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Foreword
There is no doubt that lhe greatest lhreat to

Africa's environment is the removal of the tree cover.
Today, agricultural clearing, charcoal production and
fuelwood collecting are removing trees from Kenya's
landscape at an alanning rate. Woodfuel shortages are
already realities in many parts of the country. Mean
while, unstable prices of fossil fuels frustrate budget
planners who must allocate badly nceded foreign ex
change to purchase petroleum. Especially affected by
this energy crisis are the rural people who make daily
trips in search of fuelwood and lhe urban poor who line
up in queues to buy parafin.

However, Kenyans are beginning to use practical
melhods which prevent wood shortages as well as alter
natives to fossil fuels. Food production and tree planting
tasks arc integrated to produce higher agricultural crop
yields and such tree products as fertiliser, fodder, fire
wood and building poles. Various energy requirements
are also being met by plentiful local renewable resources
such as sunshine, wind, agricultural wastes and hydro
power.

This book began as an attempt by the Kenya Re
newable Energy Development Project (KREDP, a
USAID-funded project assisted by Energy/Develop
ment International under a technical service contract in
the Ministry of Energy and Regional Development) to
describe and catalogue renewable energy systems now
being used in Kenya.

The project was later reviewed. broadened in
scope. and extended wilh financial assistance from lhe
Canadian High Commission to include a greater number
of projects, more details on the tcchnologies and basic
information on how to start projects.

Motif Creative Arts joined these efforts and un
dertook major responsibilty to design. illustrate and

publish lhe book. Working closely with lhe author. Mr.
Hankins, Motif Creative Arts was able to incorporate
substantial improvements to make the book suitable and
useful bolh in lhe classroom and outside.

The book presents realistic renewable energy
choices now available to farmers. schools and small
bu~iness in rural Kenya. It also serves as a valuable
information resource for government. NGO and public
sector agencies concerned with energy. lbrough eight
chapters. lhe books first presents basic principles and
useful applications of each renewable energy system. It
then guides readers to local projects which. as concrete
examples. will help them evaluate the utility of each
renewable energy to their individual needs and re
sources.

For lhe first time. Renewable Energy in Kenya
presents the full range of appropriate energy technolo
gies in a readable form for local secondary and polytech
nic students. As renewable energy is now part of the 8
4-4 syllabus. this book is a timely reference for teachers
and students in the subject area. By expanding the
awareness of renewable energies the book will increase
the adoption rate and use of these technologies. In so
doing. it will be a positve contribution towards solving
the energy and environmental crises in Kenya.

The publication of this book is the culmination of
a tremendous personal effort by the author. Mr. Mark
Hankins. for which he should be highly commended. It .
is my hope that he will begiven the opportunity to update
and expand the contents of the book periodically in order
to sustain its future usefulness.

Professor Amare Getahun
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Energy and Development 1

Traditional Sources of Energy
All traditional / rural societies originally

depended on locally available renewable energy sources.
Energy was gathered or harvested nearby; none was
imported. Traditional societies made use of solar
energy, wood and charcoal, plant and animal wastes, and
human and domestic animal power for all of their
energy needs.

Most energy was (and still is) spent in the
preparation of food. Cooking tasks used wood, charcoal
or plant wastes. Agricultural, pastoral, and fishing and
hunting activities made use of human or

animal power. Crops were dried using solar energy and
then cleaned, processed and ground by human muscle
in the home.

People travelled on foot, by boat or by animal
power. Goods and water were transported on foot or
using animals. Communication relied on messengers
who travelled on foot.

Table 1.1 shows how traditionally, in the
absence of large transport and industrial energy
requirements, all energy supplies were renewable and
locally available.
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Meeting Modern Energy
Needs

As Kenya developed, the energy needs of
Kenyans changed. Although wood still serves most of
the country's energy requirements, there are important
differences between today's energy consumption patterns
and traditional energy needs.

Modem living styles require more energy.
Transport services, industries, hospitals, and schools
consume much energy while providing goods and
services that improve our lives. Today, urban areas
must "import" much energy from other parts of the
country or from outside the country. In fact, simply
keeping up with the energy requirements of the rising
population makes considerable demands on the
environment and economy.

The National Energy
Consumption

In 1980, a study of energy use in Kenya was
undertaken by the Ministry of' Energy and Regional
Development and a division of the Swedish Academy of
Sciences called the Beijer Institute. Some of their
conclusions about energy use in Kenya are summarised

- in Tables 1.2, 1.3 and 1.4.

Who Uses Energy?

1. Rural households, which make up 85% of the
population, use the highest portion of Kenya's
energy. This includes 72% of the country's
fuelwood. Typically a family of eight uses

2.

3.

4.

5.

over 20 kilogrammes of wood per day for
cooking and heating water.

Urban households place a great demand on the
nation's charcoal supply, consuming about
50%.

Almost all of the transportation sector's
energy takes the form of petroleum products.
Transportation uses about 56% of the country's
annual petroleum demand.

Although its overall use of energy is small, the
commercial/institutional sector uses a large
portion of the country's grid electricity (22%).

Agriculture, which supplies 1/3 of the
country's Gross Domestic Product (GDP) and
employs 3/4 of the country's labour force, uses
only 2% of the country's fuel. This is
misleading, however, because these figures
include measurable energy only (wood,
charcoal, electricity, petroleum, etc.) while.
agricultural work includes a lot of
unmeasurable energy. Agriculture uses
animate energy (energy supplied by domestic
animals and human power) which is difficUlt to
measure. However, a study in Somalia put
domestic animal and human power at 2-3% of
the total energy demand, on par with electrical
energy consumption. In fact, animate energy
is the backbone of Kenya's agricultural
production. Agricultural 'processing also
makes use of solar energy which is not easily
measured.

The figures in table 1.3 show the sources of fuel
the population and industries in Kenya use for their
energy requirements. Rural households use most of
Kenya's fuel energy ~d so it follows that their main

2

source of energy, fuelwood, is the country's most
significant source of energy. - Urban households
contribute to this demand by their use of charcoal.



Petroleum products are quite costly. Table 1.4
shows how the prices of crude oil have changed over the
last 27 years. Kenya imports crude oil and produces
such products as kerosene, petrol, diesel, jet fuel and
liquid petroleum gas (LPG) at the Mombasa refinery.

The recent fall in the price of crude oil has helped
Kenya's economy by lowering the amount of foreign
exchange spent to import each barrel of crude oil.
However, in the next twenty years, prices of petroleum
are expected to rise again to 1982 levels.

Domestic Uses of Energy

Conserving and developing new sources of
energy for households will save much time and money,
as most of Kenya's fuel energy is used in households.
The most important household uses of energy are
described below.

Cooking, Space and
Water Heating

Wood and Charcoal. Today in many places, Kenya's
energy crisis is the woodfuel slwrtage. In densely
populated areas (Le. Maragoli, Nyanza, Embu) most
people cook with wood or agricultural wastes. Women
spend much time walking long distances in search of
fuelwood.

In cities, most people cook with charcoal.
Wood is scarce in towns because it cannot be
.economically transported over large distances. Charcoal
is more convenient than wood and is more suitable for
urban ,use, but it is' expensive for those with limited
incomes.

This book describes improved charcoal and wood
stoves which save time and money spent collecting
fuels. Improved kilns and kilning methods, which help
prevent shortages of charcoal by more effectively
converting wood resources, are also discussed.

. Furthermore, methods of increasing woodfuel (and tree
product) resources are outlined.

Paraffin (Kerosene), Liquid Petroleum Gas (LPG) and
Electricity. Some Kenyans (mostly in towns and cities)
rely on paraffin, LPG or electricity for cooking and
heating. Paraffin and LPG are both imported petroleum
products. Electricity is produced locally by
hydroelectric plants, geothermal plants or oil-fired
generators.

Use of paraffin and LPG for cooking places no
strain on 'the environment (no trees are cut down).
However, the prices of paraffin, LPG and the stoves that
use them are quite high. Few people can afford paraffin
or LPG gaS for cooking. Also, because Kenya already
spends much of its foreign exchange on petroleum
products, it is expensive for the government to support
cooking with paraffin or LPG. '

Use of mains electricity for cooking also costs
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the government considerable foreign exchange.
Although electricity is produced locally by hydropower
stations and geothermal power stations, their major
costs consume large amounts of foriegn exchange.
Large hydroelectric dams also have adverse effects on the
environment They may cover agricultural land, they
may affect downstream ecosystems and they may be a
breeding ground for diseases.

Using electricity for cooking is quite costly for
individuals. In comparison with lights or radios,
electric cookers use very high amounts of electric
power. As the rates go up, many people find that
cooking and heating water with electricity is
prohibitively expensive.

This book describes renewable energy systems
which can be used for raising thermal energy, such as
waste biomass, biogas digesters and solar water heaters.
These devices are already replacing wasteful or
unnecessary uses of petroleum and electric supplies.

Energy and Water Supply
Only 6% of Kenya's population is presently

served by piped water. The Ministry of Water
Development is very hard pressed to meet the rest of the
population's needs. While piped water development
projects continue, most of Kenya's population must
expend energy on a daily basis to pump, draw or carry
water for their needs.

People need water for drinking, preparing
food, and for hygienic purposes. A minimum amount
of clean water is necessary for healthy living standards.
Livestock consume large amounts of water. The more
animals there are on a farm, the more water is needed.

In semi-arid areas,. water is often deep below the ground
surface, and must be pumped up into troughs for'
animals to drink.

Water is also required for irrigation purposes.
Small garden plots use small amounts of water to
produce green vegetables during the dry season. Large
scale irrigation projects require great amounts of water
in order to grow food crops at a profit.

Sources of water in Kenya vary with the climate
of the area. Cities and developed rural areas often have
piped water. Many institutions, schools, hospitals and
small farmers collect water by rain catchment. . Rain
catchment with storage tanks is an excellent way for
isolated communities to get clean water. Other people
get their water from nearby lakes, streams, rivers or
springs. Boreholes and wells are the most common
sources of water in drier areas of Kenya.

:pumping and carrying water consumes time and
energy. Human,. animal and diesel power, as well as
rain catchment, are the most common solutions to the
problems of obtaining, lifting and transporting water
today. This book discusses several renewable energy
powered devices that help supply water for rural'
communities and individuals. These include
windpumps, hydraulic rams, turbopumps and solar
pumps.

Energy and Lighting
In rural households, over 90% of the fuel burned·

is used for such thermal applications as cooking,
heating water and space heating. The remaining energy
is mostly used for lighting. Whereas most of the
daylight hours are hot and reserved for working, the

Common Methods of Supplying Water
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evening is cool, relaxing and a good time to study, read
or engage in other productive work. Without adequate
lighting, studying is not possible. Good light enables
people to study, plan and do work at night.

Very few rural Kenyan homes have generators or
mains power. Almost all lighting needs are met by
such paraffin powered devices as hurricane lamps or
simple wick lamps. Currently, paraffin is the cheapest
lighting fuel. In fact, it is the only low-cost soJution
to the rural lighting problem presently in use. But
paraffin is relatively expensive over the long term, and
often in short supply.

Methods of supplying electricity for lighting,
refrigeration and small appliances with renewable
energies are discussed in several chapters of this book.

Energy and Agriculture
The Beijer Institute study results show that

agriculture uses only 2% of Kenya's fuel energy
demand. However, most of the energy input in small
farm.1l is animate energy or some other energy .input
which is difficult. to quantify. Only very large farms
can afford such agricultural machinery as tractors or
threshers.

A major challenge for the Kenyan farming
system is to keep food production rates up with the
population growth rate. This is necessary in order to
keep the country self-sufficient in food production.
However, today agricultural land is severely limited, and
expanding agriculture to semi-arid areas has proved to be
difficult.

Increasing energy inputs to the land is an
important way of increasing agricultural production.
This involves making use of better tools, fertilisers and
land management techniques.

Fertilisers
Fertiliser is a crucial input for agricultural

production. Making nitrogen and other important
elements available to crops consumes much energy.
The commercial fertilisers commonly applied to coffee
and maize fields are made from petroleum products
using processes that consume large amounts of energy.
When farmers apply commercial fertilisers to crops they
are using energy-intensive crop production methods.

. The prices of commercial fertilisers are linked to the
prices of imported petroleum products.

There are other effective ways of fertilising
farmland. Animal wastes and crop residues are humus
rich fertilisers now widely used by farmers to improve
the soil. They can be made even more effective as
fertilisers by treating them in biogas digesters or by
composting them.

Additionally, the types of crops planted in
seasonal rotations. and the types of trees planted on
farmland have an effect on any soil's productivity.
Legumes such as beans and groundnuts make nitrogen
available in the soil and are thus commonly planted in

. between crops of maize or potatoes in 'shambas allover
the country. Trees also help improve the soil.
Leguminous trees, when planted in agroforestry systems
(see Chap. 3), fix nitrogen. and bring other nutrients
below the top soil to the soil surface.

The tools a farmer uses should be fitted to the needs of
the shamba and the resources available to pay for them.

Sources of fertilisers are thus not limited to
costly commercial ones. Animal wastes and
leguminous plants can both supply nitrogen to
agricultural crops in a continuous solar-powered cycle.

Tools
. The tools a farmer uses also have a great effect'

on a farm's output. Obviously a tractor can ptepare
much more land than a single farmer with'ajembe. But
tractors are very expensive and often unsuitable for
small farms. The tools a farmer uses must therefore be
fitted to the needs of the shamba and the budget.

Much has been done with domestic animal
power to improve the output of small farms.. Cattle or
donkeys are used to plough fields, to harvest and to
transport crops short distances. Animal power is also
used to raise or pump water for irrigation and to process
crops. It can thus be used to increase a farm's
production by replacing human labour and expanding
the amount of land under tillage. The number of
animals a farm can support is limited by the amount of
feedstock available, but can be increased by improved
farming practices.

Human power can also be. more efficiently used
in agriculture. High quality, simple tools speed up the
work of processing and harvesting crops. Devices such
as handpump bring ground water to the surface, making
irrigation of small plots possible (while saving time
spent searching for water). The more tools and skills a
rural farmer has at his or her command, the more
productive and profitable the farm is.

In summary, it is up to the young farmers in
Kenya today to improve their agricultural output and
thus meet the needs of the growing country. Their
choices of mockrn, affordable farming tools and
methods, and their creativity in solving the individual
problems will help determine Kenya's future food
situation.

5



This' book describes several farming tools and
methods which make use of renewable energies for
farms. Agroforestry and biogas digesters, in particular,
are fuel producing systems which help increase crop
production.

Energy:
Forms, Conversions and
Efficiency

Energy, measured in joules (J), watts (W) or
calories (Cal), is defined as the ability to do work. It is
not the purpose of this book to explain in detail the
physical theories of energy. However, an understanding
of a few general principles of energy and a good
understanding of energy forms, conversions and
efficiency are essenti~ to make use of renewable
energies.

Energy Forms
Energy comes to us in various forms, some of

which are easier to make use of than others. Five
important forms of energy which we make use of every
day include chemical, heat, mechanical, electrical and
radiant energy.
Mechanical energy is kinetic energy in moving
objects. The turning shaft in a posho mill, a bicycle

moving down-hill and running water all" contain
mechanical energy. Machines accomplish mechanical
work.

Chemical energy is the energy stored in chemical
bonds between atoms. Wood, maize, petrol and dry cell
batteries all contain chemical energy. Fuel energy is
stored chemical energy.

Heat energy is the energy in fast moving molecules.
A fire gives off heat energy. The brakes of a bicycle,
when applied, convert the mechanical energy of the
moving bicycle to heat energy on the brake pads. Heat
energy dissipates rapidly and is hence difficult to store.

Electrical energy is the energy contained in currents
of moving electrons in wires. One of the most
adaptable forms of energy, electricity can be used to do"
many tasks (from lighting to ironing to powering
machines): Electrical energy must be converted to
another form of energy (i.e. chemical energy in
batteries) before it can be stored.

Radiant energy is the energy contained in light
waves. Solar energy arrives as radiant energy. Plants
make much use of radiant energy by photosynthesis,
storing the sun's energy as chemical energy in the form
of sugars, starches, cellulose and other organic
compounds.
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Conversions
When any work is done, energy is converted

from one form to another. Our bodies convert the
chemical energy stored in food to mechanical energy
(when walking, for example) and heat energy. A jiko
converts the stored chemical energy in wood to heat and
radiant energy. The engine of a moving lorry converts
chemical energy in petroleum to mechanical energy and
heat energy. A light bulb converts electrical energy to
radiant and heat energy.

It is usually easier to convert "higher" forms of
energy to ltlower" fonns of energy than it is to convert
lower forms of energy to higher forms of energy. For
example, it is quite easy to convert electrical energy
into heat energy (using -resistors), but much more
difficult to convert heat energy into electrical energy.
Similarly, it is easy to convert chemical energy into
heat energy, but much more difficult to ~onvert heat
energy into chemical energy. Heat is often referred to as
a low grade energy. There are two rules which govern
all energy changes and transfers:

Every time energy changes its state,
it changes from its original state to more

than one different states. In the case of chemical
energy in burning firewood, energy is converted to both
radiant and heat energy. In the case of a generator,
mechanical energy is changed into both electrical and
heat energy. This means that unless we are able to use
all of the foons of energy produced, some of it will
always escape unused in any conversion.

Every time energy is transferred,
some of it is lost. If electrical energy is transferred
.through wires over a distance, some of it is lost as heat
in the wires. If mechanical energy is transferred by
means of belts or gears, some of it is lost as frictional
heat in the gears. If radiant energy is transferred using a
mirror, some of the energy is absorbed on the surface of
the mirror. If heat is transferred from a fire to a cooking
pot, some of it always escapes to the outside air as
radiation or in convection currents. These rules describe
tW() types of devices:

Change of state devices which convert 
energy from one form to another.

Energy transfer devices which move a
fonn of energy from place to place.

Energy Efficiency

The energy efficiency of any device is a measure
of how much of the potential energy available is
actually used to do a given task. How much of the
energy stored in petrol is actually used to power a
vehicle, instead of escaping as unburned exhausts? How
much of the electrical energy in a wire is converted to
light in a bulb, instead of escaping as heat?

In this book, the efficiency of many renewable
energy devices is given as the percentage efficiency.
This is the actual delivered energy divided by the total
potential energy available times one hundred.

actual delivered energy
Percentage efficiency =:- x 100

total potential energy

7



Energy Flow in a 3 Stone Fire

Some energy-using devices are more efficient than
others. The way we use devices such as jikos, engines,
cookers and pumps has a great effect on their efficiency.
If we are' conscious about which type of energy
consuming devices we use and how we use them» we
will use less fuel and save money spent on fuel and
time spent searching- for fuel.

, Energy-efficient engines do more mechanical
work per litre of petroleum. Energy-efficient light
bulbs give off more light per watt of electricity.
Energy-efficient jikos supply more heat to the pan per
kilogramme of woodfuel.

1· 9.9% of heat

\~
energy escapes
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The above example demonstrates the potential
savings of an improved energy;.using device. The
Kenya Ceramic Jiko has already saved a great amount of
'charcoal in this country. Throughout this book,
efficiencies of energy devices such as stoves, windmills,
hydro turbines and solar devices are given. It should be
obvious from this example that efficient change-of-state
devices have many advantages over inefficient ones.

Efficiency is not always the most important
factor in determining whether a renewable energy device
should be used. The hydraulic ram, for example, which
pumps water for irrigation or domestic uses, is not very
efficient. Neither are most wind pumps or solar electric
devices. But hydraulic rams, windpumps and solar cell
modules extract useful forms of energy (mechanical or
electric) from plentiful resources (solar, wind). Most
people do not find it necessary to use efficient stoves
when wood is plentiful. Efficiency, therefore, becomes
more important as energy sources become less
available,or as they increase in price.

Energy Use in
Boarding Schools

Schools in Kenya prepare students for their
future vocations. What students learn in primary,
secondary and polytechnic schools must be useful to
them throughout their lives.

The energy crisis is a major problem facing
Kenya today. The Ministry of Education is encouraging
teachers to cover this problem in science, home
economics, agriculture and industrial arts syllabi (there
are many questions on the KCE regarding solutions 'to
the energy crisis). But theoretical knowledge is not
enough. Because' schools are energy users (~d often
energy wasters) it is important that students learn
practically how to solve the energy crisis in school. '

Schools are places where conservation and
renewable energy projects can be demonstrated on a
local basis. Renewable energy solutions should be
spread from schools, institutions 'and polytechnics to
communities. In short, schools can lead communities
to better conservation practices and renewable energy
solutions by practical demonstration.

The ways in which boarding schools meet their
energy requirements reflect the way in which the
surrounding community solves its energy needs. Where
does the wood your school uses to cook with come
from? Who carries it? Where does the water come
from? What do you use for lighting? As shown below,
many schools presently do not make much use of
energy conserving practices.

Cooking Meals
Most schools in Kenya use wood for cooking.

Some schools gather wood from the nearby bush, and
this wood is carried by students (usually girls). Some
schools buy wood by the pick-up or lorry. This wood
is brought from other areas, and is quite expensive.
Very few schools plant trees for their own cooking use.

Schools typically cook their food over open
fires or on very simple stoves. Often the cooking pots
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are uncovered and the cooks make no attempt to save
wood. Heat is. wasted by inefficient cooking practices.
Wood is wasted. Some schools have improved stoves
(such as Alpha Laval cookers) which help save energy.

Schools in urban areas most frequently use gas
for cooking. They may also use wood (if there is a
nearby source) or charcoal. Electric stoves are too
expensive for institutional use. City schools tend to
use better cooking equipment and methods than rural
ones because they are concerned about the high cost of
their cooking fuels.

Improved institutional stoves such as the
Bellerive Institutional Stove offer a way to save
significant amounts of money spent on woodfuels.
More than 250 such stoves have been installed in
institutions allover Kenya (see Chapter 3).

School Water Supply
Depending on their source of water; rivers,

ponds, wells, boreholes; rain catchment or pipes,
schools have various ways of bringing water to the
compound.

Many schools have large storage tanks which
store rainwater, piped water or pumped water for several
months at a time. But, often there is not enough rain
or piped water to supply the school's needs.

Most rural students have' had to spend some
time during their school years carrying water from
nearby streams', rivers, wells or water holes. Time
spent fetching water might have been spent studying,
and the more time spent fetching water, the more lost
studying hours.

Diesel pumps are used, by some schools to
pump water from streams, wells or boreholes into
storage tanks, but buying and maintaining diesel
pumps is expensive for small schools.

Rain catchment is the most successful water
supply method presently in use. Large storage tanks are
necessary in areas where rain only falls for a few'
months. The larger the storage capacity of the' tanks,
the more study time saved for students.

Lighting and Electrical
Equipment

Quality lighting is crucial for the success of
night-time studies at boarding schools. Two types of
school lighting common in Kenya 'are (1) electric lights
powered by mains or generators and (2) pressure lamps
powered by paraffin. Large schools have mains (if they
are near to a town or city) or generators. When mains
are very far away, diesel generators used to be the only
electrical alternative available. However, they must be
maintained and serviced regularly and diesel must be
bought and delivered regularly. Over the long term,
generators are quite expensive for lighting.

Paraffin pressure lamps are relatively cheap in
initial cost. However, they do' not last for a long time
(-two years). They have many spare parts that must be
replaced constantly (mantles, glass covers). The light
they give off is neither high quality nor ·consistent.
Aside from the other mentioned problems, pressure
lamps are expensive for lighting many classrooms if
only the monthly cost of paraffin is considered.



Radio and television offer educational
programmes that can broaden the scope of a rural
student's knowledge considerably. Slide and film
proJecters also have valuable potential for educational
purposes. Electrical equipment for experiments gives
students studying physics, chemistry and biology an
advantage in those subjects. All of these must
somehow be powered.

Presently, solar electricity powers lighting
systems for more than 25 schools in Kenya. Solar and
wind generated electricity both have a high potential for
supplying small electrical needs such as lighting in
remote institutions. (See Chapters 5 and 6).

Hot Water
Institutions need hot water to keep a minimum

standard of hygiene. Because many people occupy the
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same place (Le. dormitories), diseaCies can spread
quickly if a high standard of hygiene is not kept.
Dormitories, showers, kitchens and latrines should be
kept clean, and hot water can effectively clean these
places. .

Most schools in rural Kenya do not make
much use of hot water. The hot water that is used is
usually heated inefficiently over wood fires. The main
reason. hot water is not used is because it is too
expensive for the limited budgets of small schools.

Improved stoves make it more economical for
schools to provide hot water for their students. Solar
water heaters have been installed in hundreds of Kenyan
institutions to cheaply provide hot water. .

.... ", ,I.
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General Introduction
to Renewable Energy

Renewable and
Non-renewable Energy

2

People collect various fonns of stored energy 
every day and use them for various energy requirements.
We gather woodfuel or we buy charcoal. We buy
paraffin for evening lighting. Each form of -energy
comes from a particular source. Woodfuel comes from
trees. Paraffin is refined from crude oil that comes
from the Middle East. Mains electricity comes from
hydroelectric power stations, geothermal power stations
or oil-fIred generators.

Sources of energy are either (1) constantly being
replaced as they are used or (2) constantly becoming
less plentiful as they are used up. Thus, all- sources of
energy can be divided into _two types: Renewable
energies and conventional energies (non-renewable
en~rgies). The supply of renewable energies is
unlimited over the long term, but the supply of
conventional energies is limited. In other words,
conventiohal non-renewable energies will be used up, or
depleted, eventually.

Conventional Energy
Sources

Non-renewable energy sources include fossil
fuels, some types of geothermal power and nuclear
power. These resources are made by natural processes
that take many millions of years. Presently, they are
being used by man at a rate that is much faster than the
rate at which they are formed. Once they are depleted
there will be none left. Kenya makes much use of
fossil fuels and geothermal power.

Fossil Fuels
Fossil fuels are made of carbon compounds from

organisms that were living many thousands of years
ago. Changes in the earth's surface, sedimentation and
high pressures underground fossilised ancient plant
remains. Thus, biomass is changed _into petroleum
compounds over many centuries. Deposits of
underground fossil fuels are found in such parts of the
world as the Middle East and North America.
Unfortunately Kenya has no known deposits of fossil
fuels on its land.

There are three forms of fossil fuels that can be

found naturally: solid, liquid and gas. Kenya makes
most use of liquid fossil fuels distilled from crude oil.
Paraffin, petrol, diesel, ·motor oils and jet fuel are all
made from crude oil. Kenya's transport industry
depends on liquid petroleum products.

Fossil fuels are also found underground in the
form of gases. Natural gas is the name for the gas that
is piped to the earth's surface and used for cooking and
heating. Natural gas, made of mostly butane and
propane gases, is liquified under pressure and stored in
metal cylinders. These cylinders are sold in Kenya as
Liquifted Petroleum Gas (LPG).

The most common solid form of fossil fuels is
coal. Kenya imports coal (the cheapest fossil fuel) for
use in the manufacturing of cement. Coal is

.commonly used for heating in cold climates. Tar sands
and oil shale, from which petroleum products can be
derived, are two solid forms of fossil fuels that are
found in Kenya.

Geothermal Power
Geothermal power makes use of heat energy

from the mantle of the earth stored in underground
pockets. Bodies of steam collect underground at high

-tem~ratures (150-4000 C) in certain parts of the earth's
crust. This steam, if -tapped, can be used to drive
turbines that generate electriciti. It can also be used to
provide heat for drying or other industrial purposes.

Geothermal power can only be tapped in certain
areas. These areas usually are places where there has
been some history of volcanic activity. In places such
as the Rift Valley, heat flow from the earth's mantle to
its crust is much greater than normal. The Olkaria
Geothermal Plant near Nakuru, an example of such a
place, supplies almost 20% of Kenya's electricity.

Once an appropriate site is found, -holes are
drilled into the underground steam source. -A power
station with turbines is constructed on top of the steam
vents, and the electric power generated is then carried by
the grid to places where it is needed. Because there are
a number of sites from which geothermal power can be'
extracted in Kenya, the government has plans to install
several more geothermal power stations for electrical
generation.
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Nuclear Power
Nuclear power harnesses the immense amounts

of energy found inside the nucleus of certain radioactive
elements. The power generating process requires
uranium which is found in South Africa, North
America and Asia as a raw material. Nuclear power
plants produce large amounts of electricity, but they are
very expensive and technologically advanced. They also
produce a hazardous radioactive waste which is difficult .
to dispose of. Because of the hazards, the high
technology required, and the large expense, nuclear
power plants will not be feasible in Kenya in the near
future.

Renewable Energies

Renewable energies are the result of various
forces constantly at work in our environment. The
regular heating and cooling of the earth's atmosphere by
the sun causes movements of high energy wind. Rain
water and spring water fall and move downhill releasing
much energy on their trip. towards the ocean. Forests
and crop land capture energy from the ·sun by
photosynthesis and store it chemically in wood and food
crops. Direct sunshine radiates the earth with much
energy which is felt as heat. Solar energy powers all of
the weather cycles on earth, and thus all renewable
energies can be traced back to the sun.

Biomass Energy
Green plants use solar energy to chemically .

convert carbon dioxide and water into sugars in the
process called photosynthesis. These high energy
sugars are stored in the organic material called biomass
that makes up the bodies of all living things. Wood,
charcoal and animal waste are important biomass fuels.

Wind Energy
Wind results from movements of the atmosphere

which are caused by uneven heating and cooling of the
earth's surface. At any given time; half of the earth's
surface is being heated by the sun. The atmosphere
warmS and expands on the sunny side of the earth.
Meanwhile, the atmosphere on the dark side of the earth
cools and contracts. Interactions between these cooling
and heating air masses over the oceans and continents
produce moving currents of air which contain large
amounts ofenergy. Wind energy is captured and used
by sails on boats or by windmills.

Hydropower
The water cycle unleashes vast amounts of

energy. Water heated by the sun evaporates from the
surface of oceans and lakes. This water vapour rises and
fonns clouds. Clouds store energy in the form of
condensing rain water which falls, collects in streams
and rivers, and is pulled towards sea level by gravity.
The energy contained in moving water can be harnessed
in huge applications such as hydroelectric dams or in
smaller applications such as hydraulic rams.
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Direct Solar Energy
Biomass,~ind and hydro power are all indirect

forms of solar energy. The solar radiation (sunshine)
that falls upon and heats the earth's surface is also an
important renewable energy. Direct solar radiation
shines upon exposed objects, an~ they absorb the
radiation and heat up to produce useable energy. Direct
solar radiation has long been used to dry food crops,
clothes and animal skins. Kenya has more direct solar
energy than most countries because it is located on the
Equator. Direct solar energy has the potential of
serving much of Kenya's heating and electricity needs.

The Supply
of Renewable Energies

Renewable energies are constantly being
produced and their long-term supply is great. However,
they can only be used as fast as they are' generated.
Wind energy can only be used at the rate the wind
blows. Hydro power can only' be used at the rate that
streams flow. Solar energy can only be harnessed at the
rate that the sun shines.

If there is no wind in a certain area, wind energy
is not a very good choice as a source of energy. If there

l

are no fast moving rivers or streams, hydro power is
not· an option. If it is cloudy most of the time, direct
solar will not help solve energy problems.

Is woodfuel a renewable energy? Energies are
only renewable if they are used ata rate that is the same
as or lower than the rate they are generated. However,
in Kenya trees are now being cut down faster than they
can grow. Wood energy sources are not able to renew
themselves. More trees must be planted and cared for
and forests well managed if wood is to be considered a ,
permanent renewable resource in Kenya.

Cypress plantation at Moi University, Eldoret. Good
management of forests and plantations will make wood a
permanent renewable resource.



Why Renewable Energies
Are Appropriate For'Rural Areas

Renewable energies make use of local
, resources. Renewable energy (RE) systems harness
biomass, sunlight, wind or moving water. Depending
on what is locally available, various systems can be
used. Many REs are adaptable so that they can make
use .of a variety of local materials. Local.labour is also
used extensively to manage RE systems. The most
successful renewable energy projects make maximum
use of local materials and labour.

Renewable .energies increase rural employ;.
ment opportunities. Construction and maintenance
of REs demand the involvement of many people. REs
often require specialised skills and therefore many
people are trained and employed to manage them. This
creates employment in rural areas.

They help protect the environment. Renewable
energies do not pollute, the environment. Wind, hydro
and solar energies are clean sources of energy. Solar
energy can be used to replace wood energy presently
used for heating and cooking, reducing the strain on tree
resources. Biogas digesters, help protect the
environment by producing a fertiliser which improves
the quality of the soil. .

Ren~wable energies sa~e foreign exchange.
At present, a large portion of Kenya's foreign exchange
is spent yurchasing petroleum. Any renewable energy
whIch replaces a need now served by petroleum will
save Kenya money. Solar water heating replaces oil
fired boilers. Wind powered pumps replace diesel
generators. Solar electric lights replace paraffin
lighting. Biogas replaces LPG gas. The more
renewable energies in use, the greater the foreign
exchange savings.

Renewable energies can meet demand
scattered over 'large 'areas. Because they make
use of local resources; REs are appropriate for areas that
are far from the mains or petrol/diesel/paraffin pumps.
Power sources such as solar electricity or windmills are
more reliable than power distributed over long distances
by lines which may be knocked down during stonns.

Renewable energies improve the standard of
living. REs save work such as collecting flf~wood
and carrying water, thus enabling people to do other
useful work. They also provide cooking gas, lighting,
hot water, and/or power for milling and grinding

. machines. The services and products provid~d by
renewable energies can make an area more self-
sufficient. .

Collecting fuelwood in Machakos.
As firewood becomes scarcer people must sR.end

increasifY! amounts of time searching lor it.
The task ofcollecting firewooa falls

heavily upon wornen and small child'ren.

Biomass Sources of
Energy

Biomass fuels are organic materials that can be
burned or fermented in order to make use of the
chemical energy they contain. Examples include wood,
charcoal and plant wastes which are burned directly as
fuel, and animal wastes and sugar cane juice which are
fermented to produce burnable fuels. Biomass fuels are
products of photosynthesis, a plant activity that stores
solar e.nergy. Thus, all biomass energy has its origin
as solar energy. .

Fuelwood and Charcoal
Woodfuel (fuelwood and charcoal together) is

Kenya's most i~portant source of energy. More than
70% of the country's energy is directly supplied by
fuelwood or charcoal. In rural areas, woodfuel cooks
meals, heats water and provides space heating during the
cooler seasons. In urban areas, most people cook with
charcoal, a wood product. Both large and small
industries use woodfuel to provide heat needed for
various processes. .

Woodfuel energy is considered renewable because
the trees that are cut down for use as fuel' can·be
replaced by other growing trees. Branches cut for use in
fires grow back. Historically, there were no shortages
of wood because trees in forests replaced themselves
faster than they were cut.

However, growing populations demand increasing
amounts of wood energy. Today in Kenya, trees are
being cut down at a faster rate than they can grow.
Woodfuel has become scarce in many parts of the
country. As forests are cut down faster than they can
replace themselves, wood energy resources are being
depleted. It is increasingly important for people to
manage wood energy sources so that woodfuel remains
renewable.
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Making proper use of woodfuel as a renewable
energy in order to ensure that there is always enough
woodfuel for everyone involves two separate tasks:
Increasing wood energy supplies and using wood and
charcoal fuels efficiently.

Increasing Wood Supplies
To increase wood supply, trees must be planted to

replace those that are cut down. The cutting of forests,
plantations, and trees on farms must be well managed
so that optimum use is made of them.

Planting trees for use as woodfuel is a task for both
the government and individuals. The government
sponsors tree planting projects. and nurseries all over the
country. Schools, churches, youth groups, women's
groups and individuals should becQme more involved in
tree planting in order to meet the· energy and
environmental needs of the country. Small tree
planting efforts are just as important as large ones.

Anyone can plant trees.. Tree planting does not
require special resources or formal education. Many
Kenyans have been successfully planting trees for a
long time. With a little knowledge, leadership,
determination and a lot of care, a tree planting
programme will succeed.

A basic knowledge of forestry, the science of
planting and managing trees and forests, is necessary for
those directing tree planting projects. Forestry can be
divided into pure forestry, which uses trained forestry
workers to manage forests and plantations efficiently,
and social' forestry, which is farm or community-level
forestry carried out by'members of the community.

Pure Forestry· refers to the scientific growing of·
trees on a large scale (typically hundreds of thousands of
acres). In Kenya, pure forestry work is carried out by
both the government and a few private companies.
Pure forestry principles are applied in the management
of tree plantations that produce timber for construction,
wood pulp for making paper and woodfuel for
commercial uses. Foresters carefully manage these
plantations so that the maximu~ amount of wood can
be harvested from them.

trees in national forests are not cut down faster than
they can grow. They issue licences which regulate the

.rate at which trees are cut down, ensuring that the forest
will be able to replace those trees which have been cut.

Social Forestry, the planting of trees / at the
individual or community level, has been practised in
Kenya for a long time. From traditional times, farmers
have known the value of trees. Today, 40% of the
woodfuel in Kenya comes from trees on farmland.
Trees are planted by rural farmers because trees benefit
the farm. They improve the soil, provide fodder, timber
and poles for building, and nutritious fruits in addition
to woodfuels. The most important goal of social
forestry programmes is to link the needs of rural people
with the wide range of useful products which trees can
provide.

It is not enough to tell a farmer to plant trees.
Most people already know that we should be planting
trees. Social forestry teaches why trees must be
planted, how we should organise nurseries and planting
projects, which trees are best for each situation and
when and where we should plant them.

Social forestry programmes involve four compo
nents; education and motivation of people to get them
to plant trees, organisation of tree planting schemes,
the establishment of tree nurseries and the actual
planting and caring for trees. The last component, plan
ting and caring for trees can be carried out in a variety
of ways as described below.

Community Woodlots are planted on communally
held land to supply fuelwood, poles or timber to the
community. Such woodlots require a lot of work and
organisation. Before attempting to start a community
woodlot, a good plan should be made which includes
the care of the woodlot and the long-term distribution of
the wood products.

Agroforestry is a land-use system in which farmers
grow both trees and crops on the same plot in a way
that is scientifically sound, practically feasible and
environmentally desirable.

The management of
Kenya's Gazetted Forest and
Woodlands (less than ,3% of
the total land) is the principal if
government activity in pure f'

forestry. Thousands of
hectares have been, planted
with eucalyptus, cypress and
pines to provide timber and
paper for the country's needs.
As well, the government
manages the country's natural
forests. Many of the trees in
these forests, have valuable
wood. Camphor wood, for
example, makes excellent·
furniture while other woods

are valued for carving. Tree nursery in Murang'a. All successful tree planting projects start with well run nurseries
Foresters make sure that these that supply tree species demaruled by the community.
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Planting trees on individual fanns has proved to be
very effective. Farmers are more likely to care for trees
which have been planted on their own land for their
own use. Agroforestry methods enable farmers to make
better use of their land. Certain types of trees are
grown for different applications. Below are proven
agroforestry methods commonly used on Kenyan
farms:

-- Boundary Planting is traditional planting of trees
along property boundaries and roads. Boundary planting
provides wind breaks, shade along paths and privacy for
compounds in addition to its basic use as a permanent
marker for property limits. Fast growing fuelwood
trees, hedges and ornamental trees are commonly used
for boundary planting.

--Woodlots are planted on agriculturally unproductive
land (rocky,' infertile land etc.) to provide timber, poles
and woodfuel that can be used or sold by the fanner.

-- Hedgerow (Alley) Cropping is the interplanting of
rows of trees with rows of crops. Leguminous shrubs
are useful for hedgerow cropping because they fix
nitrogen (making the soil more fertile) and can be
coppiced regularly for firewood. Many trees add humus
to the soil (in the from of shed leaves) and improve the
soil's water retention capacity.

--Trees planted around the house provide shade that
cools the compound area, fruits rich in vitamins, beauty
from seasonal flowers, and windbreaks.

Using Fuelwood Resources Efficiently
Increasing the amount of fuelwood by planting trees

and managing existing farm trees, forests, plantations
and woodlands is only part of the solution to Kenya's
fuelwood crisis. Population growth causes the demand
for fuelwood to rise very quickly. Tree planting efforts
alone cannot keep up with the growing demand for
wood products.

Tree planting must be accompanied by woodfuel
conservation. If Kenya is to remain forested, the

Alley cropping with Calliandra calothyrsus at Jamhuri
Agroforestry Centre.

available woodfuel must be used as efficiently as
possible. Making the best possible use of the energy
in each bundle of wood and each bag of charcoal will
save many trees.

Many people in Kenya already feel the need to
conserve fuelwood. The days when people did not have
to worry about wasting energy while cooking and
heating water are over. Collecting fuelwood may take
many hours each week. Buying charcoaUs expensive.

There are three ways in which woodfuel resources
can be used more efficiently: using energy conserving
stoves; using improved kilns and kilning methods to
make charcoal; and by improving kitchen management.

Improve~ stoves such as t~e charcoql burning Kenya Ceramic Jiko (left) af!d the l'rfaeruJeleo
stove (rlght) are now betng used zn households all over Kenya. Combuzed wah energy
efficient cooking methods, these stoves can cut fuel use in half.
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the needs of rural people have been developed in Kenya
and the rest of the world. These stoves contain the heat
of the fire, direct it onto the cooking pot and control the
rate at which the fire bums. They are made cheaply
from locally available materials (Le. clay or stone) and
are built by trained local craftsmen. They not only save
wood and create rural employment, but they also bring
several important benefits to the kitchen. Stoves reduce
thefrre's smoke output, make thekitehen cooler during
the hot times of the day, and reduce dangers of
accidental bums to children and fires to the house.
There are many different designs for improved stoves
that use energy efficiently. However, those that are
successful are the ones that suit the needs of the user as
best as possible.

Pictured are several examp~es of improved stoves
that have been adopted by households, institutions (like
schools, prisons and colleges) and industries that use
woodfuels.

Improved Charcoal Production Technologies.
Charcoal is the most important urban cooking fuel in

Kenya. The demand for charcoal is increasing at about
7% per year as more and more people migrate to urban
centres. Charcoal is preferred to fuelwood by people in
urban areas for many reasons. It has twice as much
energy per unit weight; it bums at a higher temperature
than wood; it produces less smoke than wood; it is
easier to manage in a "jiko"; and it takes up less space
so it is easier to sell, transport and store. Presently,
almost all of the charcoal used in Kenya is made by
traditional methods: However, because traditional
earthmound or pit kilns use much wood in the
production of charcoal, they waste fuelwood energy.
Methods of charcoal production must be improved so
that as little woodfuel as possible is wasted.

The process by which charcoal is made from wood
is called carbomsation (or pyrolysis). Carbonisation
of wood occurs when it is heated to high temperatures
in the absence of oxygen. Kenya's charcoal~makers

apply the principle of carbonisation when using the
simple earthmound kilns and pits that they build near
the place where they have felled tree§. Although
traditional methods of making charcoal are wasteful,
charcoal-makers can make many bags of charcoal
cheaply in earthmound pits.

However, one tonne of charcoal contains only about
one quarter of the energy of the woodfuel from which it
is made when produced in traditional kilns. In 1980,
Kenyans used about 1.4 million tonnes of charcoal and
between 10 and 14 million tonnes of wood were used to
produce that charcoal. If more efficient kilns or kilning
methods are used in charcoal production, then very
many trees will be saved.

Improved charcoal making technologies have several
important benefits. The first is higher charcoal
production efficiency. Traditional earthmound kilns
have a yield of about 8-13%. This means that for every
100 kilogrammes of fuelwood used in the charcoal
making process, only about 8-13 kilogrammes of
charcoal are produced. Improved kilns are much more
efficient. The half-orange brick kiln (which has been
used successfully in Kenya) gives yields of more than
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25%. With this type of kiln, twice as much charcoal
can be produced from the same fuelwood that would be
used in an earthmound kiln. -

Charcoal production technologies can be- divided into
three categories:

-- Earthmound kilns and charcoal pits. These methods
have been used traditionally in Kenya and most parts of
the world. Although they are wasteful, their advantage
is that they cost the user very little to build a~d can be
built anywhere. However, they need skilled operators
to run them properly.

-- Brick or metal kilns. These kilns are more· efficient
than traditional methods and the charcoal they produce
is free from dirt and sand. Some metal kilns are
portable and can be carried to their place of use. The
disadvantage of these kilns is that they cost money to
build. Also, since they are usually fixed, wood has to
be transported to their site. .

--Retorts have an external heat source which may bum
the gas products (producer gas) made during pyrolysis.
Their advantage over kilns is that they allow collection
of the gas and oil by-products of pyrolysis. They are
also much more efficient than simple kilns because
they permit better control of the process. Retorts,
however, are very expensive, and are not a technology
applicable to the small-scale charcoal producer.

Several .types of improved kilns have been
introduced in Kenya. However, because of their initial
expense, the lack of extension education facilites, and
other factors, Kenya's charcoal-makers continue to use
traditional methods. One project in Machakos has
demonstrated that improved, locally built brick kilns
can produce charcoal efficiently and profitably.

Half orange kiln, Mtwapa. Improved kilning techniques can
double charcoal yields over traditional methods.



food which is cooking. Prepare food carefully for fast
cooking. Several cooking techniques such as the hay
box cooker can cut back "tremendously on woodfuel
consumption.

Energy-wise Cooking Methods. Those who cook
in Kenya should be taught to use energy-efficient
cooking methods in order to conserve wood resources.
Energy conservation starts in the kitchen, be it in the

household, institution or the restaurant. Much of the
burden of wood conservation falls upon the women and
men who cook our daily meals.

