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on water sources subject to multiple use. The dynamics of pathogens in newly constructed large water 
facilities are complex. The paper seeks to systematize these complex processes as an aid to assessing 
risk and also minimizing health hazards and optimizing health benefits, revisiting an old theme in 
the light of extensive recent research at many scales.
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Introduction/Problem Identification
Water is the cheapest and cleanest source of renewable energy and Romania has a rich experience in its 
utilization as electric power source. By water accumulations in hydropower arrangements that include 
a series of hydraulic works from which the most important ones are dams, reservoirs and hydropower 
plants, there have been created possibilities for water utilization not only for energetic purposes, but 
also to diminish floods, water supply, irrigations, fish farming, recreation etc.

The objective of the European Directive 2001/77 to grow the weight of the renewable energy sources 
from 14 to 22% of the EU brute consumption of electric energy until 2010 has been transposed into 
Romanian legislation since the period of its adhesion to the European Union. As new member state 
of the European Community, Romania proposed itself that the consumption of electric energy from 
renewable resources will reach 33% of gross internal consumption until 2010.

Analysis/Results and Implications for Policy and/or Research
From the oldest times, the water energy has been used on the Romanian territory for the mills act-
ing, minerals breaking, textures washing and processing. The first Romanian stations that used the 
hydraulic power in order to produce electricity, with an installed capacity of 50 to 1,000 kW, were 
built between 1888 and 1900. In the period 1901-1950 about 64 hydropower stations, with heads 
between 3 and 304 m and installed capacity of 25-16,130 kW, which totalized a power of about 56 
MW with an energy production of 290 GWh/year, were built.

The technically available potential of the Romania’s water courses, estimated on the basis of the de-
veloped studies between 1951 and 1962, emphasized a production of about 36,000 GWh/an, with 
an installed power of 10,800 MW. These studies referred to the significant water courses and their 
tributaries with a specific potential more than 200 kW/km.

The Romania’s total production of hydropower energy in 2005, in conditions of a favorable hydrologic 
year, was 20,200 GWh (representing 34.4% of the electric energy consumption), the total installed 
capacity being 6,346 MW (representing 53% of the economically available hydropower potential). 
In the same year, 380 small hydropower stations were in operation.

Although the energy production of hydropower stations, evaluated to 17,700 GWh/year in an aver-
age hydrologic year, would ensure the fulfillment of the EU objectives for renewable sources in the 
absence of production of other renewable sources, the Romanian legislation imposed production 
separation for each renewable energy source in the view of development of each of these resources. In 
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this sense, it was enforced that the energy provided by the hydropower stations be 18,200 GWh in 
2010 (from which 1,100 GWh in the stations with the installed power under 10 MW) and 18,700 
GWh (from which 1,600 GWh in the stations with the installed power under 10 MW) in 2015. For 
achieving this objective, new hydropower stations with total installed power of 120 MW have to be 
built in 2003-2010 and 2011-2015.

At present, Romania has 1606 water storages developed by dams’ construction. Among these dams, 
246 are registered in the World Register of Great Dams. It is to remark that from the total of storages, 
approximate 90% (most of all created by small dams) are not used for electric energy generation. It 
is understood that for utilization of these storages it must be drown up efficiency studies that have to 
take into account the hydrologic regime.

The performance of the dams and their reservoirs influence directly and indirectly the environment 
in all its elements (biotope, biocoenosis and ecosystems) and in the different areas of characteristic 
impact (upstream of the reservoir, in the reservoir area, downstream the flow discharge, in neighbor-
ing areas).

Most productive stage in taking some measures for mitigation the ecological impact is during of dam 
design. A well designed dam has a reduced and ameliorable impact, while in case of a badly designed one 
no measures taken subsequently to its performance can reduce the impact up to an acceptable one.

Another disadvantage of the hydroelectric developments is the need to relocate the people living 
where the reservoirs are planned. Only two dams in Romania, Izvorul Muntelui (Bicaz River) and 
Iron Gates (Danube River) created major problems from this point of view, but these have been 
favorable solved.

The following actions have been carried out during the designing and construction of the main Ro-
manian hydropower development: sociological, anthropological. etnographical, folklore studies and 
investigations, as well as investigations concerning the monuments; discussions with the local authorities 
and obtaining the approval of the inhabitants; extended field studies and utilities (drinkable water, 
roads, sewerage system, electric power supply, churches, schools, cemeteries) performed in advance 
for the new site; observance of the previous environmental conditions (climate, landscape) and of the 
conditions for practicing traditional customs and occupations (pottery, wood or stone carving, hemp 
retting, grazing); relocation and reconstruction of representative monuments and edifices (village 
church and commemorative monuments, cemeteries preserving the relative disposition of the tombs, 
special village markets and fair places).

Achievement of hydraulic arrangements offers a number of additional advantages such as: floods 
mitigation in reservoirs and protection of neighboring zones, sources of drinkable and industrial 
water, sources of water for irrigations, tourism development, fish breeding development and also jobs 
on the construction sites of the hydraulic and additional works.
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Introduction/Problem Identification
Sri Lanka needs an investment of over 8,000 million Rs annually to meet the Government of Sri 
Lanka’s water supply targets. On top of the difficulty of financing this investment, the situation fea-
tures the drying up of water sources and the growth of demand for water due to population pressure, 
leading to conflict among water users.

Since 1993, Rain Water Harvesting (RWH) support had been granted through a range of initiatives. 
Efforts have increased to facilitate its adoption, including the work of several NGOs involved in im-
proving water security among water scarce communities particularly in the dry zone of Sri Lanka.

Rain Water Harvesting was one of the technological options considered under World Bank funded 
Community Water Supply and Sanitation Project I (CWSSP) which was considered the first national 
level intervention in the rural water supply

Analysis/Results and Implications for Policy and/or Research
The benefits of RWH under the CWSSP I, include:
Improved water security to beneficiary communities (20 to 30 percent Improvement) particularly in 
reducing time spent for collecting water was considered a major benefit. Rain water is also seen as a 
reliable source of water at home. Increased water availability per capita and improved food preparation 
and personal hygiene were also considered some of the benefits. Convenience of being able to collect 
water at any time irrespective of age and sex is another benefit in addition to having more time for 
economic and personal activities

Although RWH has been accepted as an alternative rural water source, there is less than 10 percent 
take up by the rural communities that most stand to benefit.

Reasons for lack of acceptance
Initially, most of the buildings on which RWH was tried had thatched roofs and people found the 
water collected on these had unacceptable taste. Water collected from roof catchments contained 
leaves, organic materials, and atmospheric dust. Presence of mosquito larvae, other insects, discolora-
tion from rusted iron roofing materials and organic debris etc. played a major role.

Many traditional RWH storage systems presently in use rely on small cement open tanks or storage 
vessels covered with cadjan leaves, polythene or tin sheets. The systems are not secure and water can 
generally only sustain a supply for some five to seven days depending on the family size.

Debris, dirt and dust are collected on roofs during non-rainy periods. When the first rains arrive, 
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this unwanted material may be washed into the storage tank causing contamination of water and 
rendering it unfit for drinking and cooking purposes.

Filters were introduced towards the latter stages of CWSSP 1 when it was realized that poor manage-
ment of RWH units was leading to fast deterioration of water quality due to contamination of stored 
water with leaf litter.

Tank covers were initially not included in the subsidy under CWSSP 1, resulting in most people using 
temporary covers in the form of Polythene sheets, which do not adequately protect the stored water 
and allow some contamination. Subsequently the lid became a compulsory requirement of construc-
tion, but the weight of the lid has been a practical problem inhibiting access, especially for women 
in the absence of a hand pump. This has led to a tendency to leave the storage tank open during the 
day, with increased risk of contamination.

Conclusions
There are many constraints associated with the use of rain water for drinking. Perception regarding the 
quality of rain water has to be changed. Continuing move from a donor driven response to a demand 
driven approach has also become necessary. Awareness of the need for improved and innovative tech-
nical options, improved designs, improved construction standards, improved systems for collection, 
first flush control, filtration and storage. Etc. should be carefully re visited. Cost and subsidy including 
the need to reduce overall costs, and to lend support to the move for greater community contribution 
in an equal partner status with the GOSL.
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Introduction/Problem Identification
Investment in water storage infrastructures, including large dams, is widely advocated as crucial for 
sustainable economic growth and poverty reduction in sub-Saharan Africa. However, construction 
of dams in Africa is often associated with negative public health impacts such as increased malaria in 
surrounding communities. The degree and nature of this impact is rarely quantified and the feasibility 
of environmental control measures (e.g., manipulation of reservoir water levels) to mitigate malaria 
impacts has not previously been investigated in Africa.

Analysis/Results and Implications for Policy and/or Research
The present study assessed the impact of the Koka reservoir in central Ethiopia on malaria transmis-
sion and investigated the possibility of using dam operation as a tool to reduce transmission. Time 
series of clinical malaria case data (i.e. 1995 to 2007) were obtained from malaria control centers for 
13 villages located at different distances from the reservoir. Larval and adult mosquito samples were 
collected for a period of 16-months from two villages located close (i.e. < 1km) to the reservoir and 
two villages located farther away (i.e. > 7km) from it. Multiple linear regression (step-wise) analyses 
were conducted to determine the relative importance of distance to the reservoir in conjunction with 
other factors that might affect malaria, including climatic variables. To date, the dam has not been 
purposefully operated with the intention of reducing malaria. Nevertheless, analyses were also con-
ducted to determine the impact of changes in monthly reservoir water-level over and above climatic 
variables on monthly malaria case rates and mosquito vector abundance.

Mean annual malaria case rates were significantly greater in villages situated closer to the reservoir 
than in those farther away. The analyses confirmed that distance from the reservoir was a significant 
explanatory variable (R2 = 0.406, P < 0.001) of the variation in annual malaria case rates. The average 
annual malaria cases among people living within 1 kilometer of the reservoir was 3.7 times as great 
for those living 2 to 5 kilometers from the reservoir and 19.9 times as great as those living 5 to 9 kil-
ometers from the reservoir. Larval and adult mosquito collections showed that, throughout the study 
period, the two primary malaria vectors in Ethiopia (i.e. Anopheles arabiensis and An. pharoensis) 
were much more abundant in the reservoir villages than in the control villages. Furthermore, puddles 
along the reservoir shore were found to be the most prolific mosquito breeding habitat. Analyses of 
the link between rates of change in reservoir water levels and mosquito larvae abundance found that 
drawdown at a rate of 25mm per day was associated with larval abundances approximately five-times 
less than a drawdown of 10 mm per day. This indicates that more rapidly falling water levels were 
associated with lower mosquito larvae abundance in shoreline puddles. However, the link between 
drawdown and malaria case rates was less clear. High correlation between rainfall and water level 
changes confounded the analyses making attribution difficult. Nevertheless, in reservoir villages, 
water level changes were found to be the most significant explanatory variable, moderately correlated 
with malaria case rates.
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The major finding is that by creating numerous mosquito vector breeding sites around the reservoir 
shoreline, the Koka dam has led to intensified malaria transmission in communities close to the res-
ervoir. Although not definitive and requiring further investigation, evidence from the study suggests 
that increased rates of drawdown could play a role in reducing larval habitat with a possible consequent 
impact on malaria transmission. Given the increase in dam construction currently underway in Africa 
there is need for more research to determine when and where water management can be successfully 
integrated into malaria control strategies.

Note: This paper presents findings from project no. 36 of the CGIAR Challenge Program on Water 
and Food entitled “Improved planning of large dam operation: using decision support system to 
optimize livelihood, safeguard health and protect the environment”.
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Introduction/Problem Identification
The quality of drinking water can change during transfer and within a distribution system. Quality 
changes are mainly associated with biological activity during transport process. The deterioration of 
drinking water quality in the distribution system is generally caused by expense of organic substrate 
which leads to biofilm formation. Most organic matter in water supplies is natural in origin. Natural 
organic matter (NOM) may include humic and fulvic acids et al.

Protecting the transfer and distribution system is essential to ensuring a supply of safe water to con-
sumers. Biofilm formation in the distribution network decreases its capacity for transport and creates 
ideal conditions for many kinds of micro-organisms to remain in the pipes, thus increasing the risk 
of disease in the recipient communities. Bioavailabity of NOM in natural water is main reason of the 
secondary microbial contamination of drinking water in distribution and transfer system.

Analysis/Results and Implications for Policy and/or Research
Bioavailability of NOM is determined in units of the total organic carbon (TOC) and it is named 
biodegradable organic carbon (BDOC). Source water quality and storage management are linked 
with water treatment practice as well as understanding impact treatment has on the fate and impact 
of BDOC in the distribution system.

A role of the NOM in both the treatment technology and water transfer and distribution is the problem 
of an extremely topical importance for the drinking water supply of the Ukraine. A state analyses of 
the surface waters of Dnieper storages show that the organic matter content as concerns its chemical 
oxygen demand (COD mgO/l) for the main water storages of the Ukraine varies from 54.0-65.0 
(worst-case values) and 40.5-43.2 (mean values) in the Kanev storage to 36.0-40.0 (worst-case values) 
and 25.0-30.2 (mean values) in the Kachovsk storage. This corresponds to a content variation of the 
dissolved TOC from 24 to ~10 mg/l surpassing much this index characteristic for a number of the 
river basins of the West and Central Europe. At the water treatment barriers progressively remove 
NOM present in the surface storage, producing good quality water and minimizing risk of disease 
and biofilm formation during transfer.

It is reached by provision of biological stability of the treated water, which is determined by the pres-
ence, type and amounts of biodegradable fractions of NOM. A distinction is made between two types 
of biologically available organic carbon: biodegradable organic carbon (BDOC) that is mineralized 
by heterotrophic organisms and assimilated organic carbon (AOC) that transforms into cellular bio-
mass. It is known that an AOC concentration below a threshold of 10 μg acetatecarbon equivalents 
per liter (ac-C•l-1) provides biological stability in transfer and distribution systems in the absence of 
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chlorine residual. The goal of the paper given consisted the BDOC and AOC contents in a few kinds 
of water (storage, artesian, tap and model ones) and its variation in water treatment process with dif-
ferent methods to reach water biological stability in Ukraine. The obtained results showed that the 
content of TOC in mentioned above kinds of water amounted to 12.7; 7.7; 7.7; and 2.1 mg/l, while 
BDOC content was: 1.4; 1.2; 0.3; 0; 0; mg/l respectively. Thus, the BDOC content in water storage 
from the Dnieper amounts to 13% with respect to TOC. Coagulation reduces the BDOC content 
only by 15% indicating the biological instability of water after this stage of treatment. It is observed 
the reduction of BDOC in the tap water as compared with the water after its coagulation treatment. 
This is evidence of the continued process of biodestruction in distribution systems. The content of 
AOC in the tap water is in the limits 200-600 μg/l indicating a possible intensive biological fouling 
of distribution system during transfer of such water. The water from artesian wells of different depth 
contains AOC within the limits 4-10 μg/l featuring its high biological stability.
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Introduction/Problem Identification
Gram Vikas are a non-governmental organisation working with some of the poorest and most mar-
ginalised communities in the state of Orissa, India. Through their flagship integrated development 
programme, MANTRA- Movement and Action Network for the Transformation of Rural Areas, rural 
communities are helped to access a 24 hour supply of piped, potable water. The water is transported 
to, and stored in an overhead village water tank, from where it is transported to every household.

The water is transported to the village water tank via a number of methods, of which the preferred 
choice is gravity-flow, as this overcomes the problem of many villages being extremely remote, and 
having no electricity source to pump water.

One problem that Gram Vikas regularly faces is how to use a gravity-flow system when there is no 
suitable perennial spring?

Analysis/Results and Implications for Policy and/or Research
Gram Vikas have developed a truly innovative solution, of establishing a sanitary well. Down one 
side of the well, a slit is cut and a pipe attached to the bottom. The slit is then filled back up with 
mud, and the entire well lined with stones. Water then percolates into the well, and flows down the 
pipeline to the village overhead water tank.

In addition to the physical construction, this paper will explain the other important aspects of this 
programme, which serve to ensure the water is safely stored without being contaminated, as well as 
using the water sustainably, and ensuring the surrounding environment is protected. Measures to 
protect the stored water include covering the well with a concrete cover, and ensuring the pipes are 
dug well into the ground. Extensive watershed management activities are also undertaken to promote 
ground recharge and also protect the surrounding ecology. These activities include tree planting, and 
erecting stone bunds.

Another measure is the recently undertaken initiative to train some staff to become “Barefoot Hy-
drologists.” The aim being that by having trained staff in basic hydrology issues, specific to their 
geographic location, the site selection for wells will be more scientific, and the success rate of these 
wells will increase. In addition they will be trained in testing the water quality and will know the 
necessary action to be taken if the water becomes contaminated.

Gram Vikas’ water project is part of a whole village development package, of which building sanita-
tion facilities is a pre-requisite to starting work on a water system. This is crucial to the protection 
of the water source, as if open defecation is still occurring, then water sources will continue to be 
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contaminated. Another key factor to Gram Vikas’ success at reducing water-borne diseases by 80% 
and enabling communities to access safe water, is the insistence on 100% inclusion. Every household 
without exception must be involved. This is vital to the safe storage of water, as even if one family 
continues to defecate in the open, the water sources will still become contaminated. In conjunction 
with building infrastructure, much work in changing habits and attitudes towards hygiene and sanita-
tion is also carried out, since even with proper sanitation facilities in place, if people are not engaged 
in using them the water sources will continue to be contaminated from raw human waste.

In keeping with Gram Vikas’ core values and principles, villagers have to contribute both financially, 
and in terms of supplying the locally available materials and manual labour. This all adds to the sense 
of ownership, and therefore long-term success and sustainability of the project.

All of these issues are important to the long term safe storage and protection of the water source, and 
therefore will also be included in this paper.
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Introduction/Problem Identification
Increasing access to safe clean water for every citizen in any country, Uganda in particular is still a 
big challenge. Nevertheless, the Government and Civil Society Organizations (CSOs) have come out 
strongly to support this noble cause.

The Government of Uganda and the CSOs have constructed and protected communal water sources 
like the shallow wells to benefit all community members. However, little emphasis has been put to 
water storage options in case of any crisis like the long drought, which has become a big issue of 
concern due to globalization, and this has an effect on the springs causing them to dry out forcing 
the community members to resort to using the ponds.

In addition, the protected water sources do not cater for the most vulnerable groups of people like the 
elderly and physically challenged. The constructed wells are located far from the community members’ 
homesteads and this makes it difficult for the vulnerable people to easily access the safe water

Analysis/Results and Implications for Policy and/or Research
A Home Based Rain Water Harvesting Jar is an option for water storage, where rain water is harvested 
from the roofs of the buildings. The Home Based Water Harvesting Jar is a simple water storage tech-
nology that can mainly be broken in four primary processes and three treatment procedures. These 
include the catchment surface with the first flash device which flashes away all unsafe water before it 
goes in the conveyance and this actually filters the water and removes all the dirty that might have 
reminded after the first flash. The third process is the storage and in here, water can further be treated 
before it is stored into the delivery part where it can further be filtered before usage.

The Home Based Water Harvesting Jar can be constructed/designed to suit particular household 
water needs. However, the jar storage can enhance easy access to safe water for different purposes like 
for home consumption, irrigation and animal rearing. This storage options can better be applied in 
countries, which receive rains all throughout the year. A case in point is the central part of Uganda.

The jar is designed in a JAR shape as its name. However, one can design the storage system in the 
most convenient shape preferred. For this particular design, the following issues should be put into 
consideration during construction:
1	 Well as, the water jar can be designed using locally available material, binging wire is recommended 

to be used as reinforcement in the storage wall and the foundation instead of welded mesh.
2	 The storage must have a provision for an overflow and wash out pipes to ensure water treatment 

and quality to reduce on health threats.
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3	 For construction, the ground must be concrete to hold the weight of the storage capacity.

If well designed, the water jar can easily be managed and it has no health threats to worry about if the 
first flash device is installed and the wash out pipe, to do away with unsafe water before stored.

