, pesticides, nutrients, viruses and bacteria (including cystic pathogens such as Giardia). 

Development of the Solarflow is the culmination of approximately a decade of research and development. Investigations were initially performed in the area of renewable energy based water purification, by researchers from Murdoch University Environmental Science department. This important preliminary research demonstrated that with an appropriate innovative design, a reverse osmosis plant could be built that was suitable for cost effective operation from photovoltaics. A local, West Australian, renewable energy company became involved offering engineering design expertise. Numerous different configuration prototypes were built and field tested in arduous working conditions within Australia and also internationally before the current design was selected. 

Recently, Solar Energy Systems Ltd, acquired the Solarflow technology as the company believed this innovative water purification system would have a large potential if coupled with the companies existing solar water pumping equipment. An ongoing development program at Solar Energy Systems has produced a completely integrated, solar powered, water supply and treatment system by marrying the companies existing technology to the recently acquired Solarflow technology.

The long-term relationship has been fostered with Murdoch University, where research work continues in the areas of membrane performance and assessments in alternative pre-filtration systems. This will ensure the Solarflow remains at the forefront in remote area water purification technology.

4.2 The Solarflow Unit.
The Solarflow’s basic design philosophy was to produce a small, robust and cost effective water purifier that was capable of purifying a wide variety of feed waters and be completely autonomous in it’s power supply and operation. Photovoltaics were the preferred power source because of their portability and low maintenance. Reverse osmosis was chosen as the purification method because of its ability to remove not only pathogens but also dissolved salts which enables the unit to be broad based in its application. Battery free operation was also another key design criteria as storage batteries are often the major cause of remote power system failures.

The engineering challenge lay in the fact that reverse osmosis is inherently a very energy intensive process, as only a fraction of the processed feed water is purified. This fact makes powering a conventional reverse osmosis plant from photovoltaics a costly exercise, due to the relative expense of the solar power system necessary. Another draw back with conventional reverse osmosis plants, is they are designed to operate at a fixed speed (since they are designed to operate from a constant AC power supply) and any variation from this point not only reduces efficiency but may also lead to premature system failure. 

Due to these criteria, it became obvious that a specially designed system would have to be produced. It must not only be very energy efficient, but also capable of operating effectively over a broad range of power input levels that are associated with photovoltaic generated power.

The Solarflow’s unique, positive displacement pump incorporates a reject-water energy recovery system. This feature makes the Solarflow up to four times more energy efficient than conventional reverse osmosis units of comparable output. This highly efficient design not only enables the unit to be economically powered by photovoltaic panels but also enables battery-free operation. A feature that further increases efficiency and reduces associated battery maintenance. The unit is fully automatic in its operation and can produce up to 400 litres of high quality drinking water per day  from a single 100W solar panel.

Because the Solarflow is designed for use in remote areas, both low maintenance and ease of maintenance are paramount. All moving parts of the pump and energy recovery system have been incorporated within one assembly in order to minimise the amount of moving parts and importantly to simplify trouble-shooting. If any problem is reported it then becomes a simple matter of replacing the pumping assembly and returning the defective pump for repair –field trouble shooting and repair is thus not required. Changing the pump is a simple process needing the removal of two bolts and four hoses, which enables replacement by persons of limited technical skills. Similarly membrane and filter replacement procedures have also been designed for simplicity.

The reverse osmosis membrane used has been grossly oversized and the recovery ratio (feed water to product water) is relatively low in order to increase the operating life of the membrane. Average membrane life is approximately 3-5 years. Chemical pre-treatment of the feed water is avoided because of the additional cost and complexity it involves. Since a single membrane is used, it is more cost effective to clean or change it on a periodic basis rather than introduce additional complexity of pre-treatment in an otherwise simple system.


Figure 5. The Solarflow Unit.

4.3 The Solarflow System.
Prior to this integration, Solarflow units were deployed using a wide variety of components making up the balance of system (power electronics, solar panels, water pumps, water tanks and tank stands). These components were selected and assembled on a customised basis for each application. It was identified that considerable benefits were attainable by optimising and standardising the system. These benefits would translate not only to superior performance but also increased customer confidence due to a proven system integration. The Solarflow System was born out of this realisation.

