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Abbreviations and acronyms

	ASA


	Arid and semi-arid (lands)

	CBO


	Community-Based Organisation

	GARNET


	Global Applied Research Network

	IRWCS


	International Rainwater Catchment Systems (conferences)

	NGO


	Nin-Governmental Organisation

	O&M


	Operation and maintenance

	PRA


	Participatory Rapid Appraisal

	RWHS


	Rainwater Harvesting Systems

	SWAP


	Sector Wide Approach 

	WHO


	World Health Organisation


Terms of reference 

For this Policy Support Paper on Rooftop Rainwater Harvesting 

Scope

The Ministry of Development Co-operation, in particular DGIS, has to advise the Embassies on requests for funding and other proposals.  The policy, strategy and decision-making base need to be supported by up-to-date information of the recent developments and in methodologies and technologies, also on water supply.  This information includes updates on field experiences (positive and negative lessons learned) and the future potential for further introduction and application, and the possible threats of such technologies from different view points.  Planning, funding, stakeholder participation, implementation, management and finance, and the contribution to poverty alleviation and the gender specific issues are to be included here.  The present and potential role of institutions at different levels and their capacity related to rainwater harvesting are important issues for advisors and decision-makers.

Therefore, DGIS has requested IRC to make an updated overview of developments related rooftop rainwater harvesting.   This technology is a water supply option both for rural and urban conditions.  

Outline of paper

· Role and potential of rainwater harvesting in the integrated water resources management (also geographic area specific potential)

· Relative importance of rainwater harvesting in drinking water supply and water-for-food supply (also school water supply)

· Development and potentials of different rainwater harvesting techniques and technologies for rural and urban areas

· New developments in key issues in rooftop water harvesting: planning, investment cost, funding, implementation and management

· Cross cutting issues: institutional issues and development, stakeholder participation and gender specific issues

· Potential effects and impacts: reduction of burdens of the poor; health and economic impacts, and poverty alleviation

· International initiatives and developments in rainwater harvesting

· Rainwater harvesting and the Dutch water policy

Executive summary

· Rainwater harvesting has a long history as both a philosophy and technology, dating back to prehistoric times.  It has been used by almost all societies in all parts of the world at some time.  After a period in which it was largely ignored in favour of more centralised ‘engineering’ approaches, rainwater harvesting is once again firmly on the agenda for both domestic and productive water supplies.

· Rain is the Earth’s predominant source of fresh water and rainwater harvesting has an important role to play in integrated water resource management and watershed management.  In particular, in arid and semi-arid (ARA) countries and regions, effective management of rainwater is essential for crop production, environmental protection, and the sustainability of ground and surface water supplies.

· Rooftop rainwater harvesting for household use will only ever represent a small part of the total water balances. In areas with significant variations in the annual rainfall pattern, matching water supply and demand may be difficult.  However, in terms of economic and human welfare it has a crucial role to play.  Rainwater is in many cases the easiest to access, most reliable, and least polluted source, in addition, because it can be collected and controlled by the individual household or community it is not open to abuse by other users.  Rainwater pollution/contamination may result from air pollution and biological contamination. 

· There are a number of tried and tested approaches and methodologies for rainwater harvesting.  Costs are known and predictable, although they vary from place to place.  Technologies are generally simple and rely on widely available local materials and skills.  While initial capital costs can be higher than some other approaches, maintenance costs are lower and households with no specialised skills can carry out maintenance activities.

· Successful implementation of large scale rainwater harvesting relies on a number of key factors including:

· A suitable climate – very low rainfall, and/or extended dry periods will limit the reliability and hence effectiveness of rainwater harvesting.

· An enabling environment that supports rainwater harvesting and includes it as a key option within a demand responsive approach to water supply

· Key planning and technical skills at all levels, but particularly in local implementing agencies (NGO, CBO)

· Access to initial start-up funds

· A conducive environment at the community level, particularly an absence of cultural resistance to the use of rainwater and acceptance of its taste

· Genuine demand for the product.  This may need to be created by for instance emphasising the health benefits of moving from polluted surface water sources to cleaner rainwater, or the economic benefits of additional ‘productive’ water.

· Recognition of the different roles that water plays and can play in men and women’s livelihoods

· Household rainwater harvesting has a number of potential benefits including:

· A reduction of the burden of collecting water over long distances; particularly for women

· Improved health due to cleaner water, improved sanitation, reduced drudgery (previous point), and improved nutrition (through growing vegetables)

· Reduction in vulnerability to external shocks such as drought, and a diversification of livelihoods due to productive and economically beneficial uses of water

· Poverty alleviation through productive use of water, but also through capacity building, reduced isolation, and improved access to basic services as part of the implementation process.

· The document makes six key  suggestion for Dutch policy in rainwater harvesting:

1. Dutch policy should advocate the inclusion of rainwater harvesting as a potential water source in demand responsive approaches to water supply.  In particular it should ensure that Sector Wide Approaches to both water supply and water resources management support rainwater harvesting as an integral part.

2. In relation to agricultural productivity (and water resource management) this support should take the form of support to watershed based approaches (see also Moriarty et al, 2001), while in relation to household livelihoods it should focus largely on supporting rooftop water harvesting.

3. Within SWAPs the necessary institutional development and capacity building (technical, regulatory etc) needs to be developed in higher and intermediate levels of government to support rainwater harvesting initiatives.

4. As part of this policy national and regional initiatives in ASA regions to promote the application of rainwater utilisation should be encouraged and supported.

5. Within the framework provided by SWAPs, Dutch water policy should encourage the Dutch Government to finance NGO and CBO requests to support community-initiated projects in rooftop rainwater harvesting in ASALs as part of an effort to achieve sustainable livelihoods.  Such financing should only be agreed on condition that the NGO-CBO approach:

· is demand responsive and the community and individual households have a primary planning, decision-making and fund-controlling roles in the entire project cycle.  

· gives high priority to gender, and the inclusion of women.

In addition households and/or community give a substantial contribution, or that community members (e.g. women groups) contribute through a joint revolving fund.

6. The Dutch Government should support a livelihoods based approach to water supply in both rural and urban areas, of which rainwater harvesting for domestic and productive/ economic purposes can be a part. Small-scale, community-based rainwater utilisation for agricultural purposes, serving community livelihood (social, economic, health, well-being) and environmental rehabilitation should be advocated and supported.