This water storage option has a number of advantages including;
1	 After construction, there is no water fees attached
2	 The end use of harvested water is located close to the source, eliminating the burden of distance, 

hence saving valuable time
3	 The technology is cost effective, compared to other storage options like the Ferro cement tanks or 

community spring tanks.
4	 This technology does not discriminate among users. The elderly, physically challenged persons, 

women, children and men can all comfortable use access water.
5	 The home based jar, provides a safe water source where ground water is unacceptable or unavailable, 

hence a better option for secured access water.
6	 The zero hardness of rainwater helps prevent scale on appliance, extending their use, rain eliminates 

the need for water softener and the salts added during the softening process.
7	 Rain water jar is sodium free and recommended for persons on low sodium diets
8	 The technology is simple to construct

How the Home Based Water Harvesting Jar can advance knowledge of the theme/implications
Water being a common good, all people should aspire for it. This storage system affirms to the theme 
in that it recommends storing encourage safe water at all times, such that at no time, the users are in 
lack. Being a common good, the water jar gives the beneficiaries an opportunity to enjoy this good 
with no struggles but with easy access. A common good is that, which is enjoyed by every one

All beneficiaries including the physically challenged people, children, women and the elderly who are 
not strong enough to fight for communal water, can easily access this storage technology. Since the 
water storage is constructed in the household premises, users can access it with easiness without any 
burden of haunting for safe water, by moving long distances.

Putting the global factor into consideration, availability of this common good in some parts of the 
continent which are so dry and the surface water is scarce, the rain water provides a water source where 
ground water is un available. This technology can further address the issue of equity. Due to its low 
costs for construction, every household can afford to put up in order to enjoy this common more.
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Introduction/Problem Identification
This paper shows how household based water treatment and safe storage (HWTS) of drinking water 
have emerged as a safety net for the preservation of public health in a protracted humanitarian crisis. 
The paper focuses on the context set by the breakdown in the municipal water supply and sanitation 
service delivery in urban Zimbabwe and the subsequent water supply, sanitation and hygiene (WASH) 
related public health crisis. It outlines how HWTS technologies have emerged as a significant mecha-
nism that has ensured safe drinking water for households in many parts of the urban community in 
a country in throes of political, economic and social instability.

Analysis/Results and Implications for Policy and/or Research
Over the years, the world over the focus on HWTS as a potential WASH public health intervention 
has increased. The interventions, comprising a range of technologies have been shown in laboratory 
studies and field trials to be effective in improving the microbiological quality of stored water as well 
as reducing diarrhoeal diseases. In 2007, a review of the evidence from field trials in Africa, Asia and 
Latin America identified ten thematic areas impacting on the acceptance and long term adoption of 
HWTS namely; compatibility with existing social and cultural norms, convenience, time, taste and 
visual appeal of the treated water, cost, need for water treatment, self-efficacy/knowledge, motivation, 
access to the intervention or its availability and perceived efficacy of the intervention. The themes 
appeared related and were classified into two broad categories; those that had influenced acceptance 
and those that had impacted on the long term adoption of the practice of HWTS, or change of water 
handling behaviour. Acceptability of the intervention clearly appeared to be required before adop-
tion. Despite these findings, the interactions between the themes were clearly complex and highly 
dependent on the setting and the technology being introduced.

As the water supply, sanitation, hygiene and related public health crisis in Zimbabwe unfolded some of 
the factors determining acceptance were manifest and the urban residents started adopting HWTS of 
their drinking water. The central water supply systems became increasingly unreliable prompting residents 
to turn to alternative sources of water. As early as 2007, significant proportions of residents were using 
unprotected wells, rain and river water as sources of drinking water. Also, the practice of storing water in 
the home became more prevalent and by the year 2008, over 90% of Harare residents, the capital city, were 
storing drinking water in the household. At the same time, reports of diarrhoeal disease incidence were on 
the rise and there was increased public awareness and concern over the negative health impacts of unsafe 
water and poor environmental sanitation. These developments were parallel to an increase in the practices 
of boiling drinking water. There was also an increase in the demand for chlorine based water treatment 
tablets. The cholera outbreak later in the year led to a marked increase in the demand for these.
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This paper presents and argues that the situation in urban Zimbabwe has provided greater understand-
ing for practitioners in similar contexts promoting HWTS as a public health intervention, particularly 
insight into the inter-play between the factors previously identified. Of greater practical significance, 
the paper shows how household based treatment and safe storage of drinking water present an option 
to assure access in resource limited unstable contexts. Their low-cost nature somewhat limits their 
dependence on the external political and economic environment (as opposed to centralised service 
delivery) and thus provides for secured access to the household.
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Introduction/Problem Identification
Global water resources are generally unevenly distributed relative to demand. Careful water manage-
ment is therefore crucial. The Andes Basin Focal Project, part of the CGIAR Challenge Program on 
Water and Food (CPWF) is working to understand the role of water in poverty in the Andes system 
of basins and the technological and institutional innovations for increasing water productivity, fa-
cilitating equity and sustainability in water use and removing water barriers to poverty alleviation. 
This is being achieved through detailed hydrological research at the Andean scale and below, through 
analysis of the role of biophysical, socioeconomic and institutional factors in water management, 
through impact analysis of interventions and their role in reducing water-based limits to sustainable 
growth and through the engagement of stakeholders with new knowledge and tools for knowledge-
based policy making.

Analysis/Results and Implications for Policy and/or Research
This paper presents some early results from the project half way through its two-year period of activ-
ity. The project completes in 2009. All deliverables are available from www.bfpandes.org (blog) and 
www.policysupport.org/aguaandes (website). Unlike other Challenge Programme basins the Andes is 
not a single basin but rather a heterogeneous collection of sub-basins. Population in the Andes was 95 
million in 2005 (Colombia, Ecuador, Peru and Bolivia only) and is growing by 2.5% p.a. (1980-2005). 
Less than 15% of this population occupies rural areas and 46.9 million of these people are consider 
poor because their income is less than is necessary to satisfy essential needs. Both agricultural area 
and fertiliser consumption have increased since the 1960s. The topographic setting and latitudinal 
expanse of the Andes leads to significant variation in rainfall from hyper arid through to hyper-humid. 
Agricultural productivity can be affected at both extremes as well as by seasonal variability and by 
the erosional hazards associated with steep slopes. Water management is carried out by national and 
sub-national entities at various levels as there are few trans-frontier flows. The legislative framework 
is complex and environmental concerns are more significant than in some other basins.

Crop production is not the only element of water productivity in the Andes, though some 40% of 
water use in Colombia and up to 80% in the drier Andean countries is consumed by agriculture. Water 
also supplies massive urban populations, mining operations, industrial processes, transport needs and 
HEP generation as well as the maintenance of globally important ecosystems. HEP supplies up to 
80% of regional energy needs in the Andes. Water productivity in the Andes is thus much more than 
the ‘crop per drop’ and has to be broadly defined as the contribution of water to human well being 
through production of food, energy and other goods and services.

Human interventions whether soft (policy) or hard (engineering) interventions can have complex effects 
on water, poverty and environment in spatially complex areas like the Andes. Yet these interventions 
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are important, for example there are around 140 major dams in the Andes (above 500m.a.s.l for the 
BFP study area) whose upstream areas cover around 10.4% of the Andean surface area (397,676 km2) 
and potentially have access to some 20% of the streamflow produced in the region. Around 20% of 
the Andean population lives upstream of such dams. Understanding the impact of building a dam or 
implementing policies such as PES (payments for environmental services) to support existing dams 
requires an understanding of the hydrological and climatic setting and processes combined with 
the dynamics of water demand, access and productivity, land use, economy and income as well as 
scenarios for how climate, population and markets may change into the future. These are the basis of 
the AguaAndes policy support system – a web based, geobrowser-supported tool for understanding 
the cross-sectoral impacts of specific interventions in specific places.

The tool allows the policy maker or scientist to implement hard or soft interventions within an integrated 
assessment model (IAM) combining the biophysical and socio-economic systems based on the best 
available data and knowledge for the region. The impact of these interventions against local, regional 
or national Millenium development goal (MDG) targets can then be measured and any unexpected 
or unintended consequences evaluated. The PSS ties together the data and knowledge generated by 
the project in a way in which it can be better used in the policy domain for locally specific studies. The 
PSS can be applied at 1km spatial resolution to a 10 degree grid or at 100m spatial resolution for a 1 
degree grid anywhere within the Andes, indeed many of the databases used are generated globally so 
that the system can also be applied in other basins. Though all data required to operate the system are 
supplied by the project, but if the user has alternative data these may be uploaded and used. The PSS 
is being developed alongside regional partners who intend to use it as part of their toolbox. Though 
not the only deliverable from the project the PSS is unusual in that it is a dynamic deliverable which 
can be applied to multiple uses within the Andes and be further improved through use.
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Management of Water Storage for Multiple Uses and Users: 
The Experience of the Challenge Program on Water and Food

Author:	 Dr. Sophie Nguyen-Khoa* et al.
	 * CPWF, Sri Lanka

Keywords:	 multiple use water systems, water productivity, storage water management, integrated 
assessment, reservoir fisheries

Introduction/Problem Identification
In developing countries growing competition over water storage resources often affect the poor and 
ecosystems most thereby decreasing the social-ecological resilience of the water system. More equita-
ble allocation and management of water is urgently needed to satisfy the multiple objectives of food 
production, ecosystem conservation and poverty alleviation in rural areas whilst meeting the needs of 
growing cities and industry. Most water infrastructure and management systems are used for multiple 
purposes whereas they are usually designed for a single or primary use. Other water uses can signifi-
cantly increase economic and social benefits of water often at a relatively low cost in terms of water 
consumption. Providing benefits for multiple uses and users of water is also one of the key mechanisms 
by which irrigation can contribute to poverty reduction. Yet this necessary shift in water management 
often requires more complex technical and governance arrangements of storage systems.

Analysis/Results and Implications for Policy and/or Research
Part of the CGIAR Challenge Program on Water and Food (CPWF) Research for Development has 
aimed to improve the management of water storage for secured access to a variety of stakeholders and 
to a range of productive and non-productive uses, including the contribution to ecosystem conserva-
tion and public health. For this purpose several projects have focused on the integrated assessment 
and management of water quantity and quality in a wide range of agro-ecological, economic and 
socio-political contexts, essentially at community and watershed scales.

Achieving effective and equitable multiple use of water storage systems requires the assessment of all 
actual and potential uses and users of the system. Several CPWF projects have identified and made 
visible the often neglected but important uses and users of different types of water systems across 
Africa, Asia and Latin America, notably: livestock (e.g. through the assessment of livestock water 
productivity), fisheries (e.g. through the increased fisheries productivity of reservoirs), health issues 
(e.g. through the assessment of dam operation impact on malaria prevalence), gender distribution of 
water users, and the interaction between these different uses and users (e.g. the “Multiple Uses Services 
(MUS)” and “Small Reservoirs” projects).

Beyond the identification of multiple uses and users, the representation of water needs and interests 
was supported through the development of multi-stakeholder platforms and negotiation support tools, 
and through attempts to up-scale local government representation and actions. This helped identify 
the physical and socio-economic distribution of winners and losers to better balance the allocation 
of water resources at watershed scale. This sometimes required changes in informal and formal insti-
tutional arrangements including water rights and priority allocation for small-scale users, the poor 
in particular. For example, the MUS project has piloted a methodology that addressed institutional 
challenges at multiple scales while identifying technological and policy innovations for multiple use 
systems. Particular emphasis was given to domestic use, small-scale productive uses, health and gender 
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issues. In terms tangible impact the South African Government has, for example, adopted the multiple 
use services approach as a result of the MUS project efforts.

Beyond this diagnostic and engagement of identified stakeholders, several projects have contributed 
to improving the conceptual and empirical understanding of the impacts of livestock, fisheries, aqua-
culture and other uses on the quality, availability and productivity of water, on public health and on 
the equitable distribution of water resources in selected river basins. The project “Improved fisheries 
productivity and management in tropical reservoirs” has contributed to rehabilitating ‘single use’ 
irrigation reservoirs for other users, fisheries in particular. Improving the management of fisheries 
has often been an overlooked alternative in maintaining water quality for domestic purposes. For 
example, enhanced fisheries management in Indian irrigation reservoirs has, besides increasing the 
water productivity from fisheries, helped to control eutrophication. It thereby contributed to improv-
ing water quality for downstream users. On health issues, the impact assessment of reservoir water 
operation on the prevalence of malaria in Ethiopia showed the possibility of using dam operation for 
vector (mosquito larvae) control. Results suggest that increased rates of drawdown could play a role 
in reducing larval habitat and decreasing malaria transmission.

Despite significant progress in the above areas, the CPWF has identified key research areas that 
urgently need to be further developed:

•	 Characterizing multiple use storage systems, and assessing their actual and potential benefits and 
costs;

•	 Improving the technical performance and management of multiple use storage systems;
•	 Evaluating the social-ecological tradeoffs between different needs at different times in terms of 

both water quantity and quality;
•	 Creating an enabling governance and policy environment

Developing this research aims to enhance the productivity as well as the social-ecological resilience 
of storage water systems in developing countries.
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Parasitological Contamination of Stored Water in Rural 
Communities of Southeast Nigeria – Implications for Public 
Health

Author:	 Mr. Oliver Odikamnoro
	 Ebonyi State University, Nigeria

Co-Author:	 Dr. Ifeanyi Ikeh
	 Ebonyi State University, Nigeria

Keywords:	 community, water, malaria, diarrhoea, contamination

Introduction/Problem Identification
In rural communities of developing countries, water storage systems are prone to contamination by 
parasitic disease agents. Apart from rainwater harvestation, local streams and ponds are other sources 
of gathering water for storage, These sources are often fecally polluted and likely to contain cysts of 
parasitic intestinal protozoa. Thus the use of such contaminated water for food preparation, dental 
hygiene or for drinking has been a major source of diarrhoeal diseases. Moreover, the poor storage 
systems have been found to be breeding sites for mosquitoes. As a result, transmission of malaria, 
filariases and mosquito-borne viral diseases are likely to continue in these areas unabated. In the light 
of the foregoing, a research was carried out during the dry and wet seasons of 2008 to identify the 
parasitic disease agents associated with poor water storage systems in rural communities of Southeast 
Nigeria and highlight their implication for public health.

Analysis/Results and Implications for Policy and/or Research
A total of 30 domestic water sources mainly ponds and streams were surveyed for parasitic agents. 
100 water samples were collected at different points from each water source and examined for para-
sites using the filtration and centrifugation techniques. 76.4% of the total samples were positive for 
at least one of Entamoeba histolytica cyst, Giardia intestinalis cyst and eggs of Ascaris lumbricoides. 
Similarly, a survey of major mosquito species was conducted. A total of 4650 samples of stored water 
from 465 households were examined for mosquito larvae. Larval sampling was carried out using 
standard mosquito larval dipper with extendable handle. Larvae from the scoops were extracted 
using a dropper and placed in a vial with screw. Morphological features were used to identify and 
classify them into genera, and using light-dissecting microscope. The studies revealed seven mosquito 
species belonging to three genera, Anopheles, Culex and Aedes which are known vectors of malaria, 
filariases, yellow fever, dengue fever, and encephalitis. This paper observes strongly that provision of 
safe drinking water to every household should be a primary goal of healthcare delivery at all levels. 
Interim approaches should be adopted to enhance the health gains associated with safe drinking 
water for those whose water supplies are unsafe. In some of these rural communities the quantity of 
water might be adequate but the quality might be very poor. The paper recommends effective health 
education and enlightenment of the largely illiterate and ignorant local population. This should form 
the basis for a result-oriented point-of-use intervention. Families should be educated on the need for 
boiling, chlorination, filtration, solar disinfection as well as anti-mosquito and anti-larval measures. 
If sustained, this approach will in the short run deliver reasonable health benefits of improved water 
storage and use.
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Application of Rainwater Harvesting Technology in the 
Pastoral Bangladesh

Author:	 Dr. Mohammad Rahman
	 Bangladesh University of Engineering & Technology (BUET)

Co-Author:	 Dr. Abdullah Abdullah Al-Muyeed
	 University of Tokyo, Japan

Keywords:	 Bangladesh, drinking water, rainwater, statistical analysis, storage volume

Introduction/Problem Identification
In Bangladesh, the sources of water are surface water and ground water. Surface water sources are 
categorized as rainfall, transboundary flow, water on standing water bodies (water storage in reservoir, 
water bodies such as river, lake and pond), water on seasonal wetlands, and in-stream storage. But the 
main source of ground water is the recharge from surface water. Most of the areas of Bangladesh have 
been formed from the sedimentary alluvial and deltaic deposits of three major rivers and are charac-
terized by an unconfined aquifer. Groundwater is the main natural water resources but the presence 
of Arsenic in shallow aquifer has completely changed the situation. The total population exposed to 
arsenic contaminated water above 50 µg/L and 10 µg/L are estimated as 32.5 million (25.9% of total 
population) and 56.7million (45.2%) respectively.

Analysis/Results and Implications for Policy and/or Research
Bangladesh is a tropical country and receives heavy rainfall due to north-easterly winds during the 
rainy season. Up to 85% of the annual rainfall occurs between June and September. Mean annual 
rainfall ranges from about 1200 mm in the west to almost 6000mm in the northeast. The average 
annual rainfall in the Himalayas and in the Meghalaya hills to the north of Bangladesh reaches about 
10,000mm. The rainfall from November to March is not adequate to meet the demand during the 
periods. Therefore, rainwater has to be stored during rainy seasons for the rest of the year. Rainwater 
harvesting for long-term use was not considered as a potential source in past due to unavailability 
of suitable catchment area and inconvenience of storing water for few months when it is compared 
with the hand tubewells. This paper is aimed to assess the suitability of adopting rainwater harvesting 
technology especially to the pastoral areas based on authors experience and statistical calculations.

The houses of Bangladesh have different types of roofing materials. These include cement concrete, 
tiles, corrugated iron (C.I)./metal sheet, straw with or without polythene covering, bamboo with 
polythene covering where about 48% households in the pastoral area have tiles, C.I./metal sheet as 
roofing materials. These roofing materials are suitable for rainwater catchment. About 30% of those 
houses have the roofing area between 40-60m2 and about 25% have 20-40m2. Therefore, considering 
6 persons in a family and assuming daily water consumption for drinking and cooking purposes is 
5 lpcd, the statistical analysis show that the required storage volume in the Sylhet division is about 
19000, where 36% of them have the volume of 20m2, 29% of them have 40 m2 volume and rest of 
them require 60 m2 storage volume. The same for Rajshahi division is about 35000 where 40% of 
them have the volume of 20m2, 30% of them have 40 m2 volume and rest of them require 60 m2 stor-
age volume. In the Barisal division, the total number of storage volume require about 25000, where 
38% of them have the volume of 20m2, 33% of them have 40 m2 volume and rest of them require 
60 m2 storage volume.
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A storage tank is the most expensive component of a rainwater harvesting system. The storage tanks can 
be constructed from different materials depending on local situation. Considering the local condition 
and the economy, the cement ring tank might be the low-cost suitable option for pastoral Bangladesh. 
The average cost of a cement ring tank with a capacity of 5.0 m3 is about 150US$.

The rainwater harvesting in pastoral Bangladesh seems as a viable alternative water source particularly 
in the arsenic contaminated area of pastoral Bangladesh. The required size for a typical family would 
vary between 2.9 and 4.4 m3 volume is required in the western part, and a higher storage volume 
is required for north-western part. The quality of rainwater is high and the stored water is also safe 
when proper attention is taken. This water is free from two extreme contaminants i.e., arsenic and 
fecal coliform (with due care). The major advantage of the rooftop rainwater harvesting system is 
that the system is independent and suitable for scattered settlements. The operation of the rainwater 
harvesting is easier than other water supply system. No specialized skill is necessary to operate the 
system. It does not require any pumping device to abstract the water. The system also requires less 
maintenance work.

However, the success of rainwater harvesting system program depends on the interest, enthusiasm 
and active support of the users. Groundwater is the major source of water supply for more than two 
decades in Bangladesh. People may have negative attitude about the rainwater. The rainwater harvest-
ing program can be implemented only when people have the willingness to use the system. Failure 
to involve the community in the planning, design and construction of the rainwater harvesting is 
commonly a cause of failure of the system in many countries.
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Ferrocement Water Storage Tanks; Cost effective Solution for 
Water Storage for Secured Access

Author:	 Mr. Nandana Udaya Kumara Ranatunga
	 National Water Supply & Drainage Board, Sri Lanka

Keywords:	 ferrocement, safe water storage, increasing demand, hoop wire, stress

Introduction/Problem Identification
In Sri Lanka safe water coverage is about 75% and safe pipe born water coverage is about 35%.The 
average annual rainfall in Sri Lanka exceeds 1500mm per year and hardly anywhere does it fall below 
1000mm. In highlands, it is over 4000 mm. Therefore, it is obvious Sri Lanka is a country rich with 
water resources. But seasonal water shortage following the ever increasing demand in the rise of rapid 
economic development therefore, storage of water during rainy season is much advantageous. It is 
essential to have efficient water storage management in individual houses where water is supplied by 
pipe borne water supply schemes especially during drought periods as water is supplied intermittently 
due to water source issues.