The name “Solarflow System” refers to the complete autonomous water supply and purification system including:

· Solarflow reverse osmosis unit

· Sun Mill, solar powered water pump

· Solar panels and control system for the Solarflow and Sun Mill

· Water tanks

· Tank stands

· Pre-filtration system

· Potable water residual sanitation system.
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Figure 6. The Solarflow System.

4.4 Economics of the Solarflow System

The World Bank estimates that up to $A600 billion will be required in the next ten years to deliver clean water supplies to those currently without. As previously mentioned, up to 40% of the cost of delivering water in remote areas is in the energy needed to pump and purify supplies. The Solarflow System is a new, cost effective, environmentally friendly solution to combat this appalling domestic and international problem . There are four main alternatives for supplying water in remote locations. 

4.4.1 Diesel Powered Alternatives.

Diesel powered water purification systems are readily available. These usually take the common form of a diesel generator powering conventional water purification technology. Average small- scale systems are likely to prove excessively costly to operate. The bulk of this cost arises from the ongoing need to purchase diesel. Providing diesel to remote locations on a regular basis is often impractical and creates inflated prices. The regular maintenance issues relating to the operation of a diesel gen-set also incurs significant costs.

4.4.2 Move Water.
Transporting bulk water to remote locations is possible but often highly impractical and quite expensive. It is common however, for small amounts (a day or two supply) of water to be transported over long distances for family use. The WHO have reported that annually over ten-million person years of time are spent collecting water from distant sources, a staggering amount of time that could be spent in more productive activities if a viable alternative was available.

4.4.3 Do Nothing.
Consuming contaminated water is the most common option. An option that results in millions of deaths annually, due to the fact that internationally, one in five people do not have access to safe and affordable drinking water.(WHO, 1996)

 Arriving at a cost incurred by a community that does not have access to safe drinking water is difficult to quantify, but the magnitude is enormous in both a financial and social sense. 

4.4.4 Other Renewable Energy Powered Options.
A number of existing solar powered reverse osmosis systems exist in the world market today. 

Most of these systems are a conglomeration of conventional technologies (such as those listed in 4.4.1) but have been powered by a separate photovoltaic power system. Many such systems have been dispatched for use in remote areas. These systems commonly use a solar powered, battery storage system, sometimes with an inverter to produce the necessary AC power. Battery energy storage and its associated complexity is therefore necessary, which results in an expensive and cumbersome system requiring additional maintenance due to the batteries and extra hardware. Due to the combination of standard inefficient components, the cost of such a system may be up to twice the capital cost of a comparable output Solarflow System. 

Solar distillation is another alternative that has shown promise in some regions, but cost effectiveness is usually limited to small scale systems – less than 20 litres per day.

4.4.5 The Solarflow System.

Simple life cycle costing has been analysed which shows the projected lifetime cost of purified water. The analysis does not allow for depreciation, interest rates, or the rising cost of fossil fuels.

	
	Typical System Capital Cost

(output approx. 60L/hr)
	Lifetime Cost of Water

	Diesel + Reverse Osmosis System
	$12000
	3 - 4c / litre

	Conventional Solar + R.O System
	$30000
	2c / litre

	Solarflow System
	$20000
	1c / litre


The Solarflow System fills the niche in this market, because it was designed to operate specifically from solar generated power , it is fully automated and low maintenance. Simple cost analysis shows it to be the most cost effective reverse osmosis unit for off-grid applications.

5.0 Conclusion.
A huge demand exists for water purification technologies that are appropriate for developing communities and areas without grid electricity. In the past, projects have often been completed using an amalgamation of available technologies to produce systems which are theoretically capable of performing the task, but without the appropriate technology to ensure long term successful operation.

After a lengthy development period, the technology now exists to provide safe drinking water to isolated communities. The presented technology is sustainable, cost effective and straight forward to disseminate into developing regions around the world with proper funding programs. 
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