Renewable June 1993

L
Energy for o
Development

A Stockholm Environment Institute Newsletter ISSN 1101-8267

- SPECIAL ISSUE ON:
~ WINDPUMPS

mited, Thika Kenya.

A 7.1 m diameter "Kijito" windpump manufactured by Bobs Harries Engineering Li
This issue of “Renewable Energy for Development” is dedicated to the topic of windpumps. Windpumps represent
awelldeveloped technology whichhas been applied worldwide. After World War Il the use of windpumps, however,
started to decline, due to extensive electrification of rural areas and access to low cost fossil fuels. But there are still
more than one million windpumps in use, mainly in USA, Australia and Argentina.

During the 1980s, considerable technological development took place to make windpumps less costly, more reliable
and easier to maintain. We think that windpumps have a role to play, for water supply to people and cattle, for
drainage and for irrigation, especially to develop nonelectrified rural areas in the developing countries. Wind-
pumps represent a mature, environmentally benign, renewable energy technology which is competitive and
economic in many places. The textin this special issue is asummary from our new book titled “Windpumps. A Guide
for Development Workers”, whichis pictured on the back cover. The aim of the guidebook is to provide information
on the technology, economics, performance, experience and potential of windpumps for water- pumping in
developing countries. Other uses of windpower in developing countries are also btiefly described in this Newsletter.

Lars Kristoferson, Vice-Director SEI



Why Windpumps?

Windpumps are wind-driven machines for pumping
water. The Technical Committee on Wind Energy at
the United Nations Conference on New and Renew-
able Sources of Energy in 1981 foresaw... “wind
energy playing a significant role in pumping water for
households, animal husbandry, irrigation and drain-
age in rural areas of developing countries.” The
committee concluded that the potential for windpumps
in the developing world would run into “many mil-
lions”.

However, in the years since 1981, the dissemina-
tion of windpumps in the developing countries has
been limited. There are several reasons for this. Most
of the aid money for energy went to big-scale central-
ized energy systems. A lot of the development money
allocated for windpumps, went to new windpump
designs, a difficult and time consuming process. To
make reliable windpumps, quality is essential, but this
can be difficult to achieve in a developing country
situation. Windpump economy often depends onlong-
term loans, which can be difficult to obtain in a
developing country. Appropriate information about
windpumps, available products, their implementation
and costs have also been difficult to find.

We still think that windpumps can play an impor-
tant role in development, and with this newsletter and
thebook upon whichitis based, we intend to overcome
at least the information gap, and to provide anew base
for windpump introduction.

In the same way that windpumps were catalytic in
opening up to economic development the Great Plains
ofthe USA, the Patagonian Plains of Argentina and the
outback of Australia, they are proving to beinvaluable
in the development of the livestock industries in
Africa, Asia and Latin America. In Kenya for exam-
ple, more than 200 windpumps have been manufac-
tured, principally for livestock watering. Other coun-
tries with significant livestock herds, such as Bot-
swana, Namibiaand Zimbabwe, are finding windpumps
to be well suited for meeting livestock water demands.

The vast majority of windpumps in usein the world
today (around 500,000 - 750,000) are for livestock
and village water supply and to a more limited extent
irrigation,

India has embarked on a programme of windpump
dissemination with full government support. More
than 2,000 windpumps are now in use, mainly for
irrigation, but also for water supply and pumping sea
water for salt production.

The top of one of the more than 30 000 FIASA
Windpumps manufactured in Argentina and
exported worldwide.

Though there is the potential to install several
million windpumps in the developing world, the num-
bers installed to date remain limited in comparison.
Only a few developing countries manufacture more
than 100 windpumps per year.

Principal Benefits of Windpumps

e They are often the most economic method of
pumping water in rural areas where the average
wind speed in the least windy month is greater than
about 3m/s, and no grid power is available.

e They have no fuel requirements, contrary to en-
gine-driven pumps which require expensive fuel
that is difficult to obtain in rural areas.

o They represent an environmentally sound technol-
ogy, though there is some noise, and visual impact.

e They are highly reliable given regular mainte-
nance, and are also less vulnerable to theft or
damage than other systems.

¢ They can last a long time, typically 20 years for a
well-made, regularly maintained machine.

e They can be locally manufactured in most devel-
oping countries, creating indigenous skills and
reducing foreign exchange requirements for costly
diesel fuel and equipment.

Stockholm Environment Institute



International Programmes

The Global Windpump Evaluation
Programme

In November 1986, the World Bank and the United
Nations Development Programme (UNDP)initiated a
preparatory phase for a Global Windpump Evaluation
Programme (GWEP). The preparatory phase included
country studies on the current position of and pros-
pects for windpumping in seven African, four Asian
and three Latin American countries. The preparatory
phase alsoincluded development of test standards and
procedures.

The report of the GWEP preparatory phase con-
cluded that the potential for windpumps remains good
and recommended a Global Windpump Implementa-
tion Programme (GWIP). Despite the need, such a
programme has not been created.

The IT Power Windpump Programme
Intermediate Technology (IT) Power is an associate
company of the Intermediate Technology Develop-
ment Group (ITDG) in the UK. The origin of the IT
windpump programme is traceable to the British
engineer Peter Fraenkel. In 1975 he was working in
Ethiopia on the development of low-cost informally-
manufactured windpumps of the Cretan-sail type.
This village level “do-it-yourself,” low cost approach
failed to produce reliable windpumps.

In 1977,ITDG began co-operation in the manufac-
ture of windpumps with six institutions in developing
countries. By 1979, five out of the six had manufac-
tured and installed working prototypes. In 1981, IT
Power sought and was awarded a research contract by
the UK Overseas Development Administration (ODA)
to finalise the design of the 6 and 7.5 m diameter IT
windpumps.

The IT Windpump is of the direct-drive, crank-
transmission type that requires no casting and thus is
easily fabricated in developing countries. The design,
which received significant input from the Kenyan
collaborator, is now manufactured commercially by
original collaborators in Kenya and Pakistan, as well
as in Nigeria and Zimbabwe. More than 300 IT
windpumps have now beeninstalled, mainly in Kenya.

In 1990, with assistance from an European Com-
mission grant, IT Powerembarked on the development
of affordable, high performance, ultra-reliable, small
diameter windpumps. The design will be available in
rotor sizes from 1.5 to 4 m diameter. The first proto-
type (3 m diameter) was installed in December 1992.

The CWD Programme
In 1975, at about the same time that the IT windpump
programme began, the Steering Committee on Wind

Energy for Developing Countries (SWD) was estab-
lished in Holland, funded by the Netherlands Ministry
for Development Co-operation. SWD was a joint
activity of the Eindhoven University of Technology,
the Twente University of Technology and DHV con-
sultants. The programme changed its name to
Consultancy services in Wind energy for Developing
countries (CWD) in the mid-1980s.

CWD developed a range of small diameter
windpumps with direct-drive transmission ranging
from the 2 m diameter CWD 2000 to 5 m CWD 5000.

Concentrating on irrigation applications rather
than water supply, CWD co-operated in the develop-
ment and manufacture of CWD windpumps in several
countries, including Cape Verde, Morocco, Mozam-
bique, Nicaragua, Tanzania, Sri Lanka, Sudan, Tunisia
and Zambia.

In July 1990 the CWD programme was ended. By
that time almost 500 windpumps had been manufac-
tured by Third World organisations and workshops.
Most have since ceased production. Reasons cited for
withdrawing from the windpump market include reli-
ability and technical problems in manufacture.
Economic reasons include having to compete with
subsidised fuel for engine-driven pumps.

The Danish ""Folkecenter' Wind
Programme

The Folkecenter forRenewable Energy has been work-
ingondevelopment of technologies forthe developing
countries since the centre was founded in 1983. The
first project was the development of a mechanical
windpump in connection with CWD. They installed a
CWD 2740 in Mauritania in co-operation with the
Lutheran World Foundation, and established a work-
shop for production of these pumps.

Later on, with the CWD 2740 as a starting point the
Folkecenter developed a windpump of 3.6 m rotor
diameter. This pump is manufactured in Denmark, but
has not yet been implemented in any developing
country.

Parallel to the work with the mechanical wind
pumps the so-called multi-purpose concept has been
developed: i.e. an electricity producing turbine with
many possibilities of application, such as: water pump-
ing, grinding of grain, lighting, running of smaller
workshop machines, etc. The turbine has been in-
stalled in Zambia and two other demonstration plants
are in preparation, one in Gambia and one in India.

