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TREADLE PUMPS – WHAT ARE THEY?

Over the past decade, a small but significant
revolution has been taking place in small-scale
irrigation in the developing world with the
introduction of the treadle pump. This simple,
human-powered device can be manufactured and
maintained at low cost in rural workshops in
developing countries. Its acceptance in Bangladesh,
where it was first developed in the early 1980s, has
been described as extraordinary. Over 500 000
pumps are now in daily use in that country.

How treadle pumps work is described in detail
in the relevant chapter. The principle is based on
suction lift using a cylinder and piston to draw water
from a source below ground level, for example a
river or shallow groundwater. Originally developed
for hand pumps for domestic water pumping, it has
been skilfully adapted for use in irrigation, where
much greater volumes of water are needed, by
changing the driving power from arms and hands to
feet and legs. These have much more powerful
muscles and so are capable of lifting much more
water. Two pistons are used, each connected to a
treadle. The operator stands on the treadles, pressing
the pistons up and down in a rhythmic motion.

Two pumps have developed from this idea. The
first was a suction pump to lift water from a shallow
source and discharge it over a spout into a canal for
gravity irrigation. This was developed in Bangladesh
where farmers needed to lift large quantities of water
through shallow lifts of 1-2 m. The second
development was the pressure pump. This works
on exactly the same principle as the suction pump
but the delivery end was modified so that water could
be fed into a pipe under pressure for sprinklers or
hoses. It is also better at lifting water from deeper
sources than the suction pump. This development
came from the needs of African farmers who often
have to lift water from deeper sources, in excess of
4 m, and irrigate undulating land with sprinklers or
hosepipes.

WHAT PUMPS ARE AVAILABLE IN AFRICA?

Both suction and pressure pumps are available and
are in use in many countries throughout Africa. In
this report are details of the pumps used in Zambia,
Zimbabwe, the Niger and Kenya.

Are treadle pumps a viable option for Africa?

WHICH PUMP GIVES THE BEST PERFORMANCE?

Two pump types are available and many
modifications have been made to them to suit local
operating conditions. Which is the best pump? This
may seem a reasonable question to ask but in reality
it is a most difficult one to answer. First, the two
main pump types are designed to do different tasks
and so they are not directly comparable. Second,
there is not enough information available on all the
design modifications to enable effective
comparisons to be made between pumps of the same
type. There are differences in design, e.g. the
materials used, dimensions of components and the
standards of workmanship and in the methods of
testing. A more appropriate question, and one that
can be answered, is: Which is the best pump for
particular site conditions?

In Africa, treadle pump development has been
largely based on the Bangladesh pump, with
modifications to suit African conditions. This is
essentially a suction pump, redesigned so that it can
also be used as a pressure pump. ApproTEC
(Appropriate Technologies for Enterprise Creation),
a non-governmental organization (NGO) based in
Kenya, developed new designs for both suction and
pressure pumps, which it believes is better suited to
Africa. Its designs are based on the need to lift water
from deeper sources, irrigate more hilly lands and
be portable for security. Essentially, they exploit the
principle of mechanical advantage (the lever
principle) very effectively to get higher pressures.
A recent design by a Swiss organization has
introduced a suction pump that exploits the same
principle.

The first choice is thus between suction and
pressure pumps. The second choice is between the
Bangladesh design and the Kenya design.

Suction pumps

These are designed for lifting large volumes of water
from relatively shallow water sources (1-2 m).
Pressure is not usually an issue. The Bangladesh
suction pump model is the most appropriate in this
situation, because this is the job it was designed to
do. When water sources are deeper, however, the
ApproTEC and the Swiss suction pump designs,
with additional leverage, start to come into their own.
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Average discharges based on sustainable
pumping over the day for one operator would be in
the range of 1-2 litres/second for shallow sources.
This would increase if there were two operators
working together. For the deeper sources, lower
sustainable discharges can be expected: 1 litre/
second or less would be more realistic.

Pressure pumps

These are designed to create pressure, so the volume
of water lifted is less important. They are used when
water sources are deep (more than 4 m) and there is
a need to deliver water under pressure to sprinklers,
drippers or to a header tank. This requirement may
also be the result of irrigating undulating or steeply
sloping land. The ApproTEC pressure pump model,
which exploits a high mechanical advantage, is more
appropriate in this situation. Total pumping
pressures up to 14 m can be obtained but the
discharge will be low at this level of pressure, about
0.3-1 litre/second. The Bangladesh model will still
do a good job but it is less appropriate and it will be
difficult to operate at the higher pressures. This is
not the job it was designed to do.

When quoting pressures, it is the total pumping
pressure head that matters. This is the sum of the
suction head and the delivery head. They cannot be
separated. If a pump produces a total pumping
pressure of 14 m, then with a suction lift of 3 m, the
delivery pressure will be 11 m. If the suction lift
increases to 5 m, the delivery pressure will fall to
9 m.

It should be noted that treadle pump design is
not an exact science, because of the difficulty of
standardizing the power input, which depends both
on the physical strength of the operator and the
ability to sustain this power over a period of time.

Beware of comparing pump performance data
from different manufacturers. Some are tested in
laboratories, some in the field. There are also
unanswered questions about the operators used in
testing. Were they heavy or light? Was there one or
were there two? How fast did they treadle and for
how long? Unless there is a common basis for
testing, a detailed comparison between pumps on a
performance basis will need careful interpretation.

Finally, deciding which pump is best is not just
a question of technical performance. Judgement
must be based on a wide range of factors, including
costs and benefits, reliability, maintenance,
availability of spares and a complex range of local
social issues. The experience of others in dealing

with these issues forms an important part of this
report.

HOW MUCH DO THEY COST?

Pump prices in Africa vary from country to country
but are in the range US$50-120 (see Table 1). The
differences are due to the different costs of labour
and materials in each country.

Prices also vary along the supply chain from the
manufacturer to the farmer, as each group that
handles the pumps is paid for the service they
provide. Table 2 gives some indication of the levels
of mark-up for pumps sold in Kenya.

The mark-up by ApproTEC pays for the services
they put into the marketing effort, which is a key to
pump sales.

In Zambia, prices vary at present, depending on
the way pumps are supplied. Most retailers are
unable to get credit to buy pumps directly from
manufacturers and so the majority of pumps are
bought by an NGO, International Development
Enterprises (IDE), who pass them on to retailers on
a commission basis. IDE carries the financial burden
and the retailer receives a commission when pumps
are sold. This route is more expensive than the more
traditional direct route from manufacturer to retailer,
so IDE has introduced a temporary subsidy to bring
prices into line (see How are they sold to farmers?).

HOW MANY HAVE BEEN SOLD?

The data in Table 3 show that significant numbers
have been sold on a commercial basis and give some
idea of the likely uptake of treadle pumps based on
the substantial levels of marketing that have been
used to promote them. The majority of these pumps
are reported to be still in use.

The numbers give some indication of the
manufacturing capacity that must be built up to meet
the demand for pumps once promotional work
begins.

Note that not all the pumps made in Kenya are
actually sold in Kenya. They are distributed
throughout Uganda and the United Republic of
Tanzania as well.

Table 1. Pump prices

Country Suction pump Pressure pump

Zambia 60–77 100–120

Zimbabwe Not available Not available

The Niger 100 100
Kenya 53 75

Prices in US$
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Table 2. Mark-up on pumps sold in Kenya
Activity Suction pump Pressure pump

ApproTEC buys pumps from manufacturers 29 43

Dealers buy pumps from ApproTEC 46 63
Farmers buy pumps from dealers 53 75

Prices in US$

Table 3. Number of pumps sold in each country
Country Date introduced Suction pump Pressure pump

Zambia 1997 1 113 208

Zimbabwe 1988 - >400
The Niger 1997 265 162

Kenya 1996 3 925 -

Kenya 1998 - 2 705

WHO MANUFACTURES THEM?

One of the prerequisites for successful uptake is local
manufacturing capacity. In most of the country
reviews, pumps were initially imported into the
country to take advantage of well-established
designs. This was, however, quickly replaced with
local manufacture. All the pumps described in this
report need specialist skills and tools to produce
them to a good standard. In most cases, NGOs have
taken on the responsibility for approaching potential
manufacturers, providing them with designs,
materials lists and specialist tools and then training
them to construct the pumps.

In many countries, manufacturers produce only
the metalwork components known as the pump head.
The NGO then takes on the task of bringing together
the other components, before a pump is ready for
delivery to farmers. These components include the
wooden treadles, ropes and the pump seals, which
may be imported injection products, locally
produced leather or rubber from tyres. This final
pump assembly process is potentially a weak link
in the local supply chain at the moment, although
strengthened by the NGOs. To be sustainable,
assembly will need to be carried out locally by the
manufacturer or the distributor.

Most workshops can manufacture treadle pumps,
once staff are trained and have the right tools.
Manufacturing precision is important if the pumps
are to be durable and perform reliably and well in
the field. Consequently, important aspects of local
production are quality and quality control over all
aspects of the manufacturing process. Because
manufacturers are often not familiar with this, it
became necessary for the NGOs to introduce
systems of quality control and to train staff in the
procedures. The process rejects all faulty pumps,

while the good ones are certified for use in the field
and carry a mark to confirm this. This has led to the
introduction of a guarantee of repair or replacement
for faulty workmanship in the first 12 months of
use.

Local capacity in the countries reviewed was
more than able to meet the requirements of
producing good-quality pumps, although some
experienced early difficulties. Manufacturers
generally were not very customer-oriented; it will
be some time before they realize that a good-quality
product creates satisfied customers and can bring
in more business. This is the beginning of a
sustainable supply chain.

HOW ARE THEY SOLD TO FARMERS?

The emphasis here is on selling pumps to farmers
on a commercial basis, rather than supplying them
as gifts. The connection between the farmer as a
customer and the manufacturer as supplier is
generally not a good one. A distribution network or
supply chain is essential to link the farmer with the
manufacturer. It consists of manufacturers,
wholesalers, retailers, NGOs/partners and customers
(farmers). In Zambia there are eight manufacturers,
28 retailers and 30 active collaborating partners, who
are all involved in the distribution and sale of treadle
pumps.

IDE has been the catalyst for setting up supply
chains in Zambia. This involves IDE acting as a
distributor linking manufacturers to retailers,
because many retailers do not have the capital or
the access to credit to work directly with
manufacturers. IDE established agreements with
manufacturers to allow pumps to be supplied on a
consignment basis for sale at their offices and
through registered retailers. Retailers only pay IDE
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for pumps when they are sold, for which they receive
a commission incentive. The money is then paid to
the manufacturers to produce more pumps. In spite
of a few teething problems, the arrangement is
reported to be working well.

This input from IDE is only temporary; retailers
are slowly being encouraged to go direct to
manufacturers and establish a more conventional
chain. Some already do this and are able to negotiate
more competitive prices. Once it has become more
established, IDE intends to concentrate on
promotions and marketing.

Retailers were selected because of their strategic
position in major provincial towns, for their level
of commitment to the programme, the strength and
reputation of their business and their accountability
and willingness to accept the low price mark-ups
that were being recommended. Agreements were
made with them to adhere to the pricing structure.
In return, retailers received pumps on a consignment
basis, together with promotional literature and
operation and maintenance manuals. They were also
trained to use the pumps and in methods of
promotion.

A group of sales agents was recruited to promote
and sell pumps directly to farmers and receive
payment on a commission basis.

In Kenya, ApproTEC takes responsibility for
ordering and buying pumps from manufacturers and
for sale and delivery to retailers or dealers. Dealers
must purchase a minimum of ten pumps but
ApproTEC allows the first batch of ten to be sold
on consignment. This arrangement is common for
new products in Kenya and came about from the
unwillingness of many dealers to take the financial
risk of investment without proven local sales. Later
batches are purchased with 50 percent paid up front,
although some dealers are paying in full at delivery.
NGOs who purchase pumps from ApproTEC are
treated as dealers: they pay the wholesale price for
the pumps.

Sales through dealerships have proved to be by
far the best mode of distribution. Commissioned
sales people found it difficult to make a living solely
from pump sales. ApproTEC originally targeted
hardware stores in urban or peri-urban centres as
pump dealerships. However, focus was later shifted
to agricultural and veterinary (agri-vet) input stores
in small to medium-sized towns, because these
proved to have better access to customers. There
are at present over 80 dealerships in Kenya, The
United Republic of Tanzania and Uganda.

At the time of purchase, buyers fill out a
guarantee form giving details of their location and
planned use, which allows them to be tracked for
extension services and monitoring. Comprehensive,
regular surveys of randomly selected pump owners
are made to determine the use and impact of the
pumps.

In the Niger, there are cash flow problems similar
to those in Zambia. In such cases, manufacturers
provide credit to gardeners, especially at sites where
the pumps are not well known. A contract is arranged
with a gardener, who agrees to make a down
payment (negotiable, but usually 50 percent) and
agrees to pay the balance by a mutually acceptable
date. If the gardener defaults on payment, the
manufacturer can repossess the pump and keep the
down payment as a hire fee. The village chief or
another responsible member of the community
witnesses the contract.

The supply chain must also function as a conduit
for spares, maintenance services and feedback to
manufacturers. In the Niger, as part of the after-sales
care, all the gardeners are visited at least three
times – after one week, one month and six months –
by a field agent and a representative of the
manufacturer. During the first visit, a quality control
check is made to ensure that manufacturers are
continuing to follow the recommended norms for
materials and procedures. The pump installation is
checked and site-specific suggestions may be made
to improve pump performance. The first visit is
especially important for the first few pumps at a new
site. Once several gardeners in an area have some
experience, they are able to help their neighbours
with installation problems. If a major manufacturing
defect is identified, the manufacturer is contacted
and obliged to correct the problem.

The lack of an effective supply chain in
Zimbabwe is undoubtedly linked to the poor uptake
of pumps there. They are well known in the country
but no single agency has taken it upon itself to
market them on a wide scale and production is not
continuous.

WHAT ABOUT MARKETING?

Local manufacturers are capable of producing good
pumps but they are not so good at selling them.
Indeed, they do not normally see this as their role.
“If farmers want pumps, let them come and buy
them” was a common attitude. This is not such a
problem with well-known products but a more
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aggressive marketing strategy is needed for new
products, if farmers are going to benefit.

In Zambia, treadle pumps have been promoted
principally through practical demonstrations on
farmers’ field days, at agricultural shows, at markets,
in farmers’ fields and at IDE offices. Demonstration
gardens have been established in strategic areas
where rapid adoption could be expected. These have
provided farmers with the opportunity try out the
pump in their own time. In these cases, pamphlets,
leaflets and brochures were distributed to provide
information about the pumps and where they can
be purchased.

Other marketing activities have included
advertising retail outlets and the pumps through
radio programmes, television and newspapers. It is
planned to start printing calendars and T-shirts that
show treadle pumps in use and provide details of
the benefits. Village theatre performances, too, have
had a very favourable impact on sales.

Many partner organizations have also been
recruited to participate in promotion. NGOs such
as CARE International, Africare, the US Peace
Corps and many others have not only promoted the
use of treadle pumps but have also purchased pumps
for use in their own programmes.

In the Niger, publicity has been an important part
of marketing. The first step in a multifaceted
publicity campaign was to choose a name for the
pump. Staff chose Niyya da Kokari, a phrase
meaning willingness and courage that is understood
in the three main languages. A local acting troupe
was commissioned to write a song extolling the
virtues of the pump and publicizing its new name.
It has been included in radio and television
commercials and the brand name Niyya da Kokari
is now well known throughout the country.

Television has been a major factor in creating
brand name recognition. The same local troupe was
commissioned to perform in a commercial for
television, produced in Hausa and Djerma, that
clearly conveys the advantages of the pump in
comparison to traditional rope-and-bucket irrigation
systems. Although this kind of publicity is
expensive, the visual impact of seeing the pumps in
action creates a very positive impression. The large
number of people in rural areas who have reported
seeing the television commercial has surprised
project staff.

Audiocassette tape manuals using the local
languages of Hausa and Djerma are used in
preference to written manuals and have found a

wider acceptance. A copy is supplied with each
pump sold.

The lack of marketing effort in Zimbabwe is
undoubtedly a major factor in the poor uptake of
pumps there.

ARE THERE PRECONDITIONS FOR UPTAKE?

Enterprise Works in the Niger investigated
preconditions for uptake as part of their initial studies
on the use of treadle pumps. They suggest that in
order for a technology to be commercialized and
adopted, it should be produced as close to the end-
user as possible. It must be affordable for the buyer
and profitable for the producer. The technology must
also function reliably and the purchaser must be
satisfied. It only takes a few dissatisfied customers
to ruin the market for a new product. But no
technology can be considered appropriate for all
conditions. This is where the identification of
appropriate sites becomes important. Appropriate
criteria include:

• a market for vegetable products;
• a water source within 6 m of the ground surface;
• an adequate water supply (>1 litre/second per

pump);
• a concentration of market gardeners using tradi-

tional water-lifting methods;
• adequate land available for garden expansion.

The best way to determine where there are
concentrations of market gardeners is to start at the
markets. By asking the vendors where the produce
was grown, the more important gardening sites can
be identified. Visits to markets also provide an
opportunity for practical pump demonstrations.

WHAT AREA CAN BE IRRIGATED?

This depends on the crops, the climate and the
effectiveness of the way the farmer uses water. In
broad terms, assuming an irrigation time of 20 hours
per week, a crop water requirement of 25 mm per
week, typical of a dry season in southern Africa,
and a power input of 50 watts (only one person
pumping water), the area that can be irrigated using
a treadle pump is approximately 0.24 ha. Using
watering cans under similar conditions would reduce
the area to 0.03 ha. Surveys of small-scale irrigation
in Kenya indicate an average area of 0.4 ha for
suction pumps and 0.27 ha for pressure pumps. If



Are treadle pumps a viable option for Africa?6

more than one operator is working the pump, the
irrigated area can be much greater.

WHAT ARE THE IMPACTS ON FARMING PRACTICES?

The reported impacts on farming practices have been
substantial and include:

• increased land area under irrigation;
• reduced work time compared with bucket irri-

gation;
• full irrigation of fields, resulting in improved crop

quality;
• reduced frequency of irrigation to two or three

times per week;
• less strenuous irrigation work compared with

bucket irrigation;
• additional and new crops grown each season;
• increased number of growing cycles, as crops

are able to grow faster with full irrigation.

WHAT ARE THE ECONOMIC BENEFITS?

The economic benefits of introducing treadle pumps
can be significant. In Zambia, incomes have risen
more than sixfold from US$125 achieved with
bucket irrigation on 0.25 ha of land to US$850-1 700
using treadle pumps. This was attributed to increased
crop yields and to being able to increase the area of
land irrigated. Cropping intensity also rose in some
cases up to 300 percent (three crops a year), with
noticeable increases in the variety of crops grown.
With more water available, farmers were more
willing to take risks with new crops. Similar benefits
have been reported in other countries where treadle
pumps have been introduced.

In addition to the direct benefits for farming
families, there is the positive effect on the whole
supply chain of manufacturers, retailers and selling
agents. Employment has increased in rural areas
where artisans are manufacturing pumps, carpenters
are producing treadles and an increased workforce
is needed on the farm to cope with the additional
produce.

But a word of warning. The increase in crop
yields can bring with it the problem of a market glut
when supply exceeds demand. This is a particular
problem with common household crops and it is
exacerbated by the tendency of farmers to grow the
same crops at the same time of year. The search for
new, more distant markets may solve this difficulty
but it can create different problems. Transport is
costly and difficult to find in remote rural areas with
poorly developed feeder roads. It is also unreliable.

