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Are treadle pumps a viable option for Africa?

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
devel oping countries. Itsacceptancein Bangladesh,
whereit wasfirst developed in the early 1980s, has
been described as extraordinary. Over 500 000
pumps are now in daily usein that country.

How treadle pumps work is described in detail
in the relevant chapter. The principle is based on
suction lift using acylinder 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 thedriving power from armsand handsto
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 standson thetreadles, pressing
the pistons up and down in arhythmic motion.

Two pumps have developed from thisidea. The
first wasasuction pump to lift water from ashallow
source and dischargeit over aspout into acanal for
gravity irrigation. Thiswasdeveloped in Bangladesh
wherefarmers needed tolift 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 farmerswho often
haveto lift water from deeper sources, in excess of
4 m, and irrigate undulating land with sprinklers or

hosepi pes.

WHAT PUMPS ARE AVAILABLE IN AFRICA?

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

WHICH PUMP GIVES THE BEST PERFORMANCE?

Two pump types are available and many
modifications have been made to them to suit local
operating conditions. Whichisthe best pump? This
may seem areasonable questionto 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,
thereisnot enough information available on all the
design modifications to enable effective
comparisonsto 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 asuction pump, redesigned sothat it can
also be used as a pressure pump. ApproTEC
(Appropriate Technologiesfor Enterprise Creation),
a non-governmental organization (NGO) based in
Kenya, developed new designsfor both suction and
pressure pumps, which it believesisbetter suited to
Africa. Itsdesignsare based onthe need to lift water
from deeper sources, irrigate more hilly lands and
be portablefor security. Essentialy, 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

Thesearedesigned 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 isthe most appropriate in this
situation, because thisisthe job it was designed to
do. When water sources are deeper, however, the
ApproTEC and the Swiss suction pump designs,
with additiona leverage, start to comeinto their own.
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Average discharges based on sustainable
pumping over the day for one operator would bein
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 creste pressure, so thevolume
of water lifted islessimportant. They are used when
water sources are deep (morethan 4 m) and thereis
aneed to deliver water under pressureto sprinklers,
drippers or to a header tank. This requirement may
also betheresult of irrigating undulating or steeply
soping land. The ApproTEC pressure pump model,
which exploitsahigh mechanical advantage, ismore
appropriate in this situation. Total pumping
pressures up to 14 m can be obtained but the
dischargewill below at thislevel of pressure, about
0.3-1litre/second. The Bangladesh model will still
doagoodjob butitislessappropriateandit will be
difficult to operate at the higher pressures. Thisis
not the job it was designed to do.

When quoting pressures, it isthe total pumping
pressure head that matters. Thisis 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 asuction lift of 3 m, the
delivery pressure will be 11 m. If the suction lift
increases to 5 m, the delivery pressure will fal to
9m.

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 aperiod 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. Werethey heavy or light? Wasthere 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 pumpson a
performance basiswill need careful interpretation.

Finally, deciding which pump is best is not just
a question of technical performance. Judgement
must be based on awide 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 bo THEY cosT?

Pump pricesin Africavary from country to country
but arein the range US$50-120 (see Table 1). The
differences are due to the different costs of labour
and materialsin each country.

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$

Pricesalso 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 someindication of thelevels
of mark-up for pumps sold in Kenya.

Themark-up by ApproTEC paysfor the services
they put into the marketing effort, whichisakey to
pump sales.

In Zambia, pricesvary 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 mgjority of pumps are
bought by an NGO, International Development
Enterprises (IDE), who passthem on to retailerson
acommission basis. IDE carriesthefinancia burden
and theretailer receives acommission when pumps
aresold. Thisrouteis more expensivethan the more
traditional direct route from manufacturer toretailer,
so IDE hasintroduced atemporary subsidy to bring
pricesintoline (see How arethey sold to farmers?).

How MANY HAVE BEEN SOLD?

The datain Table 3 show that significant numbers
have been sold onacommercial basisand 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
arereported to be till 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
Tanzaniaaswell.
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Table 2. Mark-up on pumps sold in Kenya

Activity

Suction pump

Pressure pump

ApproTEC buys pumps from manufacturers
Dealers buy pumps from ApproTEC
Farmers buy pumps from dealers

29 43
46 63
53 75

Prices in US$

Table 3. Number of pumps sold in each country

Country Date introduced Suction pump Pressure pump
Zambia 1997 1113 208
Zimbabwe 1988 - >400
The Niger 1997 265 162
Kenya 1996 3925 -
Kenya 1998 2 705

WHO MANUFACTURES THEM ?

Oneof the prerequisitesfor successful uptakeislocal
manufacturing capacity. In most of the country
reviews, pumps were initially imported into the
country to take advantage of well-established
designs. Thiswas, however, quickly replaced with
local manufacture. All the pumps described in this
report need specialist skills and tools to produce
themto agood standard. In most cases, NGOs have
taken ontheresponsihility for approaching potential
manufacturers, providing them with designs,
materialslistsand specialist toolsand thentraining
them to construct the pumps.

In many countries, manufacturers produce only
themetalwork components known asthe pump head.
The NGO then takes on thetask of bringing together
the other components, before a pump is ready for
delivery to farmers. These componentsinclude 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 potentialy 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.

M ost workshops can manufacture treadle pumps,
once staff are trained and have the right tools.
Manufacturing precision isimportant 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,

whilethe good onesare certified for useinthefield
and carry amark to confirmthis. Thishasled to the
introduction of aguarantee 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 sometime beforethey realize that agood-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 acommercial basis, rather than supplying them
as gifts. The connection between the farmer as a
customer and the manufacturer as supplier is
generally not agood one. A distribution network or
supply chainisessential to link the farmer with the
manufacturer. It consists of manufacturers,
wholesalers, retailers, NGOs/partnersand customers
(farmers). In Zambiathere are eight manufacturers,
28 retailersand 30 active collaborating partners, who
areal involvedinthedistribution 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. Retailersonly pay IDE
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for pumpswhen they are sold, for whichthey receive
acommission incentive. The money isthen paid to
the manufacturers to produce more pumps. In spite
of a few teething problems, the arrangement is
reported to be working well.

Thisinput from IDE isonly temporary; retailers
are slowly being encouraged to go direct to
manufacturers and establish a more conventional
chain. Somealready do thisand are ableto negotiate
more competitive prices. Once it has become more
established, IDE intends to concentrate on
promotions and marketing.

Retailerswere sel ected 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.
Inreturn, retailersreceived pumps on aconsignment
basis, together with promotional literature and
operation and maintenance manuals. They werealso
trained to use the pumps and in methods of
promotion.

A group of salesagentswasrecruited 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 manufacturersand
for saleand delivery toretailersor 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 dealersto take the financial
risk of investment without proven local sales. Later
batches are purchased with 50 percent paid up front,
although somedealersarepayinginfull at delivery.
NGOs who purchase pumps from ApproTEC are
treated as dealers:. they pay the wholesale price for
the pumps.

Sales through deal erships have proved to be by
far the best mode of distribution. Commissioned
salespeoplefound it difficult to makealiving solely
from pump sales. ApproTEC originally targeted
hardware stores in urban or peri-urban centres as
pump deal erships. However, focuswas|ater 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 Tanzaniaand 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.

IntheNiger, thereare cash flow problemssimilar
to those in Zambia. In such cases, manufacturers
provide credit to gardeners, especially at siteswhere
the pumpsarenot well known. A contract isarranged
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
witnessesthe contract.

Thesupply chain must also function asaconduit
for spares, maintenance services and feedback to
manufacturers. Inthe Niger, as part of the after-sales
care, all the gardeners are visited at least three
times — after oneweek, one month and six months —
by a field agent and a representative of the
manufacturer. During thefirst visit, aquality control
check is made to ensure that manufacturers are
continuing to follow the recommended norms for
materials and procedures. The pump installationis
checked and site-specific suggestions may be made
to improve pump performance. The first visit is
especially important for thefirst few pumpsat anew
site. Once several gardeners in an area have some
experience, they are able to help their neighbours
withinstallation problems. If amajor manufacturing
defect is identified, the manufacturer is contacted
and obliged to correct the problem.

The lack of an effective supply chain in
Zimbabweisundoubtedly linked to the poor uptake
of pumpsthere. They arewell known inthe country
but no single agency has taken it upon itself to
market them on awide scale and production is not
continuous.

WHAT ABOUT MARKETING?

L ocal manufacturersare 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,
infarmers fieldsand at IDE offices. Demonstration
gardens have been established in strategic areas
whererapid 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, tel evision and newspapers. Itis
planned to start printing calendars and T-shirts that
show treadle pumps in use and provide details of
the benefits. Villagetheatre 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
Corpsand many others have not only promoted the
use of treadle pumps but have al so purchased pumps
for usein their own programmes.

IntheNiger, publicity hasbeen animportant part
of marketing. The first step in a multifaceted
publicity campaign was to choose a hame for the
pump. Staff chose Niyya da Kokari, a phrase
meaning willingness and couragethat isunderstood
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
isnow well known throughout the country.

Television has been a mgjor factor in creating
brand namerecognition. The samelocal troupewas
commissioned to perform in a commercial for
television, produced in Hausa and Djerma, that
clearly conveys the advantages of the pump in
comparisonto traditional rope-and-bucket irrigation
systems. Although this kind of publicity is
expensive, thevisual impact of seeing the pumpsin
action createsavery positiveimpression. Thelarge
number of peoplein 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
preconditionsfor uptakeaspart 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 aspossible. It must be affordable for the buyer
and profitablefor the producer. Thetechnology must
also function reliably and the purchaser must be
satisfied. It only takes afew 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
criteriainclude:

e amarket for vegetable products;

e awater sourcewithin 6 mof the ground surface;

e an adequate water supply (>1 litre/second per
pump);

 aconcentration of market gardenersusing tradi-
tional water-lifting methods;

» adequate land available for garden expansion.

The best way to determine where there are
concentrations of market gardenersisto 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 anirrigationtime 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 areathat can beirrigated using
a treadle pump is approximately 0.24 ha. Using
watering cansunder similar conditionswould reduce
theareato 0.03 ha. Surveys of small-scaleirrigation
in Kenya indicate an average area of 0.4 ha for
suction pumps and 0.27 ha for pressure pumps. If
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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 areaunder irrigation;

* reduced work time compared with bucket irri-
gation;

o fullirrigation of fields, resulting inimproved 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 ableto 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 haof land to US$850-1 700
using treadle pumps. Thiswasattributed to increased
crop yieldsand to being ableto increase the area of
land irrigated. Cropping intensity also rosein 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 takeriskswith new crops. Similar benefits
have been reported in other countrieswheretreadle
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, retailersand 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
yieldscan bring with it the problem of amarket glut
when supply exceeds demand. Thisis a particular
problem with common household crops and it is
exacerbated by the tendency of farmersto grow the
same crops at the sametime of year. The search for
new, more distant markets may solvethisdifficulty
but it can create different problems. Transport is
costly and difficult tofindin remoterural areaswith
poorly devel oped feeder roads. Itisalso unreliable.

A farmer may havetowait daysfor transport, which
may result in deterioration of perishable produce,
which in turn reduces profits.

Strategiesto avoid the glut problem include:

 adoption of alternative cropping patterns,

e uptake of contract farming;

 linking with bulk buying companies,

e introducing solar drying and food processing
technologies,

* adopting alternative low-cost transport such as
bicycle-powered cartsto 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 thelocal 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
seethisasan 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
operatethan 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. Thereislittle economic
benefit, however, asmost communities producejust
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 el evated 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 discouragetheir wivesfrom using the
pumps, because they become overtired in the
evenings. Thisissueisdifficult 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 pumpsusedinthe Niger.

|'S 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
withirrigation farmers

e Training to build up capacity inirrigation in ex-
tension services, including horticultural methods

* Irrigation techniques

*  Water management, including crop water re-
guirements and scheduling

* Treadle pump operation and maintenance

e 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

Retailersinvolved in purchasing pumpsand sell-
ing them on to farmers

* Marketing and promoting treadle pumps

* Customer relations

* After-salesservices

* Quality control and identification of a quality
pump

* Record keeping

* Business development and accounting

Farmersusing the pumpsfor irrigation

e QOperation and maintenance of treadle pumps

* Water management

e Agronomic practices

* Basic market economics of supply, demand and
the effects on prices

SO ARE TREADLE PUMPS REALLY APPROPRIATE FOR
AFRICA?

Small-scaleirrigation is seen as one of the success
storiesin many countriesin Africa, at atime when
large-scal e devel opments 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. Thishasbeen at the heart of itssuccess
(Kay et al., 1985). Treadle pumps introduced on a
commercia 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 thistype of technology.

Attempts to use treadle pumps in Africain the
early 1990swereless successful than in Bangladesh.
Conditionsin Africa are very different from those
in Bangladesh, however. The groundwater ismuch
deeper and the irrigated land much more hilly, so
the water must be pushed much further from its
sourceto the point of use. Devel opment of pressure
pumps has helped to overcome this constraint and
hastransformed 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.
Therewill also beagreat deal of work to bedonein
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 activitieswith the development
of supply chains. Inthisway, 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, reliableunits. Therearethose
who argue that the specialist tools and components
bring with them an unacceptableleve 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 systemisunlikely to be
sustainable in the long term.