1
Introduction

Rainwater harvesting is after a period of relative under attention again center stage as both a philosophy and set of technologies for water management and supply.  Having been largely ignored for both domestic and agricultural needs at the expense of ground and surface water supplies rainwater harvesting is now seen as being part of the total water resource management picture.  This paper therefore deals with the ‘philosophy’ of rainwater harvesting as part of larger water resource management issues, before moving on to concentrate in more detail on the technical and management practicalities of implementing rooftop rainwater harvesting for household water supplies.

1.1
Historical development of rainwater harvesting

Rainwater collection is one of the oldest means of collecting water for domestic purposes.  In India (Baluchistan) evidence of simple stone-rubble structures for impounding rainwater dates back to the third millennium BC (Agarwal and Narain, 1997). Hundreds of years before the birth of Christ rainwater collection was already a common technique throughout the Mediterranean and Middle East, used by Egyptians, Palestinians, Iranians, Iraqis, Yemenis, Greeks and Romans.  Water was collected from roofs and other hard surfaces and stored in underground tanks, or excavated reservoirs (cisterns) with masonry domes (Movahed Danesh, 1997).  In some parts of the Middle East, rainwater was collected from hard surface areas and channelled through vertical shafts to horizontal tunnels (qanars), that in turn led the water to underground reservoirs. 

In addition to the traditional rainwater harvesting techniques found in India, North Africa and the western Mediterranean, there are also examples from Thailand, China, Bangladesh, Nepal, Sri Lanka, Indonesia and the small islands in the Pacific.  In sub-Saharan Africa, the collection of rainwater was (and is) practised using small containers, in among others, most of Southern Africa, Ghana, Kenya and Tanzania.  

Even in Western Europe, historical records show that in many places rainwater was the primary drinking water source for drinking water, the same applies to the Americas and Australia.  In all three continents rainwater continues to be an important source for isolated homesteads and farms.  Gould and Nissen-Petersen (1999) give a good summary of the history of rainwater harvesting.

Rainwater collection and storage for agricultural purposes has equally been widely practised for thousands of years, and Agarwal and Narain (1997) give a good historical overview of such practices in India in the publication Dying Wisdom (Rise, fall and potential of India’s traditional harvesting systems).

1.2
Rainwater harvesting back in focus

Despite this long history, rainwater harvesting has been largely ignored as a technology in the last hundred years of engineering led development of mass water supply systems.  This may be because it did not fit the centralised concepts of water supply and irrigation engineering, or perhaps because in the temperate climates of north-western Europe the environment already does a good job of harvesting rainfall and delivering it to towns and villages in the form of rivers and streams!

In the last two decades however, the interest in rainwater harvesting and use is once again growing, driven by environmental concerns (particularly the increasing strain on other sources of water) and a renewed interest in small scale distributed and appropriate technologies of all kinds.  Such water provides an ideal source for a number of household and agricultural activities where high bacteriological quality is not an issue, including laundry, toilet flushing, car washing, and garden irrigation.  Rainwater utilisation has now joined more ‘traditional’ water supply options such as dam building, groundwater development and piped water schemes, as an important source for water supply, particularly in rural areas.  Rainwater is of particular importance and relevance for arid and semi-arid (ASA) lands, small coral and volcanic islands, and remote or scattered human settlements.

The increased interest can therefore be seen to have been facilitated by a number of external factors, including: 

i. the shift towards more community-based approaches and technologies which emphasise participation, ownership and sustainability

ii. the decrease in the quality and quantity of ground- and surface water;

iii. the failure of many piped water supply systems due to poor O&M 

iv. the replacement of traditional roofing (thatch) with impervious materials (e.g. tiles and corrugated iron);

v. the increased availability of low-cost tanks (e.g. made of ferro-cement or plastics);

1.3
Different types of rainwater harvesting

Rainwater harvesting can be categorised in a number of different ways, the most important of which are according to the type of catchment surface used (and by implication the scale of activity).  Essentially these are either rooftop, ground, or rock with rooftop being most suited to individual household or community water supply, while ground and rock being more geared towards agricultural productivity.  Conceptually, rainwater harvesting ‘catchments’ can vary in size from the individual house, to a river basin, as illustrated in figure 1.
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Figure 1
Sources of water and the context of rainwater catchment (Gould and Nissen-Petersen, 1999)

The focus of this paper is on rooftop harvesting for domestic or small-scale productive use.  For other categories, Rainwater Harvesting by Pacey and Cullis (1986) gives a good overview.  However, before moving on to look at the current state of the art of rooftop rainwater harvesting, it is worth considering the wider role of rainwater and rainwater harvesting within water resource management approaches, particularly watershed management.

2
Rainwater harvesting Systems in integrated water resources management

The earth’s primary source of fresh water is precipitation in the form of rain and snow.  Although only 21% of total global precipitation falls on land surfaces and of that only 9% stays on the land in forms of rivers, lakes, wetlands, reservoirs and as ground water (see figure 2) – the rest either evaporates directly, or becomes ‘green’ water which is later transpired plants.  Rainwater, surface water and groundwater are the three main ‘blue’
 water sources on earth, and of these rainwater is in general the most widely available and accessible.

In the context of integrated water resource management therefore, rainwater harvesting does not apply solely or even mainly to domestic use.  Land management techniques that enhance groundwater recharge for further use in irrigation and industry; improve dry season river flows; capture run-off for fruit trees and improved soil moisture for crops; or divert and manage flood waters for improved soil moisture (seasonal flooding of farmland); are just a few of the many ‘rainwater harvesting’ techniques available at the watershed/catchment level.
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Figure 2
The Global Water Cycle with volumes (source: UNICEF Sweden)

The amount of rainwater available for utilisation depends on complex interactions between rates of run-off , interception, infiltration (and recharge) and evapotranspiration, which are in turn driven by the physical characteristics of the watershed, climate, vegetation cover, and land use.  

Particularly in arid and semi-arid environments, uncontrolled run-off water may cause substantial damage to the land because of soil erosion.  Although at an annual level runoff seldom exceeds 10% of total rainfall, in intense events it may account for over 50%.  Here soil and water conservation measures (e.g. planting trees and promotion of other forms of vegetative covers) are important in preventing land degradation and preserving the environment. Rainwater (run-off) harvesting then becomes part of wider natural resources management.