A farmer may have to wait days for transport, which
may result in deterioration of perishable produce,
which in turn reduces profits.

Strategies to avoid the glut problem include:

• adoption of alternative cropping patterns;
• uptake of contract farming;
• linking with bulk buying companies;
• introducing solar drying and food processing

technologies;
• adopting alternative low-cost transport such as

bicycle-powered carts to get to distant markets.

Water resources can also limit economic growth
in small-scale irrigation. A few farmers pumping
from a small stream or shallow groundwater may
not cause much of a problem but large numbers of
farmers operating in the same area could result in
overexploitation of the resource to the detriment of
everyone. If the local watertable dropped by one or
two metres, for example, this could put the water
beyond the reach of treadle pumps.

WHAT ARE THE SOCIAL AND CULTURAL IMPACTS?

Social and cultural issues vary from country to
country but they can play an important role in the
adoption of any new technology. In Zambia,
irrigating crops, weeding, fertilizing and harvesting
of vegetables are generally considered to be
women’s activities. Women operate treadle pumps
without any traditional or religious constraints and
see this as an opportunity for empowerment. Women
are targeted by organizations promoting treadle
pumps and used in publicity material. It has been
reported that women find the pumps harder to
operate than men do. They do, however, find suction
pumps easier to use than pressure pumps. Of all the
pumps sold in 1999 in Zambia, only four were
purchased by women, though women are the main
users of treadle pumps.

In Zimbabwe, although treadle pumps are not so
widely used, the improvement of family nutrition
as a result of the increase in garden produce has
been noted in many areas. There is little economic
benefit, however, as most communities produce just
enough for their own consumption. Very few
farmers use treadle pumps to produce vegetables
for marketing.

The cost of pumps is still beyond the reach of
many ordinary communal farmers. More than half
of the pumps in use were donated, and are thus
community property. It has been observed that
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individually owned pumps are much better
maintained than those owned by the whole
community.

Pumps are mostly operated by women and
children, as they tend to do all work in the garden.
Because an operator is elevated above the ground,
women do not feel comfortable standing on the
pumps for long periods. They feel exposed and
consider it undignified. A sensitive issue has been
men trying to discourage their wives from using the
pumps, because they become overtired in the
evenings. This issue is difficult to verify, although
some people believe it is more speculation than
reality

In Kenya, although men buy most of the pumps,
women mainly manage them and then control and
benefit from the additional income. However, most
of the pumps are actually operated by young men
hired by women managers. In contrast to this, men
buy and operate most of the pumps used in the Niger.

IS TRAINING NECESSARY?

Training for all those involved in the supply chain
is essential if treadle pumps are to succeed.
Suggested training needs for various groups are
given below:

Government extension staff who work directly
with irrigation farmers

• Training to build up capacity in irrigation in ex-
tension services, including horticultural methods

• Irrigation techniques
• Water management, including crop water re-

quirements and scheduling
• Treadle pump operation and maintenance
• Stripping and assembling a pump to highlight

technical aspects and the importance of proper
installation procedures and maintenance of each
component

• Field demonstrations with farmers

Retailers involved in purchasing pumps and sell-
ing them on to farmers

• Marketing and promoting treadle pumps
• Customer relations
• After-sales services
• Quality control and identification of a quality

pump
• Record keeping
• Business development and accounting

Farmers using the pumps for irrigation

• Operation and maintenance of treadle pumps
• Water management
• Agronomic practices
• Basic market economics of supply, demand and

the effects on prices

SO ARE TREADLE PUMPS REALLY APPROPRIATE FOR

AFRICA?

Small-scale irrigation is seen as one of the success
stories in many countries in Africa, at a time when
large-scale developments have failed to come up to
expectations. It is usually developed privately by
farmers in response to family and local market
requirements, without the need for government
intervention. This has been at the heart of its success
(Kay et al., 1985). Treadle pumps introduced on a
commercial basis seem to be ideal for the small
farmer in this situation. The evidence available to
date indicates that there is much to be gained by
taking up this type of technology.

Attempts to use treadle pumps in Africa in the
early 1990s were less successful than in Bangladesh.
Conditions in Africa are very different from those
in Bangladesh, however. The groundwater is much
deeper and the irrigated land much more hilly, so
the water must be pushed much further from its
source to the point of use. Development of pressure
pumps has helped to overcome this constraint and
has transformed the situation, resulting in significant
sales of pumps in many countries in the past few
years.

It is important to bear in mind the social and
cultural implications of introducing pumps of this
kind, if the economic benefits are to be realized.
There will also be a great deal of work to be done in
setting up the supply chains and ensuring that there
is sufficient manufacturing capacity of a high
enough quality to meet the demand. As demand
usually needs to be stimulated when new tech-
nologies are introduced, there is the opportunity to
combine marketing activities with the development
of supply chains. In this way, it may be possible to
balance the level of expectation created among
farmers with the means of satisfying it.

All the pumps described in this report require
specialist machine tools and parts to ensure
production of efficient, reliable units. There are those
who argue that the specialist tools and components
bring with them an unacceptable level of dependence
on others. If spare parts are not available or if local
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skills are insufficient to cope with routine
maintenance and repair, the system is unlikely to be
sustainable in the long term.

To be profitable, a technology must have a low
overall cost – low enough not to overexpose the
owner to debt. It must then make money. Fear of
failure has often driven people towards high tech
solutions to avoid the problems of breakdown. All
machinery fails eventually. In developing countries,
however, failure tends to occur sooner because
maintenance is poorer and the conditions are more
hostile. The result is the machinery graveyards that
can be seen surrounding many towns and villages.
For this reason, the need for strong supply chains to
support the supply of spare parts and maintenance
must not be underestimated.

A final comment from experience in East Africa
indicates that four preconditions are vital for the
sustained success of treadle pumps:

• a market-driven demand and suitable environ-
mental and economic conditions and a signifi-
cant population able to afford the pump and sus-
tain local demand for horticulture;

• a well-designed pump that is appropriate for the
local farming, economic and manufacturing sys-
tems;

• a local private sector capability for mass pro-
duction and quality control;

• effective private-sector distribution networks for
agricultural inputs and equipment, including
transport, infrastructure and retailers.

IS THERE A ROLE FOR DONORS AND NGOS?

Donors and NGOs can take action to facilitate and
enhance treadle pump use. Donors can fund viable
projects where the four preconditions for sustained
success are met. NGOs can play an important role
in demonstration and promotion. Donors and NGOs,
however, should not donate or sell pumps below
retail cost. They should support the private sector
and avoid actions which can skew the market and
result in detrimental impacts on consumer-driven
demand.
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As previously stated (see Treadle pumps – what are
they?) introduction of the treadle pump, which can
be manufactured and maintained at low cost in rural
workshops, represents a significant revolution in
small-scale irrigation in the developing world. Its
acceptance in Bangladesh, where it was first
developed in the early 1980s, has been described as
extraordinary, with over 500 000 pumps now in daily
use in that country.

The costs of buying, running and maintaining
engine-driven pumps for irrigation are prohibitive
for most small farmers in the developing world. The
majority rely on traditional human-powered water
lifting devices but these too have their drawbacks.
They are essentially bucket-lifting technologies
operated by hand, such as shadoofs and scoops, which
are slow and cumbersome and require high labour
inputs to irrigate very small plots of land. Water lifting
rates are at best 0.5-1.0 m3/h. Treadle pumps have
been changing all this. They use the legs, which have
much stronger muscles than the arms. They work in
a comfortable, rhythmic walking motion, lifting up
to 2.5-5 m3/hr by suction from rivers or shallow
groundwater – enough to irrigate between 0.2-0.4
ha in most tropical and arid countries.

The first treadle pump was designed and
developed by Gunnar Barnes, a Norwegian agri-
cultural engineer working for the Rangpur-Dinajpur
Rehabilitation Service in Bangladesh in 1981. The
early designs where called tapak-tapak pumps by the
farmers, because of the sound they made.

Treadle pumps of various designs are now
available in many African countries. Various NGOs
introduced a lot of these from Asia. Manufacturing
has tended to be small-scale, by blacksmith or small
enterprises, with an emphasis on low cost. Prices
vary from country to country, but most pumps are
sold to farmers at between US$50-100. The Food
and Agriculture Organization of the United Nations
(FAO) has promoted them through its various Special
Programme for Food Security (SPFS) initiatives. A

Background

notable success has been their uptake in Zambia.
Development still continues, with tests looking at
long-term performance and maintenance needs and
improvements to pressure delivery pumps. There is
probably still scope for improvements in ergonomics
and opportunities for mass production.

The International Programme for Technology and
Research in Irrigation and Drainage (IPTRID)
commissioned this report on the status and prospects
for treadle pumps in Africa, particularly concerning
how smallholders can take up such devices to support
irrigation. In view of the fact that treadle pumps are
now being used in many African countries, this
document is a state-of-the-art report. It identifies what
needs to be done by agencies, donors, NGOs and
manufacturers to make such pumps acceptable and
accessible for smallholders. It is aimed at irrigation
professionals, donors, decision makers and NGOs
promoting small-scale irrigation in Africa.

Information has been provided from many
sources. Particular reference is made to the national
experts who were commissioned by IPTRID to collect
up-to-date information from a number of African
countries.

The report begins with a review of the different
treadle pumps currently in use in Africa and the
information available on their technical performance,
with a view to trying to answer the question – Which
is the best treadle pump? Or perhaps more
appropriately – Which is the best for a given
situation? This is followed by reports prepared by
national experts on the experience of using treadle
pumps in different countries across Africa. These
principally address the important issues of economic
and social impact of this technology change, its
acceptability and sustainability. This experience
should help those who are just beginning to think
about treadle pumps, wondering if they are right for
them and, if so, how best to introduce them into their
situation.
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HOW THEY WORK

A treadle pump comprises a cylinder fitted with a
piston and some means of pushing the piston up and
down (Figure 1). A pipe connects the pump to the
water source and at the end of this pipe is a non-
return valve that allows water to enter the pipe and
stops it from flowing back into the source. The piston
and the cylinder must have a very close fit, so that
when the piston is raised, it creates a vacuum in the
cylinder and water is sucked into the pump. When
the piston is pushed down, the water is pushed
through a small valve in the piston to fill up the space
above it. When the piston is raised again, it lifts this
water until it pours out over the rim of the cylinder
and into an irrigation channel or tank. At the same
time, more water is drawn into the space below the
piston. The downward stroke of the piston once again
pushes water through the small valve into the space
above the piston and the process is repeated.

How treadle pumps work

This is a very simple principle that has been used
for centuries for lifting water from streams and wells.
The amount that can be lifted in this way is usually
small, however, because pumps that use this idea
are normally hand operated and the effort required
to lift water is considerable. This has generally
restricted their use to domestic purposes and for
watering animals.

This idea has now been skilfully adapted for use
in irrigation, where much greater volumes of water
are needed. The most important innovation has been
to change the driving power from arms and hands to
feet and legs. These have much more powerful
muscles and so are capable of lifting much more
water. Two cylinders are used instead of one. They
are positioned side by side and a chain or rope, which
passes over a pulley or a rocker bar, connects the
two pistons so that when one piston is being pushed
down, the other one is coming up. Each piston is

Figure 1: Treadle pump operating principles
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connected to a treadle. The operator stands on the
treadles and presses them up and down in a rhythmic
motion – like pressing the pedals on a bicycle. Some
have also described it as similar to walking. This
rhythmic method of driving the pump has gained wide
acceptance among farmers and seems to be preferable
to any mechanism that requires only one foot or arms
and hands.

This pump has become known as the suction
pump and it is used to draw water up from a well or
river and discharge it into a canal for irrigation. But
since its advent another form of treadle pump has
been developed which is commonly known as the
pressure pump. This operates on exactly the same
principle as the suction pump but the delivery end
has been modified so that water can be fed into a
pipe rather than an open channel. Instead of water
flowing over the top of the cylinders into a channel,
the upward movement of the pistons pushes water
through a second valve into a delivery pipe. This valve
closes on the downward stroke to stop the flow from
reversing. In this way it is possible to maintain a
pressure in the delivery pipe that can be used to drive
sprinklers or drippers or deliver water to a header
tank. Hence the name pressure pump.

These are not the ideal names, because they imply
that the two pumps are different, when in reality they
both work on the same suction principle. However,
these are the names that have been generally accepted
and so in accordance with common use they are used
throughout this manual.

SOME BASIC HYDRAULICS

Many professionals without an engineering
background often do not have a good understanding
of basic hydraulics and pumping. This section is
designed to clarify some of the important issues such
as pressure, head and discharge and what is meant
by such terms as suction lift and delivery head.

Pressure and head

Pressure is defined as a force acting uniformly over
an area. It is normally measured in kilo-Newtons per
square metre (kN/m2). In some European countries,
kilograms force per square centimetre (kgf/cm2) is
still used. Another common unit is the bar. One bar
is the equivalent of atmospheric pressure and is equal
to 1 kgf/cm2. Many non-engineering professionals
find kilo-Newtons confusing and much prefer to work
in kilograms force (kgf), as it can be easily related to
the common understanding of kilograms as a measure

of weight. This is the unit of measurement used
throughout the manual.

Pressure is often referred to as a head of water.
To understand this, imagine a long vertical tube, in
which the pressure is to be measured, connected to a
pipe. Water will rise up the tube, because of the water
pressure in the pipe. The height to which it will rise
is a measure of the pressure. This is called the head
and is another way in which pressure is expressed. It
has the advantage of allowing changes in land
topography that can affect pumping pressure to be
taken easily into account when working out pressure
requirements. It must, however, be linked to the fluid
in the pipe, as different fluids would rise to different
heights because of their different densities. So the
correct term to use is head of water. The relationship
between pressure and head is a simple one:

Head of water (m) = 0.1 × pressure (kN/m2)
or = 10 × pressure (kgf/cm2)
or = 10 × pressure (bar)

As an example, a pressure of 3 bar or (3 kgf/cm2)
would result in water rising to a height of 30 m in the
tube. (For more explanation of pressure and other
aspects of hydraulics, see Kay, 1998.)

Atmospheric pressure, which is important for
pumping water, is equal to 10 m head of water. The
reasons for its importance are discussed in the next
section.

Suction lift

For operating convenience, pumps are usually located
above the water source and a short length of pipe is
used to draw water into the pump. This is called the
suction pipe. The difference in height between the
water surface and the pump is called the suction lift.
The idea of suction lift and its limitations is one that
is not well understood, so a word of explanation is
perhaps appropriate here.

Pumps do not actually suck water, as is often
imagined. A pump takes water from the source in
much the same way as you would suck up water
through a drinking straw. In fact you do not actually
suck up the water; you suck out the air from the
straw and create a vacuum. Atmospheric pressure
does the rest, pushing down on the water surface and
forcing water up the straw to fill the vacuum.
Atmospheric pressure thus provides the driving force
but puts a limit on how high water can be lifted in
this way. It does not depend on the ability of the
person sucking. At sea level, atmospheric pressure
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is approximately 10 m head of water, so in theory it
can push water up to 10 m. But if you were relying
on a straw 10 m long for your water needs, you would
die of thirst! A 7 m straw would improve your chances
of survival and 3 m would be even better. In other
words the shorter the straw, the easier it becomes to
get water.

This principle applies to all pumps, including
motorized pumps and treadle pumps. Ideally, it should
be possible to lift water by suction up to 10 m. In
practice, a sensible limit is 7 m, because of friction
losses in the suction pipe and the effort required to
create a vacuum under these conditions. Even at this
level, there will be difficulties in keeping out air from
leaky pipe joints and seals to maintain the vacuum.
The lower the suction lift, the easier it will be to
operate the pump.

The question of how to lift water from a borehole
deeper than 7 m often arises. Clearly, in this situation,
water cannot be lifted by any pump operating at
ground level. The only way to deal with this problem
is to lower the pump into the ground, so that it is less
than 7 m above the water surface. This can be done
either by using a submersible pump – in which case
the pump is below the water level, so there is no
suction – or excavating down and placing the pump
on a shelf within 7 m of the water surface.

For pumps operating at high altitudes, where
atmospheric pressure is less than at sea level, the
practical limit will be lower than 7 m.

Total pumping head

Total pumping head is another term that needs careful
use. It is the sum of the suction lift and the delivery
head and is more important for the pressure pump.
The delivery head is the pressure created on the
delivery side of the pump; it is measured from the
pump to the point of water delivery. So if the suction
lift is 4 m and the pump then delivers a 7 m head to
some sprinklers or hose pipe, the pumping head would
be 11 m. This represents the total height through
which the water must be lifted from source to delivery
point. If 11 m were the maximum that a pump could
deliver, any change in the suction lift would affect
the delivery head. For example, if the suction lift
increased to 6 m, then the delivery head would reduce
to 5 m, resulting in the same total pumping head of
11 m. Just quoting delivery heads without any
reference to suction lift does not provide enough
information about what a pump can do in terms of
pressure.

In many pumping installations, the total pumping
head would include any losses in head resulting from
friction in the suction pipes and losses as the water
flows through filters and valves. Flow through treadle
pumps is low, so for simplicity these effects have
been ignored.

Remember: Total pumping head is the suction lift plus
the delivery head.

THE BASIC COMPONENTS

Although there are different designs of treadle pump
available, there are several components which they
all have in common (Figure 2).

Pump cylinders

The use of two pump cylinders provides a nearly
continuous flow of water. Although this is not so
important for gravity irrigation, it can be an
advantage for pressurized irrigation, where the build
up of pressure is important to create a spraying
action. Cylinders are normally between 75 mm and
150 mm in diameter. A common diameter is 100 mm.

Materials used include steel plate bent into a
cylinder, PVC pipe, concrete and bamboo. The choice
of material is strongly influenced by local availability
and cost. Steel is a good choice if there are sufficient
skills and machinery available to bend it into the right
shape. Bamboo has been used where it is plentiful. It
has the advantage that it can be maintained at farm
level, but it does have a short working life. It is not
suitable for pressure pumps.

Pistons

Pistons move up and down in the cylinders when the
operator presses down on the treadles. Steel rods
connect the pistons to the treadles. The pistons can
be made of steel, wood or plastic, with leather or
rubber cups or rings to form the seal with the
cylinders. The seals must also stand up to the rigours
of continually moving up and down against the
cylinder wall (see Table 5 for tests on seals).

Pump manifold

The manifold is a steel box in a pressure pump that
connects the inlet and outlet pipes to the pump
cylinders. It comprises two parts: the inlet side, which
allows water into the cylinders, and the outlet side,
which allows water to exit from the cylinders into a
delivery pipe. The suction pump only has an inlet
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manifold, as water spills over the top of the cylinders
via a spout and discharges into a channel.

Non-return valves

Non-return valves allow water to flow one way and
stop it from flowing back to the source. Treadle
pumps can have several non-return valves. One can
be located at the entrance of the suction pipe to stop
it from draining every time pumping stops.
Interestingly, very few pumps use this valve, which
means that the pump must be re-primed every time
pumping begins. A second valve is located at the top
of the suction pipe in the inlet manifold to stop reverse
flow during pumping. Pressure pumps have a third
non-return valve in the outlet manifold, to stop reverse
flow once the water has been pressurized.

Treadles

The operator stands on the treadles and pushes them
up and down to work the pump. They can be about 1
metre long, hinged at one end and supported at the
other by a rope or chain running over a pulley. They
are connected to the piston rods so that the movement
of the treadles is transferred to the pistons. Treadles
can be made from steel, wood or bamboo. Treadles
need to be strong enough to take the forces applied
by the weight of the operator.