Because wood energy is becoming scarce and more
expensive, most women have already made some
attempts to conserve fuel while cooking. They use the
exact amount of fuel required to cook each meal. They
tend the fire carefully so that the correct temperature for
cooking each meal is maintained. If the fIre is still
burning after a meal is cooked, they use the energy to
make tea or to heat water for a bath. Much can be
learned about energy conservation from some women
who have never been to school.

The Ministry of Energy and Regional Development
has prepared useful guidelines for fuel conservation. in
the kitchen. They are discussed in detail in chapter 3.
In general, there are three .ways to save fuelwood:

Carefully choose and prepare woodfuel. Dry wood for
several months before using it. Use wood instead of
charcoal whenever possible.
Construct fires carefully. Use only enough wood
necessary to do the cooking job. Protect fires from
being blown by the wind.
Cook food using energywise methods. Always cover

In Senegal, the 'Casamance kiln' has been widely
adopted by charcoal-makers because it· is an
improvement on t1l.e traditional design which
significantly increases charcoal yields.

Charcoal can be made from other biomass besides
wood. Even biomass that is normally considered as
waste (such as coconut shells, coffee husks, rice husks,
paper, sawdust and bagasse) can be converted by
pyrolysis into charcoal. The Kenya Planters Co
operative Union (KPCU) found out that charcoal
briquettes could be made from coffee husks, and they
have been selling Kahawa coal in Nairobi markets.
Furthennore, charcoal has been made from coconut
shells in simple locally-made retorts in Kilifi.

Biogas Digesters
Biogas digesters produce methane gas, a renewable

energy, and are also very important farm tools. High
quality fertiliser for the (ields and methane gas for
cooking and lighting are produced by biogas digesters.
from agricultural wastes available on the farm. Biogas
digesters are relatively easy to operate and maintain, and
can be built by locally trained masons using local
materials. Because of the high number of cattle and
livestock found in Kenya's farming areas, biogas
digesters have a good potential for supplying fertiliser
and energy in the country.

Biogas is a combustible mixture of methane and
carbon dioxide gases. It is produced by.the decay of
certain organic materials in the absence of oxygen. A
biogas digester is a large enclosure which maintains the
conditions under which biogas is produced and stores
the gas for later use. Decaying materials which are
commonly used to produce biogas are cow dung, pig
wastes, chicken droppings, rice husks, straw and coffee
pulp.

Biogas digesters provide 3 important benefits to
rural farms. They increase sanitation standards· by
removing wastes from livestock sheds, thereby reducing
the number of flies, worms and disease organisms that
live and breed in the boma. Secondly, they improve the
qualities of manure or other wastes as fertilisers.
Finally, they produce a clean burning gas fuel that can
be used for cooking, lighting and running engines.

Biogas digesters are used extensively in China to
promote sanitation and to make fertiliser. Many
thousands of digesters have also been built in India to
help solve that country's fuel shortage and to produce
fertiliser. In Europe, many large towns have used
biogas digesters in sewage treatment plants. Biogas
technology has spread to many countries in the warmer
parts of the world.

The first Kenyan biogas plant was built during the
,--~------------------------------, 1950s, and since then

hundreds more have been built
(not all of which are now
working). By 1986, about
250 digesters were operating
throughout the country,
especially in the Western and
Central Provinces. The
Ministry of Energy and
Regional Development has
trained ,masons to build
digesters in Meru, Kisii,
Nairobi and Mtwapa, and
most of· those have built
digesters in their areas.
Biogas digesters will become
more common in Kenya as
more people become aware of
their many benefits.. Biogas digesters such as this one at Limuru .Boy'~ Ct;ntre provide.farmer~ with high quality

fertllisers G.n.d gas that can be used for cooking, ltghttng aiuJ. runmng engInes.
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Other Uses of Biomass
for Energy

Woodfuels and biogas have been discussed as
sources of energy. However, other biomass materials
(many of which are wastes) can be used as energy
sources. Biomass wastes produced in large volumes in
Kenya include bagasse, coffee husks, tea wastes,
coconut shells and coir, rice husks, maize cobs and saw
dust.

Biomass wastes may be used as fuels, fertilisers ,or
animal feed. For example, animal wastes and coffee
pulp are returned to agricultural land as fertilisers.
Maize stalks and cobs are fed to livestock. Kenya
Breweries sells brewery wastes to dairy farmers as feed.
If biomass is used as a fuel it can be burned directly,

carbonised into briquettes of charcoal, or fermented to
produce alcohol or methane.

Burning Biomass Directly
Local industries burn biomass wastes to produce

heat in a number of manufacturing applications. The
sugar industry gets all of its process heat by burning
bagasse, the dejuiced sugar cane stalk. The Pyrethrum
Board of Kenya uses waste sawdust from local sawmills
in Nakuru to meet its energy needs.

The Wonderstove, made by a local Nairobi
company, cooks food using biomass wastes such as rice
husks, saw dust, wheat husks and tea wastes. Heating
biomass wastes inside- the stove causes them to
decompose and give off volatile gases which bum to
cook food.

Carbonising Biomass
Some biomass wastes are carbonised and pressed

into charcoal briquettes which are sold in urban
markets. Coffee husks, as mentioned before, are made
into briquettes and sold in Nairobi. Coconut and
macadamia nut shells have also been carbonised to
make charcoal locally. In Burundi, peat is kilned to
make charcoal briquettes.

A major drawback in this use of biomass is that
they contain high ash and thus do not have, as high heat
per unit value as wood charcoal.

Fermenting Biomass
Certain biomass materials (sugar, molasses) are

fermented and distilled to produce ethyl alcohol, which
can be mixed with petrol to make the motor fuel
gasohol. Currently, alcohol is being produced at a rate
of 60,000 litres per day in Muhoroni, Kisumu. The
alcohol is used to supply Nairobi's motor vehicles with
gasohol. '

There is potential for developing other biomass
"energy crops" in ,Kenya which could be fermented to
produce alcohol. Two promising crops are cassava and
sweet sorghum.

Potential energy uses of alcohol (besides gasohol)
include replacing paraffin in modified cookers and
lanterns.

Solar crop drier, Kenyatta Appropriate
Technology C.enlre. Proper drying lS vltal in

preventmg storage losses to food crops.
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Direct Solar:
Capturing and Using·
Solar Radiation

Solar energy technologies make direct use of the
energy in sunlight to provide heat or to generate
electricity. Solar devices that collect heat energy from
the sun use this energy to heat water, dry crops and
timber, warm homes and even cook meals. Devices
that use direct solar energy to produce electricity are
used for powering water pumps, refrigerators, lights,
electric fences, and household appliances.

Traditional and Established Uses
of Solar Energy

Because Kenya is located along the equator, it gets
more solar energy than most other countries in the
world. Kenyans have traditionally made use of solar
energy for drying crops, fish and various other products.
Maize, beans and rice are commonly left in the fields to
be dried by solar energy. Fish are dried in racks outside
and thus preserved by solar energy. Animal skins are
staked out to be dried and cured by the sun. Many
people have long used solar energy to dry fuelwood so
that it burns with less smoke.

Today solar energy plays a role in the economy that
is often overlooked or taken for granted. Some
agricultural industries (such as the coffee industries) rely
on solar energy for drying their products. Solar
evaporation pools make salt from sea water. Many
brick-makers use solar energy to dry their bricks.
Furthermore, the fact that millions of Kenyans rely on
direct solar energy, to dry their clothes is hardly ever
mentioned.

Uses of Direct Solar Energy
Solar heating devices capture solar energy and make

the energy available as heat.
Solar electric devices convert solar energy into



electricity which can be used directly or stored in
batteries.

Solar Driers. The traditional practice of leaving
crops in the field to dry has several disadvantages. It
takes a long time for crops to dry in open fields.
During this time crops can be attacked by birds, insects
or animals. They can also be spoiled by rain. Solar
crop driers speed up the drying process while protecting
the crops from damage by insects, animals and rain.

There are several types and applications of solar
driers. All of them use air that has been heated by the
sun to dry the product. One simple type of solar drier
is a raised bin with a tin roof and wire mesh walls. Air
flows through the wire mesh, having been heated by the
sun, slowly drying the crops inside. This simple drier
which has been used. for maize drying in Kenya,
protects and stores crops while they dry.

A second type of solar drier relies on the principle
of convection: hot air rises. Solar energy is used to
heat air which rises through a box in which the
products are located. Solar energy is trapped as heat in
a flat plate collector. This trapped heat is transferred
into air which rises into the box where the drying crops
are located.

Solar Water Heaters. Technologies that use the
sun's energy directly to heat water are simple and
widespread. Use ofsolar water heaters saves electricity,
wood or oil which would have otherwise been used to
heat water. Many hotels, hospitals and individual
homes in Kenya now make use of solar water heaters
because of their economic advantages..

There are two main parts in a solar hot water
system, the flat plate collector and the hot water storage
tank. They are connected by pipes which circulate the
water. Like solar driers, solar water heaters operate by
the principle of convection. When liquid or gases are
heated, they rise. Water is heated in the flat plate
collector and as it warms, it rises into the storage tank
which is located above the collector. The movement of
water, driven by solar energy, is called thermosyphon
circulation.

Solar Stills. Solar stills use the sun's energy to
distill pure water from brackish or salty water They are
used to produce clean drinking water in places where the
source of clean water is limited. Clean water for human
consumption" is the most impOrtant health need
worldwide. Certain coastal communities' face drinking
water shortages because their wells have become salty.

. ' Boreholes are often contaminated or brackish in places
such as Northern Kenya, and their water is undrinkable.
Solar stills are useful in places where the supply of
water is unfit to drink.

A solar still is made of slanting glass or plastic
solar collectors which are placed above a shallow tray of
impure water. Incoming solar radiation heats the inside
of the still. The temperature inside the still rises and
water evaporates from the tray. This vapour rises,
comes into contact with the glass collector, which is
cooler than the air inside the still, and condenses into
water droplets. Condensed water droplets trickle down

Solar waler healers are widely used in hotels, hospitals' and
institutions all over Kenya.

the inside of the glass and fall into gutters~ These
gutters carry distilled water in to a storage tank.

Solar Cookers. Solar cookers are devices that use
the heat energy of the sun to prepare meals. Solar
cookers either capture' and concentrate heat from the
sun in a black painted box oven or they reflect and
concentrate heat from the sun directly onto the cooking
food. These devices offer an alternative to wood in
areas where fuel is scarce and sunshine is plenty.

Parabolic solar cookers use large hemispherical
reflective surfaces (such as mirrors or shiny metals) to
collect, direct and concentrate the sun's rays. The
parabolic mirror focuses all of the incoming solar
energy onto one spot. The pan of food is placed so
that all of the reflected solar energy strikes the pot. As
the sun moves across the sky, the mirror is turned
occasionally to face the sun.

Another type of solar cooker is the solar box oven.
This consists of a sealed and insulated box which has a
glass cover. on one side. Flat mirrors arranged outside
the cooker reflect solar radiation through the glass.
This radiation is absorbed by the black painted surfaces
inside as heat. The temperature rises inside the box and
food cooks slowly. Solar box ovens are simple to
make, but their disadvantage is that they can cook only
slow cooking foods (such as githeri ).

Solar Electric Devices. Solar electricity is electnc
power generated directly from sunlight using solar cells.
Solar cells, thin slices of specially treated silicon,
operate by aprinciple of light called the photo-electric
effect. When certain materials are placed in light, they
transform the light energy into electrical energy. Solar
cells generate an electric current when exposed to the
sun's rays. This electrical energy can be used to do
work directly, or it can be stored in batteries for later
use. Solar electricity is ideal for small, remote
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Waterwheels·
Waterwheels harness the energy of moving water

for mechanical work. Moving water in a stream pushes
against the blades of the water wheel causing it to turn
about its shaft. The turning shaft is used for
mechanical work such as grinding, cutting, threshing,
sawing, metalworking, water-pumping or air
compressing. Watermills have been used by Chinese,
Nepalese, Turks, Cretians and Europeans for over a
thousand years. During the 1800s, developing
European and American industries depended on power
produced by waterwheels.

Hydraulic Rams (Hydro-rams).
About two thousand hydraulic rams are working

today in streams throughout Kenya. Recognisable by
the loud "clack.., clack.. clack ..." sound they make,
they use the energy in fast-moving streams to lift water
through pipes. Hydro-rams harness the energy in a
stream of water moving through an inclined drive pipe
to pump a small amount of that water up a considerable
height to a storage tank.

Hydraulic rams are the simplest and cheapest hydro
powered water' pumping device. Like other
hydropowered machines, ,they work continuously
without using fuel. They can provide water for remote
farms and communities, allow irrigation and maintain
feed water for livestock at a distance from the water

, source.
HydropowerScale

Large amounts of energy are contained in fast
moving rivers and streams. Water expends energy as it
flows toward the ocean. This energy is harnessed and
used to do work. A large portion of Kenya's electriCity
already comes from Tana River hydropower stations.
Generators along the world's major rivers are large and
important sources of electricity. There are also many
useful small hydro-power applications.

Small scale hydropower installations are located
along fast-flowing streams or waterfalls. The power
they make available suits the small mechanical or
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Small

electrical applications because the electric generation
involves no moving parts, no fuel, and very little
maintenance. Also, solar cells last a very long time.

The main part of any solar electric system is the
solar cell module. A solar cell module usually consists
of many solar cells connected in series and protected
between glass and plastic. Positive and negative leads
are located at the back of the module, and electrical
loads are attached to these wires. As long as the sun is
shining on the module an electric current passes
through the wires. ,

There are other important parts of solar electric
systems. If the el,ectrical power is needed at night, then
it must be stored, because solar cell modules do not
generate electricity at night. Some type of battery must
be used for electrical storage. Control panels regulate
solar electric systems. They protect the battery from
being overcharged or over-used and they indicate
whether the solar cell modules are working.

Solar electricity has a number of applications.
Calculators and watches often use tiny solar cells to
generate power for their small electrical needs. Houses
and schools use solar electric systems to power lights,
radios and televisions. Remote hospitals and
dispensaries use solar electric refrigerators and lights. '
Solar electric pumps lift water for irrigation and
domestic purposes. Solar electricity is fast becoming
the most common solar technology.

electrical needs of a nearby
individual or community. As
long as the stream is flowing,
power is continuously
available in a predictable,
concentrated form. Water
powered machines are
economical because they last
a long time, require few basic
maintenance skills'- and have
low running costs.

The amount of power
available from a stream or
river depends upon the height
from which the water is
falling (called the head ) and
the speed at which the water

L-- ----.J is flowing (theflow rate). If
Solar electric dispensary, Mandera district. Solar electricity powers lights, water the stream's head and flow
pwnps, communication aevices and refrigerators in hundreds of remote sites in Kenya.

rate are favourable, then
considerable energy may

be available for either mechanical or electrical use.
Water wheels and hydraulic rams use hydropower to
accomplish mechanical work such as grinding and
pumping water. Turbines use the energy in fast:
moving water to generate electricity.

Most hydro-power devices require water to be
diverted by channels and/or stored in dams so that its
energy can be conveniently harnessed. This m,eans that
the topography and geology of the site must be
evaluated before a hydro-power plant is installed.
Smaller projects always require less expensive and less
complex water diversion methods.



Hydraulic ram, Murang'a College ofTechnology. Locally made
hydro-rams like this one help meet rural waler supply needs.

Waterwheels are large wheels (often with diameters
of 2 metres or more) constructed around a sturdy axle.
The edge of the wheel has radially arranged 'paddles' or
buckets. The force of moving water against these
paddles causes the water wheel to turn about its axis.
The turning axle drives machinery (Le. millstone, saw
blade) by means of gears or belts. The first water
wheels were made out of wood, with strong iron axles,
but they are now made from many different materials.
Water is diverted directly to the waterwheel from
streams by simple channels.

There are two general types of water wheels. The
undershot waterwheel rotates as water passes under the
wheel and pushes the paddles from below. Undershot
waterwheels do not require much head of water, but
they are less efficient that other types of waterwheels.
The overshot waterwheel rotates as water flows over
it. It has buckets (instead of blades) which fill at the
top of the wheel with water from the diverting channel.
The weight of the water in the buckets causes the water
wheel to turn. Overshot waterwheels need more head
than other waterwheels (usually at least 3 metres) but
give more power than undershot waterwheels per the
same volume of water.

Turbines
Water turbines are fast-spinning rotors which are

most commonly used to generate electricity. As water
flows through passages created by turbine blades, it
transfers its energy to the revolving turbine· (or rotor).
Water enters the turbine passages at a high speed,
causes the turbine to spin, and leaves the turbine with a
minimum of velocity and e!1ergy. The spinning turbine
axis powers a generator which produces an electrical
current. Tana River hydro-electric stations use very
large turbines to supply the electric power needed in
Kenya's towns and cities. Small turbines can play an
important role in electrical supply for remote

communities near fast running streams.
There are several types of turbines: The Pelton

(impulse) turbine uses a jet stream of water to spin a
rotor with bucket-shaped blades. It is ideal for
generating small to medium amounts of electricity in
remote high head situations. Francis turbines and
Propeller turbines spin to generate electricity· as water
flows across their blades. These turbines are efficient in
high flow, low head situations. Francis and propeller
turbines are expensive and sophisticated in design, and
therefore are most useful on medium to large
hydropower projects..

Turbines are much more efficient than water wheels.
Since they' work at a very high speed, they must be
well designed, and this tends to make them expensive.
Turbine installations -must be well planned, so that the
diverted water flows with a uniform speed arid pressure.
This usually involves the construction of some sort of
dam.

Small-scale hyro-electric generating stations supply
one third of China's electricity. In Kenya, they have
been used successfully in certain areas around Mt.
Kenya and Kericho.

Wind Power
As the sun heats the seas, plains and mountains at

different rates, inequalities in the temperature of the
atmosphere are created. Air masses move to balance
these atmospheric temperature differences. - These
moving masses of air are called wind. The kinetic
energy contained in wind can be captured and converted
into useful forms by wind machines. In areas where
there is a constant flow of wind, wind machines are
excellent sources of mechanical and electrical power.

Wind has been harnessed by man to do work for
many centuries. It has been used to propel ships in
oceans and lakes. It has been harnessed by windmills to
produce mechanical power for pumping water, grinding
and threshing grains and cutting wood. It has also been
used to generate electrical energy in remote areas.

Kenya is located in a part of the world in which the
total available 'wind energy is comparatively low.
However, certain parts of the country have constant
winds. These winds are caused by geographical features
such as lakes, the ocean and the Rift Valley. Wind
mills for' pumping water are found along the Indian
Ocean, on· the shores of Lake Victoria and in the
northern parts of the country.

Parts of any wind machi..e include rotors,
governors and tails which are mounted on a tower. The
wind pushes against the blades of the rotor, causing it
to turn about its axis. As the rotor spins, it turns the
axle of a transmission or electrical generator. The tail
orients the wind machine so that it faces the wind. The
governor makes it turn away from the wind (furl) when
there is too much wind. Wind machines that produce
mechanical energy for pumping water or grinding grain
are called windmills. Wind machines that generate
electric current are called wind generators.

A wind machine operates by slowing down the wind
and capturing some of its energy in the process. The
energy taken from the wind by the blades of the rotor

23



causes the shaft of the rotor to rotate. The amount of'
power available from the wind varies with the cube of
the wind speed. If the speed of the wind doubles, the
power avialable from the wind increases eight times.
A small increase in the speed of. wind produces a large
increase in the power available. The amount of power
that a wind machine can capture depends on the area of
its rotor blades. The proper size windmill must be
used in each area.

A potential wind power site must be evaluated
completely. before a wind machine is installed. Wind
activity may be very different in two sites that are close
to each other, so a careful study. of each site is
necessary. Information from the nearest meteorological
station may help determine if wind machines can be
installed successfully.

Windmills
Wind mills were fIrst developed in Persia and China

many centuries ago ror the purposes of grinding grain.
Europeans and Asians adopted the windmill technology
for such uses as pumping water and sawing wood.'
European settlers .brought windmills to Africa (and
America and Australia) to use for pumping water.
Because windmills were expensive and imported, they
were not used by many Kenyans immediately after
independence. However, now that they are
manufactured by local companies, and since the price of
fuels for pumping engines has risen, windmills are
again being used in many parts of the country for
pumping water.

Like waterwheels, windmills are most often used to
produce mechanical power. Windmill rotors have many
blades with a large surface area. The large surface area
enables the rotor to tum even in relatively light breezes.
Windmills turn slowly but produce a high torque
(turning power) which is necessary for mechanical
work. They are well-suited for water pumping because
water pumps operate at slow speeds.

In Kenya, there are over 200 windmills operating in
the windy parts of the country. These are used to pump
water for cattle ranches, domestic needs and irrigation.

Wind Generators
Wind generators convert wind energy into

electricity. This electricity can be used for such
purposes as lighting, powering radios, televisions,
refrigerators and small machines. Wind generators were
used by many Western farmers in the USA. to power
their lights and radios in the early 1900s. Likewise, in .
Kenya there are many remote sites in which wind power
could be used to generate electricity.

Unlike windmills, wind generators have rotors with
fast-spinning blades. Usually~ they have two or
three blades which are thin like those of an airplane's
propellers. They produce a low torque (which mean~
they are not useful for mechanical' power), but their
high spinning speed is well suited for turning an
electric generator. The rotor of a wind generator is
attached directly (or by gears or belts) to a generator,
and a current is produced when the wind blows.

Wind generators are usually smaller than windmills.
They are mounted on towers or poles as windmills.
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\find pump, Nq.rumoru. Wind pumps supply water for
llvestock, aomestlc need and small scale irrigation. .

Wind generators must be carefully designed and
constructed because of the high speeds at which they
operate.

Because wind does not always blow at a constant
rate, the electric energy that wind generators produce has
to be stored for calm periods. Therefore, most wind
generators are used to charge batteries and the batteries
are used to power electrical appliances. Like solar·
electric systems,. wind electric systems need battery
storage and control panels to regulate the various
system parts. Presently there are fe~er than twenty
wind generators operating in Kenya.

Wind generators, like this one at Olosseos Health Centre have
a high. potential- for supplying electricity in areas far' from
powerllnes. .
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Trees For Energy

Increasing Kenya's
Woodfuel Supply

3

This section describes the present woodfuel situation
in Kenya. First, the sources of and demands for
woodfuel in the country are described. Next, the
woodfuel deficit (the fact that demand for wood is greater
than the sustainable supply) is explained. Finally,
efforts by the government, private industry, and the
public to produce more' fuelwood are outlined. The
government, with assistan~e from NODs (non
governmental organisations), is encouraging tree
planting by individuals and communities because it
cannot hope to supply the whole. country's woodfuel
demands with its limited land and financial resources.

The Fuelwood Supply
In terms of agricultural production, Kenya can be

divided into three climatic zones, the high potential
areas, the medium potential areas and the arid and semi
arid areas. The type .of woodfuel used and its
availability depend on which zone one lives in, whether
high potential or semi-arid, as well as rural or urban.

Arid and Senli-Arid Lands
(ASAL)'

About 80% of Kenya's land is arid or. semi-arid.
Although less densely forested than the highlands, the
huge ASAL areas contain more than 70% of the
country's forest resources. People in semi-arid zones do
not usually face wood shortages. ASAL lands are
sparsely populated by nomadic pastoral people who, in
most cases, do not cut down trees for firewood, but
instead gather fallen wood.

However, most ofKenya's charcoal is produced from
trees in ASAL lands for use in urban areas such as
Nairobi, Niombasa and Kisumu, causing serious
deforestation in many semi-arid areas. With the rising
urban population this situation can be expected. to
worsen.

Firewood
Firewood (also called fuelwood) is not cheaply

transportable, and it therefore tends to stay in the area
where it is cut. Farmers' regularly cut branches fro~

High, medium and low (ASAL) potenJial areas

High and Medium
Potential Areas

Concentrated mostly in the highlands of Central,
Eastern, Nyanza, Rift Valley and Western Provinces,
high-potential land makes up about 15% of Kenya's
land mass. Medium-potential land, which is found in
the above mentioned provinces as well as. along the
coast, makes up another 5% of the country's land.
More than a quarter of the country's wood supplies are
located in these two zones (although most of these
resources are in protected forests).

Deforestation in Kenya is primarily due to land
clearing for agriculture. Because most of Kenya's food .
and export crops are· produced in the Jtigh and medium
potential zones, land clearing has greatly reduced the
number of trees available there. As most of the
population is located in these areas, woodfuel demand is
very high. Consequently, wood stocks are rapidly being
depleted in these zones, and woodfuel shortages are
already a serious problem in many local areas.

_ high

l~~~:?~ medium

o low

.~ \ .••• / ..rI-.•.•

"- .

'~ ...

'--.....
'",
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trees or gather dead wood on their own land or on a
neighbour's land, and this accounts for the fact that
more thail40% of Kenya's fuelwood supply comes from
agricultural 'land. Fuelwood is also collected from
undeveloped bush or rangeland by women and children
who may have to walk many miles in search of it.
Wood dealers collect fuelwood in undeveloped rangeland
in order to sell it in areas with serious wood shortages,
transporting it short distances (up to 80 km) by pick-up
or lorry.

Large government and private fuelwoqd
plantations mainly serve industrial requirements such as
the tea industry. They supply less than 10% of the

. country's firewood requirements and have little impact
on rural individuals' energy needs.

Charcoal
Charcoal is a more concentrated fuel than wood

and is thus more economical to transport. Kenya's
charcoal is made from trees in semi-arid rangeland,
bushland and cleared agricultural land. Most of the
charcoal used in Kenya is carried by road to the urban
areas where it is used. However, some Forest
Department plantations such as Ngong and Karura
Forests have contributed to the charcoal supply.

Charcoal may be transported up to 300 km to
city markets where it is sold. Ninety percent of
Nairobi's charcoal supply, for example, comes from
Eastern and Rift Valley Provinces. Kisumu's charcoal
comes from Western and Rift Valley Provinces. Much
of Mombasa's charcoal comes from the North Eastern
Province.

The Fuelwood Demand
In 1980, the total Kenyan demand for wood was

about 20.82 million tonnes, of which, 94% (19.64
million tonnes) was used as w<1odfuel (charcoal or
ftrewood). Woodfuels are used by rural households,
Urban households and industry as described below:

Rural Households
Making up about 85% of the population, rural

households use about 60% of Kenya's woodfuel
supplies for cooking, space heating and warming water.
They are the largest consumers of firewood (using 72%

,of the total demand). A significant amount of them use
charcoal as well.

'.
\ ::::::

28

Urban Households
Urban households are the largest consumers of

charcoal, demanding half of the charcoal produced in
Kenya for their heating and cooking needs. Very few
urban dwellers cook with wood, mostly because it is
not available in towns. Because charcoal production is
energy intensive, city dwellers have a higher energy
demand than rural households and therefore place a great
burden on Kenya's forests.

Industry
Kenya's industrial sector consumes about 20%

of the country's woodfuels in the form of both wood and
charcoal. The industrial sector can be divided' into 3
different categories: large, rural informal and urban
informal industries.

Rural informal industries use 11% of the overall
fuelwood demand. They also use much charcoal. These
industries include brewing, butcheries, baking, hotels,
small brick burning, blacksmiths, as well as fish,
tobacco and agricultural drying. The brewing industry,
in particular, uses large amounts of woodfuel.

Large industries, consume 6% of the total fuelwood
demand. These industries include centralised tea,
baking, wood processing, tobacco, sugar, brick burning
and cement production companies. Tea, wood
processing and baking, have especially large demands
for woodfuel. Some of these industries use wood. but do
not rely on, it exclusively as a fuel. They may use nori
wood fuels such as petroleum, electricity and even
bagasse. Sugar factories generally bum bagasse (sugar
cane waste) as a boiler fuel for heat and electrical
generation.

Urban informal industries are smaller consumers,
requiring only 2% of the total fuelwood demand. These
industries include workshops, garages and restaurants.
Of these the most significant energy users are
restaurants which consume mostly charcoal for their
cooking tasks.' .'

Commercial/Institutional include schools,
hospitals, hotels, prisons and office buildings. They
account for only about 1% of the wood energy used in
Kenya" consuming both fuelwood and charcoal.
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The Fuelwood Deficit
Wood is only a renewable resource if the

annual supply of wood products can keep up with the.
demand for them. This is not presently the case in
Kenya because trees are being cut down much faster
than they can replace themselves.

Standing Stock and
Sustainable Yields

The amount of trees on an ideal farm that
supplies its own wood products should always remain
constant. Successful management of trees for wood
supplies, even on a small farm, requires a knowledge of
the terms standing stock and sustainable yields.

Suppose for example, that a farmer has a'
number of mature trees on his shamba. These trees,
called the standing stock, represent all of the wood
reserves he has. The farmer cannot cut down all of the
trees at once and expect to have continuous wood
product supplies. He would have no source of poles,
timber or firewood until several years later when re-

planted trees matured. The farmer must thus harvest
wood by cutting branches and trees ~mly at a rate that is
sustainable. The annual yield is the increase in growth
of the standing stock in one year.

SuppOse that on a fann the total standing
stock has not been reduced by the farmer's tree product
harvesting. This means that the trees are growing at a
rate that is fast enough to meet the farm's needs. The
farmer coppices or prunes trees for fuelwood, poles and
timber, but they grow back and he replants others to
replace those cut down. In this case, the farmer is being
supplied by sustainable yields of his shamba's wood
product.

However, suppose that on another farm the
standing stock has been reduced by half after two years.
In this case, the farmer's family's demand for wood
products is greater than the sustainable yields of his
land. Because he has been cutting down standing stock,
the number of trees on his .land is rapidly decreasing.
This shamba has a wood deficit, meaning that the
demand for wood is greater than the supply.

Farmers should only harvest trees and branches at a sustainable rate.
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There ,are two ways that any fanner can solve
'his land's wood deficit. First, he can reduce his
woodfuel consumption by using fuelwood conservation
techniques (as described in the second part of this
chapter) and by buying poles and timber from the
market. Secondly, he can plant more trees.

The Situation in Kenya
Kenya now faces a serious woodfuel deficit.

People cut down more and more trees as they clear
agricultural land and search for fuelwood. Increasing
numbers of people in rural areas require increasing
amounts of woodfuel, poles and timber, and increasing
numbers of people in urban areas demand more charcoal.
Growing industries, services and institutions consume

The fuelwood cnSlS is already upon us.
Action is being taken by the government and private
industry, as well as wananchi. Large plantations are
being pl~ned and planted to meet urban demands.
Fuelwood demands of rural people will, howev'er, rely
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greater amounts of woodfuel. As of 1980, Kenyans
were cutting trees at a rare that is 43% higher than
sustainable yields. The country's standing stock of trees
is being rapidly reduced. The situation, as of 1987, is
becoming worse.

The problem is particularly serious in the
most densely populated parts of the country. Valuable
natural forests such as Mau, Kakamega and Mount
Kenya have already been seriously damaged by charcoal
makers, wood cutters and squatters clearing land for
agriculture. There are woodfuel shortages in Central,
Nairobi, Nyanza and Western Provinces. Once favourite
fuelwood tree species such as Olea africana are now
scarce.
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mostly on the rural people themselves planting trees.
The following sections describe strategies that large and
small tree-planting organisations are using to fight the
fuelwood crisis.



Government and Private
Sector Forestry
Approaches

Most of the government's forests and plantation
management schemes produce pulp wood for making
paper, sawn wood for building and transmissions poles
for power and telephone lines. However, a smal1
.number of plantations have been planted· near large
urban areas to supply woodfuel needs. The
government's plantations supply about 10% of the
nation's woodfuel requirements, most of which is sold
to industry. The government has 4 general forest
management regimes:

approach for making wood residues marketable has a
good potential in Kenya.

Fuel/Pole Plantations
About 10,000 large and smail government

plantations in Kenya grow eucalyptus and casuarina in
7-10 year rotations for production of poles and
fuelwood.Most of these pla.ntations' primary products
are transmission poles for telephone and· power lines.
After harvesting, Kenya Posts and Telecommunications
Corporation (KP&TC) and Kenya Power & Lighting
Company (KP&LC) remove poles and the large amount
of remaining wood is then sold to dealers. Many
fuelwood plantations are located in Kiambu, Nyeri,
Uasin Gishu and Kakamega.

Private Plantations
Some large local companies have planted their

own fuelwood plantations or encouraged member
farmers to do so. These fuelwood plantations now
supply significant amounts of fuel energy demanded by
the tobacco and tea curing industry. Private plantations
have the potential of supplying 100% of Kenya's
industrial woodfuel needs.

Peri-Urban Woodfuel Plantations
Peri-urban woodfuel plantations grow trees

exclusively for the use of people and industries in urban
areas. The wood is usually carbonised before being sold
in the city as charcoal. .Ngong and Karura Forests
outside Nairobi are examples of peri-urban plantations.

East African Tannin Extracting Co.
(EATEC)

EATEC's main business is extracting tannin
from the bark of black wattle for use in the leather
industry. The company has therefore planted thousands
of hectares of black wattle to supply bark for tannin.
As of 1975, plantations near Eldoret yielded a
sustainable supply of about 223,000 m3 of black wattle
per year.

EATEC sells much of the debarked black
wattle as woodfuel. Twelve permanent brick kilns are

r----------~----------------~ used to produce a high quality
charcoal from the excess wood.
The charcoal is sold to local
dealers.

There are many small
woodfuel plantations in Uasin
Gishu District which sell bark
to EATEC and use the
remaining wood locally.

Natural Forests
Natural forests are protected because they are

environmentally sensitive areas which are valuable as
water catchment areas and wildlife reserves. In some
forests, selective felling of certain species for
commercial purposes is allowed. These cuttings are
carefully controlled by the government.

Cutting trees inside gazetted forests without a
special licence is illegal, and thus natural forests
produce no significant amounf of woodfuel, although
people are allowed to collect dead wood from them.
Examples of protected natural forests are the Mount
Kenya, Kakamega, Aberdares and Marsabit Forests.

Industrial Saw-wood Plantations
Many saw-wood plantations produce timber

for carpentry and building applications. However, these
plantations also supplement woodfuel production.
Significant amounts of wood (10-30% of the total
biomass) are available from the plantations as logging
residues and thinnings, and these are collected for fuel
use by people. About 50% of the log at the sawmill
site is sawn waste which can be used as fuel.
, However, industrial plantations are often

located far from populated areas where there is a demand
for fuelwood. Consequently, wood residues often go to
waste. In Uganda, charcoal-makers use portable kilns to
make charcoal from wood in plantations. Such an

Thika Wattle Factory
Another wattle

factory is located near Thika
and many small farmers grow
wattle to meet the requirements
of this factory. After felling
and debarking, the wood is sold

L-U-=-o-unJ--:E=/g:-o-n-fi-=-or-e-st-.N":"":.:-a/-ur'-a-:'"/fi-o-re-s-ts-a-re-va-/ua-b-/e-as-w-at-e-,-ca-t-chme--n/-ar-eas-a-ruJ-------' as poles, as fuelwood or is
wildlife reserves. converted to charcoal.
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Tree species "selection. Once an individual or
group is committed to pursuing a tree planting project,
the next step is tree species selection. The needs of a
community (or individual) will motivate them tq plant'
particular types of trees. For example, if the main tree
product need is woodfuel, then mango or paw-paw
seedlings will not be very useful. It is best to select a
range of tree species that can supply a wide v"ariety of
needs (species that can grow well in the particular
climate-type, of course). The book by Wayne Teel, A
Pocket Directory of Trees and Seeds in Kenya*, is an
excellent source of information on appropriate species
for any area in Kenya.

Education and motivation. For individual or
community tree planting efforts to be successful, people
must be' motivated to plant trees. People will take tree
planting more seriously when they recognise that' trees,
because they provide beneficial products and services,
can save, and actually generate money. Thus, in order
to motivate people, educational campaigns which teach
the benefits of trees, the potential for trees to increase
farm productivity, and even to raise cash, are essential.
Also, people should understand that' tree planting
projects take a lot of time and effort, and are long-term
commitments. People involved should judge the
benefits gained versus the efforts required when
determining whether or not to pursue particular tree
planting activities. Education is the cornerstone of
social forestry, and a good understanding of the costs
and benefits involved will ensure continued enthusiasm.

Elements of Social Forestry

Kenya Tea Development Authority
(KTDA)

Using almost 300,000 tonnes of fuelwood per
year in tea processing, the tea industry is among the
largest industrial consumers of"fuelwood. Some tea
estates have their own woodfuel plantations (e.g.
Kericho), but these plantations are not big enough to
produce a sustainable supply for the entire tea industry.

Presently KTDA is dependent on the Forest
Department plantations for a large part of its woodfuel
and it receives first priority with the Forest Department
plantations. Like BAT, KTDA now encourages tea
farmers to plant woodfuel plantations.

British American Tobacco (BAT)
The tobacco curing process requires a lot of

fuelwood and in the past the industry was responsible
for much deforestation. However, following the
government's policy, BAT now requires all of its
tobacco farmers to plant fuelwood trees to replace those
cut. BAT is now almost completely self-sufficient in
fuelwood.

BAT supports its own nurseries and out
planting operations in Meru, Machakos and Kisii.
Farmers are supplied with fast-growing Markhamia,
Eucalyptus, Cassia siamea and Grevillea robusta
seedlings and are shown how to care for them. Farmers

cannot be registered as BAT tobacco growers unless
they can show that they plant 1,000 trees per year for
every hectare of tobacco planted.

already felt. Social forestry
deals with the planting of trees

on a small-to-medium scale by
individuals or communities.

Treeplanting, how-
ever, is not a simple task.
There is already competition
between cash' crops and food
crops on high potential land,
limiting the amount of trees that
small plot holders can plant.
Some trees reduce crop
production by shading or
competing for water. Other
trees grow too slowly to produce
sustainable fuelwood yjelds.

~-----=-_---:- ~ --l Thus, the choice of tree species
Casuarina plantation, Kilifi. Whistling pines grow well in saruly soils arul can is a critical aspect of tree

'also be use in various agroforestry applications. planting. In addition, shambas

require that trees be planted

according to a carefully planned system. The location,
arrangement and type of trees planted will all affect a
farm's output.

,Social Forestry
The last section discussed some of Kenya's

successful large-scale tree planting 'efforts. Although
plantations' provide 95% of the industrial timber, pole
and wood pulp (paper) demand, they yield only a
fraction of the" country's 'woodfuel needs. The
government does not have the financial nor manpower '
resources to' plant trees for all of Kenya's woodfuel
demands. It therefore encourages all people to meet tree Finding seeds.· Once the species are chosen, seeds of
product needs by planting trees on their own land. Tree- the chosen trees must be located. If the trees are
planting is a particularly important activity in those indigenous or locally grown, then the best way to get
high potential areas where woodfuel shortages are seeds is to collect them from healthy local mother trees
32 *A Pocket Directory a/Trees and Seeds in Kenya, Teel, Wayne.

Kenya Energy Non-Govemmcntal Organizations, Nairobi 1984. ,



during the proper season. Seeds from healthy local trees
are usually better than seeds from the same sPecies in
another climatic zone. Otherwise, seeds are available
from several local sources:

.District Forest Officer

The nearest Ministry of Energy and Regional
Development (MOERD) Agroforestry Centre.
(See appendix)

Kenya Energy Non-Governmental Organisations
(KENGO). (See appendix)

Large nurseries may produce 5,000 or more seedlings
each season, but individuals can easily build much
smaller nurseries for their own needs.

quickly makes use of benefits and selVices provided by
the tree have good survival rates.

Agroforestry
Agroforestry is a collective name for a variety of

tropical land use systems involving the mixture of tree
planting and ;igriculture. These systems enable farmers
to produce agricultural crops, tree products and livestock
on the same unit of land. Trees, shrubs or palms are
purposely planted in association with farm· crops.
When properly planned and managed, agroforestry
practices can increase a farm's overall productivity.
Benefits to the farm from wood products and tree
services are maximised without any environmental
damage.

Types of Agroforestry
There are three major types of agroforestry:

Silvopastoralism combines tree-farming
.and animal production in land-use
management. These systems may provide
shade and fodder for livestock while wastes
from livestock are in tum re-cycled into the
soil to nourish the trees and agricultural
crops.

Agri-siivicuiture involves. the inter
cropping of crops and trees in some sort of
spatial arrangement and/or seasonal rotation.
An example of agri-silviculture is the
planting of nitrogen-fixing shrubs in lines
between crops (such as maize or beans) to
enrich the soil while providing woodfuel and
wood products at at the same time.

Direct Sowing. Certain tree species can be sown in
the fields with agricultural crops during planting. Such
directly sown species will need special care and attention
but are hardy enough to be grown successfully on
shambas from seed.

Outplanting and Management. The final steps in
social forestry planting programmes are the outplanting
and subsequent management of the tree seedlings.
Selecting proper planting sites for young trees and
protecting them is crucial for their survival.
Unprotected seedlings may be eaten by goats.
Unwatered young trees in dry areas often do not survive
their first year. Trees planted "by chance" and left
uncared for thus do not have a high survival rate.
However, trees planted according to a system which Agro-siivopastoralism integrates crop,
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Agroforestry systems enable farmers to produce agricultural crops, tree products and livestock on the same unit of land

tree and animal production on the same unit
of land. An example of this type of land
management is a Central Highlands farm
where trees are planted among rows of crops·
and on which cattle are kept in zero-grazing
enclosures.

Benefits of Agroforestry
The effectiveness of all forms of agroforestry

is based on the use of trees. The absence of trees from
most landscapes results in erosion, decreased water
retention, decreased agricultural production, and
subsequent lowered human welfare conditions. Trees
and shrubs, particularly under agroforestry systems,
provide the following benefits:

. A sustainable source of frrewood and/or charcoal,

Other tree products (fruits, poles, timber, fodder:
etc.) which can be sold or used,

Protection to the soil from sun, wind and rain
increasing its water retention, ability and decreasing
erosion, and

Enrichment of the soil by addition of organic
material and minerals from leaf litter and nitrogen
fixation.
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Not all tree species are good for agroforestry.
As a general guide, an agroforestry species should have
one or more of the following characteristics:

Fast-growing
Nitrogen-fixing
Deep-rooted
Palatable and nutritious leaves for fodder
Wood product and by-product production (e.g.
fruits, timber, dyes, medicines, poles and honey).

Why Agroforestry?

In Kenya, deforestation has led to woodfuel
shortages and environmental degradation. This problem
is getting worse, and agroforestry has potential to ease
it quickly. Already, more than 40% of Kenya's
woodfuel supplies come from agricultural land. A large
portion of the rural population get woodfuels from trees
on their own land or by arrangement with neighbouring
shambas. Even now, Kenyan women prefer to cook
with the frrewood produced by .rapid growing
agroforestry species such as Grevillea robusta, Leucaena
leucocephala and Sesbania sesban. Increased use of
agroforestry methods will go a long way towards
solving the fuelwood crisis.

Agroforestry allows people to produce their
own tree products, which they can sell or use at home.



Trees play an important role during drought times.
Even during droughts, and other natural disasters when
agricultural crops have failed, trees continue to grow
producing food for people (e.g. fruits and nuts), food for
livestock (fodder), and such saleable products as timber,
charcoal and honey. .

Because agroforestry systems protect,
conserve and enrich the soil, they improve agricultural
productivity despite the occupation of about 10% of the
land with trees. Unlike many agricultural systems
which clear the land, encouraging deforestation,
agroforestry combines fanning and afforestation. All of
the agricultural land in Kenya can be viewed as potential
agroforestry land.

Traditional and Established
Agroforestry Systems

Agroforestry is not a new farming practice in
Kenya, as the following three examples will show. The
systems discussed could, however, be further improved
by introduction of more intensive methods and more,
productive trees.

Silvopastoralism at the Coast.
Coconut plantations produce a very important

food and cash crop for coastal farmers. Allowing
livestock to graze in the plantations increases coconut
production and makes optimum use of the land. .

Coconut palms provide windbreaks that help
stimulate the growth of grass as well as shade which
improves livestock grazing conditions. Livestock,
meanwhile 'help control the growth of weeds on the
ground while their wastes re-cycle valuable nutrients and
organic matter into the sandy soil. This type of
silvopastoralism is also used in cashew nut plantations.

Agro-Silvopastoralism in the Highlands.
Fanners in the· Central Highlands have long

used integrated farming systems involving the growth
of indigenous trees such as Cordia abyssinica and
Markhamia. Grevillea robusta, an exotic tree, is also
now intercropped with crops on farm land and in pasture
lands.

Markhamia and Cordia both produce poles,
timber and woodfuel products. Leaf litter from the trees
adds humus to the soil, and the trees perform an
important water conservation role as well. Grevillea, a
fast-growing species, is prized for the firewood that can
regularly be pruned from it, as well as the poles and leaf
litter that it produces.

Lake Basin Agro-Silvopastoralism: Okang
t:Okang", a Luo word meaning "new land",

describes a land management system used in Western
Kenya.' The "okang" system leaves exhausted crop land
fallow for two or more years, during which time
animals are allowed to graze on it and trees are left to
grow.