In June 1990, a comprehensive measuring pro-
gramme of 7 different Danish windpumps was fin-
ished. Six with mechanical and one with electrical
transmission systems.
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Windpump Production
Worldwide

Africa

Kenya has two main manufacturers of windpumps and
some other enterprises assembling windpumps infor-
mally. There are over 360 windpumps installed, the
majority being the Kijito, IT based machine. The
Kijito is a large diameter windpump used mainly on
deep wells. More than half of Kenya has average
annual wind speeds over 3 m/s.

In Mozambique at the Gaza Province Agricultural
Department, approximately 50 units per year were
manufactured of the Dutch Steering Committee on
Wind Energy for Developing Countries (CWD) 2740
design. However, production was interrupted during
unrest in the country.

South Africa, where there are about 100,000
windpumps, remains the largest marketin Africa. New
installations have slowed recently as a result of eco-
nomic problems and displacement by photovoltaic
pumps. In Gezira, about 150 conventional gearbox
design windpumps installed in the 1950s have been
abandoned (the last one in 1965) as a result of lack of
spare parts and increase in village populations.

In Zimbabwe, two companies are manufacturing
windpumps - Stewarts & Lloyds and Sheet Metal Kraft
(SMK). Stewarts & Lloyds manufacture the UK de-
signed IT windpump (6 m diameter) and Climax
windpump designs of 2.6 m diameter upwards (gear-
box types). The SMK design is a 3.6 m diameter 18-
bladed windpump. Approximately 200 windpumps
have beeninstalled and sales are around 30 per annum.

In Botswana and Namibia, where there are large
livestock industries, there have been successful
windpumping experiences, including manufacturing.

Morocco has a long history of using windpumps.
The Centre des Energies Renouvelables (CDER) has
been co-operating with CWD on the 5 m diameter
Atlas windpump.

Tunisia is reported as having a market of 50 per
year and has one local manufacturer (SEN). Larger
markets are estimated in Algeria, Egypt and Libya.

Asia

China has a long history of windpump use. In 1959,
about 200,000 wooden windpumps were in use in
Jiansu province. By 1963 the number in use declined
to about 130,000, and in 1992 reached a low of
approximately 1,700 in the whole of China. The
Chinese Wind Energy Development Centre (CWEDC)

is undertaking most development of windpumps, in
association with the Chinese Academy of Agricultural
Mechanisation Sciences (CAAMS), various academic
institutes and the Xinghua Tractor Factory. Forusein
InnerMongolia and Gansu, high-lift geared windpumps
have been developed with rotor diameters from 2 m
(the FD-2) to 6 m (the FD-6).

Mongolia has imported Russian windpumps for
the livestock industry but was reportedly dissatisfied
with the technology. Small diameter Akrobaatti
windpumps from Finland were also demonstrated
under a UNDP programme. Given the 100,000 no-
madic livestock-herding families in Mongolia, a po-
tential market of several thousand windpumps is as-
sumed for livestock-watering stations.

/
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The first indigenous concerted efforts to apply
windpumps in India began in 1952 under the auspices
of the Council for Scientific and Industrial Research
(CSIR) and later the National Aeronautical Labora-
tory (NAL). Some 160 Southern Cross windpumps
were imported during the late 1950s but most were
abandoned after a few years due to lack of trained staff
and spare parts. By 1966 some 70 WP-2 locally
manufactured machines were fabricated but then pro-
duction ceased through lack of interest. After the 1973
oil crisis, interest was revived by the Department of
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Science and Technology and a national demonstration
programme was initiated for the sixth plan (1980-85).
1985 more than 1,700 windpumps had been installed,
mainly of the 12-PU-500 model manufactured by
research institutes. By the end of 1992 some 3,500
windpumps had been installed and the Government’s
eighth plan (1990-95) calls for a target of 5,000
windpumps installed with full commercialisation.
There are approximately 20 companies manufacturing
orassembling windpumps in India. The most active of
the windpump manufacturers are NEPC in Madras,
BHEL in Rudrapur, the Scientific Instrument Com-
pany in Madras and Wind Fab in Coimbatore.

Pakistan has potential for windpumps in the coastal
regions, particularly in Sind Province. Thelocal manu-
facturer, Merin Limited, manufactures the Tawana
windpump which is based on the IT Windpump (6 m
and 7.5 m diameter). The company has exported its
Tawana windpumps to Nigeria and the Middle East. A
commercial market of 200 to 300 windpumps per year
is estimated.

The Philippines has a high potential for windpumps,
principally for water supply. More than 200 conven-
tional gearbox windpumps have been manufactured
and installed locally and many are reportedly working
successfully after more than ten years operation.

SriLankahashad poorexperience with windpumps
as the locally manufactured WEU I/3 windpump suf-
fered from reliability problems. The Government Water
Resource Board terminated its windpump programme
in 1987.

Thailand has a windpump industry that has pro-
duced more than 2,500 units. Research is being
undertaken by the King Mongkuts Institute of Tech-
nology.

South America

Argentinais one of the success stories of windpumping
in developing countries. Output is around 5,000 per
year, representing a significant proportion of global
windpump production. The success has been achieved
without any government involvement or assistance
and few government orders.

The first windpumps were imported from the USA
in 1876 and subsequently manufactured by the Lanus
Roland Company. Large-scale manufacture of
windpumps was started by the Instilar Company in
1937. The subsequent production of this 1930s- design
gearbox windpump to satisfy US and Argentinean
markets (principally forlivestock watering) soon grew
and the FIASA windpump is now one of the most
widely-sold. There are also at least 10 other manufac-

turers of windpumps in Argentina. The total number
of windpumps is reported to be as high as 600,000.
The price of Argentinean windpumps are typically
US$500fora2.7 m diameter machine and US$800 for
a 3.4 m diameter machine excluding works. Wind
speeds in Patagonia average 4.5 m/s, and in the wet
Pampa region around 2.5 m/s.

Factors influencing the success of windpump dis-

semination in Argentina can be summarised as:

¢ high wind speeds (compared to Africa);

¢ the large livestock industry;

e the initially guaranteed export market (to a US
licenser);

¢ sub-contracted component manufacture involving
large numbers of companies and thus many experi-
enced people;

¢ sub-contracted maintenance and repair, letting
manufacturers concentrate on production and mar-
keting;

¢ the development of teams to undertake major re-
pairs and servicing; and

e good user maintenance.

Bolivia has been producing the Condor 2 m diam-
eter simple windpump based on the Gaviotas design
of Colombia. Two other organisations, CIPER and
SEMTA, are producing designs based on the TOOL
12-PU-350 and 12-PU-500 designs.

Brazil has 12 manufacturers producing conven-
tional gearbox windpumps with atleast 7,000installed
and almost all under 4 m diameter.

Colombia, after Argentina, is South America’s
most significant windpump market with some 3,000
imported units installed (of which half are abandoned)
and a thriving local industry (Las Gaviotas) which has
sold 9,000 MV2E 2 m diameter machines with an
annual market of over 1,000 units. These machines are
limited to low-head pumping and so the company has
developed a higher head (up to 50 m) 3.1 m diameter
“Guajira” windpump.

Peru is one of the few areas where indigenous
appropriate technology type windpumps are used in
significant numbers. There are more than 1,000
Miramar 6 m diameter wooden units in use on the
Pacific coast. There are eight other windpump manu-
facturers in Peru, all but one (Matto) of which
manufactures windpumps under 4.5 m diameter. Of
the metal fabricated machines, the lowest cost unit is
the Segovia 2.8 m diameter gearbox type windpump
selling at approximately US$800.
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Australia

Some 150,000 windpumps are in use in Australia,
where production peaked at 10,000 per year in 1965.
Since then, numbers have declined due to reducing
livestock numbers and new alternatives, including
solar pumps. The Australian market is now estimated
at around 500 units per year. The Yellowtail, manu-
factured by WD Moore, is one of the more successful
small diameter gearbox windpumps. Southern Cross
is the other principal manufacturer.

USA

The USA has also seen a decline in windpump sales
as a result of increasing electrification and sales of
photovoltaic pumps. Although there are still several
active manufacturers (e.g. Aermotor and Dempster)
the annual market is now believed to be less than 500
units per year.

Europe

The market for windpumps in Europe is only a hun-
dred or so per year (installed mainly in Greece and
Turkey), and only a few manufacturers are left there,
notably Abachem (UK), Tozzi and Bardi (Italy) and
Poncelet “Oasis” (France). A few manufacturers also
exist in eastern Europe.

The potential market for windpumps.

The previous Soviet Union

The previous Soviet Union has a vast potential
windpump market and indigenous designs (devel-
oped by the All Union Institute for the Electrification
of Agriculture, VIESH) have been developed and
marketed. The principal markets are in Uzbekistan,
Turkmenistan, Khazakstan, Kyrgyzstan and Eastern
Russia.