Pulley wheel or rocking bar

The pulley wheel and rope connect the two treadles
and enable the operator to work the treadles up and
down in a reciprocating movement. The pulley is
usually made of wood soaked in oil to preserve it
and to lubricate the movement. An alternative to the
pulley is a rocking bar, which is pivoted in the middle
(see ApproTEC pumps – Kenya).

Frame

The components of the treadle pump are mounted on
a frame, which keeps all the parts together and
provides support for the operator. Some pump frames
are made from wood and are very portable. This can
be important when security is a problem and pumps
cannot be left in the field overnight. However, some
designs use sturdy metal frames which can stand up
to the rigours of continual use; one design is encased
in concrete (see Swiss “concrete” pump) which makes
it difficult to move and hence difficult to steal.

PUMP DESIGN FEATURES

Treadle pumps provide one of the best ways of using
human power to lift water. Sizing of the components
and careful design are essential to ensure that this is
done in the most efficient manner. Pump output
requirements of discharge and pressure must be

Figure 2: The basic components of a treadle pump
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matched with the mechanical components, such as
the diameter of the pistons, their stroke length, the
weight of the operator and the cadence – the frequency
with which the treadles are pushed up and down.
This process of design is complicated by the wide
variations of possible pumping needs of different sites
and the wide range and ability of operators, who must
be comfortable when using the pump and not bent
over in some awkward position. The design must be
as simple as possible in terms of its manufacture
and maintenance. This section looks at these issues
and explains, for example, why some treadle pumps
have small diameter cylinders while others have large
ones.

Human power – what can be achieved?

It is generally accepted that a reasonably fit, well-
fed human being between 20 and 40 years old can
produce a steady power output of around 75 watts
for long periods (Fraenkel, 1986). This may not be
the case in many developing countries, so a more
realistic output may be around 30 to 40 watts. This
power is transferred to the pump when the operator
stands with one foot on each treadle and pushes them
up and down in a reciprocal motion. This is a very
natural movement for the human body; it can be
sustained for several hours, if the parameters of stroke
length and the cadence are matched with the ability
of the operator.

A steady output of 75watts is the equivalent of
walking up stairs at home in 20 seconds. This may

not seem such a difficult task but try doing it
continuously for 4–6 hours each day.

Assuming a 75 watt output, it is possible to
calculate what can be done with this human power.
In theory, if a suction pump has a suction lift of 1.0
m, then 75 watts would produce a discharge of 7.5
litres/second. At 2.5 m suction, this would fall to 3
litres/second and at 5 m it would be 1.2 litres/second.
As the suction lift increases, the discharge that can
be achieved decreases. It is not possible to convert
all the 75 watts into useful water pumped: some will
inevitably be lost through friction in the pipes and in
the pump and valves. Introducing an efficiency factor
of 50 percent for the conversion of human power
into water power would reduce the discharge at 2.5
m suction from 3 litres/second to 1.5 litres/second.

Fraenkel (1986, p.137) summarizes this by
calculating the discharge and head for an input power
of 75 watts at 50 percent efficiency as shown in
Table 4.

Of course, if two people operate the pump at the
same time, as is often done in some countries, then
obviously the input power and the output in terms of
pressure and discharge will be much greater.

This puts upper limits on what can be realistically
achieved with human power.

Remember! There is no such thing as a free lunch. If
you want to lift a given quantity of water from a given

depth, you must provide the human power to do it. The
pump just provides a more efficient means of
converting human power into waterpower. But

there are limits to what can be achieved.

Pump ergonomics

Ergonomics is the science of matching people with
machines – in this case matching operators with
treadle pumps. In this way, the pump component sizes
and dimensions are chosen to get the best out of the
human power input and ensure that the pumps are
comfortable to operate.

Piston/cylinder diameter
Pistons and cylinder diameters range between 75-
150 mm, with 100 mm being a common choice. Piston
diameter puts an upper limit on the pressure that can
be achieved (see Discharge ).

Stroke length
There are two stroke lengths to consider: the foot
stroke length and the piston stroke length. The foot
stroke length is the vertical distance between the feet
when one foot is raised and the other is at its lowest
point. If the stroke is too short, the leg muscles tire
quickly; if it is too long, the leg muscles are straining.
Bicycles are one of the best known ways of using
human leg power. The distance between bicycle
pedals is approximately 340 mm, which would be a
long stroke for a treadle pump and the pumping speed
(cadence) would be slow. The stroke is governed by
what is a comfortable speed to operate the pump. A
stroke length of 100-350 mm is a typical range but it
depends on how the pump will be used. Given a
choice, an operator would normally choose a short
stroke length for high heads and a longer stroke for
low heads.

The piston stroke length is the vertical distance
through which the piston moves during pumping. On

Table 4. Discharge and head
Head (m) 0.5 1.0 2.5 5.0

Discharge
(litres/sec)

7.6 3.8 1.52 0.6
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some pumps this is the same as the foot stroke length
but this is not always the case (see Mechanical
advantage).

Piston stroke volume
This is the volume of water lifted during each stroke
of the pump. It can be calculated by multiplying the
area of the piston by the piston stroke length.

Cadence
This is the frequency with which the treadles move
up and down. A cadence up to 60 cycles per minute
is a comfortable speed for most operators. This
determines the pump discharge, which can be
calculated by multiplying the piston stroke volume
by the cadence. It is important to make sure the units
are all the same to get an accurate result in litres/
second. Pump cadence is variable, as it depends on
the individual operator. Pump discharge will vary as
a result of this.

Foot force
The total pumping head is created by the force on
the piston from the operator pushing down on the
treadle. For comfortable pumping, this downward
force should not exceed 50 percent of the operator’s
weight and not more than 70 percent for short periods.
For the pump to be suitable for men, women and
children and for a range of pumping heads, it should
be designed for a foot force of 15-50 kgf (150-500N).
The piston force must also overcome the friction in
the cylinders and in the pipes.

Mechanical advantage
On many pumps, it is possible for operators to move
their position along the treadles, so that they can
change the force needed on the pistons while
maintaining a steady and comfortable foot force. This
movement also means that the pump can accom-
modate operators of different weights, each able to
find a suitable and comfortable pumping position.
This is an important aspect of pumping: it can be
much less tiring when operators can change their
position, rather than trying to produce a particular
force at a fixed position on the treadles.

In mechanical terms, this positioning of an
operator relative to the piston is based on the lever
principle. When an operator is standing on the
treadles immediately above the pistons, the pushing
force is directly transferred to the pistons. An
operator’s downward force of 30 kgf (300 N) thus
transfers directly a force of 30 kgf to the piston
(Figure 3-1). If the operator moves away from this

position and increases the distance from the pivot
point of the treadles, a greater force can be applied
to the pistons. For example, if the distance from the
pivot point to the piston is 1 m and the distance of
the operator from the pivot is 1.2 m, a downward
force of 30 kgf would increase to a force of 36 kgf
on the piston (Figure 3-2). The converse is also true.
If the operator moves to reduce the distance to the
pivot point to 0.8 m, the downward force on the piston
also reduces to 24 kgf (Figure 3-3). This ratio of the
distance of the operator and the piston from the pivot
point is known as the mechanical advantage. In the
first case it has a value of 1.2 and in the second 0.8.

Although mechanical advantage is described
above in terms of the position of an operator, it has a
direct bearing on the movement of the operator, in
terms of foot stroke length and piston stroke length
(Figure 4). A mechanical advantage of 1 means that
the foot stroke length is equal to the piston stroke
length. If the mechanical advantage is increased to
3, the piston stroke would be only one third of the
foot stroke length. As the stroke length of the operator
is limited to approximately 350 mm, the piston stroke
length would be one third of this, i.e. 115 mm.

In practical terms, this means that a light operator,
such as a child, could operate a pump by standing as

Figure 3: Using mechanical advantage
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far away as possible from the pivot, to take advantage
of the extra leverage. A heavy, or strong operator
could move closer to the pivot for a comfortable
pumping position. It also means that greater pumping
pressures can be achieved because of the greater
forces but this is at the expense of volume lifted per
stroke, because of the reduced piston stroke length.

Suggested mechanical advantage ranges between
0.5 to 4. But there is a practical upper limit to this
advantage, as the pump might overturn if the operator
stands at the extreme end of the treadles.

A summary of desirable features
A summary of the range of desirable design features
is shown in Table 5.

Discharge

The concept of discharge is familiar to most people
who deal with water. Almost the first question that is
asked of a pump is – What discharge can it produce?

Discharge can be measured in many different units,
e.g. litres/second, cubic metres per hour (m3/h) or
gallons per minute. It is a measure of the volume of
water flowing per unit of time. For treadle pumps,
the same question is asked but the answer is not so
straightforward. This is because most treadle pumps
do not produce a continuous steady flow and the
output depends so much on the operator. To say that
a treadle pump can produce 2 litres/second needs to
be qualified with how the operator achieves this. It
may be a heavy or a light operator. It may even be
two operators working together on the same pump.
It may be a continuous steady flow but is it
sustainable over long periods or is it a high flow only
achievable in short bursts of high power input? Did
the operator work a typical day of, say, six hours
and take rests for ten minutes every hour or swap
with another operator?

There is clearly a need to standardize the method
of measuring discharge if it is to have meaning for
comparing pump performance and for choosing one
that is suitable for a particular job. This is not the
present situation. In this manual, different ways of
assessing discharge values are used by different
investigators. Some discharges are measured under
laboratory conditions, with information given about
the operator’s ability. Some are measured in the field
and make allowances for rest periods, giving an
average discharge over the day. Some quote the
discharge based on the amount of water pumped over
a longer period of time and work out the sustainable
discharge over that period. This is not to say that
one method is the right way. There are several ways
of doing it, and so one must be careful to compare
like with like.

One way to compare pumps is to look at the
volume per stroke. This indicates what can be lifted
but does not include the ability of the operator.

Remember! Discharge values quoted for treadle
pumps can be misleading. Note how they are
measured and see if they are sustainable over

long periods, before basing your irrigation
strategy on the values given.

Achievable pressures

The range of desirable features and the limits on
human power restrict what can be achieved in terms
of pressure. The maximum pressure or head that can
be achieved by an operator depends on the downward
force on the piston and its area. Pressure is the force
per unit of area, so for a given force, if the area is
increased, the pressure decreases and vice versa. A
65 kgf operator standing on a treadle immediately

Figure 4: Effects of mechanical advantage on
foot and piston stroke length

Table 5. Desirable features

Item Details

Piston diameter 75-150 mm

Foot stroke length 100–350 mm

Cadence As chosen by the operator

Foot force 15–50kgf (150–500N)

Mechanical advantage From 0.5 to 1 up to 4 to 1

Treadle spacing 175–200 mm
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above a piston of 100 mm diameter could only
produce a maximum pressure of 6 m head, no matter
how hard he tries to push. If the diameter were
reduced to 75 mm, the maximum pressure could be
increased to 15 m head.

Another and more efficient way of increasing the
pressure is to increase the mechanical advantage. This
is the approach that ApproTEC and the Swiss have
used in the design of their pumps (see ApproTEC
pumps – Kenya  and Swiss “concrete” pump).
Increasing the mechanical advantage from 1 to 4 on
a 100 mm diameter piston with the same 65 kgf
operator would increase the maximum achievable
pumping pressure to 24 m.

The pressures quoted above are somewhat higher
than can be achieved in practice, as these are simple
demonstration calculations based on 100 percent
efficient transfer of force from operator to water. In
practice there are losses. First, it is not possible in a
normal pumping situation to transfer all the body
weight to each treadle; it is perhaps only 70 percent
at most. Second, there are friction losses in the pump
to overcome. The maximum pumping head of 24 m
referred to above would, in practice, only be 14 m.

If pressure is important, by far the best way of
achieving it is to increase the mechanical advantage.
This is balanced by a lower volume per stroke.

Priming and its limits

When a pump is first used, it must be primed. This
is a process of removing all the air from the suction
pipe and the cylinders. If this is not properly done,
pockets of air left in the system will impair the
performance of the pump.

Priming can be achieved in a number of ways.
The simplest way is to draw the air out by normal
pumping action. Some pumps have a non-return valve
at the entrance to the suction pipe, so that it does not
drain when it is not in use. When the pump starts up
again, it is already primed and ready to go.
Unfortunately, very few treadle pumps have this
feature. Another approach is to fill the pump and the
suction pipe with water prior to pumping.

Whichever way priming is achieved, the main
objective is to get all the air out of the system. This
can be difficult, because during pump start-up the
seals are all dry. Air leaks more easily past a dry seal
than a wet one, so wetting the seals before pumping
can greatly improve priming.

Small quantities of air in the cylinders can stop a
pump from priming, particularly when the suction
lift is high. This is because air is several thousand

times more compressible than water. During priming,
when a piston is at its lowest position, the space
between the piston and the bottom of the cylinder
will be full of air (Thomas, 1993). This is called the
dead space. When the piston begins to rise, the
pressure below the piston falls but it does not
immediately start to suck up water. The air starts to
expand and the air pressure drops (Boyle’s law: pV1.2

= constant). Only when the piston has moved a
considerable distance will the pressure have dropped
enough to be below the suction pressure and so open
the inlet valve to allow water into the pump.
Thereafter, the piston does a useful job, drawing air
(and below it water) up the suction pipe. This means
that if there is a significant volume of air in the
cylinder and a high suction lift, the operator may not
be able to draw water but will simply be expanding
and compressing the air in the cylinder. The operator
may never be able to get the pressure low enough to
draw water.

This problem is most acute during priming when
the pump is dry. The volume of air relative to the
swept volume – the volume swept by the piston –
can be quite high. For piston pumps, this ratio can
exceed 1, i.e. the volume of air is equal to the volume
swept by the piston. In such cases, it will not be
possible to prime the pump when the suction head
exceeds 5.5 m. Effective priming depends on keeping
the ratio below 1 and the suction lift as low as
possible.

Some manufacturers quote operating suction lifts
as high as 8 m but for many pumps it will be
physically impossible to prime them by normal
suction methods at this depth. Only those pumps
manufactured to a very high standard will be able to
achieve this.

When the pump is primed and running normally,
the whole cylinder is filled with water and the seals
are wet, so the air volume will disappear or be
considerably reduced. At this point, the phenomenon
will no longer be a problem. It does, however,
highlight the problems of priming and the need for
airtight connections in the suction pipes. Every little
leak can add to the problem of priming and the greater
the suction lift the greater will be the problems of
leakage.

PERFORMANCE

Pumps are normally described by their hydraulic
performance, which indicates the discharge and
pressure that can be expected for the effort (or power)
put in. For treadle pumps, this is not an exact science
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because of the difficulty of standardizing the power
input, which depends on the physical strength of
operators and their ability to sustain this power over
a period of time. 1 Comparison between pumps from
different suppliers is also made difficult because of
differences in design, e.g. materials used, dimensions
of components and standards of workmanship.

This section reviews several different pumps
available in Africa, bringing together the information
currently available on their performance. A summary
is then made to try and answer the question: which is
the best pump? Or more appropriately: which is the
best pump for me? The latter is the more important
and answerable question, because much depends on
the circumstances in which the pump will be used.
This will become clearer as the review proceeds.

There are many treadle pumps in use throughout
the world. Many designs have been modified from
the early Bangladesh model to take advantage of local
conditions and materials. Data are presented here on
six pumps – the original treadle pump from
Bangladesh, four that are being widely used in Africa
and a recent innovation from Switzerland:

• Bangladesh pumps
• IDE Pumps – Zambia
• Masvingo pumps – Zimbabwe
• Enterprise Works pumps – The Niger
• ApproTEC pumps – Kenya
• Swiss “concrete” pumps

Bangladesh pumps

These pumps have been included in this review
because they were the first treadle pumps, on which
all the others were based. They were developed in
the late 1980s in Bangladesh and, as already
mentioned previously, were called tapak-tapak or TT
pumps because of the noise they made. The original
pumps were constructed predominantly from bamboo
at the very low cost of US$8 (at 1986 prices). An
improved version of this early treadle pump was
developed in the Philippines by the International Rice
Research Institute (IRRI), which increased the price
to US$25 (at 1987 prices).

Several improved models were built with more
robust materials and tested in Bangladesh. Cylinder

diameters ranged from 76 mm to 178 mm, with a
piston stroke length of approximately 290 mm.
Extensive testing was done by the Rangpur Dinajpur
Rural Service (RDRS) and the results published in
Orr et al.,1991. They indicated that output from a
pump depended on a variety of factors, including
suction lift, cylinder diameter, variations in internal
friction, occasional air leaks in the installation, hard
filters, skills and care of the installation team and
the weight and agility of the operator.

A summary of the test data in Table 6 shows the
sustainable output for a range of pump sizes with an
indication of the suction range over which the pumps
operate satisfactorily. The authors describe this as
the optimum range. A 76 mm pump is capable of
maintaining a discharge of 1 litre/second up to a
suction limit of 8.5 m. It is likely to be more at lower
suction lifts but this is not reported. The sustainable
discharge increases with pump size but the
recommended suction lift reduces, presumably so that
the effort being put in by an operator is similar in
each case. The reduced suction lift is compensated
by increased discharge. The sustainable discharge
of the larger pumps, up to 5 litres/second, is
significant but the authors stress that this is only
achievable at very low suction heads. Only suction
lift is quoted and not pumping head, because this
pump is not a pressure pump and so in effect the
delivery head is zero.

There was no indication of the piston stroke length
in these data. Construction details shows that the
cylinder length is 303 mm, so a stroke length of 290
mm has been used to calculate the volume of water
pumped from each cylinder per stroke.

Orr defines sustainable discharge as the flow
produced by two to three medium weight operators
pumping in shifts all day long. The authors report
that higher discharges can be achieved using heavier
operators and increasing the speed of pumping. The
heavier operators would be able to exploit the larger
pumps that require more effort; they would also be
able to use them at greater suctions. Greater
discharges can be expected when two people operate
a pump at the same time, as is often the case in
Bangladesh.

Orr reported on an independent World Bank study
(Engineering and power consultants, 1987) that
defined the effort needed to work treadle pumps in
terms of power input. At 30 field sites throughout
Bangladesh, engineers measured the power required
to operate a treadle pump, expressing it in watts over
the Basic Metabolic Rate (BMR). The average BMR
is 62 watts. This is the barest minimum demand,

1 Power and energy are often confused, They are related but
have different meanings. Energy is the capacity to do useful
work, whereas power is the rate of using energy, measured in
Watts. The amount of energy used depends on how long the
power is applied. Hence, energy is power x time, measured in
Watt-hours.
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equivalent to lying in bed and doing nothing. The
results showed that a comfortable pumping activity
required a power of 30 to 50 watts above BMR. 2

Pumping continuously for 20 minutes and then resting
for 10 minutes, a healthy adult male could work
comfortably for 5-6 hours a day. So pumping 1 litre/
second with a suction lift of 3 m for 40 minutes in
every hour produces an average discharge of 0.66
litres/second (2.4 m3/h). Working at this rate for 6
hours a day would mean that up to 14 m3 of water
could be pumped. When the suction lift was increased
to 5 m or more, however, the average discharge fell
by 50 percent, i.e. to 0.33 litres/second (1.2 m3/h),
because of the increased effort. This clearly
demonstrates the importance of the suction lift in
determining the pump discharge.