Therefore, Sri Lankans have thought of numerous water storage options over centuries. As a result 
ancient kings to store water built tanks. At present various storage devices are available to store water 
for secured access.

Analysis/Results and Implications for Policy and/or Research
This paper describes the main features of those tanks. Water quality variation on water storage with 
time and cost involvement of each tank, unit cost comparison durability of these options will be dis-
cussed. The main low cost water storage solution used in projects is Ferrocement tank. There are about 
20,000 Ferrocement tanks, which have been constructed since 1985. The unique features, advantages 
and disadvantages it posses will be discussed under this paper.

A typical ferrocement tank consists of three basic components namely, the base, the vertical wall and 
the dome, The base of the tank is made of 100 mm thick grade 25 reinforced concrete slab with 10 
mm diameter tor steel bars Spaced at 150- 200 mm intervals both ways The vertical walls and the 
dome are generally 40 mm thick ferrocement with a single layer of No. 4 gauge 20 mesh. The fer-
rocement shell is connected to the base slab through a line of skeletal steel of 6 mm diameter mild 
steel at 200 mm spacing. In addition to this there is a spiral like GI hoop wire at 75 mm spacing, 
throughout the wall. The mortar used is1:3 Cement: Sand with 0.5 water cement ratio. Well-graded 
clean river sand of less than 4.3 mm should be used in the mortar to achieve the required quality and 
the finish of the final product.

Ferrocement is a highly versatile construction material. It is a kind of composite material where the 
filler material usually brittle in nature (called matrix is reinforced with fibers dispersed throughout 
the composite resulting in better structural performance than that of individual one).

The tensile strength and the flexural strength of ferrocement component can be varied within a con-
siderable range. According to Naaman [Nannan 2000], the ultimate tensile strength up to 35 MPa 
and a modulus of rupture of 70 MPa can be achieved, by changing the type and number of wire 
meshes, their locations and the overall thickness of the mortar matrix.
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The type of wire mesh commonly available in the Sri Lankan market is, hexagonal mesh (also known 
as chicken mesh), and woven mesh. The composition of the mortar ranges from 1:1.5 to 1:3 cement: 
sand and the thickness of ferrocement components vary from 20 to 40 mm. A series of laboratory 
experiments were conducted Jointly National Water Supply & Drainage Board and Faculty of Engi-
neering University of Peradeniya to investigate the tensile and bending characteristics of the composite, 
at the Department of Civil Engineering, University of Peradeniya.

Increasing the water height of the water tank, considered above by changing either the water height of 
the tank or the diameter of the tank or both at the same time. The increase of the water height of the 
tank, while keeping the diameter unchanged result increasing bending moment at the wall-to-base 
joint of the tank. This will need a ferrocement section with a higher bending capacity and the wall 
is also susceptible to buckling due to the large height to thickness ratio. The design of ferrocement 
structures follows the same design philosophy generally adopted in structural engineering, particularly 
for reinforced and pre-stressed concrete structures. The design procedures, however, has not been 
evolved to the level of a “code of practice” as yet but is available in a form of a “guide for the design, 
construction and repair of ferrocement”, by ACI committee 549. The philosophy adopted in the guide 
[ACI: 549 1993] is essentially a limit state design, where the collapse is considered under factored 
loads. Nevertheless the guide also gives provisions for the permissible stress or working stress design 
in which a maximum stress criteria is specified.
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Improving Software for Decision Support Systems of the 
Dnieper River

Author:	 Ms. Nataliia Rozhenko
	 Frantsevich Institute for Problems of Materials Science in Kiev, Ukraine

Keywords:	 reservoir system, decision support system, Dnieper River, management, software

Introduction/Problem Identification
The Dnieper River is the third largest river in Europe, with a catchments’ area of 50400 km2. The 
lower part, from the border between Belarus and Ukraine to the Black Sea, is regulated into a cas-
cading series of six reservoirs. The total head is approximately 100 m. The average flow varies from 
1050 m3/s (33.1 km3/year) at the upper reservoir (Kiev) to 1650 m3/s (52.0 km3/year) at the lower 
reservoir (Kakhovka). This is a multipurpose river regulation, mainly for irrigation, hydropower, and 
navigation. This situation has led to extensive reservoir utilization, which has resulted in increased 
conflicts with other user interests. To achieve this, the whole cascade system would need to be mod-
eled and managed as an integrated unit, which is impossible without proper simulation models.

Analysis/Results and Implications for Policy and/or Research
The construction of the Cascade was forced by an increasing regional deficit of water in the lower part 
of the Dnieper basin. Was decided that the main industrial centers with water consuming branches 
of industry and the largest irrigation schemes were to be located in southern and south-eastern parts 
of Ukraine on areas with insufficient natural water resources. The hydropower system has an annual 
production of approximately 10 TWh. The Dnieper Cascade has also played an important role as a 
reserve energy production facility during the last decade.

The Joint Commission has proved to be a useful instrument for compromising between conflicting 
interests among its members. It is mandatory for the member organizations – the main water users – 
to participate in the meetings and to reach decisions. The main conflicting interests are the need for 
the hydropower companies to draw on reservoirs to produce energy, the irrigation interests to extract 
water from the reservoirs. Specially authorized bodies carrying out the management of the water 
resources use, protection and restoration are identified in the Water Code:

•	 the Ministry of Environmental Protection and Nuclear Safety of Ukraine;
•	 the State Committee for Water Management of Ukraine,
•	 the State Committee on Geology and Utilization of Mineral Resources of Ukraine, their local 

bodies and other state bodies according to the legislation.

Decision support system is important decision support tools both for short and long term planning 
of reservoir and HPS operation. In work the analysis of the software decision support system is rep-
resented and the methods of its improving are shown.

In order to prevent negative influence on fish and other aquatic organisms in the Dnieper reservoir 
and river, measures such as maximum allowable flow variation, velocity of flow reduction are accepted. 
However, these considerations are difficult to maintain, it is from example impossible to maintain a 
required minimum discharge of 1000 m3/h at Kakhovski HPS during low water periods.
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There is always room for improving the hydrological forecasts in a system like the Dnieper River, and 
it would normally be cost efficient to do so. A hydrologic forecasting model for the Dnieper would 
seem to be an obvious upgrade of the present forecasting system. In the present situation, however, it is 
even more important to focus on the necessity and importance to maintain and upgrade the real time 
hydrometeorological monitoring and data collection system of the Dnieper Basin, including Belarus 
and Russia. The obstacles in such a process are mainly financial and administrative, not technical.

The short term planning is essentially an internal matter for the reservoir and hydropower operators, and 
is commonly strongly integrated with other decision support software for the operators. Development 
of such software is best seen in connection with the new SCADA system planned for the Hydropower 
Stations in the Cascade. Standard program systems developed by specialized software development 
firms companies like VNIIE or other providers are probably the best choice for this task.

The weakness of the present simulation/optimization model (VNIIE “BWD”) is, apart from its limita-
tions in number of time steps and its somewhat outdated user interface, that it requires deterministic 
input, i.e. that the inflow is known throughout the simulation period. This is not very well suited to 
the hydrology of the Dnieper, which in spite of its size show rapid variations that is difficult to predict. 
It is easy to develop in a modularized approach that does not interfere with the other programs and 
the day-by-day operation of the HPS. As a result of this, an integrated inflow forecasting/hydrograph 
generation module, FHGM, has been developed and implemented at the Client. This software gener-
ates hydrological input to the “BWD” model, which is the standard optimization/simulation model 
used at UKRENERGO.

A stochastic simulation model can further be combined with economic loss functions (when they 
are better developed than presently) to describe risk and expected losses and gains for the different 
users. When this is done, with the consensus of all users about the loss function parameterizations, 
an optimizing water allocation model is in principle realizable, treating the environmental aspects 
through constraints.

The information on the economics of other water users than the hydropower sector is still too scarce 
and unsystematic to parameterize optimization models for water allocation. Further, the organizational 
set-up of the water management of the cascade, with negotiations between the users through the Joint 
Commission, calls more for simulation models to clarify consequences of alternative actions than for 
optimization models. It is recommended that the BWD model in due time is replaced by a stochastic 
simulation model that describes probabilistically the outcome of different operation alternatives.
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Securing Access to Quality Perennial Re-use Water through 
Wastewater Recycling for Urban Landscaping

Author:	 Mr. Ajit Seshadri
	 The Vigyan Vijay Foundation, India

Keywords:	 waste-water recycling, bio-phyto remediation, decentralized holistic system, alternate 
source – reuse water, rejuvenation of landscape

Introduction/Problem Identification
New Delhi, a city of 14 million people, needs 3000 million litres of water per day(MLD), but receives 
only 2/3rd of the same through municipal supplies. This water supply gap, besides pressurizing the 
population for generic water supply needs, also prevents maintenance of parks and open spaces. In 
addition, only half the huge quantities of wastewater produced in the city is conveyed through normal 
sewerage as wastewater piping is ineffective due to multiple reasons. The other half is released into 
open drains which are actually part of the stormwater drainage sloping towards the city’s adjunct 
river, the Yamuna, thus creating a heavy pollutant load.

Bringing these two issues together, this paper creates a case for waste water treatment at a decentral-
ized scale to serve as a local resource to makeup this demand–supply gap. This practice helps create 
an example of grassroots action in wastewater recycling, to help bridge the deficiencies in large scale 
municipal infrastructure.

Analysis/Results and Implications for Policy and/or Research
Under the National Directive – ‘Jawaharlal Nehru National Urban Renewal Mission’, the State has an 
aim to encourage reforms and plan development for identified cities. Its focus is on efficiency in urban 
infrastructure and service delivery mechanisms. One of the specific objectives is to afford integrated 
development of infrastructure services such as water. Also among the objectives of the Master Plan for 
Delhi 2021, there is relevant attention for the rejuvenation of the river Yamuna including refurbish-
ment of trunk sewers, treatment of drains, recycling of treated effluents and compliance with ‘Zero 
liquid discharge- ZLD’ policy at a city level. Due to scarcity of clean surface water, ground water is 
being extracted for irrigating parks, lawns etc. This has disturbed the hydrological balance leading to 
decline in the productivity of wells and increased the energy requirements.

This wastewater recycling approach is utilized by the organization in small communities where the waste-
water (domestic sewage) is treated based on a set of treatment principles, which are non mechanized and 
use minimal power. The selection is determined by their reliability, longevity and tolerance towards inflow 
fluctuation and also because these treatment principles dispense with the need for sophisticated control 
devices and maintenance. Its practice is cost effective, low- technology and matches well with grassroots 
efforts. A few cases implemented in waste water recycling at a range of sites are as given below:

(Name, location, project type, design flow, process, inflow sourced, quality, quantity, outflow, use – 
area of irrigated land, others)

1	 Vasant Vihar nursery: Wastewater Treatment (WWT) of 40 KLD, Anaerobic, aerobic with bio-
phyto-remediation, Inflow at 40 KL & 350 BOD, producing 35 KL Re-use water & 30 BOD, 
15,000 Sq.m - greens
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2	 Centre for Science & Environment, Institution at Delhi : WWT 10 KLD, Anaerobic, aerobic with 
bio-phyto-remediation, Inflow at 10 KL & 300 BOD, producing 8 KL Re-use water at 20 BOD, 
1,500 Sq.m – greens and flush water for toilets

3	 IIT-Delhi, premier Technology Institute: WWT 10 KLD, aerobic with bio-phyto-remediation, 
Inflow at 10 KL & 200 BOD, producing 8 KL Re-use water at 20 BOD, 3,000 Sq.m – greens and 
water for floor cleaning at canteen- mess and research.

4	 Scindia School, Gwalior: WWT 10 KLD, anaerobic with bio-phyto-remediation, Inflow at 10 KL 
& 300 BOD, producing 8 KL Re-use water at 20 BOD, 2,000 Sq.m – greens and water for flush 
water for toilets and cleaning of paved areas.

Case Study at Wastewater Recycling Plant at Vasant Vihar, New Delhi
The Wastewater Recycling Plant is located on the banks of an urban-drain at an affluent colony at New 
Delhi. This drain carries domestic sewage from un-sewered nearby areas. The waste water recycling 
plant daily sources 40 kl and evolves 35 kl reuse water, It operates with adequate BOD reduction 
and removal of pathogen and irrigates a total area of 45,000 Sqm of greens. It is observed that the 
average waste water flow in the drain is more than 150 Kl per day. If all this water was taken up for 
process and re use, it could cater to irrigating more than 200,000 Sqm. This plant is designed on 
the concept- Dewats (Decentralized Wastewater Treatment Systems) which provides primary treat-
ment in sedimentation ponds, septic tanks or Imhoff tanks, secondary anaerobic treatment in fixed 
bed filters or baffled septic tanks(baffled filter reactors) & tertiary aerobic treatment in constructed 
wetlands and ponds.

Implications & Results
Social acceptance in the initial phase was low, as citizens were hesitant to use the remedied sewage 
water. But with apt water advocacy, it picked up and future projects sought encouragement from 
the public & organizational stakeholders. Increased green coverage resulted in increase in value of 
residential property and aesthetics and providing wider acceptance for this decentralized initiative 
rather than the conventional STP-process which were failing.

Results realized in the form of social, economic & environmental good in the respective habitats. The 
social good perceived through better greenery in parks provided value leisure time. The economic 
good showcased increase in property rates of plots along the parks due to better visual characteristics, 
together with secured access and storage of water within the site itself. Energy and direct water costs 
were also lowered. Direct environmental gains are in the form of preservation of inherent bio-diversity, 
augmenting fresh water supply and lesser use of ground aquifer-water. Indirect environmental gains 
are in the form of restoring ground water by infiltration, restoration of soil texture & moisture gain 
enhancement during rains
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Household Water Treatment among Flood Affected 
Populations in Teso Region, Uganda

Author:	 Mr. Dennis Kakooza* et al.
	 * Population Services International, Uganda

Keywords:	 Uganda, post-disaster, household water treatment, Teso Region, IEC

Introduction/Problem Identification
Heavy rains and flooding in the fall of 2007 compromised sanitation, hygiene and water sources 
in eastern Uganda for communities in the Teso region many of whom already lacked access to 
basic sanitation and health facilities. In response to this humanitarian emergency, PSI/Uganda, in 
partnership with UNICEF and local health agencies, distributed Non Food Item kits (including 
one long-lasting insecticide treated net, water purification products, soap, water storage vessels, and 
Information-Education-Communication materials) and conducted complementary social mobilization 
and communication activities. Distribution of NFI kits was implemented using distribution teams at 
local distribution points in four districts: Amuria, Katakwi, Kumi, and Bukedea, and activities were 
conducted at distribution points and across the region.

Analysis/Results and Implications for Policy and/or Research
In the three months of intervention, 38,832 households were reached (exceeding the target of 27,000), 
2,104 Village Health Teams were trained, 96 films on topics including malaria control, safe water 
treatment, hygiene and sanitation practices were shown, and two radio talk shows were conducted to 
promote knowledge of product use.

A cross-sectional household survey conducted at the conclusion of the distribution period found that 
nearly all households in each of the districts were doing something to improve the quality of their 
drinking water, with 57.9% of households purifying their water with WaterGuard tabs, ranging from 
27.0% (Kumi) to 68.9% (Katakwi). PUR sachets were also distributed in lesser quantities, and 3.8% of 
households were using PUR sachets to purify their water. The primary reason cited for non-use was lack 
of awareness, and the major reason for discontinuation of use was that the product had run out.

Among all individuals surveyed, one third of individuals surveyed knew the correct steps to use the 
WaterGuard tab, and only 16.1% knew the correct steps to use PUR. Knowledge was higher among 
current users of the product, with 39.5% demonstrating correct use of the WaterGuard tab and 28.3% 
demonstrating correct use of PUR.

The emergency response demonstrated that households can be effectively reached with needed water 
purification products utilizing local distribution teams and points.

Additionally, coordination between the numerous agencies providing humanitarian relief was critical 
in reducing duplication of services and product provision, which allowed PSI/Uganda to reach more 
households than projected. The high levels of water treatment reported in the survey indicate that the 
community was receptive to water treatment messages and products.

Future distribution programs should focus on improving distribution through training of distribu-
tion teams and coordination of simultaneous registration and distribution. A door-to-door model 
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of distribution is recommended to increase equity and coverage. Additionally, programs directed at 
improving water treatment should focus on increasing general awareness of hygiene and sanitation 
issues, specifically on the correct use of water treatment products.
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Traditional Water Karez System

Author:	 Mr. Muhammad Shoukat* et al.
	 * STREET, Pakistan

Keywords:	 water, karez system, local knowledge, research, development

Introduction/Problem Identification
The amount of water in the world is finite. The number of people is growing fast and their water use is 
growing even faster. A third of the world‘s population lives in water stressed countries now. By 2025, 
this is expected to rise to two-thirds. The UN recommends that people need a minimum of 50 liters 
of water a day for drinking, washing, cooking and sanitation.

Analysis/Results and Implications for Policy and/or Research

Objective
Determine the efficiency of Balochistan’s traditional underground irrigation system Karez during 
the drought

Design
A cross section study

Duration
3 months

Subject and Methods
Total 20 Karez visited in five districts of the Pakistan’s largest province (Area 347000 Sq. Km.) and 
interviewed 120 old people with more than 60 years of age and living in that particular area. Ques-
tionnaires were developed in two local languages by the experts. These information collected includes, 
the underground mud made system of Karez, its beginning in the area (More than 1000 years back), 
its efficiency in normal rain fall/water conditions, effect of drought on Karez, Efficiency of Karez as 
compared to open irrigation channels during drought

Results
Being around 25-35 feet deep in the soil, the water loss through evaporation is very low, it’s a traditional 
method loved by every person in the area, efficient even during drought but due to continuous drought 
and low water level its highly affected, more over with the provision of electricity during last few years, 
tube wells installed in nearby areas reduced water availability for Karez and thus its efficiency

Conclusion/ Recommendations
Due to ill planned installation of tube wells, many hundred years old traditional Karez system (Very 
low cost method) being destroyed drastically. A detailed study in all the province should be conducted 
and awareness campaign should be designed for the people/government installing tube wells without 
any planning that is causing very low water table level in the low rain fall areas. These areas do not 
have any other means of water (Irrigation/drinking) other than rains and underground water.
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Deeper Water Crisis, Need to Understand and Augment: Case 
of Ahmedabad and Chennai Cities, India

Author:	 Mr. Jayarama Rao Srinath
	 M.S. Swaminathan Research Foundation, India

Keywords:	 tube wells, water consumption, rainwater harvesting, quality drinking water, stakeholders

Introduction/Problem Identification
The case of Ahmedabad city in Gujarath State of India is leading towards drinking water crisis exhibiting 
the negligence on the part of all those concerned with water. The actual groundwater level in Ahmedabad 
city measured 120m. The uncontrolled number of deeper tube wells in the city draws huge quantity of 
groundwater from deeper depths of the sedimentary beds. Comparing this case with that of Chennai 
city wherein the government in 2004, through a legislation, made installation of Rainwater Harvesting 
compulsory in all the buildings in the city. There was some effect of groundwater improvement in terms 
of quality and quantity as observed by the competent authority. The increasing population in general 
and expansion of urban areas in particular, has exerted tremendous pressure on water resources to meet 
the growing demand. There are islands of success wherein individuals, Institutions and Government 
Departments in these cities have demonstrated benefits of Rainwater Harvesting.

Analysis/Results and Implications for Policy and/or Research
Ahmedabad Municipal Corporation has distributed a total of 545 million litres a day to about 3.52 
million population @ 155 litres per capita per day (lpcd) during the year 2002-03, out of which 64 
percent was tapped from river source and the rest 36 percent from the groundwater source. Groundwater 
is declining at a rapid rate of 3m per annum as the municipal water supply is not sufficient to meet 
individual, agricultural and industrial needs. Average water consumption was 450 lpcd for the entire 
city area. In Municipal area the average water consumption was 385 lpcd and in Urban Development 
Area, it was 514 lpcd. In Urban development Area, people have been drawing both municipal water 
supply as well as groundwater from their own tube wells. In individual Bungalows the average water 
consumption was as high as 604 lpcd, in low-rise buildings it was 369 lpcd, in high-rise buildings 
494 lpcd and in tenements the average water consumption was 332 lpcd.

Minimum water consumption was found in an apartment where there was restricted water supply 
to the flats, two hours in the morning and evening times. Restricted water supply made people to 
have controlled usage of water. On the other extreme, maximum water consumption was found in a 
government officer’s residential quarter. The reason for such a high consumption of 1879 lpcd was not 
the number of persons living in the house but, the lawn maintained by using the municipal water.