Sesbania sesban, Comhretum molle,
Markhamia pla.tycalyx and Cassia siamea (an exotic),
are allowed to grow naturally on the fallow land. Fast
growing Sesbania improves the soil by fixing nitrogen

and stabilising it, besides providing fodder; woodfuel
and building poles. Comhretum, especially prized for
the tool handles made from its wood, also provides
mulch, timber and woodfuel. Markhamia is used for
poles and woodfuel. Cassia siamea leaves are good
mulch, while its wood is used as building poles and
woodfuel.

During the time that the land is left fallow,
it is used for grazing. Goats, sheep and cattle add their
wastes to the soil and increase its organic matter
content. Three or four years later,' the soil-enriching
activities of the trees (and grazing animals) have greatly
improved the agricultural value of the land. The land is
then re-cleared for planting and trees are either harvested
or left standing.

Agroforestry Systems
The ,agroforestry system chosen for a farm

depends on the size of the plot, the type of crops being
planted, the number and type of animals being raised,
and the wants and needs of the fanner and his family.
Several general ways of applying agroforestry methods
are described below (including woodlots which, strictly
speaking, do not use agroforestry methods).

Intensive Hedgerow
Intercropping (Alley Cropping)

Hedgerow cropping is a farming system by
which rows of trees or shrubs are planted on contours
between rows of crops for soil and crop improvement.
Leguminous trees both conserve and improve the soil.
In a typical hedgerow system, fast-growing nitrogen
fixing shrubs are grown in closely spaced rows with
crops such as maize or beans. Trees are coppiced (cut
back to about half a metre) at the beginning of each
cropping season so that they do not compete for
sunlight, water or nutrients dLiring the agricultural
season. The trees are cut back again during any
subsequent weedings but allowed to grow between the
crop seasons. This system provides soil improvement
benefits very similar to those of leaving the land fallow
for two or three years, but without the lost cropping
seasons.

Intensive alley cropping provides regular
supplies of fodder, fuelwood and poles. However, in
these systems, the soil improvement and water
conservation services performed by the trees are at least
as important as the tree products. The presence of the
tree benefits the crop while the protection and attention
given to crops helps ensure the survival of the tree.

How Crops Benefit Trees
Tree seedlings planted with crops have high

survival and growth rates because they receive the same
- attention given to crops:

They are fenced and/or watched and protected
from grazing livestock and wild animals.
They are weeded at the same time as crops and
thus have less competition from weeds.
They can make use of applied fertilisers
leached below the level of crop roots.
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Reducing weeds. Shade provided by trees lowers
weed growth between and during cropping seasons by
reducing competition.

Organic matter. Like a sponge, organic matter
deposited in the soil by trees increases the soil's ability
to absorb and retain water.

Conserving soil. Trees reduce the' rate of soil
erosion in several ways:
Roots. The tree roots hold the soil together. This is
especially valuable when trees are planted along the
contours of a hill side.
Leaf litter on the so~l surface (and the tree canopy)
lessen the force with which raindrops strike the soil.
This allows larger amounts of water to seep into the
ground and reduces the amount of soil carried away by
runoff.
Wind breaks. The wind break provided by the trees
lessens the wind across the top soil, lowering the
amount of soil blown away.

Conserving water. Trees
increase soil water retention:
Shade. Between cropping
seasons, tree crowns minimise
direct radiation of exposed soil
and thus lower evaporation
losses.
Wind breaks. Also between
cropping seasons, trees act as
wind breaks and reduce the
increased rates of evaporation
associated with high winds. Hedgerowintercropping with Calliandra calothyrsus and beans in Central province.

How Trees Benefit Crops

Adding nutrients to the soil. The presence of
trees on agricultural land increases the potency of the
soil in several ways:
Nitrogen Fixation. Micro-organisms (bacteria) in root
nodules of leguminous shrubs fix atmospheric nitrogen
(N2) into a form that crops can use.
Green Leaf Manure (GLM). Leaf litter from trees
provides major nutrients; micro-nutrients, and organic
matter for the soil. In a process called nutrient
pumping, deep roots of trees carry valuable minerals
from deep below the soil surface to the leaves. When
the leaves fall from the tree they decompose and add the
minerals to the top soil.
Root Decomposition. Regular coppicing causes roots
of trees to die back and decompose adding organic matter
to the soil. Usually, tree& are coppiced around planting
time and the root dieback reduces competition for water
and nutrients.
Soil Organisms. The micro- and macro-organisms
(bacteria, protozoa, earth
worms, insects, etC.) associated
with higher moisture content
improve the soil by aerating it
and adding organic wastes.
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Wide Alley Planting

Wide alley planting is similar to hedgerow
intercropping except the trees are planted in very widely
spaced rows. Unlike intensive alley cropping, wide
alley planting is carried out mostly for .the wood and
tree products, as crop yields are not significantly
improved (and can even decrease slightly) by wide alley
planting because of shade from the trees. Useful wide
alley planting species are ones that are de~rable because
of some useable or saleable product (fruits, poles,

, timber, etc.). Deep-rooted trees are best for wide alley
planting because they do not compete for water with
associated crops. In wide alley planting, trees are not
coppiced but are instead allowed to grow large in order
to produce their desired product Some canopy
management can be practised to reduce shade on the
crops.

In this system, trees are planted in rows 8-20
metres apart, with up to 4 metres between each two
trees. Trees should always be planted in east to west
rows to reduce the effect of shade on crops. As it is
also desireable to plant along contours (as
ploughing is done along contours), wide alley planting

is best done only on parts of the shamba where contours
run east-west. In a wide alley planting system, trees
can be planted close together in rows and thinned
(selectively cut) for woodfuel, poles and timber as they

mature.
When selecting wide alley planting species,

tree products should be given the fust consideration.
Fast-growing trees such as Grevillea robusta are often
used in these systems to be regularly pruned for
fIrewood. Indigenous trees such as Markhamia and
Cordia are planted for the poles and timber they
produce. Fruit trees are planted in rows to make the
shamba function also as a fruit producing orchard.
Trees with edible leaves are valuable as fodder reserves
for the dry season. Beehives in wide alley planted
systems provide a source of honey (which can be sold)
while ensuring pollination of crops.

Although wide alley plailting does not directly
improve crop yields, it provides many of the
agricultural benefIts already described in the alley
cropping section (Le. green 'leaf manure, soil
conservation). Leaf litter from trees such as Grevillea.
Markhamia and Cordia .can provide over two tonnes of
humus per hectare per year.

.:':ci

Wide alley planting is carried out along land contours that run in an east-west direction. Fruit. fodder and fuelwood
producing trees work well in wide alleys.
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Livestock Systems

Agroforestry can 'benefit farm systems that
raise livestock. Dairies, ranches and even small farms
with a few zero-grazed cattle can all use trees to increase
their output. There are two silvo-pastoralism
approaches depending on whether a farmer allows his
livestock to graze or keeps them in zero-grazing
enclosures:

Pasture Improvement.
In pasture systems, livestock browse or graze

over an open area under the care of a shepherd. Trees
can be used to improve any pasture system. The water
retention, soil improvement and soil conservation
services of trees make any pasture capable of producing

more grass.
Trees also provide seed pods and leaves which

can be eaten by livestock. Young trees germinating
near established mother trees are also food for
livestock. Trees in pasture land provide shade which
improves the productivity of grazed livestock.

When establishing trees on pasture land, young
seedlings, and small trees must be well protected from
the livestock by building small fences around each tree.
Such fences can be made of simple thorn tree branches,
sticks, or even barbed wire. The fence must be
maintained until the tree canopy has grown above the
reach of livestock. Species appropriate for pasture
improvement are ones which are known to give
increased grass yields, such as acacia and albizias.
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, Zero Grazing

Zero grazing is a system in which livestock are
not allowed to graze outside the- enclosures in which
they are kept. Food and water are brought to livestock
and their wastes are regularly removed from the
enclosure. Bornas, the established type of zero-grazing
enclosures with mud floors, are now used throughout
Central and Western provinces. However, modem zero
grazing bomas with cement floors and feeding troughs
are much healthier.

Trees, shrubs and grasses provide fodder for
livestock. TIiese can be planted with crops as in
intensive alley cropping systems, or they can be planted
in fodder lots for pure fodder production, as described in
this section. If the system is properly planned and
managed, it can provide livestock with a continuous
source of fodder.

Well-fed zero-grazed dairy cattle produce more
milk, increasing the productivity of the dairy. Their
wastes, used as fertilisers, improve yields when applied
to food crops, cash crops or when returned to fodder
grasses. Biogas digesters (see page 81) attached to zero
grazing enclosures improve the fertilising quality of
livestock waste and produce combustible biogas fuel.
40

uro grazing caule being fed leucaena leaves.
Agroforestry systems produce regular supplies of fodder
even during prolonged dry seasons.



Border Planting
(Hedgerows and Windbreaks)

Border planting is planting of rows of trees,
shrubs or hedges on field and property boundaries.
Small farms can especially benefit from using their
boundaries for production of tree products. Every
shamba should divide its borders, fields and compound
using hedges and trees. Border planting improves
overall productivity of fafuls by protecting crops and
by generating wood products..

Windbreaks
Crop Protection. Trees planted along the boundary
of a field from which direction the wind blows act as a
windbreak for the crops. By reducing windflow across
the fields, they decrease both water loss (from
evaporation) and soil erosion rates. Evidence shows
that in windy places crop yields can be increased from
20 to 40% through use of windbreaks.

Living Fences. Hedges or rows of close-planted
trees are used as living fences to. protect crops from
wandering livestock and human beings. Trees are very
good reminders of border lines and have been used
traditionally for that purpose.

Tree Products and Services
As with any other type of agroforestry, the type

of products produced by border planted trees depend on
the need of the individual plot holder. Trees such as.
EucalyptUs, Markhamia and Grevillea are planted on
boundaries as windbreaks to provide .'woodfuel and
timber. Species such as Euphorbia tirucalli are planted
as hedges in dry areas to provide fodder for goats and
camels.

Besides marking boundaries and acting as
windbreaks, border planted hedges and trees also enclose
the compound, providing privacy and shade.
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Woodlots

Woodlots are plots of land planted with trees
only for the production of one or more tr~e products.
Although woodlots do not involve fanning, they are
included in this agroforestry section because they can be
established on parts of a shamba unsuitable for fanning.

Depending on the type and area of trees planted,
woodlots can provide large volumes of fuelwood,
timber, poles, posts and even fodder. Woodlots help
farmers meet their own tree product needs, as well as
supplying a cash income from products sold. Woodlots
give the maximum yields from fast-growing trees on
any given unit of land.

Where to Start Woodlots
Woodlots should be established on parts of the

farm which are not agriculturally productive. Trees can
grow on very poor soils and thus make productive use
of them. Woodlots should not be planted on good
agricultural lands because of the importance of using
high potential land to produce food and cash crops.
Woodlots are planted on parts of the shamba· that are
either infertile, poorly drained, rocky, eroded, or very
hilly. On large farms, uncultivated areas can be used to
set up woodlots.

The size of a woodlot depends on the amount of
land available for it, the desires and needs of the farmer,

. and the local market for the tree products. Woodlots can
be as small as a 5 m x 5 m plot.

Establishing Woodlots
Only selected fast-growing trees are planted in

woodlots. Since no crops are planted in' woodlots there
is no need to worry about crop compatibility. The
main objective of a woodlot is to grow trees as quickly
as possible.

Once the woodlot site has been chosen, the tree
species and spacing (distance between each tree) must
be decided upon. In Kenya, woodlots are usually
planted with Eucalyptus and black wattle (Acacia
mearnsii) because they are fast-growing and produce
quality timber, posts and woodfuel.

Standard spacing of trees for woodlots is rows
two metres apart with two metres between each two
trees in the row (this is called 2m x 2 m). This spacing
allows trees to grow with a maximum biomass
production rate per hectare. However, trees are often
planted in closer spacings (1 m x 1 m) to produce the
small thin poles used in construction of houses.
Spacing of trees depends on the type of wood product
desired.

Harvesting' and Man~gement
As with tree spacing, the harvesting schedule

depends on the wood product desired from the lot. The
amount of time required for any tree to reach a given
size, called the rotation time, depends on the climatic
zone and type of tree. In the highlands, it takes
between 3 and 7 years for maximum fuelwood
production. Production of poles takes between 3 and 4
years. Posts have a rotation time between 8 and 10
years while that of timber may be longer than 30 years.

More than one type of product can be harvested
from the woodlot through careful management.
Thinning, the removal of trees in order to let other trees
in a row grow, can yield fuelwood and poles. For
example, in a closely planted woodlot, the first
thinning after a few years can be used for firewood, and
the next thinning can be used to provide posts.

Part of any lot can be left standing for
production of posts and timber, while another part can
be continually thinned, harvested and replanted for
woodfuels and poles.

Woodlots can also be used in the prQ<luction of
fodder, as in the zero grazing systems discussed earlier.
In these cases, leguminous shrubs are not intercropped
with fodder grasses, but in pure stands instead. In
general, however, planting of both
leguminous shrubs and grasses as a mixed feed for cows
is better, and the positive interaction between the tree
and the grass gives higher productivity.

Trees Around the House

Another place where trees can be planted on a
farm is around the homestead. As trees around the
house have little interaction with crops or livestock,
this is not a true form of agroforestry. Nonetheless,
trees planted around the house benefit the farmer. Such
trees are generally planted more 'for beauty and shade
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than for woodfuel. Fruit trees, which give shade and
also provide food, are ideal for this purpose.

Typically only a few trees are planted in the
compOund. There are several considerations though,
when planting these trees. They should not be planted
too close to the' house (i.e. within 5 metres) because
when they grow their roots or limbs may damage the.
house. They should not be planted where their roots

will damage underground pipes or drainage systems, or
where their branches will interfere with telephone or
electricity lines.

Thus, either o~ly smaller trees should be
planted, or the trees should be pruned to stop them from
getting too big. A tree should" not be allowed to get
any taller than the distance between it and the house.

Trees around the c.ompound will add beauty, shade and functional wind breaks.
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Table 3.3 - 3.10 Summary

So~e Recommended Tree Species for Kenya

Species English Common Ecological Zones Major Uses Planting
Names Niche

1. Acacia abyssinJca Umbrella'Thorn CH, WH FW, P, NF, GM PI. WR, TH

2. AcacJQ albida Apple Ring Acacia C, SA, LB FW, P, l FD, NF, GM BW, PI. WR

3. Acacia brevispica Wait-a-bit Thorn C, SA, LB FW, FD, NF, FE H, PI

4. Acacia lahai Red Thorn CH, WH FW, P, l NF, GM PI. WR, TH

5. Acacia nilotica "Nllolica" C, SA, US, LB FW, FD, NF, FE H, BW, PI. WR

6. Acacia polyacantha Falcon's Claw Acacia C, SA, US, LB FW, P, FD, NF, GM W, BW, PI, WR

Z Acacia seya} White Galled Acacia C, SA, US, LB FW, P, T, FD, NF BW, PI. WR, TH

8. Acacia tortilis . "Torlilis" SA, US, LB FW, FD, NF .PI. WR, TH

9. Acacia xanthophloea Naivasha Thorn C, SA, CH, US, WH, LB FW, P, NF, M PI. WR, TH

10. Acrocarpus /raxini/olius Indian Ash CH, US, WH, LB FW, lGM BW, PI. WR

11. Adansonia digitata Baobab C, SA, LB FD, FR, M PI. WR, TH

12. A/zelia cuanzensis Afzelia C, LB FW, P, T W, BW, WR, TH

13. AlbJZJQ spp Albizia C, SA, CH, US, WH, LB FW, P, T 'BW, PI. WR, TH

14. AnacardJUm occidentale Cashewnut C. SA, LB FW, FR PI. WR

15. Azadirachta indica Neem C, SA, LB FW, P, l FD, GM, M BW, PI. WR, TH

16. Balanites aegypfJaca Desert Date C. SA, US, LB FW, P, l FD, FR, FE, M H, BW, PI. WR, TH

, 17 Brachylaena hutchinsii Muhugu C, CH, WH, LB FW, P, T W, BW, WR, TH

18. CaesalpJnJa spinosa ,Caesalpinia SA, CH, WH, LB FW, P, FE H, BW

19. Ca/anus cajan PIgeon Pea C. SA, LB FW, FR, NF HI

20. Calliandra calothyrsus Calliandra C. CH, US, WH, LB FW, P, FD, NF, GM BW, ZG, HI. TH

21. Cassia siamea Yel10w ,Cassia C, SA, WH, LB FW, P, FD, GM W, BW, HI, VIR, TH

22. CassJQ spectabilis "Spectabilis" CH, WH, LB FW, P BW, TH

23. Casuarina equisetJ!olia Whistling Pine C, SA, CH, US, WH, LB FW, P, T, NF W, BW, WR, TH

24. Citrus spp Oranges, etc. C, SA, CH, US, WH, LB FR W, BW, WR, TH

25. Coccs nuci/era Coconut C P, FR W, BW, PI. WR, TH
I

26. Combretum spp Combretum C, SA, US, Wa LB FW, P,T. GM BW, PI. WR,TH

27 Cordia abyssinica Cordia CH, WH FW, l GM B'W, PI, WR, TH

28. CordeauxJa edulis Ieheb-nut SA FD, FR, NF. FE H, WR, TH

29. Crolon macroslachyus "Macrostachyus CH, WH', LB FW, P, l GM, M BW, PI, WR, TH

30 Crolon megalocarpus Musine SA, CH" US, WH, LB FW, P, T BW, PI. WR, TH

31. Dalbergia me}ant?xylon African Blackwood C, SA, LB FW, l FD, NF W, BW, PI. WR

32. Dalbergia sissoo Sissoo C, SA, WH, LB FW. P, l FD W, BW, PI. WR, TH

33.Dombea goelzenii Mukeo CH, WH FW, P, l GM BW, PI. TH

34. Dovyalis calfra Kei Apple CH, US, WH, LB FR, FE H

35. Enobolrya jpponica Loquat CH, US, WH, LB FR BW, WR, TH

36. Erylhrina abyssinlca Red Hot Poker Tree C; SA, CH, US, WH, LB FW, FD, NF, GM, FE H, BW, PI. WR, TH .

37 Eucalyplus spp Gum Trees C. SA, CH, US, WH, LB tW, P, l M W, BW
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38. Ficus spp Figs C, SA. CH, US, WH, LB FD, FR PI, TH

39. Flemingia congesla FlemingiCl C. LB FD, NF, GM ZG, HI

40 Gliricldia sepium GliricidjCl C, SA, LB FW, P, FD, NF, GM, FE H,ZG, HI

41. Gmelina arborea GmelinCl C, LB FW, P, T,GM BW, PI, WR

42. GrevJ1lea robusta 'Silky OClk CH, US, WH, LB FW, P, 1. FD, GM BW, PI, WR

43. Jacaranda mimosifolia JClcClrClndCl SA, CH, US, WH, LB FW, P, T BW, WR, TH

44. Jumperus procera E. AlricCln Pencil Ceddr CH, WH FW, P, 1. FE, M H, BW, TH

45. Leucaena leucocephala LeucClena C, SA. CH, US, WH, LB FW, P, FD, NF, GM ZG, PI. HI

. 46. Macadamia spp MacadamiCl Nut CH, WH FW, 1', FR BW, PI. WR, TH

47. Maesopsis eminii Musizi CH, WHo LB FW, P, T BW, WR, TH

48. Mangifera indica Mango' C, SA, CH, US, WH, LB FR PI, WR, TH

49. Markhamia lutea Markhamia CH. WH, LB FW, P, T BW, PI; WR, TH

50 Melia azedarach Persian Lilac SA, US, LB FW, P, M BW, WR, TH

51. Moringa olei/era Moringa C, sA LB FD, FR, M BW, WR,'TH

52. Newtonia buchanani Newtonia CH, WH FW, P, T BW, WR, TH

53. Olea africana Wild Olive SA. CH, US, WH FW, P, 1. FR, M BW, PI. WR, TH

54. Onc ba spinosa Oncoba CH, WH FW,1. FE H, TH

55. ParkinsonJa aculeata Jerusalem Thorn SA, US, LB FW, P, FD, FE H, BW, WR, TH

56. Persea americana Avocado CH, US, wf-I FR w, BW, WR, TH

57. Piliosligma thonningii Camel's Foot Tree C, SA, US, LB FW, P, FD, FR, NF, GM BW, PI. WR,TH

58. Pithecelobium dulce MClniia Tamarind C, sA, LB FW, P, FO, FR, FE H, BW

59. Podocarpus spp Podo CH, WH FW,'P, T BW, TH

60 Prosopis spp Prosopis C, SA, US, LB FW, P, FD, FR, NF,.GM, FE W,H,BW,PI. WR, TH

61. Psidium guajava Guava C,SA, CH, US, WH, LB FW, FR BW, WR, TH

62. Schinus moUe Pepper Tree SA, US, LB FW BR, TH

63. Schrebera alata Schrebera CH:WH FW, P BW, TH

64. Sesbania bispinosa Prickly Sesban C,SA. CH, WH, LB FW, P, FD, NF, GM ZG, HI

65. Sesbania grandi/lora Agati SA, LB FW, FO, FR. NF, GM ZG, HI. TH

66. Sesbania sesban Sesbania SA. CH, US, WHo LB FW, FD, NF, GM ZG, HI

67. Syzygium cumini ZClmbarao C, WH, LB FW, T, FR BW, WR, TH

68. Tamarindus indica Tamarind C, SA,.US, LB FW, P, 1. FO, FR, M BW, PI. WR, TH

69. Teelea nobilis Teelea CH, WH, LB FW, P, T BW, TH

70 Terminalia'brownii Terminalia C, SA, US, LB FW, P, 1. GM, M BW, PI, WR, TH

71. Tipuana tipu Tipu SA, CH, US"WH, LB FW, P, T W, .BW, PI. WR, TH

72. Trichilfa roka Trichilia C, CH, WH FW,1. FR, M BW, WR, TH

73. Vitex keniensis Meru Oak CH, WH FW,1. FR BW, WR, TH

74. lizyphus mauritiana Zizyphus C, SA, LB FW, P, T, FD, FR, FE H, PI, WR. TH

KEYS:
Ecological Zones
C = Coast
SA = Semi-Arid I
CH = Central Highlands
US = Upland Savanna's
WH = Western Highlands
LB = Lake Basin

Major Uses
FW= Fuelwood
P = Poles
T = Timber
FO = Fodder
FR =Fruits/Food
NF = Nitrogen Fixing
GM = Green Manure
FE = Fencmg/Hedge
M = MediCine

Planting Niche
W = WoodlotlOrchdrd
H = Hedge
BW = Border Rows/Windbreaks
ZG = Zero GrClzing (Fodder)
PI := Pasture Improvement
HI = Hedgerow Intercropping
WR = Wide Row Inlercropping
TH = Trees Around the HC'use
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Energy Conserving
Stoves

Introduction

The danger posed to Kenya's environment by
tree removal has been described at length in previous
sections. Most of the current tree cutting practices are
caused by the Kenyan population's increasing demand
for agricultural land and, to a lesser extent, for wood
products. Large areas of forest and bush are cleared each
year for agricultural expansion. Charcoal· makers fell
trees and produce charcoal for use in cities. Wood
haulers load felled trees into trucks and sell them to
nearby rural schools, hospitals and homes as fuelwood.
People all over the country prune branches and cut
whole trees in their search for wood products. Because

. of the rising prices of wood and charcoal, and the fact
that these resources are becoming scarcer, energy-saving
methods and stoves are being adopted allover the
country.

Many thousands of Kenyans now use wood and
charcoal conserving stoves. Besides saving woodfuel
and money, these stoves produce less smoke and are
safer to use than traditional cooking methods. Most
improved stoves are cheaply built from readily available
materials by local craftsmen.

. Any improved stove, jiko or three-stone fire is
judged according to how well it serves its purpose.
Fires often serve other purposes besides cooking. Some
jikos heat the kitchen during cold weather. Some jikos
give off light and serve as a centre of family activity
during the evening. These other 'secondary' functions
should always be considered when replacing a traditional
jiko with an improved stove which may not fulfill any
or all of these functions.

This section deals with the principle function of
a stove, namely cooking food. In order to conserve
woodfuel we are interested in cooking efficiently. This
means that as much as possible of the chemical energy
stored in woodfuel .should be transferred as heat to the
cooking pol

Many factors affect heat transfer from the fire to
the cooking pot. The woodfuel quality helps determine
the amount of heat produced by the fire. . The way a
three-stone fire or stove is built affects the flow of heat
from the fire. The shape and material of the cooking
utensil determine how well it will absorb and transmit
heat from the fire to the food. The methods used by the
cook also help determine how much heat is wasted.

Below, the principles of wood burning fires and
heat transfer applied in improved stoves are described:

heat losses, advantages and disadvantages.of traditional
jikos, and finally, several improved stoves now being
used in Kenya are described and illustrated.

Principles of Wood and
Charcoal .Burning

An understanding of how woodfuels burn is
important for efficient use of fires. Well prepared and
tended fires bum efficiently. Fires which are not well
prepared or tended give off a lot of smoke and may bum
out of control. Smoky· fires are always wasteful
because smoke is made of escaping unburned carbon
particles.

Wood Compostion
Wood is composed of organic substanGes such as

cellulose, hemi-cellulose, lignin and resins, as well- as
water and minerals (which leave ash when the wood is
burned). These organic substances are made up of the
elements; carbon (50%), oxygen (44%), and hydrogen
(6%), which decompose into volatile gases (gases that
will burn) when heated. The yellow. flames seen ina
wood fire are burning volatile gases which have been
released by high temperatures.

The amount of heat produced by burning a piece
of wood is called its heat value (or energy content).
This value depends. on the wood's density, moisture
content and ash content. Heat values vary with
different types of wood. Air dried Acacia nilotica· wood,
for example has a heat value of 15.0 - 16.8 MJlkg.
Resinous woods may have a higher heat value (at the
same moisture content) while branches have a lower
heat value.

Moisture content
Moisture content is the percentage of water

contained in fuelwood. Wood with a high moisture
content does not bum efficiently because much heat
energy is spent evaporating water from the wood. It
takes 2.4 megajoules of energy to expel each litre of
water from pores in the wood. A high moisture content ~

slows down the combustion process, cools the fire and
causes incomplete burning of the wood, while
producing much smoke. Air dried wood (two months)
has about twice the heat value of freshly cut wood.
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Density
Density of fuelwood describes its weight per

unit volume in kilogrammes per cubic metre.
Fuelwood of a high density usually contains more
energy per unit volume than less dense woods. Trees
that produce dense wood include most Acacia. Casuarina
and Prosopis species. Fast growing Eucalyptus
species have a medium density and are favoured as
fIfewood and poles. In general, slow-growing rangeland
trees are more dense than trees that grow in high rainfall
are,as.

People planting trees for fuels should bear in
mind that those with dense wood make the best
fIfewood and charcoal. They should therefore choose
tree species with dense wood that will grow in their
climatic Ipcation. However, density is not the only
important consideration for fuelwood species, and many
Kenyans prefer to plant fast-growing species.

Ash content
Ash content describes the percentage of non

volatile substances in a fuel. Non-burning compounds
of silicon and other minerals make up the ash remains
of a fIfe. Wood usually contains about one percent non
volatile ash. Charcoal has a higher ash content of
betfleen 4 and 6%. Fuels such as rice husks, maize
cobs and animal wastes have ash contents between 10
and 20%. Fuels with high ash contents have lower heat
values than similar fuels with lower ash content as ash
takes up volume but adds no heat to the fIfe.

5,0

Wood Combustion
Two factors affect the rate of combustion of dry

wood: the surface area of the wood and the air supply
to the fIfe.

Surface Area of Fuelwood
Wood is an insulator. It takes a long time for

thick pieces of wood inside a fire to heat up and burn.
Thick logs bum slowly and often incompletely.
Smaller pieces of wood, with a greater surface area per
unit volume, ignite quickly _and bum completely.
Small pieces of wood present more area to the fIfe and
warm up quickly. Sticks of wood with a diameter
between 3 and 5 cm are best for most cooking jobs,
whereas larger logs are good for space heating and slow
simmering.

Air Supply to' the Fire
Too much or too little air causes fIfes to burn

inefficiently. Fires require different amounts of air at
different stages. During lighting, fIfes consume much
oxygen, but by the time full combustion is reached they
require less oxygen. Fires with carefully controlled air
supplies bum more efficiently.

The Three Stages of a Fire

Lighting the Fire (25 • 1000C) Heat from
burning kindling is applied to fuelwood during the frrst
stage of the fire. This heat is used to drive moisture
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Three Stages of a Fire

from the wood. During this stage, water vapour and
carbon <Qoxide are given' off with much smoke but
without flames. The fire should be fanned continously
because the fast-burning kindling requires a lot of
oxygen.

The higher. the wood's moisture content, the
longer this stage lasts and the more energy w~sted

driving water vapour from the wood. The temperature
will not rise, above the boiling point until all of the
water in the wood has escaped as vapour.

Release of Volatile Gases (150 - 2250 C). The
temperature again begins to rise once all of the free
water has been expelled from the wood. Above 1500 C,
dark 'coloured tar appears on the surface of the wood and,
strong-smelling smoke isgiven off. At this stage the
heated'tars and charred wood began to chemically break
down and escape as volatile gases.

As these volatile gases escape, they burn with a
yellow name. Wood fires are actually burning volatile
gases rather than burning solid wood. These flames
should be encouraged by fanning or blowing the fire to
provide it with plenty of oxygen.

Full Combustion. Yellow flames burn steadily
until the .wood remains are glowing charcoal embers.
This stage, full' combustion, is when most. actual
cooking takes place over the fire.

At the high temperatures of full combustion,
very little smoke is produced as all carbon particles bum
completely. Carefully controlled high temperature fires
are clean-burning and easy to use. Reducing the air
supply helps control fires in the full combustion stage.

If the fire is not controlled, a turbulent
combustion with large, noisy flames may occur. This
rapid combustion is wasteful because it allows volatile
gases to escape so rapidly that they do not bum
completely. Rapid, incomplete combustion is best
avoided by controlling the air supply to the fire. Slow
burning fires use less wood, burn completely and give
off heat at a constant rate.

BnUrling Fires
When building cooking fires, one should proceed

from the lighting stage to the full combustion stage as,

quickly as possible. Below are some important fire
building tips that will help in this process.

,Use dry wood., The more moisture in the fuelwood,
the longer the first stage of expelling water vapour will
take and the less heat produced, once it is burning.

Use small pieces of wood. Thick pieces of wood
with a small surface area per unit volume take longer to
bum.

This ,can be illustrated experimentally with two
sheets of paper the same size. Fold one tightly in half
four times. Do not fold the second one. Light them
both on fire at the same time. Which one bums faster?
Which one exposes a greater surface ,area to the outside?

Produce flames as quickly as possible. The
temperature of the fire is steadily rising as long as there
are names. Blowing or fanning the fire will assist this
process.

Keep the fire well-supplied with. air during
the first two stages. As more volatile gases are
produced, they require more oxygen to react. In
addition, heating cold wood requires constant flames.
Bellows (devices that "blow" air into the fire) or hollow
pipes are useful for directing air to the base of the'
flames.

Movement of Heat in
Cooking Fires and Stoves

The last section discussed principles of
combustion which are applied to produce the most heat
per kilogramme of woodfuel. Once. the cooking fire. is
properly prepared and tended, the next task is to transfer
as much as possible of the heat produced from the fire
to the cooking pot.

Around a fire, heat is always moving out in all
directions by conduction, radiation, and convection.
This section describes the three ways in' which heat
moves from hot places to cooler places. A good
understanding of heat transfer will help one to make the
best use of a rrre.

51



Conduction
Conduction is the passage of heat through a

substance from a hot area to a cool area. Heat energy is
transferred by the vibrations of atoms close to each
other in a substance. Atoms in hot substances pass
their energy to more slowly vibrating atoms in cool
substances. In this way, heat flows through substances.

The end of a cool metal spoon placed in a cup of
hot tea becomes hot because of conduction. Heat
moves into the metal spoon from the hot tea and
throligh the metal to the' end of the spoon.

Examples of good heat conductors are metals
such as copper, cast iron, aluminium and steel. Water
and stone are fair heat conductors.

Substances that do not conduct heat well are
called insulators. When placed all around a, hot object,
insulators help the object retain its heat. Examples of
materials that do not easily conduct heat are wood, ash,
air and rubber. .

Heat is lost from three-stone fires by conduction
as the stones around the fire warm up and conduct heat
into the ground. Metal jikos _also take heat from fires,
conducting it to the outside. Heat moves through
cooking pots and pans by conduction. Metal cooking
pans conduct heat,much faster than earthenware cooking
pots, but earthenware' cooking pots retain heat longer
than metal pans because they have a higher thermal
capacity. Electric stoves conduct heat from the hot
plate to the pan with which it is in contact.

Radiation.
All bodies above absolute zero (-2730C) give off

energy in the form of heat radiation. When radiation
energy comes into contact with a solid, it is reflected,
absorbed or transmitted by the solid.

The radiation given off by substances at ambient
temperatures is not seen because it is at infra-red
frequencies. The energy radiated from a warm rock or
charcoal jiko can be felt but not seen.

Substances at high temperatures give off visible
radiation (Le. they glow). Coals in a rrre give off a red
glow. Burning gases from a wood fire radiate a yellow
glow. Other burning gases (such as LPG gas or biogas)

give off a vel)' hot blue glow.
As distances between the source of radiation and

the body receiving radiation increase, the heat received
from the radiation source decreases rapidly. For
example, one feels very hot sitting near a ·large fire, but
after moving back a few feet one feels much less heat.
Therefore, if heat is to be absorbed from a fire by a pot,
the pot cannot be too far from the fire.

The type of surface that radiation strikes
determines how well' it will be absorbed. White and
silver surfaces do not absorb radiation well. Black
surfaces absorb radiation most effectively.

Much of the heat transfer in charcoal jikos
occurs by radiation of heat from the rrre to the cooking
pot. If the rrre is not enclosed, heat is los t to the
atmosphere by radiation. Even if the fire is enclosed, as
with a metal charcoal jiko, much energy may still be
lost by radiation from the surface of the stove itself.

Convection
Convection involves the transport of heat by the

movement of some sort of fluid, such as air or water.
Hot air is displaced by more dense colder air, forcing the
hot air to rise. The rising air carries heat with it. There
are two types of convection: Natural convection and
forced convection. Natural convection is the. tendency
of hot water or air to rise by itself. -Wind'blows hot air
away from a rrre by forced convection.

On one hand, convection currents are useful.
Cooler air replacing the rising air contains oxygen
which the fire needs. However, rising hot air carries
heat away from the fire without transferring it to the
cooking pot. Good cooking fires use convection
currents to heat the pot by controlling the rate at which
air enters and leaves the fire. Keeping rrres as small as
conveniently possible saves heat loss by convection.

Unprotected fires lose heat by natural
convection. However, when exposed to the wind, they
lose even more heat energy by forced convection.
Steam rising from uncovered pots and pans carries away
heat by convection. Even more heat is lost from pots
and pans as moving currents of air take heat being
radiated through the sides of the pots and pans.
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Common Cooking
Methods

The three-stone fire and the metal charcoal jiko
are described below. Advantages and disadvantages of
each of these are described. Heat losses that occur in
charcoal jikos and three-stone fires as explained in the
previous section, are also discussed.

Three-Stone Fires (Open Fires)
Three-stone fires are familiar to all rural

Kenyans. Stones are arranged around an open fire in
such a way that a cooking vessel can be placed over the
fire. This has been the traditional method ofcooking in
-Kenya and even now most rural families cook over three
stone rITes.

Although three-stone fITes use wood with a low
efficiency (5-15%), there are many reasons why they are
preferred:

The rITe can be controlled by moving the
fuelwood into or out of the rITe.
Many types of fuels can be burned (wood, maize
stalks, cobs, bagasse, etc.).
The fuel does not have to be cut to a small size.
The rrre serves other purposes besides cooking
such as space heating, lighting, keeping away
insects, and acting as a social centre at night.

Any three-stone fire can be made more efficient
by using dry wood, wind shields and energy saving
methods (see Improved Kitchen Management). Open
rITes have disadvantages:

They are difficult to use during windy or rainy
weather.
Open rITes in the kitchen present health dangers.
Smoke from three-stone fires is bad for ~e eyes
and lungs, and children often fall into the rITe
and bum themselves.

Three-stone fire heat loss:

Radiation from fire to the atmosphere.
Because the fire is open, nothing prevents a great deal of
heat from escaping as radiation. -

Convection from fire to the atmosphere.
Hot gases rise from the frre"upward into the atmosphere.
Any wind blowing across the fire greatly increases
losses by convection, as the hot gases no longer touch
the pot

Convection and radiation from pot to the
atmosphere. The exposed cooking vessel gives off
heat by both radiation and convection.

Metal Charcoal Jiko
Charcoal jikos have been use in Kenya for 60

years. Introduced up country by Indians during the
building of the East African Railway, jikos are now the
most common cooking tools in Kenyan urban areas.The
reasons why charcoal is considered to be a wasteful

woodfuel have been discussed. Usually, less than a
quarter of the energy in the wood used to kiln charcoal
is available in the final product.

Nevertheless, charcoal can be transported
profitably over long dlstances and conveniently stored in
urban areas. For these reasons and because of its special
properties, it is the most commonly used cooking fuel
in cities. Charcoal stoves are made from scrap metal
and sold in markets throughout Kenya.

Traditional models have several advantages:
They use charcoal which is well suited for
small stoves. Charcoal can be broken into
small pieces, allowing the cook to
use only as much fuel as necessary.
They are small, cheap and portable.
They are easy to light and use. The heat of the
fITe can be controlled by opening and closing the
jiko door.
Metal jikos fit any kind of pot.

There are several importailt disadvantages of using metal
charcoaljikos:

They can cause burns to those that use them
because their outer surfaces become hot.
Charcoal gives off poisonous carbon monoxide --..
as it burns, especially when the combustion
process is incomplete. Charcoal jikos should
always be used in well ventilated rooms.

NEVER USE CHARCOAL JIKOS IN. CLOSED
ROOMS.

Metal jiko heat loss:

Radiation from· stove body to the
atmosphere. Heat is radiated from the burning
charcoal to the metal sides of the jiko. The metal jiko
sides and grate conduct the heat to the outside and re
radiate it to the atmosphere. Much heat is lost to the
atmosphere in this way.
ConveCtio.n and radiation from cooking
utensil to the atmosphere. Because pans sit on
top of the jiko they give off heat to the atmosphere in
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Energy Loss in a Traditional Jiko

all. directions. Currents of air take heat away from the
pot by convection. All surfaces of the pot give off
heat by radiation.

Principles of Improved
Stoves

The previous section discussed advantages and
disadvantages of traditional cooking tools. Because
there is much heat loss from the metal jiko and open
fIre during cooking, energy can be saved by improving
the use .of heat. When improving stoves, the
advantages of traditional stoves should be made part of
the new design whenever possible.

Two major improvements will increase the
performance of any cooking fIre:

(1) .Enclosing and insulating the fire
(2) Controlling the airflow through the fire

Enclosing the fire helps prevent wind and
draught from carrying heat away by forced convection.
It also enables more of the hot gases in the fIre to
transfer their heat to the cooking pot. A wall around
the fire limits heat loss by radiation to. the atmosphere
and re-directs heat onto the cooking pot. Also, children
are less likely to suffer burns from enclosed fIres.

Controlling the airflow through the fire makes it
more manageable. By increasing the airflow the
temperature· can be increased, and by decreasing the
airflow the temperature can be lowered. Proper airflow
ensures that fuels burn completely, thereby producing
less smoke. Controlling airtlow by means of a
chimney directs smoke out of the kitchen.

Stove Parts that Enclose and
Insulate the Fire

The Firebox
Also called the combustion chamber, the fIrebox

is the enclosed part of the stove in which wood bums.
It keeps heat inside the stove by preventing radiation
and convection losses. Well-designed fireboxes direct
the fire's heat to the cooking pot or pan. Fireboxes are
built of materials such as ceramic bricks which can
withstand high temperatures.

There is often a clay or double piece metal outer
wall surrounding the firebox which helps insulate and
retain the heat.of the fire.

The Grate
The grate is a perforated platform at the bottom

of the fIrebox upon which burning wood and embers sit.
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Typical Improved Stove Cross Section

A Firebox
B Grate
C Heating Plate
D Ash box
E Door/Air Inlet
F Chimney
G Secondary Air Inlets
H Pan with rim
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U~~~--=====~
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Grates allow ash to fall into the ashbox below while
they retain burning wood and glowing embers. Air is
also fed into the fire from below the grate, pre-heated by
glowing embers as it passes through.

oxygen. 'Secondary air, provided by separate air inlets
that lead from outside the stove to the firebox, enables
complete burning of volatile gases in the combustion
chamber ( see diagram).

Bafnes
Baffles are barriers in the stove's air passages

which slow down hot gas movement, allowing it more
time to transfer its heat to the cooking pot. Baffles
prevent hot gases from travelling in a straight line.
One type of baffle directs hot gases in a circle around
the pot. Another redirects air away from the chimney
passage and back toward the cooking vessel. They are
placed near the door, at the exit of the firebox, or near
the chimney, where they can best redirect the hot gases.

Dampers
Dampers are movable plates which may be

opened or closed to control the amount of air moving
through the fire. The damper may be located near the
chimney or in the air inlet. There are may be more than
one damper which controls air flow through the
chimney and other stove chambers.

Secondary air

Stove parts that control airflow
through the fire

The Door!Air Inlet
Besides enabling loading and lighting of

woodfuels in the firebox, the door serves an important
purpose in controlling airflow through the fire. On
some stoves there is an air inlet in the door that allows
air to pass into the frrebox. Air inlets often have a
passage which pre-heats the air before it enters the
frrebox (cold air cools down the fire). On some stoves,
the door opening serves as an adjustable air inlet,
opened and closed by a hinged piece of metal or block of
clay.

Because airflow in improved stoves is limited, it
is sometimes necessary to ,let air enter the firebox in
more than one place. Primary air is air that enters the
frre through the air inlet and from below the grate. It
is the main source of oxygen for combustion.

However, sometimes the primary air inlet does
not provide enough oxygen to bum all of the
volatile gases in the upper part of the firebox. These
gases may thus escape unburned because of a lack of

Ash Box
The ash box is the space below the grate into

which ash falls. Air in the ash box is pre-heated before
moving through the grate. into the fire.

Heating Plate
Heating plates are thick sheets of metal which

enclose the top of the firebox on some stoves. They
make the top of the stove (the part that is most used)
sturdy and long-lasting while they prevent loss of heat
by convection. Heating plates have holes cut in them
which allow specially-sized sufurias to fit into them.
These holes allow the base of the sufuria to sit inside
the top part of the firebox. Situated like this, the
sufuria· quickly absorbs radiation from inside the
firebox and does not radiate as much heat to the
atmosphere.

The Chimney
The chimney is a wide pipe connected to the

back part of the stove, and extending up and out of the
kitchen. It has two important functions in stove
operation. Firstly, convection currents (called the
draught) that· move up the chimney pull air into and
through the stove. Secondly, the chimney is a passage-

,...--------------------------, way for smoke' and unwanted gases to the outside.
A well-designed chimney controls air movement
through ·the fire and keeps the kitchen free of
smoke.

Chimneys extend one and a half to two and
a half metres above the roof of the kitchen. The
exact size of the chimney' depends upon the type
and size of the stove. Proper sizing of chimneys is
important to prevent malfunctioning of the stove.

Atop the chimney is a cone-shaped device
called the cowl which prevents rain from entering
the chimney and helps increase the draught

Chimneys must be cleaned regularly to
prevent accumulation of tar, soot and creosote
which will eventually either catch fire or block .the
chimney.
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Stove Materials
Stoves have been made from mixtures of mud,

clay, ash, sand and even termite-hill earth. Stove bodies
have also been built with bricks and concrete blocks in
some local institutions. Heavy cast-iron wood burning
stoves are also available in Kenya.

Almost all stoves require some metal parts and
"metal craftwork. Many stoves have metal doors. The
grate is often made from cast iron. Chimneys are most
commonly made with sheet metal. Many stoves have a
thick steel plate as their top surface.

Stove building is a profession. Much training
and experience is required to build proper stoves.
Therefore, those who want to install stoves should seek
help from qualified people.

Cooking Vessels .
The type of cooking vessel used dunng meal

preparation has a great effect on cooking efficiency.
Cooking vessels of the wrong material, shape or size
may cause heat to be wasted. Improved stoves should
be built to fit the cooking vessels that are available in
local kitchens.

The shape of the cooking vessel should, for best
results, present the largest possible heating surface to
the fire. Pans that sit in the firebox present a large
surface area to the fire. Cooking vessels 'with rounded
bottoms also" absorb .heat from fues better than flat
bottomed vessels.·

Two types of cooking vessels are "used
commonly in Kenya: pots and pans. For the
purposes of this book, pots are made from fired clay and

" pans are made of various metals.
Clay pots have been made and used to cook food

locally for hundreds of years. Although pots do not
heat up quickly because the clay material is not a good
conductor, they store heat very well. Thus clay pots are

Bellerive stove cooking vessel. This pan has a rim
which allows it to sit inside the firebox.
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well suited for simmering slow cooking dishes such as
"githeri" and millet porridge. Clay pots keep food
warm for a long time.

Metal cooking pans (sufurias) were first
imported by Indian traders long ago. Now most
Kenyans prefer to cook with metal pans because they
are easy to use. Pans are commonly made of
aluminium, cast iron, or~ stainless steel. Cast iron pans
are heavy, retaining heat better than other metals, but
they are also more costly that other pans. Sufurlas are
commonly made of a light drawn aluminium which
heats up quickly and is thus useful for fast cooking.