To be profitable, atechnology must have alow
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 failseventually. In developing countries,
however, failure tends to occur sooner because
maintenance is poorer and the conditions are more
hostile. The result isthe machinery graveyards that
can be seen surrounding many towns and villages.
For thisreason, the need for strong supply chainsto
support the supply of spare parts and maintenance
must not be underestimated.

A final comment from experiencein 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 ableto afford the pump and sus-
tain local demand for horticulture;

* awell-designed pump that is appropriate for the
local farming, economic and manufacturing sys-
tems;

e alocal private sector capability for mass pro-
duction and quality control;

» effective private-sector distribution networksfor
agricultural inputs and equipment, including
transport, infrastructure and retailers.

|'s 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 preconditionsfor sustained
success are met. NGOs can play an important role
in demonstration and promotion. Donorsand 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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Asprevioudly stated (see Treadle pumps—what are
they?) introduction of the treadle pump, which can
be manufactured and maintained at low cost inrural
workshops, represents a significant revolution in
small-scale irrigation in the developing world. Its
acceptance in Bangladesh, where it was first
developed inthe early 1980s, has been described as
extraordinary, with over 500 000 pumpsnow indaily
useinthat country.

The costs of buying, running and maintaining
engine-driven pumps for irrigation are prohibitive
for most small farmersinthe developingworld. 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 shadoofsand scoops, which
are slow and cumbersome and require high labour
inputstoirrigate very small plotsof land. Water lifting
rates are at best 0.5-1.0 mé/h. Treadle pumps have
been changing dl this. They usethelegs, which have
much stronger musclesthanthearms. They work in
acomfortable, rhythmic walking motion, lifting up
to 2.5-5 nm¥/hr by suction from rivers or shallow
groundwater — enough to irrigate between 0.2-0.4
hain 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 designswhere called tapak-tapak pumpsby the
farmers, because of the sound they made.

Treadle pumps of various designs are now
availablein many African countries. VariousNGOs
introduced alot of these from Asia. Manufacturing
hastended 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 throughits various Specia
Programmefor 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
improvementsto pressure delivery pumps. Thereis
probably still scopefor improvementsin ergonomics
and opportunitiesfor mass production.

Thelnternational Programmefor Technology and
Research in Irrigation and Drainage (IPTRID)
commissioned thisreport on the status and prospects
for treadle pumpsinAfrica, particularly concerning
how smallholders can take up such devicesto support
irrigation. Inview of thefact that treadle pumps are
now being used in many African countries, this
document isastate-of-the-art report. It identifieswhat
needs to be done by agencies, donors, NGOs and
manufacturers to make such pumps acceptable and
accessiblefor smallholders. Itisaimed at irrigation
professionals, donors, decision makers and NGOs
promoting small-scaleirrigationin Africa.

Information has been provided from many
sources. Particular referenceis madeto the national
expertswho werecommissioned by IPTRID to collect
up-to-date information from a number of African
countries.

The report begins with areview of the different
treadle pumps currently in use in Africa and the
information available ontheir technical performance,
with aview totrying 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 addresstheimportant i ssues 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 areright 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
stopsit from flowing back into the source. The piston
and the cylinder must have a very close fit, so that
when the pistonisraised, it createsavacuuminthe
cylinder and water is sucked into the pump. When
the piston is pushed down, the water is pushed
through asmall valvein thepistontofill up the space
aboveit. Whenthepistonisraised again, it liftsthis
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. Thedownward stroke of the piston onceagain
pusheswater through the small valveinto the space
abovethe piston and the processisrepeated.

How treadle pumps work

Thisisavery smple principlethat has been used
for centuriesfor lifting water from streamsand wells.
The amount that can belifted in thisway isusually
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.

Thisideahas now been skilfully adapted for use
inirrigation, where much greater volumes of water
areneeded. Themost important innovation has been
to changethedriving power from armsand handsto
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
arepositioned side by sideand achain or rope, which
passes over a pulley or arocker bar, connects the
two pistons so that when one piston is being pushed
down, the other one is coming up. Each piston is

Rope

Figure 1: Treadle pump operating principles
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connected to atreadle. The operator stands on the
treadles and pressesthem up and down in arhythmic
motion—like pressing the pedalson abicycle. Some
have also described it as similar to walking. This
rhythmic method of driving the pump hasgained wide
acceptance among farmersand seemsto be preferable
to any mechanism that requires only onefoot or arms
and hands.

This pump has become known as the suction
pump and it is used to draw water up from awell or
river and dischargeit into acanal 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 thetop of the cylindersinto achannel,
the upward movement of the pistons pushes water
through asecond valveinto addivery pipe. Thisvave
closes on the downward stroketo stop theflow from
reversing. In this way it is possible to maintain a
pressureintheddivery pipethat can beusedtodrive
sprinklers or drippers or deliver water to a header
tank. Hence the name pressure pump.

Thesearenot theideal names, becausethey imply
that thetwo pumpsare different, wheninreality they
both work on the same suction principle. However,
thesearethe namesthat have been generaly accepted
and soin accordance with common usethey are used
throughout thismanual.

SOME BASIC HYDRAULICS

Many professionals without an engineering
background often do not have agood understanding
of basic hydraulics and pumping. This section is
designed to clarify some of theimportant issuessuch
as pressure, head and discharge and what is meant
by such termsas suction lift and delivery head.

Pressureand head

Pressureisdefined asaforce acting uniformly over
an area. Itisnormally measured in kilo-Newtons per
square metre (KN/m?). In some European countries,
kilograms force per square centimetre (kgf/cn?) is
still used. Another common unit isthe bar. One bar
isthe equivalent of atmospheric pressureand isequal
to 1 kgf/cm?. Many non-engineering professionals
find kilo-Newtons confusing and much prefer towork
inkilogramsforce (kgf), asit canbeeasily related to
thecommon understanding of kilogramsasameasure

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 along vertical tube, in
which the pressureisto be measured, connectedtoa
pipe. Water will rise up thetube, because of thewater
pressurein the pipe. The height to whichit will rise
isameasure of the pressure. Thisiscalled the head
and isanother way inwhich pressureisexpressed. 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, belinked to thefluid
inthe pipe, asdifferent fluidswould riseto different
heights because of their different densities. So the
correct termto useishead of water. Therelationship
between pressure and head isasimple one:

Head of water (m) = 0.1 pressure (KN/n?)
or = 10" pressure (kgf/cn?)
or =10" pressure (bar)

Asan example, apressureof 3 bar or (3 kgf/cm?)
would result inwater risingto aheight of 30 minthe
tube. (For more explanation of pressure and other
aspects of hydraulics, see Kay, 1998.)

Atmospheric pressure, which is important for
pumping water, isequal to 10 m head of water. The
reasonsfor itsimportance are discussed in the next
section.

Suction lift

For operating convenience, pumpsareusualy located
abovethe water source and ashort length of pipeis
used to draw water into the pump. Thisiscalled the
suction pipe. The difference in height between the
water surface and the pumpiscalled the suction lift.
Theideaof suction lift and itslimitationsisonethat
is not well understood, so aword of explanationis
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 adrinking straw. Infact you do not actually
suck up the water; you suck out the air from the
straw and create a vacuum. Atmospheric pressure
doestherest, pushing down onthewater surfaceand
forcing water up the straw to fill the vacuum.
Atmospheric pressurethus providesthedriving force
but puts alimit on how high water can be lifted in
this way. It does not depend on the ability of the
person sucking. At sealevel, atmospheric pressure
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isapproximately 10 m head of water, sointheory it
can push water up to 10 m. But if you wererelying
onastraw 10 mlong for your water needs, youwould
dieof thirst! A 7 m straw would improveyour chances
of survival and 3 m would be even better. In other
wordsthe shorter the straw, the easier it becomesto
get water.

This principle applies to all pumps, including
motorized pumpsand treadle pumps. Idedlly, it should
be possible to lift water by suction up to 10 m. In
practice, asensiblelimit is 7 m, because of friction
losses in the suction pipe and the effort required to
create avacuum under these conditions. Even at this
level, therewill bedifficultiesin keeping out air from
leaky pipejoints and sealsto maintain the vacuum.
The lower the suction lift, the easier it will be to
operate the pump.

Thequestion of how to lift water from aborehole
deeper than 7 moften arises. Clearly, inthissituation,
water cannot be lifted by any pump operating at
ground level. The only way to deal withthisproblem
istolower the pump intotheground, sothat itisless
than 7 m above the water surface. This can be done
either by using asubmersible pump —inwhich case
the pump is below the water level, so there is no
suction —or excavating down and placing the pump
on ashelf 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 isanother term that needs careful
use. It isthe 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. Soif the suction
liftis4 m and the pump then deliversa 7 m head to
some sprinklersor hose pipe, the pumping head would
be 11 m. This represents the total height through
whichthewater must belifted from sourceto delivery
point. If 11 mwerethe maximum that apump 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, thetotal pumping
head would include any lossesin head resulting from
friction in the suction pipes and losses as the water
flowsthroughfiltersand valves. Flow through treadle
pumps is low, so for simplicity these effects have
beenignored.

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 componentswhich they
all havein 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
advantagefor pressurizedirrigation, wherethebuild
up of pressure is important to create a spraying
action. Cylinders are normally between 75 mm and
150 mmin diameter. A common diameter is 100 mm.

Materials used include steel plate bent into a
cylinder, PV C pipe, concreteand bamboo. The choice
of materid isstrongly influenced by local availability
and cost. Steel isagood choiceif thereare sufficient
skillsand machinery availableto bendit into theright
shape. Bamboo has been used whereitisplentiful. It
has the advantage that it can be maintained at farm
level, but it does have a short working life. Itis not
suitable for pressure pumps.

Pistons

Pistons move up and down inthecylinderswhen the
operator presses down on the treadles. Steel rods
connect the pistonsto 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 sealsmust also stand up to therigours
of continually moving up and down against the
cylinder wall (see Table 5 for testson seals).

Pump manifold

The manifold isasteel box in apressure pump that
connects the inlet and outlet pipes to the pump
cylinders. It comprisestwo parts: theinlet side, which
allows water into the cylinders, and the outlet side,
which allowswater to exit fromthecylindersinto a
delivery pipe. The suction pump only has an inlet
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Figure 2: The basic components of a treadle pump
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manifold, aswater spillsover thetop of thecylinders
viaaspout and dischargesinto achannel.

Non-return valves

Non-return valves allow water to flow oneway and
stop it from flowing back to the source. Treadle
pumps can have several non-return valves. One can
belocated at the entrance of the suction pipeto stop
it from draining every time pumping stops.
Interestingly, very few pumps usethisvalve, which
means that the pump must be re-primed every time
pumping begins. A second valveislocated at thetop
of the suction pipeintheinlet manifold to stopreverse
flow during pumping. Pressure pumps have athird
non-return valveintheoutlet manifold, to stop reverse
flow oncethe water has been pressurized.

Treadles

The operator stands on the treadl es and pushesthem
up and down to work the pump. They can beabout 1
metre long, hinged at one end and supported at the
other by arope or chain running over apulley. They
are connected to the piston rods so that the movement
of thetreadlesistransferred 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 alternativeto the
pulley isarocking bar, whichispivoted inthemiddle
(see ApproTEC pumps—Kenya).

Frame

The componentsof thetreadle pump are mounted on
a frame, which keeps all the parts together and
provides support for the operator. Some pump frames
are made fromwood and are very portable. Thiscan
beimportant when security isaproblem and pumps
cannot beleftinthefield overnight. However, some
designs use sturdy metal frameswhich can stand up
totherigoursof continual use; onedesignisencased
inconcrete (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 waysof using
human power tolift water. Sizing of the components
and careful design are essentia to ensurethat thisis
done in the most efficient manner. Pump output
requirements of discharge and pressure must be
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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—thefrequency
with which the treadles are pushed up and down.
This process of design is complicated by the wide
variationsof possible pumping needsof different sites
and thewiderangeand ahility of operators, who must
be comfortable when using the pump and not bent
over in someawkward position. Thedesign must be
as simple as possible in terms of its manufacture
and maintenance. This section looks at theseissues
and explains, for example, why sometreadle pumps
have small diameter cylinderswhile othershavelarge
ones.

Human power —what can be achieved?

It is generally accepted that areasonably 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 istransferred to the pump when the operator
standswith onefoot on each treadle and pushesthem
up and down in areciprocal motion. Thisisavery
natural movement for the human body; it can be
sustained for several hours, if the parametersof 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 asuction pump has asuction lift of 1.0
m, then 75 watts would produce a discharge of 7.5
litres/second. At 2.5 m suction, thiswould fall to 3
litres/second and at 5mit would be 1.2 litres/second.
Asthe suction lift increases, the discharge that can
be achieved decreases. It is not possible to convert
all the 75 wattsinto useful water pumped: somewill
inevitably belost through frictioninthe pipesandin
the pump and valves. Introducing an efficiency factor
of 50 percent for the conversion of human power
into water power would reducethe dischargeat 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 aninput power
of 75 watts at 50 percent efficiency as shown in
Table 4.

