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Climate Examples Annual 
rainfall 

mm

�Wet� 
months 
/ year*

Mean daily 
yield over 

12 months 
(large store 

RWH)

Mean 
daily 
yield 

in wet 
season(s) 
(low-cost 

RWH)
mm litre/person/

day
litre/person/

day
Arid Khartoum

Karachi

200 2 2.5 15

Semi-arid Bulawayo

N Peru

400 4 5 15

Summer rains Guayaquil

S W China

800 4 10 25

Humid 
coastal & 
Monsoon

Chennai

Beira

1,000 6 12.5 25

Equatorial

(2 wet 
seasons)

Kampala

Ibadan

1,500 9 18.5 25

High rainfall 
every month

Singapore

Manaos 

2,000 12 25 25

V High 
rainfall 
seasonal

Freetown

Yangon

>2,500 7 >30 >50

Table assumes 7 sq m of roo�ng per person; *�wet� = rainfall over 40 mm/month 

As a short handbook rather than a lengthy research report, this publication offers only 
brief evidence to support its recommendations and suggestions. Much of that evidence 
has however been published elsewhere, for example at the biennial conferences of the 
International Rainwater Catchment Systems Association (IRCSA)

All the hardware recommended has been �eld-tested.

Background and acknowledgements
In 2000 the UK Government�s Department for International Development (DIFD) 
granted a contract to the Development Technology Unit at Warwick University, UK to 
research low-cost domestic roofwater harvesting for application in poor households 
in tropical countries. The research was undertaken in collaboration with local NGO 
partners, namely Water Action in Ethiopia, Lanka Rain Water Harvesting Forum in Sri 
Lanka and ACORD in Uganda. The study centred on developing and �eld testing low-
cost DRWH technologies in one urban/peri-urban and two rural communities in each 
country, (see www.eng.warwick.ac.uk/dtu/pubs/rwh.html for reports). The research 
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Chapter 1.	 Introduction to Roofwater Harvesting

1.1  What is roofwater harvesting?

�Rainwater harvesting� is a widely used term covering all those techniques whereby 
rain is intercepted and used �close� to where it �rst reaches the earth. The term has 
been applied to arrangements to cause rainfall to percolate the ground rather than 
run off its surface, to forms of �ood control, to the construction of small reservoirs 
to capture run-off water so that it can be used for cattle or micro-irrigation and to 
the collection of run-off from roofs and other impermeable surfaces. Thus, roofwater 
harvesting is a subset of rainwater harvesting, albeit an important one. This handbook 
covers only roofwater harvesting.

1.1.1  The basic roofwater harvesting system
Rain falls onto roofs and then runs off. The run-off is extremely variable � for the 
typically 99% of each year that it is not raining, run-off �ow is zero. However if the 
run-off is channelled into a tank or jar, water can be drawn from that store whenever 
it is needed, hours, days or even months after the last rainfall. Moreover as the jar 
is generally located immediately next to the building whose roof the rain fell on, 
roofwater harvesting is used to supply water to that very building, with no need for 
the water to be carried or piped from somewhere more distant.

The essential elements of a roofwater harvesting system, as shown in Figure 1.1, are 
a suitable roof, a water store and a means of leading run-off �ow from the �rst to the 
second. In addition, some RWH systems have other components to make them easier 
to manage or to improve the quality of the water. These elements are described brie�y 
here and analysed in detail later in this handbook.

Figure 1.1. Picture of a simple domestic RWH system
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or �partly below ground� (i.e. set into the ground but with the top above the surface). 
Usually a RWH system uses only one water store, but there are situations where it is 
cheaper to use several different stores, placed round the rain-collecting roof.

Guttering
The arrangement for leading water from the roof to the water store is usually called 
�guttering� or �gutters and downpipes�. The gutters are open channels carrying 
water sideways under the edge of the roof to a point just above the water store; the 
downpipes are tubes leading water down from the gutters to the entrance of the water 
store. There are many ways of achieving the transfer of water from roof to store � for 
example in Northern China the run-off is allowed to fall from the roof edge onto a 
paved courtyard and there led towards an underground tank. However guttering is the 
most popular method because it helps keep run-off water clean.

Other components in a RWH system
Later in this handbook, we will discuss extra components found in some but not all 
RWH systems. These include screens and �lters, over�ow arrangements, level gauges 
and pumps (to lift water out of underground tanks).

1.1.2  The management of a RWH system
To get the best performance from a RWH system, water needs to be effectively 
managed by the user, to ensure that water is available in the dry season, when water 
has its highest value. Indeed one purpose of a water store is to transfer water from the 
wet season to the dry season. RWH systems are managed directly by householders 
rather than by government, water committees or water companies, a task that 
householders soon learn to do well. This style of management is often considered an 
advantage, since the management and maintenance of communal shared sources such 
as boreholes, has often proved problematic.

1.1.3  Institutional and domestic forms of RWH
Rainwater can be harvested from the roofs of individual houses, and that form of RWH 
is the main focus of this handbook. There is also widespread harvesting of roofwater 
in institutions such as schools. However this practice has often run into management 
problems, such as arguments about who �owns� the water or who should maintain the 
system. For these reasons, many institutional RWH schemes have been failures. There 
is even interest in using institutional roofs to collect domestic water but, as discussed 
in Chapter 10, the total area of roo�ng on schools, churches and government of�ces is 
never large enough to supply all the houses in a settlement with water from the sky.

1.2  General character of roofwater harvesting

The general characteristic of harvested roofwater may be broken down into 
convenience, quantity and quality. This Introduction describes these properties in 
general terms, and each is explored in detail later in this handbook.

Introduction to Roofwater Harvesting
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The most striking characteristic of DRWH is that it delivers �water without walking�. 
In this sense, it offers users much greater convenience than do point water-sources 
like wells from which water has to be fetched, or even than public standpipes. This 
convenience is moreover available at every house on which rain falls, whether on a 
mountain top or on an island in salt water � the supply is not constrained by geology, 
hydrology or terrain. The convenience of DRWH is thus similar to that of a household 
piped connection except that the delivery from a RW tank is at very low pressure and 
needs a supplementary power source if it is to be lifted to a household header tank. 
Properly managed, a DRWH source is often more reliable than a piped water source in 
a tropical country (where many piped systems deliver water only intermittently), and 
management is wholly under the household�s control.

The quantity of water obtainable from a typical house roof is not large. At high 
demand levels, such as 50 litres per person per day, DRWH will very rarely be able 
to meet all the household�s water demands. However, at levels of 15 to 20 litres per 
person per day, DRWH may meet all of the demand. Annual output depends on the 
rainfall, the roof size and the complexity of the harvesting system. Expensive systems 
with large tanks deliver more water than cheaper systems with small tanks.

The quality of harvested rainwater varies with the seasons, the roof type and the 
complexity of the DRWH system. Elaborate RWH systems exist in rich countries that 
give the highest quality of water. Crude and informal RWH systems may be found in 
poor countries giving water that is green with algae and risky to drink. Between these 
extremes, good tropical-country DRWH practice gives water that is as safe as that 
obtainable from protected point sources such as wells, and often superior to them in 
taste.

Roofwater harvesting provides a safe and convenient source of water of limited 
quantity, which is best used as a source of good quality water (e.g. for drinking and 
cooking) in a context where less convenient and/or dirtier sources are available to 
meet some of a household�s other water demands.

1.3  Implementing domestic roofwater harvesting

1.3.1  Supply modes
Establishing a successful domestic RWH system entails a chain of actions, starting with 
the appraisal that DRWH is suitable technology for a particular situation and leading 
all the way through to system maintenance. Almost invariably it is members of the 
bene�ting household who operate a DRWH system, because they are on site and 
because it is very awkward for an external agency to control how fast a household 
uses up its stored rainwater. However, some actions in some situations may be carried 
out by external agents such as government of�cers, voluntary organisations, artisans or 
private businesses. Table 1.1 shows some common combinations.
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Table 1.1. Models and agents of DRWH supply and operation
Models of RWH delivery

DIY / 
Self 

build

Self-sup-
ply from 
market

Govern-
ment rural 
water pro-
gramme

NGO-
aided

New 
middle-

class 
estate

Service 
contract

Full cost 
borne by 
user or 
subsidised?

Full cost Full cost Subsidised Subsi-
dised Full cost Full cost

Action Agents
Who 
decides 
if DRWH 
suitable?

House-
hold

House-
hold Govern-

ment

House-
hold + 
NGO

Estate 
devel-
oper

Estate 
devel-
oper

Who 
selects/
designs 
a RWH 
system?

House-
hold

House-
hold / 
artisan

Govern-
ment

House-
hold + 
NGO

Estate 
devel-
oper

Service 
com-
pany

Who 
�nances 
construc-
tion?

House-
hold

House-
hold/
micro
credit

House-
hold+ 

govern
ment

House-
hold + 
NGO

House-
hold  

/devel-
oper

Service 
com-
pany

Who builds 
system?

House-
hold

Artisanal 
installer Contractor

House-
hold + 
NGO

House 
builder

Service 
com-
pany

Who 
operates 
system?

House-
hold

House-
hold Household House-

hold
House-

hold
House-

hold

Who 
maintains 
system? 

House-
hold

House-
hold Household House-

hold Plumber
Service 
com-
pany

1.3.2  Self-supply
�Self-supply� DRWH is quite common in several countries. It normally takes one of two 
forms, namely �informal� DRWH and �suburban� DRWH, applied by respectively poorer 
and richer households. 

Poor, especially rural, households, if they possess suitably hard roo�ng, often collect 
roofwater with a minimum of equipment. Bowls and buckets are placed under the 
eaves during rainfall. Those eaves may have very short and temporary gutters or no 
gutters at all, so run-off is usually intercepted only from a fraction of the roo�ng. The 
water may be transferred to some other container or used directly from the collecting 
vessel. By this informal means, some or all of a household�s water needs can be met 
on rainy days. In the humid tropics there are typically around 100 rainy days per year, 
although on some of these only a millimetre or two of rain falls, insuf�cient to �ll a 
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the wealth to make a signi�cant investment in assuring a reliable, convenient and 
labour-saving supply. Occasionally such houses are rural, for example the retirement 
houses, rural retreats or family homes of successful professionals. More often, they 
are suburban, part of the urban economy not yet bene�ting from reliable municipal 
piped water. In some landscapes, such houses use shallow on-site wells or even deep 
boreholes. In others, water is brought by bowser (tanker). DRWH is however an 
attractive option in the humid tropics and has led to the development of a supply 
chain for tanks (especially galvanised iron, high-density polyethylene (HDPE) and 
underground concrete tanks), and for gutters and such ancillaries as electric pumps to 
lift water to a header tank. Richer household self-supply may disappear once piped 
water reaches the relevant suburb or it may be retained as a cost-saving supplement 
to an often unreliable piped supply. Interestingly, DRWH has made recent advances in 
countries like Germany and Japan despite almost every house already having a piped 
water supply.

Richer household DRWH can be an important precursor to any form of publicly 
�nanced DRWH. It creates a market for both components and specialist installers and 
it offers a fashionable example for poorer householders to follow. In some cases, it is 
in the public interest actively to encourage this form of DRWH, for example because 
it relieves demand on urban water supplies nearing the limit of their natural capacity 
or because it offers some storm-water drainage bene�ts. There may also be need for 
public or state involvement in raising the quality of such private DRWH systems or in 
limiting the power of water companies to prohibit them.

1.3.3  Public supply
Mainstreaming DRWH as a normal option (often as an alternative to further 
developing groundwater sources) within public or communal water supply poses 
special problems for water authorities. DRWH is not in its essence a collective solution 
which can be centrally managed. Nor is it usually suitable as a sole supply, because 
there is not enough roof area per person to generate a generous annual �ow. It is also 
not an option for some members of a community if they have poor homesteads with 
unsuitable roofs. So although DRWH may be cheaper per litre, more potable and more 
convenient than rival sources, it does not easily �t the practices or criteria of water 
authorities or water aiding charities. 

Far more than point sources like springs, wells and tap-stands, DRWH requires the 
cooperation of individual households. Its equipment has to be located on private 
property; its management is household by household; it is not easy to monitor 
water quality or even the quality of installations. Unlike well-drilling or constructing 
gravity-fed systems, installing DRWH does not �t easily with the use of tendering (by 
contractors) for publicly-funded improvements in water supply. DRWH is generally so 
unattractive to the owners of private water companies that they have sometimes tried 
to get it prohibited!

For all these reasons, governments and charities cannot promote roofwater harvesting 
programmes simply by adding �DRWH� to a list of approved technologies.

Introduction to Roofwater Harvesting
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Chapter 2.  The Advantages and Limitations of DRWH

2.1  DRWH compared with other forms of water supply

Almost all water used by human beings derives from rainfall. However, it is always 
necessary to store water, so that it can be used when rain is not actually falling, and 
it is often necessary to transport it from where it falls to where the user is located. 
Roofwater harvesting differs from other water supply modes in that there is no need to 
transport water, since it is used within a few metres of where it falls as rain. It does not 
use the soil as its storage medium, as is the case for almost all other modes.

Figure 2.1 below shows the main forms of rural water supply and marks by bold lines 
and arrows where water carrying occurs. Forms of lateral transport other than carrying 
are underground �ow through an aquifer, surface �ow along a river and gravity �ow 
down a pipe. (This �gure does not show the pumping of water from a well, spring or 
reservoir to a tap-stand or to a household tap.)

Lands on a roof

Penetrates
the soilRain

from
the sky

Home

Well or borehole

Spring

Reservoir

Tap standPipe flow

Underground flow

Surface flow

River flow

Drawing point

Lands on
the soil

flowing under gravity or pumped

carried by a person or vehicle

Enters river

Household tank
Gutter/downpipe flow

Figure 2.1. Common rural water supply techniques

The �gure also shows the means of storing (�buffering�) water from the point when 
it falls as rain until it is used in a household. In the case of DRWH systems, water is 
normally stored in 1,000 to 10,000 litre household tanks � also sometimes called �jars� 
or �cisterns� � and it is these tanks that dominate the cost of the system. In water 
supply other than DRWH, the cheapest and most common way of storing water is 
in the ground itself, in an aquifer whose top surface (water table) rises and falls with 
the seasons. However, there are often problems with aquifers. They may pollute the 
water they hold with such natural minerals as iron, �uorides or arsenic, with man-
made nitrates derived from fertilisers or sometimes with pathogens from latrines. They 
may be too thin or too deep, and in areas of crystalline rock they can be impermeable, 
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2.2  Quantity: How much water can be harvested?

The quantity of water (Q) that runs off a roof into gutters, in litres per year, is fairly 
easy to calculate using the rough equation 

Q = 0.85 × R × A

where:
R is the total rainfall in millimetres in that year
A is the guttered roof area in square metres
0.85 �is a �run-off coef�cient�. It takes into account evaporation from the roof and 

losses between the roof & any storage tank; its value is around 0.85 for a hard 
roof in the humid tropics, where rain is often intense. It would be lower where 
rain falls as light drizzle and much lower for a thatch roof.

The amount of this run-off that can be actually delivered to a user by a RW system is U 
litres per year, where U is less than the run-off Q because the receiving tank sometimes 
over�ows. 

In fact  
U = E × Q

Where E is the �storage ef�ciency� (a number never greater than 1) with which we use 
the water that reaches the tank. This ef�ciency E varies with:
�	 the tank size (bigger is better but also more expensive)
�	 the climate (equatorial is best, having a long-dry-season is worst)
�	� the way water is drawn: a higher rate of demand means higher storage ef�ciency 

E and so more litres in total but lower reliability (fewer days� supply per year).

There are different ways of employing DRWH, with names like �sole source DRWH�, 
�main source DRWH�, �wet-season DRWH� and �potable water DRWH�. These are 
examined in the following section. However, the storage ef�ciency (E) for all of them 
is usually between 0.4 and 0.8. Taking into account both the run-off coef�cient and 
storage ef�ciency the water available to a household during a year is between one 
third and two-thirds of the rainwater falling onto the guttered part of the roof. How 
to select a tank size to get a desired ef�ciency or other performance is covered in more 
detail in Chapter 6 of this handbook.

In assessing the amount of water to expect from new DRWH systems it is therefore 
desirable to collect annual rainfall data and also to roughly survey the sizes of suitable 
(e.g. hard) roofs. Whilst the fraction of houses having hard roofs may be recorded 
in national household surveys, the distribution of roof sizes is unlikely to be recorded 
there. The median roof size and the size corresponding to the (lowest) 20th percentile 
of house roofs should suf�ce to evaluate the scope for DRWH in any particular 
settlement.
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The �rst four styles listed in this table are described in the following paragraphs. 
Discussion of the �fth style (RWH as emergency water) may be found in Chapter 10, 
while the vulnerability of RWH systems to various disasters is covered in section 2.5 
below.

2.3.1  Using DRWH as a sole source of water
RWH is not very suitable as a sole water source, because to achieve this requires 
such an expensive tank. Sole source RWH is used only if all alternatives to it are really 
dif�cult. Either water demand must be small, as in the example above, or the roof must 
be big or the annual rainfall must be high. Indeed, except in locations having a mean 
rainfall of over 2,000 mm/year, the main limitation on sole source RWH is roof area. 

2.3.2  Using DRWH as a main source
If the RWH system is considered only as a main source, but does not have to meet full 
water demand during the driest months, its tank can be made considerably smaller 
than for sole source supply. A smaller tank is cheaper, but will often over�ow during 
days of heavy rain and this will lower the ef�ciency with which roof run-off is captured 
to about 65%. The tank will also run dry during the driest months, although careful 
water management can reduce the length of these periods. 

A humid household in the tropics will experience fairly generous RW availability during 
maybe 60% of each year (the wetter part), reduced availability for another 30% or so 
of each year and almost no availability for the remaining 10% of each year. During the 
period when no roofwater is available all household water must come from another 
source � the roofwater tank may prove useful for storing this �other� water and even 
for improving its quality by sedimentation. This water from other sources may be 
relatively expensive per litre, whether measured in cash, in walking/queuing time or 
in sickness due to drinking poor quality water. For this reason meeting 80% of annual 
consumption by use of roofwater may reduce the total annual cost of water supply 
from other sources by only 60%.

It is very bene�cial if during the drier months the household reduces its demand for 
water. For example 2 months with partial supply (50% of demand) is of greater bene�t 
to residents than 1 month with full demand met followed by 1 month with no supply 
at all (empty tank). The simplest and generally most ef�cient way of rationing water 
from a tank is to vary withdrawals according to the level of the water left in the tank. 
We recommend an adaptive regime such as that in table 2.3:

Table 2.3. Adaptive demand strategy (for main source applications of DRWH)
Amount of water in tank Withdrawal  

(litres/person/day)
Tank is over 2/3 full 20
Over 1/3 but under 2/3 15
Under 1/3 10

See 6.2.2 for explanation of adaptive demand strategy
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2.3.3  Using DRWH as a wet season water source
Many households already collect roofwater on wet days. Unfortunately lack of 
guttering and storage vessels means they can only intercept a small fraction of the run-
off. Wet season DRWH markedly increases this fraction using quite cheap equipment. 
With guttering, plus tanks or jars whose capacity is equal to 3 or 4 days consumption 
(say 400 litres), a household can meet all its water needs with roofwater throughout 
almost all of the wet season. This is particularly attractive where other sources are 
especially dirty at such times of year or if water fetching is especially unpleasant.

This wet season harvesting can become a nice precursor for more expensive main 
source harvesting, allowing households to get used to managing limited supplies and 
maintaining such hardware as gutters.