Although Orr’s report does not discuss the
significant difference between the RDRS discharge
results and those obtained in the field tests, the
explanation might simply be the difference between
what happens in the laboratory and what happens in
the field. Orr does quote details from the field study,
which seemed to be quite comprehensive from the
measurements taken. On this basis, it would be best
to make judgements on performance from the field
data, bearing in mind that more can be achieved if
the conditions are favourable.

One aspect of the Bangladesh situation is the
tendency for two operators to be working the pump
at the same time. This would clearly make a difference
to pump performance and would account for some
of the high discharges reported. Remember that there

is a limit to what an individual can achieve in terms
of power output and therefore water lifted (see Human
power – what can be achieved?).

The Bangladesh design has a low mechanical
advantage between 0.8 and 1.2. Generally, operators
stand close to the pistons, so the piston and foot
strokes are approximately the same at 290 mm.
However, the mechanical advantage range does allow
for operators to move their position relative to the
pivot point in order to find a more comfortable
pumping position, depending on their weight and the
head and discharge required.

IDE pumps – Zambia

IDE introduced the Bangladesh pump into Zambia
as part of a project to support and develop small-
scale irrigation (see The Zambia experience on p.
28). They now produce four different types of treadle
pump, the Tube well, Modified, River and Pressure
pumps, to meet various needs. The performance data
obtained from IDE in Zambia are shown in Table 7.

Cylinder diameter is 89 mm and stroke length is
approx. 300 mm (based on the cylinder length of
313 mm. This means that the volume of water
pumped per stroke is 1.78 litres.

The Tube well, Modified and River pumps, as
they are known, are suction pumps that have been
modified to suit the site conditions around the water
source. They have twin 89 mm cylinders with a spout
outlet on the delivery side. The pressure pump is a
modification to the suction pump that allows it to
deliver a pressurized flow. It is similar to the
Bielenberg pump (see Enterprise Works pumps –  the
Niger, on p. 40). IDE quote a range of recommended
suction lifts and discharges that can be expected. They
indicate that an average adult can operate the pumps

2 Note that this is much less than the 75 Watts referred
to earlier but it is a more realistic level of inputs for a
Bangladeshi farmer.

Table 6. Discharges for different pump cylinder diameters (Orr et al., 1991)

Pump cylinder diameter (mm) 76 89 120 152 178

Suction lift (m) 7–8.5 5–7 2.5–5.5 2–2.5 0.5–2

Sustainable discharge (litres/sec) 1 2 3 4 5

Volume per stroke* (litres) 1.25 1.7 3 5 7

Table 7. IDE pump performance data, Zambia

Discharge for different suction lifts (litres/sec)

Pump type Suction
lift (m)

1 m 2 m 4 m 6 m 8 m Delivery head (m)

Tube well 1–8 2.5 2.0 1.2 0.8 0.5 0

Modified 1–8 2.5 2.0 1.2 0.8 0.5 0

River 1–8 2 1.5 1.0 0.8 0.3 0

Pressure 1–4 2.5 2.0 1.6 0.5 n/a 7
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Masvingo pumps – Zimbabwe

Masvingo pumps are pressure pumps, very similar
in construction to the IDE pump used in Zambia.
The cylinder diameter is 100 mm but the cylinder
length, and hence the stroke length, is slightly shorter.
They are manufactured in Masvingo – hence the
name – and several have been thoroughly tested by
the Institute of Agricultural Engineering in Harare
(1988). The resulting performance data are
summarized in Figure 6. The pumps are reported to
produce a discharge between 1-2 litres /second with
a suction lift up to 5.5 m.

Cylinder diameter is 100 mm and stroke length is
approx. 290 mm (based on a cylinder length of 300
mm). The volume pumped per stroke is 2.2 litres.
Note that only suction lift is quoted, even though the
pump is of the pressure type.

One of the main objectives of the tests was to see
how various pump modifications stood up to long
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easily for five to six hours in a day. Optimally, the
pumps discharge about 1.5 litres/second between 1-
8 m suction lift and a maximum of 2 litres/second at
lower suction lifts. In emphasizing the importance
of the operator in achieving the desired output, IDE
say that the pumps do become hard to operate at
suction lifts greater than 6 m.

IDE recommend the pressure pump for use only
at low suction lifts, between 1-4m.

The suction pumps have a cylinder diameter of
89 mm. Assuming a stroke length of approximately
300 mm, the volume of water pumped per stroke is
1.78 litres. The stroke length is estimated from the
cylinder length of 313 mm.

The pressure pump has a cylinder diameter of
100 mm, which increases the volume per stroke to
2.25 litres. Reports suggest that this pump is difficult
to operate because of the tightness of its leather seals
and it sometimes needs two operators to work it
properly. Judging by the high volume per stroke and
the small mechanical advantage it may well be that
the pump is not so well designed for this purpose if
only one operator is available. Two operators working
at the same time would make the pump much easier
to use, particularly when higher pressures are needed.
Operators can also move their position on the treadles
to vary the mechanical advantage but this is limited
to between 0.8 and 1.2.

Non-return valves are not fitted at the entrance to
the suction pipe on the IDE pumps, so there will be
difficulties in maintaining prime between periods of
pump use. Priming the pressure pump has been
described as very cumbersome.

Figure 5: IDE modified river pump, Zambia

Figure 6: Pump performance data for Masvingo
pump, Zimbabwe
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hours of use. Three types of piston and seal were
tested: a leather cup with metal spacer, a leather cup
with a wooden spacer and a PVC end cup with two
“O” ring seals. All were run for 800 hours and the
performance measured every 50 hours. The results
showed that there was little difference in the
discharge-suction lift characteristics and that this was
maintained over the 800 hours. Differences in the
performance of the pistons were observed, however
(Table 8).

Data are not available on the power inputs,
although it is assumed that only one operator was
using the machine at any one time. No measurements
have yet been made on performance in the field.

This pump allows an operator to change position
and so vary the mechanical advantage between 0.8
and 1.2.

Figure 7: Masvingo treadle pump (pressure delivery),
close-up of under-side

Figure 8: Masvingo treadle pump (pressure delivery),
under test at manufacturers

Table 8. Comparative performance of different piston types

Pump piston modification Outcome

Leather cups with metal spacer No problems during test except that it was difficult to
operate. Leather cups did not produce a tight seal. Cups
needed replacement after 400 hours.

Leather cups with wooden spacer No major problems mechanically but all the operators
reported that it was the most arduous to operate. Very
difficult to prime after 750 hours of operation, because of air
leakage around leather cups.

PVC end cups with two “O” ring seals This was the easiest pump to use, because of the reduced
friction from the PVC rings. But there were several
breakdowns as the ring became damaged or dislodged from
its seating. Also difficult to find ready-made rings to fit
available pipe sizes.

Enterprise Works pumps – the Niger

Enterprise Works is an international NGO working
in irrigation development in the Niger (see The Niger
Experience). It used to be known as AT International,
under which name it produced the book How to make
and use a treadle irrigation pump, published in 1995
by IT Publications (see References). The Enterprise
Works pumps are based on the Bangladesh model
but modified for pressure delivery.
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The standard Bielenberg pump has cylinders with
a diameter of 100 mm. It can be inexpensively retro-
fitted with smaller cylinders by inserting high-
pressure PVC liners in the cylinders and installing
smaller diameter pistons and leather cups. This makes
it easier to operate when the total pumping head
exceeds 10 m.

The pumps being used in the Niger are based on
the Bielenberg suction and pressure pump designs.
Pressure pumps are not so important in the Niger,
because of the limited range of topography.

The Bielenberg pump, named after one of the
authors, was developed from a pump designed for
the United States Agency for International
Development (USAID) by Dan Jenkins and known
as the Universal treadle pump. This in turn was
derived from the Bangladesh suction treadle pump.
The early Bielenberg pumps were designed for
suction lift as well as pressure but the publication
referred to above describes only the pressure version.
They were designed for easy manufacture in small
African workshops, using commonly available
materials and equipment, and to be light enough to

Improvements have been made to the valves to
enhance pump operation. The suction pumps have a
non-return valve in the base of the cylinder and a
valve in the piston. During the downward stroke,
water passes through the valve to fill up the space
above the piston. On the upward stroke, the water
pours over a lip into a canal.

Three 100 mm diameter cylinder models are
produced: a suction pump, a pressure pump and a
hand-operated pump. All of them can be used by one
or two operators. The foot and piston stroke of the
pumps is approximately 250 mm, with mechanical
advantage between 0.8 and 1.2 but in practice most
operators do not use the full stroke and are most
comfortable using a stroke length between 150 and
200 mm.

Enterprise Works’ method of testing is based on
field trials, as it is suggested that this is the only way
in which a true measure of sustainable output can be
obtained. Field testing over an extended period also
allows for the averaging of the variable power input
from the operators. For this reason, Enterprise Works
characterize treadle pumps by measuring the average
discharge that can be sustainably pumped by an
operator under practical field conditions over an
extended time period. Pump performance was
measured at field sites with varying watertable
depths, i.e. varying suction lifts. Preliminary results
show that sustained discharges of 1.4-1.9 litres/
second (5-7 m3/h) are possible with one or two
operators from watertable depths ranging from 3 m
down to 6 m. The operators can also adjust their
position on the pump to increase the leverage and
take account of the increased effort needed at greater
suction lifts.

No measurements of maximum pressure have
been made on the pressure pumps, as this has not
been an issue in the Niger. However, it is anticipated
that the pressure pumps can produce a total pumping
head in excess of 8 m.

Enterprise Works is developing and testing a
treadle pump for use in wells where the water level
is deeper than 7 m below ground level. It is reported
to be able to lift up to 1 litre/second (3.6 m3/hr) from
a depth of 15 m. It uses two pistons located 9 m
below ground level but it does require two operators.
A larger 150 mm diameter pump is also being tested,
which produces a discharge of approximately 3 litres/
second (11 m3/hr) but the suction lift needs to be less
than 2 m. Beyond this it is reported to be very tiring
to use.

Figure 9: Bielengberg pump, Niger

be carried by one person between wells or different
fields.
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Figure 10: ApproTEC super Money Maker (pressure delivery)

Figure 11: ApproTEC super Money Maker, Kenya
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ApproTEC pumps – Kenya

ApproTEC, the Nairobi-based NGO, designs and
manufactures its own suction and pressure treadle
pumps (see The Kenya experience). These pumps
operate on the same principle as the other pumps but
there are several design features that are significantly
different. ApproTEC says it has looked into the early
designs of treadle pumps from an engineering point
of view and have produced designs which it considers
are more appropriate to the conditions prevailing in
Kenya and other parts of Africa. This is particularly
related to the need for larger suction lifts because of
the lower watertables in Kenya and the need for
pressurized delivery systems to overcome the rolling
terrain on many farms. Portability is another issue,
as pumps left in the field are in danger of being stolen.

One outcome of this redesign was a pump with
an increased mechanical advantage – up to 4 – as
compared to the other pumps, which range only
between 0.8 and 1.2. The distance of the operator
from the pivot point can be as much as four times
the distance from the pivot to the pistons. This means
that there is considerable leverage applied to the
pistons, even by light operators. The result is that
large pressures can be achieved, which is a desired
output for both high suction lift pumps and pressure
pumps. The increase in mechanical advantage means
that the piston stroke length is shorter – 121 mm for
the suction pump and only 73 mm for the pressure
pump – compared with 250-300 mm for other pumps.
This results in much less water being lifted per stroke.
Both pumps have the same cylinder diameter, 121
mm, so the volumes per stroke are 1.32 litres and
0.8 litres respectively.

Another feature of the pumps is that they are of
all-metal construction, including the treadles. Instead
of a pulley wheel and rope system to connect the
pistons, they use a chain and a rocker bar.
Structurally, they are well engineered and robust but
this does mean that spares are specialist items made
under factory conditions.

Extensive tests of both suction and pressure
pumps have been undertaken under controlled
laboratory conditions; results are shown below in
Figures 12 and 13. Figure 12 shows how the
discharge varies with suction lift for both pump types.
To try and overcome the operator problem, tests were
undertaken with several different operators weighing
around 65 kg. Each was asked to pump comfortably,
i.e. at a pace that they could sustain for several hours.
ApproTEC reports that it designs their pumps for a
power input of 75 watts. This is similar to figures
quoted earlier for the power that can be generated by
a reasonably fit adult male but is much higher than
the power inputs by farmers in Bangladesh.

The maximum discharge is similar for both
pumps, reaching approximately 1.2 litres/second
when the suction lift is less than 4 m. As the suction
lift increases, discharge decreases rapidly because
of the extra effort needed. There is an interesting and
consistent dip in both curves between 2 and 5 m. As
yet there is no physical explanation available for this.
In terms of practical field operation, the dip is not
significant.

The performance of the pressure pump seems to
be slightly better than the suction pump, in spite of
the fact that the valves are more rigid than in the
suction pump to withstand the backpressure from

Figure 12: Performance of ApproTEC pumps for a 65 kg user
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the delivery system, thus offering more resistance to
the flow. This is a little surprising, but experience in
Kenya suggests that operators do not notice much
difference in the physical effort of operating the two
pumps. Operators tend not to compare the effort
needed to work the two pumps but rather compare
the pump effort with the much harder and more
strenuous method they used before to accomplish the
same task. Another investigator reported that
operators tend to put more effort (power) into using
the pressure pumps to overcome any increase in
resistance. The question then is whether they sustain
the effort over the same time period (i.e. the energy
input) as with the suction pump. No detailed studies
have yet been carried out on this.

ApproTEC points out that their pressure pump
performs a different role from the suction pump, so
operators consider that any extra physical effort is
negligible, given the additional range of pressures
that the pressure pump offers. Most pump buyers,
they say, decide to buy on the basis of price rather
than on physical effort. Further data (Figure 13) show
how the pressure pump performs against various
delivery heads, based on a constant suction lift of
1.2 m. As expected, there is a direct relationship
between discharge and pressure. As the delivery
pressure requirement increases, the discharge
available decreases. The pressure that can be
achieved, up to 14 m delivery head, is significantly
greater than any of the pumps reviewed so far. This
is primarily because the increase in mechanical
advantage. This high pumping pressure is a special

feature of ApproTEC pumps. Even when the suction
lift is 6 m when pumping from a well, it is still capable
of producing up to 8 m delivery head to overcome
the problems of irrigating in hilly territory such as
occurs in Kenya.

Any increase in suction lift beyond 1.2 m (Figure
13) would, of course, reduce the delivery head,
because it is the total pumping pressure that matters
and not just the delivery head.

Swiss “concrete” pump

This is a recent innovation developed by Swiss
engineers and introduced into the United Republic
of Tanzania in 1998. The engineers set out to produce
a simple, robust suction pump that would not rust
and that would be easy to construct. The result is a
pump that comprises PVC cylinders surrounded by
a block of concrete to give them support. The block
also encloses the inlet manifold and the pivot supports
for the treadles (Figure 14).

The cylinders are 110 mm in diameter, cut from
standard PVC pipe. This material should
considerably reduce the friction between the pistons
and cylinders in comparison to the more traditional
welded steel. The treadles are constructed from robust
timbers and are positioned over a pivot point to give
a high mechanical advantage. This exploits the same
idea as the ApproTEC pump for developing extra
force on the pistons.

As yet no performance data are available but
outputs similar to the suction lift and discharge of
the ApproTEC pump could be expected.

Figure 13: Performance of ApproTEC Pressure pump (suction lift 1.2 m)
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COMPARING PERFORMANCE

Two pumps types are available and many
modifications have been made to them. But which is
the better one? At first sight this may seem to be a
reasonable question to ask. In reality, however, it is
a most difficult question to answer. First, the two
main pump types are designed for different tasks, so
they are not directly comparable. Second, there is
not enough information available on all the design
modifications to enable effective comparisons to be
made. There are differences in design, e.g. materials
used, dimensions of components and standards of
workmanship. The methods of testing pumps are also
different. A more appropriate question – and one that
can be answered – is: Which is the better one for
me? It is possible to set out some broad guidelines to
help determine the most appropriate pump to use for
a given set of site conditions.

In Africa, treadle pump design has been
approached in two ways. One was to take an existing
design such as the Bangladesh pump and modify it
to suit African conditions. The second was to rethink
the design and produce a pump that was better suited
to African conditions. In most countries, the first
approach was taken and the Bangladesh pump was
used as the basic model on which to build
modifications. This is essentially a suction pump and
it was modified so that it could be used as a pressure
pump. The second approach, taken by ApproTEC,
was to develop new designs for suction and pressure
pumps, based on African conditions such as deep
watertables, hilly irrigated lands and the need for
portability. Essentially, this approach exploits the

lever principle very effectively. A recent design by a
Swiss organization has introduced a pump that
exploits this same principle.

Pump performance data
Table 9 brings together the main physical features of
the pumps so far described, particularly in terms of
the water volume lifted per stroke and the discharge
and heads that have been reported.

First, a general comment about the data available.
They tend to dwell on the piston diameter and imply
that this is related to head and discharge. It is related
but it is only part of the picture. What is important is
the volume of water lifted per stroke of the pump,
which is the cylinder area multiplied by the stroke
length. The speed at which the operator works
determines how many strokes there are per second
and this in turn determines the discharge. The force
that an operator applies to the pistons and the area
of the pistons determines the pumping pressure that
can be achieved.

A comparison
The first and most obvious distinction to make is
between the suction and pressure pumps. There are
clear differences in the design and construction of
the two pump types, because they are designed to do
different jobs. Looking at each pump type in turn, a
wide range of discharges and pressures is quoted,
which can be confusing. The pumps looked at are all
built around the same principle with similar materials,
so one might expect to get broadly similar results,
bearing in mind the limitations of human power input
and the pressure and discharge that can be physically

Figure 14: The Swiss “concrete” pump
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achieved. The conclusion to be drawn from this is
that much of the variation must be a result of the
methods of testing. Some of the tests were in the
laboratory and some in the field. There is also the
question of the operators: were they heavy or light?
Was there one or were there two? How fast did they
treadle? Unless there is a common basis for testing,
a detailed comparison between pumps on a
performance basis will need careful interpretation.

There are some broad conclusions that can be
drawn for the information available.

Suction pumps

Suction pumps are designed for lifting large volumes
of water from relatively shallow water sources.
Pressure is not usually an issue. They are low-head,
high-volume-per-stroke pumps. Pressure can be
achieved either by using small diameter pistons with
a long stroke length or larger diameter pistons with a
relatively short stroke length. The Bangladesh pumps
have relatively small diameter pistons and long stroke
lengths to achieve high volumes. The diameter is
largely determined by the ease with which an operator
can push the pistons. The stroke length matches the
natural step length of an operator, around 250-300
mm. Larger pistons usually require two operators
working at the same time. A low mechanical
advantage, 1 or 1.2, fits neatly with this arrangement.

The ApproTEC suction pump is quite different
from the Bangladesh type. It has relatively large
pistons of 121 mm and a short stroke length. This
produces a much lower volume of water per stroke
but it is designed with pressure in mind as well as

volume. Water sources tend to be deeper in Kenya
than in other countries, so pressure, in this case
suction lift, is a more important issue there than in
Bangladesh, where the ground water is very shallow.
To create the pressure, a greater force is needed on
the pistons, which is achieved by exploiting a high
mechanical advantage of up to 4. A large mechanical
advantage and small piston stroke lengths go together,
because of the practical limitations of the lever
principle. Although the ApproTEC pump seems to
produce a lower discharge value than other suction
pumps, it is in fact designed for a different function.
Bear in mind that this pump is designed for only one
operator.

