TECHNOLOGY FACT SHEET

Water harvesting technologies


Technology description

Most precipitation that falls on human settlements is lost to the atmosphere through evapotranspiration (evaporation plus transpiration of water taken up by plants), or runs into rivers away from settlements before it can be used. 

Collection and storage infrastructure can be natural or constructed and can take many forms. These include below ground tanks (i.e. cisterns) and excavations (either lined for waterproofing or unlined) into which rainwater is directed from the ground surface; small reservoirs with earthen bunds or embankments to contain runoff or river flow; groundwater aquifers can be recharged by directing water down an unlined well and  As soil moisture for agriculture.

	Technology options
	Option description

	Collection of water from ground surfaces – small reservoirs 

	Collecting flows from a river, stream or other natural watercourse (sometimes called floodwater harvesting). This technique often includes an earthen or other structure to dam the watercourse and form “small reservoirs.”

	Collection of water from ground surfaces - micro-catchments
	Collecting rainfall from ground surfaces utilizing “micro-catchments” to divert or slow runoff so that it can be stored before it can evaporate or enter watercourses.


	Collection of water from rooftops (Rain water harvesting – RWH)
	Water from rainfall is collected in vessels at the edge of the roof or channelled to a storage system via gutters and pipes. Roofs can be constructed with a range of materials including galvanised corrugated iron, aluminium cement sheets, and tiles and slates. 


	Collection of water from fog
	Fog harvesting technology consists of a single or double layer mesh net supported by two posts rising from the ground. Mesh panels can vary in size.




Contributions to climate change adaptation

Ground surfaces - Small reservoirs and Microcatchments 

Climate change is projected to increase the variability and intensity of rainfall. Variability is of particular concern close to the equator, where most developing countries are located. Groundwater depletion due to excessive abstraction, land use change and population growth is likely to be exacerbated by these changing precipitation patterns. Collection and storage of rainwater can provide a convenient and reliable water supply during seasonal dry periods and droughts. Additionally, widespread rainwater storage capacity can greatly reduce land erosion and flood inflow to major rivers. Rainwater collection can also contribute greatly to the stabilization of declining groundwater tables

Rooftops

RWH contributes to climate change adaptation at the household level primarily through two mechanisms: (1) diversification of household water supply; and (2) increased resilience to water quality degradation. It can also reduce the pressure on surface and groundwater resources (e.g. the reservoir or aquifer used for piped water supply) by decreasing household demand and has been used as a means to recharge groundwater aquifers. Another possible benefit of rooftop RWH is mitigation of flooding by capturing rooftop runoff during rainstorms.

Climate change is projected to increase intensity and variability in precipitation. These are of particular concern close to the equator, where developing countries are concentrated. Storage of rainwater can provide short-term security against periods of low rainfall and the failure or degradation of other water supplies.

RWH is widely practiced in many countries worldwide. Over 60 million people were using RWH as their main source of drinking water in 2006 and that number is projected to increase to more than 75 million by 2020. It is likely that hundreds of millions more collect rainwater as a supplementary source of water for potable and non-potable uses. RWH can aid climate change adaptation even in the most developed countries. Economic growth in low-income countries leads to increases in piped water coverage and per capita water use. If safe, reliable piped supplies are available, RWH for non-potable uses can partially offset the increase in household use. In some parts of the United States, half of all residential and institutional water use goes to landscape irrigation; simple rain barrels are commonly used to water landscapes without taxing the piped water supply. One-third of residential water in Europe is used for toilet flushing and 15% in washing machines and dishwashers. In Germany and elsewhere, the use of rainwater for these non-potable uses is becoming increasingly common.

Fog 

Drought caused by climate change is leading to reductions in the availability of fresh water supplies in some regions. This is having an impact on agricultural production by limiting opportunities for planting and irrigation. Fog harvesting provides a way of capturing vital water supplies to support farming in these areas. Furthermore, when used for irrigation to increase forested areas or vegetation coverage, water supplies from fog harvesting can help to counteract the desertification process. If the higher hills in the area are planted with trees, they too will collect fog water and contribute to the aquifers. The forests can then sustain themselves and contribute water to the ecosystem helping to build resilience against drier conditions.





Contribution to development and potential beneficiaries

Ground surfaces

Lack of adequate water supply during drought and seasonal dry periods can halt economic development and hinder human health and well-being. Access to a convenient supply of stored rainwater can decrease travel time to remote water sources, increase agricultural productivity and reduce depletion of groundwater resources. Increasing the availability of irrigation water during the dry season and even during short dry spells has been shown to yield large increases in agricultural production.

Rooftops 

Incorporation of RWH into household water practices in developing countries can contribute significantly to development by saving money and time. Stored rainwater is a convenient, inexpensive water supply close to the home. This can greatly decrease the time spent fetching water or queuing at water points. It can also provide significant savings for households that are sometimes forced to purchase vended or bottled water. In many settings, RWH can reduce exposure to waterborne pathogens by providing improved potable water quality and high quality water for other household purposes including hygiene, bathing and washing.