Rainwater can be used to increase groundwater availability through higher rates of increased recharge, while at the same time reducing erosion and floods and increasing dry-season river flows.  In many parts of Asia, rainwater utilisation was traditionally an integral part of water management but these practices have been progressively abandoned (Agarwal and Narain, 1997). In India, watershed management is not only a popular water management approach, but is the preferred approach to rural development, and is the focus of investments of approximately $500 million every year (Moriarty et al, 2001).  In Kenya, the catchment approach to soil and water harvesting focuses on increasing green water availability through improved land management (Yeraswarq, 1992) an approach also popular in Zimbabwe (Moriarty, 2000). In the arid regions in China, rainwater harvesting is seen as the only solution to providing domestic and productive water (Zhu and Liu, 1998).  Water is collected from large surface areas treated with anti-seepage materials (e.g. cement-soil mixture) for agricultural purposes; and from tiled-roofs and from the hard-surfaced courtyard (concrete slabs) for domestic purposes

Management of rainwater has to take place across the whole catchment area or watershed and must involve all the different ‘colours’ of water within it.  It must also include management of other natural resources and land uses and involve all inhabitants and stakeholders.  Good natural resource management is the key to sustainable socio-economic development.

2.1
Rainwater and drought

Despite frequent reports in the media there is little direct evidence to suggest that changes in climate (perhaps linked to global warming) are yet having a significant impact on either total rainfall or the frequency of droughts and floods.  Droughts, floods, and unpredictable yearly rainfall are all characteristic of dryland environments, and what records there are show that today’s occurrence of extreme events in areas such as Mozambique and Zimbabwe are neither out of the common nor particularly severe when compared to the historical record (Moriarty and Lovell, 1999).  

The precise timing of droughts is difficult to predict (though the fact that they will occur is not) which makes it difficult (though crucial) to prepare for and manage them properly.  While climate may or may not be changing, what is undoubtedly growing is demand for and reliance on water resources of all types (Gleick, 1996).  As populations increase and farming and industrial use of water intensifies, rainfall and water resources that were wholly adequate for low intensity subsistence agriculture start to fail (Moriarty, 2000).

Rainwater harvesting has an important role to play in drought preparedness and mitigation, particularly at the catchment level through its impact on groundwater recharge.  While few small-scale surface or household storage systems can realistically be expected to store more than a years supply of water, groundwater can provide a crucial buffer for extended periods of below average rainfall or outright drought.  

2.2
Relative importance of rooftop rainwater harvesting 

As stated in the introduction, this paper concentrates on rooftop rainwater harvesting.  As a share of the total water balance of a catchment, rooftop rainwater harvesting will always represent a small fraction.  However, because of its important in both domestic and small-scale productive activities, its convenience and reliability it can be a crucially important ‘blue’ water source.  For ASA countries, rainwater is often the most readily accessible water source at the community and household level, although distribution of rainfall during the year, and storage necessary for the dry months can provide a problem.  Rooftop
 rainwater harvesting at household or community level is commonly used for domestic purposes including drinking water, and is particularly popular as a household option, where the fact that the user owns, maintains and controls the system without the need to rely on other members of ‘the community’ is seen as an added benefit. 

In India, according to Agarwal (1998), the state has taken over the role of main water provider where before the people themselves were responsible for identifying and managing their resource.  This has led in turn to an over-reliance on surface and groundwater while the ‘older’ common sources, rainwater and floodwater, have been marginalised.  In India this has led to over-exploitation of rivers (reduced dry-season flows and heavily polluted water); the building of large dams with all their negative effects; and heavy abstraction of groundwater with rapidly dropping groundwater tables.  Agarwal argues that rainwater harvesting (for both domestic and productive use) can solve many of the related problems. 

Importance for domestic water supplies

RWHS have a high potential in many countries and are already being widely used not only in ASA environments. A great advantage of rooftop rainwater harvesting is that the water source is close to people, so it requires a minimum of energy to collect it and therefore it is also very convenient.

Below are a number of examples; the list is not exhaustive.

Japan: several Japanese cities have a positive attitude towards rainwater harvesting.  Sumida City (part of Tokyo) is developing new water resources (including rainwater) inside the city boundary, restoring the regional water cycle and securing water for emergencies.

Fiji: as a small island fresh groundwater is not commonly available and exploration induces salt water intrusion.  Therefore, in many cases water is collected from rooftops (e.g. schools and government buildings) and large hard surfaces (e.g. Runway at airport).  For several reasons (not least cost) rainwater may be a better solution than desalination.

Thailand:  In a period of less than five years (between 1980-1990) more than 10 million 2m3 concrete tanks for rainwater storage were constructed in the North East of Thailand.

USA: more than 250,000 households make use of RWHS.  On certain ASA islands in the Caribbean requests for new buildings need to include a rainwater collection system in their design. 
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Figure 3
Runoff gardening techniques applicable in rural Africa; example from Botswana (Gould and Nissen-Petersen, 1999)

Importance  for productive water

Most of the agricultural activities in the world depend on direct rainfall that will water the crops through infiltration or after runoff.  Rooftop rainwater harvesting as a component of the overall water balance is, as already mentioned, therefore minor.  However, it has an important role to play in many small-scale, home-based, productive activities.  These can include small-scale irrigation, usually vegetable gardening, brick-making, beer brewing, laundry and so on.  RWH may also be very important as a supplementary source for small hotels and restaurants in rural and urban areas with an intermittent or unreliable supply.

2.3
Rainwater utilisation in urban areas

While in rural areas ‘blue’ rainwater harvesting will always represent only a small part of the total water balance this is not the case in urban areas.  Here, due to the high percentage of paved (impermeable) areas, rainfall runoff can represent almost all the available rainfall.  During the 1980s and 1990s a growing realisation of the potential of this ‘wastewater’ led to a growth in interest in rainwater utilisation in urban areas. Limiting factors are the much higher air pollution leading to deterioration of rainwater quality and the lack of space for storage tanks, however driving factors include the need to better manage flooding, minimise health risks from large bodies of stagnant water, and in more ‘developed’ areas remove the strain from sewerage systems of having to cope with large storm flows.

While in cities rainwater utilisation cannot compete as a domestic source with properly run piped water services, particularly in terms of quality, it has an important potential role where service provision is poor or non-existent.  This is the case in much of the developing world, particularly on the peripheries of big cities where service is often intermittent or absent altogether.  Rainwater harvesting also has a role to play as a ‘top-up’ to piped water supplies, for use in activities such as watering the garden, flushing toilets etc.