The pump is made from steel components, as are
the treadles, which can thus stand up to the leverage
forces that are applied. The wooden treadles
commonly used in Bangladesh would not stand up to
such forces. Far more robust timbers would be needed
(see Swiss “concrete” pump).

As a general rule, when the water source is
shallow (1-2 m deep) and large volumes are needed,
the Bangladesh model is the most appropriate. When
water sources are deeper than this, the ApproTEC
pumps, with additional mechanical advantage, start
to come into their own.

For shallow sources, average discharges based
on sustainable pumping over the day for one operator
would be in the range of 1-2 litres/second. This would
increase if there were two operators working together.
For the deeper sources, sustainable discharges of 1
litre/second or less would be more realistic.

Table 9. A comparison of pump data

Item Piston
diameter
(mm)

Stroke
length
(mm)

Volume
per
stroke

Discharge
(litres/sec)

Maximum
suction
head (m)

Maximum
delivery
head (m)

Maximum
total head
(m)

Bangladesh

Suction 76–178 290 1.2–7 1–5 5 0 5

Zambia

Suction 89 300 1.8 0.5–2.5 8 0 8

Pressure 100 300 2.25 0.5–2.5 6 7 13

Zimbabwe

Pressure 100 290 2.2 0.5–2.0 8 0 8

The Niger

Suction 100–150 250 2.3–4.2 0.5–3.0 6 -

Pressure 100 250 2.3–4.2 6 2 8

Kenya

Suction 121 121 1.3 1.2 6.5 0 6.5

Pressure 121 73 0.8 1.2 6.5 14 14

Switzerland

Suction 110 300 2.2 Not known Not known Not known -
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Suction pumps are low-head high-volume-per-stroke
pumps. As a general rule they are appropriate when the
water source is shallow (1–2 m deep) and large volumes
are needed. The Bangladesh model is the most
appropriate. When water sources are deeper, the
ApproTEC suction pump design, with additional
mechanical advantage, starts to come into its own.

Pressure pumps

Pressure pumps are designed to create pressure, so
the volume of water lifted is less important. They
are used when there is a need to deliver water under
pressure to sprinklers, drippers or a header tank. This
requirement may be relevant to irrigating undulating
or steeply sloping land.

High pumping pressures – remember, this is a
combination of suction lift and delivery head – are
created by using small piston diameters or increasing
the force on the pistons. The latter can be done by
using a heavier operator. Another way is to use a
higher mechanical advantage, which in practical
terms means shorter piston stroke length for the same
leg stroke. Hence, pressure pumps tend to have
smaller diameter cylinders with shorter stroke lengths,
which means that a low volume of water is lifted per
stroke. They can be described as high-head, low-
volume-per-stroke pumps.

Most pressure pumps are based on the Bangladesh
design, which was originally a suction pump. The
modification comprises the addition of a delivery
manifold, so that the water can be fed into a pipe and
pressurized, rather than spilling over a lip into a canal.
While the pump manifold has changed to
accommodate this, the basic dimensions of small
cylinder diameter and long piston stroke have
remained the same, i.e. of the low-head, high-volume
type. With piston diameters of 90-100 mm and an
operator of 65 kgf, the maximum pressure that can
be produced is only 8 m (see Discharge on p. 16).
Allowing for only 70 percent of the operator’s weight
on the treadle, pressure would reduce to 6 m, which
does not go far when some of it is taken up by suction
lift. The only way to increase the pressure is to use a
much heavier operator – or two operators – or
increase the mechanical advantage. Using a typical
advantage of 1.2 would only increase the pressure to
8 m.

The ApproTEC pumps exploit mechanical
advantage to produce pressure with only one operator.
A mechanical advantage of 4 with a 120 mm diameter
piston and an operator of 65 kgf could produce a
maximum pressure of 24 m. Allowing for only 50
percent of the operator’s weight on the treadle reduces
the pressure to a more practical 12 m.

As a general rule, when water sources are deep –
more than 4 m – and/or a pressurized supply is
required, the ApproTEC pressure pump, with its high
mechanical advantage, is more appropriate. This is
not to say that the Bangladesh model will not do a
useful job; it is just a less appropriate design from a
performance point of view and unless a very small
piston is used it will not achieve high pressures.

Pressure pumps are high- head low-volume-per-stroke
pumps. As a general rule they are appropriate when water
sources are deep (more than 4 m) and/or a pressurized
supply is required. The ApproTEC pressure pump, which
exploits a high mechanical advantage, is more
appropriate in this situation. The Bangladesh model will
still do a good job but it is less appropriate from a
performance point of view.

One last point about pressure pumps. There is
often discussion about whether suction lift and
delivery pressure are separate issues or are related
to each other. They are very much related and any
change in one will directly affect the other (see Total
pumping head on p. 12). In other words, when
pushing down on one piston to create pressure, the
operator is also pulling up on the other piston to create
suction. The deeper the suction, the greater will be
the effort to lift the piston, which will have a direct
effect on the operator’s ability to push down the other
piston and create delivery pressure.

Pumping speed – effects on head and flow

If a human being could produce a steady power output
like a machine, a pump operator would simply adjust
the speed of working to take account of different
pump sizes, heads and discharges. People do not
behave in this way, of course. They have a fairly
limited range of operating rates and are often most
comfortable at fairly slow and steady speeds, though
some operators do prefer short, rapid stroke
movements. This makes it difficult to compare pump
performance, as so much depends on the operators
in terms of their weight and the speed at which they
like to work.

It is sometimes argued that when the pressure
requirement is low, i.e. low suction lift, it should be
possible to treadle a pressure pump at a faster rate
and achieve high volume, just like the suction pump.
In practice this does not happen, as most people have
a limited range of pumping speed and are most
comfortable at slow steady speeds. What happens is
that an operator working on a pressure pump – a
high-head, low-volume-per-stroke pump – would
work at fairly low speed even at low suction lifts and
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get low flows, whereas the same operator would
treadle a suction pump – a low-head, high-volume-
per-stroke pump – at the same speed and suction
conditions and get a substantially larger flow.

Pressure pumps have other inherent losses when
used in low suction lift conditions. As an operator
treadles faster to get a greater discharge, there is a
greater percentage of time when both inlet and outlet
valves are open at the top and bottom of the strokes.
Valves that open and close slowly thus become a
much bigger constraint than for a suction pump,
which can be operated at much slower speeds for the
same output. Additionally, pressure pumps have more
valves, with consequent higher energy losses.

As a general rule, operators like to pump at a slow steady
speed, irrespective of the pump they are using or the
head and discharge conditions on site. This emphasizes
the importance of the operator when assessing pump
performance.
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This chapter is based on a report prepared by Angel
Daka, IDE Zambia.

BACKGROUND

Zambia has faced food deficits for more than a
decade, primarily as a result of recurrent droughts,
which have affected rain-fed farming and the small-
scale farmers who depend on this type of farming.
There are about one million small-scale farmers in
Zambia, who contribute about 80 percent of the total
food production in the country. Zambia’s population
is growing at an annual rate of 3.2 percent. This has
put pressure on the country’s food resources, which
currently cannot meet the increase in demand. Unless
prompt strategic measures are taken to increase
production rapidly, food aid or commercial food
imports on a large scale will be inevitable.

In view of the need to stabilize year-to-year food
production, FAO initiated a Special Programme for
Food Security in low income food deficit countries
(LIFDCs). Zambia was among the first of about 80
eligible countries to confirm its participation in this
programme. It commenced in December 1996 and
has been primarily aimed at disseminating existing
proven and appropriate agricultural technologies to
support increased food production.

A major component of the programme has been
promotion of improved water use by introducing
individual farmers to treadle pumps, which are
regarded as an affordable and manageable alternative
to the laborious method of watering by hand-carried
buckets filled from streams and springs near to
irrigated fields. Technically, this form of pumping is
well suited to Zambia, where small-scale farmers use
surface water such as rivers and low-lying swamps
or shallow groundwater, in particular dambos.

In 1996, FAO commissioned IDE, with its
considerable experience of treadle pumps in
Bangladesh and India, to examine the manufacturing
potential and use of these pumps. Treadle pumps had
proved very successful among small marginal farmers
in Asian countries, so transfer of the IDE treadle
pump technology was considered for Zambia.
Potential manufacturers where identified and a pilot
programme started in 1996.

IDE trained potential pump manufacturers and
those who would be responsible for their installation.
They supplied the first 20 pumps, of which ten were
installed as part of the training programme. The
interest from farmers during this period of
demonstration was considerable and there were many
requests for similar demonstrations in other areas.
The SPFS then ordered 150 pumps for use on more
demonstration sites.

In July 1997, IDE established an office in Zambia
as a non-profit NGO with the principal aim of
developing a marketing and promotional network for
treadle pumps. Its plan was to work with the
Government and FAO to develop small-scale
irrigation among marginal farmers, particularly in
the pilot areas but also extending to other parts of
the country. IDE now has offices in four provinces –
Lusaka, Eastern, Southern and Central – to support
this initiative. Interestingly, the use of treadle pumps
has spread into the remaining five provinces, with
over 700 units sold on a commercial basis.

PILOTING

In December 1996, the SPFS, in conjunction with
the National Irrigation Research Station, requested
Kasisi Agricultural Training Centre (KATC) to
manufacture 16 plastic pressure pumps for testing
at selected pilot sites in Southern, Central and Lusaka
provinces. They had already been manufacturing and
selling plastic pressure pumps to local farmers and
graduate youths from the training centre. Because of
the lack of extension and promotional activities, only
ten pumps had been sold in the previous five years.

The outcome of this pilot study was not good.
The plastic pressure pump, held by a wooden
superstructure, was poorly constructed and the bolts
holding the pump on to the superstructure fell apart
within a few weeks of use in the field. The plastic
became brittle when left in the sun and damage
occurred through mishandling, particularly during
movements from field to homestead for storage away
from thieves. Also, the extension staff were ill-
prepared to appreciate their practical use. Where they
were successfully installed, discharges up to 2.5 litres/
second were recorded, although at the time it was

The Zambia experience



The Zambia experience32

generally considered that they were more suited to
domestic water supply than to irrigation.

IDE strengthened the pilot programme by ordering
350 treadle pumps from IDE Bangladesh. A further
150 pumps were also ordered from a local
manufacturer, Knight Engineering (Zambia). During
this time, IDE established an office in Zambia and it
was decided that in order to have a sustainable
programme, the pumps would be handed over to IDE
for marketing on a cash-and-carry basis. IDE would
use the cash generated to purchase further pumps
from local manufacturers who had been trained by
IDE. They were supported in the marketing and
promotion by the Ministry of Agriculture Food and
Fisheries (MAFF) and NGOs whose programmes
would benefit from the use of treadle pumps.

AVAILABLE PUMPS

Four types of treadle pump are currently being
manufactured:

• tube well pumps
• modified pumps
• river pumps
• pressure pumps

The tube well, modified and river pumps are all
suction pumps that have been modified to suit the
site conditions around the water source. They all have
twin 89 mm cylinders and a spout on the delivery
side so that water spills over the pistons into an
irrigation channel. The principal differences occur
in the superstructure. The original tube well pump
was difficult to work over a well, so the modified
pump was made with anchoring bars to fasten it to
the top of the well casing. This model has now become
the most popular and the original tube well pumps
are now rarely sold. The modified pump also has a
50 mm pipe welded on to the spout to make it suitable
for use with a pipe on the discharge side.

The pressure pump is essentially the same as the
Bielenberg model (Enterprise Works pumps – the
Niger). It has twin 100 mm diameter cylinders and
uses leather cups fixed to the pistons for sealing.

Details of their performance are given in the
section on IDE pumps – Zambia.

MANUFACTURE

Capacity

There is manufacturing capacity in Zambia involving
large-, medium- and small-scale enterprises. This is
primarily due to the mining industry in the country,

which has resulted in trained artisans setting up their
own private workshops. Several small workshops
have expressed interest in manufacturing treadle
pumps. There is, however, the possibility of pirated
designs coming on to the market from manufacturers
who have not been screened for the quality of their
product.

The first manufacturer to be trained in the
production of high-quality treadle pumps was Knight
Engineering, a large company based in Lusaka. The
following year, in May 1998, two more companies,
SAMS cooperatives and SARO Engineering, were
trained to produce pumps, bringing the number of
manufacturers to three. As the market for treadle
pumps has grown, so has demand from other small-
scale enterprises to be trained in pump production.
As a result, a further five manufacturers have been
trained by IDE: Katopola Agricultural Engineering
Services (KAESE), DEN-MWA Engineering, MILO
Investments, Chokwadi Appropriate Technology
Services (CATS) and KATC.

At present, manufacturers only supply the basic
pump head, which comprises the cylinders, pistons
and inlet and outlet arrangements. This is supplied
to IDE, who then fit the non-return valves, piston
seals, treadles, pulley and rope prior to distribution.
It is possible for manufacturers to buy these
components from IDE or from other suppliers.
However, the non-return valves and the piston seals
are a specialist item imported from Bangladesh and
are currently only available from IDE.

Materials and tools

Pump manufacture is essentially a metal fabrication
process involving the cutting and welding of metal
sheets and pipes. All the trained manufacturers are
producing similar pumps using similar materials and
designs specified by IDE. The pumps are not difficult
to manufacture once the workshops are set up and
staff have been trained properly. It is manufacturing
precision that ensures pumps are durable and perform
reliably and well in the field. For this reason, quality
control has become one of the most important
activities in the manufacturing process.

Tools needed
Basic tools and equipment required to make the
pumps include:

• welding equipment
• manual or hydraulic cutting machines and/or

guillotine
• angle cutter
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Table 10. Problems with defects and breakdowns
Problem No. of

pumps
% of total
sales

Defective during manufacture 23 3.5

Product breakdown within one year 1 0.14

Faulty installation 2 0.28

Warranty invoked 0 0

Product abandoned by user 0 0

Source: IDE Zambia

Data collected by IDE on product defects and
breakdowns in 1998 are shown in Table 10.

OPERATION, MAINTENANCE AND REPAIR

The pressure pump pistons have leather seals which
must be wetted prior to use, otherwise they will not
provide a good seal and the pump will be difficult to
prime. It is reported that the pump is very hard to
operate, due to the tight fit of the leather seals; two
operators are often needed at the same time for
pumping.

Treadle pumps are easily maintained and repaired
by the average user. The pump head can last up to
seven years, the rubber cups between 3 and 24
months, depending on how they are used. Non-return
valves can last as long as the pump. The only movable
part on it – the rubber flap – may be replaced as
necessary. It can be made at village level using a
cut-out from a bicycle or motor-vehicle tyre inner
tube.

Rubber cups wear out easily if used to pump dirty
and muddy/sandy water. Use of a strainer made of
mosquito wire mesh is recommended at the intake.
The rubber cups and foot valves should be thoroughly

• lathe (optional)
• rolling machine
• junction block mould
• drilling machine
• dies
• 88 mm mandrel

• grinding machine
In addition to the above equipment, the following
tools are required:

• hacksaw frame and blades
• rubber perforators
• big and small files
• welding electrodes
• pliers
• scissors
• large and small hammers
• steel measuring tape
• square
• metal scribers

Materials
The twin cylinders are manufactured from sheet steel
rolled into cylinders with a manual roller. They are
spot welded and smoothed with an 88 mm diameter
mandrel to avoid damage to the rubber cups caused
by the welded spots. It is usually necessary to file
out such spots.

The suction pumps use rubber cups on the pistons
and plastic non-return valves in the base of the
cylinders. These are specialist items made by injection
moulding. At present, they are imported from IDE
Bangladesh and made available to retail outlets. The
pressure pumps use leather seals for the pistons and
rubber seals cut from old tyres for the non-return
valves. These can be obtained locally.

Treadles are made from mukwa wood, which
makes them stronger than those made from pine.

Quality control and warranty

IDE has set up quality-control procedures with all
the manufacturers; IDE staff currently undertake the
inspections. Pumps are inspected during the
manufacturing process and are tested for any defects
before being transported to their provincial
destinations. Inspection ensures there are no leaks or
rough spots in the cylinder bores and that the internal
diameter of the cylinders conforms to the design
specifications. Checks on the superstructure are made
to ensure that the pump, pulley and treadles are well
aligned in relation to the pistons entering the cylinders.

All faulty pumps are rejected and good ones are
certified for use in the field.

A 12-month guarantee is given to any customer
who buys a quality-controlled pump. Each
manufacturer paints their pumps a specific colour
so that manufacturers can be easily identified. In
addition, punched plates with identification numbers
are riveted to each pump.

Marketing officers and retailers are taught to
identify quality pumps in the field. It is the duty of
manufacturers to ensure that high-quality pumps are
produced, as frequent breakdowns in the field would
erode consumer confidence in the technology. The
guarantee does not cover vandalism or damage caused
by carelessness.

When a pump is found to have a leak or has not
been made to specification, it is returned to the
manufacturer with instructions to rectify the fault.
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Table 11. An indication of promotional activities
Type of activity No.

Village demonstrations 146

Field days 75

Agricultural shows 9

Public group demonstrations 120

and through registered retailers in the four provinces
who have signed agreements with IDE. The retailers
only pay IDE for the pumps when they are sold to
farmers, for which they receive a commission
incentive. The money is then paid back to the
manufacturers for continued production. IDE do
occasionally have to absorb losses when an agent
fails to pay up. In spite of this, the arrangement is
reported to be working well and the three
manufacturers have been producing high-quality
pumps at a reliable rate.

The retailers who have been recruited were
selected because of their strategic positions in major
provincial towns. Interviews were conducted with the
shop owners to determine their level of commitment
to the programme, the strength and reputation of their
business and their accountability and willingness to
accept the low price mark-ups which were being
recommended. Agreements were made with each

retailer to adhere to the pricing structure and to report
on all sales at the end of each month. In return,
retailers received pumps on a consignment basis,
together with promotional literature and manuals for
operation and maintenance. They were also trained
in the working of the pumps and methods of
promotion.

A group of sales agents has also been recruited,
who promote the pumps directly to farmers and
receive payment on a commission basis. They work
in strategic locations in Lusaka and the provincial
towns, setting up demonstrations and distributing
literature in public areas such as markets. People
are encouraged to ask questions and to try the pump
for themselves. The response has been very
enthusiastic in every part of the country.

The IDE input, although important in establishing
the treadle pump supply chain, is only a temporary
measure. Retailers are gradually being encouraged
to go direct to manufacturers, so that they can order
pumps using their own resources and make a profit
when they sell them on to the farmers. The role of
IDE as a distributor is expected to cease between the
third and fifth year, when it is anticipated that a
sustainable chain of supply and demand will have
been created. IDE will then concentrate on
promotions and marketing.

MARKETING AND PROMOTIONAL ACTIVITIES

Treadle pumps have been promoted principally
through practical demonstrations in farmers’ fields
and at IDE offices in Eastern, Lusaka, Central and
Southern provinces. Demonstration gardens have
been established in strategic areas where rapid
adoption could be expected. In these gardens, a
treadle pump is installed and operated by the
community to irrigate vegetables. Farmers have the
opportunity try out the pump in their own time.
Demonstrations have also been organized on field
days and at agricultural shows. At these events,
pamphlets, leaflets and brochures providing
information about the pumps are distributed to
clients. Table 11 provides some indication of the level
of these activities.

cleaned in water after use. Storage of the pump should
be in shade in a safe place where thieves cannot steal
it.