Table 4. Discharge and head

Head (m) 0.5 1.0 25 5.0
Discharge 7.6 3.8 152 0.6
_(litres/sec)

Of coursg, if two peopl e operate the pump at the
sametime, asis often done in some countries, then
obvioudy theinput power and the output in terms of
pressure and discharge will be much greater.

Thisputsupper limitsonwhat can beredlistically
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

Ergonomicsisthe science of matching peoplewith
machines — in this case matching operators with
treadle pumps. In thisway, the pump component sizes
and dimensions are chosen to get the best out of the
human power input and ensure that the pumps are
comfortableto operate.

Piston/cylinder diameter

Pistons and cylinder diameters range between 75-
150 mm, with 200 mm being acommon choice. Piston
diameter putsan upper limit on the pressurethat 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
strokelengthisthevertical distance between thefeet
when onefoot israised and the other isat itslowest
point. If the stroke istoo short, the leg musclestire
quickly; if itistoolong, theleg musclesare straining.
Bicycles are one of the best known ways of using
human leg power. The distance between bicycle
pedalsisapproximately 340 mm, which would bea
long strokefor atreadle pump and the pumping speed
(cadence) would be slow. The strokeisgoverned by
what isacomfortable speed to operate the pump. A
strokelength of 100-350 mmisatypical rangebut 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 alonger stroke for
low heads.

The piston stroke length is the vertical distance
through which the piston movesduring pumping. On
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some pumpsthisisthe ssme asthefoot strokelength
but this is not always the case (see Mechanical
advantage).

Piston stroke volume

Thisisthevolume 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

Thisisthe 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 isimportant to make surethe units
are al the same to get an accurate result in litres/
second. Pump cadenceisvariable, asit dependson
theindividual operator. Pump dischargewill vary as
aresult 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 morethan 70 percent for short periods.
For the pump to be suitable for men, women and
children and for arange of pumping heads, it should
be designed for afoot force of 15-50 kgf (150-500N).
The piston force must also overcomethefrictionin
the cylindersand in the pipes.

Mechanical advantage

On many pumps, itispossiblefor operatorsto move
their position along the treadles, so that they can
change the force needed on the pistons while
maintai ning asteady and comfortablefoot force. This
movement also means that the pump can accom-
modate operators of different weights, each ableto
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 afixed position on thetreadles.

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
treadlesimmediately abovethe 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

Figure 3: Using mechanical advantage

1. piston force = Foot force

y

Pivaot
MA=1.0

2. piston force = Foot foree

v

MA = 1.0

3. piston farce < Foot force

v

MA < 1.0

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 distancefrom 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 aforce of 36 kgf
onthepiston (Figure 3-2). Theconverseisasotrue.
If the operator moves to reduce the distance to the
pivot point to 0.8 m, the downward forceon the piston
asoreducesto 24 kgf (Figure 3-3). Thisratio of the
distance of the operator and the piston from the pivot
point isknown as the mechanica advantage. Inthe
first caseit hasavalue of 1.2 and in the second 0.8.

Although mechanical advantage is described
aboveintermsof the position of an operator, it hasa
direct bearing on the movement of the operator, in
terms of foot stroke length and piston stroke length
(Figure4). A mechanical advantage of 1 meansthat
the foot stroke length is equal to the piston stroke
length. If the mechanical advantage isincreased to
3, the piston stroke would be only one third of the
foot strokelength. Asthe strokelength of the operator
islimited to approximately 350 mm, the piston stroke
length would be onethird of this, i.e. 115 mm.

In practical terms, thismeansthat alight operator,
such asachild, could operate apump by standing as
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Figure 4: Effects of mechanical advantage on
foot and piston stroke length
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far away aspossiblefromthepivot, to takeadvantage
of the extra leverage. A heavy, or strong operator
could move closer to the pivot for a comfortable
pumping position. It also meansthat greater pumping
pressures can be achieved because of the greater
forcesbut thisisat the expense of volumelifted per
stroke, because of the reduced piston stroke length.

Suggested mechanical advantage ranges between
0.5to 4. But thereis a practical upper limit to this
advantage, asthe pump might overturniif the operator
stands at the extreme end of thetreadles.

A summary of desirablefeatures
A summary of therange of desirabledesign features
isshownin Tableb5.

Table 5. Desirable features

Item Details
Piston diameter 75-150 mm
Foot stroke length 100-350 mm

Cadence As chosen by the operator
15-50kgf (150-500N)
From0.5tolupto4tol

175-200 mm

Foot force
Mechanical advantage

Treadle spacing

Discharge

The concept of dischargeisfamiliar to most people
who deal with water. Almost thefirst questionthatis
asked of apump is—What discharge can it produce?

Discharge can be measured in many different units,
e.g. litres/second, cubic metres per hour (m*/h) or
gallons per minute. It isameasure 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. Thisisbecause most treadle pumps
do not produce a continuous steady flow and the
output depends so much on the operator. To say that
atreadle pump can produce 2 litres/second needsto
be qualified with how the operator achievesthis. It
may be a heavy or alight 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 periodsor isit ahigh flow only
achievablein short bursts of high power input? Did
the operator work atypical day of, say, six hours
and take rests for ten minutes every hour or swap
with another operator?

Thereisclearly aneed to standardize the method
of measuring dischargeif it isto have meaning for
comparing pump performance and for choosing one
that is suitable for a particular job. Thisis 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’ sability. Some are measured inthefield
and make allowances for rest periods, giving an
average discharge over the day. Some quote the
discharge based on theamount of water pumped over
alonger period of time and work out the sustainable
discharge over that period. This is not to say that
one method istheright way. Thereare several ways
of doing it, and so one must be careful to compare
likewithlike.

One way to compare pumps is to look at the
volume per stroke. Thisindicateswhat can belifted
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.

Achievablepressures

The range of desirable features and the limits on
human power restrict what can be achievedinterms
of pressure. The maximum pressure or head that can
be achieved by an operator depends on the downward
force onthe piston and itsarea. Pressureistheforce
per unit of area, so for agiven force, if the areais
increased, the pressure decreases and vice versa. A
65 kgf operator standing on a treadle immediately
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above a piston of 100 mm diameter could only
produce amaximum 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
pressureistoincreasethe mechanical advantage. This
isthe 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 advantagefrom 1to 4 on
a 100 mm diameter piston with the same 65 kgf
operator would increase the maximum achievable
pumping pressureto 24 m.

The pressures quoted above are somewhat higher
than can be achieved in practice, asthesearesimple
demonstration calculations based on 100 percent
efficient transfer of forcefrom operator towater. In
practicetherearelosses. First, itisnot possibleina
normal pumping situation to transfer all the body
weight to each treadle; it is perhaps only 70 percent
at most. Second, there arefriction lossesinthe 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 isto increase the mechanical advantage.
Thisisbalanced by alower volume per stroke.

Primingand itslimits

When apumpisfirst used, it must be primed. This
isaprocessof removing all theair from the suction
pipe and the cylinders. If thisis 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 pumpshaveanon-returnvave
at the entranceto the suction pipe, so that it does not
drainwhenitisnot in use. When the pump startsup
again, it is already primed and ready to go.
Unfortunately, very few treadle pumps have this
feature. Another approachistofill the pump and the
suction pipe with water prior to pumping.

Whichever way priming is achieved, the main
objectiveisto get al theair out of the system. This
can be difficult, because during pump start-up the
sedlsareall dry. Air lesksmoreeasily past adry seal
than awet one, so wetting the sealsbefore pumping
can greatly improve priming.

Small quantitiesof airinthecylinderscan stopa
pump from priming, particularly when the suction
lift ishigh. Thisis because air is several thousand

timesmore compressiblethan water. During priming,
when a piston is at its lowest position, the space
between the piston and the bottom of the cylinder
will befull of air (Thomas, 1993). Thisiscalled 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. Theair startsto
expand andtheair pressure drops (Boyl€ slaw: pV1?
= constant). Only when the piston has moved a
considerable distancewill 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 doesauseful job, drawing air
(and below it water) up the suction pipe. Thismeans
that if there is a significant volume of air in the
cylinder and ahigh suction lift, the operator may not
be ableto draw water but will simply be expanding
and compressing theair inthe cylinder. The operator
may never be ableto get the pressurelow enough to
draw water.

Thisproblemismost 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. thevolumeof air isequal tothevolume
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 avery high standard will be ableto
achievethis.

When the pumpis primed and running normally,
thewhole cylinder isfilled with water and the seals
are wet, so the air volume will disappear or be
considerably reduced. At thispoint, the phenomenon
will no longer be a problem. It does, however,
highlight the problems of priming and the need for
airtight connectionsin 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.

PErRFORMANCE

Pumps are normally described by their hydraulic
performance, which indicates the discharge and
pressurethat can be expected for the effort (or power)
put in. For treadle pumps, thisisnot an exact science



Treadle pumps for irrigation in Africa

19

because of the difficulty of standardizing the power
input, which depends on the physical strength of
operatorsand their ability to sustain this power over
aperiod of time.* Comparison between pumpsfrom
different suppliersisalso made difficult because of
differencesindesign, e.g. materiasused, dimensions
of components and standards of workmanship.

This section reviews several different pumps
availablein Africa, bringing together theinformation
currently available on their performance. A summary
isthen madeto try and answer the question: whichis
the best pump? Or more appropriately: whichisthe
best pump for me? The latter isthe more important
and answerabl e question, because much dependson
the circumstances in which the pump will be used.
Thiswill becomeclearer asthereview proceeds.

There are many treadle pumpsin use throughout
the world. Many designs have been modified from
theearly Bangladesh mode to take advantage of local
conditionsand materials. Dataare presented hereon
six pumps — the original treadle pump from
Bangladesh, four that arebeing widely usedinAfrica
and arecent 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
becausethey werethefirst treadle pumps, on which
all the others were based. They were developed in
the late 1980s in Bangladesh and, as already
mentioned previoudly, were called tapak-tapak or TT
pumps because of the hoisethey made. The original
pumpswere 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 inthe Philippinesby theInternationa Rice
Research Ingtitute (IRRI), which increased the price
to US$25 (at 1987 prices).

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

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.

diameters ranged from 76 mm to 178 mm, with a
piston stroke length of approximately 290 mm.
Extensivetesting was done by the Rangpur Dingj pur
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
suctionlift, cylinder diameter, variationsininterna
friction, occasional air leaksintheinstallation, hard
filters, skills and care of the installation team and
theweight and agility of the operator.

A summary of thetest datain Table 6 showsthe
sustainabl e output for arange of pump sizeswith 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
suctionlimit of 8.5m. Itislikely to bemoreat lower
suction liftsbut thisisnot reported. The sustainable
discharge increases with pump size but the
recommended suction lift reduces, presumably sothat
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 headiszero.

Therewasnoindication of the piston strokelength
in these data. Construction details shows that the
cylinder length is 303 mm, so astrokelength of 290
mm has been used to cal cul ate 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 al day long. The authors report
that higher discharges can be achieved using heavier
operators and increasing the speed of pumping. The
heavier operatorswould be ableto exploit thelarger
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 anindependent World Bank study
(Engineering and power consultants, 1987) that
defined the effort needed to work treadle pumpsin
terms of power input. At 30 field sites throughout
Bangladesh, engineers measured the power required
to operate atreadle pump, expressing it in watts over
the Basic Metabolic Rate (BMR). TheaverageBMR
is 62 watts. This is the barest minimum demand,



20

How treadle pumps work

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

Pump cylinder diameter (mm) 76 89 120 152 178
Suction lift (m) 7-85 57 2555 2-25 0.5-2
Sustainable discharge (litres/sec) 1 2 3 4 5
Volume per stroke” (litres) 125 17 3 5 7

Table 7. IDE pump performance data, Zambia

Discharge for different suction lifts (litres/sec)

Pump type Suction Im 2m
lift (m)

Tube well 1-8 25 2.0

Modified 1-8 25 2.0

River 1-8 2 15

Pressure 1-4 2.5 2.0

4m 6m 8m Delivery head (m)
12 0.8 05 0
12 0.8 0.5 0
1.0 0.8 0.3 0
1.6 0.5 n/a 7

equivalent to lying in bed and doing nothing. The
results showed that acomfortable pumping activity
required a power of 30 to 50 watts above BMR. 2
Pumping continuoudy for 20 minutesand then resting
for 10 minutes, a healthy adult male could work
comfortably for 5-6 hoursaday. So pumping 1 litre/
second with a suction lift of 3 m for 40 minutesin
every hour produces an average discharge of 0.66
litres/second (2.4 m?/h). Working at this rate for 6
hours a day would mean that up to 14 m® of water
could be pumped. When thesuctionlift wasincreased
to 5 m or more, however, the average dischargefell
by 50 percent, i.e. to 0.33 litres/second (1.2 m¥/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 happensin thelaboratory and what happensin
thefield. Orr does quote detailsfrom thefield study,
which seemed to be quite comprehensive from the
measurementstaken. Onthisbasis, it would be best
to make judgements on performance from thefield
data, bearing in mind that more can be achieved if
the conditionsarefavourable.

One aspect of the Bangladesh situation is the
tendency for two operatorsto be working the pump
at thesametime. Thiswould clearly makeadifference
to pump performance and would account for some
of thehigh dischargesreported. Remember that there

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.

isalimit towhat anindividual can achieveinterms
of power output and thereforewater lifted (seeHuman
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 rangedoesalow
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 producefour different typesof treadle
pump, the Tubewell, Modified, River and Pressure
pumps, to meet various needs. The performance data
obtained from IDE in Zambiaare shownin Table 7.