In the North there are several beneficiary functions of rainwater utilisation (not so much rooftop harvesting as retention and storage of runoff from paved areas) in urban areas including:

i. improved flood control;

ii. reduced river pollution;

iii. countering over-exploration of groundwater and associated subsidence problems; 

iv. cost savings on storm-water drainage infrastructure

v. cost saving on having to treat storm-water along with sewage

The International Rainwater Utilisation Conference (TIRUC) in Tokyo, 1994, dealt with these urban hydrological functions in detail.  In Asia, Japan is leading the utilisation of rainwater in urban areas, while in Europe Germany is.  It is increasingly accepted that the practice of draining all urban runoff as quickly as possible through the sewers must be stopped.  Wiser use will lead to greater sustainability and reduced costs, and contributing in turn to the concept of sustainable cities and healthy cities.
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3
Techniques and technologies for implementing rainwater harvesting

In this section we briefly consider the main aspects affecting the technology aspects of rainwater harvesting.  These need to be considered and dealt with in an integrated manner with the planning, implementation and management aspects covered in the next section.

In essence rooftop rainwater harvesting systems have three main components: 

(i) the catchment surface (roof) to collect the rainwater; 

(ii) the delivery system to transport the water from the roof to the storage reservoir (gutters and drainpipe): 

(iii) the reservoir to store the rainwater until it is used.  The storage tank has an extraction device that – depending on the location of the tank - may be a tap, rope and bucket or a pump.

3.1
Materials for rooftop harvesting

· Galvanised corrugated iron sheets, corrugated plastic sheets or tiles are all suitably durable materials

· Thatched roofs made from palm leaves can make good catchments depending on type of palm (coconut and anahaw palm are best) and tightness of the thatching.  Other thatching materials and mud can discolour the rainwater.

· If paint is used it must be non-toxic, lead based paints in particular cannot to be used. Unpainted and uncoated surface areas are the best.

· Many people fear that rainwater from asbestos-cement roofing may pose health risks, however there is no evidence that asbestos fibres in drinking water have an adverse effect.  The airborne asbestos fibres (from cutting etc.) do pose a serious health risk if inhaled.

· Timber-products (and bamboo) treated with pesticides to prevent rotting should never come into contact with drinking water

· If timber or bamboo are used for gutters and drainpipes, regular replacement is better than preservation

The efficiency of collection (also called runoff coefficient) depends on the material used: cement tiles reach a year-round efficiency of some 75% while clay tiles range from 25-50% depending on the production method and annual precipitation (Izhu and Liu, 1998). In addition the use of concrete in tiles instead of burnt clay saves firewood!  Plastic and metal sheets have an efficiency of 80-90%. However, collection efficiency is often greatly reduced because of poor installation and maintenance of gutters and drainpipes 

3.2
Storage reservoirs

There are three categories of storage reservoir: 

(i) surface or above-ground tanks (most common if the collection surface is elevated – a roof); 

(ii) sub-surface or underground tanks (common for ground catchment systems); and 

(iii) dammed reservoirs for larger catchment systems.

The storage reservoir is usually the most expensive part of the system so the design and construction needs due attention to achieve a durable product.  The tank must be constructed in such a way that it is durable and watertight, and that the collected water does not get contaminated.

Materials for surface tanks include metal, wood, plastic, fibreglass, brick, inter-locking blocks, compressed soil or rubble-stone blocks, ferro-cement and concrete.  The choice of material depends on local availability and affordability.  In most countries, plastic tanks are commonly available in various volumes.

Materials and design for the walls of sub-surface tanks must be able to resist the soil and soil water pressures from outside when the tank is empty.  An empty tank can float like a boat when the groundwater table rises!  Careful location of the tank, and keeping it partly above the ground level (and largely above the groundwater table) will help to solve this problem; heavier materials are another option but may have a serious cost implication.  While there are experiences of using ‘appropriate’ materials such as wood, bamboo and basket work as alternatives to steel for making concrete tanks, these have had a variable rate of success and have in some cases reduced confidence in RWHS.

Tank size varies depending on the rainfall pattern and the user group: households may need a tank of from 1m3 to more than 40m3, while schools and hospitals may need tanks up to 100m3 (see box).  When there are long dry seasons, roof collection area and tank size will be large but rationing (good management) and use of alternative sources significantly reduces the surface area and tank volume.  In general, required roof area and tank volume increase as total rainfall decreases, or where rainfall patterns become erratic.  

[image: image9.wmf]From the point of view of cost-effectiveness, in arid areas (or areas with poorly distributed rainfall) where very large and expensive surface areas and tank volumes are needed, rainwater is best seen as a supplementary water source.  However, in semi-arid areas, with well-distributed rainfall roof catchment supplies are much cheaper than water trucked or piped over long distances (Gould and Nissen-Petersen, 1999).  Both Gould and Nissen-Petersen (1999) and Lee and Visscher (1992) give considerations for design and calculation methods as well as examples.  Special software has been developed to assist planners and designers to make optimal use of rainwater, to assist in the design of RWHS, and to indicate the percentage of the total demand that can be reliably met by RWHS.  The software is called SIM-TANKA (see contacts) and builds on historical time-series data of rainfall.

4
Planning, implementation and management

Rooftop rainwater harvesting should not be considered in isolation, but rather as part of a total system to meet the overall water requirements of a household or community.  In many cases it may serve as a ‘top up’ rather than as a main source, and in all cases it should be considered as part of a range of possible supply approaches.  Rainwater harvesting has an important role to play within the customisation of options necessary under demand responsive approaches as it offers a relatively cheap and interesting way of giving additional supply above a basic service level.  It can of course also, in some cases, be the main supply in its own right.

In the past many project failures have been due to top-down project planning (resource driven, externally imposed projects) with little or no participation by the people.  Planning must take a people centred, holistic approach that takes into account socio-economic, cultural, institutional, and gender issues, as well as more nebulous concepts such as people’s perceptions, preferences, and abilities.  Cultural issues such as customs and belief related to water are very important to overall perceptions and acceptance.  Is water storage possible; is the utilisation of stored water possible for all intended purposes? (for example the proceedings of 8th IRWCS Conference in Iran has a volume on religious and cultural aspects related to Islam and water).  Equally important are practices and perceptions related to water quantity, quality, storage; and hygienic handling.