Experience shows that the nylon pulley rope often
breaks but this is the easiest part to replace at village
level. Farmers often use cattle hide to make a strap
as a replacement. When treadles or the pulley break,
farmers can find wood from the bush and replace the
treadles easily by following the design length and
slots from the old one.

DISTRIBUTION NETWORKS

A distribution network consisting of manufacturers,
wholesalers, retailers, NGOs, private partners and
customers (farmers) has been established. In addition
to the eight manufacturers, there are now 28 retailers
and 30 active collaborating partners, including
government departments, that deal in the distribution
and sale of treadle pumps. This development and
replication of a marketing chain is referred to by IDE
as rural mass-marketing.

There are two ways in which the supply-chain
functions. The first involves the supply of pumps
from the manufacturer to the retailer, with IDE acting
as a distributor. The second is a more conventional
chain, with retailers buying pumps directly from the
manufacturer.

IDE decided to undertake the distribution role,
because many retailers do not have the capital or the
access to credit to work directly with manufacturers.
Agreements were established with the three main
manufacturers allowing for the provision of pumps
on a consignment basis to IDE for sale at their offices
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Other marketing strategies include advertising
retail outlets and the pumps through radio
programmes, television and newspapers. It is planned
to commence printing of calendars and T-shirts that
show treadle pumps in use and give details of the
benefits. Village theatre performances too have had
a very favourable impact on sales.

Many partner organizations have been recruited
to participate in promotion. NGOs such as CARE
International, Africare, the US Peace Corps and
others have not only promoted the use of treadle
pumps but have also purchased pumps for use in
their own programmes.

Some examples:

• Zambia Coffee Board has purchased three pumps
for irrigating smallholder coffee plantations and
has requested follow-up to consider further
investment.

• Agriflora is considering collaboration with IDE
to organize groups of farmers to form out-grower
schemes to promote cultivation of horticultural
crops for export to Europe and the United States.

• Rotary International has requested treadle pump
training to introduce the technology among the
village Rotary Volunteer Groups throughout
Zambia.

• CLUSA is incorporating treadle pumps into its
small business credit scheme.

UPTAKE OF PUMPS

Results of the promotional activities, pricing and
training are shown in the sale of pumps in Figure 15.
This indicates a steadily increasing number being
sold, with a total in excess of 1 400. Almost half the
sales are for river pumps; the rest account for about
200 pumps each.

COSTS AND PRICES

Pump prices vary at present, depending on the type
of pump being purchased and the way it is supplied
to the farmers. The latter is a temporary issue and

relates to the two supply chains currently operating
(see Operation, maintenance and repair). Retailers
who deal directly with manufacturers take a financial
risk in purchasing pumps for sale, so they are
rewarded with a profit mark-up when they sell a pump
on to a farmer. Many retailers do not have such access
to funding, so the alternative is to take pumps from
IDE, who carry the financial burden. When a pump
is sold to a farmer, the retailer receives a commission
from IDE for the sale.

Table 12 shows how IDE arrived at their selling
price for the different pumps. It can be seen that these
prices are higher than those charged by retailers who
source their pumps directly from the manufacturers
and finance them independently.

To encourage the uptake of treadle pumps, IDE
currently subsidizes the pumps supplied by them by
approximately 3 percent on the river and modified
pumps and 9 percent on pressure pumps, which
brings their prices more into line with those of the
independent retailers.

Even with the subsidy in place, however,
independent retailers are still able to price their pumps
lower than those supplied by IDE and still make
greater profits. This is because they have identified
small, local manufacturers, who have lower overhead
costs than some of the larger organizations who
supply IDE. Retailers also look to cheaper local
carpentry workshops, where treadles cost much less.

Figure 15: Treadle pumps sold, Zambia, 1997 to
1999

Table 12. IDE pricing structure for treadle pumps (US$)
Components River pump Modified

pump
Pressure pump Tube well

pump

Pump head cost 50 50 83 38
Commission 8 8 8 8

IDE selling price 75 77.3 121 60.4

IDE subsidized price 73 73 110 60.4
Retailers selling price* 71 71 100 -

*Retailers selling price when pumps are sourced directly from the manufacturers.
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The proximity of retail shops to small manufacturers
reduces transport costs as well.

When the subsidy is eventually removed, which
is expected between the third and fifth year of the
programme, retailers and farmers will have to buy
and sell at the market price prevailing at that time.
They will also have to finance the pumps using the
more conventional supply chain.

IDE’s future role is not to continue to sell or
distribute pumps but to promote the businesses of
retailers and manufacturers through continued
demonstrations and marketing activities, including
capacity building. It is anticipated that a more
conventional commercial supply chain will be
established. The incentive for this is the mark-up for
the retailers.

Over the past two years, pressure has been
brought to bear to keep the price of treadle pumps
down, in spite of a currency devaluation of 55 percent
during the first year of sales, which pushed up the
local price of imported steel. This was achieved
through promotional activities, which stimulated an
increase in demand, which in turn provided the
leverage to negotiate lower manufacturing prices and
healthy competition among the pump producers.

TRAINING

Training has been undertaken at three levels:

• Government extension staff who work directly
with irrigation farmers. The training was
designed to build up capacity in irrigation in the
extension service. It included horticultural
methods, irrigation techniques, water management
including crop water requirements and scheduling,
treadle pump operation and maintenance.
Stripping and assembling a pump highlighted its
technical aspects and the importance of proper
installation procedures. Correct maintenance of
each individual component of the pump was
emphasized. A field demonstration was conducted
where farmers were growing vegetables.

• Retailers involved in purchasing pumps and
selling them on to farmers.This has involved
marketing and promotion of treadle pumps,
customer relations, after-sales services, quality
control and identification of a quality pump,
record keeping, business development and
accounting records. Twenty retailers have been
trained and now feel confident of running their
businesses more effectively.

• Farmers using the pumps for irrigation.User
training has been conducted by the MAFF
Technical Services Branch under the SIWUP
project funded by FAO and the International Fund
for Agricultural Development (IFAD) and by IDE.
MAFF has primarily trained technical staff at
provincial and district levels in the fifteen pilot
areas; this has now expanded to include other
provinces. Technical staff in turn train camp and
block extension officers who, together with the
technical staff, train farmers in the use of the
treadle pump and in water management and
agronomic practices.

SOCIAL AND CULTURAL IMPACT

Women play an important role in agriculture in
Zambia. Jobs such as irrigation, weeding, fertilizing
and harvesting of vegetables are generally considered
to be women’s activities. Women operate treadle
pumps without any traditional or religious
restrictions, as is the case in Asian countries, where
women do not wish to be seen working treadle pumps.
Early scepticism that women who use treadle pumps
excessively would not conceive because the
movements during operation affect the womb have
largely been dispelled.

MAFF is concerned that the introduction of
treadle pumps should empower women. IDE believe
that the pump is well suited for women to use and
have made a conscious effort to ensure that women
are targeted. For example, they use women in their
publicity material. However, it has been reported that
women find the pumps harder to operate than men
and young boys, who were easily able to work the
pumps and showed considerable enthusiasm
(Chancellor and O’Neill, 1999). Women do find the
suction pump easier to use than the pressure pump.

Although women are the main users of treadle pumps
in Zambia, of all the pumps sold in 1999, only four

were purchased by women
(Chancellor and O’Neill, 1999).

Some indication of the socio-economic impact of
treadle pumps can be obtained from this typical day
in the life of a Zambian farming family.

Mr and Mrs Sichonti have a vegetable garden
where they grow rape and tomatoes for their own
consumption and for sale. Last season Mr Sichonti
planted paprika in their garden, which increased Mrs
Sichonti’s workload, as the task of watering is
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Table 13. Wife
Without treadle pump With treadle pump

05.00 Wake up to go to work in the main fields 05.00 Wake up to go to work in the main fields

12.00 Return home to prepare lunch, clean dishes and
pots, draw water

12.00 Return home to prepare lunch, clean dishes and pots,
draw water

14.00 Go to garden, water vegetables using cans 14.00 Go to gardens, prepare beds for paprika, transplant
paprika. Return to main fields to harvest groundnuts

16.00 Move to the main fields to harvest groundnuts
and other crops

17.00 Return home, draw water and clean dishes and prepare
dinner

18.00 Return home to prepare dinner, draw water and
clean dishes and pots

Table 14. Husband
Without treadle pump With treadle pump

07.00 Wake up, go and plough and plant main fields 08.00 Join wife at the main field or herd cattle

11.00 Drive animals to the watering-point 12.00 Have lunch, go to the main garden to make beds, fence
garden

12.00 Have lunch 14.00 Prepare nursery to plant seeds. Water using treadle pump

14.00 Go to check progress of work on garden.
Instruct wife what to do

17.00 Go home to wait for dinner

15.00 Go home and rest or do some maintenance
work

primarily the role of the wife and other females in
the household.

Mrs Sichonti was loaned a treadle pump to assist
her with the additional irrigation. This changed their
daily routine as indicated in Tables 13 and 14.

The benefits of using the treadle pump included:

• reduced labour demand: Mr Sichonti has now
started to irrigate the vegetables, a task previously
done by his wife;

• reduced irrigation frequency: with buckets,
irrigation was needed every two days; with the
treadle pump, irrigation was needed only every
five days; more water is applied using the treadle
pump, so less frequent irrigation is needed;

• reduced workload: lifting shallow groundwater
with buckets is far more strenuous than with a
treadle pump; Mrs Sichonti spent seven hours
each week lifting water with buckets, whereas her
husband now does the job in four hours.
Some farmers are slowly changing their cultural

calendars of resting and attending to traditional
ceremonies in the dry season, as they have to grow
crops throughout the year.

Irrigated crops have proved to be more profitable
than rain-fed farming, so some farmers are beginning
to abandon rain-fed maize in preference to
horticultural crops.

Because treadle pumps reduce the time taken for
irrigation, some farmers now hire out their pumps,

though to a limited extent, as they fear breakdowns
caused by carelessness. This is why group ownership
of the pump is socially unacceptable. Individual
ownership is mostly preferred.

Some farmers who are using treadles successfully
are now acting as agents for promotion, which has
resulted in increased adoption.

ECONOMIC IMPACT

It is estimated that over 6 000 families have now
had direct exposure to the new treadle pump
technology through various public demonstrations.
At the end of 1998, approximately two years after
the start of the programme, some 650 families have
installed pumps. Assuming an average family unit
of six members, the number of direct beneficiaries
comes to 3 900. Data are not yet available for 1999
but it is anticipated that this number will have
increased substantially.

Interviews with farmers who have been using the
pumps since 1996 suggest that household incomes
have risen substantially and employment has
increased as a result of the enlarged gardens now
being irrigated.

Interviews with treadle pump users in four
provinces indicate that incomes have risen from
US$125, achieved with bucket irrigation on 0.25 ha
of land, to US$850-1 700 using treadle pumps. This
was attributed to the ability to irrigate a larger area,
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as well as improved crop yield and quality. Cropping
intensity also rose, in some cases up to 300 percent.
There was also a noticeable increase in the variety
of crops grown. Because of the increase in water
availability, farmers were more willing to take risks
with new crops. A typical small farm would normally
grow two or three different crops but treadle pump
users now grow five to nine different crops. This
enabled farmers to provide food for the family all
year round by generating cash income as well as
growing crops for home consumption.

In addition to the direct benefits for farming
families, there is a positive effect on the whole supply
chain of manufacturers, retailers and selling agents.
Employment has increased in rural areas, where
artisans are manufacturing pumps, carpenters are
producing treadles and an increased work force is
needed on the farm to cope with the additional
produce.

Reported benefits include:
• between 60-75 percent reduction in labour in an

eight-hour working day;
• gardens expanded from 0.1-0.25 ha as a result of

time saving on irrigation;
• cropping patterns diversified to include high value

vegetables such as peas, tomatoes, rape, cabbage,
Irish potatoes, fresh corn and pumpkins;

• income from irrigated crops used to purchase
inputs for upland crops;

• irrigation used for seed multiplication; examples
include seed maize, cassava cuttings and sweet
potato vines;

• positive impact on fertilizer use, which can be
more easily matched with expected soil moisture;

• crops unaffected by surface irrigation from treadle
pumps after spraying, as happens with bucket
irrigation.
The increase in crop yields can bring with it the

problem of a market glut when supply exceeds
demand. This is a particular problem with common
household crops such as tomatoes, rape and onions
and it is exacerbated by the tendency of farmers to
grow the same crops at the same time of year. The
search for new, more distant markets may solve this
difficulty but it can create other problems. Rural
transport is not only expensive but it is difficult to
find in remote areas that have poorly developed feeder
roads. It is also unreliable. A farmer may have to
wait days for transport, which may result in
deterioration of perishable produce and this in turn
reduces profits.

IDE, in collaboration with FAO and MAFF, is
actively looking at ways of avoiding the glut problem.
These include encouraging farmers to:
• adopt alternative cropping patterns and harvest

crops at times of anticipated shortage caused by
climatic and agronomic factors;

• take up contract farming, whereby a prospective
buyer agrees in advance of planting to purchase
crops such as chillies, strawberries, beetroot and
cauliflower – crops in demand by Indian
businessmen and also exported to Malawi;

• link with bulk buying companies who supply retail
shops and supermarkets;

• organize market days on a regular basis;
• introduce solar drying and food processing

technologies for processing and preserving surplus
produce;

• adopt alternative low cost transport systems, such
as bicycle-powered carts.



Treadle pumps for irrigation in Africa 39

This chapter is based on a report prepared by
Joseph Zirebwa, Institute of Agricultural
Engineering, Zimbabwe.

INTRODUCTION

Treadle pumps were first introduced in Zimbabwe
in the late 1980s, through a project whose objectives
were to compare the effectiveness of manual water-
lifting devices. Treadle pumps were imported from
Bangladesh and later modified to suit Zimbabwean
conditions. The permeable nature of the soil in many
parts of Zimbabwe means that unlined earth channels
have unacceptably high infiltration losses. The pump
was therefore modified by the addition of a spout to
allow discharge into a small tank from which water
could be piped to the crops. The type of permanent
field installation used in Bangladesh was unpopular
with farmers in Zimbabwe, because the pump could
not be taken back to the house at the end of the day
for safekeeping.

In 1994, treadle pumps were introduced to the
communities through the Appropriate Technology
project. An artisan was approached in Masvingo to
produce a pressure pump for an NGO, CARE
International. This artisan is now the biggest
manufacturer of the treadle pumps in Zimbabwe,
having produced in excess of 600 units for the local
and export market. Masvingo province has the highest
number of treadle pumps as a result of promotion of
the technology by NGOs.

The Masvingo pump, as it has come to be known,
is a pressure pump very similar in construction to
the IDE pressure pump used in Zambia. The cylinder
diameter is 100 mm but the cylinder length (and hence
the stroke length) is slightly shorter. They have been
extensively tested by the Institute of Agricultural
Engineering in Harare. The section entitled Masvingo
pumps – Zimbabwe on p. 20 gives performance
details.

FAO has also been working with the Zimbabwe
Irrigation Technology Centre (ZITC) for the past two
years to make improvements on the pressure pump.
The work has resulted in a more efficient pump which
is easier to operate and has minimum maintenance
requirements. This pump uses PVC end cups with
“O” rings for piston seals, instead of leather cup seals.

MANUFACTURE

Treadle pumps can be manufactured by small-scale
artisans working in the informal sector who have
access to basic metal-working tools and equipment
such as welding machines, drills and simple
equipment for cutting metal and wood. Most of the
materials required for the manufacture of the pumps
are readily available in Zimbabwe.

The basic materials required for the manufacture
of treadle pumps are:
• steel pipes for cylinders
• mild steel rods for support system and pistons
• leather cups for piston seals
• metal sheets for valve housing/discharge chamber
• rubber flaps for valves
• wooden planks for treadles, pump base, and pulley
• rope
• bolts, washers and nuts

DISTRIBUTION

Although treadle pump technology is ideal for the
rural poor communities, it is not widely distributed
because of a number of limitations. Engineers,
planners and extension staff have been reluctant to
consider human-powered pumps for irrigation. This
reluctance seems to be based on moral, technical and
economic grounds. It is argued that it is immoral to
propose solutions that force people into hard physical
labour and in most cases the technical and economic
justification is very poor. At the moment, treadle
pumps are well known in Zimbabwe but no one has
marketed them on a wide scale and production is not
continuous.

The distribution of treadle pumps is further
constrained by the fact that watertables are very low –
deeper than 6 m – in most areas. Most communal
areas are located in the driest parts of the country
and where the watertables are deepest. Wetlands, or
dambos, are not extensively exploited because of
cultural and traditional beliefs. It is also an offence
to cultivate within 30 m of stream banks and rivers.
These areas would have been ideal places for
installing treadle pumps, since economics discourages
the use of treadle pumps for pressure heads greater
than 10 m.

The Zimbabwe experience
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ECONOMIC AND SOCIAL IMPACT

Crops

Treadle pumps are mostly used for irrigation of small
vegetable gardens. Water is pumped from shallow
wells, streams or small dams into a tank and then
piped to the crops. The pumps are also being
introduced on existing large-scale surface irrigation
schemes for specialized horticultural production
under drip irrigation. A local drip irrigation company
has developed a kit that can work in conjunction with
a treadle pump. Although the kit is still being tested
at the Zimbabwe Irrigation Technology Centre, it has
been found to be very popular with farmers at the
Ngondoma irrigation scheme, where they have been
contracted by a canning company to produce high-
grade tomatoes. The other main crops grown using
treadle pumps are rape, cabbage, onion, carrots and
green beans.

Irrigated area

Lambert and Faulkner (1991) estimated the area that
can be irrigated with different pumps, using climatic
data from Harare. The analysis assumed a weekly
irrigation time of 20 hours per week and a crop water
requirement of 25 mm per week, based on existing
FAO guidelines. Assuming a power input of 50 watts
– only one person pumping water – they calculated
that the area that could be reasonably irrigated using
watering cans was 0.03 ha, a discharge of 0.1 litres/
second, and using a treadle pump 0.24 ha, a discharge
of 0.85 litres/second.

Economic benefits

The impact of treadle pump use can be observed in
rural areas where access to markets is limited. The
improvement of family nutrition as a result of garden
produce has been noted in most areas. However, there
is very little economic benefit, as most communities
produce just enough for their own consumption.
There are a few farmers who use treadle pumps to
produce vegetables for marketing but they engage
hired labour for most of the operations in the garden.

The cost of pumps is still beyond the reach of the
ordinary communal farmer. However, the socio-
economic benefits, such as improvement of family
nutrition, are very important and are increasingly
understood by the farmers.

Numbers in use

The number of pumps in the country is not known,
because there has been no proper record made of

pump sales. However, it is estimated that there are
more than 400 pumps, although it is thought that
that a large number will not be in regular use, due to
a lack of the required labour or lack of proper backup
and training.

Communal pumps

More than half the pumps were provided to
communities through projects, which implies that they
were donated; hence they are community property.
It is very difficult to mobilize the community to put
together the funds for maintenance, regardless of the
amounts involved. It has been observed that
individually owned pumps (household property) are
much better maintained than community-owned
pumps (common property).

Some farmers have left garden cooperatives,
saying that operating the pumps was tiring. Continued
probing into the reasons behind their departure
revealed some interesting social implications of
treadle pump use. The pumps are mostly operated
by women and children, as all work in the garden is
usually the preserve of women. Because an operator
is elevated above the ground, women do not feel
comfortable standing on the pumps for long periods.
They feel more exposed, because their dresses can
be blown by the wind, revealing some hidden parts
of their bodies, which they consider undignified. The
second and more sensitive aspect came from the men,
who felt that treadle pumping was making their wives
overtired. Husbands sometimes have tried to
discourage their wives from using the pumps in the
belief that it severely affects the wives’ performance
in bed.

