

      
  

Municipal drinking water: Advanced technologies, powered by gravity, designed for 50 year reliability
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The Case

AguaClara’s water treatment plants use cutting-edge science in water treatment processes, overcoming major barriers to providing safe drinking water. Of the 1.8 billion people who lack safe drinking water globally, well over 100 million people living in Latin America and the Caribbean, Africa and Asia would benefit from these technologies. The resilient design, innovative fabrication methods based on locally available materials, the AguaClara Design Tool, and community-based governance developed to foster community acceptance hold the prospect of improving the quality of life for millions of people in thousands of communities in the coming years. The AguaClara program is ready to work with new implementation partners and scale to more countries to help meet the urgent need for safe and reliable drinking water.
Background

Safe drinking water is one of the most fundamental human needs, yet one in four people worldwide lack access to affordable clean water.  AguaClara’s inexpensive sustainable technologies produce safe drinking water at the municipal scale using cutting-edge science, accessible design, and responsive governance to address the most common barriers to safe drinking water in developing nations.  The treatment system works solely on gravity and does not require electricity, allowing for continuous water treatment in areas of the world where electricity supply is unreliable.  
AguaClara has already improved the quality of life for 30,000 people in seven communities in Honduras. The AguaClara program (Cornell and Agua Para el Pueblo) received the 2011 Intel Environment Tech Award in recognition of its success in delivering clean water to people in need with a treatment system that is more affordable, more efficient and much less vulnerable to breakdown than conventional mechanized systems.  
How It Works

The treatment process -- flow measurement, chemical metering, rapid mix, flocculation, sedimentation and filtration -- is powered by gravity, with a total elevation drop of less than 1.5 m, far less than conventional water treatment plants. 
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The AguaClara technologies are uniquely capable of producing drinking water meeting US EPA standards from turbid surface waters without using any electricity. The facilities use state-of-the-art chemical dosing that eliminates failures due to software, electronics, pumps, and computers. Widely available, either aluminum sulfate or poly-aluminum chloride is used as the coagulant. Coagulant aids are not needed because AguaClara design, based on computational fluid dynamics analysis, eliminates floc break up. The revolutionary open process design with no enclosed tanks reduces construction costs, simplifies maintenance, and provides feedback to the operator for optimal plant performance. The AguaClara stacked rapid sand filter (AC-SRSF) operates without a filtered water storage tank or backwash pumps. The filters advanced fluidics control system eliminates the need for large control valves, pneumatics, and electronics. The filtered water is disinfected with liquid chlorine to kill any remaining pathogens. 
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AguaClara designs are available online to facilitate technology dissemination, reducing design costs. AguaClara’s parametric engineering design capability makes it possible to create customized design solutions for community water systems. This facilitates use of locally available materials that in turn lead to long term sustainability and enhanced reliability. The hydraulic and environmental engineering design and engineering support services costs $1000 per liter per second of plant capacity, less than 10% of total project costs. National engineering firms (nonprofit, private or governmental) provide the structural design and build AguaClara water treatment facilities using locally available materials (brick, sand, gravel, rocks, cement, rebar, PVC pipe, polycarbonate sheets) and community labor. Community labor ensures that communities know their plant from the inside out, and experience the pride of ownership.

	Major Barriers to Safe Drinking Water
	AguaClara
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	electricity is unavailable or intermittent
	gravity-powered plants

	planned obsolescence of proprietary components
	components designed to last for many decades

	proprietary parts: unavailable locally or nationally
	generic parts and materials: from local and national supply chains

	treatment processes not visible, thus hard to understand (“black box”): leads to poor performance based on operation by tables and rules
	treatment processes easily observed and understood: leads to high performance based on visual feedback from the processes

	frequent breakdowns with multiple failure modes, plants frequently offline
	resilient, robust plants with few moving parts

	high operating costs force operators to bypass treatment for low turbidity water in dry season
	low operating costs ensure the plant is not needlessly taken offline

	inconsistent access and unsafe water make community members resistant to pay
	safe, reliable water makes community members willing to invest in upgrades

	expensive imported proprietary technologies
	plants are economical to build, operate and maintain using community labor and local materials

	plants are not operator-friendly: important processes are exposed to sun and rain and are far from the control room, thus plant operators don’t monitor processes during rain storms
	plants are designed with the operator in mind: enclosed/provide an attractive work environment; all important processes are visible from control station
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Costs
· The total system operating cost is $3 per household per month

· The capital cost for AguaClara Engineering and local Design-Build-Operate-Train-Transfer is $11,000 per L/s of installed capacity for plants smaller than 10 L/s and is even lower for larger plants

· The capital cost is less than half that of conventional mechanized plants
· A plant providing 10 L/s for a community of 5000 can be built for $110,000

Operating costs for mechanized plants include electricity, higher repair costs, and require more highly skilled labor. Employees at conventional plants typically include mechanics, IT professionals, as well as water treatment experts to maintain the technology platforms that are required for mechanized plant operation. AguaClara facilities only require one plant operator who can easily maintain all of the AguaClara technologies.

A New Governance Model 
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Extending safe drinking water coverage to the 1.8 billion who don’t have access to safe drinking water requires a new approach to implementation and governance. Sustainable governance is key to success. In the democratic community governance model, communities elect a water board. Water boards are assisted to think through a governance model that is adapted to their natural resources, national governance framework and available social and human capital. The water boards use the water tariffs, which are approved by the community, to fund improvements to the water supply infrastructure. Water boards associated with AguaClara facilities have invested in reforestation of watershed, upgraded distribution systems, extended distribution systems to add new customers, and funded ongoing maintenance of water supply infrastructure. Customers are willing to pay for clean water. This is particularly noteworthy in Honduras where most water treatment plants for large cities do not reliably meet drinking water standards, and users resist rate increases. Several towns with AguaClara facilities are experiencing reverse migration from the capital, Tegucigalpa, due to their superior water. AguaClara’s goal is to disseminate globally both AguaClara technology and the sustainable governance model.  This is a truly sustainable project, coupling new engineering technologies with social systems of governance to support adoption based on cultural norms of the community engaged. 
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In 2008 four rural villages in the Amarateca Valley near Tegucigalpa joined together with Agua Para el Pueblo to build an AguaClara plant. During the rainy season their water supply was very turbid and it was common for children and adults to suffer from diarrhea. 


�


Although this plant does not include the new AguaClara Stacked Rapid Sand Filter, the local ministry of health technician reported that “the plant is producing water that is totally clean - no fecal coliform, no bacteria.” Families are moving into the area from the capital because of the high quality water.
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Capital, finance, and operating costs assuming 25 year useful life, 5% interest, $0.16 K/kW-hr electricity. This does not include the effect of higher repair costs, shorter life, or higher labor costs for mechanized plants.








� Includes distribution system maintenance and operator salaries


� Assumes 120 liters per day per person and reserve capacity for 2000 people
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