Pans that become black" on the bottom do not
need to be cleaned because the black colour absorbs heat "
quite efficiently. However, a thic]c tar or soot build up
should be scraped off because it insulates the metal~ and
can catch fire.

Some features to consider when choosing pans
are listed below:

They should be made from thick metals.
Thick metal pans retain heat longer and last longer than
thin pans.

They should have tight fitting lids. Lids
prevent heat from escaping" allow vapour to condense
inside pans and keep ashes and insects out of the
cooking food.

They should have a rim. Rims allow easy
handling of pans. On improved stoves which have
heating plates, sufurias with rims that enable them to
fit into the frrebox make best use of the heat '

Improyed Kitchen Energy
Management

The ways in which cooks manage the kitchen
determines each kitchen's energy efficiency. Firewood
should always be prepared by drying and chopping it to
size that will fit in the stove. Open fires should be
carefully constructed and tended. Careful attention
should be given to food preparation methods and use of
cooking utensils.

It is recommended that improved stoves be used
whenever possible. Wastefully used open fues burning
wet wood may only have an energy efficiency of 5%.
By using the improved cooking methods listed .below,
the efficiency of the three-stone fire c~n be raIsed to
20%.

Choosing and Preparing Fuelwood

Use wood instead of charcoal whenever
possible. Use of fuelwood is always more energy
efficient than use of charcoal.

Always use dry wood. Freshly cut wood has a
much higher moisture content than dried wood. Hence,
much energy is wasted" expelling moisture from wet
wood. Wood should be dried for about 2 months to get
maximum energy efficiency from it Wood will dry
more quickly if it is split to increase its surface area.



..
Energy Efficient Kitchen

Place to dry wood

Build places to dry wood. Wood is often stored in
rafters abov~ the fIre to be dried by rising wann air.
Some stoves have shelves built below them in which
drying wood is stored. Many homes and institutions
build sheds for stori!lg and drying wood.

Use woodcut to· a proper size. Sticks with a
smaIl diameter present a greater surface area per volume
to the fIre, heat up quickly and burn complet'ely. They
also fit easily into the cookstove and allow the stove
door to be closed.

Constructing Fires

Use a wind shield. Wind shields prevent wind and
draughts from carrying heat away from the fIre. Wind
shields are made from sheets of "mabati" (placed in the
direction from which the wind blows) or from mud or
stone walls built around the fire.

Choose and arrange stones in ~pen fires
carefully. Choose stones with a shape that will fit·
pots and pans securely. ~arve ledges in the stones so
that the pots and pans will be stable during stirring.
Build operi fires on large flat stones so that heat is .
captured and radiated back to the fire. Some areas sell 3
legged metal stands which accommodate various pot
sizes. These can be inserted i!1 the fire and used to hold
pots instead of stone ledges.

Use the optimum pot-fire distance. Make sure.
that the pot or pan is at the most effective distance from
the fire. Cooking ytensils placed too far from the fire
absorb much less heat from radiation and convection.
Optimum pot-fire distances are between 10 and 12 cm
in wood fIres and about 5 cm in charcoal fires.

Always build the smallest fire necessary to
cook each meal. Any extra wood used is wasteful.

Food Preparation and Cooking
Management .

Always cover cooking food with lids or
plates. Uncovered pots and pans allow much heat. to
escape in the form of convected or radiated energy.

Boil food' slowly. There is no need for a roaring
fIre underneath a pot of "githeri" which will cook just
as fast over a small fIre. Simmering cooks food just as
fast as rapid boiling while it ensures that the nutritional
value of the food is retained. Once food in a covered pot
has' been brought. to a boil, it is often not necessary to
add more wood to the fire, because the retained heat of
the frreplace, stove and pot will cook the food slowly.

Soak hard foods. Hard foods (e.g. maize and beans)
soaked' overnight take much less time to cook than
unsoaked food, and hence consume much less fuel
during cooking:

Cut meats) potatoes and Yegetables into
small pieces before cooking them. Food cut
into small pieces cooks faster. Like small pieces of
wood, small chunks of food have a large surface area and
hence absorb heat faster.

Teach children and house.' helps to conserve
energy. When everyone in the household practices
energy-saving measures, the combined energy savings
will be much greater.

Keep cooking vessels and stoves clean. Soot
. accumulating on the bottoms of pots and pans will
reduce their ability to transfer heat.. Stove parts
(especially chimneys) should be kept clean and well
maintained. If sloves or pans are not clean, the danger
of a frre breaking out is increased.
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Local Improved Stoves
Kenya is among the leading African countries in

improved stove technology. "Thousands of Kenyan
families .and institutions now use energy conserving
stoves. Many organisations are promoting, building
and selling improved stoves. This section describes
some of the successful stove models. .

. The charcoal burning Kenya Ceramic Jiko is
the. most widespread improved stove. Hundreds of
thousands of city dwellers now use this stove which
greatly rec].uces charcoal consumption.

Woodburning.Maendeleo and Pogbi stoves are
being rapidly adopted by rural families, especially in
areas where wood must be bought. The Maendeleo
stove is cheap, simple to construct and as easy to use as
the three-stone fITe. The Pogbi stove has been
purchased by hundreds of families around Ruiru because
it uses fuel more efficiently than the three~stone fire.

Institutions buy fuelwood by the tonne. They
can significantly reduce their fuelwood expenses by
cooking with improved stoves (especially if they now
cook over open fires). The Alfa Laval Institutional
Stove has proved to be effective in thousands of
schools, hospitals and other institutions allover Kenya.
The Bellerive Community Stove. both cheap and energy
conserving, has been constructed in over 200
institutions over the last two years. Additionally,an
institutional stove made by Ital Products has proven to
be very efficient

The Kenya Ceramic Jiko

"Hundreds of Ihousaruls ofpeople use lhe Kenya Ceramic
Jiko due 10 its energy efficiency and convenient design:

metal body similar to the traditional jiko, saved much
fuel but were quite fragile.

Therefore, the improved jiko was re-
designed several times to make it more sturdy. The
present Kenya Ceramic Jiko (KCJ) is an outcome of
those improvements. It has performed so well that it is
now built and used in urban areas allover the country.

Description
The Kenya Ceramic Jiko is a light, portable

charcoal stove. Its bell-bottom shape has tWo parts; a
combustion chamber on top and an ash bo~ on the
bottom. The upper part of the jiko is lined with" a
bowl-shaped ceramic insert . that receives the charcoal
and acts as a firebox. The stove's grate has about 20
holes in the bottom part of the ceramic liner which hold
the charcoal and allow air to enter the firebox from
below. The liner is held in place by an inverted cone
shaped metal cover with sturdy handles. Like the
traditional jiko. the KCJ has 3 hinged rings which
function as rests for the cooking vessels.

The lower part of the jiko is a cone-shaped
metal chamber which serves as the ash box. A hinged
door is the. stove's air inlet, allowing control of air flow
to the fife. The chamber is wide enough to allow for
easy lighting and adequate inflow of air.

The KCJ is operated in the same way as the
traditional jiko. Charcoal is placed in the ceramic liner
and some type of kindling is lit in the chamber below.
The burning kindling ignites the charcoal through the
ceramic grate. The door to the ash-box is left open
during the lighting stages to allow arr to reach the
charcoal from below. Jikos are usually .lit outside with
their open doors facing the wind, which fans the frre.

When the charcoal begins "to bum steadily.
convection currents pull air into the fife through the
grate. At this point, the door is closed and the stove is
carried inside. The cooking vessel is placed on the rings'
of thejiko.



Advantages of tile KCJ

The most important feature of the KCJ is the
ceramic liner which insulates the ji/co's sides and
directs heat onto the pot or pan. The KCJ was tested
and compared with the traditional metal jiko
experimentally at Kenyatta University. Three important
test conclusions are listed below:

The KCJ uses 30-50% less fuel than the
traditional metal jiko.

It boils water faster than the traditional
metaljiko (33% less time).

It produces 20% less poisonous carbon
monoxide than the traditional metal jiko.

The ceramic liner reduces energy loss by greatly
reducing conduction and radiation of heat through the
sides and grate of the jiko. In fact, the insulation
provided by the ceramic liner returns heat to the fire,
making the fire burn more completely at a higher
temperature. The liner's shape causes heat to be directed
upward to the pan. The end result is a greater amount
of heat transferred to the pot for each mass of charcoal
used.

The 30-50% fuel savings over the traditional
jiko result in a reduction of monthly fuel costs. With
the KCJ a city dweller who had been using six to nine
bags of charcoal every three months could expect to use
only three to four bags of charcoal in the same period.
The KCJ can pay for itself in a single month with
money saved on charcoal.

KCJ Cross Section

4f--- Ceramic Liner

\~__ Metal cladding

~~ Ash box

Door

The KCJ has other advantages. It cooks faster
because it brings water to boil faster (of course,
simmering will take the same time). Its ceramic
insulation makes the outside walls cooler, reducing the
danger of bums to people in the kitchen. The kitchen
atmosphere is made healthier because the KCJ produces
less carbon monoxide and smoke. In addition, well
constructed ceramic jikos. have a longer lifetime than
metal jikos.

Distribution

Since 1982 the Kenya Renewable Energy
Development Project (KREDP) has been supporting the
development and distribution of the KCJ. They have
supported stove workshops which train local artisans to
build the stove. They have also promoted the KCJ
through newspapers, leaflets and various organisations.
As of December 1986, over 250,000 KCJ had been
made and sold in Kenya.

The ceramic liners are, for the most part,
produced by local potters. Meanwhile, the metal covers
are produced by jua kali artisans. The jikos are
assembled and sold in markets allover the country.
Stove-building workshops are especially active in
Nairobi, Coast, Central and Nyanza Provinces.. KCJs
are also now being exported to Sudan, Uganda, Rwanda
and Tanzania.

The Kenya Ceramic Jiko is an example of a
cheap, modern, energy-saving stove that has been very
successful.

Maendeleo Sfoves

Cheaply and easily constructed, Maendeleo
stoves are now increasingly used by women in Kenya.
There are two types of Maendeleo stoves, the
Maendeleo 1 and 2. This section describes the flrst
model.

The stove was developed through efforts of
the Maendeleo ya Wanawake/G1Z Women and Energy
Project to improve the three-stone fire. Although many
improved stoves provide benefits to the cook such as
reduced fuel consumption and smoke production, most
stoves do not give the greatest advantage of the three
stone fire: no cost. Often women in rural areas do not
have money to buy improved stoves.

In Kiambu, Murang'a, Kisii and Meru, the

Maeruieleo stove with chimney in Kisii. These stoves are
twice as efficient. as three stone fires.
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Maendeleo ya Wanawake/G1Z Stove Programme has
attempted to improve the three-stone ftre at minimum
cost. In 1983 a stove design from Burkina Faso was
adopted to fit Kenyan women's indoor cooking
preferences. This design replaced the three stones of the
open fire with six frred clay bricks. The bricks were
encased in a strong mud material which could support
sufurias during the cooking of ugali or githeri .

: Called the Six -Brick Stove. it is now used in
many Central Province kitchens because it saves energy
and fits any· pot size. .However, the Six Brick Stove
must be constructed exactly in order to save fuel, and it
is difftcult to train individuals to construct it properly.

In 1985, stove designers replaced the six bricks
used in stove construction with a cylindrically shaped
ceramic liner. The liner is pre-moulded to serve as the
stove's firebox. air inlet and pot rest. Local materials
(such. as .those used in the area for building houses) are
packed- around the ceramic liner to build up the stove
walls. During field tests, rural women quickly learned
to build this stove, now called the Maendeleo 1 Stove.

Description

This stove (like the Kenya Ceramic Jiko ) is
built around a fIred ceramic liner which can withstand
high temperatures for a long time without cracking.
The Space inside the. liner is the stove's firebox. One
side of the liner has an arched opening which serves as
the door and air inlet. The upper rim of the liner has
three raised pot rests.

- The Maeru1eleo 1 stove is made completely from
available materials at a minimum cost. It has no metal
parts such as grates, heating plates or hinged doors.

The stove is constructed upon a foundation made
from local matgials. A large flat stone is sunk into the
foundation and the ceramic liner is positioned atop of it.
Mud/clay walls are then built around the sides of the

-- liner, leaving a raised platform in front of the door.
- -~alled t~~tongue,. this' platfornl supports sticks being

fed into the fire and allows air to move underneath
them.

Advantages of the Maendeleo 1 Stove

The Maendeleo 1 Stove is about 30% efftcient
when properly built and used. The insulated ftrebox
allows the fire to bum at a steady rate without being
blown by the wind. Furthermore, it makes· use of
convected heat which is otherwise wasted by open fires
to direct rising hot gases up the sides of the cooking
vessel, conducting some of this heat into it.

Besides conserving fuelwood, the stove has other
advantages. As mentioned above, -it costs almost as
little as the three-stone frre to construct. -Like the open
frre, it bums any type of fuel (even grass and dung) and
is easy to manage. The Maendeleo 1 Stove also
reduces smoke in the kitchen and prevents children and
old people from getting burned.

Distribution

Women's groups in Kiambu, Kisii, Meru and
Murang'a had built 2,500 of these stoves by August
1986. As of January 1987, 6,000 stoves had been
built in the same areas. There is a particular demand for
the stove in areas such as Kiambu where women now
have to buy fuelwood and hence see the need to conserve
it. By December 1987 it is estimated that there will be
approximately 20,000 stoves in use.

The Maendeleo ya WanawakelGlZ Stove
Programme has been training women's group
representatives, local Government Community
Development Offtcers, as well as Ministry of
Agriculture Technical Assistants and Home Economics
Officers, to teach and supervise stove building.
Typically, women build stoves in their own houses
under the supervision of trainers.

Ceramic liners for the stoves are made centrally
by Clay Works in Nairobi and also by local potters or
production centres in· Kisii, Meru and Murang'a. The
demand for the stove is great in all parts of Kenya, but
the project aims for a self-sustainable production and
supply system in the pilot districts before moving to
new areas.

Maendeleo I Stove

--=l_.;..:...,-#-'- Pot rests

~~~~------------CeramicLiner

~ ..l"-------'--------mudlclay walls

~¥'''----~I__:_-----------door

----,;t- tongue
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The Nandi Clay Stove·

door is closed. Primary and secondary air
channels insure complete combustion of
volatile. gases inside the frrebox. The fIrst
pan is heated mostly by radiated heat from
the frrebox, while the second pan receives
most of its heat from convection currents.

Trained artisans build Pogbi stoves at
the Ruiru site outside Nairobi. They use
specially prepared clay reinforced with dried
grass which increases the strength of· the
stove structure. Moulds are used· to shape
the stove walls,· frrebox and ait ducts.

The Pogbi stove is significantly
more expensive than the Maendeleo stoves.
However, its construction and design make it
more efficient than Maendeleo stoves. It is
also likely to last longer. Ruiru stove
builders will install the stove in the buyer's
kitchen and give instructions on the stove's
operatiory and maintenance. The Pogbi stove
is the most efficient wood burning domestic
stove presently available for sale in Kenya.

Pogbi Stove Parts

A Chimney

B Door

C Secondary Air Inlet

D Rimmed Pan

E Metal Heating Plate

The Pogbi Stove

The Nandi clay stove is an example'
of a stove that has spread to thousands of
homes because of its advantages over
previous cooking fIres.

The stove was introduced in 1956 as .
an improvement of the traditional sunken
fIreplace. At that time, women frequently
,brought, children to dispensaries who had

•.. ~~':':~··:t ••• ~.

~ ~ ~'b~n~rn~~~li~~~t~fu~~~ fu
fact, the problem was so widespread that it was
common to see burned children in hospital wards.
There was thus an outcry against the sunken fireplace
which prompted the colonial Health Department
authorities to introduce a modified stove.

The original design for the improved Nandi
stove was by Mr. A.T. Matson and Jamaldin Esmail,
health department workers in :Nandi District. The stove
was spread to local health centres and kokwets
(homesteads) by Mr. Matson's wife and the Maendeleo
ya Wanawake organization.

The stove is built by arranging several large
stones or bricks in a box shape, often on a ~aised
platform. Smaller stones are then packed around them
for support and the stones are then covered with, a
mud/sand mixture, leaving holes for two· pots.. When
dry, this structure is smeared with a mud/dung/sand
mixture. The original design had a chimney and a
hollow space for keeping food warm.

Women adapted the original stove design to suit
their own needs, changing the stove sizes, the number
of cooking holes, or by not building the chimney.
During the early 1960's, the stove became quite popular
among women. Even after the organizations which
were supporting stove building were no longer
functional, women continued building Nandi clay
stoves. Now, over twenty-fIve years later, most
kokwets in the northern part of Nandi District use
Nandi stoves.

The Pogbi stove is an energy conserving wood
burning stove developed· by the Bellerive Foundation
and available at their workshops in Ruiru. It was
specifIcally designed for areas such as Central Province
which suffer from fuelwood shortages. Also based ona
stove used in Burkina Faso, the Pogbi stove has a tested
and proven design that decreases firewood consumption
and improves kitchen health conditions.

The stove body is made from a clay/straw mix
with a metal grate and heating plate. A hinged metal
door allows for the loading of wood and entry of
primary air, while an additional hole allows preheated
secondary air to enter the ['tree Baffles direct air in such
a way that itmoves around the first pan and transfers its.
heat to the pan in the second chamber on its way out

. the chimney. The chimney is made of moulded clay
. segments which may be extended out of the kitchen

with sheet metal pipes. .
The heating plate, made from long-lasting 3 mm

sheet metal, has round openings for two sufurias to sit
inside the stove chambers. Although the rimmed pans
supplied with the stove work best, the stove can accept
various conventional sufurias.

The diagram on page. 54 shows the draught
flow through the store during operation.. Split, dried
wood is ignited atop the grate and once it is burning the



The main advantage of the Nandi stove is that it
prevents children from getting burned in the kitchen.
However, the stove also allows women to conveniently
cook more than one dish at a, time. Furthermore, the
enclosed fuebox probably aids frrewood conservation.
Although Nandi stoves have not been tested for
efficiency, women report that the stoves consume less
fIrewood than the traditional open' fIre.

Kuni Mbili
Kuni Mbili (above), developed by KREDP, is a

portable stove which cooks food efficiently with
firewood. Some of the new Kuni Mbili models can
cook with fIrewood, or charcoal. Preliminary tests
indicate that the Kuni Mbili has a 30% laboratory
efficiency, though field tests suggest the actual use
efficiency will be about 25%. Originally developed by
Max Kinyanjui, the stove is similar in design to the
KCJ but adapted primarily for wood instead of charcoal.
Although the stove was still being tested and refined as
of December 1986, artisans had already begun to
market it

Bellerive Community Stoves
Institutions such as schools, colleges,

hospitals, and prisons buy cut fuelwood and charcoal in
large volumes for preparing meals. Great amounts of
energy and money are wasted cooking meals over open
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fIres or old inefficient stoves.
Kenyan institutions can save
much money and wood by
adopting sturdy, long-lasting,
energy-saving stoves for their
kitchens.

Bellerive Community
Stoves are examples of cheaply
available stoves which save a
great amount of wood energy.
Savings in woodfuel purchases
enable institutional stoves to pay
for themselves within six
months to a year.

Mr. Wiclaw Micuta
(nicknamed "Bwana Jiko ") and
Mr. Emil Haas (nicknamed

"Mzee Jiko ") attended the 1981 UN 'Renewable Energy
Conference as stove experts. After the conference, they
initiated a local wood stove programme, the
BellerivelUNEP Fuel Saving Project, which was started
in Ruiru. The project goals were to design and develop
fuel-efficient stoves and to train local artisansto build
them. Under the management of Mrs Sophia"Kiarie,
the Ruiru Centre has sold hundreds of household and
institutional stoves shice 1983.

Realising that there would be a demand for
energy-saving stoves in' kitchens that cook meals for
large numbers of people, the Ruiru' Centre concentrated
on institutional stove designs. In May 1985, they,
.launched the Bellerive Community Stove, and since
then their artisans have built and installed stoves in
schools and colleges all over Kenya.

Description

BeUerive Community Stoves are available in
several different sizes (50, 100, 150 and 200 littes) and
made from either clay or brickwork and sheet metal.
All of them are cylindrical and are topped by a ring
shaped iron plate and a metal chimney. This section
describes the 200-litre brickwork/sheet metal stove.

Cross - Section of Bellerive A .... 1'6\

Community Stove ~ D~1~
A Path of hot gases around pan.
B Cowl
C Insulating Walls @
D Chimney ,
E Firebox
F Grate @
G Pan
H Ashbox
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Long. lasting and. sturdy, the stove will cut
fuelwood use by at least 50% if properly used. The
cylinder-shaped outer wall is built from burnt bricks and
protected by a galvanised metal sheet. Inside the wall is
a brick-lined conical firebox and a space in which the
cooking pan sits'. A cast iron grate is located below
the fIrebox.

The door is a closeable metal sheet with inlets
for both primaryand secondary air. Wood must be cut
in order to fitinto the opening and still allow the door
to be closed dUring stove operation. ,

'A ring-shaped metal plate located on top of the
walls serves to enclose the stove and support the rim of
the cooking pan. .'

The stove's chinuzey is connected to a 14 cm
diameter sheet metal pipe which conducts smoke out of
the kitchen. The chimney's opening inside the stove is
located so that' hot gases must pass around the pan
before exiting the stove.

All Bellerive Community Stoves are supplied
with stainless steel cooking pans. These pans have an
upper rim 'which ,allows most of the pari to sit inside
the fIrebox area.'

Operation
, These s~oves require that cooks learn simple

operation procedures. The fire in the stove should be
carefully controlled and. fed with chopped .dry wood.
Once food has been brought toa boil, wood need not be
added to the fire as the insulated cylinder walls retain
heat very well. Meals such as githeri should be pre
treated by pre-soaking maize and beans before cooking
(this can save energy with any stove). Following the
operating instructions given during installation of the
stove will result in large savings in woodfuel use.

Bellefive stoves efficiently utilise heat produced
by the fIre. The pan absorbs radiation optimally
because it is sitting inside the stove at the correct
distance from the fIre. Instead of losing' heat from the
sides of the pan to the outside by radiation, the pan

,Bellerive Institutional stoves at Murang'a· College of
Teduwlogy.

gains' heat by convection from hqt gases which pass
, around its sides (see figure). The draught thr<>ugh the

fire, 'made possible by the air openings and the
chimney, enables wood to burn completely. Even'after
the fire has burned· down, the pan gains. heat radiated
from the heat-retaining firebox.

Distribution
The money-saving advantages of Bellerive

Community Stoves have been demonstrated by the rapid
rate at which insitutio~s are· demanding them. During
the twenty months after it was launched, more than 160
Bellerive stoves were installed in' institutions all over
Kenya. Most of the· stoves· have been built in Central
province, but- many are also found as far away as
Mombasa and Kisumu. Kirinyaga Secondary School,
Machakos Teachers Training College, Kabarak High
School and Pangani Girls Hostel.are all examples of'
institutions now using these improved stoves. '

The Bellerive Fuel Saving ,Project has
recognised that improved stove designs alone will not
ensure woodfuel savings. Therefore, it has also
concentrated on training local artisans to build efficient
stoves and training local cooks to use the stoves. More
than twenty stove builders have been trained at'Ruiru,
and some of them are now employed building stoves in
other parts of Kenya. A stove similar to the Bellerive
is now built in Murang'a'by Rurru-trained artisans:

Furthermore, during stove installations,
Bellerivefund{s spend three days teaching cooks'how to
use the stoves properly. They. also return to maintain
and inspect the stoves several times in'the months after
they have installed them to ensure optimal use.

AlfaLaval Institutional stove.
Locally made, these stoves are used in hundreds of
schools 'and hospitals across the coUntry.
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Traditional charcoal mound kiln.

Improving Charcoal Production
Efficiency .

.Charcoal is the most important urban cooking
fuel. It is also an important fuel for the cement, lime
and brick· burning industries. During 1982 about 1.4
million tonnes of charcoal were burned in Kenya to
supply about 6% of the nation's final energy demand.

~most all of the charcoal in Kenya is made in
traditional kilns. Because of the low efficiency of
traditional kilning methods, about four units of wood
energy are used to make one unit of charcoal energy.
Less than a quarter of the energy in the wood is
available in the final charcoal product

By improving traditional kilning methods and
technologies, Kenya can save very many m:es.

The Charcoa' Industry
About 50,000 people are employed making

charcoal. A typical charcoal-maker produces 15 bags a
week in traditional earth-mound or pit kilns. Because
the traditional charcoal-making process takes time to
master, these kilns require skilled and experienced
operators.

Charcoal is transported from up-country
production areas to· urban centres. A bag of charcoal
used in Mombasa might have come from Hola, while a
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bag of charcoal used in Nairobi might have come from
Isiolo. Most of the charcoal in Kenya is made from
trees in semi-arid rangelands.

The charcoal industry provides benefits for
people in rural and urban areas. Charcoal-makers,
sellers, and transporters are employed by the charcoal
industry. The industry brings cash income to rural areas
and fuel to urban areas. Charcoal saves· foreign
exchange because it is a substitute for imported paraffin ..
and gas.

The Charcoal Product

Carbonisation of. any biomass drives off the
hydrogen and oxygen from the material and leaves a
charcoal product that is almost pure carbon. Charcoal is
composed of carbon (90% by weight), water (usually
about 5% moisture content) and ash which is left behind
after burning. Charcoal made from wood usually has an
ash content of about 4% while charcoal made from other
biomass (bark, coffee husks, peat, etc) may have an ash
content as high as 10% to 20%.
. The energy value of charcoal (5% moisture
content) is about 32 MJ/kg. This is two times the
value of energy in air dry wood and accounts for the
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popularity of charcoal in urban areas.
The weight per unit volume of charcoal depends

upon the density of the wood from which it was made.
Dense hardwoods such as mangrove produce charcoal
that weighs 55 kg per bag while very soft woods
produce charcoal that weighs less than 25 kg per bag.
Charcoal from rangeland trees such as Acacia weighs
about 35 kg per bag.

The Charcoal Making Process

Raw Materials
Charcoal in Kenya is made almost exclusively

from wood. Dense woods are preferred because' they
produce charcoal which is clean, long-burning and
resitant to breakage. Charcoal made from less dense
woods lights easily but tends to crumble and produce a
lot of fines (particles of charcoaL too small to use in
the jiko). Experienced charcoal makers choose wood in
good condition, splitting and chopping it so that it
stacks easily. Wood should always be as dry as
possible before kilning.

Other materials that have been used to make
charcoal are coffee husks, peat, coconut shells, sawdust
and straw. Sri Lanka exports charcoal made from
coconut shells. In Kenya, the Kenya Planters Coffee
Union makes Kahawa Charcoal from coffee husks (see
box page 71).. In general, materials other than wood
produce charcoal with a high ash content and a high
percentage of fines. A special process called binding is
required to press fines into briquettes, lumps of pressed
charcoal, before they can be used.

The temeprature drops from over 4000C to below
1500C.

Drying. During drying, water is driven from the
wood. The wetter the wood, the longer this process
takes and the more energy consumed. Wood with a
high moisture content can-cause this stage to last more
than twelve hours.

The kiln temperature stays around 1100C while
water is e~pelled from pores in the wood. The white
smoke given off at this time is mostly water vapour.
Later, the temperature slowly rises to 2700 C while
water is driven from cellular structures in the wood.
White smoke changes colour to a dark blue at the end of
the drying stage, and the charcoal maker then further
reduces the air s~pply.

Exothermic pyrolysis. The temperature begins to
rise rapidly above 2800C. It is during this stage that
the exothermic process called pyrolysis occurs.
Pyrolysis is the chemical breakdown of wood (or any
biomass) at high temperature in the absence of oxygen.

The air supply is limited during this stage as the
pyrolysis reaction produces its. own heat. The ideal
carbonisation temperature range of between 400 and
5000 C can give over 90% carbon yields. Dark smoke
with a heavy smell is given off during pyrolysis. This
smoke contains volatile gases (including hydrogen,
carbon monoxide and methane) and vapours (methyl
alcohol, acetic acid and tars). By the end of this. stage,
the structure of wood has broken down, and it loses
much of its volume while becoming charcoal.
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Carbonisation Stages in Mark V Portable Kiln
(1) Combustion
(2) Dehydration
(3) Exothermic Pyrolysis
(4) Cooiing
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Combustion (this stage does not apply to the retort
method). Kindling material and part of the charge are
burned inside the kiln in the presence of oxygen to
produce heat that initiates carbonisation. The
temperature rises rapidly as the fire is allowed to burn
for about an hour, and then the air supply is reduced.

Stages of Carbonisation

There are four stages in the carbonisation
process. Theftrst two stages occur in the presence Of
oxygen, but its supply is limited and completely
stopped during the last two stages.

Carbonisation
Charcoal is made by the carbonisation of

biomass. During carbonisation, a certain amount of
biomass, called a charge, is heated in a container
without oxygen and chemically reduced to produce the
high carbon charcoal product. Carbonisation is carried
out by two general methods: the kiln methad or the
retort methad. .

The kiln metlwd burns part of the charge inside
the kiln in order to produce the heat for carbonisation.
This is the method used to produce all of the charcoal in

. Kenya.
The retort method converts the charge to

charcoal inside a closed chamber with the heat coming
from outside the chamber. Retorts allow the collection
of gaseous and liquid by-products of carbonisation.



Cooling. During the cooling stage, kilns are sealed
completely to prevent any air from entering. If air is
allowed to enter, charcoal will ignite spontaneously.
The rate at which charcoal cools depends on the type of
kiln or retort used. Usually, about 24 hours after
starting the process the kiln is opened, at which time
water may be poured on the charcoal to prevent further
combustion.

Charcoal is then allowed to season for at least a
day, during which time it absorbs oxygen. Seasoning
charcoal should be checked periodically to make sure it
does not ignite.

Energy Losses in Charcoal
Production

In the Kilning Process
Charcoal contains concentrated energy and is

therefore preferred by urban people. Much energy is
used to make charcoal from the less concentra~d energy
in wood. It takes Qetween six and nine tonnes of wood
to make one tonne of charcoal using traditional kilning
methods. In energy terms, a tonne of charcoal contains
about one quarter of the energy originally contained in
the six to nine tonnes of wood from which it was made.
Three quarters of the energy in the wood is either used
as heat during the charcoal making process or escapes as
volatile gases, liquids and tar.
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Fines
As mentioned before, during kilning (especially

of less dense woods) a lot of' unusable fines are
produced. As much as 30% of the charcoal product of
one charge may be fines. These fines are left at the
kilning site. -

Furthermore, during transport; vibrations of the
moving vehicle and handling at the market site cause
bagged charcoal to break: and form more fines. The
farther the journey, the more charcoal is broken into
fines. Charcoal sold by the bag in urban areas typically
has at least 5% fmes.

By-products
During kilning, by-products' of the pyrolysis

reaction are lost as smoke or liquid. In other countries,
. these by-products which include methyl alcohol, acetic

acid and creosote, have been collected and sold or burned
for process heat. However, now that the petroleum
industry makes most of these chemicals quite cheaply,
it is too expensive to economically collect pyrolysis by
products. A small-scale c~arcoal maker would not be
able to afford-the distillation equipment (but it is
possible to have a small drop pan to collect tar and
other liquid by-products). By-products which could be
collected from 1000 kg of air-dry wood during
carbonisation are listed below with their uses:

:::,,:::::-:
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chimney is built for smoke to escape. Pit kilns are
,similar to earthmound kilns, but the wood is arranged in
a rectangular hole and air is allowed to pass underneath
the wood. Wood in pit kilns and earthmound kilns is
ignited while air holes are open. The charcoal-maker
watches the smoke from the fire, compeltely closing the
air holes with earth when he sees the dark smoke that
signals the start of pyrolysis.

Charcoal Making Technologies
Earthmound and Pit Kilns

A vast majority of Kenya's charcoal is produced
using traditional methods in earthmound and pit kilns.
In rural areas, charcoal makers are often seen at work
near smoking earthmound kilns.

Earthmound kilns are constructed by carefully
piling cut wood, and then covering it with leaves, sand
and soil. Spaces are left for air inlets, and at least one
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Portable kilns
Portable kilns are usually made out of metal.

One type has a cylinder-shaped body with.a conical roof
which can be taken apart and carried in several pieces.
Air moves through portable kilns by means of metal air
holes and chimneys which are attached at the base of the
kiln.

Portable kilns are carried to the site, put together
and loaded.' The first conical section is positioned on a
flat, clear space, and the chimneys and air inlets are
arranged equidistantly beneath the base. ,Wood is then
stacked inside the kiln and the other sections and the lids
are assembled. The wood' charge is lit by igniting
inflammable materials in the centre of the kiln. Portable
kilns are operated in much the same way as fixed kilns.
After the charcoal has cooled, the kiln is taken apart and
the charcoal is unloaded.

Portable kilns are carried to sites where wood is
available. If, for example, land is being cleared,
portable kilns can be used to make charcoal at the site.
Because they must be transportable, portaDle kilns are
limited to a maximum volume of about 3 to 4 m3 and,
because of their relative bulk, it is uneconomical to
move them frequently.

Ah space

Earthmound Kiln Cross Section

Fixed kilns.
These are closed chambers made

from brick and mud/cement with a
.loading and unloading,door. They have
chimneys and closeable air holes
aroulJd their base. Wood is stacked
inside ,the kiln chamber in ari
arrangement that depends on the type of
kiln. The operator lights a fire inside
the kiln, closes the door, and watches
the smoke ~scaping from the
chimneys. As' 'the carbonisation
process proceeds, holes are closed one
by one until the kiln is sealed. The
charcoal is then allowed to cool.
Before unloading the kiln, water may
be poured on the charcoal to prevent it

L...-__........ --.I from igniting.

Because fixed kilns cannot be moved, wood
must be carried to them. Thus, for an economical
operation, they should be built near a permanent source
of wood such as a regularly thinned forest, a plantation
or a sawmill. Fixed kilns are often very large in size.

Earthmound and pit kilns waste much energy.
They have efficiencies of between 8 -15% depending on
the skills of the operator and the moisture content of the

'wood. Operation of traditional kilns requires much
practical knowledge, and for th'is reason full-time,
experienced charcoal-makers produce more charcoal per
volume of wood than the inexperienced.

Although traditional kilns are not very efficient
and produce a produ~t that is often mixed with soil and
stones, they have several advantages over other types of
kilns. They require no money to build and they can be
built anywhere. Whenever the charcoal-maker fells a
tree, he can build a kiln. In addition, earthmound and
pit kilns fit the informal status of the charcoal-making
occupation.

Permanent kilns
Permanent types of kilns have evolved from

traditional kilns because they give a better control of the
charcoal production process and improved yields.
Because they do not allow earth, stones or other foreign
matter to mix with the charcoal, these kilns are faster,
more efficient and they produce a cleaner product
Permanent kilns are also easier to operate because they
have .fixed, adjustable air holes and' chimneys ,and
because they are easily fired, loaded and unloaded. Near
plantations and forest thinning operations, many kilns
can be operated at onee, increasing the profitability of

'kilning. Many kilns operating together are called a
battery of kilns. Permanent kilns can be divided into
two general types: fued kilns and portable kilns. .
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Beehive type permanent kiln.

Permanent kilns are easier to operate than pit
and mound kilns. They are also more efficient,
particularly when the kilning operator takes care to split
and dry wood before kilning. Kilns are operated in
batteries in appropriate areas to produce charcoal in
volume.

Kilns are quite expensive to build. A typical
charcoal-maker could not afford to buy a steel kiln, nor
would it be in his interest to build a fIXed kiln.
Permanent kilns are most profitable for such operations
as fuelwood plantations, land clearing projects,
sawmills and organised groups of charcoal-makers..

Retorts
Retorts are metal or brick ovens inside which

the biomass charge is heated in the absence of oxygen.
The heat used to initiate the pyrolysis reaction comes
from outside the oven. None of the charge itself is
combusted inside the retort's oven.

Retorts are sealed and fired from outside the
oven. Because the temperature of carbonisation can be
carefully controlled from outside the oven,. retorts have
very high yields. The efficiency of retorts varies
between 28 and 38%.

In addition, retorts allow the collection of the
volatile gases and liquid by-products of carbonisation.
Producer gas generated during pyrolysis is often used as
a fuel to heat the oven. ' .

Retorts are very expensive. They require both
capital and technical expertise to construct and operate.
In Kenya, only a very large centralised operation would
be able to· build, manage and maintain a retort. It is
also unlikely that collected by-products could presently
compete with the same products produced by petroleum
refineries.

Practical Charcoal
Production Improvements

The previous sections have described how the
charcoal industry presently wastes energy. About 1/3 of
all wood cut in Kenya is used to make charcoal.
Therefore, one of the most promising options for
reducing wood demand is to increase charcoal making
efficiencies. Several strategies to improve this
country's wood to charcoal conversion efficiency are
listed below. Successful improvements must involve
both small-scale charcoal producers as well as larger
industries.

Inlproving Traditional
Earthmound and Pit Kilns

The task of improving charcoal making
efficiencies must start in the traditional kilns where
most of the charcoal in Kenya is made.

Charcoal makers should kiln only DRY WOOD.
Wood should be split while it is still green to reduce its
drying time. At least two months is best, but wood
dried for only three weeks will kiln better than green
wood. Dry wood carbonises faster and gives a much
higher yield than wet wood.

Charcoal makers should build and manage their
earthmound and pit kilns carefully. Poorly built kilns
give very low yields. Proper stacking of the wood and
careful control of the kiln will increase charcoal yields.
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Casamance Kiln Cross Section
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A Centre Post
B Wood billets
C Air Inlets

D Grass/turf covering
E Earth covering



Adopting Efficient Permanent
Kilns

.Pilot projects have demonstrated that permanent
,kilns could be economical at certain sites in Kenya (see
'page 68). Much success has been achieved with
permanent kilns in Uganda. Energy-efficient permanent
kilns could be introduced by the government, private
industry or charcoal-making co-operatives.

Fixed ·kilns are often used to make charcoal at
appropriate sites. Fuel plantations near fIXed kilns in
Brazil supply wood to produce charcoal for that
country's iron industry·. Fixed kilns like those at Muka
Mukuu (Machakos) and Eldoret could be built near
forests, kilning wood from thinnings and fellings, or
near sawmills kilning waste wood.

Portable kilns like the Mark V have been used
profitably in small and medium sized charcoal
operations. The forest department in Uganda has

supported the use of transportable kilns in refining and
enrichment of tropical high forests such as Mabira
Forest. Portable kilns used in land clearing operations
can also make valuable use 'of cleared trees and bush.

Making Use of Charcoal Fines
As much as 1/3 of the charcoal kilned locally is

lost as fmes dUring production and transport. Fines
contain as much energy as uncrumbled charcoal, but are
not sold to consumers because they cannot be burned in
jikos. There are two ways in which fmes can be
profitably used:

Charcoal 'fines are burned directly in industry.
Processes for making lime, cement and bricks can use
charcoal fmes. Charcoal-makers could thus bag fmes
and sell them to transporters who could take them to
industry.

They may also be made into briquettes. Women
in Nairobi markets presently collect charcoal fines, mix
them with mud and sell them as briquettes. Charcoal
fmes are mixed with a substance called binder that
holds them together. The fines and binder are pressed
into briquettes and dried. These are sold in the same way
as charcoal.

Making Charcoal from
Waste Biomass

Certain types of waste biomass are produced in a
high enough volume to consider using them as a raw
material for making charcoal. This is an area where
industry can playa valuable role by collecting biomass
wastes centrally and processing them into charcoal. As
mentioned before, Sri Lanka exports a high quality
charcoal made from coconut shells.



Organisation of the
Charcoal Industry

Organising the charcoal industry could help
increase charcoal converdon efficiency, decrease the
price of charcoal and protect fragile environments n~w
being damaged by charcoal makers. Several stratagles
:which have been recommended are listed below.

Charcoal production centres which use efficient
kilns (e.g. half-orange) could be set up in several areas.

Charcoal-makers could be trained to improve

their kilning methods. They could also be given tree
planting responsibilities.

Charcoal production co-operatives could be. set
up which would make capital available to charcoal
makers (for purchase of improved kilns). These
organisations could also improve the marketing. of
charcoal products and limit the amount of tree poachmg.

The charcoal marketing and distribution system
could be improved. This could lead to a higher producer
price and a lower consumer price.
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Non-Wood Biomass

Non-Wood Biomass Resources

4

Biomass is Kenya's most important energy
resource. Biomass fuels include materials of organic
origin such as wood, charcoal, maize cobs, coffee husks
and animal wastes. Wood and charcoal, which together
supply about 75% of Kenya's energy needs, have been
discussed in the previous chapter. This chapter

discusses fliel uses of non-wood biomass in Kenya.
Useful non-wood biomass include agricultural

and animal wastes, together with crops which may be
grown for the energy they contain (Le. sugar). The
tables below show the many biomass by-products
produced by agriculture and industry in Kenya.
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Non-wood biomass by-products are used locally for four
main purposes:
1. Animal feed
2. Fertilizer/soil conditioner
3. Construction
4. Fuel

Maize stalks and other plant residues are used as
livestock- feed during the dry season. Brewery wastes,
coffee processing wastes and even sawdust are added to

cattle· and pig feed to increase its food value.
Wastes from cattle, goats, sheep, pigs and.

chicken are used locally as fertiliser. Coffee pulp is re
appiied to the soil as a fertiliser. Crop stalks are left
standing and then ploughed back into the fields to act as
soil conditioners.

Cattle dung is an important construction
material. Significant amounts of cow dung are collected
and mixed with clay and ash to build walls and floors of
houses allover Kenya.



Although this chapter discusses energy or, fuel
uses of biomass, the fodder, construction and fertiliser
uses should also be regarded as important In fact, the
above uses of agricutlural wastes are often more
important than fuel uses, and only those people who
live in areas of wood or fuel shortages are forced to cook
with agricultural wastes. Burning cow dung, for
example, is a much less valuable use of that biomass
than applying it to cropland or using it to build houses.

Non-Wood Biomass
as Fuel

In places where biomass is collected centrally
(i.e. bagasse at sugannills, coffee husks at processing

plants, etc.) or where there is a fuelwood shortage, non
wood biomass may be used economically as a fuel.
There are three ways in which biomass can be used or
converted into fuels.

Direct burning: Biomass material is combusted
directly for the heat it contains.

Thermo-chemical conversion: Biomass material
is wholly or partially carbonised to derive useful
gaseous, liquid or solid fuels such as producer gas,
methyl alcohol or charcoal.

- Bio-chemical conversion: Biomass material is
anaerobically treated or fermented by a biological agent
(yeast, bacteria) to produce fuels such as ethyl alcohol
orbiogas.

Biomass as Fuel
PROCESS PRODUCT APPLICATION

DIRECT BURNING ~ Burning ) ).

~
(Bagasse, Sawdust, Sunflower husks)~Densification,drying ------:;"pellets ) )cookm

g
, process heat

THERMO CHEMICAL CONVERSION~carbonisation ) charcoal ) cooking, process heat
(Almost any biomass) (kiln) ) pyrolysis liquids -------;;. various

~BIOMASS ) medium energy gas-------7 process heat
Gasification ) medium energy gas~ cooking, heating, stationary engines
(gasifier)

BIOCHEMICAL CONVERSION~AnaerobiCDigestion--7 biogas ) cooking, lighting, stationary engines
(Animal wastes, agricultural (digester)
wastes, energy crops)

. Fermentation ) ethyl alcohol ) vehicle fuel, cooking, lighting
(distillery)
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Burning Biomass Directly
Provided there is a continual source ofclean dry

biomass, its direct burning can produce heat for
cooking, heating water, industrial processes and
electrical generation.

People in areas suffering from wood shortages
are increasingly forced to use agricultural wastes and
cow dung as a cooking fuel. In India, cow dung is dried
and sold in markets specifically for cooking. The
practice o( burning cow dung as a fuel, however, is
environmentally dangerous. ' Dung is a valuable
fertiliser in farming areas and burning it releases its
nutrients into the atmosphere. Furthermore, the smoke
it gives off while burning is unhealthy for the lungs and
the eyes. Despite the environmental and health dangers,
more and more people in such areas as Nyanza and
Western Province are burning cow dung and agricultural
wastes as fuel.

In certain places, large amounts of agricultural
wastes are centrally collected. These wastes include
bagasse (Western Kenya) , coffee husks (in Dandora),
rice husks (in Mwea), coconut shells and coir (at the
coast), maize cobs and stalks (in Uasin Gishu, Trans
Nzoia and Bungoma) and sawdust (at sawmills allover
the country). These agricultural wastes are difficult to
dispose of, and using them as cooking or heating fuels

should be encouraged to help solve both the disposal
and local energy problems. Consider the following
examples of wastes used asfuels:

Bagasse· :.
More than 1,000,000 tonnes of bagasse (de

juiced sugar cane stalks) provide fuel for processing
both sugar and fuel alcohol. Sugar mills such as the
one at Mumias burn bagasse in their boilers to generate
steam for turning electrical turbines, which in turn
supply the mill with electricity (bagasse accounts for
25% of all electrical generation in Mauritius). Bagasse
also provides direct heat for sugar· processing. One
hundred thousand tonnes of bagasse are available to be
burned as fuel in Nyanza and Western Provinces.

Sawdust
Wherever there are sawmills, sawdust is freely

available. It is estimated that more than 63,000 tonnes
of sawdust are produced annually in rural sawmills all
over Kenya. Very little of it is used. The sawdust
stove (described below) or the Wonderstove (described in
this chapter) - make it possible to use sawdust as a fuel
for cooking. Stoves like the one described below are .
made by artisans in Karatina and by the Prisons
Department. In Wanyororo, Nakuru, they are said to be
common household items.
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Coffee Husks
A significant amount of the over 35,000 tonnes

of coffee parchment husks produced annually at factory
sites is dried and sold for direct burning. In Dandora,
Kenya Planters Cooperative Union (KPCU) carbonises
over 1,200 tonnes of charcoal per year. An even larger
amount is sold for direct burning to East African
Industries, Ltd. and clay-firing industries around
Nairobi.

Rice Husks
In Mwea and Nyanza, Kenya's main rice

producing schemes, large piles of rice husks are
deposited outside the hullery after harvesting. These
piles are eventually burned because the rice industry
cannot dispose of them. However, some people have
found that with the Wonderstove they can cook all of e

their meals using rice husks as .fuel. Many rice
producing countries use rice husks as an industrial fuel,
and Kenya's annual production of 8,000 tonnes can be a
significant·source of energy.

,Other Potential Waste
Biomass Fuels

Wherever large amounts of biomass wastes are
produced there may be a potential for burning them
directly as fuel. This is especially true when they are
centrally collected in mills or processing plants.

Twenty five percent of each maize harvest (by
weight) in Uasin Gishu, Trans Nzoia and Bungoma is
maize cobs. Maize cobs are already burned as cooking
fuels in many households. Coconut shells and coir that
accumulate in waste piles in such urban areas as
Mombasa .and Malindi can be used as industrial or
cooking fuels.

Sisal wastes, municipal paper wastes, cashewnut
shell wastes and even pineapple wastes can all be dried
and burned for their energy value. One sunflower seed
oil extracting company~ as a final example, burns

The Wonderstove uses such powdered wastes as rice aruJ
coffee husks or sawdust as cooking fuels.
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sunflower husks in their boiler to produce the heat
energy that allows them to process sunflower oil.

Densification
Densification is a process by which biomass is

first dried to a certain moisture content and then
mechanically compressed to form briquettes. Because
the briquettes have a specific size and moisture content,
they contain a constant energy value and are thus useful
for industrial or domestic heating purposes. As an
example, pineapple wastes have been densified in the
Phillipines to produce briquettes for industrial heating.
Densification of sawdust or rice husks may be feasible
in Kenya.

East African Packaging Company (EAPC)
presently densifies coffee parchment husks (from
KPCU) and wood chips (from Timsales) to make
briquettes. The briquettes are used by EAPC to raise
process heat for the manufacture of cartons.

Thermo-cllemical Conversion
of Biomass Wastes

All biomass breaks down into more simple
molecules at high temperatures. By controlling the
temperature, pressure and oxygen supply, and by using
various catalysts, more useful fuels can be derived from
waste biomass. There are two general methods of
thermo-chemically converting biomass to more useful
fuels in Kenya:

1. Carbonisation: the heating of biomass
material to a high temperature in the absence of
air.

2. Gasification: the controlled combustion of part
of the biomass in order to convert the rest to a
low to medium heat value gas.

Carbonisation
Carbonisation of wood and coffee husks in

Kenya is discussed in the preceding chapter.
Carbonisation of agricultural wastes makes a charcoal
product which is transportable and marketable. One
study done in Canada during the 1920s demonstrated
that a tonne of sun-dried wheat straw, when heated
anaerobically to 500-600oC, could yield aboutc300kg,
of charcoal, 38 I of wood oil and 280 m3 of medium
energy gas (15,000 kj/m3). If there is equipment to
recover the gas and liquid products, carbonisation can
yield over 80% of the original biomass material's
energy.

A carbonisation process called destructive
distillation can produce methyl alcohol from biomass.
However, carbonisation processes used in Kenya do not
collect liquid or gas products as charcoal is considered
the most important product. Currently, coffee husks
and macademia nut shells are locally converted into
charcoal, and carbonisation of coconut shells has been
experimented with. . . .



Gasification
The gasification process breaks biomass wastes

down completely, enabling the energy in solid wastes to
be used in a more convenient gas form. The efficiency
of the process can be as high as 85%'. A major
drawback of gasification is that it requires constant

. maintenance, especially when the gas produced is used
to run engines.

Gasifiers, also called gas generators, have been
operated with such fuels as wood chips, charcoal,
coconut,husks, dung and maize residues. The gas given
off, called producer gas (5,000-7,500 kJ/m3), typically
runs stationary or vehicle engines (after being filtered
and cleaned) or is burned directly to supply industrial
and cooking heat. Gasifiers were widely used to power
vehicles during World War II when there was a shortage
of petroleum in Europe.

One company in Nairobi has produced gasifier
systems that use woodfuel (as weli as other dry
biomass) to power engines and large-scale industrial
processes (kilning and drying). However, gasifiers have
not met with a lot of success for powering engines in
Kenya because the pipes in the engines tend to get
clogged with tars if the systems are not well maintained
(See appendix, AMICA Gasifiers).

Wonderstove gasifiers , however, which use

Some Wonderstoves,like the one pictured, serve as both
stoves and water heaters.

this gas for cooking, are being successfully marketed in
Kenya. The stove produces gas from any fine, dry
biomass burning the gas as it is produced for cooking.

Burner--------!:I*-~~~

Heat -==::::::::::::::::::::==+~~~~:.:

Charcoal



Bio-chemical Conversion of
Biomass

Bio-chemical conversion makes use of
biological processes which convert biomass energy into
useful 'liquid or gaseous forms. Production of fuel
alcohol and biogas from biomass materials has become
increasingly important in' countries without petroleum
reserves.

Biogas is produced by the action of anaerobic
bacteria on Ill:0st non-wood biomass material in oxygen
free environments. Because of the potential which
biogas digesters have in rural Kenya, they are discussed
in detail in the next section.

Power Alcohol
In the past twenty years, production of ethyl

alcohol (ethanol) from certain crops for fuel has
received much attention. Ethanol, which is mixed with
petrol to make gasohol (80% petrol, 20% ethanol), is
one of the few renewable energy fuels' that can easily be
used to power vehicles.

During the oil crisis of the 1970s, countries
such as Brazil and the Unfted S,tates developed ethanol
producing programmes in order to protect themselves
from rising petroleum prices. Later, other countries
developed ethanol programmes (these include
Zimbabwe, Malawi and Kenya in Africa) with the
goal of easing their dependency on imported petroleum.

Fermentation of crops to produce ethyl alcohol
is an ancient practice. ,People in Kenya have Qeen
fermenting sugar-rich substances such as honey, millet
and sorghum for hundreds of years. In the past;
however, the fermented and refined product has been
used as a drink , and not a fuel.

Brazil's Ethanol Programme
Brazil has been actively promoting ethanol

production for over 25 years in order to reduce the
country's petroleum expenditures. Much land has been
put into sugar-cane production, while some of the
sugar cane originally used in sugar production is now
used to make ethanol. Brazil is now making ethanol
from cassava to diversify its alcohol production.

The industry produces almost 4 million tonnes
of alcohol annually. All petrol sold in the country is
gasohol containing 20% ethanol. Furthermore, more
than 200,000 vehicles built by Brazil's motorcar
industry run on 100% alcohol.

Industrial Production of Power Alcohol in
Kenya

A large 'plant in Muhoroni, near Kisumu,
presently produces all of Kenya's power alcohol. Ethyl
alcohol production at the plant uses molasses, a by
product of the sugar industry, and some sugar-cane as
raw materials. Industrial production of ethanol involves'
4 principle steps:

1. Preparation of molasses or crushing of sugar
cane to obtain juice.

2. Fermentation of juice with yeast to yield 6-12%
ethanol "beer".

3. Distillation of "beer" to obtain 95-96% hydrated
alcohol.

4. Dehydration of alcohol to 99.5% pure alcohol.

When producing at full capacity, Muhoroni's
ethanol output is over 45 tonnes per day. This power
alcohol is transported to Nairobi where it is mixed with
petrol to make gasohol.
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Advantages and Disadvantages of Gasohol
PrOduction '

Globally, gasohol is a frequently debated issue.
, Gasohol production creates jobs, and many people are
emp!oyed in the power alcohol industry. The fact that
Kenya produces its own fuel alcohol makes the
country's transport industry more secure. When in the

, long term petroleum prices rise again, locally-produced
power alcohol will become more valuable to the
economy. Another argument in favour of gasohol is

Gasohol is sold in petrol stations throughout Nairobi.



that stillage, the by-product of fermentation, can be
returned to land under sugar-cane production as fertiliser.

However, ethanol is presently much more
expensive to produce than petroleum.. It can not be
mixed with diesel fuel, which is in short supply.
Kenya's sugar industry is not as large as Brazil's, and
the raw materials (Le. molasses, sugar-cane) for making
alcohol are limited. In fact, there· is not enough
molasses presently available locally to increase Kenya's
alcohol production.

The country's agricultural land is limited. Most
of this land is necessary for achieving food self-

sufficiency. If more high potential land is used to grow
sugar-cane for alcohol, less land will be available for
growing food. This problem could be solved by using
cassava and sweet sorghum as feedstocks. for alcohol
production (these can be grown on marginal land), but
this solution requires much research.

Finally, disposal of stillage has turned out to be
a. problem because it must be treated before being·
transported to sugar-cane fields. Treating and
transporting stillage requires more money and
equipment.

®Biogas is used in gas
cookers for preparing
food and in lamps for
nighttime lighting.

Wastes from Zero-grazing
unit flow into mixing tank
where they are combined
with water to make slurry.

Biogas Digesters
Biogas

Biogas is a combustible gas produced by the
fermentation of organic material in the absence of
oxygen. It is composed of about 60% methane (CH4)
and 40% carbon dioxide (C02). It has a faint smell that
is not unpleasant. Biogas bums with a hot blue flame,
and can be used for cooking with a gas burner. It is
also used in gas lamps, to run refrigerators and to power
stationary diesel atld petrol engines.

Digesters
Digesters are sealed continers that enable biogas

production to occur. Organic matter such as cow dung,
pig wastes, vegetable wastes or even human faeces is
mixed with water and poured into the biogas digester.
Several species of anaerobic bacteria (bacteria that live
only in conditions without oxygen) "feed" on this
organic matter and give off biogas as a by-product of
their life activities.

Biogas digesters are specially built to keep the
conditions' for the anaerobic bacteria constant and to
capture the gas that they produce. Biogas has become
popular in Kenya· as a renewable energy source, but it
has several other important applications.

Applications of Biogas Technology

Biogas fuel: The manure from four grade zero-grazing
cattle will produce' enough gas for the cooking and
lighting needs of an average rural family. Biogas is
economical for farmers with enough zero-grazing cows
and resources to construct the digester. Use of biogas
helps prevent deforestation because it decreases reliance
on woodfuels. .

Fertiliser production: The liquid by-product of the
fermenting process, called effluent, is a better quality
fertiliser' than undigested wastes. It contains more
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available nitrogen than manure' (in the foun of
ammonia).

Sanitation: Potentially hannful wastes of cows and
pigs are removed from zero-grazing enclosures. Flies
cannot breed, and unpleasant odours are removed.
Livestock are healthier, live longer and produce more
riillk.

History of Biogas Technology

Biogas technology has been in use since the late
1940s. The original purpose of biogas was not
production of fuel gas, though.' Initially, biogas
digesters were used for the purpose of treating wastes
and producing fertiliser. They have been important in
development activities in China and India primarily
because of their use as sanitation and agricultural tools.

Biogas in China
The Peoples Republic of China was a poor

country after its 1949 revolution. Its people suffered
from water-trans'mitted diseases such as cholera, typhoid
and dysentary, and from such parasites as schistosomes
and hookworms. There was very little foreign exchange
to support the agriculturally based economy. Money
for fertiliser and petroleum products was scarce. The
population was growing quickly and deforestation was a
major problem.

Fertiliser shortages and water-transmitted
diseases were widespread in rural areas. Because of the
fertiliser shortage, people used whatever wastes were
available as fertiliser for their crops. Many people
poured untreated human excreta directly into their rice
and maize fields. Since rite (the staple food of China)
is grown in water, many "paddies" became contaminated
with water-bome diseases (typhoid, schistosomiasis);
These diseases and parasites were transmitted via human
wastes. Although the use of untreated wastes as
fertilisers is dangerous, people were forced to use them
because no other type of fertiliser was available.

For health and economic reasons, the Chinese
government began to recommend anaerobic waste
treatment plants to its population. The anaerobic
conditions in biogas plants kill disease organisms and
parasite eggs. China thus managed to successfully
control cholera, typhoid and schistosomiasis (bilharzia)
with the helpof biogas plants.

These waste treatinent plants not only made
dangerous wastes safe to use as fertilisers, they also
increased the potency of the fertilisers. Fertilisers from
digesters often increased crop production by 15% over
previous yields·. Through the. use of biogas digesters,
China's agriculture became more productive. Remote
areas produced their own fertiliser and their own cooking
fuel. .

As the biogas programme continued,. digester
designs were improved and made cheaper. Many people
were trained to build biogas digesters and appliances,
creating additional employment.

To date 8 million digesters have been built in
China. These digesters produce thousands of tonnes of
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fertiliser per year. Thousands of biogas digesters have
also been built in India, Nepal, Korea, Thailand, Europe
and the USA.

Biogas in Kenya
Although the technology has been available in'

Kenya since the 1950's, biogas· digesters did not
immediately become widespread. Most small farmers
were unaware of the technology or were unable to make
the relatively high initial investment on an "unproven"
technology. Because. of the rural energy crisis and the
fertiliser shortage, the government is now promoting
biogas as an energy source.

Mr. Tim Hutchinson, a European farmer, built
the first biogas digesters in Kenya: Having heard about
biogas digesters operating abroad, he began to
experiment with digester designs on his coffee
plantation. By 1957, he had built Kenya's first biogas
digester, and it was providing all of the gas and fertiliser '
that his farm needed. He found that effluent (or
"sludge"), the fermented waste material, was an
excellent fertiliser, and that upon its application to his
coffee trees they produced more coffee. In 1958, he
started constructing biogas digesters commercially from
Fort Ternan.

Between 1960 and 1986, Hutchnison's company
(called Tunnel Engineering Ltd.) sold more than 130
small biogas units and 30 larger units all over the
country. Hutchinson biogas digesters still working
after twenty years can be found in many parts of Kenya.

Hutchinson proved that biogas digesters can
work in Kenya. He also did important work with the
Coffee Research Foundation showing that biogas
effluent is a better fertiliser than commercial· fertilisers.

Hutchinson biogas digestf;r, Chogoria. This is an
example of biogas project that has failed due to ,poor
maintenance.The gas appliances in the house behind the
digester have broken down and the occupant was last
cooking with charcoal even though gas was still being
produced.



Why Biogas Plants Fail

During the last twenty years, hundreds of
biogas digesters have been built in Kenya by
volunteers, missionaries and Kenyan' nationals.
Unfortunately, most of these digesters fail eventually,
and biogas technology has acquired a bad reputation.
There are three main reasons why biogas projects fail:

Poor maintenance. Volunteers build digesters and then
leave the country without properly explaining how to
care for them. In other cases people simply stop
maintaining them. They stop adding manure or they do
not repair the gas holder.

Poor planning. It is important to consider why one is
building a biogas digester. Both gas and fertiliser are
by-products of biogas digesters. If thereis no use for
the fertiliser produced, then much money and work will
have been spent to collect a comparatively small
amount of gas. Before building, one must be sure there
is enough organic material and water to "feed" the
digester. Biogas digesters often fail because of
shortages of water or feedstock. Remember, biogas
digesters are methane gas producing fertiliser plants as
well as sanitation aids. Many bags of charcoal can be
bought for the money it takes to build one biogas
digester.

Poor construction or design. Many people have seen
working biogas digesters and attempted to build their
own. However, biogas digesters are not as simple as
they look. They must be properly designed and
constructed. If an unqualified person attempts to build a
digester, he will probably run into problems: People
have been trained to build biogas digesters in Kenya and
interested farmers should enlist the help of these
qualified biogas constructors.

Recent Developments
At least 250 biogas digesters were operating

. successfully in Kenya as of 1987. Hutchinson
digesters work well in most· places where they are
maintained. The Ministry of Energy and Regional
Development supports programmes which are
demonstrating digesters and training biogas builders at
the district level. These programmes are located where
there is high agricultural activity, and where zero
grazing is common.

The Ministry promotes a locally-tested design
called the Sasse-Borda digester. By 1987, almost 150
Sasse design digesters had been built in Meru,
Murang'a, Nairobi, Kilifi, Kisii and Kakamega. The
demand for these biogas plants is increasing rapidly.

Biogas Potential in Kenya
Biogas digesters are among the most

promising renewable energy technologies for the future
in rural Kenya. The methane gas produced is a safe,
proven fuel for lighting, cooking or running generators.
The fertiliser output improves the quality of farm soil
and leads to higher crop yields.

Table 4.2 (see page 76) describes animal waste

resources by province in Kenya. Considering that the
wastes from two zero-grazed cows can produce more
than one cubic metre of biogas per day, enough manure
is produced by the cattle in Kenya to generate 5 million
cubic metres of gas each day. Although collecting the
manure from all of the cattle in Kenya each day would
be an impossible task (and building the required
digesters would be very expensive), the amount of gas
that can be collected from all the cattle "bomas" and
zero-grazing enclosures is very g~eat. The tables show
the very large amounts of waste material available from
sheep, goats, pigs, camels, donkeys, poultry and
agricultural in the country. -

Biogas digesters are not cheap. The high cost
of a biogas digester and zero-grazing unit discourages
very many farmers. But the benefits to a farmer with
three or four head of cattle are great. Money is saved on
fertiliser and crop yields improve. The cattle live in
healthier conditions. Money is saved on fuel for
cooking and lighting. A farm's self-sufficiency. and
productivity is increased with a working biogas
digester.

Types of Biogas Digesters

Batch Digesters

Batch-type biogas plants are used in large
farms and commercial operations where organic material
is available seasonally. One "batch" of feed material is
added to the digester and left to ferment for a certain
period of time. When the material stops producing gas,
it is removed from the digester and a new load of feed
material is ad;ded.

Batch dig-esters are useful when feed materials
are produced in large amounts on a seasonal basis. For
example, large coffee farms in Kenya have used batch
digesters to ferment the large amounts of coffee pulp
available twice a year. Batch digesters are also useful
when the fertilising effluent is needed in large amounts
during certain times of year: The main disadvantage of
these digesters is. that gas is not continuously available
unless there is either a very large gas holder or many
digesters. .

Continuous Flow Digester

Much more common .. than batch digesters,
these biogas plants require that feed materials be added
regularly. They are useful on small farms where
organic material is available on a daily basis.
Continous flow digesters, which produce gas at a
conStant rate, can be divided into three groups:

Floating drum. (See Sasse description page 87). The
Sasse and Hutchinson designs are examples of floating
drum digesters. A large inverted drum that stores gas is
the identifying feature of this digester type first
developed' in India. Floating drum digesters are easy to
operate and construct but the large steel drum makes
them relatively expensive.
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Fixed Dome Digester The Digestion Process

32

Biochemical Principles

Hydrolysis. In the first step, complex organic
compounds, such as proteins, fats and cellulose chains,
are converted to soluble simpler substances such as
glucose ,and amino acids. -The reaction, called

/
I
/

The Digestion Process

1

Compensatin'g tank

Fixed dome. These Chinese-type digesters· have an
underground, non-moving gas space called the dome.
Gas accumulates in this dome and forces slurry to be
displaced into a compensating tank. Operation of fixed
dome digesters is different from floating drum digesters
because effluent does not flow out of fixed dome
digesters by gravity. Instead, each time a volume of
fresh slurry is poured into the inlet, an equal volume of
effluent must be removed from the compensating tanle.
, Because of their few steel parts, fixed dome
digesters have low construction costs and long
lifetimes. However, gas pressure is not constant and
the gas volume cannot be seen (as it is underground).
As well, gas leaks may develop in small cracks in the
dome and operation of fixed dome digesters is not as

simple as that of floating r---~----~-~------~-----------
drum digesters. Fixed dome
digesters should only be
built by experienced,
qualified biogas masons.

Biogas is .formed when certain
types of bacteria break down organic'
material in the absence of oxygen. These
bacteria are called anaerobic bacteria
because they live in places where there is

no oxygen.
Many types of organic matter

(calledfeed material) are used iri digesters.
Any , animal or plant wastes (excluding
wood) can be used as feed material if it is
properly. prepared. The most common
materials used to "feed" digesters in Kenya
~ cow dung and pig wastes.

Feed materials are mixed
~~~~~~~~~~~~~~~~~~~~~~~~~~thoro~Wyw~hw~~~arntio~~o~