Another social factor to take into consideration
is the willingness of the extension staff to promote
human-powered pumps. The farmers themselves can
best decide the morality of using human power and
involving people in physical drudgery. Resource-poor
farmers do not have the option of using modern
machinery, which is capital intensive; they use what
resources they have, which is labour. Designing
technology that uses human energy efficiently is
arguably a more effective means of reducing drudgery
than promoting technologies that farmers cannot
afford.

These pumps are used for different durations
depending on the labour availability, the size of land
to be irrigated and the pumping head. On average,
the women operate the pumps for 2-3 hours a day
when irrigating their gardens.
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OPERATIONAL PROBLEMS

Many treadle pump users complained about difficulty
in priming pumps. This consumes a great deal of
their energy, so much that some of them give up the
whole process. A non-return valve is needed at the
entrance to the suction pipe to solve this problem.

Pumps are sold without any suction or delivery
pipes. Farmers must find their own source of pipes.
These should be supplied with the pump. It will
increase the unit cost of a pump but it should reduce
the problems the farmer faces in getting the right
pipes and fittings and greatly improve customer
satisfaction.

CRITERIA FOR SUSTAINABLE UPTAKE

If treadle pumps are going to become part of the rural
scene in Zimbabwe, the following principles should
be followed:
• make them affordable
• sell to individual farmers
• do not give subsidies
• sell a viable product
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This chapter is based on a report prepared by Jon
Naugle, Enterprise Works, the Niger.

INTRODUCTION

Enterprise Works is an international NGO
implementing the manual irrigation component of the
World Bank funded project Petite irrigation privée
(PIP). It is working as a subcontractor to the Agence
nigérienne de la promotion de l’irrigation privée
(ANPIP).

As part of its involvement in the Niger, Enterprise
Works promotes improved water distribution systems
and improved wells. As part of this strategy, it has
introduced several models of the treadle pump. The
approach used to promote them is based on proven
methods used in Senegal and Mali. It starts with the
identification of market gardening areas with a large
market potential for the technologies, followed by
artisan training, publicity and follow-up to ensure
customer satisfaction.

The target population is market gardeners
irrigating less than 0.5 ha, which accounts for over
90 percent of the market gardeners in the Niger. They
sell a significant portion of their produce, as opposed
to subsistence gardeners, who consume most of their
produce within the household. They have cash
available to purchase improved technologies and they
are willing to do so, if the technologies can be shown
to increase their revenue or reduce their costs.

The approach taken is to seek locally
reproducible, technically sound and economically
viable solutions to problems identified by small-scale
producers. These three conditions are necessary to
ensure sustainability. In the past, projects have too
often relied on technologies that are technically
feasible, even state-of-the-art, but not economically
adapted to the realities of the Niger. An example of
this is the concrete ring well. Technically, they are
far superior to traditional hand-dug wells, but their
cost of about US$65/m puts them beyond the reach
of most small-scale market gardeners in the Niger.

AVAILABLE PUMPS

The pumps being used in the Niger are similar to the
Bielenberg pumps (see Enterprise Works pumps –
the Niger) that have been modified to suit local needs,
including both suction and pressure types. Pressure

pumps are not so important in the Niger because of
the limited range of topography. The need for suction
pumps has resulted in modifications to the outlet
arrangements to accommodate gravity flow.
Similarly, improvements have been made to the valves
to improve pump operation. The suction pumps have
a non-return valve in the base of the cylinder and a
valve in the piston. During the downward stroke,
water passes through the valve to fill up the space
above the piston. On the upward stroke, the water
pours over a lip into a channel.

Three models with 100 mm diameter cylinders
are produced: a suction pump, a pressure pump and
a hand-operated pump. All of them can be used by
one or two operators.

Another pump is being introduced into the Niger,
based on a design used by the same organization in
Mali, known as the Ciwara II. This pump is worked
by treadles in the normal way but the two pistons are
located 9 m below the surface to ensure that the pump
will prime easily. It is being tested on open concrete
wells and is capable of lifting water from 15 m; it
needs two operators, however.

Two other pumps that are being tested are large-
diameter treadle pumps for use where the suction
head is less than 2 m. These pumps have a discharge
capacity of approximately 3 litres/second. They are
currently being used along the Niger River for rice
and vegetable production.

SELECTING PLACES FOR INTERVENTION

In order for a technology to be commercialized and
adopted by a given population, it should be produced
as close as possible to the end user. It must be
affordable for the buyer and profitable for the
producer. The technology must also function reliably
and the purchaser must be satisfied. It only takes a
few dissatisfied customers to ruin the market for a
new product. It must be stressed that no technology
can be considered appropriate for all conditions. This
is where the identification of appropriate sites
becomes important.

One of the first activities was to identify specific
sites where conditions were appropriate for the use
of treadle pumps. Based on the technical
characteristics of the wells and pumps, the following
criteria were established for potential sites:

The Niger experience
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• a watertable within 6 m of the surface
• an aquifer with good recharge capacity (>1 litre/

second)
• a concentration of market gardeners using

traditional water-lifting methods
• adequate land available for garden expansion

The best way to determine where there are
concentrations of market gardeners is to start at the
markets. By asking the vendors where the produce
was grown, the more important gardening sites can
be identified. Visits to markets were often combined
with practical pump demonstrations. Demonstrations
at the garden sites then usually followed. This
provided the opportunity to verify other selection
criteria and an opportunity for gardeners to see the
pumps in action in their own gardens. Following the
identification of production areas which met the
selection criteria, suitable manufacturers were
identified.

MANUFACTURE

Skilled craftsmen are needed to make high-quality
pumps. Even small defects can greatly reduce pump
efficiency and in some cases can stop the pump from
working at all. Inferior materials can also reduce the
life of a pump or its components. The following basic
criteria have emerged for the selection of
manufacturers:

• willingness to purchase most of the materials to
make three pumps;

• adequate selection of tools;
• professed willingness to work closely with the

project by following recommendations, providing
sales records and following established norms for
pump production;

• ownership of an established business with five
years’ production experience;

• adequate number of skilled craftsmen in the
workshop;

• ability to maintain a stock of pumps for sale;
• an established rural clientele, evidenced by sales

of ox carts or ploughs.

Choosing pump manufacturers is a difficult
process, because there are many human factors that
come into play, in addition to the basic criteria.
Manufacturers currently range from those willing to
follow recommendations to those who only provide
basic collaboration. The policy has been to continue
to work with manufacturers as long as they are
moving forward with the project, even if slowly.

Training manufacturers takes place in their own
workshops over a period of ten days. This is done by
Niger staff trained by experienced staff from Senegal.
The manufacturer supplies most of the materials,
tools, labour and workshop space, while the project
supplies some specialized parts for the first pumps
and tooling to ensure that the pumps are well made.
During the initial training, three pumps of a single
model are made. After the artisans have shown
proficiency with one model, usually by making ten
or more good pumps, training for other pump models
can be carried out, based on local demand. The
training includes discussions of marketing, quality
control, choice of materials, installation and
troubleshooting. Training is a continuing process on
the technical side, involving field agents and
manufacturers’ representatives. It includes solving
problems encountered in the field and continues on
the marketing side. This is more difficult than the
technical training, because it requires a change from
the manufacturers’ standard practice of waiting for
customers to turn up.

MARKETING

Manufacturers are encouraged to adopt a more active
marketing strategy. Traditionally, they remain in their
workshops and wait for customers. This approach is
adequate for well-known products but with a new
technology there must be a more aggressive marketing
effort. After training, manufacturers are taken with
their pumps to gardening sites to do demonstrations
and to develop direct contact with gardeners. This
shows manufacturers the benefits of demonstrations
and that they often lead to sales. It is important to
sell the first three pumps to encourage manufacturers
and to prove that the product has market potential.
Money received from these sales then provides the
capital to produce more pumps. Periodically, project
staff will return to do demonstrations with
manufacturers but the emphasis is on encouraging
them to do demonstrations on their own.

In some cases, manufacturers provide credit to
gardeners, especially at sites where the pump is not
well known. Manufacturers are encouraged to use a
hire purchase agreement. A contract is arranged with
a gardener, who agrees to make a down payment
(negotiable but usually 50 percent) and agrees to pay
the balance by a mutually acceptable date. If the
gardener defaults on payment, the manufacturer can
repossess the pump and keep the down payment as a
hire fee. The village chief or another responsible
member of the community witnesses the contract.
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Publicity is an important part of marketing. The
first step in a multimedia publicity campaign was
deciding on a name for the pump. Niyya da Kokari,
a phrase meaning “willingness and courage” that is
understood in the three main languages, was the
eventual choice. A local group of actors was
commissioned to write a song praising the pumps
and publicizing the new name. Following inclusion
in radio and television commercials, the brand name
Niyya da Kokari is now widely known in the Niger.

Television played an important part in promoting
the brand-name. The same local actors were
commissioned to perform in a television commercial,
in both Hausa and Djerma, emphasising the
advantages of the pump in comparison to traditional
irrigation. Although such publicity is expensive, the
visual impact of seeing the pumps in action is very
positive. Project staff have been surprised by the
number of people in rural areas who have reported
seeing the television commercial.

Some indication of the levels of activity on the
marketing side and the number of pumps sold is given
in Table 15.

Brochures were produced for a range of products
currently being commercialized, including treadle
pumps. These are simple black and white booklets,
which can be easily and cheaply reproduced by
photocopying. They illustrate the products and
provide basic technical data; they are given to the
manufacturers, who then pass them on to potential
clients.

A user manual for the pumps was written with
the idea of providing it to pump purchasers. This
manual covered pump selection criteria, pump
installation, maintenance and trouble-shooting.
However, it was realized that a manual written in
French would be of little use to most of the gardeners
and even a manual written in local language would
have a limited audience. So it was decided to produce
an audiocassette tape manual using the local
languages of Hausa on one side and Djerma on the

other. A copy is supplied with each pump sold. It
also includes a recording of the theme song. The F600
price of the cassette is included in the price of the
pump.

Besides the cassette, all pumps are supplied with
one set of spare pump leathers, a wrench for opening
the pump body and adjusting the pistons and a 6 m
length of 50 mm thin-wall PVC pipe for the suction
side of the pump.

As part of the after-sales care, all the gardeners
are visited at least three times by a field agent and a
representative of the manufacturer, after one week,
at one month and six months. This timing is not
always possible but remains the objective and is
considered a minimum. It was originally planned that
manufacturers would make the site visits but this
proved to be optimistic, given the limited resources
of the majority of the manufacturers.

During the first visit, a quality-control check is
made to ensure that manufacturers are continuing to
follow the recommended norms for materials and
procedures. The pump installation is also checked,
and site-specific suggestions may be made to improve
pump performance. In addition, the field agent and/
or the manufacturer’s representative review the daily
maintenance procedures. This visit is especially
important for the first few pumps at a new site. Once
several gardeners in an area have some experience,
they are able to help their neighbours with installation
problems. If a major manufacturing defect is
identified, the manufacturer is contacted and obliged
to correct the problem.

Subsequent visits are to check the operation of
the pump and identify any performance-related
problems, such as torn valves or worn leathers, which
may not be obvious to an inexperienced user. The
first time, the manufacturer’s representative will show
the gardener how to make the necessary repairs. After
that, they are encouraged to make their own repairs,
which may be supervised by the field agent or the
manufacturer’s representative.

Table 15. Results achieved through to May 1999

Activities 1997 1998 1999 Total

Manufacturers trained

W orkshops 5 5 3 13

Artisans 12 13 4 29

Treadle pumps sold

Pressure 14 55 12 81

Suction 8 70 50 128

Manual 4 86 31 121

Demonstrations

Markets 21 14 9 44

Sites 53 61 5 109

People attending +2 800 +3 000 +1 500 +7 300
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OPERATION AND MAINTENANCE

The average cost of maintenance reported in a recent
survey was US$4.30 per annum, including the cost
of lubricating oil for the pump leathers. Breakdowns
requiring more than one day to repair were reported
in only three cases and two of these were repaired
within two days. In the third case, the pump was not
used for two weeks but this was a choice made by
the owner and was not due to lack of spare parts. All
of the parts are made and available locally.

Preliminary estimates of the cost of irrigation
water supplied by a treadle pump are US$0.10/m3,
including the wages of the operators.

The pump leathers tend to wear quickly, because
of the poor quality of local tanning, which uses
traditional methods and produces leather that is not
as resistant or as thick as desired. It is readily
available, however, and costs less than US$1.0 for a
pair of pump leathers. Most pump users needed two
sets of leathers in a year. The alternative of importing
better quality leather from other West African
countries was investigated but would result in an
increased annual cost for the pump users and would
replace a local material with an imported one.

SOCIAL AND ECONOMIC IMPACT

A recent survey of pumps purchased during October-
December 1997 found that the average garden size
irrigated with a treadle pump was 0.24 ha and for a
manual pump 0.17 ha. When pumps are introduced,
gardens usually increase in size by a factor of three
for treadle pumps and 1.7 for manual pumps. These
increases in area resulted in average annual income
increase of US$312 for treadle pump users and
US$109 for manual pump users. In addition, most
gardeners reported a noticeable increase in yield per
unit area, though they were unable to quantify it.
These results are similar to those experienced by
Enterprise Works in Mali and Senegal.

Gardeners produce a wide range of garden crops
using treadle pumps, including onions, green peppers,
tomatoes, carrots, cabbage, lettuce, eggplant, melons,
watermelons, maize, green beans, sorrel, Irish potato,
hot red pepper, hot green pepper, sweet potato, okra,
spinach, squash, cucumber, beets, moringa and
garlic. Some gardeners use the pumps to produce
other speciality crops, including wheat, tobacco, rice,
strawberries and sugar cane. While many of the
gardeners have a few fruit trees, some pumps are
used exclusively for tree crops such as citrus, mango
and guava. The pumps are used from one to six hours
per day, generally four to six days per week. These

pumps can irrigate up to 0.5 ha of vegetables under
conditions found in the Niger.

The future impact of treadle pumps in the Niger
is difficult to estimate, as the current programme is
only in its second season. However, it is estimated
that an additional 400 or more pumps will be sold to
gardeners before April 2000. The systems put in place
for production, sales and marketing are expected to
continue once the current programme is completed.
It is anticipated that manufacturers will eventually
try to reduce costs and increase their profit by
substituting lower quality materials. There will also
be competition between manufacturers, which will
drive prices down. Responsibility for quality and
value for money will ultimately rest with the
consumer.

The majority of pump users are men, who garden
primarily during the dry season as a means of
supplementing their cash income. They produce
staple crops during the rainy season, sometimes on
the same land. If the rains are late, they have to wait
to harvest their rainy season crop before they can
begin gardening. This practice limits their ability to
get their vegetables to the market to catch peak market
prices and has a knock-on effect on their income.

Table 16. Treadle pump costs (US$)

Pump type Selling price (US$)

Suction 100

Pressure 100

Manual 130
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This chapter is based on a report prepared by Krista
Donaldson ApproTEC, Kenya.

INTRODUCTION

ApproTEC, the business-development NGO, was
founded in Kenya in 1991. Its mission is to promote
sustainable economic growth and employment
creation in the region by developing and promoting
technologies that can be used by dynamic
entrepreneurs to establish and run profitable small-
scale enterprises. ApproTEC employs over 60 people,
with offices in Karatina in central Kenya and Kisumu
in western Kenya. Its headquarters, engineering
workshop, demonstration hall and training facilities
are in Kariobangi, Nairobi.

In 1991, ApproTEC designed a large pressure
pump similar to the present Enterprise Works model.
One manufacturer was trained to produce it and over
200 pumps were sold between 1991 and 1996. The
pump was, however, heavy to transport, awkward to
operate and too expensive for the targeted consumers.
A new suction pump, now called the MoneyMaker,
was developed, based on an IDE design from India.
Unlike in Bangladesh, where IDE promoted a fixed-
position pump, pumps for Kenya needed to be
portable. This pump, which lifts water from the
source to ground level, is ideal for surface irrigation.
It weighs 13 kg and has a maximum suction lift of
6.5 m.

This suction pump was released for sale in
October 1996 at a retail price US$53. Since that time,
3 925 pumps have been sold. Between October 1996
and October 1998, average pumps sales were 141
per month.

Interestingly, very few of these suction pumps are
now sold and the market has been taken over by the
pressure pump, called the Super MoneyMaker. This

The Kenya experience

design responded to the stated needs of farmers in
districts such as Western Rift Valley, Central and
Eastern provinces, characterized by shallow valleys
surrounded by slightly sloping land. They needed a
pump that could lift water to higher ground or provide
a pressure head for spraying with a hose or sprinklers.
It is capable of a maximum pumping pressure of 14
m, so that water can be distributed in pipes for spray
irrigation or on hilly terrain (see ApproTEC pumps –
Kenya). It weighs 20 kg. This pump was introduced
in October of 1998 at a retail price of US$75. Over
2 705 have been sold at an average rate of 225 per
month.

The pumps were originally targeted at Western
and Central Provinces and around Nairobi, the high-
potential areas in Kenya. They are now used
throughout Kenya as well as in the United Republic
of Tanzania and Uganda and they are being sold in
Malawi, the Sudan and Zimbabwe.

This is a pressure pump capable of lifting water
from its source with a suction lift of 6.5 m. It will
also provide up to 14 m head of pressure. Both pumps
have significantly increased food security, incomes
and the standards of living of smallholders.

Two more pumps are under development: a deep
well pump and a mini pressure pump. The deep well
pump is designed to lift water from a depth of 18 m.
The mini pressure pump will have the same operating
characteristics of the suction pump but it will be much
smaller and cheaper.

AVAILABLE PUMPS

ApproTEC produces both suction and pressure
pumps. Their design differs in many ways from the
Bangladesh model and some of these features are
discussed in the section on ApproTEC pumps –
Kenya.

Table 17. Technical specifications of ApproTEC pumps

Item Suction pump Pressure pump

Mass 13 kg 20 kg

Maximum suction head 6.5 m 6.5 m

Maximum pressure head 0 m 14 m

Maximum total head 6.5 m 14 m

Stroke length 108 mm 72.8 mm

Piston diameter 121 mm 121 mm
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Both pumps have a piston diameter of 121 mm.
They have a short piston stroke compared to other
pumps, because they are designed for a much greater
mechanical advantage. Both pumps are designed with
a rocker arm and two chains connecting to the treadles
rather than a pulley and rope. They were adapted
and improved from the Indian IDE design to suit
Kenyan conditions so that they were:

• capable of lifting water from shallow wells (1-6
m deep), rivers or ponds;

• compact and portable, to reduce the possibility
of theft;

• easily maintained by the pump user/owner;
• affordable to poor farmers;
• robust in design and operation.

MANUFACTURE

In selecting manufacturers, ApproTEC sought
businesses with a high potential for development and
assisted them with production line implementation.
Six small and medium engineering workshops, five
in the Nairobi area and one in Kisumu in western
Kenya, were originally selected to manufacture
pumps. One manufacturer was unable to meet
quality-control standards consistently and the
contract had to be discontinued. While the pump
designs remain largely unchanged, input from
manufacturers has improved, with a consequent
improvement in output.