2.3.4  Using DRWH as a potable water source
In many rural situations and some urban ones, roof run-off water is cleaner than 
water from rival sources. One can therefore choose to operate potable water DRWH, 
drawing from the tank only water for drinking, cooking and basic hygiene, and using 
other sources for water uses such as laundry, house-cleaning, livestock and bathing. 
In some cases activities like bathing and laundry can take place at these other sources 
(e.g. at ponds in Southern Asia). 

Because the requirement for potable water is not so high (say 30 to 40 litres per 
household per day), a medium-size tank may suf�ce to guarantee this quantity daily 
throughout the year. Although the RWH system may now be meeting only one third 
of total water-use volume, it is providing the most valuable part, worth probably more 
than half the annual total. Low rates of withdrawal result in the water staying a long 
time in the tank. This in itself improves water quality from a health point of view but 
may worsen the water�s taste. So care must be taken both to make sure the tank 
materials do not give the water a bad taste and to apply additional cleansing measures 
to the in�ow water immediately after rainfall.

2.4  Low-cost forms of DRWH

As the storage tank accounts for most of the cost of a RWH system, a low-cost system 
is one with a cheap tank. Chapters 6 and 7 and Appendix 2 of this handbook discuss 
tanks. A cheap tank is likely to have less than 2,000 litres storage for a household or 
less than 10,000 litres for a school. 

The most obvious way of deciding whether a RWH is low cost would be to compare 
its cost with some upper acceptable limit. For example, a cost ceiling of US$ 100 
investment per household might be chosen, (the actual �gure should be based on 
conditions in the particular country where the RWH system is to be built). Alternatively, 
it is possible to work out the expected cost per litre of delivered water and check that it 
lies below some threshold such as 0.5 ¢/l.

The Advantages and Limitations of DRWH
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Cost comparisons with other water technologies, should allow for the greater 
convenience of RWH than water fetched from a distant point source, but also for its 
failure to provide much dry season water.

Only under an exceptionally favourable equatorial climate, with rain expected every 
month, can �low-cost� RWH act as a sole source of water. So we normally dismiss this 
possibility and concentrate instead on its use as main source, wet season source or 
potable water source. 

Table 2.4. Low-cost DRWH in the tropics

1.	 In an equatorial climate with short dry seasons, low-cost DRWH can be the main 
source.

2.	 Throughout the humid tropics it can be used as a wet season source or as a 
potable water source.

3.	 In a Monsoon climate with a 6-month dry season it is only feasible as a wet 
season source.

4.	 In a semi-arid zone, low-cost RWH has little role unless highly integrated with 
other sources.

These four situations are discussed in more detail at the end of this chapter. In 
addition, there is also the informal (or �opportunist�) self-supply DRWH discussed in 
Chapter 1. Throughout the rural tropics one can also still �nd examples of the historic 
technique of collecting rainwater from trees � practitioners are usually old people. 
Informal DRWH is often a precursor to formal DRWH. The practice of the former 
creates demand for the latter and, as with other new techniques, staged upgrading is 
more likely to succeed than sudden wholesale promotion.

2.5  Risk and reliability

Roofwater harvesting, like all other sources of domestic water, carries the possibility of 
failure.

Drought
An obvious failure is when tanks run dry after a long period without rain. This feature 
of performance is expected and can to some extent be anticipated. For a known 
climate, we can design a roofwater harvesting system to give a known availability of 
water in an �average� year � high if we are prepared to pay for a large tank, lower if we 
are not.

The science of weather forecasting is barely able to tell what will happen only one 
week ahead and so we cannot �know� next year�s rainfall. We usually assume it will be 
like past rainfall at the place we are building. However, there will always be years that 
are drier than usual. In such years even roofwater harvesting using big tanks may fail. 
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In summary, roofwater harvesting is more vulnerable to drought but less vulnerable to 
other threats (sudden or slow-acting) than water supplies drawing on groundwater or 
rivers.

2.6  When not to use DRWH

Roofwater harvesting is not appropriate where normal conditions for its use cannot be 
met, where cheap, sustainable, plentiful alternative supplies have already been installed 
or where very high levels of water quantity and water quality must be provided.

�Normal conditions� may be taken as meaning that all the following conditions are 
satis�ed:
�	� roo�ng is �hard� rather than vegetative � this condition is met far more widely in 

the tropics today than it was 20 years ago, but there are still rural communities 
where only a few (richer) houses have hard roofs

�	� adequate annual rainfall per person reaches the guttered part of the roof 
� normally the captured run-off should equal at least the planned annual 
consumption per person; the trend towards multi-storey housing construction is 
unfavourable to DRWH because it reduces the area of roof per person

�	� there is space within the housing plot to construct a tank and permission for a 
householder to do so

�	 extreme air-pollution is absent.

Very high levels of demand or water quality that may exclude DRWH include:

�	 consumption exceeding 40 litres per person per day; 
�	� a need to meet the full WHO �zero risk� bacterial standards, as recommended for 

urban piped water.

2.7 � Initial check list 

To proceed with roofwater harvesting we need to answer �YES� to each of these 3 
questions:

Q1. �Is current water provision thought by some householders to be seriously 
inadequate in quantity, cleanliness, reliability or convenience?

Q2. �Is there an existing capacity to specify and install DRWH systems in the area, or 
could one be created in a suitable time?

Q3. �Is there adequate hard roo�ng area per inhabitant, at least the �gures given in 
Table 3.5 below? This table assumes that 20 litres per capita per day (lcd) is the 
normal supply but that this may drop to 14 lcd in the drier months. For potable 
water only, the requirement is assumed to be only 7 lcd. 
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Table 2.5. �Roof area required (m2 / person) for different styles of DRWH and different 
rainfalls

Type of RWH 700 mm 
rainfall

1000  
mm

1500  
mm

2000  
mm

>2500 
mm

Roof area needed (m2/ person)
Sole source of 
water
annually supplies 
95% or more of a 
�demand� of 20 lcd 

Large 
tank

14.5 10 6.5 5 4

V Large 
tank

12 8 5.5 4 3

Main source
supplies 70% of 
demand of 20 lcd in 
wet season, 14 lcd 
in dry season

Medium 
tank

11.5 8.5 5.5 4 3

Large 
tank

9 6 3.5 3 2

Wet season only 
source
supplies 95% of 
wet-season de-
mand

Small 
tank

8 5.5 4 3 2.5

Medium 
tank

6 4 2.5 2 1.5

Potable water 
only source
supplies 95% 
of  7 lcd demand 
throughout year

Small 
tank

6.5 4.5 3.5 2.5 2

Medium 
tank

5 3.5 2.5 1.5 1

Notes: 	 For each type of DRWH, roof areas needed for two tank sizes are shown
Bold type indicates the tank size normally used for that style of RWH and the 
corresponding roof area needed (we assume about 35% of the roof run-off is spilt due 
to tank over�ow.) 
Italic type shows a larger tank size (giving only 10% spillage) and the smaller 
corresponding roof area needed

	 �lcd� = litres per capita per day

2.8  The main applications of domestic roofwater harvesting

There are a number of situations that particularly favour adopting some form of 
DRWH. The principal of these are as follows.

1.	 Improving user convenience (and increasing water use)
	� The most obvious role of DRWH is to reduce the drudgery of water fetching. Thus 

we might emphasise its installation in households more than, say, 500 metres 
from a reliable clean point source, or located high uphill from the nearest source. 
In many rural areas in the tropics, over half of households are in this situation, 
requiring more than two minutes to collect each litre of water they consume. 
Studies have shown that where protected sources are currently too widely spaced 
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5.	 Where householder investment in water infrastructure is needed
	� Many tropical countries striving to reach water supply and sanitation targets, 

lack the funds to achieve them. Finance for water improvements can come from 
governments, from aid agencies and from private investors (via private water 
companies). Each of these agents has advantages and disadvantages. Some mix is 
needed and in urban areas there has been some recent shift from the �rst to the 
last agents in this list. DRWH enables and encourages householders to invest in 
water infrastructure directly: it is as applicable to rural areas as to urban ones.

2.9  Water-access distances

Water carrying, even over �at ground, is a chore that increases with the distance 
from house to water source. If that distance is 500 metres then to collect 20 lcd (a 
WHO recommended minimum) takes around two hours per typical household per 
day � and much more for very large households or where the terrain is steep. There is 
often queuing time at the water point, occasionally for many hours a day. In theory, 
most tropical countries have some of�cial maximum for access distance to a protected 
source beyond which a household would be classi�ed as �unserved�. This maximum 
was �1 mile� in much colonial legislation and the corresponding distance of 1,500 
metres may still be found in of�cial documents in countries like Uganda and India. In 
other countries, a shorter distance like 500 m is now used. In practice, the dif�culties 
of measuring such distances result in distance limits being largely disregarded when 
national �safe water coverage� statistics are calculated. In Africa in particular, very 
much time is spent in carrying water and this is becoming increasingly politically 
unacceptable.

Access distance standards are particularly important for DRWH policy, because 
installing DRWH dramatically reduces annual (or average) water collection time, 
although it may not reduce the maximum collection time per litre in the driest months. 
DRWH protagonists therefore need to challenge unrealistic distance standards (e.g. 
over 500 m) and ensure that average rather than maximum daily distance is stated 
in design speci�cations. Indeed they might best press for a ceiling on annual mean 
collection time per litre to be incorporated in water policies (as this would allow for 
both steep gradients and queuing times) and concentrate on serving with DRWH those 
households currently so far from point sources of safe and reliable water that they 
exceed this ceiling.

2.10  Economic viability

There are two main economic tests one might apply to a proposed DRWH investment. 
One is from the viewpoint of the user � �Is the payback from investing in DRWH good 
enough?� The other is from a water service provider � �In this location, is DRWH a 
cheaper way of achieving a particular level of service than any of the alternatives? This 
topic is covered in more detail in Appendix I: here we will just mention the main issues.
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Chapter 3.  Health Aspects of RWH

3.1  Water quality

Because some household water is drunk or swallowed with food, the quality of water 
drawn from RWH systems is very important. Rainwater itself is of excellent quality, 
only surpassed by distilled water � it has very little contamination, even in urban or 
industrial areas, so it is clear, soft and tastes good. Contaminants can however be 
introduced into the system after the water has fallen onto a surface. This handbook is 
focused on roofwater harvesting precisely because most hard roofs give much cleaner 
run-off water than can be obtained from ground level run-off. The run-off from thatch 
roofs is by contrast quite seriously contaminated. Where thatch water is harvested, 
it is commonly then improved by processes such as alum-accelerated sedimentation, 
boiling, SODIS (solar water disinfection) or other disinfection.

3.1.1  The path of contamination
When considering the water quality of a roofwater system, it is useful to observe the 
complex path a contaminant must follow in order to enter a human being. The usual 
paths are shown in Figure 3.1.

Microbiological
contamination

Carried by
vector

Washed out
of air

Rooftop

Direct Entry
into tank

Carried by water
entering the tank

Residence in
 the tank

Tank outlet

Ingestion

Blown dust

Chemical
contamination

Figure 3.1. Contamination paths for roofwater harvesting
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There are a few reports of gastroenteritis associated with Campylobacter, which is 
carried by birds, however the cases reported are either in immuno-compromised 
subjects (such as a chemotherapy patient) or have rainwater listed alongside several 
other possible causes (such as the consumption of poultry).

One outbreak of Giardia/Campylobacter has been reported. This was the result 
of poor sanitation practice where the outfall from a leaking septic tank entered an 
underground rainwater tank.

There have been a small number of epidemiological studies involving households using 
RWH systems. They show that households drinking rainwater have no greater risk of 
gastrointestinal illness than those drinking from groundwater sources or, in one study, 
than those using chlorinated public mains water.

The lessons that can be drawn from these cases is that good practice is essential in 
maintaining good health when using rainwater for drinking. However if good practice 
as described in Chapter 9 is observed, systems should provide good quality water. 
Special arrangements such as boiling, SODIS or biosand �ltering may be appropriate 
for the very young, the very old or those whose immune system is reduced (e.g. by 
AIDS).

3.1.3  Microbiological contamination
A large number of studies measure indicator bacteria, such as total or thermo-tolerant 
coliforms, in rainwater systems. Most have shown indicator bacteria in rainwater 
tanks in some quantity but that this quantity has large variations both from system-
to-system and over time, with readings changing several orders of magnitude within 
a few days. The reason for this is that the water becomes contaminated though the 
addition of material washed in from the roof, but over time contamination levels 
reduce due to settlement and die off within the tank. This can be seen in Figure 3.2 
where the levels of indicator bacteria rise after rains and then fall over time until the 
next rain. Reductions of 90% have been noted after about 3 days, though this will 
change somewhat with local conditions.
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Asbestos
Asbestos roo�ng is a common material in some countries and asbestos gutters can 
sometimes be found, so there are concerns about the risk of health problems from 
drinking water that has run-off via such materials. 

There have been a number of epidemiological and animal-based studies of asbestos 
in drinking water distribution pipes in centralised water supply systems. The animal 
studies involved dosing them with large amounts of asbestos and results were mainly 
negative, although some inconclusive results have also been obtained. Epidemiological 
studies have found little to no evidence of a correlation between ingestion of asbestos 
and gastrointestinal cancers.

Advice from the World Health Organisation and others is that while it is dangerous 
to breathe in asbestos dust, for example while cutting asbestos materials, there is no 
known danger from drinking water containing asbestos �bres. Asbestos is strongly 
associated with lung cancer, not stomach cancer. Asbestos pipes continue to be used in 
many countries for drinking water distribution with no ill effects.

3.2  Mosquito breeding

Mosquito breeding in roofwater harvesting systems has been associated with reported 
outbreaks of malaria and dengue in several locations. However, storage systems have 
usually been described as poorly designed and maintained, particularly in the case of 
unscreened and open-topped tanks. Gutters are also quoted as an important breeding 
site, particularly if they are incorrectly installed or installed with a low gradient so they 
do not drain properly, allowing water to pool in the gutter and/or debris to build-up. 

The �out of sight out of mind� nature of many parts of a rainwater catchment system 
is seen as a particular problem. Many parts of the systems are above eye-level and do 
not receive the attention they need � gutters are not cleaned and screens and covers 
are not checked regularly. This is further discussed in Chapter 8 and section 9.5.2.

Even a well screened tank will often allow insects to enter, mainly as �tight �tting 
lids� tend not to be as tight �tting as they appear. It is not uncommon to �nd adult 
mosquitoes in rainwater tanks. Mosquito eggs are also found as they can be laid by the 
adult directly in the tank or in the gutters and then washed into the tank with the next 
rains. A fair proportion of these eggs will hatch out to become larvae, which present 
an aesthetic problem as �nding �wrigglers� in one�s drinking water is off-putting. 
However, the main issue from a public health viewpoint is whether adult mosquitoes 
emerge from tanks and represent an increase in the total population. 

Mosquito larvae go through four stages (called instars) before they pupate and emerge 
as adults. Larvae eat bacteria and protozoans but as discussed in section 3.1, these 
organisms are rare in well designed rainwater tanks that don�t allow the entry of light. 
Laboratory studies have found that in the absence of nutrients, larvae don�t develop 
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beyond the third instar and therefore adult mosquitoes don�t develop under those 
conditions. Field surveys have found that at one extreme there are open-topped tanks 
with a high load of washed-in organic material � where tiny worms and mosquito 
larvae and pupae abound. At the other extreme, tanks which are covered so that 
no light enters and are well screened against the entry of leaves and twigs � may 
contain a few larvae but do not contain pupae. These studies are preliminary but do 
indicate that a well-designed and maintained tank will not encourage the spread of 
mosquitoes.

RWH systems are also reported to be only a fraction of the available breeding sites for 
mosquitoes and so should be considered as a part of a larger effort to mitigate their 
breeding.

3.3  Special risks peculiar to RWH systems

There are a few special health risks associated with RWH, though these are rare and 
are generally lower than the risks of collecting and carrying water from other sources.

Digging underground tanks can be hazardous in certain soil conditions. Local 
experience with latrine digging should therefore be noted. Fortunately, tank excavation 
is not very deep or narrow, therefore avoiding some of the hazards of well digging.

Householders sometimes express the fear that having an outdoor water store makes 
them vulnerable to malicious poisoning. However, no instances of this occur in the 
literature and there are few poisons that would be effective when diluted by a large 
amount of rainwater.

Underground tanks with missing covers, like open wells, are an obvious hazard to small 
children or to night walkers. For this reason some above ground walling or fencing 
is desirable on such tanks. Even above-ground tanks need to be properly covered to 
discourage children from swimming in them.

There have been occasional reports of builders or cleaners being asphyxiated after 
entering a tank, and it is good practice to have someone outside the tank when 
anyone enters.

Building and maintaining RWH guttering without scaffolding involves the risk of 
falling.

3.4  Health bene�ts

Properly performed, DRWH delivers safe drinking-quality water. Where this replaces 
water from unsafe sources, signi�cant health bene�ts can, of course, be expected.

Health Aspects of RWH
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Chapter 4.  Delivering DRWH Systems

In Chapter 1, six modes of DRWH delivery were mentioned (Table 1.1). In this chapter, 
some of these are discussed in more detail.

4.1  The special problems of subsidised DRWH

�Self-supply� DRWH (as discussed in section 1.3.2) places key responsibility for 
technology choice and for �nancing with the individual household. Such a household 
might well, for example, choose to start with a very cheap low-performance variant 
of DRWH. Government�s involvement in that process is either negligible or limited to 
some aspect of public education, quality control or provision of credit.

By contrast, the use of DRWH to achieve a governmental aim of better water coverage 
may require some form of subsidy, and any such subsidy is in turn likely to require 
public accountability, some element of equity and hopefully transparency too. (A 
discussion of the actual delivery follows in section 4.5 below). In many countries, 
the delivery (as opposed to the design) of water infrastructure has recently been 
transferred to the private sector via some form of contract tendering.

In Chapter 1, the special features of DRWH were identi�ed, as was their consequent 
con�ict with government delivery procedures originally designed to generate only 
�communal� water sources. Almost all government or NGO programmes to deliver 
DRWH systems entail cost-sharing � the household is expected to contribute part of 
the cost and a governmental or aid-funded subsidy will pay the rest. In the case of 
NGO programmes, there may also be other objectives (such as the empowerment of 
women) that justify a high level of costly interaction with households and communities 
or even a 100% subsidy. 

To succeed, any programme of subsidised DRWH needs to include the following 
activities:
1.	� A study to establish that DRWH is economically viable in the target area � i.e. 

is likely to supply water to a de�ned level of convenience more cheaply than by 
increasing the number of point sources.

2.	� A popularisation process in which householders are taught the bene�ts and 
limitations of the technology they are being encouraged to invest in � perhaps 
encouraged by seeing suitable local demonstrations.

3.	� The agreement of a subsidy policy � for example that outside funds will pay only 
for a partial DRWH system per household and that the cost of any excess over 
that minimum has to be borne by the bene�ting household.

4.	� A household selection process that identi�es which houses are physically capable 
of installing DRWH, �nancially capable of paying a share of its cost and are 
�deserving of subsidy�. Deserving might mean they are located far from existing 
point sources or they are particularly water-stressed for social reasons. Clearly 
the interests of those unable to bene�t must be covered by some political or 
community process.
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5.	� A supply chain for key components like gutters, tanks (if not built on-site), taps, 
inlet �lters etc and materials like cement and suitable sand.

6.	� An installation/construction process which may use actual household labour (for 
which training must be provided) or more usually artisanal labour (for which 
training may still be needed). Installation also needs some form of quality control.

4.2  The supply chain for DRWH components

Any new technology requires the development in parallel of (i) a supply chain 
for materials and components, (ii) demand from the �nal user or some agency 
representing the �nal user and (iii) local stockists/installers/repairers. Fortunately, the 
�self-supply� activities of richer households and the demands of other parts of the 
water economy often result in a DRWH supply chain forming in towns. Institutional 
and self-help RWH may result in the local manufacture of gutters and metal 
water tanks. Unreliable municipal water supplies usually create a market for large-
capacity HDPE header tanks amongst richer households. However, these are urban 
developments that rarely extend to small towns or villages.