one part feed material to one part water (depending on
the feed material) in a mixing tank connected by a wide
pipe to the digester. The feed material mixture, called
slurry, passes into the digester and is acted on by the
anaerobic bacteria.

There are many types of bacteria and several
steps involved in the· digestion, process.' The diagram
below simptifies biogas production into three main
parts, but the fermentation process is actually much
more complicated, and the steps are inter-related.

hydrolysis, is the limiting (slowest) step in the
fermentation process.

Acid Formation. During this second step, the simple
compounds formed during hydrolysis are fermented to
form carbon dioxide, various organic acids (formic,
acetic, lactic, etc.), hydrogen and simple alcohols. This
stage releases most of the energy which the anaerobic
bacteria use for their life processes.

Fat - decomposing,

sing organisms

Cellulose - decompo

organisms'

Protein - decompo,

sing organisms

Fats

Proteins

Cellulose

,....-----Hydrolysis-~~~~...,i~-Acidfonnation----,.-Methane fonnation----,

I I
I I
I I
I I
I I
I I
I I
IAcid producing, I

Balloon digesters use a
tough plastic, canvas or
rubber balloon (bag) to hold
the slurry and collect the
biogas. The balloon, much
cheaper than a steel drum, is
installed in a freshly dug
hore, avoiding masonry
work. The inlet and outlet
are attached directly to the
balloon -and manure is
poured in with water. Gas
collects in top part of the Ioooo- ----J

bag and is piped to the place where it is needed.
Balloon biogas digester are cheap, easy to

transport, build, maintain and operate. In sunny places,
they operate at high temperatures. However, they are
not permanent and they may be punctured easily.
Presently they are being used experimentally in
Ethiopia. '
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Methane Formation. ,During this stage, methane
producing bacteria, (methanogenic bacteria) reduce
carbon dioxide with hydrogen to produce methane and
water:

cOz + 4Hz -------------------> CH4 + 2HzO

Methane gas bubbles fonn during this stage
and rise out of the mixture. Carbon dioxide not used in
the reaction is also contained in these bubbles.

Conditions Which Effect Gas
Production

suitable ratios. The ratio of carbon to nitrogen should
be about 20-25 carbon to 1 nitrogen. Cow dung, which
is a good feed material, typically has a 25: 1
carbon/nitrogen ratio. Regular feeding of the digester
is essential for consistent gas production.

Water should be about 90% of the mixture. Water
enables the feed material to flow easily in and out of the
digester. When fresh cattle manure is mixed with water
at a one to one ratio, the water content of the slurry is
92%. If there is too much water, the slurry will be
diluted and the digestion process will slow down. If the
proportion of water is too low, the slurry becomes
acidic while a thick scum forms above it.

Fennentation is caused by the action of many
types of bacteria which live in the digester. If the
conditions for the bacteria are not good, gas production
will slow down or completely stop. Therefore, the
owner of a biogas plant must make sure that certain
conditions are maintained. .

The biogas plant must be airtight and watertight.
Anaerobic bacteria require oxygen-less conditions in
order to live. Therefore, the digester should be open to
air in as few' places as possible. If the gas holder has a
leak, biogas will escape. If the digester has a leak,
slurry will seep out and production will slow down.
Proper construction of the gas holder and digester is
essential.

Tlie digester contents should be stirred. If the slurry in
the digester is not mixed, the materials inside will form
layers. A sludge will fonn at the bottom, ,an active
layer (where the gas is produced) will form in the
middle, and a scum layer, which consists of light
undigested materials, will form on top. Scum can
completely stop gas production if it is not broken up
by stirring.

Harmful materials must be kept out. High
concentrations of toxic substances kill the biogas
producing bacteria. Toxins accidentally added to the
digester such as copper ions, detergent compounds,
sulphates or salt should be diluted by adding water to
the digester and "flushing" them out.

Zero-grazing has been adopted by many farmers
in the highly populated are~ of Kenya. Since there is
no longer enough land on which to graze cattle, farmers
have been forced to keep their cattle in enclosures

Biogas, Zero-Grazing and Animal
Health

Agricultural Uses of Biogas
Technology

Zero-grazing enclosures should ideally be c01Ulected to biogas digesters

The digester should be given
proper feed materials regularly.
The bacteria require plentiful
nutrients from feed materials L..- ......

which should contain carbon,
nitrogen and inorganic' salts in

The temperature should be kept constant. High
temperature fennentation (400 -550C) produces the most
gas, but requires that the digester be heated. Medium
temperature fennentation takes place between 300 and
4()OC. Ordinary temperature fennentation takes place
from 100 to 300 C and produces gas at a slower rate.

Digesters in Kenya operate at medium or
ordinary temperature fennentation. The gas collector is
painted black or red to absorb solar radiation during the
day and thus raise the digester temperature.· Rapid rises
or falls in digester temperature will kill the bacteria.
Therefore, digesters should be kept at a constant
temperature. .r----------------------------.....,
The pH should be kept constant.
Digesters that are functioning
properly have a pH of around 7
which is neither acid nor base (Le.
neutral). If the slurry becomes
too acidic (pH below 6.5) or too
alkaline (pH above 8.5), the
methanogic bacteria will be killed.

. When digesters become too acidic,
lime is added until the pH of the
slurry returns to around 7 again.
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(bo~s) and to feed them fodder grown on the farm
itself (e.g., Napier grass, agricultural wastes). Romas
often have mud floors without roofs.

Standard zero-grazing units, improvements on
traditional ,bomas, are built with concrete floors,
feeding troughs, wooden fencing and mabati roofs.
They protect cattle from rain and sunlight and are easily
cleaned so that animals do not have to live in contact
with their own wastes. There is less smell, and fewer
flies and parasites. Cows kept in zero-grazing units
produce more milk, live longer and are healthier than
cows kept in simple bomas .

Biogas systems work best when integrated
with zero-grazing units. Zero-grazing units are
connected directly to the digester mixing tank so that all
of the animal waste is washed through a channel into
the tank. This saves work as manure does not have to
be collected off the ground. Dirt, sand and pebbles do
not accumulate in the digester. Furthermore, urine 
from the ~ows is also fed into the digester, adding more
value to the fertiliser output. Farmers who have few
cows (3-4) should build zero-grazing units before
constructing digesters.

Biogas Emuent as a Fertiliser

Processed biogas effluent, a fertiliser of more
value than cow dung alone, is the most important
product of any biogas digester. Because biogas effluent
(or sludge) improves soil structure over time, it is also
more effective than commercial fertilisers.

The value of dung as a fertiliser increases,as it
is digested. Nitrogen previously unavailable to crops is
transformed into ammonia (NH3), which is water

soluble and readily available to plants as a nutrient.
Experiments in China have shown_ that the ammonia
content of organic material fermented for 30 days
increases by 19%. Phosphate content also increases
significantly (see table 4.4).

A typical NPK ratio for biogas effluent is
2: 1:2. This varies according to feed material and the
effluent from feed materials with low carbon/nitrogen
ratios make better fertilisers. Overfertilising- is possible
with biogas effluent; so farmers must find out the
appropriate amount by testing. Crop yields of 15%
over fields fertilised with fresh untreated manure are
common. Best results are obtained when the effluent is
mixed with composted material before being applied to
crops' (see table 4.5).

The fertilising effect depends on the type of
crop and the type of soil. Effluent improves soil
structure as, over the years, more and more humus is
added to the soil, improving its water holding capacity.
Nitrogen contained in effluent is released into the soil
very slowly, so the soil remains potent even after
several seasons.

A Sasse-design 9.4m3 digester produces 50,000
litres of liquid fertiliser per annum from the wastes of
five cows. This liquid fertiliser contains no pathogens,
rio weed seeds, no smell and does not attract flies. It is
also used as a feed material for fish ponds.

Kenya's agriculturally based economy imports
most of its fertiliser at a very high cost. This cost is
paid by farmers., Biogas digesters are fertiliser
producing plants that can be made with local materials.
The agricultural benefits of the fertiliser, combined with
the wood-saving benefits of biogas, give digesters a
great potential for improving the national economy.
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Wastes from Zero-grazing

Gas Delivery Pipe ---
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Solar Energy

The Sun
Earth's nearest star, the sun, is its prim'ary

source of energy. The sun powers the cycles that
produce hydro, wind, and biomass energy. Long ago,
the sun provided the energy now stored in fossil fuels
such as petroleum and coal.

Between eight and ten billion years old, the sun
is predicted to go on shining. for another four billion
years. It gives off energy at a rate of 3.8 x 1023 kW,
converting mass to energy (as happens in a, nuclear
reactor) at a rate of 4.7 million tonnes per second.
Most of this energy is lost in space, but the tiny
fraction that does reach the the earth is enough to
provide all of our energy needs. It is high time we
started making better use of solar energy.

About one third of the solar radiation that strikes
the earth is reflected back out into space, and the rest is
transmitted by the atmosphere. The total daily average
of solar radiation that reaches the surface of the earth is
2.9 x 1016 kW/hours.

Solar Energy Availability

Scientists use the term solar constant to
describe the amount of energy incident on a unit area
(m2) exposed to the sun's rays at the average sun-earth
distance in the absence of the atmosphere. Put simply,
this is the amount of solar radiation that strikes each
,unit area of the earth's atmosphere, or about 1400 watts
per square metre at the edge of the earth's atmosphere.

The actual amount of energy received at ground
level varies between almost 1000 watts/m2 (mid-day at
the equator) and zero watts/m2 (at night). Northern
countries (i.e. Europe) have lower solar radiation levels
than equatorial countries because the incident angle of
the sun's rays in the north is not perpendicular as it is at
the equator. The normal angle of the sun's rays
accounts for the intense solar radiation at the equator.
The sunniest parts of the world, especially desert
regions within the tropics, receive 7.2 x 107 kiloJoules
per square metre (kJ/m2) of solar radiation per year.
Northern countries such as Britain, in contrast, receive
only about 3.2 x 107 kJ/m2.oper year. .

Useable solar radiation can be divided into direct

5

solar radiation and diffuse solar radiation. Direct solar
radiation, that which comes straight from the -sun on .
clear days, has a high energy content which can be
focussed. Diffuse solar radiation is radiation reflected by
the atmosphere and clouds. Mainly a function of the
amount of cloud cover, it reaches the ground from all
directions. Diffuse radiation may aid low energy solar
applications (i.e. solar water heaters), but it cannot be
focussed.

Annual solar radiation is predictable. Factors
which affect the amount of solar radiation an area
receives include the area's latitude, cloudy periods,

'humidity 'and atmospheric clarity. At high-intensity
solar regions near the equator, solar radiation is
especially affected by cloudy periods. Long ~loudy

periods significantly reduce the amount of solar energy
available. High humidity absorbs and hence reduces
radiation. Atmospheric clarity, reduced by smoke,
smog and dust, also effects incoming solar radiation.
The total amount ofsolar energy that a location receives
may vary from season to season, but is quite constant
from year to year. The graph on the next page shows
solar radiation data compiled by several meteorological
stations in Kenya. In general, any area in Kenya can be
considered a high potential solar area.

Using Solar Energy

Solar radiation is light energy. To make use of
this energy, it must first be transformed into a useful
form. Solar energy can be directly transformed into
chemical, heat or electrical energy.

Of these three transformations, the most
important is the one in which solar energy is changed
into stored chemical energy. Living green plants store
solar energy as chemical energy in sugar and cellulose
by the process called photosynthesis. All biomass
contains chemically stored solar energy. Man' has not :
yet developed a way to directly transform solar energy
into chemical energy and, since photosynthesis is a
secret of green plants, it is not covered in this chapter
(for more information on using biomass, see chapters 3
and 4).
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Monthly Variation of Daily Radiation in Kenya
Source: Meteorological records.
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cloudy weather. Thirdly, the forms
of energy derived from solar energy
are difficult or expensive to store.

Solar energy is, therefore,
most easily used in low energy
applications. The cheapest and
simplest uses of solar energy raise
the temperature of air or water by
20-400C (i.e. solar driers and water
heaters). However, when high
quality forms of energy are needed
(such as high temperature or
electricity), solar energy must
usually be concentrated and/or
stored Increasing the quality of
energy collected from the sun
increases the cost and complexity of
solar equipment needed.

Solar Energy·
Principles and
·Devices
This chapter describes the following
general uses of solar energy:
-Drying crops or other materials

However, man converts solar energy into heat
energy and electrical energy using devices described in
this chapter. Solar heating devices transform solar
energy into heat which is used for drying, water
heating, space heating, cooking and distilling water.
Solar electric devices transform solar energy into

. electricity for lighting, powering radios, pumping
water, etc.

Harnessing solar energy presents several
problems. First, rather than arriving in concentrated
amounts ofhigh grade energy (as wind and hydropower
often do), solar energy arrives spread over a wide area
in a relatively low energy form. Secondly, solar
energy is not available at night or during overcast and
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-Heating water
-Distillation of clean drinking water
-Cooking
-Generating electricity

It is important to note that the above applications
are not the only uses of solar energy. They are included
here because they have been successfully applied or have
potential for widespread use in Kenya. However, there
are other applications of solar energy which have been
used historically, such as solar evaporation ponds long
used at the coast for salt-making. Some experimental
modern uses of solar energy are mentioned in the table
below:



Tracking: Making Best Use of Solar
Energy

surfaces absorb solar radiation most effectively. Solar
water heaters, stills, driers and cookers make use of
black painted absorber surfaces for trapping heat.
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Radiation absorbed on black surfaces2.

Turning solar devices to face the sun as it moves
across the sky is called tracking. Because solar radiation
is absorbed most effectively when it strikes the solar .
collecting devices at a fight angle (90 degrees), more
solar energy is absorbed when solar collectors track the
sun. Sometimes it is effective to turn the solar device
just a few times per day, and other times continuous
tracking is necessary.

Tracking helps to offset the effects of periodic
cloudy weather. If a location is cloudy at noon but
sunny in the morning, a horizontally fixed solar device
will not make best use of the sun as the morning
sunshine will not strike at a right angle. By tracking,
both morning and afternoon sunshine is effectively
collected. Tracking increases the 'collected' solar
radiation significantly.

Tracking is often accomplished manually. For
example, concentrating solar cookers are turned to face
the sun frequently by the person cooking. Turning
solar ele~tric devices to face the sun sever-al times per
day increases solar energy collection by 30%. Tracking
is used especially for solar cooking and electric devices (
see photo page 107). Most solar devices with parabolic
shaped concentrators, utilise tracking systems.

Flat plate collectors take advantage of both the
greenhouse effect and absorption principles to trap solar
energy. These solar collectors are large boxes with
glass windows in front of an airspace and black metal
absorber plates with a layer of insulation tiehind. Water
heating collectors transfer heat from the absorber plate
to water flowing through pipes attached to the absorber
plate. Air heating collectors radiate heat from the
absorber plate to air flowing through the airspace. (See
also page 98).

Parabolic concentrators, like this model at Kenyatta
University produce the high temperatures needed for
cooking food.

Co~centrating Solar Energy

Solar energy is trapped using heat absorption principles
and the greenhouse effect .
The Greenhouse Effect: Light radiation C3:Jl pass
through glass (or clear plastic) surfaces, but infra red
energy (heat) cannot. Solar radiation thus passes
through the glass windows of a solar collector, is
absorbed by the surface behind the glass and reradiated as
heat which cannot pass through the glass. This heat is
trapped inside. the solar collector.
Solar absorption: Solar radiation is absorbed on·
surfaces as heat. The amount of heat radiation absorbed
depends upon the area, colour and material of the surface
and the angle of the incoming radiation. Solar energy is
best absorbed on surfaces which are perpendicular to the
solar radiation.

Dark coloured (i.e.black) non-reflective metal

Trapping Solar Energy

Solar concentrators and reflectors help
overcome the spread out nature of solar energy. They
collect solar radiation shining on a large area and reflect
or focus it to a small area where it is trapped or
harnessed at high temperatures. Concentrators make use
of reflective surfaces and shapes (i.e. mirrors) which
"bounce" radiation off their surfaces and direct'it to a
focal point. By covering a large area with solar
concentrators, the total'radiation that falls on that area
can be focussed into a small area and absorbed as heat.

Applications of solar energy must overcome its
diffuse and periodic nature as well as the difficulties of
storing it. Therefore, each device which harvests solar
energy must apply such principles as concentration and
absorption which are briefly described below. The
special principles of solar cells are discussed in the solar
electric section.



.Solar Crop Driers

Cash Crops and Solar Drying
Many of East Africa's important cash crops

make use of solar drying during their processing.
Coffee beans are dried in trays that expose them to solar
radiation, convection currents and the wind. Pyrethrum
is spread in the sun to dry soon after it is harvested from
the fields. Solar drying is important in the processing
of cashewnuts, macadamia and groundnuts. Spices such
as nutmeg (one of the main export crops of Zanzibar)
are also sundried '

Several local drying applications could switch
to solar energy and save much woodfuel and petroleum.
~e tobacco industry, which uses great amounts of
woodfuel during leaf curing, could reduce its reliance on
wood by using solar driers. Zimbabwe's tobacco
industry has successfully installed solar driers in its leaf
curing operations.

At least'one firm in Kenya uses conventionally
powered driers to dry fruits such as pineapples,
mangoes, coconuts and bananas for sale locally and for
export. However, solen.: driers could make the process
more profitable in the long term, as they eliminate the
need for imported fuels and machines. Fruits are
commercially solar dried by companies in Au~tralia,

sun. In Western, Nyanza and Rift Valley Provinces,
cassava is dried by the sun before it is ground and made
into flour. The Banyole, and other Ugandan tribes,
have long preselVed bananas by peeling the~ placing
them on mats and leaving them in the sun to dry.

Fish and meat are also preserved using solar
energy. Fishermen at the coast and along Lake Victoria
place fresh fish atop their thatch roofs or on trays, and
dry them during the day. At night, they move the
dehydrated fish inside and place them above the fire
where they are smoked. Animal skins are stretched and
dried by solar energy. Soon after slaughtering, animal
skins are staked out in the sun to be cured

Fuelwood is also dried in the sun. After
collecting bundles of wood, women lay it out in the sun
to dry thoroughly. In fact, today, with the increasing'
wood scarcity, certain businessmen are purchasing wet
wood cheaply, sun drying it in lots and selling it at
higher prices to custom~rs who need fuelwood

Crop Drying Methods

Why Dry Crops?

Traditional Crop and Food Dryi!1g
Solar drying is not new to East Africa.

Traditional methods of drying and preserving foods
make much us.e of direct solar and wind energy. In fact,
solar energy is still the most important food preserving
tool in Kenya. The traditional drying methods described
below are 'still used today.-

Cereals and legumes such as sorghum, millet,
maize, peas and beans are len to partially dry in the
fields after they· have ripened and then, when the
moisture content inside them is still high, they are
harvested; After cleaning, they are placed on open mats
or in shallow woven baskets and left in the sun to dry.

Certain fruits and tubers are also dried in the

Drying of crops is a process by which
moisture is removed from the crop product in
order to prevent moulding and facilitate storage.
Crop drying practices are used by every culture
throughout the world, and solar energy plays an
important role in traditional and modem crop
drying methods. Maximum use· of solar crop
drying techniques and improved crop storage
methods will help insure Kenya's future food self
sufficiency. ~i:t~~!;~,"
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Many small farmers do not store much of "'." .•:::;~~?
their shamba's harvest. Because they know that . . . .
food quickly spoils, they store enough food to Tradmonal drymg methods often expose crops to ram and pests.

feed their family until the next harvest, and, quite often
,sell the rest to markets in town. During droughts, these
people are left with little food to feed their families.

Farm produce thatis properly stored can be eaten
or sold during times of shortage. But in order for food
to be properly stored it must first be prepared ·for
storage. Proper drying is the most important/actor in
determining whether a crop will be stored without
damage.,. Well-dried crops do not spoil easily.

Good crop driers and storage facilities help
developing farm communities. With these devices, food
losses are reduced. Farm incomes are increased as
farmers sell stored grains for higher prices during dry
seasons. Furthermore, crop driers and grain stores
increase security because they insure the availability
food even during drought seasons.

There are several methods by which farmers dry
their crops. The most common is open air solar drying.
Farmers leave crops (e.g. maize) standing in the field to
partially dry and later spread them under the sun on trays
or on the ground. This method cheaply us~s plentiful
solar energy. Some large farms and co-operatives use
commercial crop driers which run on gas, oil, or
woodfuels. Although these large gas-powered crop

• driers are expensive, they work-even du~ng ~loudy

weather and dry crops very thoroughly and evenly.



Israel, Saudi Arabia,. Syria and the USA.
Solar drying is a large business. Transporting

sun-dried fruits is cheaper than transporting fresh fruits
because sun-dried -fruits weigh -less, take up less space,
and are not like'ly to spoil. There are large markets for
driedfruits in the Middle East, Europe and America. In
1968- alone, Australia exported 27 million dollars worth
of solar-dried fruits.

Solar Crop Drying Benefits

Recent advances in solar crop drying technology
can be used by both large and small-scale farmers.
Improved solar driers are often' simple: ' e.g. black
plastic sheets spread on the 'ground for drying beans.
They can -also be complex: e.g. large, specially
designed drying chambers in which the solar-heated air
is pushed by electric fans through drying materials.
Any improved solar drier offers one or more of the
following advantages over traditional drying methods.

Solar driers:
Make better use of solar radiation than open air
drying methods. Solar crop driers efficiently transform
sunlight into heat energy which is then effectively used
to heat air and dry crops.

Reduce crop spoilage by humidity, dust, insects,
rodents, birds, wind and sudden rainfall. Traditional
methods of direct open air -drying leave cropS' in the
fields where they are often destroyed by pests or
unexpected weather changes. Improved solar driers
enclose drying produce so that it cannot be attacked by
outside vectors.

Produce high quality evenly dried products. Solarcrop
driers dry productS thoroughly as they enable better
control of the heat energy and drier ventilation.

Reduce drying time. Because solar driers efficiently
capture and direct solar energy as heat through the
drying produce, they drycrops more quickly.

Basic Principles of Solar Drying

Solar driers heat air with collected solar radiation
and use it to dry a product. There are two parts in the
solar drying process. First, solar radiation is captured
and used to heat air increasing its ability to hold and
carry water vapour. The second part of the process is
the actual drying during which heated air warms and
extrac'ts moisture from the product. Drying takes place
in a large box called the drying _chamber. Air is either
heated in a flat plate collector or through a window in
the cIrYlng chamber.

Solar Heating of Air
Air, the "working fluid" in solar driers; is used

to move: heat and moisture in and put of _the drier.
Having been heated by the sun, it is passed through the
drying product at a low relative humidity. Hot air
absorbs moisture fromthe drying produce and is vented
out of the'drying chamber ata higher humidity.

Simple -crop dryers heat the air and product
directly, and the solar collector and drying chamber are
constructed as one box with a glass cover. Produce is
dried in the chamber by both warm air and'direct solar
radiation. Other types of crop driers heat the -crop
indirectly. In these cases, air isfrrst pre-heated in a flat
plate solar collector and then -passed into the drying
chamber where-it extracts moisture from the product.

Air· moves through simple sol~ crop driers' by
convection; It enters the collector or drying chamber at
the bottom, is heated, rises, and .leaves the box through
holes at the top. Large crop driers may use fans to
move air through the produce if the convention rate is
not fast enough.

This solar maize drier developed by Herick Othieno' has
been tested' in Kitui and Western Province. '

The Drying Process
Drying proceeds as' heat is' transferred "to the

surface of the moistproduc~ causing water to evaporate
from the product. Heat is transferred to the drying
material by conduction and convection from surrounding
air, conduction from heated surfaces in contact with the
drying material, and by radiation from the sun and
surrounding hot surfaces. The rate and completeness of
the drying process depends on several factors:

Moisture content of the product. Produce that
haS a high moisture content often takes longer to· dry
than produce with a low moisture content.

Air temperature and hUmidity., High
temperatures and low humidity speed up the drying rate.
Humid air does not absorb as much water as dry, air.
Similarly, air at low temperatures does not abso~b

water. as quickly as hot air~

Surface area of material. "Proquce with, a large
surface area dries more quickly. Smaller pieces dry
faster than larger pieces. Thinly sliced pro~ucts dry
faster than un~liced products.
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Air flow rate. The faster the air flow, the faster
moisture is removed from the products, and the faster
they dry. Properly designed solar driers have high
natural convection rates. Often chimneys are used to
speed up the air flow rate.