Second highest consumption was in an apartment in Western Fringe Area where it was on an average 752 
lpcd as the building was getting both municipal water and own tube well water round the clock.

The entire Ahmedabad city consumed 1002 million litres a day (MLD) per annum during 2002-03 
which worked out to 223 lpcd. Out of this, 406 MLD was drawn from groundwater source, which 
included municipality owned tube wells as well as private tube wells owned by apartments, bunga-
lows, and government quarters. There are around 100 to 120 tanker water suppliers in Ahmedabad. 
On an average, a tanker company supplies 75,000 litres per day. The sale goes upto 95-100,000 litres 
per day in summer months.
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Chennai urban area requires about 800 MLD of water to supply to its 5.5 million citizens. Presently 
it could meet upto 680 MLD from various sources as per Chennai Metropolitan Water Supply And 
Sewerage Board. People supplement water requirements from private tankers who fetch groundwater 
from private well owners in the semi-urban areas. The Board has notified about 60 villages in sub-
urban areas through a groundwater regulation act for the private tankers to collect water. Further to 
this act, in the year 2004, the Tamil Nadu government made through government order notification 
mandatory installation of Rain Water Harvesting systems in every building in the Chennai city, be 
it residential, commercial, hospital, hotel or industries. The order notified in August 2004 had only 
two months period and by September 30th all the buildings should have installed the RWH system 
without fail.

The analyses of groundwater level graphs and its correlation to the variations before and after the 
mandatory implementation of RWH structures reveal that the depth to ground water which was at 6 
to 8 meters on an average have recovered to a depth of 2 to 4 meters, particularly during the 3 months 
rainy season from October to December when good recharge took place. The graphs plotted for the 
water level difference between the years (2003-04; 2004-05; 2005-06) have also shown the ground 
water recovery of 4 to 6 meters.

Rainwater harvesting was undertaken in the city in August – September 2004 and the TDS values for 
January and February of 2005 showed reduction from 3800 to 1300 ppm in the case of Thondiarpet 
well and from 1500 to 800 for Pulianthope well. However, there were no significant changes in the 
TDS values in the other wells.

The investment on external sources of water for feeding the ever-increasing urban population in both 
the cities is always at a huge cost and runs out of requirements. Further, the inequity in distribution 
of drinking water to all the households leads to increased cost of maintenance and management. For 
example, the government quarters getting continuous public water supply which allowed them to use 
for gardening thereby depriving the poor families of their part of water requirement, as water supply 
in poor families colony is time bound with a limited supply points. Urban water management needs 
stakeholders’ involvement with the concern for the present day requirements and also for the future 
demands on a sustainable basis. Water Managers in urban areas should become ‘smart managers’ by 
shouldering responsibility to collect data, involve researchers to analyse the data and provide recom-
mendations with precautions for future trends in the resource constraints.
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River Flow Regulation and Environmental Problems in Deltas

Author:	 Prof. Volodymyr Starodubtsev* et al.
	 * National University of Bioresources and Nature Management, Ukraine

Keywords:	 water storage, flow regulation, deltas, environment, degradation

Introduction/Problem Identification
Intensive water storages construction and river flow regulation in arid, semiarid and sub-humid zones 
for irrigation, hydro-power engineering and water supply has caused large-scale degradation processes 
in lower reaches of these rivers, first of all in their deltas. Therefore the environmental situation on the 
huge areas of deltaic plains has essentially worsened; unique landscapes began to lose their productivity, 
and hydromorphic soils – to become salt-effected and desertificated. Investigation of these processes 
is very important for local population in deltas to access fresh water, to restore environmental and 
goods services of deltaic landscapes, to predict further nature degradation, to prevent strong social 
problems in deltas, especially – people migration from those regions.

Analysis/Results and Implications for Policy and/or Research
Degradation processes in deltas are caused by radical transformation of hydrological and hydrochemical 
regimes of the rivers. As the major indicators are considered: reduction of a water inflow into deltas; 
changes of seasonal flow distribution; accumulation of a sediment load in water reservoirs, channels 
and on fields, and erosive processes strengthening in channels of deltas; increase in a mineralization 
(salt content) of river waters, change in ionic composition and deterioration of their quality.

The long-term surface research, added last years with decoding of space images, and also the analysis 
of the published materials have allowed to establish, that appreciable (in some cases – catastrophic) 
deterioration of a land cover takes place in deltas in Central Asia (the rivers Ili, Syrdarya, Amudarya, 
Chu, Zarafshan, Tejen, Murgab, Heihe), Southern and Southeast Asia (Euphrates, Tigris, Indus, 
Red River, Huanghe, etc.), Africa (Nile, Senegal, Okavango, etc.), Northern and the South America 
(Colorado, Mississippi, La Plata, Sao Francisco, etc.), Europe (Ebro, Po, Danube, Dnepr, etc.). In 
all these cases processes of environment degradation in deltas proceed very originally. And different 
measures for their weakening or overcoming are needed. Nevertheless, long-term researches have al-
lowed revealing the general regularities of land cover changes, used for prognostication.

Depending on a climate the dominating processes are as follows:
•	 Arid and semiarid zones – desertification, salinization, aeolian destruction of soils
•	 Sub-humid zone – steppe-like soil formation, slight salinization, sometime-desertification;
•	 Humid zone – peatbog and fen drying-up and degradation.
•	 Depending on geomorphologic conditions:
•	 Continental deltas (Chu, Tarim, Heihe, Okavango) – fast and strong desertification and saliniza-

tion;
•	 Continental deltas with inflow transfer (Tejen, Murgab, etc) – waterlogging, salinization, deserti-

fication;
•	 Deltas on the shore of inner water bodies (lakes and seas) – (Ili, Syrdarya, Amudarya, etc.)
•	 Drying-up, desertification, salinization, aeolian destruction;
•	 Deltas in sea estuaries (limans) – (Dnepr, Dniester, and South Bug) – drying-up, meadow forma-

tion, slight salinization;
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•	 Deltas in the sea bays (Euphrates and Tigris, Colorado, etc) – intrusion of sea water, desertification, 
salinization, aeolian destruction

•	 Deltas on the coast of seas and oceans (Nile, Huanghe, Mississippi) – abrasion of the coast, sea 
water intrusion, drying-up, desertification, salinization.

Peculiarities of land cover changes in deltas of the rivers Syrdarya, Ili (Ily), Chu, Tejen, Heihe in con-
nection with river flow regulation are analyzed in details. Rate of degradation processes is established, 
ecologo-genetic series of soil changes which are used for forecasting are revealed.
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Climate Change Impact to the Water Resources of 
Transboundary Kura River Basin and Ways of its Mitigation

Author:	 Dr. Rafig Verdiyev
	 International Hydrological Programme Assosiation, Azerbaijan

Co-Author:	 Ms. Afet Byramova
	 International Hydrological Programme Assosiation, Azerbaijan

Keywords:	 water, run-off, deficit, discharge, flow

Introduction/Problem Identification
Kura is the main water artery of the Caucasus. The researches shows that total water resources of 
Eastern Caucasus rivers (The Kura basin rivers and directly falling into Caspian Sea rivers, including 
the Samur and Astarachay rivers) make up 31.5 km3.

At present water resources of Kura and Ganikh in Georgia and water resources of Araz in Turkey, 
Iran and Armenia in result of water intake and partly in connection with negative impact of climate 
change are decreased by 20% as a result of water intake.

Assessment of water resources during last 30 years also shows their decrease by climate changes. All 
above issues show that if the current antropogenic impact continues it together with climate change 
negative impact to water resources will create any problems of water supply and urgent measures 
needed to be taken to solve this issue

Analysis/Results and Implications for Policy and/or Research
Climate change impact assessment on run-off of Eastern Caucasus Rivers is given in this work. The 
spatial-temporal assessment of changes of the run-off, temperature and precipitation over the river 
basin has been undertaken. In accordance with GISS, GFDL-3 and SRES_A2 climate change models 
and a scenario with regard to an air temperature increased by 2 degrees, an appropriate model was 
developed to assess the change of annual and seasonal values of water discharges and the ecological 
flow of rivers under the climate change.

Results of this work show that annual and seasonal water resources and ecological flow of Eastern 
Caucasus Rivers may in all three of given climate change models decrease by 20% with an air tem-
perature increase.

Identification of adaptation fusibilities of water resources to remove negative consequences of 
climate change is the final stage of quantitative assessment of vulnerability. Basic task of this 
stage is to identify feasible adaptation measures, which should be realized with purpose to prevent 
climate change consequences and to contribute stable development of the country. It is shown 
that without measures of adaptation will be an arid situation under all climate change scenarios 
and a more difficult situation by GFDL-I scenario, that is where water resources may be reduced 
about by 40 %.

In this case the most vulnerable will be energy, agriculture sectors, provision of population with fresh 
water and ecological conditions of rivers. For different branches of economy climate change impact 
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assessment carried out and ways of its negative consequences mitigation were been determined. Several 
adaptation measures are given.

As one of ways to execute necessary adaptation measures to facilitate water resources management 
in condition of water deficiency it is prepared some project proposals directed to increasing of for-
est areas in the basins of small and large rivers and creation of water protection zones and water 
reservoirs(which may also be used for production of hydro energy instead of thermal power plants). 
The amounts of underground waters have also been indicated for use in different region as sources 
of safe drinking water. Available for use in this purpose capacity of which makes up approximately 
25-30% from surface waters.

Others relates to decreasing the water losses through improvement of water supply and distribution 
system and use of modern technology, adoption of measures on use of water recycling and treatment 
practices, increasing of efficiency of water use, transfer to integrated water resources management on 
the basis of ecosystem approach.

Implementing of mentioned measures may play positive role for decreasing the negative impact of 
climate change to water resources of the basin.
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Fresh-keeping of Harvested Rainwater at Loess Plateau and 
Accessible Treatment for Farm Families

Author:	 Prof. Kun Zhu
	 Center of Water Resources and Environmental Technology, China

Keywords:	 rainwater harvesting, water quality, water treatment, chlorine dioxide, zeolites

Introduction/Problem Identification
Rainwater harvesting has played a prominent role in farmers’ domestic usage and agricultural irrigation 
in arid and semi-arid loess plateau of northwest China. The rainwater stored in cisterns commonly had 
the quality issues such as high pathogen numbers, organic and inorganic contaminants and annoying 
odor etc. Our research that was supported by SIDA, successfully used chlorine dioxide for rainwater 
fresh-keeping, controlling bacteria growth and decomposing organic contaminates in cisterns when 
odors were removed too. A simple water treatment apparatus was designed with zeolite adsorption 
combined with ClO2 oxidation for drinking water purification. With practical use of above techniques 
in 5 villages, the stored rainwater can meet the criteria of drinking water quality. Moreover, local 
people’s health has significantly improved if they simply treated drinking water with the apparatus 
when farmer’s digestive system diseases decreased by 94% and cancer possibility reduced by 86%.

Analysis/Results and Implications for Policy and/or Research
A long-term investigation of harvested rainwater quality through the three different catchment sys-
tems, i.e. roof, land surface and road surface in loess regions, indicated that harvested rainwater at 
loess plateau can wash many types of bacteria, molds, algae, protozoa and other contaminants into 
the cistern. The analytical results proved that the concentrations of inorganic ions in harvested rain-
water generally met the standards for irrigation water quality. But color, turbidity, hardness, TDS, 
COD, Cl- and Fe2+ appeared to be higher than the drinking water criteria of WHO. From spilled 
petrol and dissolved pesticides, 55 different organic compounds with the total concentrations 0.437 
mg/L were identified, including aliphatic hydrocarbons, phthalates and small amount of aromatic 
compounds etc. The concentrations of total N for all the investigated cisterns had a range between 
0.535 and 9.117 mg/L, less than the WHO guidelines of 10 mg/L for drinking water while total P 
were still lower than the maximum admissible limit 2 mg/L set by the EEC standard. The pH values 
were within the WHO guidelines of 6.5-8.5 for drinking water. Our investigation confirmed that the 
number of Faecal Coliform in the harvested rainwater from the roof-yard systems and road surfaces 
was tremendously higher than that the WHO guidelines for drinking water. The enormous F-coli in 
harvested rainwater might widely be resulted from cattle and poultry’s manure.

An advantage of newly designed concrete cistern chambers is able to decrease the corrosiveness of 
rainwater by allowing the dissolution of calcium carbonate from the walls. It was emphasized that 
a thin layer of red clay must be tightly laid on the bottom of cisterns instead of concrete in order to 
minimize seepage losses and create proper conditions for the natural purification of stored rainwater 
through adsorption and biodegradation. Thus, algae could not grow if cistern bottom packed with 
red clay. Moreover, the number of degradable microorganisms reached 105-107 cells/cm3 on the top 
clay layer. Therefore, the organic compounds in cistern water collected right after raining were more 
complicated than the long–period stored water because self-purification mechanisms, especially 
biodegradation, strongly decomposed some components in cisterns. With regard to the formation 
of trihalomethanes produced by the reaction between chlorine and organic pollutants, it was sug-



Workshop 7: Water Storage Options for Secured Access    253

gested not to use sodium hypochlorite for disinfecting. Technically, chlorine dioxide was preferred 
to be used with the suitable dosage 0.1-0.2 mg/L to keep the harvested rainwater in cisterns “fresh”. 
The monitories indicate that chlorine dioxide can significantly restrain production of trihalometh-
anes (THMs) and control of bacteria growth particularly for F-coli, Cryptosporidium and Giardia 
oocysts, additionally, odors gradually disappeared too. An economical methodology was studied to 
generate ClO2 solution by the reaction between NaClO3 and H2SO4 with sugar as the catalysis. The 
optimal conditions and available approaches for the storage of pure chlorine dioxide solution have 
been suggested without adding any chemical stabilizing agent. The accessible method is to store the 
pure chlorine dioxide solution in dark-color containers that are made of ordinary glass or glass fiber 
reinforced plastics. Meanwhile, the pH value needs to be adjusted around 6 and be placed at dry 
location under the temperature less than 10oC. The prevention of conversion of chlorine dioxide into 
the by-products, such as chlorite, from sunlight radiation should be particularly considered. Finan-
cially supported by the Hygiene Agency, ClO2 solution has freely been offered to farm families for 
substituting sodium hypochlorite.

Zeolites, as the natural minerals, are widely distributed in Northwest China, and are introduced to 
rainwater treatment due to low costs. With respect to the high turbidity of rainwater runoff caused 
by loess soil erosion, we designed the installations of the zeolite particle filters for removing suspended 
solids and adsorb chemicals, particularly for adsorption of organic contaminants. A link of connected 
columns filled by sieved zeolites with size of 0.6-0.8 mm can remove more than 98% of suspended solids 
and 30-60% of organic contaminants. The zeolite columns were periodically washed by counterflow 
when zeolite particles were reacted with NaCl solution of 1mol/L. Then the filtered water continued 
to be oxidized by using ClO2 with a dosage of 0.5-0.8mg/L for 15min even longer. As a result, the 
residuals of organic compounds could be removed by 60-80%, for example, benzene homologous 
compounds were decomposed by 80% at pH<7.0. In meantime, Fe2+ concentration reduced by 60-
70% through precipitation in oxidation process. F-coli, Cryptosporidium and Giardia oocysts were 
absolutely killed after the oxidation and disinfection. Finally, the rainwater stored in cisterns might 
match with the drinking water standards.
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Effective Financing of Local Governments to Provide Water 
Supply Services in Ethiopia: The Case of Tenna

Author:	 Mr. Girma Aboma
	 WaterAid in Ethiopia

Co-Author:	 Ms. Laura Huck
	 WaterAid UK

Keywords:	 financing, water, Ethiopia, Tenna, Oromiya

Introduction/Problem Identification
This study was conducted with the objective of understanding water supply financing mechanisms 
under decentralization framework to the local governments. Policy mapping, resources flows, score 
cards, percentages, per capita and graphs were used. Findings revealed that capital budget decisions 
are vested in the federal and regional governments, and as a result, local governments receives very 
low and inconsistence capital budget to provide water supply services. Besides, weak capacity in 
drawing accurate plans and budgets, and weak sector coordination are among the challenges for local 
governments in the provision of water supply services. From this study the authors recommend for 
more works in the areas of capacity and resource flows to the local governments for effective delivery 
of water supply services.

Analysis/Results and Implications for Policy and/or Research
Financing mechanisms: in Ethiopia water sector is financed through three channels.

Channel 1 is ‘on-budget’ and ‘on-treasury’ and is managed by the finance and economic development. 
A new formula to determine the allocation to regions has been recently approved by the house of 
federation. Allocations to local governments by regions are made on the basis of sector unit costs and 
development indicators. Local governments usually receive a large portion of their budget through 
block grants. In theory, the local governments have the power to decide on allocation of funds from 
the block grant. In practice, however, most of the grant is absorbed by recurrent costs. Any remain-
ing budget for capital (five percent of the total budget in case of Tenna) is decided on the basis of the 
written directives from the zonal finance and economic development office, with the result that the 
local governments have no autonomy on allocation of capital expenditures.

Channel 2 funds are made available to the ministry of water resources, then allocated to the regional 
bureaus and are then channeled down to local government water offices; these funds are ‘on-budget’ 
but not ‘on-treasury’. Decisions on which regions and local governments benefit from these funds are 
usually made at federal level and criteria used are not clear to regions and/or local governments. Donors 
may apply different criteria to select local governments for investment. Local governments are rarely 
involved in program design and implementation. Regions have a role in identifying local governments 
with relatively poor water supply services, and participating in the joint technical reviews of sector 
programs with donors and NGOs. Some of the challenges faced by regions include the problem of 
raising matching funds for implementation, lengthy processes and complex procurement procedures, 
as well as lack of implementation capacity.
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Channel 3 funds are generally transferred directly to service providers and are often entirely off-budget 
as far as finance and economic development is concerned. These funds come from non-governmental 
organizations (international or national) and other donors.

Local government planning and budgeting:
Local level planning is weak for many years, including limited information on coverage, limited un-
derstanding of natural/regional targets, limited information regarding off-budget investments, and 
lack of technical skills. Developing information systems and building local capacity is of paramount 
importance. The poorest of the poor are not being reached for various reasons. First, funds available 
for the local government are very limited and benefit the more accessible villages. Secondly, few gov-
ernment staff has adequate training in social ranking and the identification of the poverty pockets. 
Thirdly, the UAP aims to reach full coverage of water and sanitation services by 2012. This implies that 
all the rural and urban population living without safe drinking water and sanitation are, by default, 
targeted. In other words, there is no clearly defined strategy to target the most vulnerable groups.

In most local governments there is insufficient finance for the operation and maintenance of existing 
schemes. This leads to a high non-functionality rate. To address this problem and sustain operation 
and maintenance based on per capita requirement indicated in the financing strategy. Donors and/or 
regional governments should also invest in the building of capacity for private and community water 
service providers to take up operation and maintenance. This would require a reformulation of law/
proclamation for privatizing operation and maintenance.

Prior to 2004 – when the water desk was under the office of agriculture and rural development – no 
budget was allocated to provide WASH services. This trend persisted even after the water desk became 
an independent office responsible to the zonal water resources department. The water office is not 
represented in the cabinet, unlike other sectors, and is therefore unable to defend its budget during 
budget hearing, while other sector offices have the chance to defend theirs.

Evidence shows that at the local level capital expenditure on water supply and sanitation is extremely 
low. Non-governmental organizations’ investment in the water sector accounts for 64% of capital 
expenditure, community contribution accounts for 33% and the remaining three percent comes from 
the local government. On-budget per capita capital expenditure is very low and inconsistent ($0.03 
during 2004/5, 0 during 2005/6 and 0.05 during 2006/7) for water. Compared to other sectors this 
per capita is relatively lower (education is $0.25; health is $0.12).
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Microfinance and Sanitation in Rural Areas: An Innovative 
Approach to Contribute to the Achievement of the Millennium 
Development Goals

Author:	 Mr. Yawodjin Agbemadon
	 CREPA Senegal

Keywords:	 microfinance, guarantee funds, ecological sanitation, sustainable sanitation, stakeholders

Introduction/Problem Identification
Under the Water for African Cities (WACII) initiative, UN HABITAT set up, in collaboration with 
CREPA a sanitation project in Senegal. UN HABITAT gave a subsidy that covered partly the cost of 
the projet. To allow the poor pay their contribution and benefit the sanitation systems, CREPA put 
in place a microcredit mechanism through an agreement concluded with a Microfinance Institute in 
order to make easier the access to laon for the recipient.