A complete set of welding jigs, fixtures, templates
and gauges (over 30 pieces) was designed and
constructed for the manufacture of each pump by
ApproTEC engineers and technicians. These jigs,
which remain the property of ApproTEC, are used
in a production line and minimize variability due to
welding distortion, incorrectly dimensioned stock,
tool wear and human error. Each manufacturer pays
a fee of US$810 to send four fitters and welders and
a foreman to attend a one-week training course in
pump production at the ApproTEC workshop.

Both pumps are primarily constructed from hot-
rolled mild steel plates and sections. The steel stock
is readily available from local suppliers but
commonly varies up to 5 percent in any specified
dimension. The piston cups, valve disks and leak
valves used in the pump designs are press moulded

or extruded from locally available natural and nitrile
rubber. Extruded HDPE (high density polyethylene)
pipe is used for three bushes in the pressure pump.
To improve the availability and quality of bushes,
the suitability of injection moulding is being
investigated.

ApproTEC sells and distributes 32 mm diameter
HDPE suction pipe to all retailers to sell with the
pumps as inlet pipe. Retailers also sell 25 mm plastic
PVC garden hose for the outlet pipe.

Quality control is addressed in the manufacturers’
training workshop as integral for every step of
production. Manufacturers are provided with a final
quality control checklist for inspecting the pumps at
completion, before they are painted. This is followed
up by sending a technician to oversee and assist with
inspections.

Pumps are guaranteed to perform effectively for
one year after the date of purchase if operated in
normal conditions. They have been designed so that
farmers are able to do their own maintenance and
repair if necessary. The piston cups, valves and rocker
bearings have an expected life of approximately two
years. Pump dealers stock these items for
replacement.

DISTRIBUTION

ApproTEC takes responsibility for ordering and
buying pumps from manufacturers and for sales and
delivery to dealers. It then stores the pumps and
coordinates distribution and delivery to the
dealerships. At this point there is a price mark-up to
cover promotion and distribution costs (Table 18).
Delivery is made using ApproTEC vehicles, public
transport or courier services. Courier services have
proved to be most cost effective, at approximately
US$2 per pump.

Dealers purchase the pumps from ApproTEC and
sell them to the farmers. Dealers and buyers have
indicated that they believe the retail price of the
pumps to be fair, particularly in comparison with
other pumps, for example a 4 hp (3 kW) petrol-driven
water pump at US$405.

Dealers must purchase a minimum of ten pumps
but ApproTEC allows the first batch of ten to be
sold on consignment. This means that dealers only
pay when they have sold a pump. The consignment

Table 18. Costs of pumps along the supply chain (US$)

Activity Suction pump Pressure pump

ApproTEC buys pumps from manufacturers 29 43

Dealers buy pumps from ApproTEC 46 63

Farmers buy pumps from dealers 53 75
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arrangement is common for new products in Kenya
and came about from the unwillingness of many
dealers to take the financial risk of investment without
proven local sales. Later batches are purchased with
50 percent paid up front, although some dealers are
paying in full at delivery. NGOs who purchase pumps
from ApproTEC are treated as dealers; they pay the
wholesale price for the pumps.

MARKETING AND PROMOTION

Marketing is seen as the most critical component in
the sale of treadle pumps. Many different methods
have been tried, such as demonstrations at market
centres, agricultural shows, field days, radio and
newspaper advertisements in the local languages,
individual sales by project officers and the presence
of a fully functional pump operating outside each
dealership. Most farmers have reported learning of
the pumps through a demonstration or seeing a
neighbour’s pump, although dealerships in larger
towns have indicated that newspaper advertising is
beneficial.

Both pumps have been sold through three
mechanisms:

• at dealerships/retail shops in main market centres;
• by casual labourers recruited to sell pumps on a

commission basis;
• from ApproTEC offices in Nairobi, Karatina and

Kisumu.

Sales through dealers have proved to be by far
the best mode of distribution. Commissioned
salesmen found it difficult to make a living solely
from pump sales. ApproTEC initially targeted
hardware stores in urban or peri-urban centres as
pump dealers but focus was later shifted to
agricultural and veterinary (agri-vet) input stores in
small to medium-sized towns, because these proved
to have better access to customers. There are currently
over 80 dealers in Kenya, the United Republic of
Tanzania and Uganda.

At the time of pump purchase, buyers fill out a
guarantee form giving details of their location and
planned use, which allows them to be tracked for
extension services and monitoring. Comprehensive
surveys of randomly selected pump owners are made
on a regular basis, to determine the use and impacts
of the technologies.

EXTENSION AND TRAINING

Casual agents are employed by ApproTEC and
attached to dealers to give demonstrations and provide

outreach. They visit farms to advise potential buyers
and assist farmers in installing pumps. In future, as
pump sales pick up, it is planned that the retailer
will pay agents on a commission basis.

ApproTEC has also initiated a trial extension and
training programme. Staff visit pump buyers on their
farms and offer them a half-day training course on
pump use, maintenance and business management
for growing and selling horticultural crops. To date,
over 1 000 pump users have been visited. Despite
the cost of the training, this program has had a greater
impact than first anticipated. A large number of the
trained farmers have become de facto extension
agents, promoting the pumps, assisting other farmers
with maintenance and recommending irrigation
improvements.

ECONOMIC AND SOCIAL IMPACT

Changes in cropping

Treadle pumps are used for irrigation by small-scale
farmers with up to 1 ha of land. The main crops
grown using the treadle pumps include tomatoes,
chillies, cabbages, onions, leeks, spinach, brinjals,
kale, carrots, radishes and maize.

Increases in irrigated area

The introduction of treadle pumps has resulted in
farmers increasing their irrigated area, increasing the
number of harvest cycles, diversifying their crops
and improving the quality of their harvest.

The traditional method of bucket irrigation and
the work involved meant that farmers could only
irrigate up to 0.1 ha on a regular basis. With the
introduction of the suction pump, the area that can
be irrigated has increased on average to 0.4 ha. The
area irrigated with the pressure pump has increased
on average to 0.27 ha. The smaller area irrigated by
the pressure pump is attributed to the short time that
it has been on the market. This is expected to increase
gradually over the 14 months after purchase.

Impacts on farming practices

The pumps have had numerous impacts on
agricultural and farming practices:

• land area under irrigation has increased;
• work time has been reduced compared to bucket

irrigation;
• full irrigation is achieved, resulting in improved

crop quality;
• average frequency of irrigation has been reduced

to two to three times per week;
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• irrigation work is less strenuous compared with
bucket irrigation;

• additional and new crops are grown each season;
• the number of growing cycles has increased, as

crops are able to grow faster with full saturation.

Other uses include delivering water for domestic
use and livestock, water sales – particularly in urban
areas – and development of tree nurseries. Because
of its head-delivering capability, the pressure pump
is primarily used by smallholders for irrigated
agriculture, horticulture and tree nurseries.
Approximately 65 percent of pump purchasers
graduated from bucket irrigation.

Some particularly resourceful farmers have built
3 m high platforms to hold water tanks to achieve a
pressure head. Water is pumped into the tank and
then allowed to flow through a hose to power a
sprinkler.

Approximately 80 percent of the pressure pumps
are operated by two people: one pumps and the other
constricts the end of the output hose to spray the
crops. Different locally produced sprinklers are being
investigated, to see if they can be used with the
pressure pump. Some farmers do not take advantage
of the pressure output and simply pump water into
furrows or buckets for distribution.

A sampling of pump owners showed that 70
percent of suction pumps and 91 percent of pressure
pumps are being used regularly. The significantly
higher use of the pressure pumps has been attributed
to the fact that the pressure head makes it easier to
use. It is also sold with an owner manual that
illustrates basic operation, recommended irrigation
methods and simple maintenance. It was found that
suction pumps were operated on average for 3.43
hours per day, while pressure pumps were operated
for only 3.03 hours per day.

Farm incomes

In terms of economics, both treadle pumps have had
a profound impact on farm incomes. Without
irrigation, farmers have only one growing season per
year, which relies entirely on natural rainfall. Bucket
irrigation enables farmers to extend their cropping
into the dry season. A typical income for a season
using bucket irrigation is approximately US$80.
When this is replaced with a suction pump, the
income can rise to US$351 and a pressure pump can
increase this to US$690.

Farmers using treadle pumps have, on average,
2.7 growing seasons per year and have reported that
they are able to purchase more and better quality

fertilizers, seeds and feeds for livestock, in addition
to feeling significantly less financial burden when
paying school fees.

Social and economic impact

On the social level, the pumps have had a substantial
impact. Diversification of crops and increased area
of cropping have improved family nutrition and
health. People have also been more willing to share
experiences about the pumps, which has led to
improvements in neighbourly relationships. Increased
incomes have enabled more families to send more
children to school. Farmers have reported that
irrigation work is now much more enjoyable and less
strenuous.

In most cases, treadle pump purchasers tend not
to be the users. They are often urban dwellers who
frequent the markets and are generally involved in
income-generating activities off the farm. They buy
the pumps for use on their farms and young men are
hired to undertake the irrigation work.

Although most of the pumps are bought by men,
up to 58 percent of them are managed by women,
who then control and benefit from the additional
income. Most of the pumps are actually operated by
young men hired by women managers.

Although both pumps are lent and hired by
farmers, the patterns are surprisingly different. Only
10 percent of suction pumps are loaned to a relative
or neighbour. A more common practice is to hire them
out for a fee, although farmers say that they find this
arrangement expensive. In sharp contrast, the
pressure pump was four times more likely to be
shared than the suction pump and there are no
reported cases of one being hired out for a fee. The
difference in lending patterns is attributed to the
suction pump requiring more complex set-up (e.g. a
platform, furrows). However, sharing and hiring have
often led people to purchase one for themselves.

The pump was specifically designed to be
portable, so that the farmer is easily able to take it
home at the end of the working day. There has been
only one reported incident of pump theft.

Gender issues

The treadle pumps are designed to be gender-neutral.
While men purchase most treadle pumps in Kenya,
58 percent of them are managed by women, who then
control and benefit from the additional income. It is
believed that women are the main indirect
beneficiaries, although more detailed gender-related
data are being collected.
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DONOR ROLE

The original development and promotion of the
suction pump was supported by a two-year project
financed by DFID’s British Development Division
in East Africa (BDDEA) under the British Aid to
Small Enterprise (BASE) programme, which started
in 1996. USAID funded the development and
promotion of the pressure pump in 1997 as part of
the Micro Private Enterprise Development
(MicroPED) programme, with a grant for three years
and six months. In 1999, ApproTEC received further
support from DFID for a long-term micro irrigation
project (LTMIP) to promote the use of pressure
pumps and to develop and promote a smaller more
compact pressure pump and one for use in deep wells.

LESSONS LEARNT

The experience in East Africa indicates that four
preconditions are vital for the sustained success of
treadle pumps:

• market-driven demand and suitable environmental
and economic conditions; there must be significant
populations able not only to afford the pump, but
also sustain a local demand for horticulture;

• a well-designed pump that is appropriate for the
local farming, economic, and manufacturing
systems;

• a local private sector capability for mass
production and quality control;

• effective private sector distribution networks for
agricultural inputs and equipment, including
transport, infrastructure and retailers.

A local marketing infrastructure such as
newspapers or local radio must exist to reach target
consumers. A fixed countrywide retail price is
desirable, to ensure consistency in advertising and
to attract potential purchasers. Advertising alone is
not enough: purchases were most often made after
farmers saw the pump operate at demonstration
venues. Matching supply to demand is important, to
ensure that buyers have access to pumps as and when
they need them. Distribution and retail networks must
be in place in the regions targeted for promotion. In
short, NGOs should think and act like the private
sector to produce sustainable technology.

Donors and NGOs can take actions to facilitate
and enhance treadle pump use. Donors should fund
viable projects where the four preconditions for
sustained success are met. NGOs can play an
important role in demonstration and promotion.

Donors and NGOs, however, should not donate or
sell pumps below retail cost. These actions skew the
market and result in detrimental impacts on
consumer-driven demand.

At present, separate extension and training
services are not financially viable for adoption by
the private sector. Dealerships should be encouraged
to become more involved with local farmers to answer
questions, recommend irrigation methods and
encourage dialogue among smallholders.
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Other country experiences

Treadle pumps are being used in countries other than
those mentioned, with similar results. Enterprise
Works, for example, introduced pumps into Mali and
Senegal in the early 1990s. In Senegal the Bielenberg
model is used, modified to work both as a suction
pump and a pressure pump. The pumps are promoted
under the name of Diambar – meaning bold or brave
in Wolof – who manufacture both treadle and hand
operated versions. Women users in Senegal generally
prefer the latter. In 1995, 486 treadle pumps and
Diambar handpumps were sold in the country. The
cumulative total since sales began in 1990 is 1 453
(Hyam et al.). Pump sales in Senegal are reported to
be in excess of 1 000.

Five thousand treadle pumps are being imported
into Malawi under a government contract paid for

by the World Bank and the African Development
Bank (AfDB). These are being supplied to a
parastatal, which sells farmer services, advice, seeds,
fertilizers and pesticides.

The pumps are for sale to farmers at a price
around US$70. An additional package is believed to
include 3 m of suction pipe, 20 m of delivery hose
and spare plastic piston washers at US$110. The
pumps are being made in India and shipped in by a
local Malawian firm. The design is essentially the
same as that used in Zimbabwe. This first batch of
5 000 pumps is being subsidized by the Government
but farmers will have to pay full amount once the
5 000 have been sold.

Pumps are also being introduced into Benin and
Rwanda.

Figure 16: Treadle pump (pressure delivery),
Malawi. Suction pipe is yellow corrugated plastic; delivery
is through blue lay-flat hose
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An alternative view

All the pumps described in this report require
specialist machine tools and parts. It is often this
requirement that produces pumps which are efficient,
useful and reliable. There are those, however, who
question this approach to development (Oram, 1995).
They argue that the specialist tools and components
bring with them dependence on others. If spare parts
are not available, or if the local skills are insufficient
to cope with routine maintenance and repair, pump
maintenance is unlikely to be sustainable in the long
term. Resources may be available in a nearby town
but this means that transport is needed to get to them
and time is needed to make the journey. These two
commodities are usually in short supply in most rural
communities.

To be profitable, a technology must have an
overall cost low enough not to overexpose the owner
to debt. It must then make money. Oram points out
that a crucial factor in profitability is the availability
of the technology, i.e. the proportion of time during
its life that it is available for use. Fear of failure has
often driven people towards high-tech solutions to
avoid the problems of breakdown. This leads to mass
production processes, which can have the benefit of
bringing down prices. All machinery fails eventually.
In developing countries, failure tends to occur sooner
because maintenance is poorer and the conditions are
more hostile. The result is the machinery graveyards
that can be seen surrounding many towns and
villages.

An alternative viewpoint is to consider the
repairability of a machine, rather than its quality of
design and manufacture. One way of achieving this
is to ensure that a machine is made in the same locality
in which it will be used. Additional benefits come
from this. Not only does it help the local economy
but manufacturers are more likely to be in touch with
farmers and so develop their products to meet local
needs, particularly after-sales care. Oram argues that
the move to engineer products in order to improve

their performance, for example, can put the repair
and maintenance beyond the capabilities of the farmer
and the immediate capacity of the local artisans.

In the case of treadle pumps, Oram stated in 1995
that attempts to use treadle pumps in Africa have
been less successful than in Bangladesh. He argues
that water may be available from rivers and shallow
ground water but the required lift is generally greater
in Africa than in Bangladesh, and the water must be
pushed some distance from the source to the point of
use. This demands pressure pumping rather than the
simple suction required in Bangladesh. This view is
supported by the development of the Bangladesh
pump into a pressure pump and the introduction, since
this paper was written, of a new design by
ApproTEC. Oram, however, believes there are other
ways of benefiting from a rethink about the most
appropriate design for this new situation. He suggests
that the Bangladesh pump, originally designed for
permanent location, can be rather heavy for the
portability needs of African farmers and that more
thought should be given to reducing the weight. He
also suggests inverting the piston and cylinder
arrangement, so that they are located above the
treadles rather than below them. This would lower
the operator, who is normally perched over 500 mm
in the air and feeling exposed, and possibly lower
the cost of the framework. Another suggestion is to
use outside seals rather than inside ones, which again
can reduce costs by making the pump simpler to
manufacture.

A final suggestion from Oram is to develop a
single piston pump, which would be simpler and
much cheaper to make than a double piston pump. It
would mean a reduced and intermittent discharge but
this is not so important for suction pumps. Such a
design might also bring the cost of the pump within
range of a wider group of farmers and so provide an
entry-level treadle pump.
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Pump suppliers

The following is a list of suppliers of treadle pumps,
with addresses and contact information as of May
2000:

ApproTEC
PO Box 64142
Nairobi
Kenya
Tel.: / Fax: +254 (0)2 787380/1, 783046, 796278
E-mail: approtec@nbnet.co.ke

IDE
International Development Enterprises
10403 West Colfax, Suite 500
Lakewood CO 80215
USA
E-mail: ide@ideorg.org
Web site: www.ideorg.org

Swiss Senior Experts for the Third World (SE3WE)
Bahnhofstrasse 8
CH-6020 Emmenbruecke 1
Luzern
Switzerland
Tel.: +41 31 322 2562
Fax: +41 31 280 6681

Enterprise Works
1828 L Street NW
Suite 1000
Washington DC 20036
USA
E-mail: info@enterpriseworks.org
Web site: www.enterpriseworks.org
Tel.: +1 202 293 4600
Fax: +1 202 293 4598
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The International Programme for Technology and Research in Irrigation and 
Drainage (IPTRID) aims to enhance the standard of irrigation and drainage 
research and development in and by developing countries, giving due �
regard to the needs of the environment. Its main objectives are to improve 
technology and management in order to increase the production of food and 
agricultural commodities, enhance food security and assist in eliminating 
poverty. The programme focuses attention on four priority themes:

	 n	Synthesizing knowledge
	 n	Building national capacity
	 n	Formulating research and development strategies and programmes
	 n	Networking

IPTRID’s sponsors are FAO, UNDP, World Bank, the International Commission on 
Irrigation and Drainage (ICID), the International Water Management Institute 
(IWMI), international and national research institutes, multi- and bilateral donors, 
and development foundations.

For further information about the IPTRID Programme please contact the IPTRID 
Secretariat at the following address:

Arumugam Kandiah
Programme Manager
IPTRID
Room B-712
Land and Water Development Division
Food and Agriculture Organization of the United Nations
Viale delle Terme di Caracalla
00100 Rome
Italy

Tel.: (+39 06) 570 54033  Fax: (+39 06) 570 56275
E-mail: iptrid@fao.org
www.fao.org/waicent/faoinfo/agricult/AGL/iptrid/index.htm

One of IPTRID’s priority activities is to create awareness among the interested 
public and the professional community on irrigation and drainage issues, 
particularly on the positive benefits of irrigated agriculture. It is hoped that the 
reader will be able to appreciate better the role of irrigation and drainage and 
understand how such developments can be improved with minimal 
environmental impacts and maximum livelihood benefits.

Realizing the value of irrigation system maintenance is the second in a series of 
issues papers to be published by IPTRID. The first paper, Poverty reduction and 
irrigated agriculture, was published in January 1999. Further papers are planned 
on:

	 	 n Priorities for drainage, and
	 	 n Environmental sustainability of irrigation

Publication of these papers will be announced in the IPTRID Network Magazine 
GRID, which is published biannually. Requests for GRID magazine and for copies of 
the issues papers should be sent to the IPTRID Programme Manager at the 
address above.
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