There are two extremes between which we may place any particular DRWH supply 
chain. 

One extreme is the centralised manufacture of fairly high-tech components, such as 
PVC interlocking guttering, by a large (often multinational) company. The company 
will be well placed to bid to supply large DRWH programmes and its products will 
generally be of proven quality. However, delivery costs may be high and the company 
is unlikely to appoint distribution agents at village level. The bulkiness of most DRWH 
components means they do not lend themselves to international trading. However, 
certain specialist components of more advanced DRWH systems may only be currently 
available from countries like Australia, Germany or USA. Such components are unlikely 
to be used in low-cost tropical DRWH. The more common small components like taps, 
level gauges and low-lift pumps may be more cheaply available as imports � from 
countries like China � than from artisanal workshops or capital-city factories.

The opposite extreme is to use components made on site � for example mortar-lined 
underground tanks rather than factory-made plastic ones. On-site production may 
even be done by householders under suitable supervision. Materials like cement 
are of course usually mass-produced, but that poses no problem as they serve a 
large enough general market to have developed a good distribution network. Other 
materials, like sand and timber will be locally generated. Informal DRWH systems 
may be made entirely on site from very local materials. However, simple formal 
DRWH systems are usually made locally, employing mass-produced materials. As 
in the case of drilling wells, when control over tendering is passed from central 
to local government there is often a swing towards production techniques that 
maximise the fraction of expenditure that is retained in the local economy. Many 
NGO programmes have sought to make �income generation� a key objective of their 
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DRWH activities or to reduce the cash cost of DRWH systems by using household 
labour as much as possible.

Between these extremes are production processes that mix mass-produced 
components with on-site construction or that employ components made in small 
local workshops. The oldest of the large DRWH programmes, in North East Thailand, 
employs mortar jars made in local workshops and the same approach has spread to 
Indochina. By contrast the big North Eastern Brazilian �1 Million Tanks� programme 
emphasises on-site construction.

In choosing which form of supply chain to promote and after assessing what is already 
available, government and other agencies need to weigh up the relative importance of:
�	� simplicity of contract (large contracts with a single supplier are easiest to organise; 

they may however be most prone to corrupt practices)
�	 potential for local income generation (highest with workshop/artisanal supply)
�	 need to minimise cash contribution by households (favours self-build programmes)
�	 lowest cost (production + delivery + supervision + training)
�	� national modernisation/industrialisation policy (and enhancing linkages within the 

economy)
�	 sustainability (in terms of any limited local resources and import capacity)
�	 replicability in new districts
�	 performance (durability, ease of correct installation, reliability)
�	� competition (avoidance of over-dependence on a single local or national 

enterprise).

4.3  Small rainwater supply companies

At the village level, a householder needs a string of services before she/he can 
prudently install �self-supply� DRWH. These are
�	 advice about viability, cost and likely water yield
�	 design of a system (especially the sizing of components)
�	 procurement of components
�	 installation and any on-site construction
�	 advice about how to operate the system once built
�	 maintenance services and repairs.

It is unlikely the householder can reach one of a country�s few DRWH experts, and 
these services are beyond the experience of most local jobbing builders. There is 
therefore a strong case for the development, through example, training and perhaps 
the placing of initial orders, of rainwater harvesting companies located in small trading 
centres, each serving 1,000 to 10,000 households. A typical such company, employing 
three people, will:
�	 stock and sell a small range of DRWH system components like gutters
�	� know where to obtain the materials and tooling needed to build new DRWH 

systems
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�	 have the skill to install/build simple systems 
�	� be able to interpret design guides (e.g. those prepared by a national rainwater 

association) and then recommend a range of viable designs to customers.

Although the initial business of such companies is likely to be �self-supply� DRWH, they 
are suitable to be sub-contractors to NGOs running subsidised DRWH programmes 
and in due course to tender for local government contracts too. Such companies 
have in the past often grown out of NGO programmes. Any government DRWH 
programme would be strengthened by the existence of such companies and therefore 
their establishment is a proper part of any strategy to mainstream DRWH.

4.4  Delivery of DRWH by NGOs

Non-government organisations, both national and international, have been in the 
forefront of DRWH promotion. They have identi�ed or developed suitable designs, 
sometimes importing them from other countries. They have trained practitioners. 
They have been able, by virtue of their close contacts with communities and 
community-based organisations (CBOs), to engage communities with such dif�cult 
issues as the selection of households to bene�t from outside subsidy. They have 
engaged in familiarising communities with the possibility of DRWH alongside other 
educational activities relating to health and hygiene. They have also used DRWH 
as a means of achieving goals other than improved water supply, such as the 
strengthening of civil society, the relief of poverty and the emancipation of women. 
In many countries, NGOs have been formed speci�cally to promote or install 
DRWH. In some countries, for example Sri Lanka and Uganda, government agencies 
exploring the possibilities of DRWH have been happy to employ NGOs to implement 
pilot programmes.

It seems unlikely, however, that NGOs will continue to have a major role once DRWH 
is more securely established. Their statutes and traditions make them rather weak 
contractors. They are under pressure from both clients and funders not to �fail� and 
therefore to prefer expensive but safe solutions rather than take an appropriate level 
of risk. In many countries, DRWH suffers from excessive costs and it is not usual 
for NGOs to emphasise cost reduction. Indeed, in some NGO programmes, such 
thorough and frequent community and household consultations are made that each 
�US$ 150� DRWH installation has to carry the cost of several motorised visits to remote 
homesteads by NGO staff.

However, DRWH is such a decentralised technology that the ability of NGOs to 
penetrate deeply into rural society is particularly valuable. We may therefore look to 
NGOs to specialise in:
�	� pioneering/piloting DRWH delivery in new districts under contracts that allow for 

a high level of uncertainty in outcome
�	� delivery of DRWH to very remote communities or to selected marginalised 

households
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�	� advocacy for RWH in general and its more radical versions in particular
�	� using DRWH alongside other techniques in social uplift and rural income-

generation programmes.

A weakness of some NGO programmes has been an unwillingness to promote 
sustainable forms of DRWH. Some NGOs see themselves as essential, long-term 
intermediaries between aid agencies and households, and have therefore been 
reluctant to accept the commercialisation of services such as the supply of water 
systems, or to reduce �standards� in order to achieve system affordability. Thus, many 
NGO DRWH programmes have unfortunately been as �start-stop� as government 
programmes, with activity wholly regulated by the availability of new funding.

4.5  DRWH in government water programmes

DRWH is slowly becoming a technology acceptable within government water 
programmes, especially for rural areas, and the phrase �mainstreaming rainwater 
harvesting� is increasingly heard. In many tropical countries, foreign governments 
have a signi�cant in�uence over national water supply strategies via of�cial aid, so 
their growing interest in DRWH is also affecting its status with governments and civil 
servants.

Unlike NGOs, however, government water agencies are more regulators than 
implementers of programmes, more susceptible to political pressures and probably 
even more wary of risky innovation. Until the late 1990s, government agencies in 
tropical countries had direct experience of delivering water infrastructure and hence 
receiving feedback concerning technological changes. Today the assumption is that 
technical innovations should originate either in the private sector or perhaps in NGOs. 
It is not clear how either of these can afford the prior investment to be able to deliver 
�proven� new technologies for public use.

4.5.1  Relieving water stress
The most obvious entry point for DRWH in governmental water programmes is the 
servicing of �water-stressed� communities. These are settlements where, for one reason 
or another, water supply is inadequate and conventional technologies are too dif�cult 
to use to improve it. In some countries, like India, national technical criteria have been 
developed for assessing which communities are, or are not, water stressed. In other 
countries the process is more informal or purely political. Growing decentralisation of 
political decision-making offers a mechanism for a water-stressed area to give a high 
priority to improving water supply, even if that prioritisation still needs to be expressed 
as a request for funding from a central budget. Some water-stressed communities are 
simply starved of investment or are socially marginalised. Others suffer deteriorating 
water supply due to bad technical practices, like groundwater pollution or over-
pumping of aquifers, or to loss of control of resources to more powerful neighbours. 
A third group suffer from essentially geological problems: the water to which they 
have access is barely potable yet would be very dif�cult to purify. Where these local 
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problems are severe, government must face the dif�cult step of moving from funding 
communal water sources to funding household ones. For example, how bad must 
local conditions be before a government agency would agree to pay for changes to 
domestic roofs to make them suitable for DRWH in a settlement where all other supply 
options were impractical and yet most roofs were still grass?

Where such signi�cant procedural changes are required, it is attractive to pilot them in 
an area of dire necessity before applying them where DRWH has a smaller economic 
advantage.

4.5.2  Modernisation
The next entry point is �modernisation� � which in the context of rural water supply 
might simply mean reduction in drudgery. Water supply policy has for several decades 
been mainly driven by health concerns, especially favouring the replacement of 
dirty water sources by safer ones. Often public of�cials and NGO staff have been 
patronising � �educating� communities about the importance of clean water, hygiene 
and good sanitation using their superior scienti�c knowledge. However whereas 
a householder�s commitment to cleaner water may depend on believing medical 
explanations about how diseases are transmitted, the same householder needs no 
expert to explain that water-carrying is laborious. DRWH matches to some extent a 
change in emphasis from �improving heath� to �making life easier� and from telling 
people what is good for them to letting them decide their own priorities. It also feeds 
into any cultural strategy to increase the rights or in�uence of women and children.

The usually-assumed �modern� approach to water supply is to deliver plentiful clean 
water by pipe to every household. In the short term, this is known to be far too costly 
and perhaps too hard to manage for poor countries, but it remains a longer-term 
target. However such centralised delivery of water, and even the practice of only 
delivering a single (i.e. potable) quality of water is coming under question worldwide 
even in rich countries that have depended on treated piped water for decades. DRWH 
could be regarded as a stepping stone towards the modernisation of water supply 
� a technology to be used for the time being until something better can be afforded. 
However, DRWH is also a candidate �post-modern� technology, something that the 
whole world may be moving towards to achieve greater environmental sustainability. 
Thus, a poor country deploying roofwater harvesting may be �leading� rather than 
�catching up�. DRWH can be viewed as a pioneering technique similar to eco-sanitation 
and water recycling. 

4.5.3  Attracting private investment
A third motive for promoting DRWH is desire by government to attract private 
investment in water infrastructure. In cities, non-government investment in water 
supply can be sought from �nancial institutions mediated by large, even international, 
water companies. The model of the public-private (actually public-commercial) 
partnership (PPP) is well established, although its achievements in the water sector 
are not impressive. However for the supply of water to poor and scattered rural 
households in the tropics, this model seems unsuitable, because it is unlikely to 
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generate good operating pro�ts for commercial companies. Instead, it looks more 
attractive to engage rural bene�ciaries directly and entice householders to invest 
something in their own water supply. 

Operating programmes that match this motive of encouraging investment can con�ict 
with ideals of equity, since to concentrate public resources on those most able to make 
a matching contribution clearly militates against the poorest households. It is generally 
accepted that water, at least at some very basic level of supply, should not be treated 
as an openly tradable commodity to be assigned only to those who can afford it. So 
perhaps �water as a right� is being replaced not by �water as a commodity� but by 
�some water as a right, more water as a commodity�. There are ways of matching a 
DRWH programme to such ideas, freely offering a minimum of water to all (using very 
small and cheap systems) but requiring bene�ciaries to fund any supply above that 
minimum. Choosing that minimum (at for example 5, 10, 20 or 40 lcd) is of course, 
ultimately a political decision.

4.5.4  Water equity
A fourth objective of a governmental DRWH programme may be �geographical 
equity�. Indeed this is the driving force of most recent government investment in rural 
water infrastructure and has recently been associated with the slogan �Some water for 
all, not all water for some�. DRWH is a good tool for meeting this objective, since it 
can be applied household by household. Using �walking time to the nearest protected 
source� as a measure, one can readily target DRWH to have the greatest effect on 
balancing hitherto unequal water access. With community assistance and acceptance, 
DRWH can also be targeted at other categories of disadvantaged household, for 
example at the poorest of the poor. In practice, it may be necessary to set aside a small 
part of the funds for a part-subsidised DRWH programme to cover a total subsidy for 
exceptionally needy households.

4.5.5  DRWH for households of people with disabilities
Households where people have disabilities may be particularly limited in how much 
water they can fetch, whether their disability is injury (e.g. from landmines in 
Cambodia), chronic illness (e.g. AIDS/TB in Africa), old age or a shortage of adults 
in the household. Programmes to deliver DRWH speci�cally to such households are 
discussed in Chapter 10.

4.5.6  DRWH for refugees and internally-displaced persons (IDPs)
People displaced from their homes, of which the world holds at least 30 million, 
generally become very poor and have little political leverage to obtain services like 
water. Their homes are small and often made of temporary materials: they rarely have 
good roofs. There may even be a government policy of discouraging temporary homes 
(camps) from taking root and becoming more permanent through the delivery of 
better services. Camp dwellers often live at a higher density than their settlement area 
can support and may be located on marginal land away from existing services. They 
may be at special risk from such threats as �re � which every year destroys several 
African refugee/IDP settlements.
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It seems unlikely that DRWH has a major role to play during the �crisis� (new arrival) 
phase of a refugee camp: it may have some contribution to make in the longer term. 
The use of DRWH for reducing water stress after disasters like war or earthquake is 
discussed in Chapter 10.

4.5.7  Delivering a public subsidy
Tendering is at the heart of proper allocation of publicly funded work to private 
contractors. However tendering requires the job to be clearly de�ned in terms of both 
quantity and quality. To tender for the delivery of de�ned components, such as plastic 
water tanks of a de�ned size and durability, to a government depot is straightforward. 
By contrast, to sensitise a community to the possibility of a new technology and 
then, with the participation of bene�ciaries, to deliver a predetermined number of 
part-subsidised domestic systems is much less amenable to tender. Not only does the 
contractor require an unusual range of skills � for example in community mobilisation, 
training, materials procurement and construction quality control � but the outcome 
of the programme depends in part on factors outside the contractor�s control. At the 
very least, there is a problem of transition when community DRWH programmes are 
�rst introduced in a country or area, because it is unsatisfactory for contractors to 
learn solely on-the-job. At the worst, DRWH might prove impossible to deliver using 
conventional tendering procedures.

As well as �start-small� pilots, other options employed in other areas than DRWH to 
address such dif�culties include:
�	� to precede open tendering with a training and qualifying programme for 

interested contractors
�	� to separate social activities like community sensitisation and micro-credit allocation 

from technical activities like procurement, building and inspection and treat them 
under separate contracts

�	� to operate construction subsidies by giving householders credits to obtain selected 
components or services themselves from authorised suppliers � backed by a 
process of con�rming actual construction of approved DRWH systems

�	� to operate construction subsidies via suppliers in the form of a process by which 
approved suppliers (competitively selected by the householders) are reimbursed 
for part of the cost of the components and services they supply. Similar systems 
are used by Northern governments to promote investment in domestic energy 
conservation, pollution control etc.

4.6  Increasing the demand for and understanding of DRWH

Activities listed in section 4.1 started with a study of viability and (assuming the 
viability test is passed) popularisation. 

The operation of DRWH systems, and usually also their �nancing, requires householder 
commitment. So it is hardly possible to mount a part-subsidised DRWH programme 
without �rst undertaking popularisation whose purpose is to create some local demand 
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Chapter 5.  DRWH Con�gurations and Requirements 

5.1  Components of domestic roofwater harvesting systems

The main parts of a DRWH system were named in Chapter 1. In this chapter we 
go into more detail about what we require of each part and in Chapters 6 to 9 we 
describe ways of meeting those requirements.

Rainwater harvesting systems can roughly be broken down into four primary processes 
and three treatment processes. These are outlined in Figure 5.1.

Catchment Conveyance

Filtering/
Seperation

Storage

Treatment

Delivery

Filtering/
Disinfection

Figure 5.1. Process diagram of domestic rainwater harvesting systems

A typical low-cost roofwater harvesting system in a developing country was shown in 
Figure 1.1. In that �gure the catchment is a roof, the water is conveyed by guttering 
and downpipe to a storage tank, and delivery is by a tap connected to the tank. 
Treatment includes a manual ��rst �ush� system and a before-tank �lter/screen. A 
number of processes automatically occur within the tank itself such as settlement, 
�otation and pathogen die-off. Finally, the household may employ some technique 
of disinfection (such as chlorination, solar disinfection or use of a ceramic �lter) to the 
water after it is drawn from the tank.

5.2  Roo�ng requirements

The two basic requirements for a roof to be used for roofwater harvesting are:
�	� most of it (e.g. over 80%) must be easy to connect to gutters and there should be 

some method of �xing those gutters under the roof
�	� the water that comes from the roof must be free of serious or poisonous 

contamination, especially by dissolved material.

For a roof to yield good quality water, the roo�ng material must be impermeable. As 
can be seen in Table 5.1, organic roofs (e.g. thatch) have only a very small run-off 
coef�cient (the fraction of water that falls of a roof that is conveyed to the gutters) 
and produce poor quality water. Organic roofs are also sometimes round in shape and 
have a high slope, making guttering dif�cult to apply. 
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5.4  Filtering and separation

Some degree of �rst-�ush diversion, �ltering or separation is required, particularly if 
the water will be used for drinking. Diversion means throwing away the roof run-
off water whenever it is particularly dirty � like in the �rst minutes of a storm after 
several dry dusty days. Filtering and screening mean �holding back� solid debris on 
a surface but letting the water pass through. Solid debris therefore builds up on the 
�lter and periodically has to be removed, perhaps by the �lter surface being washed. 
Flow separation means splitting the �ow into two streams, one containing most of 
the water, the other containing most of any debris. The �rst stream goes to the tank; 
the second stream is thrown away. Self-cleaning �lters are effectively a type of �ow 
separator. (Water quality and water treatment are covered in Chapter 9.)

Filtering the water before it enters a tank has several advantages over �ltering it as it 
leaves the tank. It prevents most of the nutrients that breeding insects and bacteria 
need from ever reaching the tank. Pre-�ltration also means the tank will rarely or ever 
need cleaning. Combined with good tank ventilation, it stops the tank water from 
going anaerobic and smelling.

Criteria that should be met for inlet �lters or separators are set out below:
�	� they should be capable of dealing with the �ows associated with high rainfall 

intensities (e.g. a 2 mm / minute downpour onto a 50 m2 roof causes a �ow rate 
of 1.7 l/s): high �ow rates require large �lter areas

�	� they should be easy to clean or largely self-cleaning
�	� they should not block easily (if at all) and blockages should be easy to see
�	� they should not become a source of additional contamination if left uncleaned
�	� the cost of the inlet �lter should not be too high (10% of the tank cost should be 

considered a maximum)
�	� the amount of water lost by diversion or for washing the �lter should be only a 

small part of the total �ow.

Inlet �lters can be located anywhere along the water-�ow path from the roof to the 
tank inlet.

The pros and cons of different positions are shown in Table 5.3.
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�	� provide water of a quality commensurate with its intended use � water that is 
used for drinking requires particular care:

	 �	� the tank should be covered to prevent entry of light, and sealed against 
intrusion by mosquitoes and small creatures

	 �	� the tank should be ventilated to prevent anaerobic decomposition of any 
matter that is washed in.

Ideally, it should also:
�	� be affordable
�	� be durable (or easy and cheap to maintain in good condition)
�	� have a means by which water can easily enter and easily be withdrawn (into the 

normal household receptacle used in the area)
�	� have some arrangement to satisfactorily handle tank over�ow
�	� be easy to clean or  �self-cleaning�
�	� look attractive.