Type of product to be dried. Different
agricultural products <Iryat different rates depending on
each product's moisture content and surface area, as
described above. Also, the drying rate depends on each
product's porosity (how fast moisture can escape from
it) and the rate atwhich each product absorbs heal

The fastest possible drying rate is usually
desired. However. some products may be spoilt if they
are dried at too high a temperature. A solar drier in
India, for example, was meant to dry fish but roasted
them instead. Therefore, the temperature of the solar
drier should be adjusted for each product that is being
dried

Other products are spoilt by direct sunlight, and
need to be dried in dark cabinets. Vegetables are
bleached by sunlight and lose their taste. Therefore,
some type of indirect solar drying is used to prevent
solar radiation from damaging such produce.

Types of Solar Driers
Traditional Natural Solar Driers

The oldest and simplest types of solar driers,
natural driers. place drying products on clean dry
surfaces such as racks that expose them to sunlight and
wind currents. Natural solar driers dry crops at the
nonnal outside temperature and humidity as solar
radiation and the wind combine to dehydrate the crop.
Unlike improved solar driers, natural solar driers do not
enclose the product.

Advantages of natural solar dryers:
They are cheap and can be made with local

. material.
They use wind energy as well as solar during
drying.
They move the product off the ground and out of
fields, preventing losses to pests and the
weather.
They can both store and preserve crops.

Natural solar driers are use extensively in Kenya, in
such applications as traditional maize cribs and coffee
drying racks.
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Direct Solar Driers

Direct solar driers are closed, insulated boxes inside
which both solar collection and drying take place.
Radiation is collected through a transparent cover in the
drying chamber which contains trays to hold the drying
product and vents through which air can enter and exit
(see diagram next page).

Operation

1. Solar radiation passes through the transparent cover
and is absorbed as heat by both the black painted surface'
and the drying prodUCl

2. Radiated heat warms the air inside the box causing it
to rise, and exit from the box at the top vents.
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3. This convection current carries moisture evaporated
from the drying product out through the top vent. Cool
air replacing the' warm air enters through vents on the
bottom part of the box.

Advantages of direct solar driers:'
They operate. at a higher temperatures than
natural solar driers.

.They prevent attack by insects and micro
organisms because of their high tempera'ture.
They dry crops more quickly than natural driers.

Indirect Solar Driers

Because indirect solar driers have a flat plate
collector and a separate drying chamber they operate
more efficiently than direct solar driers. The solar



metal absorber plates inside the solar
collector.

2. The plates inside t~e solar collector radiate
heat to the air inside the collector. This air
expands and rises, creating a convection
current of air moving into the drying
chamber.

3. Warm air nsmg through the drying
chamber extracts moisture from the produce
on the drying trays.

1tf:====+=::::::::=:::+~:::::::~~=::::::=:=~~~+Drying
rack 4. The warm air continues to rise, carrying

[]IBII~mnmmm]Bm~m~lli moisture with it, and exits through thechimney.

collector heats air causing a convection current which
moves into the drying chamber through racks on which
drying products are placed (see figure below).

Operation
1. Solar radiation is absorbed as heat energy by black

Advantages of indirect solar driers:
Air passing through the solar

collector is pre-heated (unlike direct solar driers).
The rapid convection currents dry products faster
than those in direct solar driers.
Drying products (such as vegetables) are not
damaged by direct solar radiation.

Othieno Solar Drier Cross Section
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Both direct and indirect solar driers have several
disadvantages over traditional solar drying methods.
Unlike open air drying, they cost money and requi~

special skills to build. Also, their use makes a major
change in the traditional methods of harvesting and
storing foods. .

Effective use of any of the above solar drying
methods has tremendous potential in Kenya. Drying. .

fruits and grains which are plentiful during certain
seasons but scarce during others creates a product that
can be sold at any time. Well-dried produce has a long
storage life, is easy to transport, and' has definite
markets. Kenya already has a proven capability. of
producing fruits, vegetables and· grains. Preserving

methods such as solar drying will help increase the
country's food self-sufficiency and export capacity.
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Solar ·Water· Heaters
Solar water heaters are among the simplest

applications of direct solar. energy, transforming solar .
radiation into heat which is used to raise the temperature
of water. This hot water is then stored in insulated
tanks.

There is a great local need for hot water in
hotels, industries, hospitals, schools and homes. Wood
used for rural water heating is in short supply while
boilers in many institutions use imported oil. Heating
water with electricity is expensive, as often over half of
an institution's or home's' electricity bill is spent
powering electric water heaters. Today, solar water
heaters are replacing expensive and wasteful means of
heating water, and because many are locally
manufactured, they do not strain foreign cash reseJVes.

Parts of the Solar Water Heater

Thermosyphon solar water. heaters are the most
common type in Kenya. As they have no moving
parts, the simpliCity of their operation relies on the
principle of convection. Heated water rises because it is
less dense than cold water. A continuous thermosyphon
circulation warms cold water, causes it to rise into a
storage tank and replaces it with cool water from the
bottom of the tank.

There are two main parts of thermosyphon solar
water heating systems: the flat plate solar collector and
the hot water storage tank. Flat plate collectors absorb
solar radiation, transform it into heat energy, and
conduct the heat into cold water that flows through the'
collector in pipes. Storage tanks insulate the hot water
until it is needed. One pipe from the bottom of the
storage tank (called the downcomer) circulates coldwater
into the flat plate collector. Another pipe (called the
riser) circulates hot water from the collector to the top
portion of the storage tank.

Flat Plate Solar Collectors
The function of solar collectors is to capture

solar radiation as he~t and transfer it into water.
Basically, solar collectors are glass-covered flat boxes
with attached' metal absorber plates and pipes. Water
flows through these pipes as it is warmed.

The cover (called glazing) is made of double
strength glass or clear plastic. It is fitted into the
collector casing with rubber gaskets which provide
room for the glass to expand as it gets hot and contract
again as it cools. The glazing is sealed so heat cannot
escape from the collector.

The absorber plate is made from metals with
good. conducting properties (i.e. copper, aluminium).
Water pipes are attached directly to the absorber plate.
Thermal conduction from the absorber plate to the
pipes must be as high as possible for maximum.
efficiency. In order to get a good thermal bond between
the pipes and the absorber plate, the water p~pes are
often sandwiched between two tightly pressed absorber
plates. For good heat absorbtion, the· plate is coated
with black paint.

A casing holds the whole collector together
and, with the glazing, makes it water and dust-proof.
Water enters the collector through the downcomer and
leaves through the riser outlet at the top.. In Kenya,
collectors are mounted at an angle of about 10 to 15
degrees, usually facing north.

.Water Storage Tank and Piping
The cylindrically-shaped water storage tank is

well insulated to avoid heat loss from the water. Its
size depends on the area of the solar collector surface,
the water temperature desired and the amount of water
needed. Water storage tanks are mounted with their
lowest point is at least 150 mm above the top of the
solar collector. This allows water to flow at a
maximum rate through the downcomer, collector and
riser by convection.

There are three other pipes in solar water heating
systems. A cold water inlet pipe brings cold water from
the main water tank to the ,bottom part of the storage
tank. The hot water outlet pipe conveys water from the
top part of the tank to the hot water tap. The expansion
pipe, which rises a few metres above the tank, is open
to the atmosphere to allow water inside the tank to
expand while h~ating without. a dangerous .pressure
buildup.

Operation of the Thermosyphon

Several basic principles of physics are used by solar
water heaters.

Collection of solar energy:
The Greenhouse Effect (see also page
93). Solar radiation passes through the
glass cover of the collector and is
transfonned to heat on the black surface
of the absorber plate.

Water from
downcomer.

Insulation-~~

Air space-~~

Movement of heat into water:
Thermal Conduction. Heat always
flows from areas of high temperature to
areas of low temperature. The metal
surface of the absorber plate conducts
heat quic)py into the metal water pipes.
Heat then flows from the hot pipes into
the cool water, raising the temperature

L ~ ~ __' of the water.

Flat Plate Collector
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Solar Water Heating System Diagram
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~a 'Hot water tap

Movement of the water into the tank: Convection.
Solar heated water in collectors moves slowly up .
through the riser pipe by convection at a rate that
depends upon the amount of solar radiation. As hot
water enters the top part of the storage tank, cool water
flows into the collector through the downcomer.

Keeping the water hot: Insulation. Hot substances
retain their heat longer when surrounded by insulating

,materials. The hot water storage tank'and pipes are thus
surrounded by good insulating materials to prevent heat
loss by radiation.

History of Solar Water Heaters

Solar water heaters have been in use longer than
any other modem solar technology. They were fIrst
developed and used in the southern parts of North

. America in the 1890s. Their use was widespread in
California and Florida until cheap fuels (such as natural
gas) became economical for heating water during the
1940s. However, after 1950, several countries without
petroleum reserves continued developing solar water
heaters.

By 1960, solar water heaters were being
manufactured by several fIrms in Australia. The

, industry grew rapidly, and Australia now leads the world
in production of solar water heaters, manufacturing 1.5
million units per year. In some northern districts of the
country, almost all of the household hot water is
supplied by solar energy. Throughout the Northern
Territory, it is government policy to include solar water
heaters in all government housing. _

Companies in Israel have also been' building
solar water heaters for export and local use since the
1960s. More than 15,000 solar water heaters are
produced per year in Israel and at least 20% of the

country's population heats their household water with
solar energy.

Japan has developed a simple, cheap design
which combines heat collection and storage in the same
thick pipes set behind glass glazing. Seventy five to
two hundred litres of cold water are poured into the
collector in the morning, and by late afternoon hot
water is available for bathing and cleaning. Hundreds of
thousands of households use solar water heaters in
Japan.

Since the rise of petroleum prices in the 1970s,
there has been a worldwide increase in sales of solar
water heaters. They are once again beconiing common
in the USA, and there is an increasing market for them
in Europe. Solar hot water heaters are. also produced by
growing numbers of companies in such countries..as
Nepal,.Niger, Cyprus, Spain and Botswana.

Solar Water Heaters in Kenya'

Solar water heaters· already provide' an
important local renewable energy source as they have
been in use in Kenya for at least 20 years. Mr.
Hutchinson, also a local pioneer of biogas, was
building solar water heaters during the 1960s while
others were being imported from Australia or Israel.
During the United Nations Energy Conference in
Nairobi (1981), twenty companies acted as agents for
solar water heaters and interest grew rapidly as more
Kenyans realized the energy-saving potential of solar
water heaters. The local companies producing these
devices expanded rapidly after 1981. Today there are at
least fIve companies manufacturing solar water heaters
locally. .

In 1985, the government allocated a signifIcant
amount of money to buy solar water heaters for
government housing projects and these will save large
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amounts of electrical power in urban areas. The biggest
demand for solar water heaters, however, comes from
home owners and hotels (most hotels in Kenya now use
solar water heaters). As of January, 1986, there were
between 14,000 and 18,000 square metres of installed
solar collectors in the country. The market for solar
water heaters is growing very fast.

Applications of Solar Water Heaters

Solar water heaters are ideal for remote locations
because they require no fuel. They protect the
environment because no trees need be cut down for
wood when they are used. They save the government
money as they use a local energy source. They fit a
variety of situations, last a long time and require almost
no maintenance.

Hotels use solar water heaters to meet the
constant hot water requirements of tourists. Large
arrays of solar coilectors have been installed in most of
the hotels along the coast, replacing electric heaters and
diesel frred boilers. Remote g~e lodges in Maralal,
Samburu and Masai Mara have replaced wood-fired
heaters with solar collectors, saving both labour and
wood.

Hospitals are also using solar heated water.
Hot water kills disease organisms and thus helps
maintain a high sanitary standard in laundries, kitchens .
and showers. Hospitals in Meru and Western Kenya
have installed solar water heaters and the Mariakani
Veterinary Institute in Mombasa also makes use of
solar heated water.

In homes and schools, hot water is required for
bathing, cleaning utensils and washing laundry.
Egerton Agricultural College and· Utalii College use
solar-heated water for their students'. needs. There are
1000 solar water heaters in the Buru Buru housing
estate outside Nairobi.

Small industries also meet their hot water needs
with solar energy. An example of a cottage industry
that uses solar water heating is Kibwezi· Women's
Group, which sells refined honey. The group uses .

. solar heated water to seperate and purify honey which is
then packaged and sold ~n various markets. At least one
local tannery now uses solar heated water to process
leather. The agricultural sector is beginning to use solar
water heating. Dairies use hot water for sterilisation of
containers, cleaning of . bomas and cattle feed
preparation.

Solar Cookers
Solar cookers collect and concentrate solar

energy for use in preparing meals. Despite the fact that
many designs work well in demonstrations, very few
solar cookers are being used in Mrica today. Most solar
cookers require those who prepare meals to change or
learn new cooking habits and this has blocked the
spread of the technology. This section, therefore,
presents working principles and models of solar cookers
with hope that local pioneers will apply them: to their
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Solar water heater in a home near Koru, Kericho.

own cooking needs.
Solar energy, . unlike wood and petroleum

products, is a plentiful source of cooking heat available
freely and locally. Although it cannot cook food during
cloudy weather or at night, it can replace a significant
portion of the daily fuel need. Dry season sunshine at
the Equator undoubtably has the potential to meet most
of our cooking requirements.

History

Some of the frrs! developments of solar cookers
were carried out in Africa over 100 years ago. Auguste
Mouchot, commissioned by Emperor Napoleon III of
France, designed solar cookers for French troops
stationed in North Africa. His design was one of the
first concentrator type solar cookers which use a large
bowl-shaped reflector to direct solar radiation onto a
cooking pot

Even before Mouchot's work, inventors in
.France and America had constructed working"solar box"
cookers which, like solar driers, reflect radiation into a
glass-covered black-painted box. In 1932 an Indian
named Ghosh invented a box cooker made from a glass
covered insulated box and a single mirror. The Ghosh
cooker is still used in India and cookers. similar to it are
now being mass produced there. Cheap, box-type
cooker designs work well· and seem to have the most
potential for widespread use. Indeed, the Indian sub
continent (with its critical wood shortages) is, where
most development of solar cookers has taken place, and
there are now thousands of people using solar cookers.

Large, institutional-type solar cookers which use
flat plate collectors to trap and transfer heat to kitchens
have been developed, along with hundreds of
combinations of the two designs described here. A wide
variety of designs -are available to transform the 1000
wattslm3 of equatorial sunshine into heat energy for



Operation
Food is placed in the cooking vessel during

operation, the vessel is placed on the cooker grill and
the concentrator is adjusted to direct the sun's rays onto
the pot. If the concentrator is properly oriented, the
cooking vessel's bottom immediately heats up. The
concentrator is re-adjusted to face the sun every 15-20
minutes as the sun moves across the sky. Direct solar
cookers produce temperatures high enough to roast or
fry.. Water reaches a boiling point as fast as with
conventional cookers. Under sunny, clear skies, food is
cooked quickly and easily.

Direct solar cookers have several disadvantages.
There is a hazardous glare at the focal point, requiring
the cook to wear sunglasses to protect her eyes. The
concentrator must be adjusted to track the sun·
frequently, and. the food must be attended as with
conventional cookers. All of these activities must thus
be done outside. On windy, hazy or dusty days, the
performance of the cooker is significantly reduced.
Even on clear days cooking will stop when a cloud
blocks the sun, making it difficult to control the
temperature of the cooking food. Concentrator cooker
models are on display at Kenyatta Appropriate
Technology Centre and Karen.

Indirect Solar Cookers
Also called hot boxes or box-type cookers,

these are the most simple and successful solar cookers.
Box-type cookers use plane reflectors (i.e. mirrors) to
reflect radiation through a glass window into an
insulated cooking box. Indirect cookers rely on the
principles of reflection, the greenhouse effect,
absorption and insulation during operation.

Radiation is reflected into box cookers by one or
more flat reflectors attached at a 6ffJ angle to the outside
of the cookers.. The more mirrors, the more radiation
reflected into the cooker. Unlike concentrators, these
mirrors are fixed and do not have. to be adjusted to track
the sun.

Like solar driers, solar box cookers make use of
the greenhouse effect to trap heat behind the glass
window inside the box which is painted black to
increase heat absorption. Unlike solar driers, box
cookers are completely sealed to prevent heat from

Solar Concentrator Cooker Cross Section
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Direct Solar Cookers

Direct solar cookers use parabolic reflectors to
concentrate solar energy at a focal point. Pots of food
are placed atop the hot focal point and cooked by the
concentrated direct solar energy.

Types of Solar Cookers

Solar cookers can be divided into ~o general groups:

Reflection. The concentrator surface is made from a
material that reflects solar radiation. Materials used as
reflective surfaces include electroplated silver (used to
make mirrors), high purity aluminium, aluminium foil
and polished stainless steel.

Absorption of heat energy for cooking occurs at
the vessel suspended over the focal point by a
metal rod or grill. In order for it to absorb a
maximum of heat, the cooking pot is blackened
on the side where the retlected solar energy
strikes it.

Indirect solar cookers are insulated boxes with
large glass windows into which solar energy is reflected
and trapped. Cooking food is placed inside this type of
cooker.

Direct cookers concentrate and focu~ solar energy
as heat onto food being cooked. Using a magnifying
glass, one can focus and concentrate solar energy on a
piece of paper and bum a hole right through it. In the
same way, direct solar cookers collect all of the solar
energy falling on a reflective surface (called a
concentrator) and focus it onto a pot of food. Three
important principles used in the design of solar cookers
are reflection, concentration and absorption.

cooking. However, much work needs to be done·
disseminating the successful designs to areas where
they can be used effectively.

The main advantage of solar cookers, that they
make use ofAfrica's most abundant energy resource, the
sun, must be weighed against several disadvantages.
.With most solar cookers, food can only be cooked
during the hottest parts of the day and only on sunny
days. Also, food takes longer to cook with most solar
cookers.

Concentration of solar energy is accomplished by the
concentrator. This device is .located below the r----------=---=------=--------.....,
cooking vessel and shaped so that most· of the
sunlight striking its surface is reflected onto the
bottom of the cooking vessel. Concentrators
usually have a parabolic (bowl) shape which,
when pOinted directly at the sun, reflects solar
energy onto a focal point. One cooker design

. uses several rows of concave mirror concentrators
to focus heat energy onto the pan. A 1 m2

concentrator with a good reflective surface can
deliver more than 400-600 watts of heat energy to
the cooking vessel under a clear, sunny sky.
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escaping. In addition, solar box cookers are thickly·
insulated with a suitable material which allows them to

. effectively retain heat energy.

Ghosh Cooker. The solarhot box built by Ghosh in
1932 is made of a large box containing a black-painted
smaller box which is the cooking space. The air space
between the two boxes serves as insulation to prevent
heat escape. A double pane of glass covering the box
opening increases the insulation effectiveness. The
original design used one flat mirror to reflect radiation
into the box through the window, but more mirrors can
be added to increase the cooker's heat-capturing
effectiveness.

Food is placed inside the smaller box by
opening the hinged window. When the window is again
closed and the c'ooker is placed so that it faces the sun,
the inside cooking temperature may rise above 160oC.
Ghosh cookers are built cheaply from metal, wood,
glass, black paint and small hardware items.

Telkes Solar Oven. This is an example of a more
advanced indirect solar cooker. It is a large, heavily
insulated, rounded oven with double paned glass
windows which prevent heat loss. As there is more
space inside the Telkes solar oven than in other hot
boxes, it can cook several dishes at once. The oven
has four large plane reflectors which capture and reflect
much more solar radiation into the box than the single
mirror of the Ghosh hot box. It may be mounted on a
pivot to allow solar tracking for more effective results.

Hot boxes are best usedfor slow-cooking meals
(such as githeri). They also allow baking of bread and
cakes. Other foods such as stews, porridge and rice
dishes cook well in box cookers. Their operation
requires little attention, and food can be left cooking in
the box while other tasks are given attention.

Box cookers have several advantages which have
led to their mass production in India. As mentioned
above, operation is easy. Unlike direct solar cookers,
box cookers do not need to be adjusted to track the sun.
Wind has no effect on solar box cookers because the
cooking vessel is inside the insulated oven. As box
cookers retain heat, food left inside them stays warm
even after the sun sets.
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As with other solar cookers, box cookers can
only cook food between 9.00 a.m. and 3.00 p.m. On
,cloudy days another method of cooking must be used.
Furthermore, there is a limit to the variety of meals that
can be cooked in solar box cookers. Because they do
not get hot enough, box cookers cannot fry or roast
foods, and drinks take a very long time to boil.

Solar Stills

Solar stills use solar energy to produce safe
drinking water from brackish, polluted or saline sources
of water and are best applied in places where the water
supply is unfit to drink.

Application of Solar Stills

The first solar still was built in the Andes
mountains (Chile) near a salt mine over a century ago.
The mine's water supply was salty, so drinking water
had to be carried to the camp from far away by animals.
J. Harding· built a 4,500 m2 solar still of glass and
wood that distilled 22,500 litres of fresh water per day.
The still operated for thirty years.

An 8,800 m2 solar still operation supplies
drinking water to a community on Patomos, an eastern
Greek island without fresh water supplies. A 3,530 m2



Solar Still Operation

Solar radiation enters the still through the glass
roof, heating water in a shallow tray by the
greenhouse effect.

1.

operation supplies" fresh water from a
brackish well in Coober Pedy, Australia.
Smaller solar stills are being built in such
locations as the Kalahari desert in
Botswana to provide fresh water from salty
boreholes for the Basarwa people.

Solar stills are used during
emergencies by people stranded in the
desert or ocean. Water condenses on the
underside ofplastic sheets spread over holes
in the desert sun, and if collected, is quite
drinkable. Water will also condense on
th~underside of plastic sheets spread over
trays of salt water and left in the sun

~~il~~~M~~OO~ct~~~~~__~~~__~_~__~_~~~~~~~~__
Rift Valley by placing metal sheets over Solar stills are used to purify water from brackish boreholes in the
steam vents and collecting the condensed Kalahari desert.

vapour). Below the edge of the slanting glass are gutters
which collect the distilled water and carry it to the water
storage tank. Note that by putting gutters on the
outside of the glass roofs, solar stills can also act as
rain catchment devices. During rainy weather, when
water is not being distilled, captured rain water can
replace the distilled water.

2. The temperature inside the still rises and water
evaporates into the warm air.

3. Water vapour comes in contact with the cool
~ner surface of the glass roof and
condenses on the glass as a thin film.

4. Distilled water Hows down along the slanted
. glass and collects in a gutter" which carries it

to a water storage tank.

Solar Still Construction

Solar stills are simple structures that look like
small low houses with glass roofs. Inside the still is a
shallow, black-painted tray which contains the brackish
or salt water. This water is about 8-15 cm deep in a
tray made of concrete, wood or some non-corrosive
metal.

Glass or clear plastic roofs are supported by a
frame about a metre above the tray.

Cross Section of Solar Still

Q\Glass roof
Solar radiation

Solar Still Output and Maintenance

A large area of solar stills is required to distill
large amounts of drinking water. A still with 1 m2 of
glass roof produces about 4 litres of water per day
during sunny weather. In order to produce 100 litres of
water per day , a solar still of approximately 25 m2 is
required.

The water from a solar still, like rainwater, is
quite drinkable. However, because it does not contain
dissolved minerals, it is not as healthy as water from a
river or well. Usually, a small amount of salt is added
to the water (from the residue in the tray)" to supply
important minerals.

Solar stills require very little maintenance.
Water must be added everyday to replace that water
which has been distilled. Also, the salt or solid residue
in the trays must be regularly washed out. The glass
roofs need only to have dust and salt build-up removed
from their surfaces occasionally.

Solar stills are most economical for applications
which need· small to medium
amounts of water each day.
Remote industries, schools,
hospitals and communities near
the ocean or contaminated water
supplies make the best use of
solar stills. The size of solar still
needed depends on:

amount of solar radiation,
amount of water actually
needed,
amount of land and money
available for building the
still, _
rainfall contribution to
the collected water,
amount of water storage.
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Solar -Electricity

Solar electric ( also photovoltaic) devices convert
light energy into electrical energy. Although quite new,
this technology is rapidly becoming an important
source of electricity for remote areas around the world.

As demand for electricity increases in remote rural 
areas, solar electricity has begun to fill important roles
in areas not yet served by Kenya's electric grid.
Schools, hospitals and homes need efficient electric
li~hting. Dispensaries require refrigeration for
important vaccines and drugs. Remote' police stations
and game parks must have electric power for their
crucial communication equipment.

The Photo-Electric Effect

When certain substances are exposed to sunlight,
they produce a measurable electric current. These
substances are -said to demonstrate the photo-electric
effect. In 1839, a French scientist named Edmund
Becquerel frrst discovered the photo-electric effect in a
"wet cell" battery. Later, other scientists found that
substances such as selenium and copper oxide produce
small electric currents when illuminated by sunlight.
However, as these processes were inefficient and
expensive, solar cells were not considered as an energy
source until over one hundred years later.

During 1954, scientists in the USA developed a
way to treat very pure silicon so that it would convert
sunlight to electricity with an efficiency of 6 %, a
conversion efficiency ten times higher than scientists
had been able to attain previously. When the U.S.
space programme needed a way to generate power for the
electrical instruments in space satellites, they turned to
the scientists developing silicon solar cells. Soon,
solar cells were -being produced in large numbers and
today, all space satellites are powered by solar cells,
including those used for international telephone and
television broadcasts.

Solar Cells

Solar cells are thin flat pieces of very pure
silicon. They are cut into various shapes and sizes,
ranging from the small square cells that power "solar
calculators" to standard sized 9 cm diameter circular
cells. Both sides of each solar cell have an electrical
contact. The side exposed to the sun has a network of
metal lines that act as the positive 'contact while the
back side is coated with a solid layer of metal that acts
as the negative contact. Because they are made of very
thin slices of a glass-like material, solar cells are very
easily broken. .

All solar cells, no matter _how large, produce
electricity at about the same voltage; 0.4 volts. The
amperage of a solar cell, however, depends on its size
and on the amount of sunshine. Solar cells produce
higher amperages as they increase in size or as the
intensity of the sun increases. Under bright sunlight,
one standard 9 cm diameter solar cell produces about 2
amps of current at 0.4 volts (with an optimum load).
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Single solar cells are not very useful because their
voltage and power output is low. But placing many
solar cells in series increases the voltage and electric
power available. Since each cell has a voltage of 0.4
volts, two solar cells in series nave a voltage of 0.8
volts and ten solar cells in series have a voltage of 4.0
volts.

The photo-electric effect involves the direct
transformation of light energy into electrical energy.
Even with the most advanced solar cells today, light
energy is changed into electricity at an efficiency of
only 10 %. Stated simply, the process can be explained
as follows:

Sunshine, coming in bundles of high energy
particles called photons, strikes the front of the silicon
cell. Incoming photons dislodge electrons in the outer
orbit of silicon atoms from their bonds and these free
electrons migrate across an electric field (a layer of
impurities in the cell called the p - n junction) to the
backside of the cell. As long as the sun is shining,
electrons continuously migrate to the back side of the
cell, giving it a negative charge. When a load is
attached by wires to the front (positive) and back
(negative) contacts, an electric current flows from the
cell through the wires.

Solid state devices with no moving parts, solar
cells are quite reliable. Solar electric equipment can be
expected to last twenty years or more (according to the
lifetime of the protective casings which enclose the
cells) because sunlight does not damage the silicon
material from which cells are made.

Solar Cell Modules

-Fragile solar cells are always protected against
breakage by carefully encasing them. A number of cells
are usually connected in series and encased together to

, produce a usable voltage. Groups of solar cells
connected in series and protected in glass and plastic

Several solar celJs in series can be used to power small
radios or calculators.



Three different sizes ofsolar cell modules.

frames are called solar cell modules.
Solar cell modules are available in various sizes,

depending on the intended application. Standard 35 watt
modules contain between 32 and 36 solar cells and
produce 12 volts of current usually used for charging
lead-acid batteries. This electricity is different from
mains electricity in two ways. First, it is at a low
voltage (i.e. 12 volts), as _opposed to mains electricity
which is 240 volts. Secondly, solar cells produce db-ect
current (DC) which is different from the alternating
current (AC) carried by the mains.

Solar cells are encased in modules because they
are subject to decomposition upon exposure to water
vapour and because they are fragile. A process called
encapsulation seals solar cells, in a vacuum between
thick glass and plastic. The thick glass on the frame of
the module is specially made to resist breakage and to
let a maximum amount of sunlight pass through. The
plastic behind the solar cells radi~tes heat so that the
cells do not become too hot. The glass and plastic
assembly is held inside a strong metal frame that keeps
the module rigid. Behind the module, there are positive
and negative contacts for attachment of _loads to the
solar cells in series.

The electric output of solar cell modules is
affected by changes in the weather. Extreme heat or
very cloudy weather lower the amount of electricity
"harvested". Solar cell modules 'function best when
they are kept as cool as possible. After reaching
temperatures above 400C their output decreases
significantly an~ for this reason, solar cell modules
should never be - mounted directly on tin (mabati)
rooftops. During very cloudy weather, the output of a
module drops to about a third of its sunny weather
electrical output. Therefore, those who use solar
electricity should reduce their electrical consumption
during cloudy weather. .

Solar cell modules are very durable, continuing to
produce electricity for twenty years or more provided

they are kept clean and safe. The glass, front of a solar
cell module is built to withstand such harsh weather
conditions as hail and heat. However, modules should
always be fixed where flying obje~ts (such as footballs)
cannot easily reach them.

Solar cell modules are mounted to receive
maximum exposure to the sun, away from tall trees
and buildings which cause shadows. They are fixed
high enough off the ground to be above the reach of
animals and -people and attached to sturdy objects (i.e.
poles) where they can be easily reached for cleaning.
Groups of several or many modules mounted together
are called arrays.

Tracking, a technique of following the sun as it
moves across the sky during the day -(see photo page
107), is often used to make maximum use of solar
electric equipment. A simple, manually-operated
tracking mount can increase an array's yield or harvested
electricity by 30% or more per day.

Other Parts of a Solar Electric System

Batteries: Storing the Electric Energy
Because electricity is needed at times when the

sun is not shining, most solar electric systems require a
way to store the electricity. Lead-acid batteries
(accumulators) are the most widely used devices for
storing electrical energy. They store electricity in a
chemical form that is available for night-time and
cloudy weather applications.

Solar cell modules charge batteries during the day,
and the charged batteries power lights and household
appliances at night. Although 12 volt lead-acid car
batteries can be used in solar electric systems, heavy

,duty -batteries (available in Nairobi) which can stand
many deep discharges will last much longer. Usually
there is one battery fot each standard solar cell module
in a system. Batteries should be maintained to
maximise their life performance.

System Control
Solar electric systems require some type of

control so that the electric output can be monitored and
regulated. '. A control panel has various features which
protect the modules and the batteries such as master
switches and fuses which reduce danger of short circuits.
The control panel also 'prevents the system's batteries
from being ever.-charged or excessively discharged. The

.panel may also have meters or lights which show
whether the solar modules are working, properly.

Applications of Solar Electricity

Solar electricity is appropriate for rural areas.
Solar cell modules generate power at the place where it
is needed enabling thousands of households far from the
power lines to use electric appliances. Solar cell
modules are reliable. As long as there is sunshine, they
quietly produce an electric current. Solar electricity is
most economical when supplying small amounts of
power for lights, radios, televisions and small
machines.
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Small Applications (0.01 W - 35 W)
Tiny arrays of solar cells power electric

calculators. Small solar cell modules (ranging from 2
to 15 watts) are used to re-charge batteries for radios or
cassette players. Electric fences are also powered by
small-sized modules. One standard 35 watt module will
provide enough electricity for the lights, radios,
television and small appliances in a typical Kenyan
residence. A single standard module can power a
tailoring business's electric sewing machine, with
enough extra power for lights and a radio..

Medium-sized Applications
(two to six 35W Modules)

A small array of solar cell modules provides
useful electricity for small institutions and
organisations. Classrooms in a small boarding school
can be lit with power from several standard modules.
Refrigerators in small dispensaries can be powered by 4
to 6 standard solar modules. six modules can provide
power for a small poslw mill or water pump.
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Solar Electric School Lighting System Diagram 1
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Large Applications. (7 or more 35W modules)
Large arrays of solar cell modules may be

economical for some applications. Two thousand solar
water pumps lift water for irrigation, cattle-watering and
human consumption in remote sunny locations of the
world. Radio relay stations are often powered by large
arrays of modules. The electric needs of a hospital or
remote hotel could also be met by solar cell modules.
Presently, there are several power stations in the USA
that use arrays of thousands of solar cell modules to
produce electricity for the grid.

Solar Electric Projects in Kenya

Since 1980, the number of solar electric projects
in Kenya has been increasing rapidly. Because solar
electric projects are decentralised it is quite difficult to
keep track of their numbers, but judging from the sale
of solar cell modules, local projects are now in the
thousands. Below, some common applications of solar
electricity are described:
Domestic uses: Solar electric homes use solar power to
run lights, radios, televisions and small appliances such
as sewing machines. More than five hundred
households were using solar electricity as of January
1987, particularly in Kericho, Kiambu, Murang'a,
Embu arid Mem. The government has installed solar
cell modules to provide lighting for staff housing in
Turkana. Typical solar homes use one 35 W module to
meet their electric needs.
Solar lighting: More than twenty schools were using
solar electric lighting for night studies as of January
1987. Systems which use from two to six solar cell
modules to light classroom blocks have been installed
in Meru, .Embu, Machakos, Busia, Kitui, Tana River,
Mandera and Taita Taveta Districts. -
Health centre lighting and refrigeration: Healthcentres
require electricity primarily for powering lights and
refrigerators which keep vaccines from spoiling. Solar
electricity powers more than twenty local health centres
in Mandera (see photo page 22 ), _Wajir, Marsabit,
Kwale, Lamu, Kajiado, NarokandKiambu.

Water pumps: As of January 1987, more than 30 solar
powered water pumps provided water for various
applications in Turkana, lsiolo, Marsabit, Mandera,
Garrisa, Kajiado, Busia, Kitui, Machakos and Kiambu
Districts. About three quarters of these pumps supply
water from shallow pumps for· domestic needs, while
most of the others supply water on cattle ranches.
Fencing:' Solar electric fences prevent wild animals
from destroying agricultural crops on the edges of Mt.
Elgon .National Park, Tsavo National Park and the
Rhino Sanctuary in'Lake Nakuru National Park. Solar
fences also prevent livestock from straying off property
boundaries on local cattle ranches.
Communication: Hundreds of solar cell modules power
communications devices in remote parts of Kenya.
Mwangea Hill Repeater Station in Kilifi District is
powered by an array of solar modules. Radios in game
parks and police stations far from the grid are also
powered by solar electricity.

The author (left) examines a tracking solar mount which
. charges six balteries supplying electricity for this school

near Chuka, Meru.
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Hydropower

Power in Mo.ving Water
Hydropower is the energy contained in

moving water as it descends towards sea level.
This energy can be traced to the hydrological
cycle powered by the sun, which causes water
to evaporate from lakes and oceans, carries it as
clouds over land masses and deposits it as rain.

The pulling force of gravity gives water
above sea level potential energy. As water

" rushes downhill toward sea level, this potential
energy is converted "to" kinetic energy. The
tremendous power of moving water pushes
against anything in its path, displacing heavy boulders
and tree trunks and, over the course of centuries, carving
valleys between mountains. This power can be
harnessed to do useful work.

Moving water in rivers and streams is diverted
and put to such use as turning the shafts of grinding
stones or generators. Waterwheels, turbines and
hydraulic rams extract energy from moving water. These
machines are efficient, long-lasting, clean-running and
often the cheapest source of power for a site. The
kinetic energy in falling water is much easier to convert
to rotating mechanical power than heat or steam energy
produced by diesel or geothermal power sources.

Hydropower now plays an important role in
Kenya, supplying most of the country's industrial and
domestic electricity. Large turbines such as those
installed in the Tana and Athi River Basin have only
partially exploited the country's hydropower potential,
and new hydropower projects are now being developed.

Kenya also has potential to develop hydropower
on a y-ery small scale. Some individuals in remote areas
have installed microhydro turbines (turbines generating
100 kW or less, see table 6.1) to provide their own
electric needs. Many communities could use
hydropower from waterwheels or hydraulic rams to
provide mechanical power for milling or pumping
water.

This chapter discusses how large and small-scale
(i.e. micro & mini) hydropower has been applied to
meet development needs, the potential for hydropower
in Kenya and the steps one must take in order to decide
whether to install hydropower. Some popular types of

6

hydroelectric turbines which supply -electricity are also
described

History of Hydropower
, The rust hydropower machines were simple

waterwheels developed about two thousand years ago.
Antipater of Thessalonica (an ancient Greek wiseman),
amused after seeing one of the first waterwheels, wrote
that the servant girls would no longer have to wake at
dawn to grind maize because "water nymphs" could
thenceforth do the work. Indeed, these "water nymphs"
were doing heavy work in developing societies; grinding
and milling in the Middle East and Europe, and blowing
air into iron furnaces in China.

The waterwheel, like the windmill, was spread
and improved upon as people migrated to different
countries and adapted new skills and technologies.
Historically, the waterwheel played a key role in
industrial development - Mechanical principles first
demonstrated by waterwheels led to the development of
the turbine, steam engine and internal combustion
engine. As early as 1760, Englishman J. Smeaton had
developed a waterwheel which converted kinetic energy
in water to rotating mechanical energy with 70%
efficiency. A little over 100 years later, there were
23,000 waterwheels operating in the eastern parts of the
United States (9,700 in New York State alone). These
rural watermills powered small factories which produced
such goods as flour, furniture, brushes, knives, clocks,
fertiliser, agricultural tools, barrels, wheels and clothes.
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During the second half of the 19th century,
inventors were refming turbines much smaller in size
than waterwheels which could produce more power per
head and flow of water. Between 1880 and 1925
turbines such as the Pelton wheel, the Francis, the
Kaplan and the "cross flow" were invented. Turbines
had replaced waterwheels in many sites by 1900, both
powering mechanical equipment and generating
electricity for - lighting. As demonstrated by
Switzerland, which had almost 7,000 turbines and
waterwheels operating in 1914, small turbines were
important sources of powei through the 1930s.
However, with the advent of rural electrification and
cheap petroleum-poweredgenerators, micro-hydropower
declined in popularity in developed countries.
Nevertheless, hundreds of important hydroelectric
projects have been built worldwide for electrical power
supply since 1925.

China, more recently, has exploited its
hydropower potential by building micro, mini, small
and large hydropower installations at thi same time.
The government has planned hydropower stations so
that diversion dams and canals serve several purposes:
controlling flooding. irrigating crops and generating
electricity. In 1949 there were only 50 hydroelectric
power stations (producing 56 MW) in the entire
country. But, during the' 1950s and 60s the Chinese
government intensively trained people to build and
manufacture small hydroelectric turbines locally. By
1960, there were 4500 small, mini and micro
hydropower stations producing about 200 MW of power
for the country. Fifteen years later, there were 60,000 ,
micro and mini hydro plants in China, producing 2000
MW. The number had risen to almost 90,000
installations by 1980 and this power has helped China
become an important manufacturing country.

Hydropower in Kenya

Although Kenya's hydropower potential is far
less than the potential in China or the United States, its
significance grows as the country develops. Of the 559
total megawatt capacity generated for Kenya's grid (in
1987) more than 353 MW is supplied by
hydroelectricity. By 1991, when Turkwel and Kiambere
hydropower stations come into line, hydroelectric power
plants will have a total installed capacity of over 600
MW in Kenya. Kenya's important water catchment
areas fall under the supervisiof! of 3 development
authorities: The Tana and Athi River Development
Authority (TARDA), The Lake Basin Development
Authority (LBDA), The Kerio Valley Development
Authority (KVDA).

Another river basin, the Ewaso Ngiro, flows
northward from Mt. Kenya into the semi-arid land where
it evaporates or is lost in the soil. So far, no major
attempts have been made to make use of the hydropower
potential in the basin.

Projects have been completed (or are being
completed) in each of the other three catchment areas.
The TARDA is the most highly developed basin with
several dams which exploit a great portion of the river's
potential. Table 6.2 describes the major hydroelectric
stations in Kenya, their installed capacity, gross head,
type of turbine and year of installation.

Table 6.3 describes the estimated hydropower
potential in the various basins in Kenya. It is based on
incomplete hydrology data, and thus all sites will
require complete economic study before hydroelectric
plants can be built. The gross capacity in MW of a
river is always higher than the hydroelectric potential
that can be economically installed.
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Small-Scale Hydropower

Small-scale hydropower devices include
waterwheels, microhydroelectric installations, turbine
pumps and hydraulic rams. As was the case with
windmills, small-scale hydropower devices were/brought
to Kenya by European settlers, who made extensive use
of them in Kericho, along the slopes of the Aberdares
and Mt. Kenya and in Western Kenya. However, after
independence small-scale hydropower devices fell into
disuse because there were few people qualified to repair
them and because the government was concentrating its
efforts on grid electricity programmes. Nevertheless,
small-scale hydropower projects are still working in
parts of the country with high rainfall.
Microhydroelectric plants installed before independence
still produce power for several farms in Kenya.
Waterwheels are also still in use in a surprising
number of sites, grinding maize, running lathes and
even generating electricity.

Many Kenyans are solving their water supply
problems with small-scale hydropower. It is estimated
that there are over 2000 hydraulic rams pumping water
around the country and at least three local companies
make good quality hydraulic rams. One company has
started production of a waterwheel for pumping water as
well.

Although there are few microhydroelectric
installations in Kenya, it does not mean there is no
potential. The most economical sites are those more
than 25 km from the grid near streams with a reasonable
energy potential '(one study estimated that there are-more
than 100 such sites in Kenya). However, for small
microhydroelectric units which would produce less than
10 kilowatts there are many more potential sites.

":'/:: .
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Experiences in China, Switzerland, the United
States and, most recently, Nepal demonstrate that small
scale hydropower technologies are an aid to
development. Hydro projects such as waterwheels,
cross-flow turbines, and hydraulic rams benefited rural
areas in the above countries by making power sources
available and by creating employment. ~ Kenya has a
number of areas in which small-scale hydropower
technologies could meet basic community needs such as
pumping water, milling and generating electricity. The
sections that follow describe some of the available
hydropower technologies and how to apply them.

Deciding Whether to Use Hydropower

Hydropower is only economical if there is a
demand for the energy. Furthermore, this demand
should be as near to the power source as possible
because of the high costs of transmission. Questions
helpful in deciding whether to use hydropower include
the following:

How much power is needed? In what form? (see
chapter 1 and 8).
How much water power is available? Is the
source dependable?
Does the stream dry up during the dry season?
Is hydropower the best source of power for the
need? Compare hydropower to Qther solutions.
Which is cheapest?

Some of the arguments in favour of small-scale
hydropower include:
Power is available as long as there is a flow of water.
Clouds may _block solar energy, the wind may stop
blowing, and the price of petroleum may rise, but
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pel1't1anent streams flow continously.
There are a wide variety of small-scale hydropower
machines. Hydropower machines differ according to the
type of power needed, the rate of flow, and the available
head of the stream.
Site requirements are not complicated. If there is a
permanent source of falling water, there is usually some
way to harness its power.
Small-scale hydropower is often economical. Well
made devices have a long lifetime and require little
maintenance. The transmission and control equipment
required are usually minimal and, once installation is
complete, the operational expenses are low.

Two important arguments against small-scale
hydropower should also be considered:
Suitable sites in Kenya are not widespread. Kenya's
hydropower potential is located mostly in the Central
Highlands and in Western Province. Other semi-arid
parts of the country do not have the permanent streams
needed for hydropower production. Many areas which
could use microhydro electricity are near enough to the
grid to make it more economical to buy grin electricity 
than to build microhydro power stations.
Water must be diverted to hydropower machines. All
hydropower installations require that water be conveyed
to them' from streams or rivers. This is usually done
using a dam to divert all or part of the water into a
canal, penstock, or flume. Dams, canals, pipes arid
flumes (called civil works) require expensive material
and construction work. Over 50% of the cost of most
hydro projects is spent building water diversion
structures. The smaller the hydropower installation, the
cheaper 'the civil works.

The Power Available:
Measuring Head'and Rate of Flow

Power contained in a stream of water is determined by:
.. 1. The head, H, of water. This is the vertical

distance (in metres) that the water falls, and,
2. 'The rate of flow, Q, of the stream. This is the
amount of water flowing through the stream over a
given time (measured in litres per second or cubic
metres per second).

The theoretical power, Pt, (in watts) available
from a stream of water is calculated using the fol
lowing equation:

Q x H net .

102

l/igh head walerfalls like this one in Meru district have a
good potential for microhydro poWer production.

The figure 102 is a constant derived by
dividing the number of litres of water per cubic metre
by the gravitational constant, 9.8 m/s2.

The actual usable 'power, P, available from a
stream is calculated by multiplying the theoretical
power, Pt (derived above), by the percent ~fficiency of
the hydropower machine.

Because of mechanical and transmission losses,
the total theoretical power in the moving water cannot
be collected by the hydropower machine. The actual
energy collected is usually between one third and three
quarters of the theoretical power depending on the type
of machine. Most hydropower machines are between 33
and 75% efficient.

The power available in a. stream of moving
water should be calculated when considering
hydropower, meaning that both the rate of flow and the
head must be carefully measured. The calculated
available power will help determine which type of
turbine, waterwheel or hydraulic ram is most
appropriate.