Lee and Visscher (1992) give a good overview of technical, social, financial, economic and environmental issues to include in planning and management of rainwater harvesting.

4.1
Management should be based on the household and the community

People must be directly in charge of managing their natural resources.  Whether they take responsibility for all aspects of development, operation and maintenance, or choose to delegate some of these to, for example, private sector service providers, it is essential that decision making power and ownership rests with them.  Equally the involvement of all stakeholders in all stages of the project is essential if a sense of ownership is to be developed.  Wherever possible the decision to undertake roof-top rainwater harvesting should be one that is made by people themselves on the basis of adequate information about all aspects of the system and its sustainability: affordability, reliability, acceptability, enabling environment, support structures, access to funds.  Ideally people should fund most of the capital costs themselves – either directly or through credit schemes.  Where rainwater harvesting is to be used as a main drinking water supply it is important that the implications in terms of rainwater and post-storage contamination are understood, particularly if treatment is necessary.  It may also be necessary to deal with perceptions based on ‘taste’, as people used to using surface water may reject rainwater, which tastes of ‘nothing’.

4.2
Adequate support structures are essential

Rainwater harvesting can only be succesfull as a large-scale water supply option given the necessary enabling environment: policy, legislation, regulation, and implementation capacity.  The necessary skills and tools need to be available from national to community level, and roles and responsibilities must be clearly defined.  This being said, it is also true that direct interventions from higher central or provincial level may destroy grass root initiatives or that ideas from the higher government levels may not be accepted by the community and households.  Government has a role to play, but this is largely as a facilitator and backstopper.  NGOs and CBOs have very good experiences with implementation; the introduction, testing and facilitation of this type of small-scale technologies based on people centred approaches.  The private sector, in the form of small entrepreneurs can also be involved as suppliers of materials and constructors of systems – particularly storage tanks.

Where rainwater harvesting is going to be used for community rather than household activities with water coming from village buildings (schools, stores, churches etc) there is an increased need for good social structure, organisation, administration and leadership to have this succeed.

4.3
Key issues for success

A number of issues crucial to succesfull implementation are considered in the following sections.

Approaches and planning

Experiences of rainwater projects from around the world reveal a number of features common to the majority of successful projects (Gould and Nissen-Petersen, 1999):

1. most successful projects have started small and grown slowly (at least initially).  This allows for testing, development and modification of both the system design and implementation strategy based on constant project review (see box)
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2. successful projects are generally associated with communities where the demand for water has been clearly expressed and where satisfying it is high on the priority list;

3. successful projects are planned, implemented and run with the input of local people.  Projects set up by people foreign to the area with little local input are rarely sustainable.  Outsiders may, however, act as important catalysts to stimulate project initiation.

4. projects where the community contributes funds, labour and ideas generally expand and endure, while those supported entirely with external funding are seldom sustained.

Gender-specific issues

The direct impact of rainwater systems on women is significant (see health and economic impacts).  Women are usually the drawers of water and when the (rain) water source is close it liberates them from the heavy daily duty of carrying many buckets of water over long distances.  

Women should therefore be the primary stakeholders in the planning, design and construction of rainwater harvesting systems.  Nonetheless, as in many societies the male is considered as the head of the household, making key decisions on spending the family income men too have an important role to play.  These decisions to spend household funds may not initially favour activities/interventions, such as investments in rainwater harvesting that impact mainly on women.  Men should therefore be involved from the start if they are to ‘buy into’ the concept.  Projects should in addition emphasise the roles of the men in RWHS and the specific benefits for them.  One way to do this is through taking a livelihoods focussed approach that looks at all the uses to which men and women put water, and to specially cater to as many of these as possible.

Investment costs

There is a considerable range in the costs of comparable systems between different countries.  This is largely due to differences in the prices of construction materials, and also to differences of scale.  In general the following simplifications can be made (Gould and Nissen-Petersen, 1999):

· Initial per capita costs are relatively high compared with alternatives

· Recurrent costs are low, especially when compared to groundwater from boreholes, piped water supply and small dams

· Sub-surface or partly buried tanks are generally cheaper per cubic metre of storage than surface tanks

· Systems are normally subject to economies of scale, which makes storage costs per cubic metre decrease as storage tanks become larger.  From a cost point of view, larger communal systems are preferred over small private systems.  For example the costs of storage tanks (cost in US$ per m3) in Kenya (1998) using different materials varied from US$ 21 (for large 90m3 underground ferro-cement tank) to US$ 126 (for a 4.6 m3 plastic tank) (Gould and Nissen-Petersen, 1999).

Funding

For rainwater harvesting to be a realistic option:

· Ability and willingness to pay must exist.  People should have access to funds; either external credit, or internal revenues.  

· Ideally funds should be raised internally.  Evidence suggests that loans and grants seldom work; particularly where there is no culture of re-payment of loans! Community-based revolving funds have shown to be a successful approach, particularly in rural areas where the social cohesion is high (e.g. Laikipia, Kenya) (Mbugua and Nissen-Petersen, 1995).

· Attaching income-generating activities to rainwater harvesting projects is a particularly promising approach to raising the necessary cash flows.  This ‘livelihoods’ based approach is one that is being turned to increasingly for a variety of water supply options.

· If project funds are provided then they are best used for topping up of own resources.  In these cases the households themselves (who then contract local masons directly) can most efficiently manage the project funds.

Implementation and management

· The most effective systems are those for individual households.  Individual harvesting systems have a high chance of success because, according to Mbugua and Nissen-Petersen (1995), the user (often a woman) owns the water supply system, is responsible for its maintenance, controls the use of water (limited misuse), and can collect water next to her home.  

· Where the use of larger roofs is needed (such as schools) problems occur in the management of the collected rainwater; how to achieve a fair distribution, and how to collect sufficient funds for O&M.  A good community control system is needed.

· Rational use of community water resources needs discipline! There is a need for an effective community-based and -owned institution to control and manage these sources.

5
Potential effects and impacts – taking a livelIhoods-based approach

The impacts of rooftop rainwater harvesting will be greatest where it is implemented as part of wider strategies that take as a starting point people’s overall livelihood strategies.  In this context water should be seen as a key productive as well as domestic resource, with different uses being made of it by men and women.  By taking such an approach, and widening the role of potential benefits to include economic as well as health related issues the overall benefit to households and communities of rainwater harvesting will be maximised.