To reduce guttering costs and complications, the tank should be sited as close to 
the house as is possible without undermining the foundations of the dwelling. If 
an underground design is used it should be placed more than 15m uphill from any 
pit latrine. The selection of tank type is covered in Chapter 7. The sizing of tanks is 
covered in Chapter 6.

5.6  Special requirements for urban areas

Urban environments have many constraints of their own. They are much more 
crowded than rural areas and space (land) is expensive. Roof sizes can be quite 
small (as low as 2 m2 per person); the materials they are made from are sometimes 
scavenged and less than ideal. Tenure is often uncertain with many people living as 
tenants and others �squatting�. 

The solution to the space problem is to build tanks which have a small footprint 
or that protrude from the building as little as possible. In the case of a squatter or 
temporary settlement, the structures should also be portable. An example of a water 
store speci�cally designed for use in a crowded settlement is the drum tank described 
Appendix 2. The capacity of such a tank will, by necessity, be small (less than 1,000 
litres), however this is an economically sensible size given the availability of alternative 
water sources and the small roof sizes. 
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Chapter 6.  Tank sizing

6.1  Introduction to sizing

The tank or jar used to store water in a roofwater harvesting system is usually its most 
expensive component. If we choose to make it very large, the system will make the 
best use of the water running off the roof but will incur a high cost. If we choose a 
very small tank, the system will be cheap but will waste quite a lot of the available 
water because the tank will sometimes over�ow. So �sizing a tank� means choosing the 
best compromise between good performance and low cost. Often there are only a few 
tank sizes available, so sizing means choosing which of these offers the best value.

Sizing can be done by custom (use the size everyone else in the district has been 
using for years), or by price alone (use the biggest tank you can afford) or by some 
sort of calculation. This chapter presents ways of calculating what size is best for in a 
particular house. That �best size� is not the same for all houses, but depends upon the 
climate, the roof size, the number of people living in the house, the way the household 
manages its rainwater supply and the household�s wealth.

For example, here is a list of factors that favour a household buying a big DRWH tank
�	� the cost of water (from other sources) is high
�	� the dry season is long and the cost of water in the dry season is much higher than 

in the wet season
�	� the roof is large and so is the family size
�	� the household is rich, or can borrow money at a low rate of interest
�	� the household is not willing to reduce its water consumption in the drier months.

For an agency providing highly subsidised DRWH, a big tank is justi�ed where
�	� the house is in a �water-stressed� area or is very far from any other water source
�	� people in the household are too disabled to fetch water
�	� there is political willingness to provide a large subsidy in order to give a high level 

of service.

The opposite of the conditions listed above would justify buying (or supplying) only a 
small DRWH tank.

In sections 6.2, 6.3 and 6.4 below we discuss these factors and how they in�uence 
tank sizing. section 6.5 describes a very basic procedure for choosing a tank size. 
section 6.6 covers more complex (advanced) tank sizing techniques.
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6.2  Water availability, water demand and DRWH �performance�

6.2.1  Water availability and need
The water available in an average year, as run-off from a hard roof, is typically 85% 
of (roof area in square metres) x (annual rainfall in mm). We will call this Annual 
Run-off (ARO). In rural areas of the tropics, ARO is typically 20,000 to 60,000 litres 
a year. Of course, the amount varies from year to year and run-off mostly occurs in 
the wet season. (Close to the Equator there are often two wet and two dry seasons 
per year, further from the Equator there is only one of each per year.). As mentioned 
in Chapter 1, only a fraction of this ARO can be used by the household. That fraction 
varies from under 10% for an informal DRWH system with little guttering and little 
storage, to over 90% for a system with full guttering and a very big tank. However 
a tank doesn�t make water, it only stores it, so there is no way of harvesting in a year 
more water than runs off the roof in that year. Thus if the roof is small, the water 
harvested from it is unlikely to meet all the household�s water needs, no matter how 
big the tank.

The amount of water a household �needs� is very hard to decide. If water were cheap 
and plentifully available day and night, a household might use 1,000 litres a day 
� as is common in countries like the USA. If water were very scarce and expensive, 
it might use as little as 12 litres a day. Each person needs at least 2 litres per day to 
stay alive in a warm climate and at least 7 litres per day to stay healthy and practice 
good hygiene. The World Health Organisation recommends 20 litres per person per 
day as a minimum, but there are many rural communities in the tropics where water 
consumption is well below this �gure.

6.2.2  Demand strategies	
We are more interested in the demand a household places on its DRWH system � how 
much it tries to draw from it each day � than actual �need�. Householders with a new 
DRWH system usually draw a lot of water from it and discover that their tank gets 
empty early in the dry season. In their second dry season they usually lower their 
demand, so that they get a higher level of water security. They also may discover that 
they can combine a high water supply in wet months with reasonable water security 
in dry months by varying their demand either according to the season or according to 
how much water is left in the tank.

In calculating the performance of a DRWH system (and how it varies with size of 
tank), we need to �rst decide what demand is going to be put on the system. The 
three most common demand strategies are

Constant demand � a �xed amount, which we can call �standard� demand, is 
drawn each day until the tank runs dry
Adaptive demand � a �xed (�standard�) amount is drawn whenever the tank is 
between 1/3 and 2/3 full. This demand is increased by (for example) one third 
whenever the tank is more than 2/3 full, but is reduced by (for example) one third 
whenever the tank is less than 1/3 full. 
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Seasonally-varied demand � a larger amount might be withdrawn in traditionally 
wet months and a lower amount in traditionally dry months.

Of these three demand patterns, the second (�adaptive�) is usually the best from an 
economic point of view.

6.2.3  Choosing a �standard� demand
Very few DRWH systems give too much water � more water than the household could 
make use of. So even the �standard� demand is likely to be less than need. It is sensible 
to choose a standard daily demand that matches the annual water (A x R) expected to 
fall on the roof.

As there are 365 days in a year, a sensible daily demand would be A x R / 540 (that is 
80% of average daily run-off where run-off itself is 85% of water reaching the roof). 
As will be shown later, higher demands result in poorer system performance.

6.2.4  Describing the performance of a DRWH system
In order to choose which of several possible tank sizes to use, we need to understand 
their different performances.

The simplest measure of DRWH system performance is ef�ciency; that is the fraction 
of the roof run-off water that reaches the household. Thus if 40,000 litres a year runs 
off the roof into the gutters and the household only draws 30,000 litres a year from its 
RW tank, we would say the system ef�ciency was 30,000/40,000 = 0.75 (i.e. 75%). 
Ef�ciency = 100% represents technical perfection but is never realisable or affordable. 
Ef�ciency = 25% shows that most of the run-off is being wasted and there is much 
scope for improvement.

However, we can think also think of performance as �how well the roofwater system 
does what we have asked it to do�, and we choose some measure of that performance. 
The most obvious such measure is demand satisfaction, which is the fraction of the 
annual demand (in litres) the system manages to deliver. Another such measure is 
reliability which is the fraction of days in a typical year that the tank has not run dry. 

An economic measure of performance is the annual value of water delivered. This 
could be combined with the cost of the system to generate some standard economic 
ratio such as the system�s payback time (capital cost of system / annual value of the 
water it delivers).
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Table 6.1 summarises the various possible performance measures. The most common 
ones are shown bold.

Table 6.1. Roofwater harvesting system performance measures
Measure Formula Units Of special 

interest to
Annual water delivered Wa litres
Ef�ciency E = 100x Wa/ARO % System designer
Demand satisfaction S = 100x Wa/

demand
% Householder

Tank empty days per year Te days Householder
Reliability of supply 100 x (365- 

Te)/365
% Householder

Value of water delivered in year $water money

Payback time $water/$system cost years Investor/Govt/
NGO

All these measures are affected by tank size and in particular the ratio of tank volume 
V to average daily run-off (ADR = ARO/365). This ratio is measured in days (since 
V is in litres and ADR is in litres per day) so it is convenient in this handbook for us 
to describe tank sizes in days. Thus a �7-day� tank has a volume equal to 7 times the 
average daily roof run-off.

6.3  The ideas behind tank sizing

The performance of a RWH system thus depends upon both supply and demand 
factors, in particular:
�	 the local climate 
�	 the area of guttered roof
�	 the capacity V (in litres) of the RWH storage tank 
�	 the strategy the household members use to draw water from their tank 
�	 the �standard� daily household demand.

The system designer can�t change the climate and probably can�t afford to increase the 
roof size to a larger one, so tank capacity (V) is the main design variable. Making the 
tank bigger will improve performance but will strongly increase overall cost, because 
tanks account for up to 90% of RWH system costs. As said above, we are seeking to 
�nd what size gives the best trade-off between performance and cost.

In the past very large tanks were often built, so large that they sometimes cost more 
than the house they served. These gave good water supply performance but at an 
unaffordable price. In fact the most �economical� size (that which gives the shortest 
payback time) is usually very small � typically of a volume equal to only about three 
day�s water consumption.

Tank Sizing
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6.3.1  Meeting a de�ned �measure of performance�
The �rst step in tank sizing is to decide which performance measure (of those in Table 
6.1) to use. Each of them is useful; none is perfect. Having chosen both a performance 
measure and what value we want it to have, we could investigate different sized 
tanks and choose the one that is just big enough to give the required performance. 
For example, we might size the tank to give a demand satisfaction of 85%. To do the 
investigation we will need to know all the other factors � climate, roof size, standard 
demand and tank water-management strategy.

This approach takes no account of costs or ability to pay. We could call it the 
�performance-at-any-cost� approach. It is the opposite of a �what-we-can-afford-
regardless-of-performance� approach. More commonly we use neither of these 
approaches but seek to balance performance against cost.

6.3.2  The cost of a RWH system and its economic performance
The cost of a RW tank depends on its design, on where and how it is built and on its 
volume. Here we are looking particularly at tank volume, V. Tanks of any given design 
usually show strong �economies of scale�, meaning that their cost per litre of capacity 
goes down as their volume goes up. Suppose a RW tank is to be built in an Indian 
village. The following costs illustrate the economy of scale (Rs = Rupee):

1 small (1,000 litre) tank costs Rs.1,000/-, giving unit cost of Rs.1.0 per litre of 
tank volume,

2 small (1,000 litre) tanks cost Rs.2,000/-, giving the same unit cost of Rs.1.0 per 
litre,

but 

1 big (2,000 litre) tank costs only Rs.1,400/-, giving a lower unit cost of only 
Rs.0.7 per litre.

Generally one big tank will be about 30% cheaper than two smaller ones that together 
match its capacity. 

System costs are dominated by tank costs, except when the tank is very small. Table 
6.2 shows how overall system cost typically rises with increasing tank volume, but 
system cost per litre of storage falls. It also shows how, from knowing the cost of one 
system, you can forecast the cost of another system with a larger or smaller tank. This 
economy of scale is discussed further in section 7.5.
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6.4 � Effect of tank size on performance in representative 
climates

6.4.1  Various climates
No two locations have identical rainfall. Moreover, good local rainfall records are not 
normally available to a tropical DRWH system designer. Even if they are available, they 
describe the past, not the future. For this reason, sizing RW tanks is always a rough 
process, with uncertainty of up to plus or minus 30%. We can consider three climate 
zones as being representative of much of the humid tropics, each having annual 
rainfall R of at least 800 mm. The zones are:

Zone A - �uniform rainfall zone (Cuba, Indonesia), no month�s average rainfall is 
under 20 mm

Zone B - �bimodal rainfall zone (Lake Victoria, Venezuela, Sri Lankan Wet Zone) 
� there are 2 wet seasons each year and no two successive �dry� months 
have under 20 mm rainfall

Zone C - �unimodal rainfall zone (Ethiopian Highlands, Liberia, Panama, 
Philippines) � one wet and one dry season each year and not more than 
three successive dry months

	In addition to these three zones, a fourth is just outside the �humid� tropics proper 
and is less suited to low-cost DRWH.
Zone D - �Monsoon zone (e.g. Abuja, San Salvador, Delhi) � up to 6 successive dry 

months.

In the Introduction, we said that DRWH is mainly for use in the humid tropics, 
essentially zones A to C above. Most sites more than 15 degrees from the Equator 
are in zone D which is outside the true humid tropics and where very low cost DRWH 
performs poorly. An expanded list of countries and their climate zones is shown below 
in Table 6.10

6.4.2  Performance under constant �demand�
The simplest water demand strategy described in section 6.1 is one of �constant 
demand�. Every day the household attempts to draw the same �standard� amount from 
their RWH system. Some days however this demand will not be fully met and some 
days the tank will be empty and demand won�t be met at all. We will now look at 
what level of demand satisfaction we can expect, when using this strategy. (Demand 
satisfaction = litres of water delivered / litres demanded) We can work out an average 
level over an average year. However during the year this satisfaction will vary � from 
near 100% during the wettest months to as low as 10% during the driest month.

Actual rainfall records have been used to calculate Table 6.3 and Table 6.4.

Table 6.3 shows that the demand satisfaction (for which the higher the value the 
better) that we can expect from any particular tank size gets markedly worse as we 
move from Zone A to Zone D. 
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Table 6.4. �System payback time for different tank sizes and climates  
(daily demand D = constant = 80% of ADR)

Tank size  
(V / ADR )   

5  
days

10 
days

20 
days

40 
days

80 
days

160 
days

Climate Performance:  payback time (in months)
Zone A   
Uniform humid 

6* 8 11.5 18 27.5 43

Zone B   
Two short dry 
seasons 

8.5 10.5 14 20 29 43

Zone C   
One dry season 

9 11.5 16 23 33.5 47

Zone D   
Monsoon

10.5 13.5 18.5 26.5 37.5 49

* As a basis for all the other values of payback, Payback Time for 5-day tank in Zone A 
has been taken as 6 months.

Table 6.5 is similar to Table 6.3 except that the daily demand has been increased from 
80% to 100% of average daily run-off. The satisfaction is now poorer, even when the 
tank is made as large as 100 days, showing that it is unwise to apply a demand as high 
as this (1.0 x ADR).

Table 6.5. �Demand satisfaction with higher demand  
(constant daily demand D raised from 80% to 100% of ADR)

Tank size  
(V / ADR )   

5  
days

10 
days

20 
days

40 
days

80 
days

160 
days

Climate Performance:  demand satisfaction (%)
Zone A   
Uniform humid 65 79 88 93 96 99
Zone B   
Two short dry 
seasons 

44 58 70 77 85 93

Zone C   
One dry season 

43 55 65 71 76 85

Zone D   
Monsoon

38 48 55 61 69 80

6.4.3  Performance under adaptive demand
So far we have assumed a constant daily demand (e.g. D = 80% of ADR). Instead 
we might employ an adaptive demand like that described in section 6.2.2. Now the 
daily demand will vary between 4/3 of 80% of ADR (consumption raised) down to 
only 2/3 of 80% of ADR (consumption cut), according to how much water is left in 
the tank. We now get a better performance as shown in Table 6.6. Compared with 
constant demand, satisfaction is up by 20% for very small tanks, but the improvement 
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is negligible for very large tanks. If instead of calculating satisfaction as the fraction of 
demanded water that was delivered, we had calculated the fraction of days for which 
demand was satis�ed, we would have found an even bigger improvement from using 
this �adaptive demand�.

Note that demand satisfaction is measured against a particular demand pattern and by 
adopting adaptive demand instead of �xed demand, we have changed this demand 
pattern. Thus it may be feared we are obtaining greater reliability at the expense of 
less water overall. However, were we to measure total water delivered by a DRWH 
system in a year (or ef�ciency, which is total delivery / total run-off), we would �nd 
that changing from �xed to adaptive demand does indeed also increase the total water 
delivered and hence capture ef�ciency. This is because under adaptive demand less 
water is lost per year through tank over�ow during heavy rains.

Table 6.6. ��Demand satisfaction� as in Table 6.3 but with adaptive demand  (demand 
is variable but based on a �standard demand� of 80% of ADR)

Tank size  
(V / ADR ) = 

5  
days

10 
days

20 
days

40 
days

80 
days

160 
days

Climate Performance:  demand satisfaction (%)
Zone A  
Uniform humid

85 95 99 100 100 100

Zone B  
Two short dry 
seasons

65 79 89 95 99 100

Zone C 
One dry season

62 74 82 85 90 98

Zone D  
Monsoon

57 67 74 79 85 94

6.4.4  Effect of operating choices on performance � and recommendations
There are two main operating choices open to a household using DRWH. These are 
the level at which it sets �standard� demand and whether it uses constant demand 
(throughout the year) or adaptive demand (draws more water in wet months and less 
in dry months).

Table 6.7. Effect of operating choices
Operating choice Demand 

satisfaction
Reliability Ef�ciency 

& annual 
yield

Payback 
time

Increase the 
�standard� demand

Gets worse Gets much 
worse

Improves Improves

Change from 
�xed demand  to 
adaptive demand

Improves Improves 
strongly

Improves Improves 
slightly

Tank Sizing
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Recommendation
The setting of standard daily water demand should be at about 80% of average 
daily roof run-off (i.e. at roof area x annual rainfall / 540) and households should 
adopt adaptive daily demand rather than �xed daily demand.

6.5  Suggested (basic) tank sizing method

The following suggested method for tank sizing is based on following a �ve-step 
procedure. (We assume that users manage their water with an adaptive strategy, 
drawing more when the tank is nearly full than when it is nearly empty.)

Table 6.8. Five-step basic procedure for choosing tank size

1.	� Calculate the average daily run-off (ADR). 
ADR in litres/day  = (roof area in m2) x (local annual rainfall in mm) / 430 (the 
number 430 expresses both days in year and 0.85 roof run-off coef�cient).

2.	� Select a climate Zone (A to D) with the aid of Table 6.10 below. 
3.	� Decide your design objective (I, II, III or IV) from the four listed under in Table 

6.9 below. Most people use either Objective II (= using a small tank to keep 
costs low and accepting that user �demand� cannot always be met) or Objective 
IV (= using a large and expensive tank to make sure that demand can be met 
in all but the very driest week in a typical year). Objective I, the cheapest, is for 
where roofwater harvesting is used only to save water-collection time during 
the wet season.

4.	� From Table 6.9, read off a recommended tank size N (which is listed in �days�).
Work out the tank size V (in litres) as ADR x N.

5.	� Work out a suitable �standard� daily demand  (= 80% of ADR expressed in litres 
per day) and tell the user this is what you have designed for. Also tell them 
that it is OK to use 1/3 more per day when the tank is nearly full but that they 
should use 1/3 less when it is getting empty. (This is the adaptive demand 
strategy).
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6.6  More advanced tank sizing procedures

6.6.1  Using a computer programme to predict system performance
In selecting the sizing methods described in section 6.5 above, you are relying on 
other people�s judgement of what to design for. If however you are ready to choose a 
tank size that takes into account both cost and performance, you may decide to use 
a performance simulation programme like the rainwater tank performance calculator, 
available at the web site www.eng.warwick.ac.uk/dtu/rwh/model. 

The procedure to use is
1.	� Gather rainfall data for your area (ideally actual monthly data for 10 years, 

otherwise just use mean monthly data for all 10 years). 
2.	� Log onto the site and follow the instructions. It will enable you to compare the 

performances of various tank sizes for your particular rainfall and building. It gives 
you a choice of assumptions to work to about user behaviour and a choice of 
performance measure � reliability, satisfaction or ef�ciency.

3.	� Choose the tank size that will just give the performance you have decided you 
need.

4.	� Check whether the cost of this size of tank is affordable � you can assume system 
cost varies with tank size according to Table 6.2. If it is not affordable then choose 
a lower level of performance. Remember that the smaller the tank, the better is 
the economic return � i.e. the shorter the payback time.