A recent assessment by the Wind Power Associa-
tion of Russia reported a potential market of more than
500,000, due to an increasing need to take water from
ground sources rather than polluted surface-water
sources.

Summary of the Market Potential

The potential market is an estimate of demand, given
reasonable promotion and market development re-
sources. The applications considered to have most
potential are livestock watering and village and home-
stead drinking-water supply. It is expected that the
windpump market will grow by, while the number of
windpumps will mostly remain constant. This is be-
cause there will be a continuing fall in the number of
windpumps in Australia, USA and South Africa, but
new markets will develop in other countries.

South Africa 9% _
Rest of Africa 3%

Latin America 34% *

Total = 58,000/yr

Potential market
(Units)

Rest of Asia 21%

Australia/Pacific 2%
7 North America 2%

"CIS 17%

Europe 2%
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The History of Wind Power

The first known reference to a windmill was in the
850s by the Arab historian Tabari. He documented
that the Persian craftsman-slave Abu Lulua, from
Seistan province on the border of Iran and Afghani-
stan, boasted in 644 AD that he could construct a mill
turned by the wind. There are still about 50 horizontal
windmills in the area.

During the time of the crusades (1096-1191), the
knowledge of windmills spread across Europe. Later,
the expansion of windmills followed the track of
colonisation, particularly the establishment of monas-
teries (Cistercians). Windmills are first recorded in
Holland in 1240, Germany in 1222 , Italy in 1237,
Greece in 1239, Denmark in 1259, Sweden in 1330,
Latvia in 1330, Estonia in 1353, Finland in 1463,
Hungary in 1550, Romania in 1585, Brazil in 1576,
USA in 1621, Russiain 1622 , Barbados in 1651 and
South Africa by the end of the 17th century.

“Wipmolen” windpumps were first used in 1408 in
Holland, probably using a scoop-wheel for pumping.
By 1600, the wind-driven scoop-wheel was to be seen
in the low-lying lands of western Europe. The wind-
powered Archimedes screw was introduced in Holland
in 1634. The first use of the annular sail, in which all
the shutters are assembled radially, was made by
Henry Chopping and Richard Rufflein in England
1838, and this concept was exploited for windpumps.

Windpump development shifted from Europe to
the United States during the nineteenth century. As
settlers moved across the Great Plains of the USA
during the 1850s, one of their biggest problems was
the provision of water to sustain their large herds of
cattle. As well, with the spread of the railroad came the
need for water tanks to serve the steam locomotives.

Bythe end of the 1980s there was a major windpump
manufacturing industry in the USA. The first com-
mercially successful self-governing “American Farm
Windpump” was invented in 1854 by a New England
mechanic named Daniel Halladay. It has a rotor
shaped like a flower that folds in on itself as wind
speed increases, thus presenting a lesser area to the
wind. In 1866, Leonard Wheelerinvented a windpump
(Eclipse) with two vanes, one that holds the sails
towards the wind and a smaller one that pushes the
sails out of the wind as wind velocities increase.

Early windpumps were made of wood. By the
1870s a new style of mill made from iron and steel
began appearing. But two decades passed before
substantial numbers of steel windmills came into
general production. During the early 1900s virtually

all windpumps were made of steel. Further, self-
oiling was introduced and the bearings of the main
shaft and the crankshafts were enclosed within spe-
cial cast-iron reservoirs in an oil bath.

Large-scale production of American windpumps
started in the 1870s and reached its peak between the
end of the century and World WarI. By the turn of the
century the Aermotor company alone had produced
over 800,000 windpumps.

The American Farm Windpump technology spread
throughout the world during the 1890s and manufac-
ture of licensed or similar designs took place in
Australia, Argentina, South Africa, the UK, France,
Italy, Germany, Sweden and the Soviet Union. The
windpump export trade reached its peak before World
Warl, but exports continue to the present day, mainly
to South Africa, India, Australia, New Zealand,
Mexico, the West Indies and South America.

US sales remained high into the 1920s. In the
1930s, the great depression, gasoline engines and
electrification struck the windpump industry. By the
late 1950s and 1960s only a handful of makers re-
mained. As energy prices began soaring in the 1970s
and there was arevival of interest in renewable energy
sources, investment in windpumps again became at-
tractive. During this renaissance of windmills, a
number of interesting innovations emerged.
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Wipmolen with Archimedes screw pump in
Holland, were first employed in 1604.
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Energy from the Wind

To assess the case for a windpump it is important to
consider the mean wind speed over a period of time.
Perhaps the crudest statistic one is likely to encounter
is the annual mean wind speed. This gives a general
idea of the viability of a site, but is by no means
sufficient. Although variation in annual mean may be
fairly small, seasonal variation within the yearis likely
to be large. A more useful statistic is mean monthly
wind speed. This reflects seasonal changes and is the
quantity most often used for siting studies. Of particu-
lar relevance is the number of consecutive windless or
low-wind days in each month. It is important to size
the windpump and the storage tank so that there is
sufficient water to last over the longest likely lull
period.

Wind is extremely variable on a small scale of
distance, right down to a few tens of metres. Even
though the prevailing wind over a region may be very
good, a particular site may not have a reliable amount
of wind.

Windpumps are most commonly used on flat plains,
and not in hilly country. Coastal areas and lake shores
tend to have higher wind speeds than inland areas.
Generally, wind speed is greater higher up and weaker
near the ground. This effect is most pronounced in the
first few tens of metres above the surface. Thus, the
higher the windpump tower, the better the mean wind.
As power output is proportional to the cube of the
wind speed, even a small increase in mean speed will
give a sizeable increase in power. Using a higher
tower to help overcome the effect of surface rough-
ness is one of the most cost effective ways to increase
the effective wind resource.

Extracting Energy from the Wind

The power in the wind at low wind speeds is too
diffuse to be practically exploited (for example it is
only about 10 W/mZ2 at 2.5 m/s). In contrast, the power
in winds of above 10-15 m/s becomes so high that it
demands excessive levels of structural strength from
amachine (forexample 15 m/s represents about 2,200
W/m?). Therefore, most windpumps are designed to
function in wind speeds that range from about 5 to 10
m/s over a reasonable period of time.

A windpump requires a certain lowest wind speed
in order to initiate rotation. At that wind speed the
turning force (or torque) of the rotor is just sufficient
to exceed the resistance to movement imposed by the
pump. As the wind speed increases, the power avail-
able increases steadily until the nominal rated wind

speed is reached, after which point measures are taken
to limit any further extraction of power. To prevent
damage at high wind speeds a windmill is usually
“furled” (shut down) at the nominal rated wind speed.

The key part of a windpumping system in terms of
ensuring its general robustness and reliability is the
power transmission train, which carries the forces
generated by the rotor through to the pump.

The mechanical components of a windpump are
subjected to an unusually great amount of use during
their lifetime. A typical windpump that runs an aver-
age of 15 hours per day for 25 years will run
approximately 136,000 operating hours and complete
about 200 million pump strokes. That a high quality
car sometimes only completes about 3,000 to 5,000
operating hours before it is scrapped indicates that the
mechanical requirements for a windpump are highly
rigorous.

Site Assessment

Some advise for carrying out site assessment is as

follows:

e Available meteorological records should be stud-
ied. One should consult the meteorological office,
local recording stations, airfield, seaports and uni-
versities, as well as local knowledge fromlong-term
residents and obtain data on mean speeds, direc-
tions, peak speeds and number of calm days.

e Possible sites should be carefully examined, taking
into consideration the surrounding topography, po-
sitions of buildings, trees and other obstructions.
The type of surface coverin different directions, i.e.
grass, shrubs, trees, etc. should be noted.

e Wind speed and if possible wind direction should
be measured at the site 10 m above ground. These
should then be compared to any local meteorologi-
cal records. Data over at least a three month period
is needed, and if possible all year round. It is
important to note that most windpumps will not
start below a wind speed of about 3 m/s and will furl
at about 12 to 15 my/s.
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Types of Windpumps

Windpumps may be broadly divided into five catego-
ries, depending on their design and method of
construction.

Conventional Gear-Driven Windpump

This is the most common type of windpump, which
has become well-established through over a century
of use worldwide. It is sometimes also called the
American Farm Windpump.