5.1
Reduction of burdens of the poor

The most important impact in terms of women and the poor is the reduction in time spent collecting water, which can be as much as several hours per day.  This time then becomes available for other purposes, both productive and ‘social’; more time to spend with children and friends etc.

5.2
Health impacts

The quality of rainwater does not usually meet the WHO guidelines for drinking water quality, particularly for bacteriological quality. Bird droppings commonly case contamination, and air pollution results in higher levels of chemical constituents. Acid rains have a serious effect on the water quality (sulphuric constituents). However, rainwater is usually a considerable improvement over unprotected traditional sources and stored rainwater maintains a good water quality provided the tank is well maintained.

Direct and indirect health impacts include:

· Water-related illnesses are reduced as a result of the use of cleaner and safer rainwater (although household-based treatment is recommended), particularly compared to water from surface sources. This results in less sick days, increased economic activities, and savings in medical expenses.

· Malnutrition may reduce as rainwater used for vegetable and other crop growing contributes to an improved diet.

· Improved sanitation and hygiene resulting from increased availability of water can also add to improved health.

· Reduced transportation of heavy loads over long distances from an early age leads to reduced back problems and growth reduction 

· Increased income streams from productive uses of additional water can in turn lead improved nutritional status, and a reduction in communicable diseases due to improved home environmental conditions (better housing, ventilation etc.)

5.3
Economic impacts

Direct economic impacts will come almost entirely from the use of water for economic activities.  This may ead to significant poverty alleviation leading to improved living conditions as many RWH initiatives have shown.

· Productive use of rainwater for vegetable gardening (small scale irrigation)

· Productive use of rainwater for home-based economic activities such as beer brewing, brick making etc.

· Income generating activities may also be the result of the utilisation of time saved in collection of domestic water

5.4
Poverty alleviation

Direct and indirect capacity building (skill development, knowledge building, access to information) reduction of vulnerability, strengthening of social and physical infrastructure, all help to alleviate poverty.  During mobilisation (e.g. in PRAs etc.) issues such as injustice, isolation from existing institutions and supplies are analysed and can be specifically addressed.

Children and particularly young girls may be deprived of education due to the need to assist their mothers in collecting water from far-away sources.  The time saving in collection from the close to home source will allow them to attend school.

6
International initiatives and developments 

Since the beginning of the 1980’s there have been a large number of enthusiastic supporters on the application of rainwater harvesting technologies, their development, and promotion and dissemination; these include (not exhaustive list):

· WASH, the USAID-financed water, sanitation and health programme, (now called Environmental Health Programme-EHP) has been supporting the rainwater harvesting through the publication of the newsletter Raindrop and managing the related information and documentation services

· The International Rainwater Harvesting Catchment Systems Association (IRCSA) established in 1991 (http://MS2.PCCU.EDU.tw/~98710704/ ).  IRCSA issues an irregular newsletter Raindrop; manages since 1996, the Rainwater Harvesting Information Services (RHIS) (by the Africa Water Network in Nairobi); and organises every two to three year an international conference.  The next conference is planned for September 3-7, 2001 in Germany in collaboration with the Fachvereinigung Betriebs- und Regenwassernutzung e.V. (the German Association for Water Recycling and Rainwater Utilisation) and FAKT (Consult for Management, Training and Technologies) http://www.rainwaterconference.org/english/index.htm/ 

· National Rainwater Associations, in many countries e.g. Kenya Rainwater Association 

· Centre for Science and Environment (CSE), New Delhi, India.  http://www.cseindia.org/ 

· Indian Institute of Technology, Centre for Rural Development and Appropriate Technology; gives training, promotes, and collects and disseminates information on appropriate technology including RWHS

· Research project on Rainwater Harvesting at the Development Technology Unit of School of Engineering, University of Warwick, UK http://www.eng.warwick.ac.uk/DTU/ 

· FAKT, the Association for Appropriate Technologies in Germany http://www.fakt-consult.de/, and more specifically Mr. Hans Hartung (promotion and training RWHS) (HFHartung@cs.com)

· Lanka Rain Water Harvesting Forum (LRWHF); the national network for the exchange and promotion of RWHS and  Srilankan experience http://www.rainwaterharvesting.com/

· Listserver (discussion group and archive of earlier discussions) on Rainwater Harvesting through GARNET: http://info.lut.ac.uk/departments/cv/wedc/garnet/rwheconf.html 

· Free Software for simulating performance of rainwater harvesting systems: SimTanka
http://www.geocities.com/RainForest/Canopy/4805   

· A list of key contacts on rainwater utilisation from Gould and Nissen-Petersen (1999) is attached (appendix1).

7
Roof rainwater harvesting and the Dutch water policy

The present Dutch policy paper on drinking water supply and sanitation (Ministry of Foreign Affairs, 1997) emphasises most of the key issues dealt with in this paper.  These Dutch drinking water policy issues include user participation and gender, institutional and financial autonomy, sustainable technologies, environmental sustainability, and contribution to preventive medicine.  Since the publication of the Policy Paper, sector wide approaches (SWAP) are being adopted to come to effective development co-ordination.  Research, training and effective information sharing remain important areas that the Dutch government supports in this drinking water sector. Rainwater harvesting techniques are among the sustainable technologies being promoted by the Ministry. 

This final section very briefly lists six key suggestions for Dutch water policy and the approach to rooftop rainwater harvesting.

1. Dutch policy should advocate the inclusion of rainwater harvesting as a potential water source in demand responsive approaches to water supply.  In particular it should ensure that Sector Wide Approaches to both water supply and water resources management support rainwater harvesting as an integral part.

2. In relation to agricultural productivity (and water resource management) this support should take the form of support to watershed based approaches (see also Moriarty et al, 2001), while in relation to household livelihoods it should focus largely on supporting rooftop water harvesting.

3. Within SWAPs the necessary institutional development and capacity building (technical, regulatory etc) needs to be developed in higher and intermediate levels of government to support rainwater harvesting initiatives.

4. As part of this policy national and regional initiatives in ASA regions to promote the application of rainwater utilisation should be encouraged and supported.