Cylinder diameter is89 mm and strokelengthis
approx. 300 mm (based on the cylinder length of
313 mm. This means that the volume of water
pumped per strokeis 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 havetwin 89 mm cylinderswith aspout
outlet on the delivery side. The pressure pumpisa
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). | DE quote arange of recommended
suctionliftsand dischargesthat can beexpected. They
indicatethat an average adult can operate the pumps
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Figure 5: IDE modified river pump, Zambia

easily for five to six hoursin aday. Optimally, the
pumps discharge about 1.5 litres/second between 1-
8 msuction lift and amaximum 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.

| DE 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 astroke length of approximately
300 mm, the volume of water pumped per strokeis
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
2.25litres. Reports suggest that this pump isdifficult
to operate because of thetightness of itsleather 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 isnot so well designed for this purposeif
only oneoperator isavailable. Two operatorsworking
at the same time would make the pump much easier
to use, particularly when higher pressuresare needed.
Operatorscan aso movetheir position on thetreadles
to vary the mechanical advantage but thisislimited
to between 0.8 and 1.2.

Non-return valvesarenot fitted at the entranceto
the suction pipe on the IDE pumps, so therewill be
difficultiesin maintaining prime between periods of
pump use. Priming the pressure pump has been
described asvery cumbersome.

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 hencethestrokelength, isdlightly shorter.
They are manufactured in Masvingo — hence the
name —and several have been thoroughly tested by
the Ingtitute of Agricultural Engineering in Harare
(1988). The resulting performance data are
summarized in Figure 6. The pumps are reported to
produce adischarge between 1-2 litres/second with
asuction lift upto 5.5 m.

Cylinder diameter is100 mm and strokelengthis
approx. 290 mm (based on acylinder length of 300
mm). The volume pumped per stroke is 2.2 litres.
Notethat only suctionlift isquoted, eventhough the
pump is of the pressure type.

Oneof themain objectives of thetestswasto see
how various pump modifications stood up to long

Figure 6: Pump performance data for Masvingo
pump, Zimbabwe
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Figure 7: Masvingo treadle pump (pressure delivery),
close-up of under-side

hours of use. Three types of piston and sea were
tested: aleather cup with metal spacer, aleather cup
with awooden spacer and aPV C 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-suctionlift characteristicsand that thiswas
maintained over the 800 hours. Differences in the
performance of the pistonswere observed, however
(Table 8).

Data are not available on the power inputs,
although it is assumed that only one operator was
using the machineat any onetime. No measurements
have yet been made on performancein thefield.

Thispump allowsan operator to change position
and so vary the mechanical advantage between 0.8
and 1.2.

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

EnterprisesWorkspumps—theNiger

Enterprise Worksis an international NGO working
inirrigation developmentinthe Niger (see TheNiger
Experience). It usedto beknown asAT International,
under which nameit produced the book Howto make
and useatreadleirrigation pump, published in 1995
by IT Publications (see References). The Enterprise
Works pumps are based on the Bangladesh model
but modified for pressuredelivery.

Table 8. Comparative performance of different piston types

Pump piston modification

Qutcome

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.
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Figure 9: Bielengberg pump, Niger

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 pressureversion.
They were designed for easy manufacture in small
African workshops, using commonly available
materials and equipment, and to be light enough to
be carried by one person between wells or different
fields.

The standard Biel enberg pump has cylinderswith
adiameter of 100 mm. It can beinexpensively retro-
fitted with smaller cylinders by inserting high-
pressure PV C linersin the cylinders and installing
smdller diameter pistonsand leather cups. Thismakes
it easier to operate when the total pumping head
exceeds10 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.

Improvements have been made to the valves to
enhance pump operation. The suction pumpshavea
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 alip 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 isbased on
fiddtrias, asitissuggested that thisisthe only way
inwhich atrue measure of sustainable output can be
obtained. Field testing over an extended period also
allowsfor the averaging of the variable power input
fromthe operators. For thisreason, Enterprise Works
characterizetreadle pumps by measuring theaverage
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 m¥/h) are possible with one or two
operators from watertable depthsranging from 3 m
down to 6 m. The operators can also adjust their
position on the pump to increase the leverage and
takeaccount of theincreased effort needed at greater
suction lifts.

No measurements of maximum pressure have
been made on the pressure pumps, as this has not
beenanissueinthe Niger. However, it isanticipated
that the pressure pumps can produce atotal pumping
head in excess of 8 m.

Enterprise Works is developing and testing a
treadle pump for usein wellswherethe water level
isdeeper than 7 m below ground level. It isreported
tobeabletolift upto 1litre/second (3.6 m¥hr) from
a depth of 15 m. It uses two pistons located 9 m
below ground level but it doesrequiretwo operators.
A larger 150 mm diameter pump isal so being tested,
which producesadischarge of approximately 3 litres/
second (11 m¥hr) but the suction lift needsto beless
than 2 m. Beyond thisit isreported to be very tiring
to use.
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Figure 10: ApproTEC super Money Maker (pressure delivery)
Pressure irrigation pump
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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 asthe other pumpsbut
thereare severa design featuresthat aresignificantly
different. ApproTEC saysit haslooked into the early
designsof treadle pumpsfrom an engineering point
of view and have produced designswhichit considers
are more appropriate to the conditions prevailing in
Kenyaand other partsof Africa. Thisisparticularly
related to the need for larger suction lifts because of
the lower watertables in Kenya and the need for
pressurized delivery systemsto overcometheralling
terrain on many farms. Portability is another issue,
aspumpsleftinthefield arein 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
thedistancefrom the pivot to the pistons. Thismeans
that there is considerable leverage applied to the
pistons, even by light operators. The result is that
large pressures can be achieved, which isadesired
output for both high suction lift pumps and pressure
pumps. Theincreasein mechanical advantage means
that the piston stroke lengthis shorter — 121 mm for
the suction pump and only 73 mm for the pressure
pump —compared with 250-300 mm for other pumps.
Thisresultsin much lesswater 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 litresrespectively.

Ancther feature of the pumps is that they are of
all-metal construction, including thetreadles. Instead
of a pulley wheel and rope system to connect the
pistons, they use a chain and a rocker bar.
Structurally, they arewell engineered and robust but
thisdoes mean that sparesare speciaistitemsmade
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
dischargevarieswith suctionlift for both pump types.
Totry and overcometheoperator problem, testswere
undertaken with several different operatorsweighing
around 65 kg. Each was asked to pump comfortably,
i.e. at apacethat they could sustainfor several hours.
ApproTEC reportsthat it designstheir pumpsfor a
power input of 75 watts. Thisis similar to figures
guoted earlier for the power that can be generated by
areasonably fit adult male but is much higher than
the power inputs by farmersin Bangladesh.

The maximum discharge is similar for both
pumps, reaching approximately 1.2 litres/second
whenthesuction liftislessthan 4 m. Asthe suction
lift increases, discharge decreases rapidly because
of theextraeffort needed. Thereisaninterestingand
consistent dip in both curvesbetween 2and 5m. As
yet thereisno physical explanation availablefor this.
In terms of practical field operation, the dip is not
significant.

The performance of the pressure pump seemsto
be dlightly 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
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thedelivery system, thusoffering moreresistanceto
theflow. Thisisalittle surprising, but experiencein
Kenya suggests that operators do not notice much
differenceinthe physical effort of operating thetwo
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 beforeto accomplish the
same task. Another investigator reported that
operatorstend to put more effort (power) into using
the pressure pumps to overcome any increase in
resistance. The question theniswhether they sustain
the effort over the sametime period (i.e. the energy
input) aswith the suction pump. No detailed studies
have yet been carried out on this.

ApproTEC points out that their pressure pump
performsadifferent 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, issignificantly
greater than any of the pumpsreviewed so far. This
is primarily because the increase in mechanical
advantage. This high pumping pressureis aspecial

featureof ApproTEC pumps. Evenwhenthe suction
liftis6 mwhen pumping fromawell, itisstill capable
of producing up to 8 m delivery head to overcome
the problems of irrigating in hilly territory such as
occursin Kenya.

Any increasein suction lift beyond 1.2 m (Figure
13) would, of course, reduce the delivery head,
becauseit isthetotal pumping pressurethat 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 Tanzaniain 1998. The engineers set out to produce
asimple, robust suction pump that would not rust
and that would be easy to construct. Theresultisa
pump that comprises PV C cylinders surrounded by
ablock of concreteto give them support. The block
aso enclosestheinlet manifold and the pivot supports
for the treadles (Figure 14).

The cylindersare 110 mm in diameter, cut from
standard PVC pipe. This material should
considerably reduce thefriction between the pistons
and cylindersin comparison to the more traditional
welded stedl . Thetreadlesare constructed from robust
timbersand are positioned over apivot point to give
ahigh mechanical advantage. Thisexploitsthe 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.
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COMPARING PERFORMANCE

Two pumps types are available and many
modifications have been madeto them. But whichis
the better one? At first sight thismay seemto bea
reasonable question to ask. Inreality, however, itis
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
maodificationsto enable effective comparisonsto be
made. Therearedifferencesindesign, e.g. materials
used, dimensions of components and standards of
workmanship. The methods of testing pumpsarea so
different. A more appropriate question —and onethat
can be answered — is: Which is the better one for
me? It ispossibleto set out some broad guidelinesto
hel p determine the most appropriate pump to usefor
agiven set of site conditions.

In Africa, treadle pump design has been
approached intwo ways. Onewasto takean existing
design such as the Bangladesh pump and modify it
to suit African conditions. The second wasto 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. Thisisessentially asuction pump and
it wasmodified sothat it could be used asapressure
pump. The second approach, taken by ApproTEC,
wasto devel op new designsfor 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

Figure 14: The Swiss “concrete” pump

lever principlevery effectively. A recent designby a
Swiss organization has introduced a pump that
exploitsthissameprinciple.

Pump performance data

Table9 bringstogether the main physical features of
the pumps so far described, particularly in terms of
thewater volumelifted per stroke and thedischarge
and heads that have been reported.

First, ageneral comment about the dataavailable.
They tend to dwell on the piston diameter and imply
that thisisrelated to head and discharge. Itisrelated
butitisonly part of the picture. What isimportant is
the volume of water lifted per stroke of the pump,
which isthe cylinder area multiplied by the stroke
length. The speed at which the operator works
determines how many strokes there are per second
and thisin turn determinesthe discharge. Theforce
that an operator applies to the pistons and the area
of the pistons determinesthe pumping pressurethat
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, becausethey are designed to do
different jobs. Looking at each pump typeinturn, a
wide range of discharges and pressures is quoted,
which can be confusing. The pumpslooked at areall
built around the same principlewith similar materials,
S0 one might expect to get broadly similar results,
bearing in mind thelimitations of human power input
and the pressure and dischargethat can bephysically
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Table 9. A comparison of pump data

Item Piston Stroke Volume Discharge Maximum Maximum Maximum
diameter length per (litres/sec) suction delivery total head
(mm) (mm) stroke head (m) head (m) (m)

Bangladesh

Suction 76-178 290 1.2-7 1-5 5 0 5

Zambia

Suction 89 300 18 0.5-25 8 0 8

Pressure 100 300 2.25 0.5-25 6 7 13

Zimbabwe

Pressure 100 290 2.2 0.5-2.0 8 0 8

The Niger

Suction 100-150 250 2342 0.5-3.0

Pressure 100 250 2342 6 2 8

Kenya

Suction 121 121 13 12 6.5 0 6.5

Pressure 121 73 0.8 12 6.5 14 14

Switzerland

Suction 110 300 2.2 Not known Not known Not known

achieved. The conclusion to be drawn from thisis
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. Thereis also the
guestion of the operators. werethey heavy or light?
Wasthere one or weretheretwo? How fast did they
treadle? Unlessthereisacommon basisfor testing,
a detailed comparison between pumps on a
performance basiswill need careful interpretation.

There are some broad conclusions that can be
drawnfor theinformation available.

Suction pumps

Suction pumpsaredesigned for lifting large volumes
of water from relatively shallow water sources.
Pressureisnot usually anissue. They arelow-head,
high-volume-per-stroke pumps. Pressure can be
achieved either by using small diameter pistonswith
along strokelength or larger diameter pistonswith a
relatively short strokelength. The Bangladesh pumps
haverelatively small diameter pistonsand long stroke
lengths to achieve high volumes. The diameter is
largely determined by the easewith which an operator
can push the pistons. The stroke length matchesthe
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, fitsneatly with thisarrangement.

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 amuch 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 amore important issue there than in
Bangladesh, wherethe ground water isvery shallow.
To create the pressure, agreater force is needed on
the pistons, which is achieved by exploiting ahigh
mechanical advantage of upto 4. A large mechanica
advantageand small piston strokelengthsgo together,
because of the practical limitations of the lever
principle. Although the ApproTEC pump seemsto
produce alower discharge value than other suction
pumps, itisinfact designed for adifferent function.
Bear in mind that this pump isdesigned for only one
operator.