The rotor is multi-bladed, and typically has be-
tween 12 and 30 blades. However, the mostimportant
characteristic of the machine is the gearbox. This
reduces the speed of the pump-rod action, while
increasing the force with which it pumps. This leads
to afar more versatile machine, suitable for shallow or
deep-well pumping. It also means a more reliable
machine, as there is less wear-and-tear with a slow
pump action. The gear wheels usually run in a bath of
lubricating oil, which must be topped-up by the user
every few months. Otherwise, maintenance is mini-
mal.

To manufacture a gearbox requires facilities to
cast metal and cut gears, which adds complexity to the

Gear-driven windpump, India.

manufacture of gear-driven windpumps compared to
those with a simpler transmission system. The
windpump is constructed entirely of metal (including
the tower) and can only be produced in a well-
equipped workshop by machinists with some degree
of skill. This means that in general the quality of
components and construction is high, as is the reliabil-
ity. A well-made gear-driven windpump given regular
maintenance should have a lifetime exceeding 20
years. Due to the more expensive materials and con-
struction techniques, small gear-driven windpumps
are likely to be more costly than a simpler design with
the same rotor diameter.

In general, manufacture of gear-driven windpumps
in the developing world is restricted to the more
developed parts of Asia(e.g. India) and South America,
where foundry facilities and gear-cutting are more
common. However, gearboxes are sometimes im-
ported from Europe, Australia or South America due
to lack of indigenous manufacture.

Commercial Direct-Drive Windpumps

A direct-drive windpump is usually similar in appear-
ance to the conventional gear-driven design, but does
notuse a gearbox. Instead the force is transmitted from
the rotor to the pump-rod directly by means of a crank
or a cam. This means that there is one stroke of the
pump-rod for every turn of the rotor.

The crank mechanism is simpler than a gearbox,
and can be manufactured with fairly standard work-
shop facilities. Crank machines are more suited to
village-level operation and maintenance, and can
provide a sustainable water supply in under-devel-
oped regions. Due to the simpler design and
construction, the cost has the potential to be less than
that for a gear-driven machine.

A wide range of quality of design and manufacture
is possible with direct-drive windpumps. In the right
circumstances, a well-made machine can be very
durable and reliable, using modern design techniques
along with materials and engineering of a high stand-
ard. Conversely, less rigorous construction techniques
and inappropriate design can lead to an unreliable
machine with a short lifetime. The lifetime of a typical
direct-drive machine is about 10 years.

Direct-drive windpumps are wellsuited to larger,
village-scale applications, as the larger rotor diameter
means that the rotation speed will be low. However,
problems can develop with smaller rotor diameters, as
rotation speeds will be higher causing greater wear on
the crank and on the pump itself.
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Informally-Manufactured Windpumps

In some developing countries there are small groups
of artisans assembling limited numbers of windpumps
on a casual basis. The designs may be original, or are
more likely modified from existing designs to suit
locally available components.

Construction materials may include wood (par-
ticularly for the tower) and whatever else is at hand,
and can be worked with a minimum of facilities.
Almost all of these windpumps are direct-drive ma-
chines, using a rudimentary crank or cam system.

Clearly, the reliability and performance of these
windpumps will be poor in most cases, but the attrac-
tions to the user are low costs and easy user
maintenance. It is difficult to say how many such
pumps are in use, as the village workshops that make
them do not usually sell commercially or outside the
local vicinity. Some windpumps may even be con-
structed by the users themselves as one-off items.
Again costs will be low, probably at the expense of
reliability and performance.

Locally-manufactured pumps can provide a valu-
able service in remote or impoverished regions where
farmers or villagers have virtually no capital to invest
in a more expensive commercially-made windpump.

Wind-Electric Pumping

In more developed countries there tends tobe a greater
number of manufacturers of wind-electric generators
than mechanical windpumps and many of them rec-
ommend their systems for use with electric motor
pumpsets.

Wind-electric systems have several potential ad-
vantages. For instance, any surplus electrical power
may be stored in batteries and used for other purposes
such as running lights or a radio. Another useful
feature is that the generator does nothave to be located
directly over the borehole or well, and can be posi-
tioned to capture the best wind regime,

Wind-electric systems can be expensive, and to
build a reliable generator requires a fairly high level of
technology. Most commercially-available generators
are manufactured in Europe and the US, although
there are several models manufactured in the develop-
ing world. Maintenance is a problem in remote areas
where the technology is unfamiliar and spares have to
be imported. Therefore, even where they are avail-
able, wind-electric systems are seldom suitable for
use in most developing-country applications.

Direct drive windpump, Morocco.

Unconventional Designs

There are also a few types of windpump on the market
that fall into none of the categories described above.
These are mainly windpumps that involve some unu-
sual aspect in their design, aimed at giving a better
performance (e.g. variable stroke machines), less
expensive construction, or some other specific advan-
tage. However, their rarity can be a disadvantage as
spare parts may be hard to find or the mechanisms not
properly understood by the user.

Vergnet wind-electric pumping system, Morocco.
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Survey of Products

During the winter of 1991/92 all known manufacturers
of wind-powered water pumping systems were con-
tacted and asked to provide information on their
products. There are thought to be a great many more
manufacturers producing windpumps at the time of
writing than responded to the survey. One region that
is considerably under-represented is South America.
The UNDP/World Bank Global Wind Energy Project
(GWEP) conducted in 1987 identified 9 manufactur-
ers in Argentina alone, and several others in each of
Columbia, Peru and Bolivia.

Over half of the windpumps that featured in the
survey fall into the category of the standard gear-
driven machines, with direct-drive windpumps mak-
ing up the bulk of the remainder. There are several
wind-electric systems in the list, most of which are of
European or US manufacture. A handful of the ma-
chines on offer fall into the “unconventional” cat-
egory, being vertical axis or having a rotary drive.

The geared and direct-drive windpumps almost all
have between 12 and 24 blades depending on rotor
size. In terms of physical size, the more conventional
gear-driven and direct-drive windpumps vary in rotor
diameter from 1.6 m for a portable windpump by
Cataventos in Brazil, to the 7.5 m direct-drive pump
manufactured by Southern Cross of Australia. The
normal size range available from a typical manufac-
turer is between 1.8 and 4.8 m (6 to 16 feet), and a
survey in Argentina suggested that machines with
rotors around 1.8 to 2.4 m (6 to 8 feet) are by far the
most popular.

Maximum-pumping heads vary greatly between
pump types, sizes and manufacturers. In general, most
manufacturers can supply an appropriate combination
for any reasonable head.

In practice, few systems are able to exceed heads
of about 150 m. Some of the very smallest machines,
or those that do not use reciprocating pumps, may only
be capable of lifting water over 10 or so metres.

TRADE NAME:
Address

Rotor diameter (m)
Drive Type

Max pumping head (m)
Cost ($US)

Matrix used in survey of products.

Costs

Windpump prices can vary greatly, even between
machines of similar design. Part of the reason for
this is that most manufacturers supply only to the
local market, and so prices in different countries
can become independent of each other to some
extent. However, the main price differences are due
to the large variation in manufacturing costs and
margins from country to country. In developing
countries labour costs are fairly low, and most of
the total cost is materials. The price of a windpump
depends to a large degree on the quantity (and
quality) of steel used. Cheaper designs may cut
corners on strength, corrosion protection or quality
of bearing materials, leading to a less reliable
machine. In general the wind-electric systems are
the most expensive for a given rotor size.

The mid-range is occupied by gear-driven ma-
chines, although there is still quite a spread. The most
expensive gear-driven machines are of European or
US manufacture. The lower boundary of the gear-
driven windpump prices is likely to be set by the cost
of building (or importing) a gearbox.

Atthe lower end of the price range are some of the
direct-drive windpumps. Depending on quality and
country of origin these reach from within the gear-
driven price range, down to just a few hundred dollars
(US). Due to the wide range of prices, it is difficult to
define a typical price for a windpump of a given size.

In the process of choosing a windpump the poten-
tial buyer will be presented at some point with a
manufacturer’s brochure. The quantity and quality of
information provided vary greatly between different
manufacturers.

Windpump performance (i.e. how much water it
will pump) is the mostimportant factor and the hardest
to interpret. One should be suspicious of high output
rates where the head and wind speed conditions are
not explicitly specified. Some manufacturers quote
outputs at unrealistically high wind speeds.

Better brochures give performance in litres per
hour or per day for a range of different wind speeds
and pumping heads. An informative way to present
performance data is as a graph. It is usual to show
output versus pumping head, with several lines repre-
senting either different wind speeds or different sizes
of rotor.

Anotherimportant point to check is that the quoted
wind speed (m/s) is a mean wind speed and that the
output is not for a brief test with constant wind speed.
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Economics

Installation and operation of any pumping system
requires a long-term financial commitment. The con-
sequences of inadequate assessment beforehand can
be dear. In most cases, economy is one of the central
factors considered. However, it is important to realise
that not all the relevant considerations can easily be
reduced to monetary terms. The final decision should
always be made on a balance of factors.