6.6.2  Tank sizing for semi-arid zones
The trade-offs discussed above, and the tank sizing recommendations that follow from 
them, do not �t semi-arid zones � i.e. zones with dry seasons longer than 6 months. In 
such zones all dry season water sources may be unreliable. In such situations, a popular 
strategy is to try to �ll a tank during the short rainy season and then use that one 
tankful of water over the rest of the year. Such tanks are likely to be even bigger than 
the largest sizes shown in Table 6.9. 

The tank designer has to choose whether to make its volume �large� (namely equal in 
volume to an average year�s roof run-off) or �very large� (equal to run-off in a year of 
unusually good rainfall). To make this choice, it is desirable to know the annual rainfall 
for the last 15 or more years. To assist tank sizing in this context, a well-established 
computer programme called SIMTANKA2 can be found at the Ajit Foundation web 
site: http://homepage.mac.com/vsvyas/science.html#simtanka. After using the 
programme to estimate the performance of the system with the tank size you propose, 
compare that performance with that tank�s cost to decide whether the combination is 
acceptable.
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Chapter 7.  Selecting the Tank Type

7.1  Introduction

The tank represents the largest single cost in a roofwater system: in higher capacity 
systems it can account for 90% of the total system cost. Even in smaller capacity low-
cost systems, the tank represents about 70% of the system cost. It is therefore vital to 
get this component right.

The selection of the right tank involves a number of variables, some easily measured 
and others more dif�cult to quantify. Some important factors are:
�	 Cost
	 �	 up-front cost (in cash and time)
	 �	 maintenance cost
�	 Direct bene�ts
	 �	 amount of water delivered
	 �	 number of months per year the system is in operation
	 �	 longest period the system will be dry
	 �	 water quality
�	 Indirect bene�ts
	 �	 time saved not fetching water from other sources
	 �	 health bene�ts accrued from increased water use
�	 Prestige value
	 �	 tank size
	 �	 quality of construction
�	 Other factors
	 �	 local knowledge of designs and techniques
	 �	 is it desirable to build (and pay for) the system in stages?

To a water supply organisation, the most important factors are cost (primarily up-front 
cost, since maintenance is typically done by the household), and the direct bene�t in 
the water collected by the system (and the knock-on bene�t in saved time, and/or 
additional water use in the home). The bene�t side of the equation itself has two 
components: how much each household can gain from its DRWH system and how 
many households can be provided with systems. The second of these will depend on 
the cost of each system of the chosen design and the total amount of money available 
to build systems.

To a householder, the priorities may be different. Up-front cost is important where 
there is a signi�cant household contribution or the tank is bought outright by the 
household. However, in recent years many tropical DRWH systems have been so 
heavily subsidised that bene�ciaries have had little interest in the cost. The amount of 
water that can be delivered by the system is important to the householder. The actual 
amount is dif�cult to predict and is usually unknown to the householder, who will 
probably use the tank size to judge this. Prestige is also important to householders � a 
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Tank size 1,000 
litre

2,000 
litre

5,000 
litre

10,000 
litre

Design 1: Pumpkin tank

Number of tanks 
that can be built

1,000 680 410 280

Unskilled labour 
content (per tank)

6  
days

8  
days

13 
days

19  
days

HH contribution 
(other than labour)

0 0 0 0

Design 2: Dome tank
Number of tanks 
that can be built

2,000 1,360 820 560

Unskilled labour 
content (per tank)

6  
days

8  
days

13 
days

19 
days

HH contribution 
(other than labour)

0 0 0 0

Design 3: Mud tank
Number of tanks 
that can be built

3,000 2,040 1,230 840

Unskilled labour 
content (per tank)

9  
days

14  
days

24 
days

35  
days

HH contribution 
(other than labour)

0 0 0 0

Figure 7.1. An example of a tank selection matrix (Pictures: D.Rees and D.B. Martinson)

7.2  Cost

Selecting a tank design with too high a cost will have several drawbacks:
�	� roofwater harvesting will be seen as an expensive option
�	� there will be a low service coverage for a given programme budget; a few 

households will get a big improvement in their water supply but most will get none
�	� the technology will not be replicated, as it is unaffordable (In recent surveys, 

almost all householders cite lack of resources as the main reason they have not 
taken up domestic roofwater harvesting.)

�	� cost-recovery will prove impossible.
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Tanks can be made cheaper by reducing the size of the tank or the quality of materials 
used or by increasing the household contribution (in either money or time). Reducing 
size can provide large savings, as shown in Chapter 6. However, householders often 
demand larger tanks for reasons beyond their need for a water supply, associating 
larger tanks with better security and status. Other options may therefore be 
appropriate to reduce the cost per unit size. (Due to economies of scale, this is more 
correctly described in terms of an equivalent unit cost � see section 7.5).

7.2.1  Strategies for cost reduction

Shape optimisation
Savings in materials can be made by optimising the geometry of water tanks so as to 
minimise the ratio of surface area to volume. For example a spherical tank has only 
87% of the surface area of a cylindrical tank holding the same amount of water, and 
a tank whose walls are thicker at the bottom than at the top uses less material than 
one whose wall are of a constant thickness. Using highly optimised shapes should, 
however be balanced against the additional skill required to form them � for example a 
spherical tank with tapered walls is very hard to make and requires complex formwork 
(formwork is a temporary frame used to hold wet concrete in a particular shape until 
it sets). If skilled labour is inexpensive, considerable savings can be made by changing 
from a simple to a complex shape, as the amount of material to make the tank can be 
reduced by up to a third. By contrast, where labour is expensive, it may be better to 
use a simpler shape such as a cylinder since that is quicker to manufacture. 

Optimised shapes also tend to need specialised moulds that should be factored into 
any cost calculation. These moulds however can usually be used many times and so 
are extremely useful when a large number of tanks is required. The �Thai jar� is a good 
example of shape optimisation and reusable moulds. Many millions have been made 
and this is widely recognised as one of the cheapest designs � although this is for a 
number of reasons of which the shape is only one (see Box 7.1). The larger Sri Lankan 
�pumpkin� tank has a partially optimised shape and is constructed on an open frame.

Each material favours particular shapes. Bricks, concrete and sheets of waterproof 
fabric are all easier to form into rectangular shapes than into circular ones. The top of a 
tank is cheaper to build as a sloping or conical roof than as a �at slab.

Workshop production
Production in an indoor workshop is an important part of the reason for the low-cost 
of the Thai jar. Signi�cant savings in material and labour can be made if products are 
manufactured in quantity and under closely controlled �factory� conditions. The buying 
power of the manufacturer increases and proper workshop practices such as batching 
and sub-assembly can be incorporated to reduce labour cost. High-performance 
manufacturing practices such as vibrating tables and underwater curing can also 
be incorporated into workshop-produced tanks increasing their strength without 
increasing material use. Production is also unaffected by bad weather. 
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7.3  Other factors affecting technology choice

7.3.1  Labour content
Generally, the labour used in building tanks will be local, so tank-making will 
generate local employment and money will go into the local economy. Using designs 
whose construction has a high labour content will therefore usually be good for the 
community as a whole. Labour time varies with tank size in much the same way as 
overall cost, so the easiest way of expressing labour cost is as a fraction of total cost. 
This fraction will stay fairly constant throughout changes in tank size but will vary 
strongly from design to design and country to country, as the relative costs of labour 
and materials change. Some labour cost fractions for production of tanks are given in 
Table 7.2. The same �gures can also be used to estimate the labour fraction of tank 
maintenance costs. 

Table 7.2. Labour cost as a fraction of the total cost, for selected rainwater tanks 
Tank type Ethiopia  

(variable material 
cost & low labour 

cost)

Uganda  
(high material cost 
& low labour cost)

Sri Lanka  
(low material cost 
& medium labour 

cost)
Mud tank 63% 55% 80%
Thatch tank 40% 45% 70%
Dome tank 35% 35% 60%
Pumpkin tank 35% 25% 50%
Open frame 
ferrocement

25% 25% 35%

Drum tank 20% 25% 60%
Tube tank 20% 30% 50%
Tarpaulin tank 20% 20% 33%
Plate tank (Brazil) 15% 15% 30%
Thai jar 10% 20% 30%
Moulded plastic <5% <5% 10%

7.3.2  Potential for householder contributions in kind

Unskilled labour content
Often, bene�ciaries who are very poor are expected to contribute to costs in the form 
of labour. If householders are willing to provide this, then choosing a design with a 
high unskilled labour content will allow them to install a larger system than they could 
otherwise afford. This, of course only holds true up to the point where householders 
consider that the level of labour and organisation required is a burden. This issue 
should therefore be discussed with the community at the technology-selection stage. 
The household labour cost is best expressed as a fraction of the total labour cost � but 
it can also be presented to householders as the time commitment they are required to 
make, and can be also used by a DRWH system provider in budgeting.
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7.4  Tank materials and techniques

7.4.1  Precast Concrete

A pair of precast tanks in  
rural Australia 
(Picture: Economy Tanks Pty. Ltd.)

A precast concrete 
tank being buried in 
urban Germany 
(Picture: Mall GmbH)

Precast plates being 
placed on a ferrocement 
tank in Brazil 
(Picture: Johann Gnadlinger)

In high-income countries such as Australia and Germany, pre-cast concrete tanks 
form a large part of the DRWH market. The tanks are cast in sizes up to 35m3 under 
controlled factory conditions, delivered to the site by truck and installed by crane. 
The economies inherent in this strategy revolve around the ability for the factory 
to specialise in this type of construction, the use of appropriate jigs and the ease 
of installation which reduces on-site labour costs. In Germany most tanks are sited 
underground to reduce space requirements.

There have been several attempts to build such tanks in low-income countries such 
as Brazil and Kenya, using shuttering with corrugated iron, but the technology 
has generally proven too expensive to be widely replicated. Pre-cast rings, already 
produced in quantity for well lining, have been used successfully in Bangladesh for 
DRWH tanks. This ability to mass-produce items gives the technique some promise 
in the �eld of tank components such as segmented covers and �lter boxes. Concrete 
is also used for ancillary work around tanks such as foundations, drainage and 
soakaways. 
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7.4.2  Steel

A large steel tank in rural Australia  
(Picture: Pioneer Tanks Pty. Ltd.)

A corrugated steel 
tank in rural Uganda. 
Note the darker ring 
at the bottom of the 
tank � a concrete 
repair that is often 
needed 
(Picture: D. Rees)

An oil drum tank in 
rural Uganda 
(Picture: D. Rees)

Steel tanks of various sizes have been used throughout the world for many years and 
are still popular today. They range from the steel drums often found outside houses in 
East Africa to gigantic 1.5 million litre structures used to supply remote communities in 
Australia. The tanks can be delivered to a site and installed in a short time by a skilled 
person, often without the need for an extremely �rm foundation as the steel structure 
will �give� a little to accommodate any settling.

Problems with corrosion at the bottom of the tank have been observed after about 
two years. Building a concrete ring around the base of the tank can effect a repair, but 
such failures in the �eld have limited the steel tank�s acceptance and wider application. 
The problem does not generally appear in tanks in high-income countries where steel 
tanks are generally coated inside or lined with plastic. Placing a lump of limestone in 
the tank has been recommended as a way to reduce the acidity of the stored rainwater 
and hence extend tank life.

Oil drums are one of the most widely dispersed water containment stores in the world. 
However, a number of unique problems affect water quality: 
�	� most drums have previously contained chemicals, often toxic ones
�	� drums have usually been opened in such a way that they are uncovered and thus 

present an ideal environment for mosquito breeding and algal growth 
�	� water extraction can be a problem � dipping with a cup can introduce 

contamination. 

If these problems can be solved inexpensively, then drums offer a readily available 
supply of small storage units. However, the cost per litre is often high.
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7.4.3  Plastic

Plastic tank in-
tended for under-
ground installation 
in Germany  
(Picture: Roth GmbH)

Plastic tanks in Uganda
(Photo D. Ddamulira)

Tarpaulin lined 
underground tank in rural 
Uganda
(Photo D. Rees)

Plastic tanks, usually made from HDPE or glass reinforced plastic (GRP), form the 
fastest growing segment of the market. They are popular in high-income countries 
where they compete directly with older technologies such as steel or concrete on a 
direct price basis. In low and medium-income countries, these tanks are generally more 
expensive by a factor of three to �ve, which has slowed their adoption. However, this 
is changing � in Sri Lanka the price penalty of a plastic tank is down to about +70% 
while in South Africa the differential is even less. 

Even in countries where there is a price premium for plastic tanks, they are often 
employed by water supply organisations, as they are quick to install and are known to 
work reliably (usually backed by a 25-year manufacturer�s guarantee). Consumers also 
like the tanks and see them as the most up-to-date method of storing water, although 
there are some problems in cleaning the tanks and their characteristic black colour 
means that water heats up inside.

At the lower-cost end of water storage, the use of plastic lining materials in 
combination with non-plastic local materials is highly cost-effective.

7.4.4  Ferrocement 

Household ferrocement 
tank in Ethiopia 
(Picture: S. Akhter)

Mass produced cement jars 
for sale by the side of the 
road in Thailand 
(Picture: R. Ariyabandu) 

Ferrocement 
�pumpkin� tank in 
Sri Lanka 
(Photo T. Ariyananda)
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can be made horizontally at a comfortable height on well-designed jigs. Segmented 
techniques have also been tried in Brazil with the segments made on site. The material 
cost is similar to same-size ferrocement tanks made on a formwork, but the tanks are 
quicker to build.

Several attempts have been made to reduce costs by replacing the metal reinforcement 
in ferrocement with other materials such as bamboo and hessian. There have been 
some successes, but also a number of notable, large-scale failures. In Thailand, more 
than 50,000 bamboo-cement tanks had been built before a study revealed that 
fungi and bacteria were decomposing the bamboo. Within a year, the strength of 
the reinforcement had reduced to less than 10% and some bamboo had rotted away 
altogether. The study concluded that the majority of bamboo cement tanks would fail, 
some suddenly and dangerously. Another programme in East Africa by UNICEF and 
Action Aid in the 1970s developed the �ghala basket� an adaptation of a traditional 
grain basket made waterproof by the addition of mortar. By the mid 1980s, it was 
becoming clear that these baskets were susceptible to rotting and termite attack and 
the design was abandoned.

7.4.5  Bricks

Burned brick tank in 
rural Uganda 
(Picture: V. Whitehead)

Tank made from 
stabilised soil 
blocks in urban 
Uganda 
(Picture: T. Thomas) 

A communal masonry 
tank in Rural Ethiopia 
(Picture Water Action) 

A plastered 
rectangular brick 
tank in rural Sri 
Lanka  
(Picture: D. Rees)

Bricks and blocks of various types are widely used for wall-building. Materials are 
found locally and local people prepare the bricks themselves, so keeping the cost low 
and retaining money in the local economy. Bricks can be made from a number of 
materials such as burned clay, cut stone, soil stabilised with a small amount of cement 
or even concrete. Unfortunately, while bricks are useful for ordinary walling they less 
well suited to tank construction because tank walls are subject to tension. The tensile 
forces are usually taken up by the mortar and by adhesion between the mortar and 
bricks, which is usually fairly low. Brick tanks can also suffer a cost disadvantage as the 
thickness of the tank is set by the width of the bricks. If the bricks are poorly �tting, 
such as in a cylinder with a small diameter, they can actually require more cement than 
an equivalent ferrocement tank.
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Table 7.5. �Maintenance fraction for rainwater tanks (cost in maintenance each year as 
a fraction of total investment cost) � based on Ugandan data)

Tank type Maintenance fraction
Drum tank 2%
Moulded plastic 2%
Thai jar 5%
Open frame ferrocement 7%
Plate tank 7%
Pumpkin tank 7%
Dome tank 10%
Tarpaulin tank 10%
Thatch tank 15%
Tube tank 20%
Mud tank 25%

7.6  Summary 

There are many possible tank types. A choice must be made of one that is the right 
balance of cheap, available, attractive and durable. Designs are often chosen that are 
�too good� � they give good performance but at such a high cost that in poor tropical 
countries they can only be used if a high subsidy is available. Generally, mortar jars, 
ferrocement or brick tanks or simply-lined underground cisterns are most appropriate 
in poor communities, whereas metal, plastic and concrete tanks are usually only a 
sustainable option for better-off households or in rich countries.

Bigger tanks of course cost more than smaller ones, although usually they are cheaper 
�per litre�. For this reason, it is wise to convert any actual tank cost into the equivalent 
unit cost (per 1,000 litre tank) before comparing one tank type with another.

If householders are to contribute their labour to the production of DRWH systems, 
then one should look for tank types that require a lot of unskilled labour in their 
production.

Although DRWH systems are usually built on-site by masons, there are often big cost-
savings to be made by manufacturing tanks in factories or in workshops and then 
transporting the �nished tanks to the homestead where they are to be used. In a few 
cases, it is cheapest to make tank components, such as panels, in a factory, then carry 
them to site for assembly into the �nal DRWH system.
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Chapter 8.  Guttering

8.1  Introduction to guttering

8.1.1  Guttering in the tropics
In rich and temperate countries it is normal to �x gutters to every roof to prevent 
water running down the walls, causing erosion or stains. As rainfall intensities in these 
countries are not high, gutters are for aesthetic reasons laid horizontally (that is, with 
no slope) and very close to the roof edge. They are usually �xed to a wooden or plastic 
fascia board. Horizontal laying requires gutters to be quite large or downpipes to be 
quite close together. 

In poorer tropical countries, such guttering would be a luxury. Tropical roof overhang 
is often 600 mm or more, to shade the walls from the high-angle sun, so roof run-off 
is thrown clear of the walls, although it may create an erosion channel in the ground 
next to the building. Even if walls are wetted by rain, they soon dry in a hot climate. 
Adding guttering is only justi�ed if it can �earn� its cost by collecting roofwater. 
Moreover, to keep size and cost down, it is normal to slope gutters rather than laying 
them horizontal.

8.1.2  Guttering failures
Good guttering matters. Failure of guttering is the commonest cause of failure in 
established RWH systems and sometimes prevents new systems from ever functioning. 
It is common to see gutters that are twisted, bent, leak at the joints or fail to properly 
catch (intercept) the roof run-off. Many gutters are never cleaned � especially if they 
are higher than two metres off the ground � and therefore become blocked with soil 
or vegetation. Installation faults include having the gutter slope the wrong way, failing 
to seal the gutter to the downpipe, sagging (offering permanent water pools for 
mosquitoes to breed in) and placing the tank too far from the building. We might also 
count as an installation fault placing a tank at the end of a long building, like a school, 
(requiring very large gutters) when placing it in the middle of the building would 
permit much smaller gutters to be used.

A �failure� of a different kind is to use gutters and downpipes that are unnecessarily 
large and expensive.

Poor guttering is often the result of the way RWH is implemented. It is common 
for an outside agency to specify and subsidise tanks but leave the guttering to the 
householder�s discretion � and probably ignorance. Thus one meets schemes where the 
tanks are �professional� but the gutters are �amateur�. At the very least, householders 
or local builders need guidance on how to select and �x their gutters.
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8.1.3  Good guttering
To work well, guttering should:
�	� perform well at catching water as it runs off the roof
�	� carry water towards a downpipe or outlet without over�owing
�	� be cheap
�	� be durable and resistant to �normal abuse�
�	� be of an economic size, neither too small nor too large (in practice, sized to 

capture about 95% of run-off)
�	� be laid at the proper slope and at the proper distance from the house wall / roof 

edge
�	� have effective joints between sections and to the �downpipe� (which may itself be 

a steep gutter).

8.2  Choosing the gutter shape 

The size and shape of a gutter affect both its ability to catch run-off and what it can 
carry without over�owing at its lower end. An ideal gutter would be very wide (big 
value for W in Fig. 8.1) and also have a large cross-sectional area (A) for the water to 
�ow through. However the amount of material in a gutter, and thus its cost, depends 
mainly on its perimeter (P in Figure 8.1), so we would like this perimeter length to be 
not very large. Thus we are looking for a shape that for a given perimeter P makes 
width W and area A as big as possible.