The pumpismade from steel components, asare
thetreadl es, which can thus stand up to the leverage
forces that are applied. The wooden treadles
commonly used in Bangladeshwould not stand up to
suchforces. Far morerobust timberswould 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 modd isthe most appropriate. When
water sources are deeper than this, the ApproTEC
pumps, with additional mechanical advantage, start
to comeinto their own.

For shallow sources, average discharges based
on sustainable pumping over the day for one operator
would beintherangeof 1-2litres/second. Thiswould
increaseif thereweretwo operatorsworking together.
For the deeper sources, sustainable discharges of 1
litre/second or lesswould be moreredlistic.
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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.

Pressurepumps

Pressure pumps are designed to create pressure, so
the volume of water lifted is less important. They
areused when thereisaneed to deliver water under
pressureto sprinklers, drippersor aheader tank. This
requirement may berelevant toirrigating undul ating
or steeply sloping land.

High pumping pressures — remember, thisis a
combination of suction lift and delivery head — are
created by using small piston diametersor 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
termsmeans shorter piston strokelength for the same
leg stroke. Hence, pressure pumps tend to have
smaller diameter cylinderswith shorter strokelengths,
which meansthat alow volume of water islifted per
stroke. They can be described as high-head, low-
volume-per-stroke pumps.

Most pressure pumpsare based onthe Bangladesh
design, which was originally a suction pump. The
modification comprises the addition of a delivery
manifold, so that thewater can befed into apipeand
pressurized, rather than spilling over alipintoacand.
While the pump manifold has changed to
accommodeate this, the basic dimensions of small
cylinder diameter and long piston stroke have
remained the same, i.e. of thelow-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).
Allowingfor only 70 percent of the operator’ sweight
onthetreadle, pressure would reduceto 6 m, which
doesnot go far when someof it istaken up by suction
lift. Theonly way toincreasethe pressureisto usea
much heavier operator — or two operators — or
increase the mechanical advantage. Using atypical
advantage of 1.2 would only increasethe pressureto
8am.

The ApproTEC pumps exploit mechanical
advantageto produce pressurewith only one operator.
A mechanica advantage of 4 witha120 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’ sweight onthetreadlereduces
the pressure to amore practical 12 m.

Asageneral rule, when water sourcesare deep—
more than 4 m — and/or a pressurized supply is
required, the ApproTEC pressure pump, withitshigh
mechanical advantage, is more appropriate. Thisis
not to say that the Bangladesh model will not do a
useful job; itisjust alessappropriate designfroma
performance point of view and unless avery small
pistonisused 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
changein onewill directly affect the other (see Tota
pumping head on p. 12). In other words, when
pushing down on one piston to create pressure, the
operator isalso pulling up onthe other pistonto create
suction. The deeper the suction, the greater will be
the effort to lift the piston, which will have adirect
effect on the operator’ sability to push down the other
piston and create delivery pressure.

Pumping speed —effectson head and flow

If ahuman being could produce asteady power output
likeamachine, apump 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 afairly
limited range of operating rates and are often most
comfortableat fairly sow and steady speeds, though
some operators do prefer short, rapid stroke
movements. Thismakesit difficult to compare pump
performance, as so much depends on the operators
interms of their weight and the speed at which they
liketowork.

It is sometimes argued that when the pressure
requirement islow, i.e. low suctionlift, it should be
possible to treadle a pressure pump at a faster rate
and achieve high volume, just like the suction pump.
In practicethisdoes not happen, asmost people have
a limited range of pumping speed and are most
comfortableat slow steady speeds. What happensis
that an operator working on a pressure pump — a
high-head, |ow-volume-per-stroke pump — would
work at fairly low speed even at low suction liftsand
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get low flows, whereas the same operator would
treadle a suction pump —alow-head, high-volume-
per-stroke pump — at the same speed and suction
conditions and get asubstantially larger flow.
Pressure pumps have other inherent losseswhen
used in low suction lift conditions. As an operator
treadles faster to get a greater discharge, thereisa
greater percentage of timewhen bothinlet and outl et
valvesare 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 dower speedsfor the
sameoutput. Additionally, pressure pumpshavemore
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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Thischapter isbased on areport prepared by Angel
Daka, IDE Zambia.

BACKGROUND

Zambia has faced food deficits for more than a
decade, primarily as aresult 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 farmersin
Zambia, who contribute about 80 percent of thetotal
food productioninthe country. Zambia’ s population
isgrowing at an annual rate of 3.2 percent. Thishas
put pressure on the country’ sfood resources, which
currently cannot meet theincreasein demand. Unless
prompt strategic measures are taken to increase
production rapidly, food aid or commercial food
importson alarge scalewill beinevitable.

Inview of the need to stabilize year-to-year food
production, FAO initiated a Special Programmefor
Food Security inlow income food deficit countries
(LIFDCs). Zambiawas among the first of about 80
eligible countriesto confirmitsparticipationinthis
programme. It commenced in December 1996 and
has been primarily aimed at disseminating existing
proven and appropriate agricultural technologiesto
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 asan affordable and manageabl e alternative
to the laborious method of watering by hand-carried
buckets filled from streams and springs near to
irrigated fields. Technically, thisform of pumpingis
well suited to Zambia, where small-scalefarmersuse
surface water such asrivers 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 pumpshad
proved very successful among small margina farmers
in Asian countries, so transfer of the IDE treadle
pump technology was considered for Zambia.
Potential manufacturerswhereidentified and apilot
programme started in 1996.

The Zambia experience

IDE trained potential pump manufacturers and
thosewhowould beresponsiblefor their ingtalation.
They supplied thefirst 20 pumps, of which tenwere
installed as part of the training programme. The
interest from farmers during this period of
demongtration was considerable and therewere many
requests for similar demonstrations in other areas.
The SPFSthen ordered 150 pumpsfor use on more
demonstration sites.

InJuly 1997, IDE established an officein Zambia
as a non-profit NGO with the principal aim of
devel oping amarketing and promational network for
treadle pumps. Its plan was to work with the
Government and FAO to develop small-scale
irrigation among margina farmers, particularly in
the pilot areas but also extending to other parts of
the country. IDE now has officesin four provinces—
Lusaka, Eastern, Southern and Central —to support
thisinitiative. Interestingly, the use of treadle pumps
has spread into the remaining five provinces, with
over 700 units sold on acommercial 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 Sitesin Southern, Central and Lusaka
provinces. They had aready been manufacturing and
selling plastic pressure pumpsto local farmers and
graduate youthsfrom thetraining centre. Because of
thelack of extension and promotional activities, only
ten pumps had been sold in the previousfiveyears.

The outcome of this pilot study was not good.
The plastic pressure pump, held by a wooden
superstructure, was poorly constructed and the bolts
hol ding the pump on to the superstructurefell apart
within a few weeks of usein the field. The plastic
became brittle when left in the sun and damage
occurred through mishandling, particularly during
movementsfrom field to homestead for storage away
from thieves. Also, the extension staff were ill-
prepared to appreciate their practical use. Wherethey
weresuccessfully installed, dischargesupto 2.5litres/
second were recorded, although at the time it was
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generally considered that they were more suited to
domestic water supply thantoirrigation.

| DE strengthened the pil ot programme by ordering
350 treadle pumps from | DE Bangladesh. A further
150 pumps were also ordered from a local
manufacturer, Knight Engineering (Zambia). During
thistime, | DE established an officein Zambiaand it
was decided that in order to have a sustainable
programme, the pumpswould be handed over to IDE
for marketing on acash-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:

* tubewsell pumps
* modified pumps
* river pumps

° pressure pumps

Thetubewell, modified and river pumps are al
suction pumps that have been modified to suit the
site conditionsaround thewater source. They dl 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 awell, so the modified
pump was made with anchoring barsto fasten it to
thetop of thewd | casing. Thismode hasnow become
the most popular and the original tube well pumps
are now rarely sold. The modified pump also hasa
50 mm pipewel ded onto the spout to makeit suitable
for use with apipe on the discharge side.

The pressure pump isessentially the same asthe
Bielenberg model (Enterprise Works pumps — the
Niger). It has twin 100 mm diameter cylinders and
uses leather cupsfixed to the pistonsfor sealing.

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

M ANUFACTURE
Capacity

Thereismanufacturing capacity in Zambiainvolving
large-, medium- and small-scale enterprises. Thisis
primarily dueto the mining industry in the country,

which hasresulted in trained arti sans setting up their
own private workshops. Several small workshops
have expressed interest in manufacturing treadle
pumps. Thereis, however, the possibility of pirated
designscoming 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 pumpswasKnight
Engineering, alarge 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.
Asaresult, afurther five manufacturers have been
trained by IDE: KatopolaAgricultural 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 comprisesthe cylinders, pistons
and inlet and outlet arrangements. Thisis 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
areaspeciaist itemimported from Bangladesh and
are currently only available from IDE.

Materialsand tools

Pump manufactureisessentially ametal fabrication
process involving the cutting and welding of metal
sheets and pipes. All the trained manufacturers are
producing similar pumps using similar materialsand
designsspecified by IDE. The pumpsarenot difficult
to manufacture once the workshops are set up and
staff have beentrained properly. It is manufacturing
precision that ensures pumps are durableand perform
reliably and well inthefield. For thisreason, quality
control has become one of the most important
activitiesin the manufacturing process.

Toolsnheeded

Basic tools and equipment required to make the

pumpsinclude:

* welding equipment

e manual or hydraulic cutting machines and/or
guillotine

e anglecutter
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* lathe(optional)

* rollingmachine

* junction block mould

 drillingmachine

e dies

e 88 mmmandrel

* grinding machine

In addition to the above equipment, the following
toolsarerequired:

* hacksaw frame and blades
* rubber perforators

* bigandsmall files

* welding€electrodes

° pliers

°  SCissOrs

* largeand small hammers

e steel measuring tape

* sguare

* metal scribers

Materials

Thetwin cylindersare manufactured from sheet steel
rolled into cylinders with amanual 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 pumpsuserubber cupsonthe pistons
and plastic non-return valves in the base of the
cylinders. Theseare speciaist itemsmadeby injection
moulding. At present, they are imported from IDE
Bangladesh and made availabletoretail outlets. The
pressure pumps use leather sealsfor the pistonsand
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 al
the manufacturers; IDE staff currently undertakethe
inspections. Pumps are inspected during the
manufacturing process and aretested for any defects
before being transported to their provincial
destinations. | nspection ensurestherearenoleaksor
rough spotsinthe cylinder boresand that theinternal
diameter of the cylinders conforms to the design
gpecifications. Checkson the superstructure are made
to ensurethat the pump, pulley and treadlesarewell
alignedinrelationtothe pistonsentering thecylinders.

All faulty pumps are rejected and good ones are
certified for useinthefield.

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 plateswith identification numbers
areriveted to each pump.

Marketing officers and retailers are taught to
identify quality pumpsin thefield. It isthe duty of
manufacturersto ensurethat high-quality pumpsare
produced, asfrequent breakdownsin thefield would
erode consumer confidence in the technology. The
guaranteedoesnot cover vandalism or damage caused
by carel essness.

When a pump isfound to have aleak or has not
been made to specification, it is returned to the
manufacturer with instructions to rectify the fault.
Data collected by IDE on product defects and
breakdownsin 1998 are shown in Table 10.

Table 10. Problems with defects and breakdowns

Problem No. of % of total
pumps sales
Defective during manufacture 23 35
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

OPERATION, MAINTENANCE AND REPAIR

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

Treadle pumpsareeasily 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 areused. Non-return
valvescanlast aslong asthe pump. Theonly 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 cupswear 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.
Therubber cupsand foot valves should bethoroughly
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cleanedinwater after use. Storage of the pump should
bein shadein asafe place wherethieves cannot steal
it.

Experience showsthat the nylon pulley rope often
breaksbut thisisthe easiest part to replace at village
level. Farmers often use cattle hide to make a strap
asareplacement. When treadles or the pulley break,
farmerscan find wood from the bush and replace the
treadles easily by following the design length and
dlotsfromthe old one.

DISTRIBUTION NETWORK S

A distribution network consisting of manufacturers,
wholesalers, retailers, NGOs, private partners and
customers (farmers) hasbeen established. In addition
tothe eight manufacturers, thereare 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 amarketing chainisreferred 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 theretailer, with IDE acting
asadistributor. The second isamare conventional
chain, with retailers buying pumpsdirectly from the
manufacturer.

IDE decided to undertake the distribution role,
because many retailersdo not havethe capital or the
accessto credit towork directly with manufacturers.
Agreements were established with the three main
manufacturers allowing for the provision of pumps
onaconsignment basisto IDE for sale at their offices
and through registered retailersin thefour provinces
who have signed agreementswith IDE. Theretailers
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 areliable rate.

The retailers who have been recruited were
selected because of their strategic positionsin major
provincia towns. Interviewswere conducted with the
shop ownersto determinetheir level of commitment
to the programme, the strength and reputation of their
business and their accountability and willingnessto
accept the low price mark-ups which were being
recommended. Agreements were made with each

retailer to adhereto the pricing structure and to report
on al sales at the end of each month. In return,
retailers received pumps on a consignment basis,
together with promotional literature and manualsfor
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 acommission 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.

ThelDE input, although important in establishing
the treadle pump supply chain, is only atemporary
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 asadistributor isexpected 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.