For a pumping system to be economic in an abso-
lute sense, the value of the benefits must outweigh the
costs. This is very difficult to calculate. Although
costs can be quite easily quantified, the value of
benefits are more subjective. This is particularly true
in the case of village water supply, where the main
benefit may be access to clean water.

One method of economic analysis is to compare
different pump types for a given job. The cost for each
can be expressed as ameaningful figure such as aprice
per unit volume of water, or acost per family per year.

The chief alternatives to windpumping are diesel
and handpumping. Solar photovoltaic pumping can
also be a competitive technology in remote regions,
andits popularity in the developing world continues to
grow. Solar pumps are expensive to buy initially, but
require very little supervision or maintenance and, of
course, no fuel.

Handpumping is the mainstay of village water
supply in the developing world. It is a simple well-
established technology that is cheap and generally
reliable. However, handpumps cannot deliver large
quantities of water, and they require a person to spend
valuable time working the pump.

Diesel pumpsets are also common throughout the
developing world for larger-scale village pumping
and irrigation applications. They are usually over-
sized for the application, and are used for an hour or
two each day.

Another concern is the price and availability of
fuel and maintenance services. Fuel prices can vary
enormously between and within countries. At some
times diesel fuel may simply not be available, or may
be of poor quality. Diesel pumps require regular
maintenance and are generally not left to operate
unattended for any length of time.

Petrol-driven pumpsets are not generally used
because of their relatively short life and the problems
of obtaining good-quality fuel in remote areas.

Life-Cycle Costs

Life-cycle costing is the sum of all the costs of the
system over its lifetime, expressed in today’s money.
It is the most complete analysis and is the usual
method for determining whether an application is
economic. Payback periodis often used to give aquick
and simple indication of whether an application is
likely to be economically viable.

General Economic Analysis

Rural village water supply is characterised by a fairly
even year-round demand, and relatively small quanti-
ties of water. This water supply must be clean enough
for drinking, and so it is usually pumped up from
groundwater a few tens of metres below the surface.
Because of the small quantities of water required, and
the high value placed on clean drinking water,
windpumping for village supply can be cost-competi-
tive given a good wind site.

Irrigation pumping is characterised by the demand
for very large quantities of water, but only at specific
times of year. This means that for most of the year the
pump is idle or oversized. For this reason irrigation
pumping is often harder to justify economically. Irri-
gation water is generally taken from surface water
(e.g. canals or water holes) and storage is neither
practical nor necessary in most cases.

Livestock watering has many similar characteris-
tics to village water supply. However, capital costs
may be lower, as the water source is less critical, and
distribution will not be required. Village supply and
irrigation have been used in the examples below
because they represent the extreme cases.

Village Water Supply Costing Scenario

The initial costs for the equipment and costs of re-
placement parts have been taken from current
manufacturers’ data wherever possible. The initial
costs also include the expense of drilling a well or
borehole, building a water storage tank and installing
all the equipment.

The annually recurring costs include maintenance
of the whole system (pump, water-source, storage
tank and distribution system), and fuel and opera-
tional costs where appropriate.

With a 10 m water depth it is clear that at lower
daily volumes, windpumping is the cheaper option.
Even at wind speeds of just 2.5 m/s, windpumping is
cheaper than diesel for daily volumes up to 10 or
20 m3, depending on the diesel cost scenario.
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At higher daily volumes, both the diesel and
windpump unit costs tend to level out, and which s the
more economic depends largely on the diesel cost
scenario chosen and the wind speed. For instance, if
the high diesel cost case is chosen, then windpumping
at 3 m/s is always more economic, but using the low
diesel cost case, it is only more economic up to about
15-20 m3/day. However, windpumping at wind speeds
of 4 m/s is more economic than both diesel cases over
the whole range of daily volumes, tending towards the
lower diesel line at very high deliveries.

With a water depth of 30 m, windpumping with
wind speeds of 4 m/s is cheaper or comparable with
diesel over the whole range of demands, and consid-
erably more economic below 15 m3. At lower wind
speeds (3 m/s), windpumping is economic below
about 10 to 20 m3/day depending on diesel cost
scenario. Windpumping at wind speeds of 2.5 m/s will
only be economic if diesel costs are high and daily
demand low.

Summary

Given the right water and wind conditions,
windpumping can be more economic than (or at least
comparable to) other pumping methods. The econom-
ics of windpumping depend critically on the mean
wind speed, and unit costs are less sensitive to demand
than for diesel pumping. However, the following
statements will generally be true:

windpumping with mean wind speeds of 4 m/s or
over will probably be comparable with diesel for
most applications;

at very low demands and heads, handpumping may
be the best option, depending on the value placed
on labour time for pumping; and

irrigation over heads of about 10 m will seldom be
economic using a windpump.

it is more difficult to economically justify wind-
pumping for irrigation than for water supply due to
the large quantities of water required.

Rotor )
Area (m) Windspeed Q(m/s‘)o—;z
" v o oy
~ I TV T /s
i it /NS
30 /
Q
" T 20T / 1°
| UL LAALL Y )
S
o[ _ /
5
3 / / / Volume
8 7 6 5 4 3 2 20 50| 100] 200  500| foo0 2000 heag
product
?otort : ) \\\ (%)
jameter NN .
(m) 4K N\
10k N
15 \\ N ™ AN
IO N NN,
NN
30
Nl N e
40 1%
af , \%,o
[ P
Daily 100 - Y
pumped 150 [ S
volume (m3) 200 S %

Windpump rotor sizing nomogram

Head (m) -

14

Stockholm Environment Institute




Unit water cost ($/m3)

0.80
0.60 -
0.40 -
E T Dijesel range
Wind 3 m/s et T -
0.20 - -
0.00 | I | |
0 10 20 30 40 50

Total daily pumped volume (m3)

Village water supply at 30 m water depth: General life-cycle cost analysis.

Choosing a Windpump

There are three main technical factors that set the
limits for a given situation:

e demand for water,

e availability of water, and

¢ the wind resource.

The first step in the process is to draw a rough scale
plan of the site and decide where the various system
components should be placed. This is usually dictated
by position of the water source and local factors
affecting the wind pattern.

For village water supply and livestock watering, a
storage tank is usually positioned near to the pump,
and should only be as high as is necessary to provide
the head for the distribution system (if any).

For irrigation purposes, the two most practical
methods are the low-head drip system and the hose-
and-basin method. Both are highly efficient and require
adriving head of 1 to 2 m. The main difference is the
cost. A low-head drip may cost US$2,500 per hectare
whereas the hose-and-basin method may only cost a
few hundred dollars. The method chosen will also
depend on the crop grown.

The size of the rotor that is needed to meet a given
duty is dependent on the required hydraulic energy
and the wind regime. The hydraulic energy require-
ment is proportional to both the total pumped head and
the quantity of water pumped per day.

Sizing is carried out for each month (or season)
separately. The month which needs the largest rotor
area is called the “design month”.

The three main parameters that are needed for each
month (or season) to size the system are:
¢ total pumped head (m),

e daily pumped volume (m3), and
¢ cxpected mean wind speed (m/s).

The total pumped head is the head that is “felt” at
the pump and is the sum of the:
depth of the static water level below the surface,
maximum expected drawdown,
height of the tank (if any) above the surface, and
additional dynamic head due to friction losses.
The dynamic head is the extra pressure that the
pump feels due to friction and turbulence in the
pipework. The narrower and longer the pipes the
greater this component will be.

The daily water requirement (m3/day) is the de-
mand at the pump, and so must account for any
inefficiencies or leaks in the distribution system.

If possible, the mean wind speed for each month
should be measured at the hub height of the windpump,
or at least 10 m above ground level.

A nomogram, see figure, can be used to find rotor
area and diameter from the three parameters total
head, required daily volume and mean wind speed.
Results can be found by tracing lines and reading the
results where they intersect the axes.
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Installation

The installation process can be fairly complicated and
time-consuming and care is required in its execution.
If the manufacturer does not carry out installation,
then they should provide detailed instructions. Poorly-
installed machines can easily lead toinferior operation
and maintenance problems.

Windpumps are most commonly installed over a
borehole or alternatively over an open well. The most
important factor in construction is the borehole align-
ment. A slight deviation from the vertical will be
particularly significant with a deep borehole. The
windpump pump rods must hang vertically or they
will wear and, in extreme cases, cause malfunction of
the machine. If the borehole is constructed out of
alignment this can easily occur.