Other factors affecting gutter shape are ease of manufacture, ease of cleaning 
(including self-cleaning) and ease of hanging. The two shapes that best combine all the 
various requirements are a trapezium (as shown in Figure 8.1, with equal-sized bottom 
and sides) and a semi-circle. The semi-circle is cheapest to make by plastic extrusion or 
by cutting a tube (even a bamboo) in half, and is also easiest to clean. The trapezium is 
easier to make if folding metal sheet, but a little prone to silting. An even easier shape 
to fold would be a �V�, but this doesn�t make good use of material and is easily blocked 
by twigs and leaves.

W

P

W   width

P    perimeter

A    water-carrying area

A

Figure 8.1.Typical gutter cross-section (trapezoidal gutter)
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8.3  Choosing the slope of the guttering

Gutters normally slope downwards towards the point where they connect to a 
downpipe. This makes the water �ow faster and hence gives the gutter extra water-
carrying capacity where it is most needed. For a given roof and rainfall, increasing 
the gutter slope means that a smaller and cheaper gutter can be used. (To double 
the capacity, the slope has to be increased fourfold.) The slope may be uniform or it 
may increase towards the outlet. For example, it would be good to hang a 3-section 
gutter so that the �rst two sections were sloped at ‰% and the last section at 1%, as 
explained below. A ‰% slope drops 5 mm per metre; a 1% slope drops 10 mm per 
metre.

Usually the roof edge is meant to be horizontal � in practice the builder may have let it 
slope up or down a bit. The gap between a sloping gutter and a horizontal roof-edge 
will get bigger towards the discharge (downpipe) end of the gutter. The steeper the 
slope, the bigger the gap, and an over-large gap is bad, because the discharge end of 
the gutter will not catch all the roof run-off water. For most gutter sizes, we would like 
to keep this gap less than the width of the gutter itself. So for a house the gap should 
be less than 60 mm (2‰�), whereas for a long school building it might be as big as 150 
mm (6�). 

Sloping gutter

Roof-edge

Gap at discharge end of gutter

Figure 8.2. Effect of slope on the gap between roof and gutter

If we make the gap at the top end of the gutter as small as possible, then we �nd 
the gap at the discharge end will be according to Table 8.1 below. Arrangements C 
and D, the �‰% & 1%� combination of slopes shown in bold, is what we would 
generally recommend. The �ow capacity (maximum �ow-rate the gutter can carry) for 
arrangements C or D we call Q. The max �owrates of arrangements A, B, E and F are 
shown as multiples of Q.

Arrangement A is also quite good: it is also the easiest to implement because the 
�rst half can be laid using a spirit level. However, any sagging on the �at section will 
cause tiny pools to remain after the rain ceases, which encourages mosquito breeding. 
For this reason, arrangements A and C should not be used where malaria, dengue, 
elephantiasis or yellow fever are rife. In such areas it may be advisable to use steeper 
slopes (like arrangement F), sacri�cing some run-off-interception for a health-safety 
gain.
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Table 8.1. Effect of gutter length (L) and slope on the roof-to-gutter gap
Slope arrangement Flow 

Capacity
House 
L = 4m

House 
L = 8m

School 
L = 15m

School 
L = 25m

Gap at discharge end (in mm)
A - First half of gutter is 
�at, last half slopes at 1% 

0.9xQ 20 40 75 125

B - ‰% for whole length 0.7xQ 20 40 75 125
C First one-third, slope is 
0%;  next one-third, slope 
is ‰%; last one third, 
slope = 1%.

Q 20 40 75 125

D First two-thirds, slope is 
‰%; last one third, slope 
= 1%.

Q 27 53 100 167

E - 1% for whole length Q 40 80 150 250
F - First two-thirds slopes 
= 1%, last one third slopes 
= 2%

1.4xQ 54 106 200 333

Table 8.1 assumes that gutter sections are too rigid to bend. However, gutters made 
of plastic may bend quite easily. In such cases, the gutter trajectory can be a smoothly 
changing slope like that in Figure 8.2, starting almost �at and reaching the slopes 
shown at the transition points in the table. Thus for recommended arrangement D, the 
slope is increased from ‰% to 1% over the last 1/3 of the gutter�s run. 

8.4  Choosing the gutter size

During light rainfall and no wind, even a small gutter will intercept and carry all the 
roof run-off. Under intense rain, especially with corrugated roo�ng, there is some risk 
that run-off will be lost either by overshooting the gutter or by making the gutter 
over�ow. In the tropics about 10% of all rainfall arrives at a rate of 2 mm per minute 
or more. In fact, 2 mm per minute is a good choice for sizing gutters. When rainfall 
intensity exceeds 2 mm/min, such a gutter will spill the excess. However, over a 
year such overspill will account for only 2 or 3% of total run-off. On this basis, and 
assuming the gutter is sloped according to arrangement C in Table 8.1, we recommend 
the following gutter sizes.
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Table 8.2. Recommended gutter sizes
Area of roof served 
by one gutter (m2)

10 13 17 21 29 34 40 46 66

Semi-circular or 
trapezoidal gutter: 
recommended 
width in mm

50 55 60 65 75 80 85 90 100

Recommended 
down-pipe size 
(outside diameter 
in mm)

15 20 25 25 32 32 40 40 40

Note that where a gutter only drains a small roof area (for example when a water-
jar is fed by a short gutter from either side), a very small gutter size can be used. In 
such situations a PVC pipe as small as 50 mm outside diameter (2� pipe) can be sawn 
longwise, and each half used as a gutter.

8.5  Choosing how far out to hang the guttering

On a roof made of tiles, run-off water has very little speed and on a windless day will 
drop straight down from the roof edge, (path A in Figure 8.3). Sometimes it sticks to 
the roof edge a little and so falls inside that path, (path B). With a corrugated roof, 
of galvanised iron (GI) or asbestos sheeting, the run-off gets up a certain speed, so it 
follows a path like C in the �gure. When there is strong wind, the run-off water will be 
blown around, sometimes inside and sometimes outside path A.

Gutter Offset

Gutter

Roof

B A C

Figure 8.3. Run-off patterns
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Fixing the centre of the guttering directly under the roof edge (�offset� is zero) is best 
for tile roofs and �xing it further out (with offset equal to about 20 mm) better suits a 
corrugated roof. �Offset� is the horizontal distance outwards from the edge of the roof 
to the centre of the gutter.

8.6  Downpipes

The tank inlet must be lower than the lowest part of the guttering if water is to �ow 
from the gutter to the tank. (Sometimes tanks are mistakenly built so high that in�ow 
is impossible!).

The simplest way to connect the guttering to a storage tank is to place the tank 
beyond the gable-end of the building, with its centre in line with the guttering. In this 
case, it is only necessary to extend the guttering, at a slope of about 2%, until it is 
above the tank inlet. The guttering extension has to be supported at both its ends and 
may need a centre prop as well. If however the jar/tank inlet can be put directly under 
the gap between two gutter ends � one coming from the left and the other from the 
right, as in arrangements A, B and E in Table 5.2 � then the two gutter discharge jets 
will hit each other and conveniently fall straight down into the jar.

The next simplest way is to extend guttering just a little beyond the end of the building 
and provide a hole in its bottom to let the water drop downwards. This water can 
be intercepted by a separate open-channel (same size and shape as guttering) that 
carries it at a slope of about 2% to a point above the tank inlet. Because the tank no 
longer needs to be in line with the roof edge, it is now possible to feed water from two 
gutters into a single tank. This arrangement is widely used to connect both the front 
roof and the back roof of a house to a single tank placed near the line of the roof�s 
ridge (arrangement C in Table 5.2 in Chapter 5).

Finally, a pipe may be run from a funnel below the gutter end to the tank input by 
whatever route causes the least obstruction. Pipes are usually much neater than 
channels and are less easily disturbed. They can be routed so that they can be �xed 
to the walls of the building or even run underground. They may be joined by tight 
�ttings, for example �elbows� made to �t exactly over their outside surface. These 
�ttings may be held in place by friction (�push �t�), by plastic solvent cement or by 
rubber �O� rings. There are also watertight �Tee� �ttings for connecting down-pipes 
directly to the underside of gutters. Unfortunately, in many countries such �ttings are 
more expensive than the pipes. 

Suggested sizes for downpipes are given in the bottom row of Table 8.2 against the roof 
area feeding the downpipe. These sizes are big enough for a downpipe whose length is 
not more than three times its �drop� (where �drop� is the change in height from the pipe 
entry to the pipe exit). For downpipes laid at very �shallow� slopes, i.e. whose length is 
more than three times their drop, the next larger size is recommended. If a tank inlet 
�lter is provided, then the drop should be measured to the top of the �lter. 
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In any case, it is wise to provide a coarse screen above the pipe entry to prevent large 
twigs and leaves from entering. If there is a �rst �ush device (to divert the dirty run-off 
water that comes at the beginning of the �rst rainfall after a long dry period) it may 
come before the downpipe or be combined with the downpipe.

8.7  Alternatives to guttering

There are alternatives to guttering for capturing run-off water, but they are usually 
either inef�cient at catching run-off or work only on certain types of roof. Common 
examples are glides, troughs, spouts and roof valleys. 

A glide is a low ridge built at a slight angle across a sloping roof near its lower edge. 
Water running down the roof hits the glide and is diverted sideways, so that most 
of the roof�s run-off arrives at one point where it pours into a funnel and downpipe. 
Unfortunately glides only work well with plane roofs rather than ridged or corrugated 
ones, the roof must have a good slope and no gaps in it, and the glide�s bond with 
the roof must be watertight and permanent, despite any roof movement. Any rainfall 
hitting the roof below the glide will be lost, so the glide should be set low on the roof 
and at a slope of under say 20 to the horizontal.

A trough is in effect a ground-level gutter lying underneath the roof edge. To catch 
water ef�ciently and to reduce wall damage due to splashing, a trough needs to be 
much wider than a gutter. Another variant is to have short lengths of gutter sticking 
out sideways from the top of a tank such as an oil drum, so that they are above the 
ground but well below the roof edge.

Ridge

a  Parallel roof

Ridge

Valley

b  L shaped roofa. Parallel roof		  b. L shaped roof
Figure 8.4. Draining a roof using �valleys�

Roof valleys can be found where a house is covered by two parallel roofs or where 
the roof plan is �L� shaped. However unless the roof is single-sloped, only a part of the 
roof�s run-off reaches a valley. Generally gutters catch run-off from a larger part of the 
roof than valleys do.
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8.8  Installing gutters

Mounting gutters onto roofs in developing countries presents particular problems. The 
roof edge is very often not level, fascia boards are frequently missing and rafters end 
at a varying distance from the edge of the roof. When installing gutters it is important 
to make sure the gutter slopes downwards in the way described in section 8.3, even 
where the roof edge itself has not been built straight and horizontal. The gutter�s slope 
should be set relative to a horizontal line and not relative to the roof edge.

8.8.1  Mounting onto a fascia board
The easiest method of gutter mounting is to use a fascia board. A fascia is a plank 
set on its edge and attached to the ends of the rafters, just inside the edge of a roof. 
Brackets can be mounted to this board to hold up the gutter or nails can simply be put 
through the top of the gutter into the board. In the latter case it is common to use a 
short length of small-diameter pipe as a �stand-off� � the pipe around the part of the 
nail inside the gutter allows the nail to be hammered in without squashing the gutter 
itself. See Figure 8.5b.

Brackets to �x to fascia boards are usually available for factory-made plastic gutters, 
and feature clip-on mouldings or easy-to-bend �xings. Locally made metal gutters are 
sometimes supplied with bent-steel brackets, but these are usually not very rigid. Once 
a gutter has been mounted, the brackets ought to be rigid enough not to bend when, 
for example, someone steps on the gutter while climbing onto the roof.

Often a bracket will need �packing out� so that the gutter has the right offset  � this 
packing is achieved by putting a short piece of wood between the bracket and the 
fascia board as shown in Figure 8.5a.

a  Bracket-mounted gutter

Fascia Board

Packing

Bracket

b  Gutter nailed to fascia board

Nail

Gutter

Pipe

a. Bracket-mounted gutter	 b. Gutter nailed to fascia board
Figure 8.5. Fascia board mountings

Before �xing brackets to a fascia board, we need to draw a horizontal line along the 
board close to its top, using some form of level (perhaps a spirit level or a hosepipe 
water-level). Below this horizontal line we can then draw another line (the �tting line) 
to show exactly where the top of the gutter should be placed. Starting at the end of 
the roof furthest from the down-pipe, the �tting line would follow the pattern of slope 
that you have selected from Table 8.1: the slope always increases towards the outlet 
end.
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The brackets are then mounted so that the top of the gutter follows the �tting line. 
The addition of slotted screw holes will allow �ner height adjustment. No adjustment 
is, however, possible for distance from the roof edge unless packing material is used, so 
a wider gutter may be necessary to accommodate variations along the roof edge.

a  Discharge at the end of the fascia board

b  Discharge at the centre of the fascia board

Fitting line starts flat Fitting line slopes at 2%

a. Discharge at the end of the facia board
a  Discharge at the end of the fascia board

b  Discharge at the centre of the fascia board

Fitting line starts flat Fitting line slopes at 2%

b. Discharge at the centre of the facia board
Figure 8.6. Marking out a ��tting line� onto a fascia board

8.8.2  Mounting a gutter onto the rafters or purlin
The fascia board is often missing, so brackets can be mounted instead on the top or 
side of the sloping rafters as shown in Figure 8.7. The bracket can be moved along 
the rafter for horizontal adjustment and bent to give height control. When adjusting 
for slope, it is also worth bearing in mind that the adjustment will take place on an 
empty gutter whereas a full gutter will �ex the brackets downwards, somewhat 
altering their position. This change will tend to make the gutter hang lower and 
increase the slope.

A cheaper version of a fascia board (if there is not one present already) is to attach 
a gutter-mounting bar of timber, e.g. 1�(25mm) x 2� (50 mm) in section, onto the 
purlin or the rafter ends. This bar should be mounted via spacer pieces cut so that the 
outside face of the bar is about 1cm inside the roof edge. Once mounted, the �tting 
line is then marked onto it and the gutter �xed to it.
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Roof surface

Gutter

Gutter mounting bar 30x70 mm

Gutter

Spacer blocks every 60 cm to locate
mounting bar’s outside face at 1 cm
inside roof adge

Purlin

Rafter

Adjustable gutter bracket
(position before adjustment)

Figure 8.7a. Rafter mounting 	 Figure 8.7b. Purlin mounting

8.3.3  Suspending a gutter directly from an iron roof
The roof edge itself seems an attractive place to mount the gutter. The gutter will 
automatically follow any lateral movement of the roof and the length of the mountings 
can be adjusted to give �ne control of the drop as shown in Figure 8.8a. The mounting 
is also very cheap as only wire is required. It does however, place the centre of the 
gutter under the roof edge and so will not allow optimal interception. The wires 
themselves are an obstruction when cleaning the gutter, as a brush cannot simply be 
swept along the length of the gutter.

If a suspended roof edge mounting is chosen, a mounting every metre or so is 
required. The wires themselves should be tied to the top of any corrugations and as 
near to the rafter as practical. Their distance from the roof edge should be about 1cm.

Roof Rafter
Adjustable support wire

Wire bracket

Bracket

a  Usual suspended mounting method b  Suspended plus supporting bracketa. Usual suspended mounting method	     b. Suspended plus supporting bracket
Figure 8.8. Suspended mountings

It can be dif�cult to mount the gutter �rmly enough. Most suspended systems use 
wires to tie the gutter under the roof edge. This unfortunately allows the gutter to be 
blown from side-to-side during strong winds. The addition of a supporting bracket, 
such as that shown in Figure 8.8b, every two metres will signi�cantly reduce this 
problem.
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8.9  Making gutters

Almost all gutters in formal DRWH systems today are made of plastic or metal, 
although other materials have been occasionally used, including wood and bamboo. 
In informal systems, by contrast, organic components like lengths of banana culm are 
widely used for short gutters. In Sri Lanka and Zimbabwe asbestos cement gutters 
are also used, but in most other countries this material is banned for health reasons 
(danger of inhaling dust when cutting). 

In richer countries, PVC or other plastic gutters are the norm and are sold with 
�ttings allowing watertight joints to be made between gutter and gutter or gutter 
and downpipe. However in many less economically development countries (LEDCs), 
purpose-made plastic guttering is hard to �nd or too expensive. Here, the main 
options are gutters made of galvanised iron or from reformed plastic piping. PVC 
and sometimes ABS piping is quite widely available in length up to 6 metres and in 
wall thicknesses from 1mm to 3 mm. This can be adapted for guttering by sawing it 
longitudinally into two halves. The problems with this material are:
�	� inadequate stiffness if thickness is only 1mm as in cheaper piping
�	� dif�culty in joining unless the join can use the socket normally available at one end 

of each length
�	� brittleness after extended exposure to tropical sunshine and liability to crack at 

imperfectly formed holes
�	 high cost of �ttings such as elbows and tees.

However PVC is fairly easy to heat and form into gutter end-stops, for example. It may 
be readily adapted to accept nails if holes are �rst made with a hot metal spike. Plastic 
piping may therefore be directly used for down-pipes and may form the raw material 
for forming gutters. Presumably, manufacturers of these extruded pipes will add 
gutters to their sales range when market demand justi�es.

Galvanised iron roof sheeting can be cut and bent unto a �U� to form a gutter. A more 
popular shape, though not one to make best use of the metal area, is a cut-strip folded 
to give a trapezoidal gutter with a vertical back face to �t against the fascia board and 
an outwards-angled front face intended to intercept even the most intense run-off. 
Unfortunately, the cutting of both curved and of folded gutters leaves a dangerously 
sharp edge, which is also prone to rusting. Normal tinsmith practice would be to fold 
over such edges and this is widely done. However, roo�ng-grade GI sheeting is too 
hard for this operation and softer metal (milder steel) sheet must be used, which is 
normally more expensive. Metal gutters made in this way are not easy to support or 
to join. The gutter-to-gutter joint often leaks unless sealed with some sort of mastic 
(e.g. bitumen) and taped �rmly together (e.g. with rubber strips cut from car or lorry 
inner tubes). Soldering is another widely used process to join GI gutter lengths, attach 
end plates or, more commonly, attach metal downpipes to gutters. Such rigid gutter-
to-downpipe connections are a source of weakness and one often sees gutters badly 
twisted because the attached downpipe has moved.

Guttering

109



Chapter 9.	 Designing Systems to Reduce Health Risks

9.1  The path of contamination

To decide on the best strategy to reduce human infection from roofwater systems, it is 
useful to revisit the path a contaminant must follow in order to enter a potential host. 
The usual paths available are shown diagrammatically in Figure 9.1 along with the 
processes and strategies available to reduce the contaminant �ow. 

Microbiological
contamination

Carried by
vector

Washed out
of air

Rooftop

Direct Entry
into tank

Carried by water
entering the tank

Residence in
 the tank

Tank outlet

Ingestion

Blown dust

Roof environment

Screens

Screens 
Other outlet arrangements

Post-tank processing

Tank

First flush 
Filters
Overflow
Other inlet arrangements

Process reduces contamination

Barriers

Chemical
contamination

Figure 9.1. Contamination paths for roofwater harvesting 

Of the available paths, the direct entry of contamination is seemingly the simplest 
route to block. However, it can prove very dif�cult in practice to totally eradicate 
all possible disease vectors, since the smallest of creatures such as insects will �nd 
any hole in the tank�s defences. Larger animals, particularly mammals and birds that 
represent the highest disease risk to humans, can however be excluded by ensuring 
that all inlets and outlets are screened. 