Measuring Rate of Flow

Because the flow of a stream changes from
season to season, it should be measured regularly over a
period of time in order to get an idea of its power
variations. Three measurements, in particular, should be
given careful attention:

114

Q

Hnet

Theoretical power in watts

Rate of flow of the stream in
litres per second

Net head, or the total head
minus losses due to friction
in pipes (see page 116).

Lowest Seasonal Flow. This is the minimum rate of
flow experienced during the last months of the dry

. season. The lowest flow is used to calculate the firm
power, the minimum guaranteed power, that a
hydroelectric plant will produce.

Average Monthly Flow. Daily rate of now
-measurements taken over the thirty days of a month are
averaged together to get the average flow per month.



The data gives a good idea of how much power an
installation will produce per month, and when
compiled, the total energy that can be expected to be
produced in a year.

Highest Seasonal Flow. This is the maximum rate of
now, which occurs during the months of the rains.
Knowledge of the maximum rate of flow helps in
planning against damage to a hydropower installation
during floods. Knowing the high level that the water
will reach is often more important than knowing the
actual flow volume. .

Measuring Small Streams .
Flow in small streams can be easily measured

by diverting all of the water into a large container of
known volume. Dividing the total amount of water
diverted by the time used to fill the container will give
the flow rate (Q).

Example:
A bucket with a volume of 16litres is filled by

the diverted flow in 20 seconds.

Volume of water container in litres 16/
Q

Time to ftIl container in seconds 20s

0.8 litres per second

Measuring with a Weir
This method measures the amount of water

passing through a notch in a small dam called a weir.
The weir, made from boards or logs, is constructed so
that all the water in the stream flows through a
rectangular-shaped notch in its centre (see figure). A
stake is driven into the stream bed upstream from the
weir (about 2 m) so that its top is level with the edge of
the notch opening. The height of water above the stake
is then measured and a fairly accurate flow reading can
be obtained using a standard weir table (see Table 6.4)
to correlate the height of water above the stake and the
width of the notch.

Example:
A weir with a notch opening of 1 metre (100

cm) is built. The height of water above the stake is
measured as 25 cm. Using table 6.4, a rate of flow of
about 220 litres per second is estimated.

The Float Method
This is a very rough but quick method used to

calculate the flow of streams in which a weir cannot be
buill First the speed of a float (i.e. a ,bottle or log) is
measured in metres per second along a straight section
of the river. Next, the approximate cross section area of
the stream is estimated (in square metres). Multiply the
speed of the float (mJs) by the cross section area of the

stream to get the approximate rate of flow in cubic
metres per second.

Example:
A log floats down a straight one hundred metre

section of a large stream in 50 seconds, thus travelling
at a speed of two metres per second. I The cross sectional
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M'easuring Head

In any hydropower installation, water· must be
diverted from the stream to the hydropower device.
Generally speakirig, there are two ways of doing this.
The fIrst way, called a regulated system, 'completely
dams the river or stream and feeds the water to the
hydropower device via a penstock. Excess water is
allowed to escape over the top of the dam via a
spillway. Building a dam across large streams or rivers
requires major civil works, construction jobs which
store and or divert the water.

A.second method called run of the river, diverts
part of the stream with a small dam or weir, conveying
that water to the hydropower machine by flumes, canals
and/or penstocks. This type of diversion is often the
best choice for small-scale hydro installations.

Civil Works

avoid long, expensive runs of pipe). Secondly, the site
location must be in a place where the costs of water
diversion are not too high. Large dams and long canals,
penstocks or flumes are expensiv~.

'Parts of a Hydropower
Installation

Measuring Head

The total head (H) is the
vertical distance from the surface of the
water above the potential intake to the
hydropower device (called the
headwater) to the point where the water
would leave the turbine or waterwheel H 1-1_~----'-_---'-------l._----'- ----'

(called tailwater).

Two people can measure the head at most small
scale hydropower sites using some pegs, a spirit level
and a measuring rod, as explained below.
1. Drive pegs into the ground in intervals of the
length of the measuring rod used (Le. 3 metres) in a
straight line, according to the planned course of the
penstock, flume or drive pipe. All pegs should stand
out of the ground at an equal height.
2. Put the measuring rod atop the fIrst peg and
keep it horizontal with the help of a spirit level. Now
measure the vertical distance from the next peg to the
measuring rod. Enter positive or negative values found
into the table as shown (H1, H2. H3 ...).
3. The total head, H , is equal to the sum of all
positive values H minus the sum of all negative values.

area of the stream is estimated to be
2.5 square metres. The speed of the
float, 2 metres per second, times the
cross sectional area, 2.5 square metres
gives a rate of flow (Q) product of 5
cubic metres per second.

The more accurately the rate of
flow is measured, the more predictable
the power output of any hydro
installation will be.

The net head (Hnet) is always less than the total
head (H). This is because whenever water is conveyed

. through a pipe or a penstock (pipes or ducts which
carry water into a turbine) some of the head pressure is
lost due to friction in the pipe. Pressure is also lost due
to bends in the penstock. The net head is thus the
actual head of pressure available to drive the turbine,
waterwheel or hydraulic ram after pressure losses have
been deducted.

Choosing a Site

Maximum power will be economically produced at a
site under the following optimum conditions: Dams

Greatest head possible. Higher heads lower the
cost of the hydropower machine.

As short a distance as possible between the
water source and the hydropower installation.
This reduces civil works costs.

Economical small-scale hydropower sites should
. meet several oth'er standards. First, the power

generating plant should be close enough to the place
where the power will be used to avoid expensive power
transmission costs (or, in the case of hydraulic rams, to
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Dams fulfill several useful functions. First, by
storing water behind them, they ensure a regular flow of
water to .the turbine or waterwheel even during times
when the flow of the stream is low. Stored water in a
dam is stored potential energy. The huge Masinga Dam
stores enough water to ensure that all of the power
plants below it on the Tana River have a constant flow
of water during the dry season. Stored water behind a
dam can also be used for fish farming, irrigation and
recreational purposes.

Secondly, dams raise the head of a stream,
thereby increasing the easily obtainable. power. In a
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the turbine, watelWheel or hydraulic ram.
The water should be conveyed with as
little head loss and expense as possible
from the dam.

Headrace canals and flumes ate
open channels built with a very slight
gradient so that little energy is lost from
the water as it travels through them.
Headrace canals are built· along the
contours of the land in such a way that
erosion is minimised. Flumes (or sluices)
are water channels made from wood, metal
and concrete that carry water over
obstacles or narrow valleys. Overshot
waterwheels always require flumes to
supply them with water.

Headrace canals and flumes used in
run of the river hydroelectric installations
empty into concrete or stone boxes called
forebays. The forebay guides the flow of
water into the penstock which carries it to
the turbine. The forebay also allows
escape of excess water via a spillway and
settling out of sediment in the water.

Penstocks are pipes used to carry

water froni the dam or forebay to turbines. The correct
diameter and strength of penstock for the given flow of
water should be chosen carefully. Penstocks for
microhydro installations may be made from PVC pipes
but larger sites require strong steel pipes or even
concrete culverts. Long penstocks are quite expensive.
Note in the diagram above that the penstock is anchored
into the ground with concrete to prevent it from shifting
position.

Water friction against the inside of the pipe and
against bends in the penstock cause head loss which
reduces available power. Typically, a ten percent- head
loss can be expected in any small-scale hydropower
system. Manufacturers of turbines and hydraulic rams
can help in choosing the correct pipe size for each flow
to minimise these head losses. The following tips will
also help minimise head loss.

Never use old steel pipes. New steel or PVC
pipes are best.
Choose pipes of the proper diameter.
Always lay penstocks in a straight line.
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Every hydropower installation requires some
means of conveying water from the dammed stream to

small stream, the head can be raised several metres by
choosing an appropriate site for building the dam.

Thirdly, dams enable easy diversion of water to
the turbine or waterwheel. In a run of the river
installation, a partial dam simply diverts some of the
flow into a canal (called the head race) or flume which
carries it to the hydropower device. In a regulated
installation, the water flow is completely blocked and
fed directly into the hydropower machine located below
the dam.

Depending on the size of the hydropower
installation, dams are built of concrete, stone, wood or
even earth. Run of the river diversion dams are usually
much simpler to built than the full dams required in
regulated installations. Because a dam burst will cause
considerable damage downstream, structures called'

. spillways which allow excess flood water to escape
must always be part of the dam design. The smaller the
dam, the safer it is and the easier and cheaper it is to
build. All dams should be built by qualified experienced
individuals:

Dams permanently change the flow of rivers and
streams. They cause the water table to be raised
upstream and lowered downstream. Agricultural land
may be flooded by water behind the dam. Meanwhile,
the altered flow of water will effect the downstream
inhabitants and ecosystems. Furthermore, dams can act
as breed.ing grounds for such disease organisms as
malaria and bilharzia. For these reasons, and because of
th~ special prob!ems of dam building, any project that
will affect the flow of a stream or river in Kenya
requires consultation with the Ministry of Water
Development beforehand.

Flumes, Hea[Jrace Canals and Penstocks
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Control and Screening of Water Flow

Water flowing into a hydropower installation
should be controlled to prevent damage to the
fiydropower device during floods and to allow occasional
maintenance. Penstocks, by, virtue of their diameter
help limit the amount of water that flows into the
turbine, but they always have control valves and or
gates in the forebay which can limit water flow.
Waterwheel installations have sluice gates (wood or
metal panels which can be closed or opened) for
controlling waterflow.

Water entering hydropower installations must be
free from foreign matter such as leaves and sand. This
is especially true with turbines and hydraulic rams
which may be clogged or damaged by substances in the
water. Trashracks (grates or screens which prevent the
passage of solids) are used in turbine and waterwheel
installations. Trashracks must be cleaned on a regular
basis to prevent foreign matter from clogging the
screens or grates.

Types of Hydropower Devices

This section discusses 3 general types of hydropower
machines: -

Waterwheels are large slow-spinning wheels with
attached paddles or buckets which are turned by the force
of moving water. They are used primarily for high
torque mechanical work such as grinding.

Turbines have fast-spinning blades (called runners) that
are turned by the pressure or impact forces of moving
water. The most common application of turbines is
electrical generation (though they can be used for
mechanical work).

Hydraulic rams use the momentum of water moving
through an inclined drive pipe to push part of that water
uphill through a delivery pipe to a place where it is
required.

horizontal axis and vertical axis. Horizontal axis
waterwheels, used traditionally in Europe, include both
the overshot wheel (see below) and the undershot wheel.
Vertical axis waterwheels, which originated from the
Middle East, are the forerunners of modem impulse
turbines.

The overshot waterwheel is the most efficient
and widely used waterwheel. Water moves through the
flume and falls into buckets located along the rim of the
wheel. The weight of the water in the buckets causes
the wheel to rotate about its shaft. As the wheel
rotates, water is discharged into the tailwater below the
buckets.

On a typical overshot installation, a small dam
diverts the water from a stream or canal into the flume
which carries it to the wheel. The sluice gate regulates
the water supply while the trashrack prevents foreign
matter from entering the waterwheel. Notice that the
wheel is always built so that its bottom part is above
the tailwater. If the wheel is submerged in the
tailwater, operation will slow down significantly.
Note also that the overshot waterwheel's diameter is a
bit less than the total head.

Pictured are two locally made and used overshot
waterwheels. The one pictured below, located on the
Ngare Ndare river north of Mt Kenya, has a diameter of
more than 3 metres and is used to generate electricity,
pump water and grind grain. It has been operating for
over twenty years, requiring repair several times when
the axle (from a lorry) was broken by the large torque
forces. The second waterwheel (see photo page 110)
was built much more recently by Ndume, a company
located in Gilgil. Installe~ near Baraton College,
Eldoret, it is used exclusively for pumping water from
the stream to a household water supply.

Advantages of Waterwlleels
Simple design and construction
Can be made cheaply with local materials
High torque makes them suitable for
mechanical work
Can operate under large flow variations with
constant efficiency

Waterwheels

Waterwheels are the
oldest hydropower devices,
having been used in China,
Persia and parts of Europe for
over 1500 years. The turning
wheel is typically built next to
the side wall of the watermill
building and the turning shaft
runs machinery inside.
Traditionally, watermills oper
ated grindstones, threshers,
blowers, water pumps, lathes,
saw blades and, more recently,
with gearing they have even
been used to generate
electricity. Waterwheels can be A four metre diameter waterwheel on the Ngare Ndare river, Meru, used for generating
divided into two groups: electricity, pumping water and griruJing maize. Note Blake hydroram in foregrourui.
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Require shoI4 simple water diversion flumes
Simple maintenance and repair
Can use muddy or silty water

A final important advantage of waterwheels is
that they demonstrate the basic principles of water
power in· rural areas. promoting a technology that has
immediate potential for small-scale power supply.

Disadvantages of Waterwheels
Large size and weight. in relation to power

output. make them inconvenient for some tasks.
Slow rotation speed limits the type of energy
they can produce (a gearbox increasing the
rotation speeeJ for electrical production may cost
as much as the waterwheel itself).

Although waterwheels are not as efficient as
turbines, their low costs mean they can deliver small
amounts of mechanical power more cheaply than
turbines, and hence waterwheels are often the most cost
effective power need solutions.

Water Turbines

Water turbines are devices which convert the
energy in falling water into rotating mechanical energy.
Although the waterwheel is, strictly speaking, a type of
turbine. the term now generally refers to modem devices
which spin at high speeds and are used mostly for

generating electricity. Water flows through passages
created by the turbine runner , the turning shaft with
att~ched blades or buckets, transfers its energy to the
runner and then leaves the turbine with a minimum of
energy and velocity.
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Around 1900,· there \yere hundreds of small
turbine manufacturers in the USA and Europe, but most
of these went out of business when microhydro systems
were replaced by steam engines, internal combustion
engines and rural electrification programmes. Large
turbines have been installed in major hydroelectric dams
worldwide since the 1920's. In the last ten years, mini
and micro hydropower systems have increasingly been

. in demand by both developed and developing countries
in the face of unstable petroleum prices.

Turbines can be divided into two general types:
Impulse Turbines use the velocity in jet streams of
water moving through. nozzles to turn fast - spinning
wheels.
Reaction Turbines use the velocity of water striking
runners at an angle as well as the pressure forces of
water flowing across runner blades to tum the runner.

Impulse Turbines
Impulse wheels are turned by jet streams of

water shooting out of a nozzle onto the buckets or
blades of a spinning rotor wheel. Because they transfer
a high percentage of the kinetic energy from the jet
stream of water to the spinning wheel, impulse turbines
are quite efficient (up to 80%). Fast spinning impulse
wheels are very well suited for electrical generation.

Impulse turbines are highly developed
descendants of vertical axis waterwheels and, from an
operational point of view, they are the simplest
turbines. Most require a high head of water, yet can
operate quite well with low flows.

amount of energy from the water. Pelton wheel
nozzles squirt water on to one bucket at a time.
However, by adding nozzles (up to 4), more than one
stream of water can be directed at the runner, thus
increasing the power output. A needle inside each
nozzle controls the speed of water jet and hence the
rotation speed of the wheel.

Pelton wheels are usually the best choice of
waterpower for sites with very high heads. The higher
the head, the smaller the turbine needed to generate a
given amount of power. Pelton wheels can operate
quite well in small flows.

The Turgo wheel, an improvement of the Pelton
wheel, is built· so that the jet of water from the nozzle
strikes more than one bucket at a time, thus producing
more power than the Pelton wheel from the same flow
and head. The Selby Falls power station on the Sosiani
river generates power with two Turgo wheel units that
were installed in 1952 (see figure below).

Nozzle

The Pelton wheel, patented by Lester Pelton in 1860, is
the most well known impulse turbine. Water, fed
through a penstock from a high head (20m and over)
enters the turbine and is channelled through a nozzle
under pressure.. The nozzle squirts a jet of water at
buckets fixed to the outer rim of the runner.

Each spoon-shaped bucket is highly polished to
deflect the stream of water back on itself. By deflecting
the jet of water 180°, the runner extracts a maximum

Pelton Wheel Layout

Forebay
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Cross Flow Turbine
Cross Section

First Energy

\

TranSfer

Nozzle

, \

imported). Secondly, it is adaptable for a wide range of
heads and flows. Finally, it can be fixed to do either
mechanical or electrical generating work (or both, as is
the case with cross flows in Nepal).

Reaction Turbines
Reaction turbine runners are always completely

submerged , and power is derived from the flow of water
over the turbine blades. Unlike impulse turbines,
which t~e power only from the speed of moving
water, reaction turbines, also make use of hydrodynamic '
pressure forces in the flowing water to produce torque
on specially-designed runner blades.

Reaction turbines commonly operate at high
efficiencies in low to medium' heads. Because their
design requires careful engineering, reaction turbines are
usually specifically designed for each site by foreign
manufacturers. This makes them quite expensive.
Reaction turbines are generally used for megawatt
generating operations and because they are not suited for
most micro-hydro applications in Kenya (too expensive,
very high tech designs), they are described only briefly
below.

Francis Turbines. Most of the large power stations in
Kenya use Francis turbines. Water enters the turbine
from the penstock (also called pressure tunnel) through
an inlet valve. At high pressure and velocity water
flows between fiXed guidevanes which give it optimum
flow direction. The water then flows across the curved
runner blades towards the outlet at the turbine centre.
Water is discharged at low pressure and velocity into the
draft tube (tailwater).

Kaplan (Propeller) Turbines, also used in large
hydroelectric applications, are like large ship propellers.
However; unlike propellers, the runner of these turbines
takes energy from the water flowing across it. Water
enters the turbines through an inlet on the side and is
directed downward by guidevanes an angle that causes
the runner to rotate optimally. As with the Francis
turbine, water enters the turbine at high pressu:re and
velocity and leaves at low pressure and velocity.

Hydraulic Rams (Hydrorams)

Hydraulic rams use a principle of physics called
the water hammer effect to pump water from a stream
or river up to a place where it is needed. First
developed by a Frenchman named Montgolfier in 1796,
they, were originally used to pump water in the
fountains of French palaces. In Kenya, the hydraulic
ram is now one of the most common water pumping
tools.

Hydrorams were pOpular with European settlers '
and many people today remember them because they
supplied water for colonialist encampments during Mau
Mau. They are so reliable that, years after installation,
when they finally break down, people -have forgotten
who installed them. Hydrorams are now found in
Kericho, Meru, Embu, Nyeri, Murang'a, Narok,
Kakamega, Trans Nzoia, Nandi, Taita and Bungoma
districts (to name. a few).

How Hydrorams Work
(see diagram next page)
1. Water flows with much speed and momentum
through the drive pipe (an inclined pipe leading from the
drive tank, see' layout diagram page 123) into the
hydraulic ram and out through the open impulse valve.
After a fraction of a second, the pressure of the water's
momentum suddenly forces the impulse valve to close.
2. When the impulse valve closes, the moving
water decelerates rapidly and this change of momentum
compresses water in a high pressure "shock wave"
which, by the water hammer effect, pushes open the
delivery valve. Water rushes through the valve,
momentarily compressing the air in the air chamber
which absorbs the shock wave.

3. The air in the air chamber quickly springs back,
both closing the delivery valve and forcing water up the
delivery pipe (which conveys water to the water storage
tank).
4. The impulse valve reopens as its weighted
bottom is pulled down by gravity, and water again
sprays out. The cycle starts again and repeats itself at
regular intervals, making the characteristic "clack..,
clack.., clack.." sound.

Energy-transferring ,belt

Guidevane
regulator

Draft tube'

Kaplan Turbine Diagrgm
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A Hydraulic Ranl Installation
Hydroram installations require that the drive

head, delivery head and flow be carefully measured at
any site before building (see figure next page). The drive
head is the vertical distance between the water level in
the drive tank and the hydroram. The delivery head is
the vertical distance between the hydroram and the
storage tank (where the water is being pumped). The
figure shows· the parts of a typical hydroram
installation~ including the drive pipe, delivery pipe,
water tank and ram itself. The drive tank (or feed tank)
is a small dam which holds water diverted from the
stream by the feed water pipe (which could also be a
simple canal) and directs it into the drive pipe. Screens
over the drive pipe inlet in the drive tank prevent debris
from entering and clogging the hydroram.

With any hydraulic ram, most water is lost
through the impulse valve at low pressure while a much
smaller volume of water is pushed up through the
delivery pipe at higher pressure. Table 6.5 (next page)
shows the amount of water pumped in 24 hours up a
given height depending on the head and flow of water
(with a Blake hydroram). For example, with "a three
metre drive head and a 20 metre delivery head, a Blake
hydroram will pump 130 litres per 24 hours for every
litre per minute of flow (see table). If the flow rate is 5
litre/min flowing into the hydoram, then 650 litres (5
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x 130) will be pumped into a tank 20m above the
hydraulic ram each day.

This Blake ,hydraulic ram in Murang'a was rebuilt by
MurQ!1g'a College of Technology and now pumps water to
a cattle dip over a mile away.



Hydraulic rams do not require extensive civil
works. The drive tank can easily be built from stone,
cement and mortar. The delivery and drive pipes, which
will probably be the most expensive parts of the
installation, should thus be carefully laid and anchored.
Different sized hydraulic rams fit the various flows and
heads of different sites and manufacturers will be able to
help choose the correct size if they are given proper site

information (drive and delivery head, flow rate).
Hydrorams are commonly used to supply water

for small communities, schools, domestic uses, cattle
watering and small-scale irrigation. Once paid for and
installed, they require no maintenance (aside from
making sure that they are not buried) and will operate
for many years. Even if broken, they are quite easy to
repair.

""""""""':e::=:!J...E-----Hydroram

.........
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Wind Energy

The Wind
Temperature and pressure differences in the

atmosphere create moving masses of air called winds.
As the sun heats half of the earth, the other half cools
and an imbalance of atmospheric temperatures is
created. Winds blow as cool air masses rush to replace
warm air masses. Continents and oceans contribute to
the wind activity in the conflicting ways they heat and
cool the air surrounding them.

There is a tremendous amount of energy in the
winds which can be harnessed to do work. Wind
machines are devices used to convert some of this
energy into usable mechanical energy for such work as
pumping water, generating electricity or grinding
grains. However, in order to understand wind-powered
machines and how to best use them, first the
characteristics of the winds must be understood.

Wind almost never blows at steady speeds for
long periods of time in one location. Its speed changes
from day to day, hour to hour and season to season.
The direction from which the wind blows also changes.

Although wind speed and direction cannot be
accurately predicted for any given moment, those who
study weather have found that general wind patterns can
be predicted. Wind patterns are quite regular over the
years. If the weather was very windy this Apriland last
April, it is likely to be windy next April as well.

Wind Behaviour

Wind follows general patterns on a global,
regional, seasonal and daily basis:

Global Wind Patterns
There are belts between certain latitudes in

which the wind intensity and prevailing wind direction
are fairly constant. Around the equator, for example,
there is less wind in general than in the latitudes far to
the north or south.

Global wind distribution patterns are caused by a
variety·· of factors. Atmospheric temperature and
pressure differences are created by the unequal heating of
the earth's surface. Meanwhile, the spinning action of
the -globe moves cooling and heating air masses in the

7

Seasonal Wind Features
Changes in the angle of the earth to the sun

cause northern and southern parts of the globe to heat
unequally, and seasonal winds equalize these differences.
Seasonal wind variations are especially felt in the high
northern and southern latitudes where there are· winters
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and summers. On the Great Plains of North America,
for example,wind is most available during the very
cold months of January and February.

There are major seasonal wind changes at the
equator as well. This is especially true at the Indian
Ocean Coast which experiences high winds during the
rainy monsoon months. The dry harmattan winds in
the northern parts ·of Africa are also examples of
seasonal Winds. .

Daily Wind Patterns
The temperature differences between day and

night cause daily wind changes. These wind variations
differ with each site's topography. Winds in Kenya are
typically strongest during the afternoon and lightest in
the late evening.

Prevailing Winds and Energy Winds

In any location, the winds can. be divided into
two general types:

Prevailing winds are the winds that blow most of the
time in any area (70% of the time). Depending on the
area, they have speeds of 2-5 metres per second (5-20
kph) and are usually considered low energy winds.
Prevailing winds always blow from the same direction.

The useful wind in Kenya results from either
thermodynamically governed conditio~s or local
geographical features. Thermodynamically induced
winds result from uneven solar heating and cooling of
land and water masses. They cause the regular winds
that blow on the shores of the Indian Ocean and Lake
Victoria, and the winds that blow in and out of desert
regions to the north of Kenya. Local geographical
features cause the wind to change speed or direction as it
passes over and around them. These features include the
Rift Valley, Mount Kenya and various canyons, hills
and gorges across the country.

Because of Kenya's large size and the limited
amount of wind information available, it is difficult to
generalise about winds in Kenya. Many localities have
constant steady winds. In" fact, there may be regular
winds in one place and almost no useful winds in a
place a few kilometres away. For this reason, it is
important that every wind site be completely evaluated
before a wind machine is installed.

There are three general areas in Kenya where
wind performance has been studied and confrrmed.
These areas are where most of the country's operating
windmills are found. The following sections describe
locations with good wind potential based on a recent
study of winds in Kenya (see also Table 7.1).

North Western Keny.a
Energy winds contain much of the useful energy

. available to wind machines. They blow about 30% of
the time at much higher speeds (4-11 m1s or 15-40 kph)
than the prevailing winds. Energy winds often come as
"gusts" (sudden bursts of wind) and tend to blow from a
direction that is 15-70 degrees off the direction from
which the prevailing winds blow.

Winds in Kenya
Kenya's. winds are influenced by the equatorial

northeast and southeast monsoons. The monsoons
affect surface wind speeds and direction. However, the
general wind regime (pattern of wind behaviour) is low
in energy like most wind regimes near the equator.
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Meteorologists have found that there are usually
strong winds along the edge of deserts. As the table
indicates, Kenya's strongest winds are in t.he semi-arid
north western sections. Meteorological stations along
the Turkwel river and north of Lodwar nave information
which suggests high wind power resources in those
regions. Windpumps, wind machines used to pump
water, have been successfully installed in North
Western Kenya to provide water for cattle, domestic
uses and small-scale irrigation.

The table shows that the winds in North
Western Kenya are strong througlwut the year. As
wind energy is constaritly available, storage systems
(water tanks for water and batteries for electricity) do

. not have to be very .large. Available information



Aerial photo of 6.1m windpwnp' in Kaikor, near the
Sudan border, which provides water for 4000 people.

indicates that wind conditions are also strong in parts of
North Eastern Kenya. Wind machines have been
successfully installed in the Marsabit and Wajir areas.

The Coast

the above three areas. The lower Tana River Basin
experiences high winds during certain months of the
year, as do certain parts of the Rift Valley. Below is a
list of some windy places which have potentially good
winds, but which require very complete site analysis.

Nairobi/Ngong. Table 7.1 shows that Nairobi,
Embakasi and Katumani (Ngong) have strong winds for
much of the year. However, Dagoretti Comer, which is
a few miles to the west of Nairobi, has much lower
wind levels. The table also shows that winds are much
lower than average between May and September for all
three stations.
Keekorok. On the edge of the Rift Valley and in
Maasai Mara, Keekorok exhibits medium strong winds_
for most of the year.
Garrisa/Lower Tana. There are strong winds in Garrisa
and the Lower Tana River from. May to October.
However, during the remaining six months the winds
are very weak. If wind is only needed for certain
months (for example, to irrigate crops) wind machines
might work here, but year round applications should be
carefully studied beforehand.
NanyukilRumuruti. This area has quite constant low to
medium winds and many wind machines are currently
pumping water for cattle ranches in the area.

Other areas which seem to have potential for wind
machines are Eldoret, Amboseli and parts of Machakos.

50-60 40-50 30-40 20-30 10-20 0-:-10
W/M2 WjM2 WjM2 W/M2 W/M2 W/M2

80-90 70-80 60-70

W/M2 W/M2 W/M2

111111111111

Lake Victoria

Lake Victoria causes off-shore breezes
like those at the coast. But the wind available,
in general, is not as strong nor consistent as the
wind at the coast. The wind energy decreases
between April and July, especially around
Kisumu and Kadenge. However, Lake Victoria
winds are quite localised and places such as
Rusinga Island and Muhoro Bay demonstrate
usable winds year round.

Trading dhows have made use of offshore winds
at the coast for hundreds of years and the Swahili
sailors who travel between Lamu and Zanzibar are
experts on Kenya's coastal winds. r---------------~------___,

Winds at the coast are quite consistent. Estimated Wind Power Available Throughout Kenya
Average annual wind speeds indicate "that the ~ (Watts/M2 )

coast has a good potential for wind machines. \.---- ...... ....... ,
Already almost one hundred wind machines have " ' ....

"been installed between Lamu and Mombasa.
Notice in the table that the months of

November and December show lower average
wind speeds. Therefore any installed wind
machine would probably perform at a lower

. level during these months. Sufficient storage
tanks or batteries would be necessary to offset
these low winds.

Notice also the difference between the
wind data of Magarini and Mombasa which
demonstrates that even at the coast e~ch

possible site must be carefully evaluated.

Other Areas with Wind Potentia This wind energy map is based on wind trends in East Africa and
Wind machines have been installed not actual data (compare with table on page 128). However, it can

successfully in many places in Kenya outside of be used as a rough guide to wind activity in Kenya.
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Energy in the Wind
We have all watched trees or grasses moving as

they are blown by the wind. Their motion is random,
unpredictable and not very useful. However, when
blown by the wind, a wind machine produces repeatable
and thus useful motion. Most wind machines have a
large rotor or wheel, which rotates when blown by the
wind. This rotating motion is used to do work.

Wind machines are specially designed to
effectively extract wind energy and change it into
rotational energy which can be used to do useful work.
By slowing down the wind that blows across them,
wind machines "steal" part of its energy. Mter it
passes over the rotor, wind has less energy than it had
before, and the rotor has "stolen" that energy as it
starts to rotate. The amount of energy that can be
extracted from the wind depends on four major factors:
1. The size of the wind machine rotors: (turning

blades of the wind machine)
The speed of the wind
The density of the air
The efficiency of the wind machine

Rotor Size

Wind is made up of molecules of moving air.
These molecules move like the molecules in a stream
of water, and it is the force of the air molecules
"pushing" against the rotor that causes the rotor to tum.
The area of the rotor that faces into the wind determines
how much wind power can be captured. A rotor with
twice as much surface area is struck by twice as much
wind. Therefore, with constant winds, a rotor of 10 m2

will produce twice as much power as a rotor of 5 m2.
Large rotors produce more power.

Wind Speed

The speed of the wind is the most important
factor in determining how much power is available.
Again, picturing wind as countless molecules of
moving air, remember two key points. First, the faster
each molecule is moving, the more energy each
molecule gives up when it strikes the rotor. In fact,
the energy in a single molecule is proportional to its
speed squared. Considering this alone, if the wind speed



doubles its energy will increase by a factor of four.
Secondly, the faster the wind speed, the more molecules
that strike the rotor per second. It is easy to imagine
twice as many molecules striking ·the rotor per second
as the wind speed doubles.

It should thus be clear that an increase in wind
speed will result in an increase in the amount of energy
that each molecule gives to the rotor and an increase in
the nwnber of molecules that push agmnst the rotor.

Because of the above factors, the power available
from the wind increases very rapidly as the wind speed
increases. Power available from the wind increases
according to the cube of the wind speed (this is called
the Law of the Cube). When the wind speed doubles
(for example, from 10 kph to' 20 kph) the power
available increases by eight times. Small increases in
wind speed cause large increases in windmill power
output.

Air Density

The density of air, is a measure of how "thick"
the air is, or how many molecules ·of air there are per
unit volume. The more dense air is, the more power is
available from the wind. Air density 'is related to
atmospheric pressure and temperature. Although air
density changes slightly with altitude and temperature,
the changes are quite small and are not an important
factor in planning wind systems in Kenya. At an
altitude of 1000 m, a wind machine can be expected to
put out 9% less power than at sea level.

Wind Machine Efficiency

Whenever energy changes form, some is lost.
This is also true with wind machines. The amount of
energy lost depends on the efficiency of the wind
machine. What percentage of the available wind energy
does the wind machine actually capture as rotational
mechanical energy and how effectively does it transfer
the rotational energy into other useful work? Wind
machines can trap a maximum of about 60% of the
wind's energy as some energy always remains in the
wind passing through the rotors. Some energy is also
lost as friction in the transmission and gears of the
wind machine. Most wind machines have efficiencies
that range between 20% and 50%. In other words, most
potential energy in wind is usually lost, and not
transformed to rotational energy by the rotor.

Wind Power Equation

The power that can be extracted from the wind as
explained above is summarised in the mathematical
equation below:

p = 1 qA V3E
2

In the equation,

P = Power extracted from the wind by the wind
machine in watts. _

q = Density of air (kg/m3)

A ::; Surface area of rotor (m2)

v ::; Wind speed (m1s)

E = Efficiency of wind machine

In summary, the equation gives us four principles:
1. Power from the wind machine is proportional to

the area swept by the wind machine blades (i.e.
the size of the rotor).

2. Power from the wind machine is proportional to
the cube of the wind speed.

3. Power from the wind machine is proportional to
the density of the air.

4. Power available from the wind machine depends
on the efficiency of the wind machine.

Evaluating a Wind Site
A major cause of dissatisfaction .among those

that use wind power machines is improper site
selection. Careful site selection for a wind· machine,
done before the machine is bought, will ensure that
much time and money are not wasted. A good siting of
a wind machine will ensure that the most power is
obtained for the least installation cost. A proper site
will also minimise maintenance costs and damage risks.

Even before one attempts to measure wind
resources, one must ask what one's power needs are.
How much water needs to be pumped? How much
electricity is needed? Once one has a good idea of what

.kind and how much power is needed, one should then
go to the wind power site and estimate how much
power is available. Finally, one should examine the
available wind machines and determine which type and
how large a machine is needed to fulfill the power
requirements given the site's available wind energy. If
the wind speed, V,and the windmill efficiency, E, are
known, the wind power equation can be used to
determine how large a rotor area,'A, (and thus how large
a wind machine) is needed to get the desired power, P.

Finding Information About Local'
Winds

In order to choose the·right wind machine (or
whether one will be useful. at all), as much information
as possible about the wind in the area must be
assembled. Information about local winds can be
gathered in a variety of ways.

The first place to check is the local
meteorological station (if there is one within 50 km) or
airport. These people have spent years collecting
information about the area's weather. They have useful
data about the wind direction and speed, and will be able
to give information about local prevailing winds and
seasonal ch~ges in the wind.

A second source of information about winds· is
the local people. If you are not familiar with the winds
in the area you wish to build a wind machine, the local
people may be your best source of information. They
will know about the seasonal wind changes, the daily
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wind changes and local wind. irregularities which are
important to consider in planning stages. Of course,
the best local person to see- is someone who already has
a wind machine, if there is anyone nearby.

A third source of information about general wind
patterns is the vegetation of the area. Trees and bushes
are often bent over in the direction of the prevailing
wind. This tendency of trees to bend in the directionof
prevailing winds is called flagging (see photo' page
124). Flagging can also mdicate how strong the winds
are.

The Site Survey: Information to
Collect

12m 5.4 m/s

WIND

5m

higher speed

lower speed

-Effect of Surface Roughness
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disturbed airflow should be avoided. In general, wind
machines should be located a distance10-20 times the
height of the nearest barrier downwind, and the tower
should be twice the height of the nearest barrier.

Non-flat Terrain
Non-flat terrain presents more complex

problems in wind machine siting as topographical
features affect wind flow in much more complicated
ways than surface roughness or barriers. Therefore,
wind power sites in a hilly areas need to be evaluated
with special care. Nevertheless, non-flat terrain may
present certain benefits to a wind power site: .
Ridges, hills and isolated mountains. These
topographical features act as huge towers, placing wind
machines in ideal high wind areas. Wind accelerates as
it moves up hillsides, and is usually at a higher speed at
the top of a ridge than the wind below. Wind machines
should, when possible; be located at the top of ridges
and hills.
Passes and low spots in escarpments. As prevailing
winds blow toward escarpments, they are funnelled
through passes and low spots at increased speeds. Wind
machines erected in such places will perform optimally.

Turbulence around Tree Barriers

Flat Terrain
If the wind machine is to be built on flat

terrain, (i.e. if there are no hills or valleys in the
direction from which the prevailing winds blow), there
are two considerations:

What is the surface roughness of the area?
What barriers affect the free flow of wind?

Surface roughness slows down the wind near the
ground Smooth surfaces such as the ocean and low
grass allow the wind to pass swiftly. However tall
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The local weather station, tile people and the
vegetation will give you a good idea what winds are crops, woods or small towns cause turbulence and loss
like. But, remembering that a small increase in the of wind speed as it passes over them. In order to take
amount of wind will give a large increase in the advantage of winds near towns or forests,· the wind

machine tower must be 6-10 metres above the level ofamount of power available, it is important that a
complete wind study be carried out Most experts the forest canopy or rooftops. The more the surface
recommend that the wind be studied in a few sites for 3 roughness, the higher the tower needs to be.

months. The best site among those studied can then be Barriers, such as buildings and shelter belts of trees,
selected. block the wind and produce disturbed areas of airflow

Final selection of a wind machine site involves downwind. When putting up wind machines, areas of
many considerations. If the wind machine ,.--------------=----"--------------,

is to pump water, putting it on top of a
large hill (even though there is a lot of
wind atop the hill) means it would have to
pump water from a deeper well. If the
machine is to generate electricity, putting
it far from the place where the electricity' is
needed might be expensive. The work
that the machine is to do helps to
determine the best site for that wind
machine.

A windmill should be able to
capture the maximum possible wind
energy, and this should be kept in mind L.....- --l

during site selection. There are a number of local
topographical features that effect the flow of the wind
that must be considered.

Wind machines should be mounted 150-200
meters away from the nearest obstruction (Le. trees,
buildings), especially when the prevailing wind comes
from that direction.

In general:
Wind machines should be mounted as high as

possible on a tower because wind speed always increases
with height



Valleys. Unless a valley is very narrow and oriented so
that the prevailing wind is "squeezed" through it, as
above, valleys can be expected to have less wind.
activity. Therefore valley bottoms should be avoided as
potential sites.

Hazards to Wind Machines
The following list describes' some major hazards

that can knock down, break rotors, cause rapid corrosion
or seriously' damage expensive wind machines. They
should be kept in mind during planning, in order that
the wind machine is built, protected or situated to avoid .
them..
Turbulence is rapid changes in wind speed and direction
which cause stressful vibrations to the machine.
Surface roughness, barriers and non-flat terrain can all
cause turbulence.
Extremely highspeed winds may damage the wind
machine or knock down the tower.
Floods and landslides can wash away the foundations of
the tower.
Salt spray causes rapid rusting of the machine.
Blowing dust or sand scrapes paint off the machine and
clogs the bearings.
Large birds may fly into and damage the rotOl'S.

Wind Study

The following data needs to be collected during
any wind study. Tools which are useful for collecting
the information are also described here.

.Temporal Wind Patterns
During the day. How does the wind change in the
course of 24 hours? Several measurements should be
taken in the day (and night) to find the general daily
wind pattern. Measurements taken should include wind
speed and wind direction.
During the year. How does the wind change from
month to month? Because in most sites the wind
changes from season to season, it is important to find
out during which seasons there is little wind. Monthly
wind speeds are calculated by taking the average of the
daily windspeeds over the month. Changes in the
prevailing direction from which the wind blows should
also be listed.
Lull periods. How often are there no winds? How long
do the periods of no wind last? This data is important
in sizing the required energy'storage systems.

Frequency Distribution of Wind
How many hours per month does. a certain wind

speed occur? Remember that doubling the wind speed
will increase wind power by eight times. This means
that if the wind blows at a high speed for only one hour
each day, and at a low speed for the rest of the time, the
power available during that one hour might be enough
to accomplish the desired work.

The average wind speed for a location gives a
very rough estimate of the wind power available.
However, if one knows that in each day the wind can be
expected to blow at a certain speed for two hours and at

another speed for one hour (etc.), a very accurate
estimate of the power available can be made.

Tools for Measuring Wind
The· importance of measuring the wind speed at

the site as accurately as possible cannot be
overemphasized. Proper tools will obviously make the
task easier. Manufacturers of wind power machines
will be able to help evaluate a site and may have the

Cup anemometer on a tower.

tools needed to do a complete site evaluation. The
following is a list of useful wind measuring tools:

Anemometers are tools used to measure wind speed.
Usually,they count the number of revolutions of a
rotor spinning in the wind over time. Cup anemometers
are mounted on poles at weather stations to fmd the
average wind speed. Hand-held anemonieters are cheaper
devices that can be carried to the site and are hence the
most appropriate tools for local wind surveys.

Wind speeds measured 2 m above the ground
will give a low indication of a site's wind potential
because the wind speed always increases with height.
Proper measurements are taken from 10 metres (which
is about the height of a wind machine tower). Wind
speed is commonly measured in metres per second
(m1s).
Compasses help to determine the direction from which
the wind is blowing. Every time a wind speed
measurement is made, -a wind direction measurement
should also be made (Le. wind is blowing at 2.5 m1s
from the west).
The Beaufort Scale. If an anemometer is not available, a
wind study can still be made using the Beaufort scale to
estimate the wind's speed. The scale is simply a table
(see next page) which relates the behavior of smoke,
trees, flags, and other landmarks to known wind speeds.
Daily readings are taken as with an anemoniet~r, using
the listed weather features (Le. smoke raises straight up
-- calm) as guides for approximate wind speeds. The
Beaufort scale is not very accurate, but is sometimes
the best wind speed scale available.

131



Conclusion

The above information introduces the process of
selecting and studying a wind power site in order to
determine whether a wind machine will be economical.
Because wind machines are expensive investments,
complete site studies should always be carried out
The following steps summarise the process of choosing
wind machines and sites, and if followed, will ensure
that the machine performs optimally. Each of the steps
should be taken with assistance from a wind machine
manufacturer or some other knowledgeable person.

1. Determine the amount and type of power
needed.

2. Select several sites which seem to have high
wind potential.

3. Study the wind at each site to find the power
available and whether it is consistent.

4. If the wind sites consistently have enough
power, choose the best site among them.

5. Select a wind machine of a size and type that
fits the available winds and power needs of
the site.

A Short History of Wind
Power

Wind Machine Development

Man started making use of the wind during
ancient times. ·Wind was flfSt used to power ships and,
as sailing ships were improved, new uses of the wind
were discovered. North Africans were the frrst to
harness the wind. ,The Egyptians built ships with sails
as early as 2800 B.C., and-this practice quickly spread
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to other cultures. Evidence shows that the earliest
windmills were built by the Chinese to lift water into
rice fields. The Persians were also building simple
windmills as early as two centuries B.C. By 700 A.D.,
vertical shaft windmills called ·panemomes turned
grinding stones that milled flour throughout the Middle
East. The Moslems helped spread windmill designs as
far as Turkey and Crete.

The Crusaders are credited with bringing
windmill t~hnology back to Europe when they returned
from their wars in the Middle East Starting in the
12th century, the Dutch developed large horizontal shaft
windmills which they put to work pumping water,
grinding grains, and running sawmills and other"
machines. Windmills spread to other parts of Europe
during the Middle Ages and improvements were added
steadily to the designs.

In 1750, an important invention greatly
improved windmill technology. This device, called the
fantail, enabled windmills to turn to face the wind
automatically whenever the wind changed direction.
Before, the windmill operator had to tum the rotors to
face the wind himself. In the Netherlands, improved
windmills with fantails flourished, pumping water out
of flooded hind and making it useful for agriculture.

As people travelled across the oceans to the
Americas, the Carribean (and later Australia), they
carried the windmill technology with them. By 1800,
there were many windmills of the familiar Dutch design
operating in America and in the Carribean Isles.

Immigrant farmers in the USA quickly took
advantage of the large amounts of wind available on the
North American plains. In 1850 the American Farm
Windmill was invented to pump water from deep wells
for domestic u·se, cattle raising and irrigation. Farmers
all over the dry parts of the American West relied
exclusively on. hundreds of thousands of windpumps
during the development of C~ada and the USA.



Dutch windmills in the Netherlands were used extensively
to pump water from flooded agricultural lands.

American Farm Windmills still supply a great portion
of the water needs of cattle and sheep ranchers in North
America, Argenpna and Australia.

Around the tum of the century, Danes and
Americans developed wind powered electric generators
which could supply electricity in remote windy areas.
There was soon an active market for wind-powered
generators in rural Europe and America. Farmers in the
American Great Plains (who already had wind-powered
water pumps) were especially interested in using wind
generated electricity to power lights, radios and small
appliances in their homes. Up until the 1930s, there
were thousands of wind-powered rural homes in the
USA. With the advent of rural electrification
programmes, when mains electricity became cheap and
plentiful, most wind generators were abandoned in
Europe and America.

Although research activities continued in many
countries, the use of wind power declined with the
introduction of cheap electricity and petroleum after the
1940s. During the oil crisis in the 1970s people again
turned to wind energy as an alternative to limited
conventional sources of energy. At present, countries
in both the "developing world" and "developed world"
are again seeking to harness the wind for their energy
needs. Californians, for example, installed over 1000
megawatts of wind-generated electricity (almost twice as
much as Kenya's 1987 total electric production)
between 1975 and 1985. The Netherlands still are
among the world leaders in wind energy technology.