After a borehole or well is first completed the
drawdown should be tested. This is usually achieved
using an engine-powered submersible pump. It is
necessary because the drawdown can sometimes dou-
ble the depth of borehole required and indicate the
need for a well with more surface area below the
aquifer.

The measured drawdown distance should stabilise
an hour or two after beginning the test. In both newly-
dug boreholes and wells the water should also be
tested for salinity and acidity (pH) to ensure that it is
suitable for drinking or irrigation. A high acidity or
salinity reading should be double checked before a
decision is made as to the suitability of the borehole
location, especially if the water is for human con-
sumption.

The windpump manufacturer should provide tech-
nical information and instructions concerning the type
and dimensions of the foundations. Most frequently
these are made up of concrete footings, one for each
leg of the tower, encapsulated in a reinforced concrete
raft around the mouth of the borehole, or across the
well shaft.

The pump rods, coupling the windpump mecha-
nism to the pump, are a crucial component of the
system. The most vital requirement for their installa-
tion is that the pump rod joiners are sufficiently
tightened, but can still be readily disconnected when
raising the pump for servicing. A disconnected or
broken pump rod can be catastrophic since the lower
part, attached to the pump, falls back into the rising
main and is usually extremely difficult to recover.

Operation

Efficientand trouble-free operation can be achievedif
regular maintenance of a high standard is carried out.
Manufacturer’s instructions make recommendations
for maintenance, usually periodic oiling/oil changes
and/or greasing.

In addition to the manufacturer’s recommendations it
is prudent to consider that:

o the machine is designed to withstand severe situa-
tions;

o acorrectly-installed and well-maintained windpump
should operate fairly quietly;

e the windpump must be repainted periodically to
prevent corrosion;

o the pump will require occasional replacement seals
and piston cup leathers;

e the water carrying components, delivery pipe, stor-
age tank, etc. need to be examined for leaks;

e airinairchambers can be gradually dissolved inthe
water, the bleed valve should be opened periodi-
cally to allow the air to be topped up;

o after a major overhaul or repair, or the installation
of a new machine, nuts and bolts may work loose.
These must be checked and re-tightened.

It will nearly always be necessary to climb to the top
of the tower in order to service the windpump. Before
doing so the windpump should always be disabled by
activating the manual furling mechanism and apply-
ing the brake, if available.

One potential source of failure is the furling mecha-
nism. The furling mechanism should also be fail-safe.
This means that if a critical component fails the rotor
will simply furl at a very low wind speed.

In order to service the pump and replace the seals,
etc. it must be removed from the borehole. The
removal process is the reverse of that detailed for
installation. The advantages of using an extractable
pump become evident at this stage. The piston and the
footvalve can be removed from the borehole without
disturbing the rising main.

The footvalve will also occasionally require atten-
tion. If the footvalve leaks then the performance of the
windpump will decline because the rising main will
drain down whenever there is a lull in the wind.
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The Anatomy of a Windpump

The rotor

This can vary widely in both size
and design. Diameters range
from less than 2m up to 7m. The
number of blades can vary from
about 6 to 24. In general a rotor
with more blades runs slower
but is able to pump with more
force.

The tower

Normally metal (galvanized
steel) with three or four legs.
May be anything up to 15m in
height, but usually about 10m.
The bases of the legs are
fixed, often by bolting to con-
crete foundations.

The pump rod

This transmits the motion from
the transmission at the top of
the tower to the pump at the
bottom of the well. The motion
of the pump rod is reciprocating
(up and down) and the distance
it travels (called the stroke) is
typically about 30cm, depending
on the pump. Pump rods are
usually made of steel.

The well

With a shallow water-table the
pump may be mounted on a
hand-dug open well; if the level
is deep a borehole must be
drilled. The outer walls of the
well will be lined to prevent in-fill
but the liner should be slotted to

allow water to enter the well.

The rising main

This is the pipe through which
the water is pumped, and also
encloses the pump rod.

L

The tail

Keeps the rotor pointing into the
wind, like a weather vane. The
whole top assembly pivots on
the top of the tower, allowing
the rotor to face in any direction.
Most machines incorporate a
mechanism into the tail which
will turn the rotor out of the wind
to prevent damage when it
becomes too windy.

The transmission

Turns the rotation of the rotor
into reciprocating motion (up
and down) in the pump rod.
Normal types use a gearbox or
are direct drive. With direct drive
the pump rod moves up and
down once for each turn of the
rotor. Using a gearbox allows
the pump to be geared-down so
that it does fewer pumping
strokes for a given rotor speed,
but with a larger output per
stroke.

Well-head components

At the well-head the water is
piped away to a storage tank
through the ‘discharge pipe’.
The pump rod usually runs
through a seal at the well-head
called a ‘stuffing box’ which
prevents water escaping around
the rod.

The pump

Normally submerged below
water level. On the downward
stroke the cylinder fills with
water; on the upward stroke the
water is lifted by the piston up
the riser pipe. Pumps come in
various cylinder bores and
stroke lengths. The pump hangs
on the rising main.
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Electricity from the Wind*

Although the use of windpower goes back many
centuries, it was only at the turn of the century that its
use for the generation of electricity was developed.
One of the pioneers was Paulla Cour who experimented
with windpower in Askov, Denmark between 1897-
1902. In 1902 the small town of Askov was supplied
with wind electricity for lighting. Small wind generators
forrecharging lead-acid batteries became commercially
available for the first time by the early 1930s. Much
largerexperimental wind turbines for feeding electricity
into the mains power grid also appeared during the
1930s, in the Soviet Union and France. The United
States built the first megawatt sized windmill in 1941.
During World War I, when fuel oil was difficultto get,
many farms, especially in Denmark employed wind
generators.

Plentiful cheap oil in the 1950s and 1960s led to a
decline in interest, but the 1973 “oil shock” followed
by legislation and fiscal incentives introduced in the
late 70s have helped Denmark to become one of the
leading users and exporters of wind electricity gener-
ating technology today.

Today the two biggest users of windpower for
feeding electricity into their electricity grids are Den-
mark and the US State of California. Both produced
nearly 3% of all their electricity needs in 1992 from
wind power. Denmark has a target of generating 10%
of its national electricity from the wind by the year
2000. Other countries are starting to follow this exam-
ple.

The wind generators used today, tend to be at
opposite ends of the size spectrum. At the small end of
the scale are many thousands of SO0W battery chargers
with rotors less than 1m in diameter and at the large
end the latest generation of machines for “wind farms”
are mainly of 200 to 750 kW with rotors up to 30m in
diameter. The costs of such systems range fromas little
as US $300 for the smallest systems to more than
$500,000 at the other extreme.

Little use of wind electricity generators has so far
been made in the developing countries, although the
technology has considerable potential in some areas.
The notable exceptions are China (where large wind
turbines have been set up to feed the grid and as many
as 50,000 small wind turbines are used for charging
batteries for nomads in Inner Mongolia) and India,
which has an ambitious programme for integrating
grid connected wind turbines to the mains in order to

reduce fossil fuel utilization. Bharat Heavy Electrical
Ltd (BHEL) has manufactured two S5kW wind tur-
bines, and also developed a 200 kW prototype. From
1986 to 1992 about 40 MW of windpower, mostly
danish designs, have been installed in India, and the
target for the year 2000 is 1000 MW. Water pumping
windmills and battery chargers are also manufactured
in India, in 1992 about 3000 windpumps and 100
battery chargers were installed. The Government of
India is presently undertaking the biggest ever
windmapping exercise, to promote wind energy.

There are in practice at present just three practical
categories of application for wind electricity genera-
tion: small systems for charging batteries, medium
sized systems running in conjunction with a diesel
generator and large systems integrated with the mains
electricity grid.

Battery Charging

The most common type of small wind electric System
involves the use of a wind generator to maintain an
adequatelevel of charge inan electrical storage battery.
The battery in turn can provide electricity on demand
for electrical applications such as lights, radios,
telecommunications orelectric livestock fencing. Over-
charging is prevented by a voltage regulator that can
dump surplus energy as heat at times when there is
more energy available than can be used. Small wind
battery charging systems are most commonly rated at
between 25-100W ina 10m/s wind speed, and typically
have a rotor diameter of from 50cm to 1m. A few
machines of this kind are in quite large-scale production
notably in the UK, the Peoples Republic of China and
the USA. At least 150,000 such systems are in use
today and annual production has been increasing. It is
probably in the range 20,000 to 30,000 units per
annum.