The remaining paths rely on the contaminants being washed in from the roof. 
Contaminants that enter the tank this way follow a complex path past a number of 
barriers which can be enhanced by appropriate system design.
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9.2  Inlet screens

As the water must pass from the roof to the tank inlet, the conveyance is a good 
place to put a �lter to block any contamination from entering the tank. The vast 
majority of chemical and microbiological contaminants will be stuck to debris from the 
roof so removing the debris will also remove the contaminant. Removing debris also 
reduces the level of nutrient reaching the tank and thereby impedes mosquito larvae 
development and long-term survival of bacteria.

The �lter can be anywhere along the conveyance path from the gutter entrance to the 
tank inlet, and should be capable of dealing with the high �ows associated with high 
rainfall intensities (a 2mm/min peak intensity translates into a 1.7 l/s �ow on a 50 m2 
roof).

Criteria that should be met for inlet �lters are:
�	� �lters should be easy to clean or largely self-cleaning
�	� �lters should not block easily (if at all) and blockages should be obvious and easy 

to rectify
�	� �lters should not provide an entrance for additional contamination, even if the 

�lter is left uncleaned
�	� the total cost should not be out of proportion with the rest of the system (5-10% 

of the tank cost should be considered a maximum)

To counter problems of blocking and self-cleaning, in several countries the inlet �lter is 
split into two � a course leaf �lter and a �ne �lter. 

9.2.1  Coarse leaf �lters
The �rst line of defence is a coarse leaf �lter installed anywhere from the gutter to 
the entrance to the tank (see section 5.4). It need not be especially �ne (a 5 mm grid 
is suf�cient), so that no problems should be encountered with �ow rate through the 
�lter. The �lter itself can be removable for cleaning. 

9.2.2  Fine �lters
Most �ne �lters used in developing countries are based on sand or gravel. These 
�lters can be used for roofwater harvesting systems, however there can be problems 
with upkeep as householders often dispose of �lter media when it becomes blocked, 
replacing it with courser media or nothing at all. In developed countries, self-cleaning 
�lters are available with a �ne mesh screen (typically 0.4 mm). These screens use the 
�rst �ow of water from a storm to �ush the �lter of debris or have a continual washing 
action using about 10% of the water. In smaller, low-cost roofwater systems there 
is usually signi�cantly more water available from the roof than the tank can contain, 
so self washing �lters may be viable if suitable �lter mesh or cloth is available locally. 
Experiments have shown that a muslin cloth with a 1mm weave over a welded steel 
frame such as shown in Figure 9.2 is effective in reducing particles as small as 0.1mm 
in rainwater, while spilling only about 3% of the annual water �ow. 
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9.2.3  First �ush
Contaminants washed from a roof are usually concentrated in the �rst part of the run-
off. After this initial run-off has washed the roof the water is considerably safer, so a 
useful alternative to �ne �ltering is to remove the �rst part of the rainfall. This process 
is called �rst �ush diversion.

At the most extreme, all water from the �rst storm or two of the new wet season 
should be thrown away as the roof will be very dirty after a long dry season. 
Alternatively, a number of devices will divert just the �rst part of each storm. There 
has been much speculation about how much should be thrown away from each 
storm. Recent research suggests a rule of thumb that for each mm of �rst �ush the 
contaminate load will halve. From this, the following method has been derived to 
decide on the best amount of water to divert.

1.	� Measure initial run-off turbidity on a wet day following at least 3 dry days 
(turbidity is measured in units known as NTU). 

2.	� Select a target maximum turbidity at which to allow water to enter the main 
tank � 20 NTU is usually suf�cient. 

3.	 Employ Table 9.1 to decide how many millimetres of rainfall to divert 
4.	� Divert that amount (= mm x roof area) of water whenever at least 3 dry days 

precedes rain.
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Figure 9.2. Self cleaning cloth �lter 
(Picture: D.B. Martinson)







into a recess, blocking the opening and allowing water into the tank. The system has 
the advantage of being self-cleaning and removes the need for any storage of the 
�rst-�ush water (and its subsequent drainage). The system is available in products in 
Australia and the USA but has not seen service in low-income countries yet. Some 
products are under development such as the one shown in Figure 9.5 which sit in a 
PVC tee and use a clay disc to control the drainage over several days without risk of 
blockage. 

Figure 9.5. Experimental �rst �ush device  (Picture: M. Knight)

9.3  Inlet and outlet arrangements

The quality of water stored in a tank improves with time. Small particles sediment out 
and bacteria die off. Water entering the tank tends to be both colder and of a lower 
quality than the stored water in the tank and it is desirable that the new water should 
not mix with the older water. The best way to do this is by arranging the inlet so that it 
goes all the way to the bottom of the tank as shown in Figure 9.6a. A ring of material 
surrounding the inlet will break the downward �ow and prevent it from disturbing any 
settled material. With this arrangement, the incoming water will remain in a zone on 
the bottom of the tank and will not disturb the cleaner water above it.

The outlet to the tank is similarly important. As the dirtiest water is at the bottom of 
the tank, it is best to take the water from near the top. To do this the outlet must be 
on a �exible hose with a �oat at the top as shown in Figure 9.6b. The �oat can be 
anything that �oats; successful examples have been made from discarded mineral 
water bottles. To prevent entry of �oating matter and aerobic bacteria that may swim 
to the surface, the entrance to the hose should be about 100 mm below the surface of 
the water.
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a  Inlet
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b  Outlet

Float
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a. Inlet	 b. Outlet

	

Figure 9.6. Ideal inlet and outlet arrangements (bottom-in top-out) 
(Diagrams: D.B. Martinson; pictures: D.B. Martinson and V. Whitehead)

9.3.1  Over�ow arrangements
The over�ow from the tank can improve or protect water quality. The standard 
over�ow shown in Figure 9.7a simply throws water from the top of the tank. This 
arrangement unfortunately jettisons the cleanest water (if the bottom-in / top-out 
arrangement is adopted), and replaces it with dirtier water from the roof. A better 
arrangement is shown in Figure 9.7b where the entrance / over�ow pipe blocks 
incoming water from mixing with the water stored in the top of the tank and channels 
it to the over�ow exit if the tank is full. This is probably the best arrangement for tanks 
of less than 2 m3. 
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9.4  Post tank processing

Stored roofwater should require no further processing to be safe, however it does not 
always conform to the strictest WHO standards (e.g. zero occurrences of E.coli). If 
water of such high quality is needed, most standard household treatment processes 
work well with rainwater drawn from storage. As settled tank water is very clear, this 
is particularly true of treatments that rely on light penetration such as SODIS, UV 
sterilisation or very �ne �ltration such as Biosand.

9.5  System maintenance

9.5.1  Roofs
The roof is the largest single source of contamination in a roofwater harvesting system. 
As seen above, householders are usually recommended to throw away the dust-laden 
run-off water from the �rst shower after a long dry spell. However this can be avoided 
if the roof itself is cleaned of dust and debris just before the rains start. Considerably 
less water is used in this cleaning than would otherwise be thrown away. Cleaning the 
roof is clearly only practical if the roof is not very steep: fortunately tropical roofs are 
rarely steep. The main problem is to judge when a dry spell is about to end.

9.5.2  Gutters
Gutters seem to be the forgotten children of rainwater harvesting systems. Many a 
user will fastidiously clean the tank, carefully throw the �rst rains away but never even 
look at the gutters. Out of sight it seems is out of mind. A gutter full of debris will taint 
the water and the debris will eventually prevent the roof run-off from �owing towards 
the tank. A great deal of dry vegetable matter so close to the dwelling may also 
present a �re hazard. Gutters eventually capture enough dust to develop an ecology; 
even trees can be found growing from gutters. They are also a prime breeding ground 
for mosquitoes if water is allowed to stand or form pools behind blockages. It is 
essential that gutters are cleaned out periodically.

Gutters can simply be swept out with a brush from time to time: certainly before the 
rains start and preferably again a few times during the rainy season. The frequency of 
cleaning should depend on the levels of blown dust, the presence of overhanging trees 
and the propensity of the gutters themselves to block.

9.5.3  Filters
Dirty �lters will not pass water ef�ciently and may themselves become a source of 
contamination. Unless �lters are self-cleaning they will need inspection and occasional 
washing. Even a self-cleaning design should be inspected periodically to ensure it is 
working correctly. 

As gravel and sand �lters become dirty, they increasingly impede the �ow of water. 
When this happens, the �lters need to be emptied and the �lter media thoroughly 
rinsed before being put back.
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Cloth �lters also become dirty over time. They will not impede the �ow of water like a 
sand �lter, but will allow dirt to be washed through the �lter into the tank. They should 
be washed with the household laundry whenever they look dirty.

Filters made from mesh may catch larger debris such as sticks. As they become 
blocked, they impede water �ow and provide a home for wildlife, even rats. They can 
be brushed or (if removable) simply tapped out.

First-�ush systems should be self-emptying so that they automatically reset. However, 
they too should be cleared of accumulated sludge at least every third storm or they will 
also become a source of contamination

9.5.4  Tanks
The cleaning of the tank is probably the most common action taken by a householder 
in the maintenance of a domestic roofwater harvesting system. It is also the least 
important! Excessive cleaning of a tank actually destroys the layer of bene�cial bacteria 
that forms a �lm on the walls and aids the killing of pathogenic bacteria. Moreover, 
the act of entering a tank in order to clean it introduces new contamination and may 
result in the tank cover being damaged or left off. An uncovered tank is more likely to 
become polluted than one that has not been cleaned.

Cleaning tanks should be limited to the scooping or washing out any settled matter 
and performed only when the sludge level is approaching the level of the outlet 
connection or when the water smells. Scrubbing the walls of a tank should be 
discouraged.
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Chapter 10.  DRWH Systems for Speci�c Scenarios

The purpose of this Chapter is to pull together, and revise, the material in the rest 
of the handbook by looking at �ve common scenarios. For each one, the main 
requirements and constraints are identi�ed and suitable designs are suggested.

10.1  Rural self-supply DRWH using a commercial supply chain

�Self-supply� is a term growing in popularity in water-supply circles to denote the 
situation where householders provide their own water infrastructure. Shallow 
(�garden�) wells and roofwater harvesting are the favoured technologies, since neither 
requires negotiating agreements with neighbours or of�cials. As mentioned earlier in 
this handbook, self-supply ranges from informal DRWH using temporary materials to 
�middle-class� DRWH using plastic and concrete components.

For rural self-supply in the tropics, the overriding requirement is usually that cost 
should be very low. Most rural households obtain water from more than one source, 
and the poor dry-season performance of small (low-cost) DRWH systems may 
therefore be tolerated provided they relieve the drudgery of fetching water for the 
bulk of each year. 

The possibility of installing DRWH capacity in easy stages is also important. Economies 
of scale that often come from installing all the storage capacity at one time are of little 
interest to families who cannot save over several years to buy a large tank. Therefore, 
we need to look at variants of DRWH that are:
�	� cheap (e.g. under $US 60) for the �rst and each subsequent phase of installation.
�	� simple enough to be stocked, built or installed by an artisan without great skill or 

signi�cant investment (do not have to rely on an NGO promotion programme)
�	� are actually available in the district
�	� are suitable for use with quite small roofs � say 25-50 square metres in area
�	� give water as clean as that fetched from wells (not necessarily as clean as urban 

piped water)

For this scenario there appear to be three options � to upgrade an informal existing 
system, to install a small but high quality DRWH system or to obtain a large, cheap but 
not very durable tank.

Upgrading an informal system
Where a hard roof is already used for water collection during rainstorms the quantity 
and quality of the water can be increased by installing short, small gutters and up to 
400 litres of storage. 

The gutters can be 2-metre lengths of 2� (50 mm) half-pipe or of half-bamboo or 
a single furrow of GI roo�ng sheet tied to the ends of the roof poles. Alternatively 
double furrows of corrugated GI sheet can be lodged in the mouth of the storage 
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10.2  Subsidised DRWH to improve �water coverage�

�Safe water coverage� has become a politically important statistic. It purports to 
measure the fraction of a country�s (or district�s) population with domestic access 
to adequate volumes of clean water. The measure is calculated in various ways, but 
sometimes barely acknowledges that if a water source is very inconvenient, the daily 
quantities fetched from it will be low. In effect, using a remote source AND achieving 
the WHO recommended water consumption of 20 litres/person/day are incompatible. 
However, if coverage is calculated only by multiplying source numbers by a nominal 
users-per-source and then dividing by the population, then convenience is effectively 
ignored. And if convenience is unimportant, the main virtue of DRWH is disregarded. 
However, if coverage criteria also include a convenience test � such as only households 
within 500 m of a clean source qualify to be counted, then it will often be attractive to 
water authorities to promote DRWH in those households that are a long distance from 
existing wells.

Because the household use of multiple sources, or water of more than one quality, 
confuses the calculation of water coverage, government agencies generally prefer to 
assume only one source is used by each household. This implies that if DRWH is to be 
used to improve water coverage, the DRWH system must be at least of �main source� 
type if not actually of �sole source� type. Unlike the self-supply context examined 
above, this context demands relatively large and therefore expensive systems. 

A further requirement may be that the supply of DRWH systems must be awarded by 
a bulk tendering process that excludes participation by rural micro-enterprises. Indeed 
the requirements of funders, the self-interest of politicians and the inability of civil 
servants to supervise widely scattered construction may all favour the awarding of 
orders to large national contractors, such as the manufacturers of lightweight plastic 
tanks.

So in these circumstances, it seems we must restrict DRWH designs to those that:
�	� are standardised so that only one model needs testing
�	� are able to supply 20 lcd for most of each year (typically storage capacities of 

6,000 to 10,000 litres)
�	� can be quickly delivered and assembled at very scattered locations, without site 

pre-survey or much inspection during construction 
�	� give demonstrably clean water for many years
�	� do not give rise to demands on government for maintenance services (some 

agencies rule out any design that includes a hand-pump because experience with 
pump maintenance at wells has proved so negative).

If this speci�cation is to be strictly followed, only large above-ground tanks will be 
acceptable. These may be concrete, reinforced brick, factory-made plastic or metal. 
Galvanised iron tanks are unlikely to meet the criteria, since 10,000 litre GI tanks are 
hard to deliver undamaged and only have a 15-year life. If guttering is not excluded, 
(it is usually seen as the household�s responsibility), it would probably have to comprise 
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imported PVC gutters bracketed to a fascia board. If left to householder supply, gutters 
are likely to be metal unless PVC gutters are available in local markets.

This list is very restrictive. It results in a high system cost and minimises the scope 
for local employment in supply or maintenance. The high cost makes extracting 
a signi�cant user contribution very dif�cult. Some experts argue that DRWH is 
fundamentally unsuited to contractor supply, because its success depends in part 
on the participation of individual householders in siting, maintaining and even in 
supervising construction.

During or prior to any supply contract, there must be a stage of identifying 
bene�ciaries. Even where allocation is by formula (e.g. �only houses more than 700 
metres from a borehole�) the allocation process may be politically contentious. There 
was a mass movement in NE Brazil to challenge the tradition of awarding water tanks 
for votes.

If the further criterion of requiring some involvement of the community in construction 
is added to the list, then 6,000-litre ferrocement jars become eligible, as represented by 
the Sri Lankan pumpkin tank design. The plate tank from Brazil and some interlocking 
brick tanks might also be considered. With such technology, the role of the contractor 
becomes one of supplying materials and of training and inspection.

To really reduce costs in this context, and where ground conditions permit, it is 
attractive to go partly underground (see Appendix 2 for suitable tank designs). As 
underground storage requires a pump, a cheap reliable and user-maintainable pump 
must also be identi�ed. There are several candidates, including mass-produced metal 
Chinese piston pumps and locally made tube-in-tube plastic pumps.

10.3  Subsidised DRWH for people with disabilities

A programme, to relieve water stress in households where responsible adult(s) are 
restricted in their ability to collect water because of disability, has to identify and reach 
a small fraction of the total households in any settlement. Bene�ciaries are likely to be 
even more scattered than in the scenario in section 10.2 above. However, the selection 
of these bene�ciaries may be less contentious. Moreover, no technique other than 
RWH is easy to apply to a sub-set of homesteads.

Many people have dif�culty in fetching water due for example, to sickness, 
limblessness, paralysis or age, but may need more laundry/bathing water than average 
because of sickness. People with AIDS and / or TB have a low immunity to infections, 
which creates a greater need for potable water to be clean.

DRWH programmes for people with disabilities require systems that:
�	� provide water throughout the year, implying large and costly designs
�	� can be delivered to widely-spaced households

DRWH Systems for Speci�c Scenarios
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�	� give safe water
�	� can be maintained by neighbours
�	� are tailored to a particular disability (e.g. in the design of water outlet).

Like other bene�ciaries, people with disabilities prefer some relief to none. For a given 
total budget, more bene�t can be given (more fetching-hours saved per year) if the 
�rst criterion above is relaxed and many cheap small DRWH systems are supplied 
instead of a few large ones.

If this relaxation is acceptable, so that the designs built within a disability programme 
are also compatible with unsubsidised self-supply in the rest of the community, then 
disability DRWH donation programmes can have wider community bene�t, since 
the systems become demonstrations for the rest of the community and learning 
opportunities for local suppliers.

10.4  DRWH in emergencies

Roofwater harvesting has a possible role both in disaster preparedness and in disaster 
relief.

The storage of signi�cant quantities of water at the household level is a suitable 
preparation for disasters that interrupt other supplies, such as:
�	� typhoons/hurricanes that knock out piped systems and pumping stations
�	� �oods that pollute, silt-up or prevent access to wells
�	� earthquakes that damage all infrastructure and start �res needing water to 

extinguish (some tanks will survive a quake, whereas a centralised water system 
will probably fail entirely)

�	� war or civil unrest which damages pumping stations and reservoirs and may 
remove operating staff

�	� oil-spills, river pollution and toxins that render surface sources unusable and 
sometimes also poison groundwater.

Some local authorities, in regions particularly prone to natural disasters such as 
earthquakes or �oods, require buildings to have such water storage.

Having emergency water storage does not always mean practising roofwater 
harvesting � a store could be kept topped-up with piped water or groundwater. 
However, emergency stores that are accessed perhaps once in 10 years are unlikely 
to be well-managed or fully maintained, whereas stores that are part of a system in 
regular use are less likely to suffer neglect.

There is no single RWH design that best �ts disaster preparedness, although some 
designs do not match some emergencies. Underground tanks are inappropriate in the 
context of �ooding and in some �ood plains where houses are built on stilts, tethered 
�oating jars have been recommended.
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For disaster relief, DRWH is not appropriate for deployment during the �rst week or 
two of an emergency, since it is too bulky and costly. In a few cases, such as toxic spills 
in a high-rainfall zone, it may later be employed for lack of any alternative. However, 
there is certainly opportunity in refugee camps for DRWH to supplement bowsered 
supplies and there is scope for modifying the design of emergency tents to facilitate 
the collection of run-off from their roofs. Such modi�cations include hemming up the 
edges of tarpaulin roofs to form pseudo-guttering and issuing funnels to assist the 
direction of run-off into containers.

10.5  Institutional RWH

This book is about domestic rather than institutional RWH. However, there is some 
overlap because small buildings such as staff-houses may be included in institutional 
systems or because institutional systems may be used to supplement domestic ones. 
Rarely does institutional roof area represent more than 10% of total roof area in a 
settlement. However, institutions are sometimes the only buildings with hard roofs. 