M ARKETING AND PROMOTIONAL ACTIVITIES

Treadle pumps have been promoted principally
through practical demonstrationsin farmers’ fields
and at IDE officesin 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 toirrigate vegetables. Farmershavethe
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 someindication of thelevel
of these activities.

Table 11. An indication of promotional activities

Type of activity No.
Village demonstrations 146
Field days 75
Agricultural shows 9
Public group demonstrations 120
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Other marketing strategies include advertising
retail outlets and the pumps through radio
programmes, television and newspapers. It isplanned
to commence printing of calendarsand T-shirtsthat
show treadle pumps in use and give details of the
benefits. Village theatre performancestoo have had
avery favourable impact on sales.

Many partner organi zations 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.

Someexamples:

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

* Agrifloraisconsidering collaboration with IDE
to organize groups of farmersto form out-grower
schemes to promote cultivation of horticultural
cropsfor export to Europe and the United States.

* Rotary International hasrequested treadle pump
training to introduce the technology among the
village Rotary Volunteer Groups throughout
Zambia

* CLUSA isincorporating treadle pumps into its
small business credit scheme.

UPTAKE OF PUMPS

Results of the promotional activities, pricing and
training are shown inthe sale of pumpsin Figure 15.
This indicates a steadily increasing number being
sold, with atotal in excessof 1 400. Almost half the
salesarefor river pumps; therest account for about
200 pumps each.

COSTSAND PRICES

Pump pricesvary at present, depending on thetype
of pump being purchased and theway it is supplied
to the farmers. The latter is a temporary issue and

Figure 15: Treadle pumps sold, Zambia, 1997 to
1999
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relatesto the two supply chains currently operating
(see Operation, maintenance and repair). Retailers
who deal directly with manufacturerstake afinancia
risk in purchasing pumps for sale, so they are
rewarded with aprofit mark-up when they sell apump
ontoafarmer. Many retailersdo not have such access
to funding, so the alternativeisto take pumps from
IDE, who carry the financial burden. When apump
issoldtoafarmer, theretail er receivesacommission
from IDE for the sale.

Table 12 shows how IDE arrived at their selling
pricefor the different pumps. It can be seenthat these
pricesare higher than those charged by retailerswho
sourcetheir pumpsdirectly from the manufacturers
and finance them independently.

To encourage the uptake of treadle pumps, IDE
currently subsidizesthe 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 retailersarestill ableto pricetheir pumps
lower than those supplied by IDE and still make
greater profits. Thisisbecausethey haveidentified
small, local manufacturers, who havelower overhead
costs than some of the larger organizations who
supply IDE. Retailers also look to cheaper local
carpentry workshops, wheretreadles cost much less.

Table 12. IDE pricing structure for treadle pumps (US$)

Components River pump  Modified Pressure pump  Tube well
pump 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 shopsto small manufacturers
reducestransport costsaswell.

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. Theincentivefor thisisthe mark-up for
theretailers.

Over the past two years, pressure has been
brought to bear to keep the price of treadle pumps
down, inspite of acurrency deva uation 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
leverageto negotiate lower manufacturing pricesand
healthy competition among the pump producers.

TRAINING

Training has been undertaken at threelevels:

* Government extension staff who work directly
with irrigation farmers. The training was
designed to build up capacity inirrigationinthe
extension service. It included horticultural
methods, i rrigati on techniques, water management
including crop water requirementsand scheduling,
treadle pump operation and maintenance.
Stripping and assembling apump 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
wherefarmerswere 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.

e 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 Internationa Fund
for Agricultural Development (IFAD) and by IDE.
MAFF has primarily trained technical staff at
provincia and district levelsin the fifteen pilot
areas; this has now expanded to include other
provinces. Technical staff inturntrain 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 asirrigation, weeding, fertilizing
and harvesting of vegetablesaregenerally considered
to be women’s activities. Women operate treadle
pumps without any traditional or religious
restrictions, asisthe casein Asian countries, where
women do not wish to be seenworking treadle pumps.
Early scepticism that women who usetreadle 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
aretargeted. 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).

Someindication of the socio-economic impact of
treadle pumps can be obtained from thistypical day
inthelife of aZambian 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 paprikaintheir garden, whichincreased 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

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

14.00 Go to garden, water vegetables using cans

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

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

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

1400 Go to gardens, prepare beds for paprika, transplant

paprika. Return to main fields to harvest groundnuts

17.00  Return home, draw water and clean dishes and prepare

dinner

Table 14. Husband

Without treadle pump

With treadle pump

07.00  Wake up, go and plough and plant main fields

11.00 Drive animals to the watering-point

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

15.00 Go home and rest or do some maintenance
work

08.00  Join wife at the main field or herd cattle

12.00  Have lunch, go to the main garden to make beds, fence

garden

14.00  Prepare nursery to plant seeds. Water using treadle pump

17.00  Go home to wait for dinner

primarily the role of the wife and other femalesin
the househol d.

Mrs Sichonti was|oaned atreadle pump to assist
her with the additional irrigation. Thischanged their
daily routineasindicated in Tables 13 and 14.

The benefits of using the treadle pump included:

e reduced labour demand: Mr Sichonti has now
started toirrigate the vegetables, atask previousdy
doneby hiswife;

* reduced irrigation frequency: with buckets,
irrigation was needed every two days; with the
treadle pump, irrigation was needed only every
fivedays; morewater isapplied using thetreadle
pump, so lessfrequent 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 doesthejobinfour hours.

Some farmersare slowly changing their cultural
calendars of resting and attending to traditional
ceremonies in the dry season, asthey have to grow
cropsthroughout the year.

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

Becausetreadle pumps reduce thetimetaken for
irrigation, some farmers now hire out their pumps,

though to alimited extent, asthey fear breakdowns
caused by carelessness. Thisiswhy group ownership
of the pump is socially unacceptable. Individual
ownershipismostly preferred.

Somefarmerswho areusing 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
comesto 3 900. Dataare not yet available for 1999
but it is anticipated that this number will have
increased substantially.

Interviewswith farmerswho 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
beingirrigated.

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 toirrigate alarger area,
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aswell asimproved crop yield and quality. Cropping
intensity also rose, in some cases up to 300 percent.
There was also a hoticeable increase in the variety
of crops grown. Because of the increase in water
availability, farmerswere morewilling to take risks
with new crops. A typical small farmwould 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 cropsfor home consumption.

In addition to the direct benefits for farming
families, thereisapositive effect on thewhole supply
chain of manufacturers, retailers and selling agents.
Employment has increased in rura 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 benefitsinclude:

* between 60-75 percent reduction in labour inan
eight-hour working day;

* gardensexpanded from 0.1-0.25 haasaresult of
timesaving onirrigation;

* cropping patternsdiversifiedtoincludehighvaue
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;

* cropsunaffected by surfaceirrigation fromtreadle
pumps after spraying, as happens with bucket
irrigation.

Theincreasein crop yields can bring with it the
problem of a market glut when supply exceeds
demand. Thisisaparticular problem with common
household crops such as tomatoes, rape and onions
and it is exacerbated by the tendency of farmersto
grow the same crops at the same time of year. The
search for new, more distant markets may solvethis
difficulty but it can create other problems. Rural
transport is not only expensive but it is difficult to
findinremoteareasthat have poorly devel oped feeder
roads. It is aso unreliable. A farmer may have to
wait days for transport, which may result in
deterioration of perishable produce and thisin turn
reduces profits.

IDE, in collaboration with FAO and MAFF, is
actively looking at waysof avoiding theglut problem.
Theseinclude encouraging farmersto:

* adopt alternative cropping patterns and harvest
crops at times of anticipated shortage caused by
climatic and agronomic factors;

* takeup contract farming, whereby aprospective
buyer agrees in advance of planting to purchase
cropssuch as chillies, strawberries, beetroot and
cauliflower — crops in demand by Indian
businessmen and al so exported to Malawi;

* link with bulk buying companieswho supply retail
shopsand supermarkets;

e organize market dayson aregular basis;

* introduce solar drying and food processing
technologiesfor processing and preserving surplus
produce;

* adopt alternativelow cost transport systems, such
ashicycle-powered carts.



Treadle pumps for irrigation in Africa

39

The Zimbabwe experience

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

I NTRODUCTION

Treadle pumps were first introduced in Zimbabwe
inthelate 1980s, through a project whose objectives
wereto comparethe 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
partsof Zimbabwe meansthat unlined earth channels
have unacceptably highinfiltration losses. The pump
wastherefore modified by the addition of aspout to
alow dischargeinto asmall tank from which water
could be piped to the crops. The type of permanent
field installation used in Bangladesh was unpopul ar
with farmersin 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 unitsfor thelocal
and export market. Masvingo province hasthe highest
number of treadle pumpsasaresult of promotion of
thetechnology by NGOs.

TheMasvingo pump, asit hascometo be known,
is a pressure pump very similar in construction to
the | DE pressure pump used in Zambia. The cylinder
diameter is100 mm but the cylinder length (and hence
the strokelength) isdightly shorter. They have been
extensively tested by the Institute of Agricultural
EngineeringinHarare. The section entitled Masvingo
pumps — Zimbabwe on p. 20 gives performance
details.

FAO has a so been working with the Zimbabwe
Irrigation Technology Centre (ZITC) for the past two
yearsto makeimprovements on the pressure pump.
Thework hasresulted inamoreefficient pumpwhich
is easier to operate and has minimum maintenance
reguirements. This pump uses PV C end cups with
“Q" ringsfor piston sedls, instead of |eather cup sedls.

M ANUFACTURE

Treadle pumps can be manufactured by small-scale
artisans working in the informal sector who have
access to basi ¢ metal -working tools and equipment
such as welding machines, drills and simple
equipment for cutting metal and wood. Most of the
material srequired for the manufacture of the pumps
arereadily availablein Zimbabwe.

Thebasic material srequired for the manufacture
of treadle pumps are:
* stedl pipesfor cylinders
* mild stedl rodsfor support system and pistons
* |eather cupsfor piston seals
* meta sheetsfor valve housi ng/discharge chamber
* rubber flapsfor valves
* wooden planksfor treadles, pump base, and pulley
° rope
¢ bolts, washers and nuts

DISTRIBUTION

Although treadle pump technology is ideal for the
rural poor communities, it isnot widely distributed
because of a number of limitations. Engineers,
planners and extension staff have been reluctant to
consider human-powered pumpsfor irrigation. This
rel uctance seemsto be based on moral, technical and
economic grounds. It isargued that it isimmoral to
propose solutionsthat force peopleinto hard physical
labour and in most casesthe technical and economic
justification is very poor. At the moment, treadle
pumpsarewell known in Zimbabwe but no one has
marketed them on awide scaleand production isnot
continuous.

The distribution of treadle pumps is further
constrained by thefact that watertablesarevery low —
deeper than 6 m — in most areas. Most communal
areas are located in the driest parts of the country
and wherethe watertabl es are deepest. Wetlands, or
dambos, are not extensively exploited because of
cultural and traditional beliefs. It isalso an offence
to cultivate within 30 m of stream banksand rivers.
These areas would have been ideal places for
ingtalling treadle pumps, since economicsdiscourages
the use of treadle pumps for pressure heads greater
than 10 m.
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EcoNomIC AND SOCIAL IMPACT
Crops

Treadle pumpsaremostly 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 surfaceirrigation
schemes for specialized horticultural production
under dripirrigation. A local dripirrigation company
has devel oped akit that can work in conjunction with
atreadle pump. Although thekit isstill being tested
at the Zimbabwe Irrigation Technology Centre, it has
been found to be very popular with farmers at the
Ngondomairrigation scheme, wherethey have been
contracted by a canning company to produce high-
grade tomatoes. The other main crops grown using
treadle pumpsare rape, cabbage, onion, carrotsand
green beans.

Irrigated area

Lambert and Faulkner (1991) estimated the areathat
can beirrigated with different pumps, using climatic
data from Harare. The analysis assumed a weekly
irrigationtime of 20 hours per week and acrop water
reguirement of 25 mm per week, based on existing
FAO guidelines. Assuming apower input of 50 watts
—only one person pumping water —they calculated
that the areathat could bereasonably irrigated using
watering canswas 0.03 ha, adischarge of 0.1 litres/
second, and using atreadle pump 0.24 ha, adischarge
of 0.85litres/second.

Economicbenefits

Theimpact of treadle pump use can be observedin
rural areas where access to marketsislimited. The
improvement of family nutrition asaresult of garden
produce hasbeen noted in most areas. However, there
isvery little economic benefit, asmost communities
produce just enough for their own consumption.
There are afew farmers who use treadle pumps to
produce vegetables for marketing but they engage
hired labour for most of the operationsin the garden.

Thecost of pumpsisstill beyond thereach of the
ordinary communal farmer. However, the socio-
economic benefits, such asimprovement of family
nutrition, are very important and are increasingly
understood by thefarmers.

Numbersin 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 alarge number will not beinregular use, dueto
alack of therequired labour or lack of proper backup
andtraining.