The main use in the more developed industrial
countries is for the luxury leisure market such as for
useinisolated holiday homes, caravans, and yachts for
lighting or powering TVs, videos, etc. But they are
also being taken up in developing countries in remote
settlement for lighting or powering radios, TVs, tel-
ecommunications and pumps.

A UNDP/UNDTCD projectinthe Mongolian Peo-
ples Republic, provides an interesting insight into the
application of wind electricity generators in a develop-
ment application. Initially three different wind elec-
tricity generators were tried. The Rutland 50W wind
generator (supplied by Marlec from the UK), the Dyna

* written by Peter Fraenkel and Varis Bokalders.
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S0W Marlec WG910, one of the most sold wind
battery chargers (rotor diameter 90 cm).

Technology 200W Wind Charger (a long established
design from the USA), and the Electro SkW Wind
Generator (a more recent Swiss design).

The Marlec machine is the only one of these 10
years later that remains in service (or in production).
The 200W Wind Charger was significantly more
expensive and found to have a lower energy capture
than the Marlec machine despite having apowerrating
four times greater, due to its high cut in wind speed.
The Electro 5kW Wind Generator proved to be too
large, expensive and troublesome. This illustrates the
probable reason for the success of the small S50W
machines: they have a high “load factor” (i.e. they can
extract energy from light winds as well as medium to
strong winds) and in addition they are relatively inex-
pensive, uncomplicated to install and run and reliable
in operation.

Charging batteries with a wind turbine rated at
more than about 1kW requires relatively large and
expensive batteries and sophisticated control circuitry.
Therefore the use of larger wind turbines for battery
charging results in disproportionately expensive sys-
tems, with items like the batteries and inverter often
costing considerably more than the windturbine.

Wind-diesel Systems
Since larger stand-alone systems are too costly to
implement using batteries for storage, the alternative
is to use systems that are either designed to work
together with another power source such as a diesel-
generating set or which use a diesel as a back-up
system at times of little or no wind.

Wind-diesel systems can range from a single SkW
diesel generating set operating in conjunction with a
10kW wind turbine at the lower end of the size range,

A version of the 50W windcharger, on the left,
made in Mongolia as a joint venture with Marlec.

to several megawatts of diesel capacity (normally
involving several generating sets) running a mini-grid
system, with perhaps a megawatt or more of wind
electricity generation.

The rationale for wind-diesel systems is based on
the premise that diesel-generated electricity is gener-
ally more expensive than wind generated electricity.
The unit cost of diesel generated electricity is typically
US $0.15-0.20 per kWh for megawatt sized diesel
generating sets, increasing to US $1.00 (or more) per
kWh for the smallest sizes of generating set (taking all
costs into account). In contrast, a medium sized wind
turbine, rated at from 50 to 200kW given a favourable
wind regime, can generate electricity at US $ 0.10-
0.20 per kWh. Consequently, a wind-diesel system
can (in theory) reduce the average unit cost of electric-
ity, and save diesel fuel. It can also reduce diesel
operating hours and thereby lower the maintenance
requirements and increase the life of the engine.
However, in practice, the effective substitution of
windpower for diesel is not straightforward.

Load-control is the most commercially-developed
type of wind-diesel system at this time, being used
mainly for small island communities (typically need-
ing about 50kW peak load). It is a concept pioneered
by Windharvester in the UK where only a small
fraction of the rated output of the wind turbine is
considered as “firm power” to be used for priority
loads as lights, televisions or computers, which cannot
tolerate occasional outages. Therefore, most of the
rated output is taken up by non-priority loads such as
water heating, refrigerators and freezers or other appli-
cations which can stand occasional gaps in power
availability. Any temporary lulls in the wind are han-
dled by cutting off most of the non-priority load, e.g.
a 50kW system would often require 45kW of non-
priority load. In such a case, if the wind is sufficient to
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produce at least SkW the wind turbine runs and the
diesel is shut down, but if occasional lulls occur such
that the wind turbine cannot meet the priority load of
about 5kW, then the diesel is automatically started.
Load switching is handled by a programmed controller
utilising a micro-processor, i.e. a small computer, fed
with information by wind speed sensors.

Small stand-alone wind electricity generators could
perform important specialised roles in development
(eg. lighting and telecommunications for remote com-
munities in arid regions and on islands, ice production
for fisheries, fresh water production by reverse osmo-
sis, etc). Research and development into autonomous
wind-diesel systems which can operate continuously
together in parallel is quite recent and dates from the
late 1970s. At the present time the technology is close
tocommercial readiness but still remains semi-experi-
mental. A number of successful load-controlled wind-
diesel systems have been installed for island commu-
nities, especially around the UK, but also in Greece,
China and Ireland.

Grid-connected Systems

There has been a massive growth in the use of grid-
connected wind turbines in the last few years, and the
technology has improved considerably in cost-effec-
tiveness as a result. In the early to mid-80s most
development was in connection with wind farms in
California and to some extent in Denmark, but in the

15kW Windharvester, used in wind-diesel systems.

last two or three years countries like the Netherlands,
Germany, the UK and Spain have also started commis-
sioning significant numbers of grid-connected wind
turbines. So far little has been done in developing
countries with grid-connected wind turbines with one
or two exceptions. Among these the main users of
large machines are China and India; both countries
have a major experimental programme to introduce
large windturbines. In both cases machines have ini-
tially been imported from the industrial countries
(particularly Denmark and the USA) but efforts are
under way to start manufacturing wind turbines inboth
China and India.

A problem for many of the developing countries,
located in the tropics or semi-tropics, is that they do not
have such favourable wind regimes as countries in the
more temperate latitudes. However, one or two remote
island communities have particularly favourable winds
and a notable example is the Cape Verde archipelago
which has a number of grid connected wind turbines
serving the grid for the capital, Praia.

In the future wind enectricity will become much
more common also in developng countries. Small
stand alone systems for battery charging, can be a
useful complement to photovoltaics in remote areas.
Windgenerators connected to the grid will be a com-
mon sight in windy regions. Wind-diesel systems still
need some development before they can give power in
remote places, where there is no electric grid.
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Grid-connected "Windfarms" in India.
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Selected Literature on
Wind-pumping

Blankenberg, F. 1983; Implementation of Windmills in Gujarat,
India; Working paper 1; Technology and Development Group,
Twente University of Technology

Brughuis, F. 1991; Wind Energy for the Third World; Working
Group on Development Techniques (WOT), Twente University
of Technology

Dijk, H.J. van, Goedhart, P.D.1990; Windpumps for Irriga-
tion; Consultancy Services Wind Energy Developing Countries
(CWD)

Fraenkel, P. 1983; Wind Technology Assessment Study, Vol 1
and Vol 2, Wind Study Report; World Bank, Intermediate
Technology Power Ltd; UNDP project GLO/80/003 executed by
the World Bank

Gay, B., Bruyere, P., Sarda, J. 1984; Le point sur les eoliennes
de pompage; Les dossiers “Le point sur” No 1 ;1T Dello, Groupe
de Recherche et d’Echanges Technologiques (GRET)

Goedhart, P. 1982; Prospects for small and marginal farmers
in Trichy District (Tamil Nadu, India)to use water pumping
windmills for irrigation; Technology and Development Group,
Twente University of Technology

DGIS 1987; Handbook for comparative evaluation of technical
and economic performance of water pumping systems; Canadian
International Development Agency (CIDA), Food and Agricul-
tural Organization (FAQ), United States Agency for Interna-
tional Development (USAID), Deutsche Gesellschaft fiir
Technische Zusammenarbeit ( GTZ)

Karottki, R. 1986; Windpumps for Mauritania, Report from
Folkecentret visit to Mauritania, 1986; The Danish Centre for
Renewable Energy

Kieft, K., Wisselink, H. 1986; Manual series for the CWD 5000,
part 1, Application manual; Consultancy Services Wind Energy
Developing Countries (CWD)

Kragten, A. 1980; Building instructions for the water pumping
windmill SWD 2740; Department of Physics, Wind Energy
Group, Technische Hogeschool Eindhoven

Lancashire, S., Kenna, J., Fraenkel, P. 1987; Windpumping
handbook; IT Power, Intermediate Technology Development
Group (ITDG), Intermediate Technology Publications

ISBN 0-946688-34-6

Livramento, D.R., Cardoso, D. A., Silva, F. F., Pieterse, N.,
Versteegh, K.1984; Bilateral project between Cape Verde and
the Netherlands “Renewable energies” 1981-1984; Consultancy
Services Wind Energy Developing Countries (CWD)

Lysen, E.H. 1982; Introduction to wind energy, Basic and
advanced introduction to wind energy with emphasis on water

pumping windmills; Steering Committee Wind Energy Develop-
ment Countries (SWD)