Analysis/Results and Implications for Policy and/or Research
The base line of the mechanism is the allocation of loan with no interest rate to the populations of 
the surrounding villages of the Lake de Guiers to make easier their access to onsite sanitation systems 
proposed by the project.

This initiative has started by identification of a local micro finance institution and sensitization of 
the target populations to the new concept. The institution identified is the MFI named MECAPP 
located in the project area – at Keur Momar Sarr. This Microfinance Institute was selected for two 
raisons: the first is its location in the project area and second is its relevant experience in financing 
small development project in rural area for the benefit of the women association.

An agreement was then concluded between CREPA and MECAPP. Following the issuance of this 
agreement, a guarantee funds equivalent to thirty thousand American dollars was deposited on an 
account open at the MECAPP in the name of CREPA.

These funds would be used to cover the risks of non-recovery of loan and would allow the micro 
finance institute to finance the counterpart of the recipients up to at least twice the amount of the 
guarantee in the form of small loan to the recipients refundable over a period of nine months. The 
agreement fixed the maximum amount of loan at $1000 with no interest rate.

Nevertheless an institutional support of 30% of the guarantee was granted to the MFI to balance out 
loses. Up to now $36.106 were allocated to 311 recipients who opened an account with MECAPP. This 
amount corresponds to the contribution of the recipients for the construction of 479 onsite sanitation 
systems. Cash is not given to the recipients but deposit on CREPA’s account.

The recovering of the loan is managed by MECAPP with the support of CREPA. Grouped recover-
ing is often adopted. That means the recovering team goes to the villages to meet recipients in an 
appointed time.

Up to now, although the deadline for paying back the loan is has not come yet, we noted that some 
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villages the recovering rate is quite high –about 60%. But for the entire loan this recovering rate 
remains relatively low.

More than 90% of people subscribe to the microcredit scheme to pay their counterpart of the project. 
That enables them to benefit from a broad range of sanitation systems considered to be much more 
convenient.

For the sustainability of the system, the trained local stockholders – masons- will be organized in 
formal associations in order to continue constructions in partnership with the Microfinance Institu-
tion MECAPP after the project.
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Decentralization of Urban Water Supply and Sanitation in 
Yemen and Its Financial Mechanisms to Enhance Services 
Provision and Sustainability

Author:	 Ms. Nadia Al-Harithi
	 German Technical Cooperation (GTZ), Yemen

Keywords:	 decentralization, governance, financial instruments, sustainability, services

Introduction/Problem Identification
The decentralization of UWSS aims to improve service delivery and to enhance the local utilities to 
put their cost recovery policy through putting an applicable local tariff to cover the operation and 
maintenance of these utilities and also a strong representation of local authorities and communities 
in the management. The financial instruments are weak in the country for developing the services 
of water and sanitation either for the big or small utilities. The utilities at the governorate level and 
local levels should be stronger for following up the other resources from its resources to increase the 
efficiency and search for opportunities to be financially sustainable.

It became clear that available investment does not lead to increased service provision, as absorption 
capacities are weak due to limited competence available at the UWSS sector organizations. Poor human 
capacity and sustainable financial resources are the main constraints and challenges to overcome.

Analysis/Results and Implications for Policy and/or Research
The challenge of the decentralization process exposes that different models emerged for the design 
of water utilities at a local level. The autonomous utilities have distributional independency in its 
administrative and financial management from a governorate to another depends on the degree of 
understanding and political interferences from the central or governorate levels. The specific measures 
to encourage utilities and local authorities at the governorate and local levels should be placed for 
participating in infrastructure financing and management. The proposed approach is to convert some 
of the successful utilities according to technical, financial and managerial criteria to be public water 
and sanitation companies and also to be under the supervision of proposed regulatory agency and 
with the various approaches of Public Private Partnership. These companies set up are different for the 
big local corporation or small autonomous utilities and its shareholding percentage and management 
set up is also different according to the local circumstances. The proposed public companies are to 
enhance the commercialization of water and sanitation utilities and ensure the financial sustainability 
of these utilities.
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Managing Mechanisms for Cost Recovery and Subsidies in 
Urban Water Supply

Author:	 Mr. Babatope Babalobi
	 Bread of Life Development Foundation, Nigeria

Co-Author:	 Mr. Oluwasanmi Falobi
	 Bread of Life Development Foundation, Nigeria

Keywords:	 subsidies, water policy, cost recovery, water sector reform, urban water supply

Introduction/Problem Identification
Osun State is located in the South West geographical zone of Nigeria, with a population of Osun State 
of 3,423,535. Osun state Water Corporation (OSWC) is statutorily responsible for water supply to 
both urban and semi-urban settlements in Osun state. In July 2008, the Bread of Life Development 
Foundation was contracted by the European Union Water Supply and Sanitation Reform Programme 
(EU-WSSSRP) Osun State to:

a	 Review the organisational, financial, commercial and technical structure including PSP assessment 
of OSWC and make recommendations for improvement as considered appropriate with a view to 
making its operations more efficient and effective leading to sustainability.

b	 Recommend and develop restructuring plan for Osun State Water Corporation to improve efficiency 
and effectiveness of its services delivery for sustainability of its operations.

c	 Support the Osun State Ministry of Water Resources and Rural Development develop a Water 
Supply and Sanitation Policy

Analysis/Results and Implications for Policy and/or Research

The findings of the study are as follows:
1	 Water rates and charges have not been reviewed for the past 11 years, and this has made the current 

charges uneconomical and unrealistic particularly for Commercial and Industrial consumers. For 
instance, under the present charges, Banks are being charged a mere N100 (less than a dollar) per 
cu. m

2	 A deficit of about 80% in operational cost is recorded monthly by the Corporation because of its 
inability to generate enough revenue to fund its operation and maintenance

3	 OSWC depends mostly on government for funding of most of its activities especially capital 
requirements. Thus its responsibility of extending and developing water schemes is lacking. No 
new water works is been developed and the old ones are not refurbished in order to increase their 
outputs as a result of lack of funds.

To address these problems, we recommended the following restructuring measures:
1	 The present water tariff of the OSWC is presently considered too low and the management of the 

Osun State Water Company should after necessary public consultation increase its water tariff by 
50% for domestic consumers living in Bungalows, community stand pipes and Government owned 
primary schools, while it should be increased by 100% for other categories of users

2	 OSWC should conduct a Water and Poverty Mapping to determine poor households within Urban 
and small towns that need to be targeted with subsidies and social connections.
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The following measures were also adopted by stakeholders in the water sector in the state to address 
the problems of over subsidy and over dependence of the Corporation on government subventions. The 
measures are not incorporated into the Osun State Government draft water and sanitation policy
1	 The Osun State Government shall adopt a policy of sustainable cost recovery, rather than full 

cost recovery, for the financing of its publicly owned water and sanitation agencies, implying 
that the Osun State Water Corporation, the Osun State Environmental Protection Agency, and 
the Small Towns Water Supply Agency would aim for revenue sufficient to cover their recurrent 
costs (operating and maintenance) and they should develop sustainable long-term cost recovery 
policies, anticipating all future cash flow needs. Sustainable cost recovery includes operating and 
maintenance cost as well as the cost of renewing existing infrastructure.

2	 Funding for capital projects of the public water works and sanitation agencies shall be the sole respon-
sibility of the governments (Federal, State, and Local Govt, in the short term) and in the long term, 
the public owned water works and sanitation agencies shall fund expansion and new construction 
through internally generally revenues coupled with financing from the Private sector.

Water supply Tariff policy
a	 All water connections shall be metered starting with Industrial and commercial consumers to 

communal outlets down to domestic consumers.
b	 Tariff policy shall ensure that the time for the return on investment provides adequate comfort for 

the consumer.
c	 Tariff policy shall protect the consumer from bearing the additional cost of the inefficiency of the 

water supply undertaking.
d	 Tariff should be structured according to the population densities to favour the poor.
e	 Tariffs of the Publicly owned water service providers in the State shall in the minimum, cover the 

cost of production (including operation and maintenance)
f	 Water Tariffs shall be determined by the Osun State Water Regulatory Agency.

Subsidies and free basic water
a	 The Tariff policy under the Osun State Water and Sanitation Policy shall guarantee cross subsidy 

to accommodate water supply to meet the basic human needs for the poor.
b	 Water subsidies when considered necessary, should be affordable to Government that is providing 

them, targeted to the groups intended to benefit, (designed and) transparently administered with 
the involvement of the intended beneficiaries.

c	 Free Basic water
d	 The following bodies shall be considered for a specific cubic meter of improved water as free basic 

water, as would be determined through metering by Osun State Water Regulatory body. Any other 
improved water consumed, above the free basic water shall be appropriately paid for

i.	 Orphanages
ii.	 Social Homes for the Aged/senior citizens
iii.	 Emergency Relief Centres
iv.	 Care and Support homes of People living with AIDs, and other vulnerable groups.
v.	 Offices of Associations of the physically challenged.
vi.	 Privately or publicly owned Kindergartens and Nurseries of pupils Aged 1-12

Sanitation Tariff policy
Tariffs charged by the OSEPA shall in the minimum, cover the cost of production (including opera-
tion and maintenance), and shall be determined by the Board of the OSEPA.
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Ensuring Affordable Water Tariff for a Pro Poor Water Service 
Delivery: The Tubigan Sa Pangarap Project

Author:	 Ms. Yolanda Benitez-Gomez
	 Streams of Knowledge Foundation, The Philippines

Keywords:	 affordable, tariff, pro poor, partnership, agreements

Introduction/Problem Identification
The Streams of Knowledge together with the UNDP-PPPUE has implemented a project in the de-
velopment of a pro poor model for the improved delivery of water service in urban poor communi-
ties within the framework of public-private partnership. Thus, the Tubigan sa Pangarap (Water for 
Pangarap) Project in Caloocan City. It is an urban poor community within the concession area of 
Maynilad Water Services, Inc, one of the 2 concessionnaires in Metro Manila. The area has no access 
to piped water for the last 15 years or so mainly because of land ownership problem in the area. As 
there is a pending case, there is no way that the concessionaire can provide piped water to them. As 
a result, the poor urban households in Pangarap of about 7,000 households have to buy water from 
water vendors, usually truckers at a very high price of US$ 3.3 per cubic meter. With such water price, 
it means that an average household spends at least US4.4 daily for their water needs.

Analysis/Results and Implications for Policy and/or Research
The Tubigan sa Pangarap Project: A pro-poor model of afforable water tariff for urban poor areas
The Tubigan sa Pangarap (TSP) project is a pilot initiative among Streams of Knowledge, a global 
coalition of resource centres engaged in capacity development in water, sanitation and hygiene; the 
Maynilad Water Services, Inc (Maynilad), the water concessionaire for the West Zone, which covers 
the City of Caloocan; and the 2 barangays, 181 and 182. The barangay is the lowest political unit in 
the Philippines. These 2 barangays are urban poor communities within Maynilad concession not yet 
provided with piped water connection due to land ownership problem. As such, in the last 15 years 
or so, these 2 areas has to buy water from vendors, mainly truckers at exorbitant price. The tripartite 
partnership among Stream, Maynilad and the 2 barangays was made possible through a Memorandum 
of Agreement (MOA) between Streams and Maynilad for bulk water supply as well as between Streams 
and 2 barangays for Streams to provide them with affordable safe water. The first MOA between 
Streams and the concessionnaire clearly spelled out the terms of engagement such as putting up of 
2 bulk water meters at strategic location, bulk water price, the volume to be supplied, the quality of 
water and take over schemes should the need arises. Under the arrangement, the bulk water price is 
computed as average consumption of all household connected. A two- month deposit equivalent to 
the number of connected houses has to be paid by Streams to the concessionaire. Subsequent payment 
will be based on actual consumption of the community.

The second MOA between Streams and the local government authority (barangays) also provided for 
clear terms such as the water tariff that the community has to pay, the guarantee fund and connection 
fee, the collection of payments and the quality of water to be delivered. To enable water to reach the 
households, Streams has to put up the reticulation system from the 2 bulk meters. It must be noted that 
in setting the water tariff for the community, a general meeting was called in order to clearly explain 
how the tariff was arrived at. Part of the water tariff was allocated to the Barangay water, sanitation 
and hygiene (WASH) funds and donation for barangay development projects. In addition, under this 
pro poor scheme, income is also being generated by way of the barangay water coordinators who share 
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with Streams the responsibility of delivering water to customers without individual meters.

In terms of regulatory arrangements, the agreement between Streams and Maynilad is being regu-
lated by the MWSS-RO, the body created to oversee the operations of the water concessionaires. On 
the other hand, the agreement between Streams and the Barangays is subject to the National Water 
Regulatory Board (NWRB) regulations. These arrangements are being done to ensure that all the 
parties concerned are given protection, especially in the area of tariff and tariff increases. This is also 
to ensure that tariff setting in the pro poor model within the framework of public-private partnership 
is working to the advantage of the urban poor communities and small water service providers such 
as in the case of Streams.

Learnings from the Model
Implemented since April, 2008, the Tubigan Sa Pangarap pilot initiative has already resulted in the 
following:
•	 Significantly lower the cost of access to water (from the US$ 3.3 per cubic meter, it is now only 

US$ 1.6)
•	 Provided some source of livelihood to members of the community by being a water coordinator 

helping bring water to households not yet connected to the system (as of Dec. 2008, there are 66 
water coordinators in the project site)

•	 Provided WASH funds for the barangay (as of end of 2008 Barangay WASH fund was US$ 
3,000)

•	 Provided a working pro poor model within the framework of public private partnership (as of Dec, 
2008, another similar initiative is being worked out)

•	 Provided a basis for recommending a regulatory framework appropriate for such kind of water 
service delivery model (Light Handed Regulation is being proposed to help those who will engage 
in similar projects)
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A Sustainable Approach to Financing Rural Water Supply 
(RWS) Sector Development in Sri Lanka

Author:	 Mr. D. M. U. L. Ananda Dissanayake
	 Community Water Supply & Sanitation Project (CWSSP), Sri Lanka

Keywords:	 CWSSP, RWSSP, stakeholders, RWS development, community contribution

Introduction/Problem Identification
Eighty percent of Sri Lanka’s total population lives in rural areas. In spite of the efforts of successive 
governments to provide safe drinking water to the rural sector, 37% of the rural population do not 
have access to safe drinking water. Service coverage is low in villages and small towns, and it is very 
low in plantation communities, with almost 70% of estate workers having to haul water from rivers, 
streams and unprotected springs.

Although respective Governments have recognized the importance of providing safe drinking water 
to the rural people, expenditure in such areas as defense, health, education and decentralized admin-
istration has taken priority, resulting in only scanty investment in RWS development. The RWS sector 
at present faces two major issues viz:

1	 addressing the increasing demand for improved water supply by rural people with limited available 
funds

2	 maximizing RWS coverage, including to marginalized rural poor, by utilizing the limited funds 
wisely.

Analysis/Results and Implications for Policy and/or Research
The major RWS projects implemented in Sri Lanka over the past decade, the ADB-funded Rural 
Water Supply and Sanitation Project (RWSSP) and the WB-funded Community Water Supply and 
Sanitation Project (CWSSP), tested a new approach to financing rural water supplies. The key was 
to seek contributions from various stakeholders, in a manner that was both flexible and adapted to 
prevailing social and other conditions. The approach relied basically on the following principles: (i) 
project contribution is limited; the project provides 80% of capital cost of a water supply project or 
pre-determined household subsidy, whichever is less. The ceiling on the household subsidy is based 
on the community’s preferred WS technology and associated cost. For example, if the people prefer 
shallow wells as their water source, the household subsidy is Rs.13,000. In the case of a piped supply, 
the household subsidy is Rs. 20,000; (ii) project communities are expected to contribute a minimum 
of 20% of capital costs in kind and cash. All unskilled construction labor is provided by communities 
even if it results in their contribution exceeding 20% of capital cost. This financial approach ensures the 
community is provided with at least a minimum acceptable RWS system. However, any community 
that can afford it may construct a higher service level scheme by increasing household contributions 
above the ceiling set by the project.

Experience gained over the past decade using this financial arrangement has shown areas where it may 
be further strengthened. The sector authorities looked at the possibly of other major stakeholders such 
as Provincial Councils (PC), Local Authorities (LA) and Plantation Companies contributing to RWS 
development in their areas of jurisdiction. Accordingly, in a subsequent and ongoing decentralized 
CWSSP the PCs and LAs were requested to contribute 5% each towards the capital cost of RWS 
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development, while in the Plantation sector, the Plantation Companies were obliged to contribute 
15% of capital costs.

However, field realities have demanded there be flexibility in these strict funding arrangements. For 
example, in some instances the cost of RWS system components, such as water treatment and power 
supply, are fully project subsidized outside the household cost ceiling. This has been done to ensure 
the community is provided with safe quality water, or to cater for pressing needs for water due to 
rapid growth, or if raw water sources are particularly difficult and therefore expensive, to develop. 
If development potential and population growth in related areas are high the project will consider 
providing additional funds to meet the consequent higher capital costs. Importantly, this additional 
funds helps relieve poor people from having to make excess contributions if the overall community 
decides to construct a piped water supply with treatment beyond just a basic system.

Experience has been that in general the community contribution for RWS development has been 
more than the minimum 20% of capital cost as most communities have preferred a piped water sup-
ply (higher service level) even though they have to bear the additional cash contribution. Under the 
ADB-funded RWSSP the total community contribution in water supply development in 861 village 
and 42 small towns was around 26%, representing cash and labour contributions of Rs 230 and 514mil 
respectively. In ongoing CWSSP the community share of capital costs has significantly increased, 
the community contribution in both cash and labour has been around Rs1,691mil (35% of total 
project cost) in 818 village schemes. The project has contributed approximately Rs 2,810mil (58%) 
while PCs and LAs have contributed Rs 302mil (6%). In the Plantation program, the contributions 
of stakeholders were: Plantation Companies Rs1.82mil (9.7%), Project-14.2mil (75.5%), LAs-0.9mil 
(4.8%) and Community unskilled labor-Rs.1.8mil (10%). The differences between the normal rural 
communities and the estate communities reflect a long-standing problem of poverty and general social 
deprivation in the plantation sector.

With the introduction of these approaches to rural water supply funding, service coverage has increased 
impressively, with the projects mentioned providing improved water supply to approximately 2.3mil 
people, far more than the planned coverage.

Rigorous assessment is required in the RWS sector to identify potential and affordable funding by 
stakeholders in order to increase coverage with limited available funds. The achievements in Sri Lanka 
have help address a common problem in the developing world where Governments have little excess 
funding to invest in RWS development. However, such financial approaches should not undermine 
the community self reliance and sense of ownership, and must be aligned with stakeholder obliga-
tions toward rural communities, in the provision of safe drinking water supply facilities and for their 
long term sustainability
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Community Financing In Rural Water Sector: A Case Study 
from Uttarakhand, India

Author:	 Mr. Arun Dobhal
	 Project Management Unit-Swajal Project, India

Keywords:	 Swajal project, sector vision 2012, Sector Wide Approach (SWAp), Uttarakhand sector 
program, affordability & willingness

Introduction/Problem Identification
Uttarakhand has witnessed a paradigm change in the rural water and sanitation sector in the last 
decade. Prior to 1996, all the rural water supply schemes were fully financed by the state and central 
governments. During 1996-2003, the successful implementation of the innovative, community ori-
ented and demand based pilot Swajal Project (Uttarakhand Rural Water Supply and Environmental 
Sanitation Project) demonstrated for the first time the community financing initiative in the rural 
water sector. The beneficiary village communities contributed towards the partial Capital Cost recovery 
and full Operation & Maintenance (O & M) cost recovery.This initiative was subsequently taken 
up in the Government of India’s Swajaldhara program.Uttarakhand has now adopted a Sector Wide 
Approach (SWAp) in its rural water sector policy. Uttarakhand Rural Water Supply and Sanitation 
Project (2006-2012) is presently under implementation on the community financing model.

Analysis/Results and Implications for Policy and/or Research
Swajal Project (Uttarakhand Rural Water Supply and Environmental Sanitation Project) was imple-
mented in 857 villages of Uttarakhand from 1996 to 2003. The beneficiary community contributed 
around 10 percent of the capital cost (broadly 1 percent in cash and 9 percent labour) and full O & 
M Cost. Against the capital cost of the water supply schemes of Rs 58 crores (US $ 15 million), the 
communities contributed 10.5 percent (US $ 1.6 million) in cash and labour.The annual Operation 
and Maintenance (O & M) requirements for these schemes translate to around Rs 4 crores (US $ 0.1 
million).It can be concluded that due to full O & M cost recovery by the beneficiary communities, 
savings of US $ 0.6 million till date (January 2009) have accrued to the state exchequer, a substantial 
amount for the newly carved state of Uttarakhand. The community financing initiatives in the rural 
sector has thus yielded rich dividends for the state and vindicates its reforms policy initiative.