Communal pumps

More than half the pumps were provided to
communitiesthrough projects, whichimpliesthat they
were donated; hence they are community property.
Itisvery difficult to mobilize the community to put
together thefundsfor maintenance, regardlessof 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 pumpswastiring. 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, asall work inthegardenis
usually the preserve of women. Because an operator
is elevated above the ground, women do not feel
comfortable standing on the pumpsfor 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 sengitive aspect camefrom themen,
who felt that treadle pumping was making their wives
overtired. Husbands sometimes have tried to
discourage their wivesfrom using the pumpsin the
belief that it severely affectsthewives performance
inbed.

Another social factor to take into consideration
isthe willingness of the extension staff to promote
human-powered pumps. Thefarmersthemselvescan
best decide the morality of using human power and
involving peoplein physical drudgery. Resource-poor
farmers do not have the option of using modern
machinery, whichiscapital intensive; they usewhat
resources they have, which is labour. Designing
technology that uses human energy efficiently is
arguably amore effectivemeansof reducing drudgery
than promoting technologies that farmers cannot
afford.

These pumps are used for different durations
depending on thelabour availability, thesize of land
to beirrigated 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
entranceto the suction pipeto solvethisproblem.

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
increasethe unit cost of apump 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 therural
scenein Zimbabwe, the following principlesshould
befollowed:

*  makethem affordable

* sdltoindividua farmers

* donotgivesubsidies

* sall aviable 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). Itisworking as asubcontractor to theAgence
nigérienne de la promotion de I'irrigation privée
(ANPIP).

Aspart of itsinvolvement inthe Niger, Enterprise
Works promotesimproved water distribution systems
and improved wells. As part of this strategy, it has
introduced several model s of the treadle pump. The
approach used to promote them is based on proven
methods used in Senegal and Mali. It startswith the
identification of market gardening areaswith alarge
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 gardenersin the Niger. They
sdll asignificant portion of their produce, asopposed
to subsistence gardeners, who consumemost of their
produce within the household. They have cash
availableto purchaseimproved technologiesand they
arewillingto do o, if the technol ogies can be shown
toincreasetheir revenue or reducetheir costs.

The approach taken is to seek locally
reproducible, technically sound and economically
viablesolutionsto problemsidentified by small-scae
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
thisisthe 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 gardenersin the Niger.

AVAILABLE PUMPS

The pumpsbeing used inthe Niger aresimilar to the
Bielenberg pumps (see Enterprise Works pumps —
theNiger) that have been modified to suit local needs,
including both suction and pressuretypes. Pressure

The Niger experience

pumps are not so important in the Niger because of
thelimited range of topography. Theneed for suction
pumps has resulted in modifications to the outlet
arrangements to accommodate gravity flow.
Similarly, improvementshave been madetothevalves
toimprove pump operation. The suction pumps have
anon-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
poursover alip into achannel.

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

Another pumpisbeingintroduced into the Niger,
based on a design used by the same organizationin
Mali, known asthe Ciwarall. This pump isworked
by treadlesin the normal way but thetwo pistonsare
located 9 m bel ow the surfaceto ensurethat the pump
will primeeasily. It isbeing tested on open concrete
wells and is capable of lifting water from 15 m; it
needstwo operators, however.

Two other pumpsthat are being tested are large-
diameter treadle pumps for use where the suction
head islessthan 2 m. These pumpshaveadischarge
capacity of approximately 3 litres/second. They are
currently being used along the Niger River for rice
and vegetable production.

SELECTING PLACESFOR INTERVENTION

In order for atechnology to be commercialized and
adopted by agiven 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. Thetechnology 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 appropriatefor all conditions. This
is where the identification of appropriate sites
becomesimportant.

Oneof thefirst activitieswasto identify specific
siteswhere conditions were appropriate for the use
of treadle pumps. Based on the technical
characteristicsof thewellsand pumps, thefollowing
criteriawere established for potential sites:
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* awatertablewithin 6 m of the surface

* anaquifer with good recharge capacity (>1litre/
second)

* a concentration of market gardeners using
traditional water-lifting methods

* adequateland availablefor garden expansion

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

M ANUFACTURE

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 materialscan also reducethe
lifeof apump or itscomponents. Thefollowing basic
criteria have emerged for the selection of
manufacturers:

* willingnessto purchase most of the materialsto
make three pumps;

* adequate selection of toals;

» professed willingness to work closely with the
project by following recommendations, providing
salesrecords and following established normsfor
pump production;

e ownership of an established business with five
years production experience;

* adequate number of skilled craftsmen in the
workshop;

 ability to maintain a stock of pumpsfor sale;

* anestablished rura clientele, evidenced by sales
of ox carts or ploughs.

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

Training manufacturerstakes placeintheir own
workshopsover aperiod of ten days. Thisisdone by
Niger staff trained by experienced staff from Senegal.
The manufacturer supplies most of the materials,
tools, labour and workshop space, whilethe project
supplies some specialized parts for the first pumps
and tooling to ensure that the pumps arewell made.
During the initial training, three pumps of asingle
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. Trainingisacontinuing processon
the technical side, involving field agents and
manufacturers’ representatives. It includes solving
problems encountered in the field and continueson
the marketing side. This is more difficult than the
technical training, becauseit requiresachangefrom
the manufacturers' standard practice of waiting for
customersto turn up.

M ARKETING

Manufacturersare encouraged to adopt amoreactive
marketing strategy. Traditionaly, they remainintheir
workshopsand wait for customers. Thisapproachis
adeqguate for well-known products but with a new
technol ogy there must beamore aggressive marketing
effort. After training, manufacturers are taken with
their pumpsto gardening sitesto do demonstrations
and to develop direct contact with gardeners. This
shows manufacturersthe benefits of demonstrations
and that they often lead to sales. It isimportant to
sdl thefirst three pumpsto encourage manufacturers
and to prove that the product has market potential.
Money received from these sales then providesthe
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, especialy at siteswhere the pump isnot
well known. Manufacturersare encouraged to usea
hire purchase agreement. A contract isarranged with
a gardener, who agrees to make a down payment
(negotiable but usually 50 percent) and agreesto pay
the balance by a mutually acceptable date. If the
gardener defaults on payment, the manufacturer can
repossess the pump and keep thedown payment asa
hire fee. The village chief or another responsible
member of the community witnessesthe contract.
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Publicity isan important part of marketing. The
first step in a multimedia publicity campaign was
deciding on anamefor the pump. NiyyadaKokari,
aphrase 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. Followinginclusion
in radio and television commercials, the brand name
NiyyadaKokari isnow widely knowninthe Niger.

Television played animportant part in promoting
the brand-name. The same local actors were
commissioned to performin atelevision commercial,
in both Hausa and Djerma, emphasising the
advantages of the pump in comparisonto traditional
irrigation. Although such publicity isexpensive, the
visual impact of seeing the pumpsin action isvery
positive. Project staff have been surprised by the
number of peoplein rural areas who have reported
seeing thetelevision commercial.

Some indication of the levels of activity on the
marketing side and the number of pumpssoldisgiven
inTable 15.

Brochureswere produced for arange 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 redlized that a manua written in
Frenchwould be of little useto most of the gardeners
and even amanual writteninlocal language would
havealimited audience. So it wasdecided 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
alsoincludesarecording of thetheme song. The F600
price of the cassette is included in the price of the
pump.

Besidesthe cassette, all pumps are supplied with
one set of spare pump leathers, awrench for opening
the pump body and adjusting the pistonsand a6 m
length of 50 mm thin-wall PV C pipefor the suction
side of the pump.

As part of the after-sales care, all the gardeners
arevisited at least threetimesby afield 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 aminimum. It wasoriginaly 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
madeto ensure that manufacturersare continuing to
follow the recommended norms for materials and
procedures. The pump installation is also checked,
and site-specific suggestionsmay be madetoimprove
pump performance. In addition, thefield agent and/
or themanufacturer’ srepresentative review the daily
maintenance procedures. This visit is especialy
important for thefirst few pumpsat anew site. Once
several gardenersin an area have some experience,
they areableto hel ptheir neighbourswithingtdlation
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 astorn valvesor worn leathers, which
may not be obvious to an inexperienced user. The
first time, the manufacturer’ srepresentativewill show
the gardener how to makethe necessary repairs. After
that, they are encouraged to maketheir own repairs,
which may be supervised by the field agent or the
manufacturer’ srepresentative.

Table 15. Results achieved through to May 1999

Activities 1997 1998 1999 Total
Manufacturers trained

W orkshops 5 3 13
Artisans 12 13 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 maintenancereported in arecent
survey was US$4.30 per annum, including the cost
of lubricating oil for the pump leathers. Breakdowns
reguiring more than one day to repair werereported
in only three cases and two of these were repaired
withintwo days. Inthethird case, the pump was not
used for two weeks but this was a choice made by
the owner and was not dueto lack of spareparts. All
of the parts are made and availablelocally.

Preliminary estimates of the cost of irrigation
water supplied by atreadle pump are US$0.10/m?,
including the wages of the operators.

The pump leatherstend to wear quickly, because
of the poor quality of local tanning, which uses
traditional methods and produces|eather that is not
as resistant or as thick as desired. It is readily
available, however, and costslessthan US$1.0for a
pair of pump leathers. Most pump users needed two
setsof leathersin ayear. Thealternative 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 alocal material with animported one.

SOCIAL AND ECONOMIC IMPACT

A recent survey of pumps purchased during October-
December 1997 found that the average garden size
irrigated with atreadle pump was 0.24 haand for a
manual pump 0.17 ha. When pumps areintroduced,
gardens usually increasein size by afactor of three
for treadle pumpsand 1.7 for manual pumps. These
increasesin arearesulted in average annual income
increase of US$312 for treadle pump users and
US$109 for manual pump users. In addition, most
gardenersreported anoticeableincreaseinyield per
unit area, though they were unable to quantify it.
These results are similar to those experienced by
EnterpriseWorksin Mali and Senegal.

Gardeners produce awide range of garden crops
using treadle pumps, including onions, green peppers,
tomatoes, carrots, cabbage, lettuce, eggplant, melons,
watermel ons, mai ze, green beans, sorrd, 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 ascitrus, mango
and guava. The pumpsare used from oneto six hours
per day, generally four to six days per week. These

pumps canirrigate up to 0.5 ha of vegetables under
conditionsfound inthe Niger.

The future impact of treadle pumpsin the Niger
isdifficult to estimate, asthe current programmeis
only in its second season. However, it is estimated
that an additional 400 or more pumpswill besoldto
gardenersbeforeApril 2000. Thesystemsputin place
for production, salesand marketing are expected to
continue oncethe current programmeis compl eted.
It is anticipated that manufacturers will eventually
try to reduce costs and increase their profit by
substituting lower quality materials. Therewill also
be competition between manufacturers, which will
drive prices down. Responsibility for quality and
value for money will ultimately rest with the
consumer.

Themajority of pump usersare 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
thesameland. If therainsarelate, they haveto wait
to harvest their rainy season crop before they can
begin gardening. Thispracticelimitstheir ability to
get their vegetablesto the market to catch peak market
prices and has aknock-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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Thischapter isbased on areport prepared by Krista
Donaldson ApproTEC, Kenya.

I NTRODUCTION

ApproTEC, the business-development NGO, was
founded in Kenyain 1991. [tsmission isto promote
sustainable economic growth and employment
creation in theregion by developing and promoting
technologies that can be used by dynamic
entrepreneursto establish and run profitable small-
scaleenterprises. ApproTEC employsover 60 people,
with officesin Karatinain central Kenyaand Kisumu
in western Kenya. Its headquarters, engineering
workshop, demonstration hall and training facilities
arein Kariobangi, Nairobi.

In 1991, ApproTEC designed a large pressure
pump similar to the present Enterprise Worksmode.
Onemanufacturer wastrained to produceit and over
200 pumps were sold between 1991 and 1996. The
pump was, however, heavy to transport, awkward to
operate and too expensivefor thetargeted consumers.
A new suction pump, now called the MoneyM aker,
was developed, based on an IDE design from India.
Unlikein Bangladesh, where | DE promoted afixed-
position pump, pumps for Kenya needed to be
portable. This pump, which lifts water from the
sourceto ground level, isideal for surfaceirrigation.
It weighs 13 kg and has a maximum suction lift of
6.5m.

This suction pump was released for sale in
October 1996 at aretail price US$53. Sincethat 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 pumpsare
now sold and the market has been taken over by the
pressure pump, called the Super MoneyMaker. This
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design responded to the stated needs of farmersin
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
apressure head for spraying with ahose or sprinklers.
It is capable of amaximum pumping pressure of 14
m, so that water can be distributed in pipesfor spray
irrigationor on hilly terrain (see ApproTEC pumps —
Kenya). It weighs 20 kg. This pump wasintroduced
in October of 1998 at aretail 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 Provincesand around Nairobi, the high-
potential areas in Kenya. They are now used
throughout Kenyaaswell asin the United Republic
of Tanzaniaand Uganda and they are being sold in
Malawi, the Sudan and Zimbabwe.

Thisisapressure 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 devel opment: adeep
well pump and amini pressure pump. Thedeep well
pump isdesigned to lift water from adepth of 18 m.
Themini pressure pump will havethe same operating
characterigticsof the suction pump but it will bemuch
smaller and cheaper.