Meel, J. van, Oldenkamp, H. 1984; Field performance moni-
toring system for water pumping windmills; Consultancy Serv-
ices Wind Energy Developing Countries (CWD), Wind Energy
Group, Eindhoven University of Technology

Mueller, A.M., Jansen, W.A.M. 1984; Cost analysis of water-
lifting windmills and diesel-powered pumps used in small-scale
irrigation; Consultancy Services Wind Energy Developing Coun-
tries (CWD)

Mueller, A.M. 1984; Farm economics of water lifting wind-
mills, A guideline on economic and financial analyses for feasi-
bility studies; Consultancy Services Wind Energy Developing
Countries (CWD)

Pedersen, D., Vilund, P., Nielsen, C. 1987; Windpump for
Mauritanien II; The Danish Centre for Renewable Energy

Reboulet, M-N. (ed.)1989; Les éoliennes de pompage, Théories,
matériels et réalisations; Le point sur les technologies; Le Centre
Technique de Coopération Agricole et Rurale (CTA), Groupe de
Recherche etd’Echanges Technologiques (GRET), Ministeére de
la Coopération et du Développement Francaise (CF)

Veldkamp, D. 1989; Recommended practices for testing water
pumping windmills; World Bank Technical Paper 100; World
Bank

Vel, J.A.C., Veldhuisen, L.R. van 1981; The Economics of
Small Scale Irrigation with Windmills in Sri Lanka; Steering
Committee Wind Energy Developing Countries (SWD)

Ven, N. van de 1982; Construction manual of 12 PU350 and 12
PUS500 windmills; Working Group on Development Techniques
(WOT)

Ven, N. van de 1982; Technical report 1982, TOOL
Windmillprojects 1977-1981; Technical Development with De-
veloping Countries (TOOL), Working Group on Development
Techniques (WOT)

Vilsteren, A. van 1981; Aspects of irrigation with windmills;
Tecnical Development with Developing Countries (TOOL),
Steering Committee Wind Energy Developing Countries (SWD)

Newsletters on Wind Energy

Windpower Monthly (658/year)
Wrinners Hoved, 8420 Knebel, Denmark
fax +45-86 365 626

Wind Energy Weekly
A weekly bulletin available from the American Wind Energy
Association, Washington DC, on the electronic conference "en.

energy"” on the APC system of networks (green net).

Sources of Windpump Information

IT-power Ltd

The Warren, Bramshill Road, Eversley, Hants
RG27 OPR, UK

fax +44-734-73 00 73.

The Danish Centre for Renewable Energy
(Nordvestjysk Folkecenter for Vedvarande Energi)
Kammersgaardsvej. 16, Sdr. Ydby

DK-7760, Hurup, Thy, Denmark

fax +45-97 95 65 65

TOOL Technical Development with Developing Countries
(They have literature from SWD, CWD and WOT )
Sarphatistraat 650/1018 AV Amsterdam, The Netherlands
fax +31-20-627 74 89

Working Group on Development Technology (WOT)
Twente University of Technology

Postbus 217, 7500 AE Enschede, The Netherlands

fax +31-53-357042

Groupede Rechercheetd’Echanges Technologiques (GRET)
213, rue Lafayette, 75010 Paris, France
fax +16-1-40 350 839
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New Publications from SEI

Clean Production Strategies.
Developing Preventive Environmen-
tal Managment in the Industrial
Economy.

Edited by Tim Jackson

This book describes the emerging preventive environ-
mental managment paradigm. This new approach to
environmental managment focuses on the reduction of
material throughputs, the minimisation of the genera-
tion of wastes, and the prevention of emissions into the
environment of potentially-polluting substances. In
achieving these objectives the emphasis is on appro-
priate design of products, processes, consumption
patterns, and economic activities so as to maximize the
efficiency of use of materials generally, and to substi-
tute for the use of toxic and hazardous materials in
particular. The newer paradigm therefore represents a
conceptual transition - away from reactive and end-of-
pipe strategies - which is of vital importance for
realising national and global goals of sustainable
development.

This cross-disciplinary study, written by a team of
international experts in the field, presents a compre-
hensive examination of the new approach.

CLEAN
PRODUCTION
STRATEGIES

Developing Preventive

Environmental Management
in the Industrial Economy

LEWIS

ISBN 0-87371-884-4; 352 p. USD 60

Available from:Lewis Publishers
2000 Corporate Blvd, N.-W.
Boca Raton, Florida 33431, USA

Household Energy:
Problems, Policies and Prospects.

By Gordon McGranahan and Arne Kaijser

There are many household energy problems which
deserve attention. Energy sector assistance only to-
wards large-scale supply and distribution cannot solve
the problems of the poor. The most obvious mistakein
the way funds have been allocated is that too much
money has been devoted to decreasing the financial
burdens of commercial fuels used by the relatively
well off.

Household energy problems of the poor, such as
stove improvement and biofuel supply enhancement,
have been poorly funded, overly ambitious and at
times ill conceived. For donors there remains a serious
incompability between, on the one hand, the exigen-
cies of large-scale funding and government-to-gov-
ernment cooperation, and, on the other hand the nu-
merous but small-scale initiatives appropriate to as-
sisting the poor.

Many of the activities most needed to alleviate
household energy activities are best addressed through
multisectoral activities, incorporating energy concerns.
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" ‘Household Energy: Problems, Policies and Prospects

= Gordon McGirmmahag andhme Kafser:

ISBN: 91-88116-69-7

Available from SEI; free of charge
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Woodfuel, Women and Woodlots.
Volume 2: The Kenya Woodfuel De-
velopment Programme.

Edited by P.N.Bradley and M.Huby

This book provides an account of the work carried out
in the Kenya Woodfuel Development Programme
(KWDP). Its main area of study surrounds the woodfuel
crises in Kenya, which became apparent through gen-
eral research into the country’s energy supply and
demand.

Volume 2 describes the development programme
that was put together after the initial research phase. It
details the fate of individual components of the pro-
gramme, whilst at the same time teasing out more
general conclusions about the nature and practice of
rural development. By comparing and contrasting
customs relating to wood production through
agroforestry and the gathering of woodfuel, two areas
which in the western Kenyan case are not necessarily
related, local farmers and the programmes develop-
ment agents put together an innovative development
challenge. The success of this programme bears testi-
mony to the flexible and painstaking way in which this
rural consensus was constructed.

VOLUME 2 B
; -

The Kénya Woﬁdj_,fy{el Development

\Progrdmpt
- e i

ISBN: 0-333-54803-5; 274p. £14.50 + postage

Available from: Macmillan Press, Distribution

Houndmills, Basingstoke, Hampshire
RG21 2XS, England

Rural Electrification in Mozambique,
Tanzania, Zambia, and Zimbabwe.
Synthesis Reportfromthe SEI/BUN
Workshop on Rural Electrification.

Editor Gerald Foley

The objectives of the workshop was to review the
present state of rural electrification in four countries in
Africa, and identify problems, potential solutions and
promising new approaches. Within this framework, it
was intended that special attention should be given to
bio-electrification (the production of electricity using
biomass fuels), and the potential role of solar, wind
and small hydro in the production of electricity for
rural use. Position papers were presented by delegates
from each of the countries represented. Additional
special topic papers were presented by resource per-
sons. The conclusions and recommendations of the
workshop are presented and discussed, in this synthe-
sis report.

The workshop was organized jointly by SEI and
Biomass Users Network (BUN). It was sponsored by
the Swedish International Development Authority
(SIDA) and held in May 1992 in Nyanga, Zimbabwe.

bn in Mozambique,
Lgkand Zimbabwe

- f
Synthss“i; Repor/ il the SEI/BUN Workshop
on.Rural Eledrjfic pn

Gerald Foley {ed i!?r)

ISBN: 91-88116-66-2

Available from SEI; free of charge
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The Stockholm Environment Institute is an international research organisation specialising in environmental
management and technology. The main themes of its activities are presently environmental resource
management including energy, water, soil and vegetation, environmental technologies such as clean
production, technology transfer, waste management and agricultural biotechnology, environmental impacts
including greenhouse gases and climate change, acid deposition, impact assessment and urban environments,
and environmental policy and management including issues surrounding ethics, common property resources
and environmental economics.

A major component of SEI’s energy programme is related to energy utilization and technologies in the Third
World. Studies are carried out in close cooperation with local institutions. The programme, which is funded by
the Swedish International Development Authority (SIDA), consists of six areas: Urban Energy, Rural Power,
Household Energy, Energy Planning, Energy Efficiency, and Technology Information.
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