The success of Swajal Project and the Government of India’s rural water sector policy approach trig-
gered the Government of Uttarakhand to introduce large scale reforms in its rural water and sanitation 
sector, on the principles of community management. The Sector Vision 2012 reflects the commitment 
of Government of Uttarakhand in replicating reforms and empowering the rural communities as the 
rural local government in partnership with rural communities, shall plan, design, construct, operate, 
and maintain their water supply and sanitation schemes; so that they get potable water and attain 
health and hygiene benefits; GoUA and its sector institutions shall act as supporter, facilitator, and 
co-financier and as per need shall provide technical assistance, training and cater for bigger construc-
tion works and sectoral contingencies.”

The Sector Vision realization efforts led the state government to embark on Sector Wide Approach 
(SWAp) for the rural water sector. SWAp essentially means a state investment program utilizing uni-
form policy framework, uniform operating procedures and fund flows to achieve the Vision goals. 
As a result, the Uttarakhand Rural Water Supply and Sanitation Project also called the Uttarakhand 
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Sector Program (2006-12) has been formulated with the financial support of the funding agencies 
namely The World Bank, Government of India, State Government besides the contribution from the 
beneficiary communities. The US $224 million project envisages covering about 8000 habitations 
and constructing around 3500 schemes.

As a part of the preparation process of the Uttarakhand Sector Program, a study was carried out to 
assess the affordability and willingness to pay by the rural households for water supply schemes. The 
survey data was collected from 2500 representative households. The affordability norm was the water 
related expenditures incurred by the bottom 30 percent of the households while the contingent evalu-
ation method was used in the survey to elicit households’ willingness to pay for the improved services. 
The results of the analysis indicated that the households would be able and willing to contribute about 
Rs 600 (US $ 12) on current dollar Rupee conversion rates towards capital cost of schemes and about 
Rs 55 (US $ 1) per month for the operation and maintenance (O&M) of a private connection and 
Rs 10 (US $ 0.2) for standpost.

Financing Principles in Uttarakhand Sector Program: The beneficiary communities shall bear 10 
percent of the cost of all new investments, which should not exceed the affordable ceiling as defined 
by the affordability analysis mentioned. The balance funds shall be provided by the funding agencies 
through pooled funding mechanism.O&M cost for new investments have to be fully recovered from 
user charges within the affordability ceilings mentioned.

For Single Village Schemes, the community contribution toward capital cost shall be 10 percent of the 
capital cost against the service level of 40 litres per capita per day (lpcd), subject to a maximum of Rs 
600 (US $ 12) for private connections and Rs 300 (US $ 6) for standposts. This contribution may be 
2 percent cash and remaining in the form of cash or labour, as decided by the user communities.

The user water charges in all the single village schemes shall be a maximum of Rs 10 (US $ 0.2) per 
household per month for standpost/ handpump and Rs 55 (US $ 1) per household per month for 
private connections.

For high cost Multi Village Schemes, the O&M requirements in excess of the affordable level by the 
communities shall be provided by the state government.

Based on the above norms, the capital community contribution comes out to US $ 5 million against the 
total capital cost of water supply schemes approximating US $ 150 million while the O&M costs will 
be estimated as per the norms mentioned. About 150 schemes have been completed and 500 schemes 
are in varying stages of construction. Uttarakhand is all geared up to make this model a success.
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Subsidized Subscription to Public Drinking Water: A Tool 
for Sustainable Access to Safe Drinking Water for Poor 
Households in Urban Centers

Author:	 Prof. Théophile Gnagne
	 CREPA, Ivory Coast

Keywords:	 subsidized access to water, poor settlements, payment of invoices, low-income, 
sustainable access

Introduction/Problem Identification
The cover rate as regards urban water is 87%. However, the rate of subscribers is still low at around 1 
per 100 inhabitants, especially in the poor settlements. This situation is mainly due to the financial 
inaccessibility linked to the low-income of households which is average of 60,000 FCFA per month 
while the cost of subscriptions amounted to 169,000 FCFA. These people have recourse to dealers 
whose water quality is deteriorating in the supply, transport and storage. In addition, the cost of the 
acquired water in this way varies between 750 and 1,000 FCFA per quarter instead of 238 FCFA per 
cubic meter if they had direct access to public drinking water supply. The project aims to show that 
the poor can also have sustainable access to public drinking water supply provided that they are using. 
Hence, the need for subsidy that will remove the financial barrier.

Analysis/Results and Implications for Policy and/or Research
Thus, 2,000 households were subscribed from September 2006 to September 2007. The point of 
follow-up carried out in 2008 shows a rate of cancelled of 5%. On average, the households pay 3,300 
FCFA per quarter instead of 10,500 to 14,000 FCFA.
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Sustainable Solution for Safe Drinking Water in Saline Affected 
Costal Zone through Community Based Integrated Water 
Resource Management

Author:	 Mr. Md. Rafiqul Haque
	 Shushilan, Bangladesh

Keywords:	 scarcity (safe drinking water), community led management, integrated pond 
management, entrepreneurship with PSF, sustainability

Introduction/Problem Identification
Satkhira is one of the southwest coastal districts in Bangladesh. Lack of safe drinking water is an 
increasing problem in the area, with potable water becoming a scarcity. Previous sources, surface & 
groundwater are being contaminated by either saline water used for shrimp farming, by bacteria as a 
result of unhygienic practices or by both. People are being forced to drink which are unpalatable & 
unsafe or they have to travel several kilometers to collect. As a result diarrheal diseases are common, 
& a main cause of infant mortality.

The main water facilities are Pond Sand Filter (PSF) or Tube wells (TW), but most of TWs are be-
coming saline. There are some reverse osmosis system / solar distillation have been explored but due 
to highly expensive, low flow rates etc have been believed unacceptable for use. As experienced, in 
many cases, main option PSFs become out of order due to pond water contamination for intensive 
fish culture and lack of proper operation & maintenance.

Analysis/Results and Implications for Policy and/or Research
In many areas of Satkhira, the presence of saline and arsenic in TWs sourced from the shallow aqui-
fer, means that villagers have chosen to use surface water/pond water as a source for drinking water. 
Shushilan and WaterAid Bangladesh (WAB) have identified effective pond & PSF management in line 
with community based integrated water resource management as one possible method in addressing 
the need for safe drinking water.

At the initial stage, we faced a big challenge as these ponds were commonly used by the villagers 
for farming fish. The fish-feed used to supplement the food source of the fish and increase growth 
is nutrient rich and severely risks pond contamination. As the villagers are marginalized in terms of 
economic and social status, and ponds are a valuable resource, it is not acceptable to preserve any 
pond for the sole purpose of drinking water.

To overcome the challenge, we discussed the concept of community based integrated water resource 
management with the community & pond owner several times, and the community became inspired 
to implement the concept. The community peoples organized and formed pond & PSF management 
committee. The committee harnessed the responsibilities spontaneously as they understood the need 
for safe water as well as the reasons behind poor operation & maintenance of PSFs.

The practice of natural fish cultivation in the pond has been started. No additional food supplement 
was supplied, except naturally growing phytoplankton & Zooplankton available in the ponds. Mostly, 
fishes are indigenous species which are popular and sold at a higher price on the local markets where 
the production cost was minimal. To improve the quality of water, some other factors have been ad-
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dressed by removing leafy trees & bushes from the pond’s edge and planted varieties which are less 
shady, drop fewer leaves & seasonal vegetables and have a higher economic value. To ensure pond 
water is microbially safe for drinking and cooking, Pond Sand Filters (PSFs) have been installed and 
re-excavated the pond with a cost sharing from the community which varies depending on ability 
to pay of HHs. In order to monitor the effectiveness, periodic water quality testing has been carried 
out to confirm improvements.

Prior to pond re-excavation & construction of PSF, an agreement was signed between pond owner 
and PSF management Committee. The agreement sets out the terms for pond owner and manage-
ment Committee regarding access rights, use of pond & surrounding, and overall management of 
pond & PSF.

Once the agreement was made and PSF was constructed, an entrepreneur (caretaker) was selected 
by the management committee. Another agreement between caretaker and management committee 
was made detailing the roles & responsibilities, employment conditions and salary. The management 
committee may re-select or extend the agreement based on performance.

To enhance the capacity of entrepreneur, committee members and users community, a number of 
training have been provided on community based integrated water resource management, leadership 
development, PSF operation & maintenance (O&M), book keeping and overall management of PSF. 
An O&M pocket book and tools kit support the entrepreneur in conducting the necessary works.

The water tariff varies from Tk0 to Tk10 per month depending on the income of the users households 
and their ability to pay, and is agreed in consultation with management committee. This ensures that 
even the hardcore poor households have access to safe water. The entrepreneur collects water tariffs 
every month, records them in the register book and gets signature of each household. The collected 
amount is handed over to management committee every month. Out of the collected tariff, Tk 1000 
is used by the entrepreneur for his monthly salary, the remaining amount has saved in a bank account 
by the management committee for future maintenance requirements.

The PSF is currently providing water for drinking & cooking to 846 people from 186 households. 
The majority of which live in the near by community. People also travel up to 3 km to come to the 
PSF, on foot, by bicycle and flat bed rickshaw van. The entrepreneur gets some extra income through 
charging by the load for external demand and by delivery of water to wealthy households, elderly and 
disabled persons within the close vicinity.

Finally, we have achieved the following successes by implementing the concept which has already 
been recognized as a best practice:

•	 A sustainable mechanism has developed to ensure safe drinking water in the community
•	 Well maintained pond & PSF with a growing fund for future use
•	 Increased income from pond & its vicinity
•	 HHs’ medical expenditure has reduced as eliminated water borne diseases
•	 Students’ attendance has increased significantly
•	 Remarkable changes has made in lives & livelihood of community peoples specially entrepreneur’s 

livelihood
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Cross-subsidization of Water Services in Zambia: Policy, 
Practice and Lessons

Author:	 Dr. Chitonge Horman
	 University of Cape Town, South Africa

Keywords:	 cross-subsidy, Zambia, water, water tariff, policy

Introduction/Problem Identification
Provision of water services is an essential component of public services. In many developing countries, 
there are large sections of the population that have difficulties paying for clean water services. The 
customers’ failure to pay for water creates a double dilemma: on one hand, the customer’s failure to 
pay for water compromises the water utilities’ ability to provide and improve the quality of water 
services, while on the other hand, the water utilities’ inability to provide clean water results in people 
accessing water from unsafe sources. This calls for an innovative way to ensure that the cost recovery, 
sustainability and improved quality of services objectives, on the one hand, are balanced with the 
objectives of equitable access (social equity) and environmental sustainability on the other. This paper 
presents the findings of a study on the subsidy policy in Zambia.

Analysis/Results and Implications for Policy and/or Research
In Zambia, a cross-subsidization policy was formulated to achieve the objectives of financial sustain-
ability of water utility companies and social equity. Essentially, since the government was unable 
to provide direct subsidy, the cross-subsidization policy was meant to ensure that the cost of water 
among poor households is partly subsidized from the water consumption of richer households. This 
was supposed to be achieved through a differential tariff system, specifically, the rising block tariff. 
The focus of the paper is to present the outcome and lessons learnt from the Zambian cross-subsidy 
policy case study. It examines the differential tariff schedule used as a subsidy mechanism to ensure 
that poorer households have affordable access to water.

One of the key lessons of the study presented in this paper is that a well-intended policy to improve 
access to clean water among poor households has had opposite outcomes where poor households have 
ended up subsidizing water consumption of richer households. It is the richer households that capture 
the benefits of a water subsidy while poor households continue to shoulder the unmitigated burden of 
accessing clean water. The paper highlights some of key reasons why the subsidy policy in Zambia has 
failed to produce the intended results. Views from members of poor households are also included.

An important contribution that the paper makes is to highlight the fact that the challenges of provid-
ing clean water to today require creative ways of ensuring that the inherent conflicting interest are 
negotiated properly among all stakeholders. It is not just the poor failing to pay for water, nor the 
state failing to regulate other actors effectively, nor the utility companies’ prime interest in profit. 
Rather the challenge is about how to reconcile these interests in ways that secure access to clean water 
for everyone. It is argued in this paper that, in order to adequately rise to the challenge, the state 
through collaboration with other actors has an important role to play in not just formulating policy, 
but most importantly, in ensuring that various conflicting interests are negotiated effectively. What 
the Zambian case demonstrates is that even in cases where water services are provided by private 
service providers, the state has a crucial role to ensure that policies and regulations are implemented 
and that a conducive environment which promote equitable access to and sustainable use of water is 
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created. Lessons learnt from this study can be used to explore innovative ways in which the inherent 
conflicting interests in water can be bargained.
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The Debate on Subsidies in Sanitation Programmes

Author:	 Mr. Barry M. Jackson (Keynote Speaker)
	 Global Sanitation Fund, WSSCC, Switzerland

Keywords:	 sanitation, subsidy, sanitation finance, sanitation policy, policy objectives

Introduction/Problem Identification
More than 2 billion people still need access to basic sanitation and knowledge of hygienic behaviours. 
Given that most of those are extremely poor, and given the public-health benefits of universal access 
to sanitation, public subsidies to increase access seem an obvious policy response. However, many 
commentators have suggested that public subsidies have failed to significantly increase access and may 
indeed have stifled service provision. Others suggest that there are insufficient public funds to address 
the global sanitation crisis so discussion of subsidies is little more than a distraction. The argument 
is often heated but rarely draws on empirical evidence.

Analysis/Results and Implications for Policy and/or Research
One major problem is that the roles and objectives of subsidies are rarely defined clearly and explic-
itly. Policy makers need to be clear on why they are injecting public funds and what they hope to 
achieve. Objectives may include: better health, increased productivity and a cleaner environment, all 
to be achieved sustainably, through to political and social objectives such as equity between different 
communities, empowering people to help themselves and plain old vote buying. A second problem 
is the often blurred lines between public goods and private goods, and between public infrastructure 
and private facilities.

The debate needs to be informed by an understanding of the different elements of sanitation services 
and improvement programmes and the scope for different types of funding. Examples of funding 
types and their use are: household funds for household facilities and running costs, public funds for 
“software” components, shared or community infrastructure and a range of subsidies, and private sec-
tor finance for privatised sanitation services or as loans for public infrastructure. The mix of sources of 
finance will vary according to settlement type and technologies used or promoted, and the approaches 
adopted on subsidies and cost recovery for investments and running costs.

An emphasis on the public good aspect of sanitation has led to the widespread use of public funds 
to build and operate sewerage schemes. In some communities large investments are made with bor-
rowed funds and debt servicing is recovered from the sewerage tariff or a surcharge on water tariffs. 
In others, especially in developing countries, investments are covered solely from public funds and 
thus represent a largely inequitable subsidy to the fortunate few connected to the system. This gives 
rise to pressure to subsidise other forms of sanitation on equity grounds, but a direct hardware subsidy 
for household facilities can also generate unintended consequences (see below). Other subsidies are 
indirect eg by supporting the running costs of utility operations in order to reduce or remove the 
need for cost recovery from users. Unfortunately, in developing countries such subsidy transfers are 
notoriously unreliable and, unless accompanied by performance targets, they can reward and prolong 
operational inefficiency.

In addition to clarity on the objectives of a proposed subsidy, before implementing it is important to 
investigate what kind of unintended consequences might result. Examples of such consequences include: 
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an emphasis on toilet construction without accompanying hygiene promotion – leading to limited 
health benefits; heavily subsidised toilet construction – unused toilets, low health benefits and passive 
attitudes of beneficiaries; once-off prizes for total coverage – unsustained behaviour change and low 
health benefits; sub-economic sewerage tariffs – poor maintenance and environmental degradation; 
and many more such as heavy subsidies until the budget ran out, leaving many without similar assist-
ance. These have all been borne out by experience in well-intentioned programmes in many countries. 
Successful outcomes of a carefully managed subsidy regime may include: confining support to the 
very poorest while encouraging all others to invest from their own resources; charging city dwellers a 
more cost-reflective tariff with rebates for the very poor; remedial works to improve the public/ shared 
components of a sanitation system; confining support to the software aspects eg demand promotion, 
awareness of hygiene practices, once-off support to improve supply chains etc.

In conclusion: sanitation services and sanitation improvement programmes have significant private 
benefits and considerable public benefits. The use of subsidies on various components of the fund-
ing structure may be justified in some instances but they must be planned carefully, with clarity on 
which objectives are most important, and with due regard to the likely consequences. Any proposal 
to use subsidies should be located within a larger funding and subsidy strategy that links budgets 
to objectives and projected outcomes, while consciously addressing equity issues and ensuring the 
minimum of unintended consequences. Budgets for subsidies must be sufficient to meet the demand 
on a sustainable basis so as to meet the entire need. In the case of direct subsidies to households for 
private facilities it may be best to delay their introduction for several years while assessing whether 
they are really needed and what form they might take. In summary: if in doubt, do not start with 
subsidies, but do not rule out the possibility that something might be needed several years later as a 
result of experience gained.
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Micro-credit for Supporting Water Supply Service for the Peri-
urban Poor Populations: Experience and Lessons Learnt in 
Burkina Faso

Author:	 Dr. Halidou Koanda* et al.
	 * CREPA, Burkina Faso

Keywords:	 microcredit, water supply, urban poor, capacity, building

Introduction/Problem Identification
The drinking water coverage in urban areas in Burkina Faso was 66% in 2006 according to the 2008 
report of the joint monitoring program of the millennium development goals. The water service is 
delivered by the National Water and Sanitation Agency (ONEA), and small operators (water vendors). 
In the peri-urban areas and the informal settlements, the households are served exclusively by water 
vendors and boreholes equipped with hand pumps. The water tariff is 1-2 euros a cubic meter with 
the water vendors while it is 0.50 Euro for the national water company. Since 2000, ONEA invested 
a lot in extending the water pipe to cover some peri-urban areas but the low income households can-
not afford the connexion fees (100 US dollars). In this context and in the framework of the national 
programme for achieving the millennium development goals for water and sanitation, implementing 
an alternative financial mechanism for the poor is a key factor of success.

Analysis/Results and Implications for Policy and/or Research
In this article we describe and analyze how CREPA (Research Centre for Water and Sanitation at 
low cost) in collaboration with the municipalities and other partners implemented a micro-credit 
mechanism in Burkina Faso. The research-development started with a pilot project in Bobo-Dioulasso, 
an urban commune of 400.000 inhabitants located in the west part of Burkina Faso. The main goal 
of the micro-credit is to build the financial capacity of the poor households for connecting to water 
pipe. A local micro-credit committee was set up to manage the credit activities: raising demand, 
selecting households according to credit access criteria, recovering credit to help fund-revolving, ad-
vising households on family water consumption and hygiene. The interest rate was 7% with 5% for 
financial fees and 2% to motivate the members of the local credit committee. The recovering delay 
is ten months. After two years of implementation (2006-2007), the evaluation reveals that 32% of 
the potential households (245) demands for the credit, and 39% of them have been connected to 
the water pipe trough the credit received. The local committee recovered 40% of the credit from the 
beneficiaries. No beneficiary has been disconnected from the water pipe because of difficulties to pay 
the water bill. The main problems faced are: (i) the dispersion of demand in the project area didn’t 
favour the national water company to extend the pipes and connect the interested households, (ii) 
after 10 months the local committee was not anymore motivated to manage the credit because of 
time consumption and they are not paid for that, (iii) the repayment of the credit is low due to lack 
of adequate marketing activities and will impact the revolving system and the sustainability of the 
fund, (iv) the repayment conditions are not adapted to the target populations which are involved in 
informal economy and have no monthly revenue.

Based on this experience, CREPA and his partners decided to upscale the project in Bobo-Dioulasso 
and replicate the system in two cities. In the case of Bobo-Dioulasso, the micro-credit will be ex-
tended to the whole city and for sanitation facilities (latrines, solid waste). For that, a local NGO 
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will be involved for the social marketing and the recovering operations. A database associated with a 
GIS has been developed to reinforce the monitoring system. For the two other cities, a microfinance 
institution is involved for funding and recovering the credit. In all cases, the collaboration between 
municipal authorities, microfinance institutions, local communities and the water supply company is 
the key success factor. A collaborative agreement has been signed between the municipal authorities, 
the national water and sanitation agency, the microfinance institution or the local NGO and CREPA. 
This agreement defines the role and responsibility of each partner.