5. Within the framework provided by SWAPs, Dutch water policy should encourage the Dutch Government to finance NGO and CBO requests to support community-initiated projects in rooftop rainwater harvesting in ASALs as part of an effort to achieve sustainable livelihoods.  Such financing should only be agreed on condition that the NGO-CBO approach:

· is demand responsive and the community and individual households have a primary planning, decision-making and fund-controlling roles in the entire project cycle.  

· gives high priority to gender, and the inclusion of women.

In addition households and/or community give a substantial contribution, or that community members (e.g. women groups) contribute through a joint revolving fund.

6. The Dutch Government should support a livelihoods based approach to water supply in both rural and urban areas, of which rainwater harvesting for domestic and productive/economic purposes can be a part. Small-scale, community-based rainwater utilisation for agricultural purposes, serving community livelihood (social, economic, health, well-being) and environmental rehabilitation should be advocated and supported.
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APPENDIX 

OVERVIEW OF KEY CONTACTS

RAINWATER UTILISATION

(from Gould and Nissen-Petersen, 1999)
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Useful contact addresses V

The Ajit Foundation

396 Vasundhara Colony, Tonk Road,
Jaipur 302 018, India

Fax: +91-141-519938

Email: visquar@jp1.vsnl.net.in

ASAL Consultants Ltd.
P.O. Box 38, Kibwezi, Kenya

BTC (Botswana Technology Centre)
P/Bag 0082, Gaborone, Botswana
Fax: +267-374677

Email: botec@info.bw

CSE (Centre for Science and
Environment)

41, Tughlakabad Institutional Area,
New Delhi, 110 062, India

Fax: +91-11-698 5879

Email: cse@sdalt.ernet.in

Website: www.cseindia.org

DALTECH (Centre for Water
Resources Studies)

Centre for Water Resources Studies,
Dal Tech, Dalhousie University,

PO Box 1000, Halifax, Nova Scotia,
Canada B3J 2X4.

Email: scottrs@newton.ccs.tuns.ca

DTU (Development Technology Unit)
Engineering Dept, Warwick University,
Coventry CV4 7AL, UK

Fax: +44 1203-418922

Email: dtu@eng.warwick.ac.uk

FAKT (Association for Appropriate
Technologies)

Génsheidstrasse 43, D-70184, Stuttgart,
Germany

Fax: +49-711-210 9555

Email: 100557.3651@compuserve.com

fbr (Fachveeninigung fiir Betriebs und
Regenwassernutzung e.v)

Specialist Association for Rainwater
Utilization

Kasseler Str. 1a, D-60486, Frankfurt am
Main, Germany

Fax: +49-69-9707 4648

Email: fbrev@t-online.de

Y

GWP (Global Water Partnership)
GWP, Sida, S-105 25, Stockholm,
Sweden

Fax: +46-8-698 5627

Email: gwp@sida.se

Website: www.gwp.sida.se

IDRC (International Development
Research Centre)

P.O. Box 8500, Ottawa, Canada K1G
3H9

Fax: +1-613-238 7230

Email: info@idrc.ca

Website: www.idrc.ca

IFIC (International Ferrocement
Informatien Centre)

Asian Institute of Technology, P.O.
Box 4, Klong Luang, Pathumthani
12120, Thailand

Fax: +66-2-516-2126

Email: geoferro@.ait.ac.th

IRC (International Water and
Sanitation Centre)

P.O. Box 93190, 2509 AD, The Hague,
Netherlands

Fax: +31-70-358 99 64

Email: general@irc.nl

Website: www.oneworld.org/ircwater/

IRCSA (International Rainwater
Catchment Systems Association)
P.O. Box 38638, Nairobi, Kenya

Fax: +254-2-556943

Email: bambrah@ AfricaOnline.co.ke

IT Publications (Intermediate
Technology Publications)

103-105 Southampton Row, London,
WCI1B 4HH, UK

Fax: +44-171-436 2013

Email: itpubs@itpubs.org.uk
Website: www.oneworld.org/itdg/

IWRA (International Water Resources
Association)

4535 Faner Hall, Southern Illinois
University, Carbondale, IL 629014516,
USA

Fax: +1-505-277-9405

Email: iwra@siu.edu

Website: www.iwra.siu.edu




[image: image2.png]KRA (Kenya Rainwater Association)
P.O. Box 72837,

Fax: +254-2-560438

Email: gscons@arcc.or.ke

Khon Kaen University

Water Resources and Environment
Institute, Faculty of Engineering,
P.O. Box 26, Khon Kaen University,
Khon Kaen 40002, Thailand

Fax: +66—43-237 604

PDA (Population and Community
Development Association)

8 Sukhumvit 12, Bangkok 10110,
Thailand

Fax: +66-2-2558804

People for Promoting Rainwater
Ultilisation

1-8-1, Higashi-Mukojima, Sumida City,
Tokyo, 131 Japan

Fax: +81-3-3611-0574

Email: murase-m@tc4.so-net.ne.jp

Public and Environmental Health
Service

Dept. of Human Services, P.O. Box 0,
Rundle Mall SA 5000, Australia

Fax: +61-8226 7102

Email: ehb@health.sa.gov.au

Raindrop (Published by the Rainwater
Harvesting Information Service)

P.O. Box 38638, Nairobi, Kenya

Fax: +254-2-556943

Email: bambrah@africaonline.co.ke

RELMA (Regional Land Management
Unit)

P.O. Box 63403, Nairobi, Kenya

Fax: +254-2-520762

Email: r.winberg@cgnet.com

RHIS (Rainwater Harvesting
Information Service)

P.O. Box 38638, Nairobi, Kenya
Fax: +254-2-556943

Email: bambrah@africaonline.co.ke

RWH Forum (Rainwater Harvesting
Forum Secretariat)

c/o ITDG, 5 Lionel Edirisinghe
Mawatha, Kirulapone, Colombo 5,
Sri Lanka

Fax: +94-1-856188

Email: tanujaa@itdg.lanka.net

YA

SA WATER (South Australian Water
Corporation)

GPO Box 1751, Adelaide, SA 5001
Fax: +61-8-8359 2567

Email: marilla.barnes@sawater.sa.gov.au

SIDA (Swedish International
Development Agency)

S-105 25 Stockholm, Sweden
Fax: +46-8-698 5653 / 208864
Email: ingvar.andersson@sida.se
Website: www.sida.se