Water scarcity can hinder economic development, human health and well-being. Therefore, in arid and semi-arid countries, even in places with a safe and reliable piped drinking water supply, RWH can contribute to development. By reducing demand for high quality water supplies and capturing water that would otherwise evaporate, RWH effectively increases per capita water availability. This can increase the sustainability of water resources and reduce public and private expenditures associated with water infrastructure.

Fog 

The issues for fog harvesting are the same as for collecting water from ground surfaces.

Knowledge/capacity building requirements

Ground surfaces

Rainwater collection projects can have adverse hydrological impacts on communities downstream if too much water is stored or diverted. Local governments must have the technical ability to assess these impacts if they are to prevent major externalities and resolve conflicts. Knowledge of geographic information systems (GIS) and remote sensing/satellite imagery software and other tools are necessary to determine small reservoir storage capacity. 

Rooftops 

RWH from rooftops into storage containers has been continuously practiced in parts of Africa and Asia for thousands of years. In societies where RWH is a common part of water practices, simple household RWH can be practiced effectively with little training or capacity building; local supply chains for storage containers and other system components should be in place. Operation and maintenance consists primarily of simple cleaning and basic repairs. However, some training for households, especially related to protecting water quality (e.g. first flush methods, filtration) and budgeting rainwater are likely to lead to improved outcomes. 

When establishing RWH in an area where it is not commonly practiced, significant capacity building is likely to be necessary. The most challenging aspects are likely to be generating sufficient demand for a self-sustaining industry and establishing supply-chains. However, most RWH hardware is not very specialized. Acceptable materials for storage and conveyance systems can be found in practically any city worldwide. Some guidance on implementing new RWH programs is available in the references. In contrast to simple systems, RWH for household dual piped systems requires professional plumbers who are trained to install such systems.

Fog

A range of meteorological and geographic information is required for choosing a site to implement fog harvesting technology, including predominant wind direction and the potential for extracting water from fogs (such as frequency of fog occurrence and fog water content). A feasibility study and pilot-scale assessment should also be carried out to assess the magnitude and reliability of the fog water source. Some of this information can usually be gathered from government meteorological agencies but may require local meteorological stations and the use of a neblinometer for collection of localised data. Aside from hard data, expertise in the construction and maintenance of the fog harvesting technology is required and training should be provided to local communities to undertake regular quality control and equipment inspections.

Institutional arrangements

Ground surfaces

Policies, legislation and institutional capacity are needed to address conflicts and externalities that can result from to rainwater collection. Conflicts between small-scale farmers competing for limited runoff have been reported in Kenya. Additionally, as storage infrastructure grows larger it has the potential to reduce flows and negatively impact communities downstream. One state government irrigation department in India destroyed a communal reservoir for fear of negative hydrological consequences for communities downstream. Small reservoir projects are likely to fail if communities do not identify the need for rainwater storage and have a choice in the technology. Management strategies of communally owned storage and irrigation infrastructure are likely to be subject to the same determinants that govern the success of small drinking water systems. The “demand-driven, community-managed” model that has worked for small drinking water supplies is likely to work for these systems as well.



Rooftops

Basic RWH involves collection, management and use by individual households and there are few if any institutional requirements. However, storage containers usually show strong economies of scale. Therefore, groups of households can often benefit by directing rainfall to one or more large, shared storage containers. In developed regions, RWH for landscape irrigation is likewise driven by individual households. Guidance for establishing and designing these systems is available online. If RWH for piped dual systems is to be promoted, plumbing standards and building codes must often be modified. Many national and provincial governments have established codes and standards. Some of these are publically available.

Fog 

It is generally recommended that the local population is involved in the construction of the project. Community participation helps to remove labour costs and also helps to ensure a sense of ownership by the community and a commitment to maintenance. A community management committee could be set up and consist of trained individuals responsible for repair and maintenance tasks, helping to ensure the long-term sustainability of the technology. In the initial stages, government subsidies may be required to buy raw materials and fund technical expertise.

Cost of implementation

Ground surfaces

Implementation of large-scale rainwater collection programs should include a survey of current reservoir capacity and location. Satellite-based methods for tracking surface water, including radar and other methods that are not hindered by cloud cover, can reduce the costs of the survey. It is difficult to find specific data on the construction and implementation costs of rainwater collection projects. Many factors, including the scale of the project, location, etc. will strongly affect costs. The program costs of foreign-funded rehabilitation and development of small reservoirs (locally known as “village tanks”) in Tamil Nadu, India have been reported. The village tanks in that program were relatively large (40 ha or greater) and the average cost for each project was about $50,000.