For up scaling and replicating the micro-credit mechanism for water supply, the strategy should be 
well designed with all stakeholders in the beginning for more sustainability of the revolving fund. 
Involving a microfinance institution and a long repayment period are required to sustain such a 
financial alternative mechanism for water in poor areas.
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An Analysis of the Implications of Water Pricing and Subsidy 
Policies on the Viability of Small Municipalities in South Africa

Author:	 Dr. Gift Manase
	 Council for Industrial and Scientific Research, South Africa

Keywords:	 cost recovery, municipality, South Africa, subsidies, tariff

Introduction/Problem Identification
This paper analyses the implications of water pricing policies on the viability of small Municipalities in 
South Africa. A significant number of Municipalities in South Africa are failing to pay for bulk water 
services that are rendered by Water Boards due to poor cost recovery for water and sewerage services. 
This is evidenced by cases reported to the Department of Water Affairs and Forestry (DWAF), The 
Department of Provincial and Local Government (DPLG) and The National Treasury whereby Water 
Boards request regulatory intervention and assistance in the recovery of outstanding debt. As of March 
2008 Municipalities owed Water Boards a whooping R866 million. In order to maintain the water and 
sewerage systems, Municipalities are forced to divert funds intended for other basic services such as health 
and education or the water system is persistently under-funded and services progressively degrade.

Analysis/Results and Implications for Policy and/or Research
The failure by Municipalities to pay Water Boards is mainly due to weaknesses and gaps in South 
Africa’s water pricing and subsidy policies as well as pressure from political and residents associations. 
Water is enshrined in the national constitution as a basic human right, not an economic good, mak-
ing efficient pricing of water and enforcing payment a huge constitutional challenge. Furthermore, 
the country’s trade unions and residents’ associations have demonstrated against water price increases 
making it difficult for Municipalities to set efficient tariffs. The situation for Municipalities is further 
compounded by the fact that they are compelled to supply 6000 litres per household per month of 
free portable water to low-income and poor households in line with the national policy of Free Basic 
Water adopted by the DWAF in 2000. Yet the subsidy provided by the government through the Equity 
Share Grant (ESG) is not enough to cover costs incurred by Municipalities.

The study also identifies gaps with South Africa’s Water Pricing Strategy which applies to raw water 
and the Water Services Act that deals with treated water distributed to households. Furthermore, 
there are no clear guidelines to guide Municipalities on how to achieve the seemingly contradictory 
national policy objectives of Equity and Efficiency when it comes to setting prices for water. Lack of 
a clear business model at the Municipal level further complicates cost recovery for water supply and 
sewerage systems.

Balancing national policy objectives of efficiency (cost recovery) and equity (basic needs) has been a 
major challenge for water managers and policy makers for decades. This study adopts a two pronged 
approach that applies, on one hand, cost accounting to establish the actual cost of delivering a unit of 
water to the customer and on the other hand, contingent valuation methods to elicit the willingness 
of households and other customers to pay for water. The gap between household willingness to pay 
and actual cost of water is used to enhance government equity share grant and cross subsidy policies. 
This information, together with access to external finance is then used to develop a business model 
for small municipalities in South Africa.
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WaterCredit: Turning Water Subsidies “Right-side up”

Author:	 Ms. Michaela Meckel* et al.
	 * WaterPartners, USA

Keywords:	 water, subsidies, credit, finance, India

Introduction/Problem Identification
Subsidies in the water sector targeting water consumption have historically been “upside down”, 
disproportionately benefiting the wealthy who can afford a utility’s connection fees. Financial mecha-
nisms that allow poor households to secure legal access to water connections can potentially reverse 
this trend. They can also benefit local utilities by providing an increased customer-base – increasing 
system efficiency by supporting proper infrastructure maintenance. However, access to micro-credit 
for water connections for the poor has not been typically available as micro-credit institutions have 
favored more traditional income-generating activities.

Analysis/Results and Implications for Policy and/or Research
As part of its WaterCredit Initiative, WaterPartners, a U.S.-based non-governmental organization 
(NGO), has piloted multiple credit for water programs globally to increase access to water connections 
and sanitation for the poor. This research will focus on a case study of WaterPartners’ credit-based work 
in Southern India. In this initiative, working with its local partner organizations through a network 
of women’s Self Help Groups (SHGs), WaterPartners has provided approximately $179,000 in loans 
to households for over 1,400 household water connections over the past five years. Repayments rates 
have averaged 83% over the life of the initiative, with repayment rates above 98% in the most recent 
years of the program.

Notably, of the $179,000 in loan capital, approximately $80,000 was secured from local commercial 
financial institutions. While financial institutions have not historically been willing to lend for water 
connections for the poor, WaterPartners’ provision of “smart subsidies” to its partners – in the form of 
grants to support credit program administration development costs, investment in social capital, and 
demand creation activities – catalyzed the creation of this viable credit market. This paper will further 
explore the viability of credit-based work to turn water subsidies “right-side up” and the potential for 
“smart subsidies” to catalyze a market for such credit-based work in the water sector.
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Financial Assistance to Resource Poor Irrigation Farmers: 
South African Experiences with Community Participation and 
Stakeholder Engagement Processes

Author:	 Mr. Nasele Mehlomakulu
	 Department of Water and Environmental Affairs, South Africa

Keywords:	 water infrastructure funding, water subsidy, resource poor farmers, rainwater harvesting, 
food security

Introduction/Problem Identification
The South African Government through its National Department of Water Affairs and Forestry 
(DWAF) in its efforts to ensure equitable access to water and water related infrastructure, developed 
and is implementing financial support to resource poor farmers to harmonize Agrarian Reform. This 
is a pro-poor policy that enables active provision of water and necessary support for productive water 
uses by the poor to deal with high levels of poverty, unemployment and infrastructure backlogs in a 
very direct, tangible and immediate way.

The paper outlines relevant South African legislation and policy that forms the foundation for this 
financial mechanism, and highlights products funded and approach of targeting the poorest of the 
poor. This approach focuses on implementing projects from household basis to emerging commer-
cial scale and by collaborating with relevant and interested stakeholders, to ensure sustainability of 
farming practices.

Analysis/Results and Implications for Policy and/or Research
The process followed in terms of beneficiary selection and the eventual outcomes which shows that 
because of socio-cultural dynamics, not always the poorest of the poor benefited from the projects is 
sketched. The paper cites constraints experienced at the different implementation levels, highlights 
lessons learned and gives recommendations for future implementation.

Additionally, the paper gives an overview of training conducted with beneficiaries to ensure that 
investment made in providing water resources for food security yield positive results. Together with 
data from field visits conducted on various implementation sites, the paper evaluates the use of some 
funded infrastructure like rainwater harvesting tanks to date; whether or not rainwater harvesting is 
used as multiple water use systems including food gardening, and if so, what the factors for success were. 
It also examines the reasons why some funded infrastructure is not used for their intended purposes 
and offers recommendations to increase their usage for achieving the South African Government’s 
commitment on Millennium Development Goals.
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Nirmal Gram Puraskar (Open Defecation Free Award), Total 
Sanitation Campaign – Its Impact and Sustainability

Author:	 Mr. Satish Mendiratta
	 Jupiter Knowledge Management and Innovative Concepts, India

Co-Author:	 Mr. Abhishek Mendiratta
	 Jupiter Knowledge Management and Innovative Concepts, India

Keywords:	 subsidy, sustainability, sanitation, slippage, ODF

Introduction/Problem Identification
TSC is a people centered, participatory and demand driven approach, which is being implemented in 
a campaign mode, taking district as a unit. This new paradigm is a shift from allocation based and 
supply driven program to a demand driven programme; from a top down to participatory approach; 
from a high to low subsidy regime and it tries to generate a campaign in the entire district to high-
light issues related to sanitation by involving all stakeholders. This paper will discuss strengths and 
weaknesses in existing subsidies for constructing latrines The emphasis will be on ways (how, where 
and when) to reduce perverse incentives.

Analysis/Results and Implications for Policy and/or Research
TSC is implemented in a campaign mode, where district is taken as a unit so that 100 percent satura-
tion in terms of households, anganwadi and school toilets can be achieved.Recognizing the role of 
PRIs(Local body) and to motivate them for promoting rural sanitation on mass scale, an incentive 
scheme called Nirmal Gram Puraskar (NGP is open defecation free award) had been initiated under 
TSC on 2nd October 2003. The whole concept of NGP is to reward those districts, blocks, and GPs, 
which have achieved full sanitation coverage.

Sustainability of NGP villages is a big challenge. A TARU survey in 2008 reveals that out 162 studied 
NGP villages in India, only 6 NGPs are maintaining the open defecation-free status.

Nevertheless, it is crucial that sanitation systems are evaluated carefully with regard to all dimen-
sions of sustainability. Since there is no one for all sanitation solutions which fulfill the sustainability 
criteria under different circumstances to the same extent, this system evaluation will depend on the 
local framework and has to take into consideration existing environmental,technical,socio-cultural 
and economic conditions.

Process Adopted for TSC Implementation:
1	 Conducted Baseline Survey, set the targets
2	 Project Approval for Individual Districts by Central Government
3	 Formation & capacity building of District level teams – TSC Cells
4	 Launching of IEC Campaigns – campaign continuity maintained
5	 Identification of key players at all levels – recurring exercise
6	 Organization of Capacity Building Programs
7	 Construction of toilets
8	 Application for National & State level Awards
9	 Assessment through rigorous evaluations
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10	Awards and Recognition; identified as model villages
11	Scaled up in rest of the villages
12	Quality Assurance – ensure sustainability

Strategy devised:
1	 Decentralized implementation plementation at Local Governance level
2	 Model Villages under both the schemes are recognized as resource centers.
3	 Other villages sensitized through IEC and Exposure Visit to these.
4	 Frequent visits to model villages to upgrade the motivational level of other villages & efforts to 

sustain the change
5	 Involvement of all stakeholders involved at the village level
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Electricity Subsidies and Reforms and Its Impact on 
Groundwater Use in States of Gujarat and West Bengal, India

Author:	 Dr. Aditi Mukherji* et al.
	 * International Water Management Institute (IWMI), Sri Lanka

Keywords:	 groundwater, electricity, reforms, subsidies, Gujarat, West Bengal

Introduction/Problem Identification
Managing externalities of groundwater use in order to minimize the negative impacts of over-exploi-
tation while preserving the benefits derived from such use has emerged as the key natural resources 
management (NRM) challenge in South Asia. Direct regulation of groundwater is not a feasible option 
in the region given the large number of pumps (over 20 million or so) and the huge transactions costs 
involved. However, the urgency of the problem is such that groundwater can no longer remain un 
governed. In this context, indirect mechanism, such as regulation of electricity supply and changes in 
electricity pricing and subsidies can provide an effective handle for governing groundwater. Indeed, 
prompted by dire financial straits, most state electricity boards (SEBs) have embarked upon electricity 
reforms. These reforms have profound influence on groundwater use. This paper will document the 
impact of electricity reforms and pricing on groundwater.

Analysis/Results and Implications for Policy and/or Research
Indian policy discourse on the most suitable mode of agricultural electricity tariff has come full 
circle. Until the early 1970s, all state electricity boards (SEBs) charged their tubewell owners based 
on metered consumption and this was later changed to flat tariff. However, over time flat tariff rates 
became downwardly sticky and the SEBs started making huge losses. Low flat tariffs also led to 
over-exploitation of groundwater in arid and semi-arid states of India. Therefore, recently, there is a 
renewed interest in reforming the electricity sector. States of Gujarat and West Bengal have adopted 
different approaches to electricity reforms. Gujarat has separated electricity supply to agriculture from 
those of domestic and industrial feeders and started rationing electricity supply to agriculture. West 
Bengal opted the path of metering of agricultural tubewells. Both these initiatives had profound im-
pact on groundwater. This paper analyses the impact of electricity sector reforms and pricing policies 
on groundwater use.

As a part of the ongoing power sectors reforms in India, the state of West Bengal is in the process of 
metering agricultural electricity supply. This state has a thriving informal groundwater market. Results 
suggest that the majority of the pump owners benefit from the reforms in two ways: first by having to 
pay a lower electricity bill for same usage and second through increased profit margins by selling water. 
This is because in response to changed incentive structure, water prices rose sharply by 30-50% imme-
diately after metering. In contrast, water buyers have lost out by having to pay higher water charges and 
face adverse terms of contract. Impact of metering on operation of groundwater markets and volume of 
groundwater extracted is less clear; they may expand, contract or remain unchanged, though water use 
efficiency is likely to go up. At current tariff rates, the electricity utilities are likely to earn less revenue 
than before. These findings are context specific and holds good for West Bengal where high flat tariff had 
fostered competitive groundwater markets and hence cannot be generalised for other Indian states.

In September 2003, the Government of Gujarat pioneered a bold scheme—the Jyotirgram Yojana—to 
separate agricultural feeders from non-agricultural ones. By 2006, Gujarat covered almost all its 18000 
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villages under the Jyotirgram Yojana. With this, two major changes have occurred: [a] villages get 24 
hour three-phase power supply for domestic uses, in schools, hospitals, village industries, all subject 
to metered tariff; [b] tubewell owners get 8 hours/day of three phase power but of full voltage and on 
a pre-announced schedule. Jyotirgram has radically improved the quality of village life, spurred non-
farm economic enterprises, halved power subsidy to agriculture and reduced groundwater draft. It 
has also offered a mixed bag to medium and large farmers but hit marginal farmers and the landless. 
These depend for their access to irrigation on water markets which have shrunk post-Jyotirgram; and 
water prices charged by tubewell owners have soared 30-50 percent. This paper offers an assessment 
of the impacts of Jyotirgram and argues that with some refinements, it presents a model that other 
states can follow with profit.
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Subsidies from Public Budgets: A Need and a Risk for Water 
Services

Author:	 Mr. Gérard Payen (Keynote Speaker)
	 AquaFed & UNSGAB, Belgium

There are both advantages and disadvantages in using subsidies from public budgets as part of the 
revenue of water services. In an idealised and theoretical world subsidies might not exist. However, 
to face the practical and political challenges of providing water and sanitation, properly constructed 
subsidies have a key role to play. Using them properly and avoiding the pitfalls is a major challenge.

Subsidies are common
Water-users and public budgets are the two main sources of funds that finance the cost of public water 
services. The more the users contribute to covering the costs the easier it is to ensure the financial 
sustainability of water utilities. However, even in developed countries cases of full cost-recovery are 
rare. It is very common that public budgets contribute. They do it through different ways such as 
direct subsidies, investment in new infrastructure financed by the State and not by the utility, tax 
exemptions, soft lending, etc. The OECD report Managing Water for All (March 2009) explains 
that the ultimate sources of funds (the 3 Ts) are (T1) the water-users (through Tariffs) and (T2) sub-
sidies coming from public budgets (Taxes) or (T3) from external subsidies (external Transfers such 
as international aid grants).

Sustainable cost-recovery
Combining user payments with public subsidies deserves careful attention if it is to work satisfactorily. 
In 2003 the “Financing Water for All” report of the “Camdessus Panel” recommended to combine 
them in a way that secures “Sustainable Cost-Recovery” by ensuring the affordability of user pay-
ments and the predictability of budget subsidies. This predictability is essential to allow the utility to 
anticipate revenue streams and develop a sound investment program. It requires that the amounts to 
be allocated to the utility are known several years in advance, which is not the case in many locations. 
This concept of Sustainable Cost-Recovery was further developed by the “Gurria panel” (2006), the 
Hashimoto Action Plan (UNSGAB 2006) and quite recently (March 2009) in the OECD report on 
“Managing Water for All (March 2009)”

Ensuring no harm subsidies
If public budgets subsidies are often used to partially fund public water services, this must be done 
with caution. Indeed, subsidies that are designed to facilitate water services may result in the op-
posite if not managed carefully. For example, if subsidies are too important in the total revenue, the 
tariffs may be insufficient to avoid water wastage. If subsidies are grants that are allocated without 
any financial constraint, they will cause the other types of funds to dry up and potentially result in a 
decreased investment capacity. This risk may be faced by economic recovery policies when stimulus 
packages provide grants without any co-financing. If subsidies fund new infrastructure without mak-
ing sure that the water utility is able to finance its operation and maintenance this infrastructure will 
fall quickly into disrepair.

If designed appropriately, subsidies can compliment user payments in a way that allows the water 
utility to finance its operation, maintenance and investment costs in a sustainable way.
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The Remission of Water Fees – Is It Good Solution for 
Financing in Irrigation Sector?

Author:	 Ms. Ngoc Pham Thi Bich
	 Linköping University, Sweden

Co-Author:	 Mr. Tiep Nguyen Xuan
	 Minitry of Agriculture and Rural Development, Vietnam

Keywords:	 water fees, irrigation, financing, maintenance, operation

Introduction/Problem Identification
The paper concerns the implementation of new water fees policy relating to irrigation financing in 
Vietnam. In accordance with new policy, the remission of water fees has been applied for farmer 
households in agriculture, forestry, fishing and salt sectors. It means; since 2008 the farmers using 
water from hydraulic works don’t have to pay water service fees for state-owned Irrigation and Drainage 
Management Companies (IDMCs), except small fees for on-farm irrigation services. In other words, 
all expenditures for Operation and Maintenance (O&M) in hydraulic works have been subsidized 
from Government budgets.

Analysis/Results and Implications for Policy and/or Research
Currently, 110 state owned provincial-level IDMCs together with more than 13,000 local Water 
User Organizations (WUOs) have managed 91% of existing systems serving 80% of total irrigated 
area, apart from 1,500 WUOs that managed the remaining 9% independent small-scale systems. In 
principle, IDMCs have general functions in water provision, collection of water fees and maintenance 
of irrigation facilities, were expected to be financial autonomous and self-financing enterprises. How-
ever, IDMCs are not autonomous and transparent as required in reality because their operation and 
maintenance activities have still followed central planning on yearly financial allocation; the output 
of service (water fees) has been determined and controlled by the GoV policies while IDMCs operate 
under market machanism. In the past, major part of IDMCs’ income (average 70%) is derived from 
water service fees. However these incomes failed to cover all O&M expenses because water fees collected 
make up about 50% of required expenses, then top up by 10-20% from GoV subsidies. The existing 
challenges are; IDMCs are operated in low effectiveness, hydraulic works continue to deteriorate due 
to lack of proper operation and maintenance. The key questions for the assessment in the paper are: 
How do IDMCs deal with the organizational reform when applying new water fees policy? New situ-
ation seems create the mechanism “beg-give” (“xin-cho”) between IDMCs and WUOs/farmers, and 
between IDMCs and financial allocation organizations. It would distort consumer-oriented relation-
ship between service suppliers and consumers, and/or create unhealthy behaviour, untranspenrancy 
financial allocation. The paper also concerns the perceptions and incentives from IDMCs, WUOs 
and farmers in irrigation management in this situation.
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Financing of Water Projects: Institutional Reforms and Cost 
Recovery Issues in India

Author:	 Dr. Arunachalam Rajagopal
	 M.S. Swaminathan Research Foundation, India

Keywords:	 water financing, cost recovery, institutional reforms, public finance of irrigation, water use 
efficiency

Introduction/Problem Identification
The paper outlines important issues involved in the financing of water control projects in India such 
as costs of irrigation projects, trends in them, role of the State and private investment, extent of recov-
ery from government projects, their impact on operation and management of projects, institutional 
reforms required for better financial management of water control project.

Analysis/Results and Implications for Policy and/or Research
There have been huge investments by the State since independence, on major and medium projects 
in India. These investments have been made as a part of planned development by the State. Not only 
investments in absolute prices but also in constant prices have increased.A study by the author has 
shown that the real cost per hectare in most of the Indian states is on the increase to a statistically 
significant level.The reason was that more number of projects were taken up with out considering 
financial availability which resulted in time and cost overruns. Not only substantial investments 
on irrigation made by the public sector but also by private. Investments were made by farmers on 
ground water irrigation especially after g̀reen revolution’ in India. A study by the author shows that 
the private investments are substantial but a significant part of it became redundant due to failure 
of wells because of unregulated ground water irrigation. Though huge investments are made by the 
government, the recovery from the users is very less in almost all states in India. It is seen that the 
recovery is hardly enough to meet even the operation and maintenance (O & M) costs of projects, 
leave alone the capital costs. It is estimated that for the country as whole the cost recovered by way 
of user charges is about 34 percent of O & M cost (working expenses). When we consider the total 
costs (including depreciation and interest on capital) the recovery rate is 10 percent only. The main 
reason is that in most of Indian states, the water charges are low for irrigation and almost free. It is 
about Rs.50 (0ne USD)per hectare of irrigated land. It is to be noted that water charges are levied on 
the basis of land cultivated but not on actual volume of water supplied. It is seen that O & M cost 
per hectare is about Rs.200-250 in many Indian states. Hence recovery rate per hectare of irrigated 
land is in the range of about 20-25 percent of O & M cost. Moreover the financial allocation by the 
government for meeting the O&M cost itself is inadequate in many states compared to the required 
level. It is estimated that the allocation is deficient to the extent of about 50 percent of the actual 
requirements. As the allocation is inadequate, which results in the substandard maintenance affecting 
the performance of irrigated agriculture which in turn leads to poor recovery rate. Thus Indian irriga-
tion sector is caught in a vicious cycle of low recovery rate, less investment, improper maintenance, 
low performance, and low recovery rate.