AVAILABLE PUMPS

ApproTEC produces both suction and pressure
pumps. Their design differsin many waysfrom 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 6.5m 6.5m
Maximum pressure head Om 14m
Maximum total head 6.5m 14m
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, becausethey aredesigned for amuch greater
mechanica advantage. Both pumpsaredesigned with
arocker armand two chainsconnecting tothetreadles
rather than a pulley and rope. They were adapted
and improved from the Indian IDE design to suit
Kenyan conditions so that they were:

e capableof lifting water from shallow wells (1-6
m deep), riversor ponds;

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

 easily maintained by the pump user/owner;

» affordableto poor farmers;

* robust in design and operation.

M ANUFACTURE

In selecting manufacturers, ApproTEC sought
businesseswith ahigh potential for development and
assisted them with production lineimplementation.
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
guality-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 outpuit.

A completeset 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
inaproduction line and minimizevariability dueto
welding distortion, incorrectly dimensioned stock,
tool wear and human error. Each manufacturer pays
afee of US$810 to send four fittersand weldersand
aforeman to attend a one-week training course in
pump production at the ApproTEC workshop.

Both pumpsare primarily constructed from hot-
rolled mild steel platesand 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 fromlocally available natural and nitrile
rubber. Extruded HDPE (high density polyethylene)
pipeis 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 sellsand distributes 32 mm diameter
HDPE suction pipe to al retailers to sell with the
pumpsasinlet pipe. Retailersalso sall 25 mm plastic
PV C garden hose for the outlet pipe.

Quiality control isaddressed inthemanufacturers
training workshop as integral for every step of
production. Manufacturers are provided with afinal
quality control checklist for inspecting the pumpsat
completion, beforethey arepainted. Thisisfollowed
up by sending atechnician to overseeand 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. Thepiston cups, valvesand 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 manufacturersand for salesand
delivery to dedlers. It then stores the pumps and
coordinates distribution and delivery to the
dealerships. At thispoint thereisaprice mark-upto
cover promotion and distribution costs (Table 18).
Delivery ismade using ApproTEC vehicles, public
transport or courier services. Courier services have
proved to be most cost effective, at approximately
USS$2 per pump.

Dealers purchase the pumpsfrom 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 examplea4 hp (3kW) petrol-driven
water pump at US$405.

Dealers must purchase aminimum of ten pumps
but ApproTEC alows the first batch of ten to be
sold on consignment. This means that dealers only
pay when they have sold apump. The consignment

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

Activity

Suction pump Pressure pump

ApproTEC buys pumps from manufacturers
Dealers buy pumps from ApproTEC
Farmers buy pumps from dealers

29 43
46 63
53 75
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arrangement is common for new productsin Kenya
and came about from the unwillingness of many
dedlerstotakethefinancia risk of investment without
provenlocal sales. Later batches are purchased with
50 percent paid up front, although some dealersare
payinginfull at delivery. NGOswho purchase pumps
fromApproTEC aretreated asdealers; they pay the
wholesal e pricefor the pumps.

M ARKETING AND PROMOTION

Marketing is seen asthe 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 salesby project officersand the presence
of afully functional pump operating outside each
dealership. Most farmers have reported learning of
the pumps through a demonstration or seeing a
neighbour’s pump, athough dealerships in larger
towns have indicated that newspaper advertisingis
beneficial.

Both pumps have been sold through three
mechanisms:

* adedershipgretail shopsin main market centres;

* by casual labourersrecruited to sell pumpsona
commissionbasis;

* fromApproTEC officesin Nairobi, Karatinaand
Kisumu.

Sales through dealers have proved to be by far
the best mode of distribution. Commissioned
salesmen found it difficult to make aliving 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 storesin
small to medium-sized towns, because these proved
to havebetter accessto customers. Therearecurrently
over 80 dealers in Kenya, the United Republic of
Tanzaniaand Uganda.

At the time of pump purchase, buyersfill out a
guarantee form giving details of their location and
planned use, which allows them to be tracked for
extension services and monitoring. Comprehensive
surveysof randomly selected pump ownersare made
onaregular basis, to determine the use and impacts
of thetechnologies.

EXTENSION AND TRAINING

Casual agents are employed by ApproTEC and
attached to dedl ersto give demondtrations and provide

outreach. They visit farmsto advise potential buyers
and assist farmersin installing pumps. In future, as
pump sales pick up, it is planned that the retailer
will pay agentson acommission basis.

ApproTEC hasalsoinitiated atrial extension and
training programme. Staff visit pump buyersontheir
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 thetraining, thisprogram hashad agreater
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
Changesin cropping

Treadle pumpsare 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.

Increasesinirrigated area

The introduction of treadle pumps has resulted in
farmersincreasing 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
beirrigated hasincreased on averageto 0.4 ha. The
areairrigated with the pressure pump hasincreased
on averageto 0.27 ha. Thesmaller areairrigated by
the pressure pump is attributed to the short time that
it hasbeen onthemarket. Thisisexpectedtoincrease
gradually over the 14 months after purchase.

Impactson farming practices

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

* |and areaunder irrigation hasincreased;

» work time has been reduced compared to bucket
irrigation;

o full irrigationisachieved, resulting inimproved
crop quality;

* averagefrequency of irrigation hasbeen reduced
to two to three times per week;
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* irrigation work isless strenuous compared with
bucket irrigation;

* additional and new cropsare grown each season;

* the number of growing cycles hasincreased, as
cropsare ableto grow faster with full saturation.

Other usesinclude delivering water for domestic
useand livestock, water sales— particularly inurban
areas— and devel opment 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 farmershave built
3 m high platformsto hold water tanksto 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
areoperated by two people: one pumps and the other
constricts the end of the output hose to spray the
crops. Different locally produced sprinklersarebeing
investigated, to see if they can be used with the
pressure pump. Somefarmers do not take advantage
of the pressure output and simply pump water into
furrows or bucketsfor distribution.

A sampling of pump owners showed that 70
percent of suction pumpsand 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 pumpswere operated
for only 3.03 hours per day.

Farm incomes

Interms of economics, both treadle pumps have had
a profound impact on farm incomes. Without
irrigation, farmershave only one growing season per
year, which reliesentirely 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 riseto US$351 and a pressure pump can
increase thisto 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, seedsand feedsfor livestock, in addition
to fedling significantly less financial burden when
paying school fees.

Social and economicimpact

Onthesocial level, the pumps have had asubstantial
impact. Diversification of cropsand increased area
of cropping have improved family nutrition and
health. People have al so been more willing to share
experiences about the pumps, which has led to
improvementsin neighbourly relationships. Increased
incomes have enabled more families to send more
children to school. Farmers have reported that
irrigation work isnow much more enjoyableand 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 thefarm. They buy
the pumpsfor use ontheir farms and young men are
hired to undertaketheirrigation 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 pumpsare actually operated by
young men hired by women managers.

Although both pumps are lent and hired by
farmers, the patternsare surprisingly different. Only
10 percent of suction pumpsareloanedto arelative
or neighbour. A more common practiceisto hirethem
out for afee, 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 afee. 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 peopleto purchase onefor 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 onereported incident of pump theft.

Gender issues

Thetreadle pumps are designed to be gender-neutral .
While men purchase most treadle pumpsin Kenya,
58 percent of them are managed by women, who then
control and benefit from the additional income. Itis
believed that women are the main indirect
beneficiaries, although more detailed gender-related
dataare being collected.



Treadle pumps for irrigation in Africa

51

Donor RoLE

The original development and promotion of the
suction pump was supported by atwo-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 agrant for threeyears
and six months. In 1999, ApproTEC received further
support from DFID for along-term microirrigation
project (LTMIP) to promote the use of pressure
pumps and to develop and promote a smaller more
compact pressure pump and onefor usein deep wells.

L ESSONS 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; theremust be significant
populationsable not only to afford the pump, but
also sustain alocal demand for horticulture;

* awell-designed pump that is appropriate for the
local farming, economic, and manufacturing
systems,

* alocal private sector capability for mass
production and quality control;

» effective private sector distribution networksfor
agricultural inputs and equipment, including
transport, infrastructure and retailers.

A local marketing infrastructure such as
newspapersor 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 aloneis
not enough: purchases were most often made after
farmers saw the pump operate at demonstration
venues. Matching supply to demand isimportant, to
ensurethat buyershave accessto pumpsasand when
they need them. Distribution and retail networks must
bein placeintheregionstargeted for promotion. In
short, NGOs should think and act like the private
sector to produce sustainabl e technol ogy.

Donors and NGOs can take actionsto facilitate
and enhancetreadle 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 pumpsbelow retail cost. These actionsskew 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. Deal erships should be encouraged
to become moreinvolved with locd farmersto answer
guestions, recommend irrigation methods and
encourage dialogue among smallholders.



52

The Kenya experience




Treadle pumps for irrigation in Africa

53

Other country experiences

Treadle pumpsare being used in countries other than
those mentioned, with similar results. Enterprise
Works, for example, introduced pumpsinto Mali and
Senegal intheearly 1990s. In Senegal the Bielenberg
mode! is used, modified to work both as a suction
pump and apressure pump. The pumpsare promoted
under the name of Diambar —meaning bold or brave
in Wolof —who manufacture both treadle and hand
operated versions. Women usersin Senegal generaly
prefer the latter. In 1995, 486 treadle pumps and
Diambar handpumps were sold in the country. The
cumulative total since salesbeganin 1990is 1 453
(Hyam et al.). Pump salesin Senegal arereportedto
bein excessof 1 000.

Fivethousand treadle pumpsare being imported
into Malawi under a government contract paid for

by the World Bank and the African Devel opment
Bank (AfDB). These are being supplied to a
parastatal, which sdllsfarmer services, advice, seeds,
fertilizersand pesticides.

The pumps are for sale to farmers at a price
around US$70. An additional packageisbelievedto
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 Indiaand shipped in by a
local Malawian firm. The design is essentially the
same as that used in Zimbabwe. This first batch of
5 000 pumpsis 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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All the pumps described in this report require
speciaist machine tools and parts. It is often this
requirement that produces pumpswhich areefficient,
useful and reliable. There are those, however, who
guestion thisapproachto devel opment (Oram, 1995).
They arguethat the specialist tools and components
bring with them dependence on others. If spare parts
arenot available, or if theloca skillsareinsufficient
to cope with routine maintenance and repair, pump
maintenanceisunlikely to be sustainableinthelong
term. Resources may be available in anearby town
but this meansthat transport isneeded to get to them
and time is needed to make the journey. These two
commoditiesareusualy in short supply inmost rural
communities.

To be profitable, a technology must have an
overall cost low enough not to overexposethe owner
to debt. It must then make money. Oram points out
that acrucial factor in profitability isthe avail ability
of thetechnology, i.e. the proportion of timeduring
itslifethat itisavailablefor use. Fear of failure has
often driven people towards high-tech solutions to
avoid the problems of breakdown. Thisleadsto mass
production processes, which can havethe benefit of
bringing down prices. All machinery failseventualy.
In developing countries, failuretendsto occur sooner
because maintenanceispoorer and the conditionsare
more hosgtile. Theresultisthe machinery graveyards
that can be seen surrounding many towns and
villages.

An alternative viewpoint is to consider the
repairability of amachine, rather than its quality of
design and manufacture. Oneway of achieving this
istoensurethat amachineismadeinthesamelocality
in which it will be used. Additional benefits come
from this. Not only does it help the local economy
but manufacturersare morelikely to beintouch with
farmersand so develop their productsto meet local
needs, particularly after-sales care. Oram arguesthat
the move to engineer products in order to improve

An alternative view

their performance, for example, can put the repair
and maintenance beyond the capabilities of thefarmer
and theimmediate capacity of thelocal artisans.

Inthe 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 availablefrom riversand shallow
ground water but therequired liftisgenerally greater
inAfricathanin Bangladesh, and the water must be
pushed some distance from the source to the point of
use. Thisdemands pressure pumping rather thanthe
simplesuction required in Bangladesh. Thisview is
supported by the development of the Bangladesh
pumpinto apressure pump and theintroduction, since
this paper was written, of a new design by
ApproTEC. Oram, however, believesthere are other
ways of benefiting from a rethink about the most
appropriate design for thisnew situation. Hesuggests
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. Thiswould lower
the operator, who isnormally perched over 500 mm
in the air and feeling exposed, and possibly lower
the cost of the framework. Another suggestionisto
useoutside sedlsrather thaninside 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 adoubl e piston pump. It
would mean areduced and intermittent discharge but
thisis not so important for suction pumps. Such a
design might also bring the cost of the pump within
range of awider group of farmersand so providean
entry-level treadle pump.



56

An alternative view




Treadle pumps for irrigation in Africa

57

Thefollowingisalist of suppliersof 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

Internationa Devel opment Enterprises
10403 West Colfax, Suite 500
Lakewood CO 80215

USA

E-mail: ide@ideorg.org

Web site: www.ideorg.org

Pump suppliers

Swiss Senior Expertsfor the Third World (SE3WE)
Bahnhofstrasse 8

CH-6020 Emmenbruecke 1

Luzern

Switzerland

Tel.: +41 31 322 2562

Fax: +41 31 280 6681

EnterpriseWorks

1828 L Street NW

Suite 1000

Washington DC 20036

USA

E-mail: info@enterprisaworks.org
Web site: www.enterpriseworks.org
Tel.: +1 202 293 4600

Fax: +1 202 293 4598
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