Rooftops

In low-density rural areas, RWH can often provide household water at lower expense than other available options. If a household already has a suitable hard roof for use as a catchment surface, storage containers are the major expense. The cost of storage containers typically depends on construction quality, tank size, and other factors. A large, high quality storage container can be a major investment for poor households. In the context of climate change, increased precipitation extremes could necessitate greater storage volume, thus enabling the capture of maximum volume during intense periods and providing for household water needs during extended dry periods.

Fog 

The costs vary depending on the size of the fog catchers, quality of and access to the materials, labour, and location of the site. Small fog collectors cost between $ 75 and $ 200 each to build. Large 40-m² fog collectors cost between $1,000 and $1,500 and can last for up to ten years. A village project producing about 2,000 litres of water per day will cost about $ 15,000. Multiple-unit systems have the advantage of a lower cost per unit of water produced, and the number of panels in use can be changed as climatic conditions and demand for water vary. Community participation will help to reduce the labour cost of building the fog harvesting system.

Current status of diffusion of the technology in Namibia and potential private sector involvement 

Ground surfaces

There is very scientific understanding of ground water resources in Namibia. This has positive implications for collecting rainfall water from small reservoirs and microcatchments and the effectiveness of the diffusion of associated technologies.

Rooftops

A recent study showed that 

· Rooftop harvesting systems with the ferrocement and the block tank have proven to be the most efficient options among the chosen alternatives. Both tank types are economically almost not distinguishable and furthermore affordable for private users, especially if options of microfinance (e.g. microcredits, self-help groups) are considered. 

· These roof harvesting technologies are even competitive with the public water supply in monetary terms. The corresponding prime costs fall below the chosen benchmark of the private water taps considerably within the life-span of those systems. Therefore it is reasonable to introduce RWH as a complementary water source even in areas where grid supply is provided. 

· In terms of the ground catchment system, the case is a little bit different. The same benchmark of the private water taps is only obtained if moderate subsidies are provided. Grants of about one third of the total investment costs of a single facility would be necessary which is still acceptable regarding the achievable yields and presented potentials. For this reason, the matter of RWH using ground catchments should be followed up, especially to gain technical and institutional experiences. 

Fog

Studies to model the impact of climate change on the occurrence of fog events along the coast of Namibia, specifically events where the fog penetrate far inland. These events are responsible for most of the water available needed to sustain the rich biodiversity of the Namib Desert. The implementation of fog harvesting technology has largely been a research and development activity at this stage.


Opportunities and barriers

Ground surfaces

Increased agricultural productivity, the potential for year-round water supply, and decreased time spent collecting water all provide strong incentives to landowners or communities considering rainwater collection. Increased opportunities for ground-level rainwater collection should arise when rainfall is highly variable or seasonal, agricultural productivity is clearly hindered by dry periods, and alternative water supplies are distant. 

Barriers include the potential for adverse hydrological impacts downstream and the need for adequate capacity to assess these impacts. However, the environmental and hydrological impacts of small reservoirs have been reported to be minor.

Opportunities for small reservoir capacity development may arise where water availability is inadequate but environmental, social or legal concerns preclude the development of large reservoirs. Additionally, surface storage can lead to parasite/vector breeding, algal blooms and poor water quality, particularly in small reservoirs fed by agricultural runoff. Despite the poor aesthetic and microbial quality of such waters, they are often used for drinking when other water points are distant or expensive. Implementation of household water treatment technologies may be able to address this problem.

Rooftops 

Opportunities for investment in RWH are greatest when it can lead to time and cost savings, in addition to improved water quality and health gains. Conditions are most favorable for household RWH when other water sources are: far from the home, of degraded quality, unreliable, or expensive. When “hard” (e.g. metal or tile, in contrast to vegetative) roofing is already in use, capital costs are lower, and efficiency and water quality are superior. 

Barriers to implementation include inadequate or unsuitable (e.g. vegetative) roofing, lack of space for appropriate storage containers, and extreme air pollution. 

Fog 

Still largely in a state of development, there is opportunity for research and development into fog harvesting technology and its potential to support agricultural production. Given the lack of mesh suppliers, using locally available materials for component parts presents an opportunity for local business development. This technology also provides an opportunity to restore natural vegetation and support agricultural practices through the sourcing of clear water for crops and livestock.

Several challenges and issues have emerged from fog harvesting projects implemented to date:
· Where fog is a seasonal source, water has to be stored in large quantities for dry season use.
· If not properly maintained, water quality becomes an issue during low-flow periods
· Fog water collection requires specific environmental and topographical conditions, limiting its application to specific regions
· Procurement and transportation of materials is hindered by remote locations and steep terrain
· Strong winds and snow fall can result in structural failure during the winter season
· Water yield is difficult to predict, requiring feasibility studies prior to large scale implementation
· For harvesting to be effective, frequent fogs are needed and sufficient water collected for the investment to be cost-effective. This limits the technologies to areas with specific conditions
· There are few commercial producers of mesh currently in operation, with main suppliers located in the Chile. There is none in Africa, North America or Asia. Therefore implementation and maintenance can be costly[due to import or transportation].
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