Institutional RWH has a poor record, mainly because of management dif�culties. Many 
systems, especially rural school systems, have failed. Sometimes this is because of poor 
technology (bad design, poor construction, gutter lower than tank entry, insuf�cient 
taps). More commonly it fails because there has not been prior agreement about who 
the water is for (children, teachers, neighbours), who supplies missing components like 
gutters, who is responsible for maintenance and repairs, who rations limited water, and 
what happens in school holidays etc. Resentment about water allocation may lead to 
vandalism.

A common institutional RWH design is to place a very large concrete tank at the end of 
a long building. This is rarely ideal. The guttering has to be long, large and drooping. 
The single tap is inadequate for many users and has to be frequently locked because 
the potential for water loss (were it left running) is so high. Moreover, the water is 
nowhere near latrines, where its contribution to hygiene is most needed, while any 
�lter is located too high to be visible and therefore is never cleaned. 
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Chapter 11.  Sources of Further Information

11.1  Books & Guides

Gould, John and Nissen-Petersen, Erik (1999). Rainwater Catchment Systems for 
Domestic Security. London, UK, Intermediate Technology Pubs (ISBN 1853394564)

Macomber, Patricia (2001). Guidelines on Rainwater Catchment Systems for Hawaii, 
ISBN 1929325118, available from: http://www.ctahr.hawaii.edu/oc/freepubs/pdf/
RM-12.pdf 

enHealth Council (2004). Guidance on use of rainwater tanks, Australian Government 
ISBN 0642824436, available from http://enhealth.nphp.gov.au/council/pubs/pdf/
rainwater_tanks.pdf  

11.2  Web sites

The Development Technology Unity rainwater pages carry notes, project reports, links 
and the �rainwater tank performance calculator� mentioned in section 6.6 above.  
www.eng.warwick.ac.uk/dtu/rwh			 

Working Papers, Technical Releases and many other reports can be found at: 
www.eng.warwick.ac.uk/dtu/pubs/rwh.html 

The International Rainwater Catchment Systems Association (IRCSA) has been running 
conferences every two years since 1980. Conference proceedings are available at:	  
www.ircsa.org

The Centre for Science and Environment, Delhi. CSE focuses on India and especially on 
RWH for aquifer replenishment:	  
www.rainwaterharvesting.org

The World Health Organisation Guidelines for Drinking Water Quality are at: 
www.who.int/water_sanitation_health/dwq/gdwq3rev/en/index.html 

Post-Tank Processing
SODIS: www.sodis.ch/ 

Biosand �lter: http://www.jalmandir.com/�ltration/biosand/biosand-�lters.html 

Rainfall data
Some useful datasets of varying quality but for many locations can be found at: 	   
hydrolab.arsusda.gov/nicks/nicks.htm 
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Appendix 1: �Economic Viability and Contribution to 
Safe Water Coverage

Both of the topics covered by this Appendix are specialised and less likely to be of 
interest to the general reader. The �rst two sections are relevant to those who have 
to provide an economic justi�cation for a DRWH programme. In section 2.10 it was 
claimed that there are two main economic tests one might apply to a proposed DRWH 
investment. One is from the viewpoint of the user � �Is the payback from investing in 
DRWH good enough?� The other is from a water service provider � �In this location, 
is DRWH a cheaper way of achieving a particular level of service than any of the 
alternatives?� These two questions are addressed by the sections entitled �Calculation of 
payback time� and �Economic comparison of DRWH with rival technologies� respectively. 
The third section of this Appendix discusses ways in which the contribution of RWH to 
national or local �safe water coverage� statistics can be calculated.

Calculation of payback time

It was argued in section 2.10 that DRWH lends itself to the use of payback time as a 
measure of user viability and that we therefore need to:
�	 put a value on the annual bene�t that comes from possessing a DRWH system 
�	 estimate the cost of building the system 
�	 divide the system cost by the annual bene�t to get a payback time (PBT) in years
�	 decide whether the PBT is short enough.

Annual bene�t
Installation of DRWH may increase water consumption but the main change is that the 
time spent obtaining water drops sharply. So the conservative estimate of the bene�t is 
simply the value of �time saved�, converted from hours to money in order to calculate a 
payback time. As time savings usually vary by season, it is sensible to calculate annual 
savings not daily ones.

Of many possible valuations for time, one of the more attractive is to use 2/3 the local 
rate per hour for unskilled labour. Collecting water is self-employment performed at 
a time convenient to the householder, with no �overheads� like searching for work or 
travelling to a workplace, and is available to most family members. It therefore seems 
reasonable to value it using an hourly rate lower than that for outside employment. 
After discussion with householders in a target area, one might come up with a different 
fraction from 2/3. However, hypothetical wages are not easy to discuss meaningfully! 
Often the time saved is used for alternative self-employment such as agriculture, but 
this bene�t would be extremely dif�cult to value.

There are other ways we might value the time saved, for example by valuing health 
bene�ts, food calories �saved� or the supposed market value of water itself. A skilled 
NGO with adequate resources for surveys might be able to use this last valuation, 
which incidentally is likely to vary by season.
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Cost of building
The cost of a DRWH system is generally easier to evaluate than its bene�t. We 
might get a builder�s quotation or we look at similar systems that have recently been 
built. For each of the RWH design options just considered for bene�t, we need a 
corresponding system construction cost. Generally, system cost is dominated by 
storage cost and as a rough approximation we can adjust the system cost to allow for a 
larger size of storage tank according to the formula:

If however the greater storage in a large system is obtained by simple increasing the 
number of storage containers (e.g. of �xed-size jars) then the savings from �economies 
of scale� are much less, and a more accurate formula would be 

Evaluating the payback time
This requires �rst its calculation (probably in months as PBT = 12 x building cost / 
annual bene�t) and then the making of a decision whether the value obtained is 
acceptable. Payback time is not an everyday concept for most householders, although 
their decision-making for other large items (such as a better roof or a bicycle) may 
indicate some implicit maximum payback time criterion. In the absence of any 
standard, a maximum of 18 months might serve as a guide to DRWH viability. Almost 
always, smaller systems have a lower (i.e. better) payback time than bigger systems. 
Another expression of this is that (for a given total investment), installing many small 
(i.e. partial supply) DRWH systems will yield a greater annual bene�t than installing a 
few large (i.e. main supply or sole supply) systems.

Economic comparison of DRWH with rival technologies

De�ning a service standard
In section 2.10 it was noted that to make a meaningful comparison of the costs of 
different supply options (including some entailing DRWH) we must �rst declare a 
service level (service standard). It is usual to de�ne such standards only in terms of 
quantity and quality: convenience is often neglected although it is a major concern 
for householders and strongly in�uences consumption quantity. As the major 
advantage of using DRWH is increased convenience, any comparison of rival water 
supply technologies which does not include a convenience standard is more or less 
meaningless. Moreover using an inappropriate convenience standard also gives biased 
results. 

If a maximum daily value of collection time per household, or per litre, is set (a 
fairly simple alias for convenience), then the only qualifying technologies are likely 
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Example of calculation of fraction F of households not meeting the access-time 
standard 
Combining the suggested values for Q, T and S listed above, we get a maximum 
allowable distance r from household to source (if that household is not to exceed 
the set annual time limit T)
      r = S x T / 2Q = 0.5 km,             
where the factor 2 re�ects the need to make return trips.

The area within a circle radius r = 0.5 km is 0.785 km2, so one protected source per 
0.785 km2 would meet the access standard. However currently there is only 1 source 
per 6 km2, so it would require an 8-fold (i.e. 6 / 0.785) increase in the number of 
such sources to achieve the chosen access standard. 

Allowing for the two-times higher (C = 2) settlement density close to the source, the 
fraction F of homesteads needing a more convenient supply in this example is    
      F = 1 - (2 x 0.785) / 6.785 = 0.77 (i.e. 77%). 	

It can be shown that about half of these 77%, i.e. those living over 1 km from the 
source at present, exceed the allowed time by a factor of more than 2, and the very 
furthest households need a three-fold time-reduction. These different degrees of 
improvement needed are of interest because using DRWH for 6 months a year (or 
to meet 50% of water demand) gives a 2-fold reduction in annual fetching time 
but to get a 3-fold reduction requires 2/3 of water demand to be met from rain 
harvesting. 

Identifying sensible options for improved supplies
This is the next step after identifying which households need improvement. We may 
assume that protected sources of water do exist but that the service they offer to some 
households is inadequate, because they are too distant or too congested. There may or 
may not be local unprotected sources. The main options for improvement are:
i.	� installing DRWH (only in inadequately-served households and only to the degree 

needed to bring those households up to the access standard)
ii.	� increasing the density of protected point sources (e.g. by drilling more wells)
iii.	� treating unsafe water to bring at least 7 lcd up to potable standard (assuming dirty 

water is readily available)
iv.	 transporting potable water to the settlement
v.	 some combination of two or more of the above.

The �rst two options are capital intensive, the next two have lower capital costs but 
higher running and management costs. Our purpose in this Appendix is to show how 
to compare options (i) and (ii). The �fraction of households needing better supply� (F) is 
an important parameter because crudely:
�	� option (i) requires DRWH be installed in fraction F of households 
�	� option (ii) requires point-source numbers be increased by a factor of 1/(1-F) and 

so the ratio of new sources to existing sources is R =  1/(1-F) � 1 = F/(1-F)
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Appendix 2: Tank Designs

Several designs discussed earlier in the Handbook are brought together here. To avoid 
repetition, descriptions sometimes refer back to text in Chapter 7.

Moulded plastic

Mass-produced commercial-quality tank

Description
Plastic tanks are used worldwide, and are usually made from high-density polyethylene 
(HDPE) or glass reinforced plastic (GRP) by urban factories using complex machinery. 
Their general characteristics are discussed in Section 7.4.3. They form the fastest 
growing segment of water-storage provision and compete directly steel or concrete on 
a price basis. In developing countries, these tanks are generally more expensive by a 
factor of 3-5 than the cheapest alternatives but this is changing. Even where they are 
markedly more expensive, they are often employed by water supply organisations, as 
they are light to transport, quick to install and are believed to work reliably (usually 
backed by a manufacturers guarantee).

	
Plastic tanks in Uganda	                              Plastic tank in Sri Lanka
(Picture D. Ddamulira)	 (Picture T. Ariyananda)

Further information
These are commercial products so contact your local supplier.

Drum tank

Small footprint tank with workshop production and use of mass-produced 
parts

Description
The drum tank, tested in Sri Lanka, Ethiopia and Uganda, uses two vertically stacked 
drums with welded seams to prevent leakage and an internal sand �lter. As the slow 
�ow through the �lter could reduce storage, particularly in heavy storms, an optional 
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separate tank has been added to catch this over�ow. The design is robust and can be 
made in a central location and installed in a short time. It is also extremely portable. 
Where height is limited, the drums can be con�gured horizontally.

	
Pipe arrangement for sand �lter	 Being trucked out to site

Con�guration of drums (Pictures: B. Woldemarium)

Further information
Construction details can be found in DTU Technical Release TR-RWH 15 available from 
www.eng.warwick.ac.uk/dtu/ 

Open-frame ferrocement tank

Flexible sized tank with low tooling costs

Description
Developed slightly later than the closed-form ferrocement tank, the open-frame tank, 
used throughout Asia and Africa, is more expensive overall, but much more �exible in 
size. It has now become the most popular form of ferrocement tank made in Africa and 
Asia. A cylinder made from BRC mesh or a network of reinforcing bars replaces the role 
of the solid form, which means that there are no additional mould costs and any size can 
be made. The bars also form part of the overall structure resulting in a stronger overall 
tank (although the square mesh will also tend to concentrate stresses somewhat).
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The downside to this design is that the mould is included in the tank structure and 
therefore not reusable and the formwork is not very rigid resulting in a thicker and less 
controlled wall section. This has resulted in a tank that generally costs more than the 
closed-form structure.

	

Moving the mould into place	         Partially rendered tank
Note: pictures taken from �Rainwater Catchment: Status and Research Priorities in the South-
eastern Asian Region� 

Further information
Detailed instructions for several sizes are given in; J Gould and E. Nissen Petersen, 
�Rainwater Catchment for Domestic Supply� IT Publications 1999

Closed-mould ferrocement tank

Formwork used to reduce cost

Description
The closed-mould ferrocement tank has been used since the mid 1970s in many 
countries in Africa, Asia and the Americas. Early versions used a corrugated iron lid that 
proved unreliable. These days, most ferrocement tanks have a domed cover also of 
ferrocement.

The tank is made, using a solid mould of either corrugated or �at galvanised steel 
sheet made in curved sections that bolt together forming a cylinder. Mesh is wrapped 
around this mould and galvanised wire wound in a spiral around the tank with smaller 
spacing at the bottom and larger spacing at the top. The mesh is then plastered over 
with mortar, which is left to cure overnight. The form is then dismantled and the 
inside plastered with mortar. Most of these tanks are then lined with cement slurry 
that renders them waterproof; others use a waterproo�ng agent in the main mortar 
coating.

Tank Designs
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Plate tank: Brazil

Modular construction for a large tank

Description
The plate tank was developed in North-eastern Brazil where it is now the most popular 
form of tank construction. It is made about 2/3 below ground and 1/3 above. The 
construction is of plated mortar or sometimes concrete 3-4 cm thick and about 50 
cm square made in a steel form. The plates are placed together and �xed by winding 
wire around the construction. A layer of mortar is plastered inside and out to �nish the 
tank. The roof is also made from pre-cast parts which are placed and plastered over to 
produce the �nal tank.

	
Making the plates		 Fixing the plates	

	
Plastering the outside	                             �Installing the roof 
Note: pictures taken from Haury, S �The Plate Cistern: Project Management and Construction 
Manual� and from Gnadlinger, J �Technical Presentation of Various Types of Cisterns Built in the 
Rural Communities of the Semiarid Region of Brazil�.

Further Information
Details are given in Gnadlinger, J., �Technical presentation of various types of cistern 
built in the rural communities of the semi-arid region of Brazil�, A paper presented to 
the 9th IRCSA conference held in Brazil can be found at www.ircsa.org. 

Detailed instruction can be found in Haury, S �the Plate Cistern: Project Management 
and Construction Manual� available from rainwater-toolkit.net.
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Interlocking block tank: Thailand 

Above ground material substitution with new jointing methods

Description
Several attempts were made to reduce costs in larger tanks in Thailand including 
bamboo cement and using various blocks. The blocks were designed to interlock, 
ef�ciently transferring the load between blocks and reducing mortar used for joining. 
The thickness of the blocks and the high level of compaction used in their manufacture 
results in a tank that can be made without reinforcement, although a ring of 
reinforcement was incorporated for safety. Problems came with aligning the blocks and 
ensuring a consistent layer of binding between the blocks. While not widely replicated 
due to its complexity this technique is instructive. If these problems can be overcome, 
the technique could conceivably be used with stabilised soil blocks or shaped burned 
bricks, dramatically reducing cement use. 

	
Block con�guration	 Making blocks	

 
Finished tank
Note: pictures taken from �Rainwater Catchment: Status and Research Priorities in the South-
eastern Asian Region� 

More information
The tank is described in �Rainwater Catchment: Priorities in the South-eastern Asian 
Region� (Report No. IDRD-MR127e). IDRC, Canada.
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Brick-lime cistern: Brazil

Underground functional separation

Description
When the ground can be relied on to take some of the load, tanks do not have to be 
so strong and materials that would otherwise be unusable can be employed. Such an 
underground design is the brick-lime cistern developed in the North-eastern Brazil 
and has been built for several years. The design is totally underground with only the 
dome protruding. Locally-made burned bricks are laid directly against the sides of an 
excavation and mortared together with lime, resulting in a slightly �exible structure 
that transfers a great deal of its load to the surrounding earth. The inside surface 
is sealed with a lime-cement mix and waterproo�ng is achieved by a cement slurry 
coating applied with a brush.

	
Beginning building the cistern	 Making the brick dome	

   (Pictures: J. Gnadlinger)
Finished tank	

More information
Manufacture of the cistern is described in �Redescobrindo a cal para construir 
cisternas� (Using lime to construct cisterns) available from http://www.abcmac.org.br.
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Dome tank

Description
The dome tank, tested in Sri Lanka, Ethiopia and Uganda, is a partially below ground 
tank with a ferrocement domed cover. The dome uses a removable frame that leaves 
behind only wire mesh as reinforcement. The mortar can either be applied without 
any other formwork, using one person outside to apply the mortar and one person 
inside to provide a backing (the addition of a small amount of sacking �bres to the 
mortar was found to help this process) or by making a temporary formwork from 
cardboard. The dome can be built when the tank is commissioned or added later when 
more funds are available, using a low cost roof in the mean time (see also thatch tank 
below). 

	
Lining the pit	 Fixing the frame for the dome

	
First layer of mortar for the dome	 Finished tank
(Pictures: D.B. Martinson)

More information
Construction details can be found in DTU Technical Release TR-RWH 13
www.eng.warwick.ac.uk/dtu/
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PVC lined concord cloth bag with bamboo frame

Above-ground quality reduction

Description
The PVC lined concord cloth bag is a recent innovation by International Development 
Enterprises (IDE) and is used in Bangladesh. As with the tarpaulin tank, the majority of 
the materials are gatherable or made locally. Only the PVC liner and plumbing need 
to be imported. The above ground design allows the water to be drawn without effort 
and also allows the tank to be monitored for damage.

The tank consists of two cloth bags waterproofed with a PVC liner. Each bag is laid 
horizontally in a bamboo frame and plumbed to a tap. The total capacity of the tank is 
about 3,000 litres and the total cost is about US$ 30.

	
General Assembly Diagram		  Competed tank
(Picture and diagram: IDE)

More information
More information can be obtained from IDE in Bangladesh. 
http://www.ide-bangladesh.org
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Mud tank

Above ground structure using low-cost mass produced and gatherable 
materials

Description
The mud tank, as tested in Sri Lanka, is an above ground tank with much of the 
economy of a below ground tank. Wattle and daub is a widespread practice for 
building from earth, particularly when householders build their own homes. The 
technique uses unmodi�ed mud to �ll a frame structure made from roundwood. The 
materials necessary for this type of constructions are all gatherable, so cash costs are 
low, being limited to the liner and plumbing. 

	
Bamboo frame	 Detail of access to tank	

Finished tank 	  

More information
Construction details can be found in DTU Technical Release TR-RWH 11
www.eng.warwick.ac.uk/dtu/
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Acronyms 

ACORD	 Agency for Co-operation and Research in Development (Uganda)
ADR 	 Average daily run-off
ARO	 Annual run-off
CBO	 Community based organisation
DFID	 Department for International Development (UK)
DRWH	 Domestic roofwater harvesting
DTU	 Technical University of Denmark
DWD	 Directorate for Water Development (Uganda)
EUC	 Equivalent unit cost
FAKT	 Finanzen, Analysen, Kommunikation und Technologie  
	 (German non-pro�t consultancy �rm)
GI	 Galvanised iron
GRP	 Glass reinforced plastic
HDPE	 High-density polythene
IDE 	 International Development Enterprises
IDP	 Internally displaced persons
IIT	 Indian Institute of Technology
IRC	 IRC International Water and Sanitation Centre (Netherlands)
IRCSA	 International Rainwater Catchment Systems Association
LRWHF	 Lanka Rain Water Harvesting Forum (Sri Lanka)
NGO	 Non-governmental organisation
NTU 	 Nephelometric turbidity units 
PBT	 Payback time
PNG	 Papua New Guinea
PPP	 Public-private partnership
PVC	 Polyvinyl chloride
RWH	 Roofwater harvesting
SEARNET	 Southern and Eastern Africa Rainwater Network
SERC 	 Structural Engineering Research Centre (India)
SODIS	 Solar water disinfection process
UNHCR	 United Nations High Commissioner for Refugees (UN Refugee Agency)
UNICEF	 United Nations Children�s Fund
USEPA	 US Environmental Protection Agency
WHO	 World Health Organization
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