Paradox: However there is another dimension of the problem, not focused by many: Farmers are 
already contributing a substantial amount through local collective effort which are meant to solve 
their problems. From many studies it is reported that farmers have contributed to the extent of about 
Rs.1000/ hectare towards maintenance and repair works undertaken by village communities them-
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selves; this is relatively very high compared to the amount paid as water charges for government efforts.
What does this phenomenon indicate?In many irrigation projects the benefits are uncertain given 
the àgency’ problems; there are uncertainties as regards timeliness and adequacy of water and hence 
farmers are not willing to pay. Whereas in local efforts they can foresee the benefits hence farmers 
are interested to contribute. This also points to the importance of local level institutions to solve the 
problems arming out of governance by the state. It is the joint management, which pays well for both 
bureaucracy and people.

Farmers Perspectives: Though the cost recovery from irrigation projects is stated to be low there is a 
different perspective by farmers organisations on this issue. In many part of India though water charges 
are low, an additional tax (locally known as cesses) is collected along with water charges. This is collected 
on the basis of water charges (multiples of water rates), but it is used for financing of local bodies like 
village panchayats. Farmers’ contention is that as these taxes are assessed on the basis of water rates, 
it should be treated as user charges for irrigation. Inclusive of these cesses the total amount collected 
per hectare is much higher than water rates per se.Another argument by the farmers’ organisation is 
that the bureaucracy is inefficient in financial management, which results in wasteful expenditure. 
Hence farmers are hot required to pay for the `inefficiency’ of irrigation bureaucracy.Inorder to ad-
dress the problem,it is suggested that both farmers and bureaucracy are to be involved jointly in the 
estimation of the costs and assessment and collection of revenue(water charges).The recent experiments 
in the states of Andhrapradesh, Orima, Maharastra and Tamil Nadu in India in involving farmers’ 
organisation in the system management have given enough encouragement on this.
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Groundwater Irrigation: Need for Coupling Subsidies with 
Resource Conservation

Author:	 Mr. Venkata Rama Mohan Ramachandrula
	 Centre for World Solidarity (CWS), India

Keywords:	 groundwater, electric power, free-power supply, water use efficiency, energy 
conservation

Introduction/Problem Identification
Energy supply, in the form of electricity, is a vital input in groundwater agriculture in many states in 
India. In Andhra Pradesh and other south Indian states, about 50% of irrigated area is under ground-
water irrigation. Average increase of number of tube wells in Andhra Pradesh is around 50,000 per 
year with trends of further increase.

The demand for electricity in groundwater agriculture is increasing rapidly with an increase of about 
30% over last 5 years. Power supply to agriculture is subsidized (is free in AP) and often not metered. 
At the micro level, increasing number of wells is over-loading the Distribution Transformers (DTs) 
and causing economic losses to farmers as a result of motor / DT burnouts. Power supply quality is 
poor with frequent interruptions and low voltages.

Analysis/Results and Implications for Policy and/or Research
Energy use in agriculture has a bearing on water use efficiency also. Quality and timely power sup-
ply will help farmers to schedule irrigation properly and save groundwater. On the other side, lower 
pump efficiencies and low voltages at pump-sets result in low discharges while consuming the same 
or more amount of power from the power distribution network.

Free power policy and un-restricted groundwater extraction is resulting in wastage of energy as well 
as water resources. While subsidized or free power is a necessity to the deserving small and marginal 
farmers, there is need for a mechanism to couple the objective of energy and water conservation with 
it, for economic health of energy companies and long-term sustainability of groundwater resources. 
In order to achieve that, there is need for devising new and innovative mechanisms of coupling such 
subsidies with incentives for conserving energy and water.

Normally, agricultural pump-sets are given about 8 hours of power supply in a day. Farmers may be 
offered incentives for those hours of power supply not utilizing by them in a given agricultural season. 
Such new subsidies and incentive structure will help to achieve the objectives of targeted subsidies to 
deserving people to protect their livelihoods as well as resource conservation.
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Increasing Women’s Access to Safe Clean Water through a 
Revolving Scheme

Author:	 Ms. Bavuma Rehema
	 Katosi Women Development Trust, Uganda

Keywords:	 increasing, safe and clean, water, access, revolving scheme

Introduction/Problem Identification
Financial subsidies, donations, grants and all kinds of financial assistance often have a short lived 
impact in the communities where it’s given. This is due to the fact that there is often no strong fi-
nancial mechanism to sustain such projects. The government, and other development partners often 
inject large sums of money into the water sector, but such large sums of money often lacks a lasting 
impact on the lives of the communities into which its injected. If such money is not misused, then it 
only provides service to only a few people and no sustainability. When the water source provided gets 
a problem, often there is no means provided for repair and maintenance. And there is no multiplier 
effect of such funds. The end of the project often implies end of the service to the community.

Analysis/Results and Implications for Policy and/or Research
A revolving scheme is where the first beneficiary of the water service or facility, is required to pay back 
in very small instalments, so as to enable other people benefit from the same fund. The instalments 
may be as small as the beneficiary may afford, but consistent.

Experience especially in developing countries has shown that free services have been taken for granted 
and communities have not felt part of such water services. They often refer to government water 
sources as “government well”. And such communities will never take responsibility to maintain or 
even repair such wells or water sources.

If empowered, communities are able to have access to clean and safe water using their own resources. 
this will not only help such resources benefit much more people, but also enable communities take 
responsibility for maintaining such water sources.

Katosi Women Development Trust has often engaged and empowered women to have access to safe 
water through such revolving schemes. Women are given water harvesting tanks on a loan basis; they 
are allowed to pay in small instalments until full payment is made. The tank is again given to another 
person and the scheme continues until very many women are reached using the same fund. Though 
this method, the organisation has reached many more people, and made the projects sustainable.

A revolving scheme therefore can be used to help water facilities reach as many people as possible and 
also instil a sense of ownership among the community members.
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Community Financial Contribution for Rural Water Supply

Author:	 Mr. Ruwan Sanath
	 National Water Supply and Drainage Board, Sri Lanka

Keywords:	 cost sharing, community participation, sustainability, cost and benefit, community 
training

Introduction/Problem Identification
The Asian Development Bank assisted the Third Water Supply & Sanitation Sector Project being 
implemented in the six districts of Sri Lanka, through community participation. Appropriate water 
supply options were proposed by the community itself with community agreement to a 20% financial 
contribution. Then the sustainability of the proposal was analyzed, with an appropriate operation & 
maintenance model. The total project cycle was divided into several phases to assure active participa-
tion of community with financial contribution.

Use of a cost sharing model is an important feature of this project. This has been introduced to get 
the community more realistically involved. When sharing part of the cost they feel ownership of 
the scheme. Therefore there is a high successful completion of the project and sustainability is also 
ensured. Detailed analysis of data from the projects has been carried out to show how community 
contribute for rural water supply.

Analysis/Results and Implications for Policy and/or Research
1 Methodology Selected for Implementation and Fincial Contribution
The total project cycle was divided into several phases as explained below and the project staff (a team 
of technical & community development experts) were involved in the complete process with the active 
participation of community.

1	 Social Mobilization phase: The following processes were completed in this phase.
•	 Establishment of the village coordination committee & the selection of village level anima-

tors.
•	 Formation of an active group & the establishment of a community based organization.
•	 Organization of the village participatory survey, the collection of self assessment information 

& a situation analysis report.
•	 Identification of reliable water sources & preparation of a work plan.

2	 Participatory planning & design phase:
•	 Selection of reliable water sources & participatory planning of alternative options for each 

village cluster.
•	 Preparation of tentative estimates for each option including probable O&M costs.
•	 Selection of the most suitable option considering technical, financial and O&M viability 

issues with the concurrence of the community for a 20% (cash & kind) contribution.
3	 Collection of community contribution & signing of MOU (Memorandum of Understanding) with 

the CBO to commence construction work once the community contribution is collected.
4	 Construction & supervision phase: Construction work was carried out through community partici-

pation. All technical support was given by the project staff. While submitting the project proposals 
decisions were taken by the community with the help of the project staff to identify which part of 
the work, was to be carried out to cover the community contribution(cash & kind).
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4	 Operation & Maintenance phase: This phase consists of the following processes:
•	 Training of CBO personnel in plumbing, pump operation & small scale water treatment
•	 plant maintenance.
•	 Setting up of technical support units in each local administrative area to support the CBO’s 

whenever necessary. These units will function continuously with the help of Local Admin-
istrative Authority in order to ensure the sustainability of the water schemes.

2 Data and Analysis
Different options such as pipe-borne water, shallow well, deep well & rain water harvesting were 
selected by different communities depending on the availability of source and their affordability. 
Project contribution is limited for each option, and a minimum of 20% is borne (see Table 1)by the 
community itself. Sometimes the project cost exceeds the limited amount in the proposed cost shar-
ing model. On such occasions the balance is also borne by the community in addition to the 20% 
community contribution. Table 02 clearly shows such occasions. This is due to scarcity of water in 
the area and the community understands the importance of a safe & reliable water supply. However 
most of the community’s first choice is to have pipe-borne water if reliable sources are available.

While estimating the total cost of the project, unskilled labour component of each & every item was 
separated and cost of these were calculated depending on the work norms & day work rates. These 
works were carried out by the community itself, for instance excavation, backfilling of pipe trenches 
& well pits and helping to masonry, concreting works etc. Then the cash contribution was decided by 
deducting the kind contribution amount from the total contribution. Some of the poor community 
had difficulties in contributing the cash at once, in such instances Rural Banks and Community De-
velopment Foundations helped the community by providing concessionary payment loan schemes.

The total population of project area selected in first phase was 77, 600. From theses only 7% had 
existing water supply facilities, a further 81.5 % of the population has been covered by the project. 
While implementing the project our target was to cover a minimum of 75% of the total population. 
However, we were able to cover more due to active participation of the community and the excellent 
contribution of the project staff.

Appropriate low cost water treatment techniques were adopted depending on the water quality. High 
iron content & fluoride problems were found in some of the ground water sources and treatment 
techniques were adopted.
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Water Subsidy Dynamics: Some Views on Governmental 
Investment and Non-Investment Incentives/ Subsidies in an 
Uncertain Global Financial Meta-paradigm

Author:	 Mr. Sunder Subramanian
	 ICRA Management Consulting Services Limited, India

Co-Author:	 Ms. Supriya Sahai
	 ICRA Management Consulting Services Limited, India

Keywords:	 uncertain financial scenario, evaluation of water subsidy, adverse impact, ‘the Three Es’, 
policy design

Introduction/Problem Identification
The Global water industry is growing fast. Even in the current turbulent and uncertain financial 
environment, the universe of water related business (including the market for pumps, pipes, filters, 
and other equipment) is expected to grow from current $522 billion to $1 trillion by 2020. Given 
the rising scarcity and the potential geo-political significance of water, many consider investments in 
water and related businesses to be recession proof, or at least “recession resistant”. Investors are thus 
seeing fresh water as a commodity that is under-appreciated, under-valued, and therefore worth in-
vesting in, with the promise of long-term returns. At the same time, governments continue to provide 
investment incentives/subsidies (in the form of preferential lending, guarantee provisions, and other 
exemptions) and non-investment subsidies (price control, cross-subsidization, etc) to water projects 
aimed at poverty reduction and service coverage improvements towards achieving MDGs.

Analysis/Results and Implications for Policy and/or Research
Given the above scenario, we examine the current literature on investment and non-investment 
subsidies/incentives (relatively little, especially in reference to countries such as India) and argue that 
often, determining when an ‘investment or a non-investment incentive’ is a subsidy or not is a diffi-
cult question – partly because these often “have a way” of being non-transparent. We also argue that 
the environmental consequences of such subsidies are rather unclear and certainly under-researched. 
Moreover it will be discussed that subsidies (or incentives) cost a lot of money, though no one knows 
exactly how much and that these costs are exacerbated by the increasing mobility of capital and by 
information asymmetries between governments and investors, with the latter often manipulating this 
asymmetry through the use of site-location consultants. We substantiate these arguments by focus-
ing on the theoretical constructs of the “the three E’s” of (economic) efficiency, (market) equity, and 
environment sustainability and suggest that subsidies have potential drawbacks in all of these areas 
and unless structured effectively can cause adverse impacts.

We then examine policy constructs and schema in order to evaluate the relative strengths and draw-
backs of investment and non-investment subsidies, building arguments that will contribute to the 
design of subsidies/incentives which can maximize benefits, minimize risks to host governments and 
mitigate adverse impacts. These include transparency (clarity of eligibility and participation criteria 
and effective implementation by responsible entities), incentive responsibility (whether incentives of 
different stakeholders compatible with public policy goals), flexibility (ease with which the subsidy 
program can be modified), sustainability (compatibility of subsidy to take of external costs, subsequent 
expenditures such as O&M and develop technical capacities), auditing, spillovers (extended costs or 
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benefits), rent-seeking, administrative & political feasibility (ease of implementation and prevention 
of political backlash) and encouragement of research and development. Case studies exemplifying 
examples of subsidies (both successes and failures) will be built in to substantiate the theoretical 
construct. Moreover a view of the impact of the current uncertain financial environment on both the 
quantum and design of the subsidies will be made.

We then present our conclusions that provide a better understanding of designing, implementing 
and managing such financial mechanisms to contribute towards effective ways to diminish perverse 
impacts. The paper concludes by opening further research agendas – the unknowns, and the ques-
tions that need to be answered. For example, whether investment incentives/ subsidies are, in general, 
good policy decisions, or specifically a good policy for developing countries? If not, what could be 
the other feasible alternatives?
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Using ODA to Leverage Repayable Financing: Recent Trends

Author:	 Ms. Sophie Trémolet (Keynote Speaker)
	 Tremolet Consulting, UK

Co-Author:	 Ms. Monica Scatasta
	 European Investment Bank (EIB), Luxembourg

Keywords:	 financing, leveraging, ODA, private finance, water and sanitation

Introduction/Problem Identification
The water and sanitation sector is seriously under-financed in many countries, leading to the deteriora-
tion and potential collapse of the infrastructure. ODA can be used more effectively to attract repayable 
finance so as to increase the overall amount of financial resources available to the sector.

Analysis/Results and Implications for Policy and/or Research
Even though innovative financing tools to mobilize market-based repayable finance do exist, they 
have been under-utilized in the water sector by comparison with other infrastructure sectors. This 
may be due to a number of factors. On the one hand, there has been insufficient demand for these 
products due to a lack of awareness and training (which means that demand, even if it is there, is not 
expressed) and over-crowding from concessionary finance which tends to chase (and capture) the most 
promising water projects. On the other hand, supply of market-based repayable finance has also been 
limited given that the economic characteristics of the sector are often not conducive to adopting such 
innovation. Too often, the sector is perceived as a high-risk/low return sector by external financiers 
when, through reforms, it could be transformed into a low risk/ low but steady return sector, which 
may prove attractive in the current economic climate.

In the context of the financial crisis, Official Development Assistance (ODA), in the form of conces-
sionary repayable finance or in some cases grants will be needed to get credit flowing again. This does 
not necessarily mean pouring public money into water projects (although this is partly what some 
governments are doing via stimulus packages) but rather improving the targeting in the use of public 
funds so as to leverage market-based finance. It will also be more important than ever before to pay 
attention to the long-term sustainability of such financing: this will entail establishing institutions at 
the national level that can channel funds (both public and private) into the sector in order to finance 
relatively small projects rather than focus on a few landmark transactions at the international level.

ODA could be used more efficiently in order to leverage repayable finance in the following ways:
•	 providing seed financing for micro-finance institutions offering financial products to support water 

and sanitation investments
•	 financing output-based subsidies to entrepreneurs and households to leverage their investments;
•	 providing guarantees and risk insurance where perceptions of risk keep private investment away;
•	 where applicable, making equity injections so as to improve the ability of utility providers to raise 

debt financing;
•	 supporting the establishment of pooled financing facilities;
•	 contributing to improving the sector’s transparency and addressing the lack of knowledge of the sec-

tor at the level of financial institutions, by supporting the development of credit rating systems;
•	 supporting the development of bankable projects in the water sector through the establishment of 

project preparation facilities.
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Can Water Services O&M be Incentivised? Going with the 
Franchising Flow

Author:	 Dr. Kevin Wall* et al.
	 * CSIR, South Africa

Keywords:	 water, sanitation, operation, franchising, South Africa

Introduction/Problem Identification
In recent years, some areas of the developing world have seen an increasingly poor and often unaccept-
able quality of water and sanitation service. The reason for this is invariably inadequate arrangements 
and incentives for operation and maintenance (O&M) – including not just skills shortfalls, budget 
shortfalls and sometimes inadequate design and/or construction, but weak institutional arrangements, 
and unwillingness, or inability, to change.

Improved institutional and financial mechanisms, where corporate, social and ethical responsibili-
ties are given due attention, are needed. An important aspect that needs addressing would be how to 
increase positive incentives. Part of this must undoubtedly be the measurement of performance, and 
a system for rewarding on the basis of that performance.

Analysis/Results and Implications for Policy and/or Research
Much of South Africa’s public sector water and sanitation services infrastructure is very well operated, 
and delivers a safe and reliable service – however there is a growing creep of the symptoms of poor 
services delivery attributable to the challenges mentioned in the introductory paragraph above.

Ongoing work by the Water Research Commission (WRC) of South Africa and the Council for 
Scientific and Industrial Research (CSIR) finds that franchising partnerships for operation and 
maintenance could alleviate and address many challenges in the delivery and management of water 
and sanitation services. Generically, franchising:

•	 transfers appropriate skills transfer to local personnel,
•	 brings ongoing performance measurement and support, and mentoring and quality control, and
•	 provides backup at-a-distance skills together with the incentive, on the part of the local (franchisee) 

personnel, to call for those at-a-distance skills and, on the part of the franchisor, to make them 
available, because there is a binding contract between them and a shared reputation.

Costs of operation and maintenance would no longer be internal and hidden, and external costs 
would become apparent

The partnerships would involve three parties – that is, franchisor, franchisee and the owner of the water 
services infrastructure. The main incentive of the franchisor and franchisee to perform is, frankly, 
that their livelihood depends on it. The incentive to many owners of water services infrastructure 
(most of them municipalities) to reform their current often inadequate provision for quality service 
delivery is the increasing pressure from the South African national Department of Water Affairs and 
Forestry (DWAF), which is threatening to prosecute authorities that do not comply with the legislated 
requirements for safe drinking water and adequate sanitation.
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Many opportunities lie in the franchising of suitable parts of the water and sanitation services value 
chain – of activities inter alia “suitable” for microenterprises in that they can be readily systematised. 
A selection of these has been modeled by WRC and CSIR, and is being made available to emerging 
entrepreneurs as the basis of viable businesses.

Funding for pilot implementation during 2009 has been budgeted by Irish Aid and by DWAF.

Help from the franchisor would be of particular value away from the major urban centres. For ex-
ample – few rural municipalities in South Africa can afford to employ competent qualified staff, and 
this directly results in periodic unreliability of supply and frequent non-compliance with national 
standards relating to, for example, wastewater treatment works effluent quality. Significant improve-
ments would soon be seen if the generally under-qualified and under-resourced water and sanitation 
services staff could have this ongoing support, mentoring and quality control – or if the municipality 
could partner with microenterprises and/or community-based organisations which would, through 
franchising, enjoy the necessary ongoing support, mentoring and quality control from the franchisor, 
and would have quick access to skilled assistance when they needed it.

The cost of the higher skills levels, which are needed only intermittently, is spread across many sites 
– thus cost per franchisee, or per municipality, is low.
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SIWI – Independent and Leading-Edge Water Competence
for Future-Oriented Action

The Stockholm International Water Institute (SIWI) is a policy institute that 
contributes to international efforts to find solutions to the world’s escalating 
water crisis. SIWI advocates future-oriented, knowledge-integrated water views 
in decision making, nationally and internationally, that lead to sustainable use 
of the world’s water resources and sustainable development of societies.
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