UNDP-World Bank Water and
Sanitation Program

The World Bank, 1818 H Street, NW,
Washington, DC 20433, USA

Fax: +1202-522-3313

Email: info@wsp.org

Website: www.wsp.org

UNICEF

UNICEF House, 3 United Nations
Plaza, New York 10017, USA

Fax: +1212 888-7465

Email: netmaster@unicef.org
Website: www.unicef.org

VITA (Volunteers in Technical
Assistance)

1600 Wilson Boulevard, Suite 500,
Arlington, VA 22209, USA

Fax: +1-703-243 5639

Email: vita@vita.org

WaterAid

Prince Consort House, 27-29 Albert
Embankment, London SE1 7UB, UK
Fax: +44-171-793 4545

Email: wateraid@compuserve.com
Website: www.oneworld.org.wateraid

Waterlines
—see IT Publications

Water Resources Research Centre
University of Hawaii at Manoa, 2540
Dole St, Homes Hall 283, Honolulu,
Hawaii 96822, USA

Fax: +1-808-956-5044

WEDC (Water, Engineering and
Development Centre)

Loughborough University,
Loughborough, LE11 3TU, UK

Fax: +44-1509-211079

Email: wedc@Iboro.ac.uk

Website: www.lboro.ac. uk/departments/
cv/wedc/
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OT Hitzkirchen, Oberdorfstrasse 26,
D-63699, Kefendrod-Hitzkirchen,
Germany

Fax: +60-54-912129
wisyag@t-online.de

Conference contact addresses

9th International Rainwater Catchment
Systems Conference (1999)

Johann Gnadlinger,

P.O. Box 21, 48900-000 Juazeiro — BA,
Brazil

Fax: +55-74-811-5385

Email: ircsa@netcap.com.br

Sth International Rainwater Catchment
Systems Conference (1997)

Jamal Ghoddousi/Bahram Aminipouri,
SCWM Research Centre, P.O. Box
13445-1136, Tehran, Iran

Fax: +98-21-6407214

Email: rainl@neda.net

7th International Rainwater Catchment
Systems Conference (1995)

Changming Liu,

CAS, Bldg 917, Datun Rd, Beijing
100101, China

Fax: +86-311-5814362

Email: cmliu@pku.edu.cn

6th International Rainwater Catchment
Systems Conference (1993)

G.K. Bambrah

P.O. Box 38638, Nairobi, Kenya

Fax: +254-2-556943

Email: bambrah@africaonline.co.ke

Contact details for the authors

John Gould

107 Studholme Street,
Christchurch 8002,

New Zealand

Email: john.gould@xtra.co.nz

Conference on Fog ana Fog Collection
(1998)

P.O. Box 81541, 1057 Steeles Avenue
West, North York, Ontario, M2R 2X1,
Canada

Fax: +1-416-739-4211

Email: fogsite@ibm.net

National Conference on Rainwater
Harvesting (1998)

CSE (Centre for Science and
Environment)

41, Tughlakabad Institutional Area,
New Delhi, 110 062, India

Fax: +91-11-698 5879

Email: cse@sdalt.ernet.in

Website: www.cseindia.org

Tokyo International Rainwater
Utilization Conference (1994)

Makoto Murase,

Dept. of Environmental Protection, 23—
20 Azumabashi-1-chrome,

Sumida City, Tokyo, Japan

Fax: +81-3-5608-6405

Email: murase-m@tc4.so-net.ne.jp

Erik Nissen-Petersen
P.O. Box 38

Kibwezi

Kenya




Rooftop rainwater harvesting in Kenya	 (83% of Kenya is ASA land)


The annual rainfall in Kenya ranges from 150-2,000 mm annually, while potential evaporation rates vary from 1,200 to 3,000 mm per year. Based on these figures, the estimated potential for rainwater harvesting in Kenya is about 42 million cubic metres per year.  This is equivalent to 5 litres of water per person per day.  It is estimated that by the year 2010 rural communities in Kenya will depend on roof rainwater harvesting for approximately 12% of their domestic water requirements.  (Mbugua and Nissen-Petersen, 1995)








In 1996, the city council of Sumida City decided to install rainwater utilisation (RWU) systems  in all its new facilities.  It also decided to subsidise residents and companies planning to install rainwater utilisation systems.  Sumida City established a committee to promote the RWU in a two-fold way: (i) spread information on how to use and optimise the use of rainwater, and (ii) promote RWU nationally and internationally through exchange on policies etc.  77 Japanese municipalities joined the initiative spurred on by the water shortage of 1994! 


Source: Raindrop 





Example of a domestic rainwater harvesting system 


In a semi arid county with a reliable yearly rainfall of 700mm per annum that falls during a single rainy season of three months, an efficient rooftop rainwater harvesting system can expect to turn 80% of this (560mm) into available water for harvesting.  





To provide a family of six people with 10 litres/day will require a total of 22 m3 of water per year, of which 17m3 must be stored for the nine month dry season.  To do this a circular tank of radius 1.5m and depth of 1m would need to be attached to a roof of 40m2.





Successful after starting small


In Laikipia in Kenya (low rainfall; 700 mm/year): 


Following the failure of approaches based on conventional government advice, the Anglican Church of Kenya introduced a phased project approach. The first phase included providing an oil drum plus a few 1x3 m galvanised iron corrugated sheets.  This was accompanied by awareness raising that resulted in willingness to invest more.  That in turn meant bigger storage tanks (ferro-cement and masonry tanks, rubble stone tanks and finally underground tanks up to 50-100 cum which were used for domestic, live stock, and vegetable growing.  After that use of runoff for farming increased productivity, and other improved farming techniques were introduced and practised such as terracing, composting, and afforestation.


Mbugua and Nissen-Petersen, 1995











� Different colours of water: ‘blue’ water refers to water sources that can be used directly for drinking, industry etc. ‘green’ to soil moisture used by plants, and ‘brown’ and ‘grey’ to various forms of wastewater.  ‘White’ water is atmospherice moisture – and can include rainfall.  In this document however we consider rainfall as a ‘blue’ water resource.


� Domestic rainwater harvesting is also sometimes carried out using small scale paved ‘catchments’ on the ground and we include these in our definition of ‘rooftop’ rainwater harvesting.  The main distinction is between small scale individual or community systems mainly targetting household use, and larger ‘watershed management’ type approaches as discussed in the previous section.
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