Wind Machines in Africa

Certain parts ofAfrica' with large wind potential
have been making use of wind energy for some time.
South Mrica, with no known oil reserves and the
highest wind potential on the continent, had more than

150,000 windmills in operation as .of 1960. These
windmills are used mostly for pumping water on cattle
ranches and remote homesteads.

Cape Verde, a group of islands 'off the west coast
of Africa, has also made a sizeable use of wind energy
(considering their small size). ,Sao Vicente, the largest
island, has more than 100 water pumping wind
machines, some' locally produced and others imported.
Sal has about 20 locally made wooden windmills which
pump salt water into evaporation ponds. Boa Vista
uses the same type of wooden windmills to pump water
for irrigation.

Other countries are now developing their wind
power resources. For example, Zambia, Botswana and
Ethiopia use windmills for water pumping while
Tanzania has also developed wind machines for grinding
maize in rural areas. Zimbabwe has at least two active
windmill manufacturers.

Wind Machines in Kenya

Wind machines are not new in Kenya.
Windpumps, mostly of the multiblade American Farm
Windmill design, have been supplying water in Kenya
for almost one, hundred years. These machines were
first imported to Kenya by. colonialists before
independence and used to pump water in settled regions
such as Nanyuki and Eldoret. Some of these windmills
are still working after many decades.

During the 1960s, when cheap oil became
available, most windmills were replaced by diesel
engines. After independence, spare parts for windmills
were not easily available and few people had the skills
needed to flX windmills. Furtherniore, importing new
windmills was very expensive. Use of windmills thus
declined and many broke down or stopped working.

The rise of fuel prices during the 1970s made
diesel powered pumps much more expensive to run.
During this period quite a few of the broken down
imported windpumps still standing were restored as
local people began to recognize the potential of wind
power. At the s~me time, many government and
development agenciesbegan to investigate increased use
of wind power in Kenya. .

Various wind projects were started by the
university, churches, volunteers, private individuals and
development agencies across the country in the 1970's.
Most had a goal of building windmills with local
materials in order that the country would not have to
rely on expensive imported types. However, most of
these projects were unsuccessful for several reasons:
1. Windmills were not properly built, and new

designs were introduced before they had been
refined or tested

2. People underestimated the complexity of
windmills. Windmills require a complete
understanding of certain principles of
mechanics, as well as a decent metal
working shop, to be well-designed and built

3. Mter they were built, windmills often were
not maintained. Sometimes local people
were not sufficiently trained to maintain the
windmills.
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Tail vane

Transmission mechanism

Parts of a Horizontal Axis Wind Machine

Blade---7

Rotor-'---~~I\

Pump rods
(windpumps only)

constant abuse from the forces of the weather and to
perform in harmony with the other parts of the
machine.

The Rotor and Shaft
The rotor (or impeller) is the moving part of the

wind machine that slows down the wind and captures
part of its energy. Different types of wind machines
have different types of rotors. High speed wind
machines used for generating electricity have rotors
with two or three thin blades shaped like the propellers
of aeroplanes. Low speed wind machines used for
pumping wa~r have rotors with many large blades;
Rotor blades are made from wood, metal or fibreglass.
Some windmills have rotor blades, called sails, made
from canvas.

The rotor is attached to the main shaft at the
hub assembly.. The shaft turns about its axis as the
wind blows the rotor and thus transforms wind energy
into rotating mechanical energy which can, in tum, be
used to do work.

Larger rotors harvest more wind energy. In areas
where there are constant low to medium speed winds,
large rotors make the best use of that wind. Wind
machines are often identified by the size of their rotors
(e.g. A 6.1 m Kijito windmill has rotor diameter of
6.1 m).

Projects were poorly planned. Sometimes
windmills were built without considering
what they would be used for. Sometimes the
people who were supposed to benefit from
the windmills were not involved in the

.project planning.

Locally manufactured windpump in Kilifi district.

Parts of a Wind Machine

Wind Machines

Wind machines are not simple devices, and
anyone interested in building or buying one should be
warned. The process of harvesting the wind, making
its energy available in a useful form, and supporting all
of the involved mechanisms is complicated. Each part
descibed below must be built both to withstand
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. This does not mean that there were no successes.
During the early 1980's the government sought the
assistance of a wind expert group from the Netherlands
(called the Steering Wind Committee) to evaluate past
and on-going wind projects in Kenya and to suggest the
best courses of action. This group made a complete
study of windmill projects in Kenya, and helped the
government choose those that were worthwhile. With
assistance from various agencies (notably Intermediate
Technology and Development Group) good quality wind
machines were developed, and several manufacturers
have progressed rapidly.

By 1986, there were over 200 working
windmills in Kenya (almost all of them used for
pumping water). Several companies have perfected
windmill designs and sell them to ranches, missions,
settlement schemes, lodges and schools. Bobs Harries
Engineering in Thika had sold over one hundred Kijito
windpumps as of 1987 and Pwani Fabricators (see
photo below), in Mombasa, had sold over 50 pumps.
Meanwhile, Sound Communications, a company based
in Nairobi has begun making and marketing wind

,ge_n_e_ra_t_o_rs_. -----, ~:~{~.-----.lJ,,---.,R1 t-ov---I..L-l--...J..-__
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Transmission Mechanism
Power .from the rotor and turning shaft is

transmitted to the application by the transmission
mechanism. The type of transmission mechanism
depends on the application of the wind machine (Le.
pumping water, generating electricity, grinding maize,
etc.). In the case of a wind pump, power from· the
turning shaft is transmitted, by gears or by a crank
arrangement, to pump rods which move up and down,
driving the pump in the borehole below. For grinding
grains, millstones are turned by gears, belts or chain
drives attached to the main shaft. In the case of high
speed wind machines which generate electricity, there is
often no need for a transmission device because the
spinning shaft is the same as the shaft of the generator.

Steering and Storm Protection Mechanisms
Because the wind is constantly changing

direction, the rotor must also constantly fum to face the
direction from which the wind blows. The steering
mechanism keeps the rotor aiming into the wind
automatically. The most common type of steering
mechanisms is the tail vane, a flat piece of metal or
wood behind and at a right angle to the rotor. As the
wind blows against the tail vane it turns itself to a
position parallel to the wind flow, thus orienting the .
rotor so that it faces the wind. Tail vanes steer wind
machines in the same way rudders steer airplanes.
Vertical axis wind machines (see page 138) do not
require steering mechanisms because they can accept
wind from any direction.

All wind machines require some sort of
protection against high winds. Very strong winds will
cause the rotor to spin too fast, making the machine
vibrate or wobble until breakage occurs. Governing (or
storm protection) devices protect wind machines from
damage by high· winds. Some machines have
governing devices that turn the rotors out of the wind .
(either by tilting the rotor up or by turning it sideways)
when the wind blows above a certain speed. Other
machines have brakes which slow down or stop the
rotors during high winds. Still other machines have
blades that can change their angle to the wind (pitch),
and thus reduce the force against them during high

winds.

Towers
Towers support wind machines and put them

high in the air. Near the ground, winds are slower and
more turbulent than winds high above the ground. In
fact, there is often two times more wind at 10 m than
there is at 2 m. Towers place wind machines in quality
winds that are less affected by surface roughness or
barriers. .

Towers must always be built to support the
weight of the wind machine and to withstand the full
force of high winds blowing against the wind machine
and the tower itself. They are typically constructed of
strong metal bars in the shape of a very tall pyramid
with a foundation anchored in concrete. They may also
be made out of wood, or for small machines, of a single
steel pole with guy wires. Guy wires, used to give tall
towers extra stability, are strong cables attached to the

5kW wind generator mounted on pole-type tower with
guy wires (Ngong).

tower and anchored in the ground. They ensure that the
tower does not move or shake during high winds.

Types of Wind Machines

Many types of wind machines are in use today.
As with waterwheels, these can be· divided into two
general groups: horizontal axis and vertical axis wind
:rpachines. (Axis refers to the main shaft turned by the
rotor).

Horizontal Axis Wind Machines
Horizontal axis wind machines have shafts

which are parallel and rotors which are perpendicular to
the ground and wind direction. Almost all of the wind
machines found in· Kenya are horizontal axis type.
Because 100% of the surface area of the rotor faces the
wind, this type of wind machine uses the wind very
effectively. Horizontal axis wind machines are, in
general, more efficient than vertical axis wind
machines, and thus they produce more power for the
same wind.

However, they are more complicated than
vertical axis wind machines. because of their steering
and power transfer mechanisms. Furthermore, their
blades are subject to large centrifugal forces during high
winds, and rapid changes in wind direction cause much
stress to the machine itself. Most horizontal axis wind
machines fall into one of the following groups:
multiple-bladed windmills. sail windmills/traditional
windmills. or high speed rotors.

Multiple-Bladed Windmills. By far the most common
type of wind machine in Kenya and abroad, multiple
bladed windmills are used primarily for pumping water.
The many blades of these windmills cover most of the
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wind-swept area of the rotor, channelling wind in the
same way that turbines channel water (this is called the
cascade effect ).

Because of the large surface area of the windmill
rotor, these machines have a high starting torque, or
more simply, enough power to pump water even from
deep boreholes when the rotor starts turning. Multiple
bladed windmills have fairly simple design and
construction requirements and long lifetimes. It is not

uncommon to see windpumps that have pumped water
for 30 years or more.

These windmills tum slowly, and hence cannot
be used for high RPM needs (applications that require
many revolutions per minute) such as generating
electricity. They also put a lot of stress on the tower
(because of the high rotor surface area) during high
winds, and thus require well-built towers.

Sail and traditional windmills have been used for
centuries all over the world for low-lift pumping, grain
grinding and milling. They have from 4 to 8 blades, or
"salls" which turn according to the air foil principle
(i.e. currents of wind move across the rotor blades' air
foil and generate lift).

The most attractive feature of these windmills is
that they can be built locally. Constructed with
whatever materials are available (wood, bamboo, scrap
iron, old car axles, canvas, etc.), these are the least
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expensive tools for harnessing wind power. The Dutch
Windmill was crucial to the development of industry in
the Netherlands and England. American farmers built
hundreds of low head water pumping windmills from
scrap wood on their land one hundred years ago. China,
Thailand, Greece and Portugal now have large numbers
of these locally made windmills pumping water for
irrigation of crops. No matter where and when, the
most successful of the above windmills are user-built.

At present, many developing nations, including



Water-pumping sailmill and water tank, Turkana district.
Note the canvas sails on the rotor.

Kenya, are making efforts to develop these cheap
windmills. Especially popular is the eretian windmill
(see photo) which has canvas rotor blades. Many of

these locally built machines have failed in projects in
Ethiopia, Kenya and elsewhere for reasons already
described The fact that they are less expensive than
other wind machines does not mean that they do not
need to be maintained. On the contrary, the reliability
of locally built windmills is especially related to the
care, maintenance and local understanding that they
receive.

High-speed rotor wind generators are used to generate
electricity. Their rotors have two or three thin blades
similar to propellers of aeroplanes. As the name
indicates, the rotors tum very quickly, and they generate
power quite efficiently. The rotor shaft of most wind
generators is also the shaft of a generator , and as it
revolves it turns magnetic coils, producing large
amounts of electricity given sufficient winds. The thin
rotor blades use very little material (they are made of
fibreglass, metal or carved wood) and .do not put a
heavy load on the tower. In windy, remote areas, wind
generators are an excellent source of electricity. -

Like solar electric systems, wind generators
produce electric power that must b~ stored for times
when power is not being produced. Therefore,
generators usually charge batteries so that electric power
is available when the wind is not blowing. Also like
solar and hydro electric systems, wind generator
systems require some form of control system to insure
that the batteries and appliances are not damaged by the
changing power output

Because of ,th~ir low starting torque, wind
generators cannot easily be used· for mechanical
applications. Furthermore, the blades must be carefully
designed or they will wobble, vibrate and break off.
Hence building high speed rotors requires a knowledge
of aerodynamics. In general, wind generators are
expensive pieces of equipment. Finally, it should be
noted that high speed rotors require somewhat higher
wind speeds than other horizontal axis windmills to
operate efficiently.
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Vertical Axis Wind Machines
Vertical axis wind machines have shafts which

are perpendicular to the direction of wind flow.
Although very Jew vertical axis wind machines have
been used in Kenya, they have several advantages which
make them locally attractive.

The fIrst wind machines, used by the Persians·
several centuries before Christ, were vertical shaft wind
machines caned panemones .used in flour grinding
ririIIs. The wind spun 4 to 8 sails around a vertical
axis which was attached directly to a grinding stone
below it .

Vertical axis wind machines are often simple to
build from local materials. Requiring no device to aim
them into the wind, they generate power equally well
no matter-what direction the wind blows as .their rotors
accept gusts of wind from any direc~on.

The ability of vertical axis rotors to accept wind
from all sides is also a disadvantage as it makes these
rotors difficult to govern during strong winds. Also,
because only half of the rotor surface is pushed by the
wind at any given time, vertical axis machines are
usually less effIcient than horizontal axis wind
machines (this is not true with the Da"ieus rotor).
Two modem vertical axis wind machines are described
below: The Savonius Rotor and the Darrieus Rotor.

Axis...~....~....~
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Drawing of a Savonius rotor with 3 stacked "S" rotors and
an attached alternator for producing electricity.

Construction of a Darrieus rotor is
comparatively simple as long as the
designers/builders have a knowledge of how
the rotor works. Its fairly recent design can

Darrieus Rotors combine advantages of vertical axiS
wind machines with advantages of high speed rotor
horizontal axis' machines. A Darrieus rotor is
constructed with 2 or 3 wing-shaped blades that either
bend in an arc from the top to the bottom of the shaft

or are straight and parallel to the shaft. The
blades, as do high speed rotors, have an air
foil shape that produces lift like the wings
of an airplane when the wind blows across
them. As the wind blows the lift force pulls
the rotor blades forward at a speed which is .
much faster than that of the wind. The high
speed at which Darrieus rotors tum makes
them best suited for electrical generation. An
important feature of this rotor is its high
efficiency.

because the rotor presents a large surface area to the
wind, towers for Savonius rotors must be especially
sturdy (supported both above and below the machine).
In practice, Savonius rotor powered water pumps have
had problems with power transmission to the pump.

There have been more than a few arguments
about the utility of Savonius rotors, and many expertS
are convinced that they are little more than toys.
However, others have successfully employed them and
claim that there is 110 cheaper windmill. A model ofa
Savonius rotor can be made quite easily by cutting a tin
i~ half (along the vertical axis), off setting the two
halves, and mounting the them on a shaft.

Savonius Windmill Top View
. .

Savonius rotors are probably the cheapest and simplest
windmill designs. The rotor is constructed from two
halves of a 220 litre drum which have been offset and
mounted on a vertical shaft (see diagram). No matter
from which direction the wind· is blowing, it will
always tum the "S" shaped rotor.

At the low speed which they operate, these wind
machines are most applicable to high-torque
applications such as pumping water or operating
machinery. Electricity can be produced by attaching the
vertical shaft to an alternator using geared chains. Wind
power harvests are increased by stacking several "S"
rotors on the same vertical shaft

Savonius rotors operate less efficiently than
horizontal axis wind machines because only part of the
rotor faces the wind. Also, the Savonius rotor cannot
be easily turned out of high winds, and thus is difficult
to control in stormy weather (although Kenya is not.
known for such· high winds). For this reason, and
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be adapted to use various local building resources, (such
as wood or canvas rotors). Presently, the design is still
in the experimental stage, and there are few practical
models on the market

Darrieus rotors, unfortunately, do not usually
start spinning by themselves. They must be spinning
at a certain speed before the lift that causes the rotor to
turn is produced. Also, the rotors will stall (i.e. lift
will no longer be produced) when there is a lull in the
wind and stop spinning. Darrieus rotors must thus be
started (by motors or sO,me other means) at fIrst when
the wind is blowing at sufficient speed and restarted
again after each time there has been a lull. Darrieus

rotors' should only be built where there are regular
medium to high winds. There is a Darrieus rotor on
display at Mombasa Polytechnic.

Darrieus Rotor
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Starting a Project 8

The previous chapters describe renewable energy
systems found in Kenya. Their focus is mostly on the
many successful projects countrywide. Much can be
learned by visiting a project that is working well, be it
a biogas digester, a windpump, a fodder and woodfuel
producing dairy scheme'or an improved jiko workshop.

However, for every successful renewable energy
project, there are failures, and in many places renewable
energy devices sit unused and rusting. There are
examples of failed biogas digesters, mud stoves, solar
water pumps, and windmills all over the country. Even
large, expensive projects, on which millions of
shillings were spent, have failed because of simple
mistakes made during planning stages or because of lack
of proper follow-up care. We can learn from our own
mistakes, but is much cheaper to learn from the
mistakes of others.

This final chapter is a guide for those who want
to plan or build their own renewable energy projects.
No matter how small or large an energy project is, it
must always be well planned so that the energy needs
are met by well-designed, cost-effective solutions which
can be powered and maintained locally.

During the planning stages of an energy project,
the total energy needs should be estimated, and the
possible solutions assessed and compared. A visit to a
similar project is highly recommended before starting
one's own project. The six stages listed below will
assist in planning a renewable energy system:

1. Estimate the amount and form of the priority
energy need.

2. Assess the energy, raw material and financial
resources available.

3. Find out which energy systems and devices are
available and which needs they can supply.

4. Decide which system is the most worthwhile for
the situation.

5. Visit a working example of the chosen energy
system.

6. Decide who will build, install, operate and
maintain the system.

Energy Requirements

The chapter on "Energy and Deyelopment"
discusses the energy needs of rural Kenya. These
include energy for cooking, water supply, lighting,
space and water heating, as well as for running
appliances and machinery. Because different renewable
energy systems supply different forms of energy, one
must first decide which energy need .is the most
important. Cooking requires heat energy supplied by
wood, charcoal or biogas, whereas running a' television
requires energy in the form of electricity.

For example, in the case of a boarding school,
the supply of energy for cooking and procuririg clean
water might be considered more important than
supplying energy for lighting the classrooms. But if
there is a clean permanent stream less than 100 yards
from the compound, and if firewood is plentiful and
cheap, the school might first want to concentrate on
meeting its lighting energy needs.

Farmers in woodfuel shortage areas should also
have priorities in meeting their energy needs. If women
spend much time and/or money in their search for
fuelwood, then the cooking energy problem should be
given high priority. An improved stove or a woodfuel
production system should probably be started before a
solar cell module is bought to power the cassette player.

There are several factors involved in deciding
which energy needs are the most urgent The two most
important are costs of fuel and time spent collecting
fuel. By measuring the amount of fuel (i.e. paraffin or
charcoal) used in a month, one can find the sum total of
money spent on the fuels in the month. By measuring
the amount of fuelwood .or water used ina month, one
can estimate the amount of time spent fetching firewood

. or water per month. This information helps one make
economic comparisons between energy devices. (see
pages 143, 146).

The form .in which energy comes helps to
determine the needs to which the energy can be applied
and the cost of the energy. For example, the chemical
energy stored in wood is cheaply available, but its
applications are limited. Woodfuel energy can be
directly used for cooking and space heating but it cannot
be used for powering a radio (unless it is used as a fuel
for a generator). Paraffin is more expensive than wood,
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but it can be used for both cooking and lighting.
Biogas, more expensive yet, can be used for cooking,
lighting or for running engines. Electricity is the most
versatile form of energy, with the capacity to power
lights, cassette players, small machines, cookers and
water heaters, but it has to be generated from other
energy forms.

Calorific fuels (wood, charcoal, biogas) produce
heat and thus supply most of the energy in rural areas.
As much as 99% of the energy used in a community
is for such thermal applications as cooking, space
heating and drying.

Mechanical and electrical forms of energy, on
the other hand, supply a very small fraction of any rural
community's total energy demand. However, this
energy, supplied by the grid, wind power, solar
electricity, small-scale hydropower or stationary diesel
engines, meets important needs. Lighting, water
pumps, pasho mills and such appliances as lathes,
sewing machines and radios consume small amounts of
energy, but the services they provide are important to
the community.

A .final aspect of community energy needs are
variations in the demand. This is the change in
amounts of energy needed over time. Is energy for a
given job needed continually, as with a refrigerator, at
night only, as with lights, or only intermittently as
with hot water? Is it seasonal, as with a posho mill,
irrigation pump or tractor, or is it daily, but at changing
intervals, as with a sewing machine or workshop lathe?

Assessing Energy, Raw
Materials and Financial
Resources

In order to use a renewable energy to meet a
quantified need, the resources available that can help
meet that need must first be measured. Obviously, a
person living in a riverless semi-arid area cannot choose
water power, and a person in a windless area cannot use
windpower to meet his water pumping needs.
Likewise, a farmer on a quarter acre of land cannot tum
his entire shamba into a woodlot to meet his woodfuel
and wood product requirements.. It should also be noted
that a person without money cannot buy the parts for a
biogas digester.

Anyone wishing to start a project should add up
the amount of financial and material resources he has
available to spend on the project. The amount of
money, livestock, materials and land at one's disposal
will limit the size of the project undertaken. Some
renewable energy systems, such as wind pumps and
biogas digesters require a lot of money. On the ·other
hand, such projects as energy conserving stoves and
hedgerow cropping require almost no money. Once the
fmancial and material resources available have been
determined,. one will have a. realistic idea of what
renewable energy can be afforded.

Total renewable energy resources should be
measured next. What are the monthly sunshine
variations? How much water power is there on a

142

Handpwnps are effective water supply tools as they use'
human power, are locally made and easily maintained.

continual basis? What are the biomass resources on the
shamba (trees, agricultural wastes, animal wastes). Site
surveys which include seasonal variations· .in each
renewable energy should be made following the outlines
under the respective chapter headings (wind, hydro,
solar, etc.). Accurate estimates of each local renewable
energy will provide the basis for any decision to use
renewable energies.

When considering the energy resources available,
commercial energy should also be included. Easy access
to grid electricity, paraffin and other petroleum fuels
may make commercial energy (such as grid power or
stationery generators) attractive solutions. Long
distances to fuel pumps, frequent'shortages or power
outages may make them unattractive.

Energy Systems Available
and Needs they Supply

A person's access to any technology is limited
by the information available, by how far the person can
go in search of the technology and by which
technologies are located in the immediate community.
This book describes many renewable energy systems
that are available in Kenya. The appendix that follows
this chapter lists some of the local organisations
involved in renewable energies and their addresses. The
better knowledge one has of what energy solutions are
available, the wider range of choices one will have when
actually choosing to use (or not to use) an energy
system.

Additionally, the better knowledge one has of
what each renewable energy can do, the better equipped
he will be to make a final choice. For example, solar
electricity cannot cheaply provide thermal energy. One
cow will not provide enough wastes to produce biogas
for a family's cooking needs. A pelton wheel requires at
least 10-15 metres of head in order to work properly.

Some renewable energy devices (i.e. microhydro
g~nerators, solar cookers, etc) have promise in Kenya



but are not yet being locally manufactured. Individuals
interested in these technologies will have to find
information about these devices and pioneer the field
themselves. Assistance from organisations such as
Kenyatta University· Appropriate Technology Centre
(and other organisations listed in the appendix) should
be sought in the way of technical and design
information.

Worthwhile tools, like this hydro-powered griruling
stone, use energy sources that are readily available .

Which Solutions are the Most
Worthwllile

Sooner or later, one must actually decide how he
is going tb meet his energy need. Any decision should
be made by carefully weighing the benefits and
disadvantages of each solution.

Which solution is the most adaptable? There
may be one important energy requirement that needs to
be solved., or there may be several. If there are several
energy needs then an adaptable form of energy might be
the most practical. For example, solar water heaters
only can produce hot water, while fuelwood can cook
food, heat water, and heat the house during cold weather
(and also provide construction materials). If hot water
is the only priority need (i.e. in a hospital whose
electrical and.cooking needs are already met), then solar
water heaters might be the best energy solution. But if
there areother priority needs, money and resources could

, be better spent on a more versatile energy form.
The manpower (or womanpower) necessary to

, operate, maintain and repair a renewable energy system
should be considered. Does the device require that
someone be hired to operate it? Biogas digesters must
be fed on a regular basis. Wind pumps must have their
bearings greased every three months. Agroforestry
systems must be weeded. Devices such as hydiaulic
rams and solar collectors, on the other hand, need little

attention.
Chances are, spare parts for any device will

eventually be needed. Many imported windpumps break
down and cannot be repaired because a relatively cheap
spare part is not available. The more remote an
installation site, the more difficult it ~will be- to~ get
spare parts. Always inquire with manufacturers of R£.
devices about the availability of spare parts.

In almost" every case, the most worthwhile
solution is the most economical one. Making a
complete economic assessment of all the benefits of a
project is quite complicated. However, a financial
comparison of various solutions can be made by
examining the costs of each solution over its lifetime.
These costs include:

The r..rst cost of the device: The amount of
money spent to buy, transport and install the
device.

The annual recurrent costs: How much must
be spent to operate, provide fuel for, maintain
and repair the device per year.

The investment costs: How much interest
must be repaid for any loans taken out to buy
the device.

For small devices, it is quite easy to make
economic assessments of the possible solutions. For
example, although the Kenya Ceramic Jiko is more
expensive than the traditional metal jiko, it is clearly
more economical for it uses up to 50% less charcoal
and will recover the cost difference within 1-2 months.
Hydraulic rams can also be economically justified quite
easily because their first cost is less than the diesel
pump that would otherwise be needed and they have no
recurrent costs (as do diesel pumps).

On the other hand, larger projects such as biogas
digesters, windpumps, wind generators, solar electric
systems and microhydro generators require careful
economic assessment. All of the fmancial variables
should be added up and considered. It is a good idea to
seek the advice of a skilled financial assessor when
deciding on a very large project.

At this stage, the choice of solutions for energy
needs should be narrowed down to the most realistic
ones. Maybe two or more renewable energy· systems
combined can meet priority energy needs. For example,
on a small farm, agroforestry systems can be used for
wood production, a Maendeleo stove can be used to
conserve woodfuel and a small 10 watt solar cell module
can be used to supply electricity for lighting and
powering the radio. The next step, .visiting other'
projects, helps in examining the perceived most realistic
and worthwhile solution.

Visiting a Working Project
Before spending' time and money to build and/or

buy a renewable energy system, one should be
convinced that the chosen solution will actually work in
one's own situation. _One reads about variou;s renewable
energies in newspapers and books, hears about them
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Project maintenance is essential. Wind generator
batteries are topped with distilled waler (left).

Building and Installing

Once one is sure that a particular renewable
energy system will meet one's needs, and that he has the
necessary material and financial resources to support its
building, one must decide who will build, operate,
maintain and install the system. Many renewable
energy project failures can be attributed to lack of
qualified builders or maintenance personnel.

Project Personnel

Building and installing a system by oneself may
often be the best solution; It is definitely the cheapest,
and when one does install a system, one gains complete
knowledge of how the system works, and how to
maintain-cand repair it. For example, with a little
knowledge of electric principles, {)ne can install a solar
electric system in one's own house. Likewise, with
design assistance from an agroforestry centre, one can
start a hedgerow cropping system on one's farm. But

-building a device such as a windpump is very difficult
without a well-equipped machine shop, tools and the
skills necessary to use the tools.

The advantage of hiring qualified people to build
and install renewable energy systems is that they have
skills and experience. A group of biogas constructors
might have already built many digesters and therefore
grown familiar with construction methods. Mud stove
builders with experience are less likely to build stoves
that crack within a few weeks. The more unfamiliar
with a technology one is, and the more complicated the
technology, the more important it is to seek experienced
assistance.

One can assess the work of the person or
company who is to build or install his system during a
project visit and talk' with the owner, of a previous
project to find out if he is happy with the way -the
individual or company built it.

Operation and Maintenance

1. What energy.needs does the system supply?"
2. What are the necessary inputs (labour, fuel,

etc.)?
3. How much did it cost?
4. How long has it been working?
5. How easy is it to operate?
6. Who built and designed it?
7. Are the site conditions similar to one's own site

conditions?
8. Is it working as described?
9. Do all of the appliances (cookers, lights, pumps

etc.) work?
10. Can improvements be made in the design?
11. Has it ever broken down?

Finally, when visiting a project, it is a good
idea to bring the person who will actually operate one's
own project. along. That person can see how. work is
done and talk with the project operator on site. In the
case of an improved stove, a cook can learn how to use
the improved stove by seeing'another one in use. Or,
in the case of a windpump, a maintenance worker could
actuaiIy help the operator grease the machine, thus
getting a head start on maintenance skills. '

through word of mouth or over the, radio or even sees
them' on television, but nothing takes the place of
actually visiting a working project In Kenya, there are
good opportunities to visit projects in many parts of the
country.

The more expensive a given renewable energy
system is, the more important it is that the prospective
buyer or builder sees a working example. On a visit,
one can answer one's own questions about the
technology, find out what is involved in construction,
operation, maintenance and repair, and discover
advantages and disadvantages of the system of which
one was unaware. Furthermore, one can often fmd
assistance for designing and constructing his own
project during a visit

Below are useful questions that can be asked
during a visit. It is helpful beforehand to write down a
list of questions to ~k the project manager and to carry
a notebook 'and pen to jot down information.

This part of the project planning is often
ignored, and a g~at many projects fail because of poor...----------------------....., operation and maintenance. Renewable energy

systems are not magic. They, are apt to break
down or to stop producing, usable products, just
like motor vehicles, if they are not cared for:
Therefore someone must be trained and
responsible for project operation.

Improved stoves, especially those used in
institutions, must be oPerated prop~r1y if they are
to save wood. Therefore, the cook(s) must be
shown how to use them. Biogas digesters must
be stirred, fed and repainted on a regular basis,
and someone must be employed to do this work.
Every renewable energy system and device needs
,some type of maintenance.' The project
administrator must thus plan ahead to make sure
that this work will be done by someone.
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Starting a Project: A Local
Example

Below, an actual successfully planned biogas
digester installation is described. The digester was still
working at a farm near Chuka at the time of this book's
publication. This example is meant to illustrate the
plaf1!ling stages of any renewable system.

Which Energy Needs Must be Met First
Mr. Mugo runs a small business in Chuka and

owns a farm outside of town where he lives. He and his
wife grow tea, coffee and bananas as cash crops, and
maize, beans, fruits and vegetables for their own
consumption. Mrs. Mugo cooks for her family of eight
members with frrewood. .She spends as much as four
\hours per week cutting and collecting branches, and uses
about 20 kg of wood per day cooking and heating water
over a three stone frre.

At night, the family uses paraffin lamps (a
pressure lamp and several wick-type lamps) for reading,
knitting and-studying. The lamps consume about four
litres of paraffin per month to provide lighting.

Mrs. Mugo and her two daughters used to have
to travel to a small stream (about 500 m away) at the
edge of their property to fetch water. However, now
that the family has built a 10,000 litre storage tank
which collects rainwater from the roof, they only have
to fetch water during the last weeks of the dry season.

Mr. Mugo's son, Murithii, a secondary school
teacher, buys as many as 12-14 dry cell batteries per
month to power the family's torches and radio/cassette
player. Sometimes, batteries are scarce. Mr. Mugo
does not have a refrigerator or any other machines, nor
does he hope to buy any in the near future.

Mrs. Mugo, her house-help and her children do
most of the work on the shamba. Because their plot is
located on a steep hillside and produces many different
crops, they do not use any machines on the farm. All
work is done by hand using pangas and jembes. They
used to buy 'several bags of commercial fertiliser per
season to apply to their maize, coffee and banana plants
along with the manure from their five head of cattle.
Mter harvesting, Mrs. Mugo takes some of the maize
crop to a local posho mill for grinding.

The family decided that the two most important
energy problems which needed to be solved were
providing energy for cooking and energy for lighting.

Assessing Energy, Material and Financial
Resources Available .

Energy Resources. Fuelwood is available from trees on
the farm, but it is a lot of work for Mrs. Mugo to
constantly prune branches from trees, especially since
all of the children attend school or do not live at home.
She needs to devote most of her time to running the
coffee, tea and maize shamba.

The fann's five grade cattle (and one calf) are not
kept in a zero-grazing enclosure. They graze in a small
pasture on the hillside and are kept in a boma at night
Much of the animals' waste accumulates in the boma
which is quite near the house.

Solar energy is a plentiful resource, and Mrs.
Mugo already uses solar energy to dry harvested beans
and maize. However, between the months of May and
August it is usually quite cloudy. There is little wind
in the Chuka area and the nearby stream does not have .
enough head or flow to be considered useful for
providing energy.

Commercial sources of energy are available
around Chuka. The grid lines are located about two
kilometres from Mr. Mugo's house. LPG gas can be
bought in Chuka or Embu but is often in short supply..
Paraffm, petrol and diesel fuels are available from three
petrol stations in Chuka.
Financial and Material Resources. Mr. Mugo had been
saving money from his business in order to make
improvements on his fann, and his son had also agreed
to contribute money toward any project that they agreed
on. Together, they were able to raise ~ maximum of
about KShsl0,000. Mr. Mugo - could also have
borrowed money from an agricultural cooperative.

There were a few building materials around the
farm. They included stones, ballast and sand left over
from building the water tanks. There was plenty of
timber, some bags of cement and some PVC pipe
fittings.

Which Energy Systems and Devices are
Available?

Murithii read about and met with some people
who knew about renewable energy systems. Then he
discussed his ideas with his parents and they came up
with a list of possible solutions to their cooking and
lighting energy needs. The table below summarises the
ideas they discussed.
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Which Solution is Most Worthwhile?

Murithii was fIrst very interested in solar
electricity, but later found that solar cell modules could
not cheaply supply electricity for cooking. Mrs. Mugo
thought LPG gas was a good idea because it could be
used for both cooking and lighting and it was very easy
to operate.

Mr. Mugo had suggested mains electricity,
which some people in the area have installed in their
houses. However, when he visited a friend who used
mains electricity, he found the family cooking with
wood. Using electricity for cooking, they said, greatly
raises the electricity bill. Mrs. Mugo was not in favour
of using an improved stove because she did not think it
would reduce her wood-gathering chores. Nor would it
solve the lighting problem.

Finally, Murithii also suggested a biogas
digester, which he had read about in the newspaper and
talked about with other teachers. He had heard that the
wastes from four cattle could prQ~uce enough gas for a
family's cooking and lighting needs. He decided to fInd
out more infonnation about biogas and started reading a
book about biogas borrowed from a friend.

The family narrowed their fInal choices down to

LPG gas cylinders (which Mrs. Mugo was highly in
favour of) and a biogas digester (which Murithii was
arguing for). Solar electric devices produced too little
energy for cooking. Mains power was too expensive
for cooking uses. An improved stove was not versitile
enough to provide energy for lighting.

The family then compared the two energy types
carefully. Biogas and LPG are both adaptable for
lighting and cooking. Both require appliances such as
cookers and lamps that can use the gas. LPG gas
cylinders must be refilled when they get empty. Biogas
digesters, on the other hand, must be continually
maintained. Mrs. Mugo, who knew that she would be
operating the digester, was woridering exactly how
much work it would require.

From the Ministry of Energy and Regional
Development, Murithii got infonnation about the cost
and materials needed to build a digester. He decided to
compare the total cost of a biogas digester with that of
an LPG gas system. The total cost of each system
over its lifetime is the first cost plus the recurrent
costs plus the investment costs. He calculated the fIrst
cost of both systems as described in the table that
follows:

Notice that the cost of biogas construction
materials was only KShs 1000 because Mugo· already
had cement, stones, ballast, sand and some pipes. A
904m3 Sasse biogas digester actually costs between
KShsll,OOO and KShs.14,OOO.

Next, he calculated the annual recurrent costs of

each system (how much money is spent per year on fuel
and maintenance, see table below). The lifetime of a
biogas· digester is estimated to be about 15 ·years or
longer. The annual recurrent cost of each system is
thus multiplied by 15 years to get the lifetime recurrent
costs.

146



Murithii used the figure of 12 cylinders of gas
per year as an estimate for LPG gas consumption even
though many families use more than 12 cylinders per
year. However, the lifetime recurrent costs clearly
indicated that LPG systems are expensive. The total
lifetime cost of each system is calculated in Table 8.4.

The investment costs are also supposed to be calculated
into the lifetime cost calculations. However, because it
was not necessary for Mr. Mugo to take out a loan in
this case, Murithii did not have to calculate any
investment costs.

It is often a good idea to draw a project plan. The biogas layout above is for
a digester in Khwiseru, Kakamega district.

biogas builder named Mbaka who convinced him to
visit a biogas digester that he had helped build.

House one

Gas cooker

Mixing Tank

I
I
I
I
I
I
I
I

\
House two

Zero Grazing

Watertrap~

Gas lamp'

Visiting a Working Biogas Digester
Murithii, Mbaka and Mr. and Mrs. Mugo

travelled to Mitunguu, Meru, to visit a 9.5 m3 Sasse
digester located on the shamba of the Kinoti family.
During the visit the Mugo family was very impressed
by the digester, and they learned much that they did not
know. When they arrived, Mrs. Kinoti was cooking
lunch on the biogas cooker and in the kitchen, Mrs.
Mugo discussed the .digester with her. Meanwhile, Mr.
Kinoti showed Mr. Mugo and Murithii the digester
which Mbaka had helped build. .

The Kinotis keep four
cattle in a zero-grazing enclosure.
All of the cattle wastes are washed
from the floor of the enclosure
directly into the digester. The
system supplies enough gas to
cook all of the family's meals and
to light several rooms for 3 or 4
hours a night Mr. Kinoti said that
the system was paid for mostly by
a German grant in 1983.

After lunch, Mrs. Kinoti
demonstrated how she operated the
digester, mixing cow wastes with
water, pouring them_ through the
inlet, and then stirring it with a
long stick. She said that the
digester had never broken down, but
that during the dry season when
their water tank was empty they had
trouble getting enough water to feed
it (a digester requires an equal
volume of cow dung and water

Slurry Outlet Pit everyday).
Mrs. Kinoti told them that

she was most pleased with the
biogas effluent, which is a very

L.- ~ ~------------'good fertiliser. After applying it to
her maize fields and fruit trees for
several seasons she has noticed that

Murithii found that because the reCurrent costs
of a biogas digester are low, its total lifetime cost is
much lower than that of the LPG system. LPG cookers
and lamps require that fuel be bought on a regular basis
and over the years these costs add up.

Murithii pointed out two other important
questions that could not easily be included in the
financial comparison. First, he asked, "What about
when the price of LPG goes up?". Secondly, he asked
"What if gas cylinders become scarce?". Not all
questions can be -included in a financial comparison
because of future uncertainties.

After he waS convinced that a biogas digester.
was ideal for his family's situation, Murithii met with a
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not experience any major problem. When a
gas pipe had a leak, they called Mbaka (who
lives a few kilometres away) to repair it
Mbaka passes by the shamba occasionally
to make· sure they are ~aintaining the
digester and to see if they have experienced
problems. Although there are times when
the methane output of the digester does not
meet all of the cooking fuel needs, the
fertiliser value of the slurry has proven to
be effective in supplying nutrients for the
coffee, banana and maize crops on the farm.
The digester has been a success for all
parties involved.

Using a Maendeleo II stove, Chuka, Meru.

Deciding on Project Personnel
The Mugo family decided to build a Sasse

904m3 digester. They hired Mbaka, his assistants and a
mason to construct the digester near their cattle boma. It
took them about two weeks to finish the construction,
and another week to fill the digester with slurry.

The gas collector, lamps and cooker were built
and bought in Nairobi. Mrs. Mugo got the job of
operating the digester. She found the work to be less
than collecting firewood. Once it started producing gas,
Mrs. Mugo was able to do most of her cooking chores
with biogas. The gas lamps provided light in the
kitchen and sitting room.

In its first year of operation, the digester did

The Mugos noticed that the climate at the
Kinotis was not the same as the climate at their
shamba. The Mugos farm is in a coffee and tea
growing area, while the Kinotis live in an area just
below the coffee belt where the main cash crop is
tobacco. Mrs. Kinoti informed them that less gas. tends
to be produced in cooler climates, but that she knew of
a digester in a tea-growing area near Meru town which
works well.

Mr. Mugo asked Mr. Kinoti which part of the
biogas system he was least happy with. He said that
although the gas lamps gave out a good light,. their
mantles did not last very long. He thought that the
lamps could be made in a better way. Finally, Mr.
Mugo asked Mr. Kinoti if he thought Mbaka was
qualified to build a digester at the Mugo shamba. Mr.
Kinoti said yes, but that Mbaka might need some help
with the masonery work.

Based on the knowledge they gained from the
visit, the Mugos were able to make a decision.
Whereas Mrs. Mugo was skeptical before seeing a
digester, her visit with Mrs. Kinoti convinced her that
biogas was a practical technology.

yields have increased. Mrs. Kinoti po~nted out that they
no longer bought commercial fertiliser because the
effluent works as well or better than the commercial
type.

Conclusion
The above example is not the only

Visiting a project. This 704m windpwnp in Ol Pejeta, Laikipia, pwnps way the Mugo family could have solved
water for livestock. their energy problems. However, they did

carefully consider their requirements and they did try to
find the best solution possible. Furthermore, they
visited a working project to assure themselves that the
solution they had agreed upon was the best. Now
several other people who live near Mr. and Mrs. Mugo
have visited their digester and built biogas digesters on
their own farms.

This book is meant to supply information
about renewable energies in Kenya, and to direct people
to· sources of information and expertise. Hopefully,
with the basic knowledge contained herein and the
resources contained in the appendix that follows· this
chapter, readers will be able to evaluate their own needs,
and, like the Mugos, go out and visit working projects

before embarking on their own. Mafani/do mema!
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Appendix

Organisations Producing and pisseminating
Renewable Energies in Kenya

Below is a list of organisations involved in various renewable energy fields as of 1987. Though incomplete,
it is intended to serve as a guide for those interested in finding more information about renewable energies. The fIrst
section catalogues organisations working in more than one RE field, and the sections that follow list organisations
according to the type of renewable energy with which they are involved: wood, non-wood biomass, solar, hydro, and
wind. .

" A. Organisations Working with Several Renewable Energies

1. Ministry of Energy and
Regional Development
Kenya Renewable Energy
Development Project
(KREDP)

UTALII HOUSE
8TH FLOOR
P.O. Box 30582 NAIROBI
Tel: 340800

Agroforestry
Biogas
Improved Stoves and Kilns
Solar Energy
Wind Energy
Library: Gen. Information

KREDP AGROFORESTRY/ENERGY CENTRES:

2.

3.

a. Mtwapa (Coast)

b. Wambugu (Central
Highlands)

c. Bukura (Western)

d. Kisii (Lake Bas~)

e. Jamhuri (Uplan4s)

f. Kitui (ASAL)"

Egerton AgrieU1t~
Colleg-e "

GTZlSpecial Energy
Programme

P.O. Box 90290 MOMBASA
Tel: 485237

P.O. Box 5069 NYERI
Tel: 4531

P.O. Box 92 BUKURA
Tel: 23 BUTERE

P.O. Box 52 KISII
Tel: 20586

P~O. Box 21552 NAIR6lU
Tel: 565232

. 'P:O. Box 737 KITUI
Tel: 112 \'"

Private Bag,'NJORO'"
NAKURU
Tel: 40861

P.O..Box 41607 NAIROBI
Tet:722853 -,. ' .. "

Agroforestry
Biogas
Improved Stoves and Kilns

Agroforestry
Biogas
Improved Stoves and Kilns

Agroforestry
Biogas
Improved Stoves and Kilns

Agroforestry
Biogas
Improved Stoves and Kilns

Agroforestry
Biogas
Improved Stoves and Kilns

Agroforestry
Biogas
Improved Stoves and Kilns

Agroforestry
Biogas
Improved Stoves
Solar;Wa~rHeaters and Driers

:Agrofon~stry
-Biogas
Improved Stoves and Kilns
Solar Water He'ilterS .-', "
Handpumps
Wind Energy

149



4. Karen Village Technology P.O. Box 302760 NAIROBI Biogas
Unit Biomass Stoves

Handpumps
Hydrorams
Improved Stoves
Solar Cookers, Driers·and
Water Heaters

5. Kenya Energy Non- P.O. Box 48197 NAIROBI Agroforestry (seed supply)
Government Organis"ations Tel: 749747 Biogas
Association (KENGO) Improved Stoves and Kilns

General RE Information
Library

6. Kenya Industrial Estates P.O.· Box 30650 NAIROBI Biogas Appliances
(KIE) Tel: 542300 Windpumps and Generators

Handpumps
Solar Water Heaters
Library

7. Kenyatta Appropriate P.O. Box 43844 NAIROBI Improved Stove Testing
Technology Centre (KATC) Tel: Kahawa 356 Ext 342 Solar Driers, Stills, Cookers

and Water Heaters
General RE Information
Library

8. Murang'a College of P.O. Box 75 MURANG'A Institutional Stoves
Technology Tel: 22906 Hydrorams

Biogas

B. Trees for Energy • AgroforestrylWoodfuel Production

9. CARE-Kenya P.O. Box 43864 NAIROBI Agroforestry
Tel: 724674 Woodfuel Conservation

10. International Council for P.O. Box 30677 NAIROBI Agroforestry
Research in Agrof{)restry Tel: 29867 & 332304
(ICRAF)

11. Kenya Woodfuel Development P.O. Box 56212 NAIROBI Agroforestry
Project (KWDP) Tel: 582916 WoodfuelProduction

Tree Seed Supply

12. Ministry of Agriculture P.O. Box 30028 NAIROBI Afforestation
Soil Conservation Project "Tel: 721689 " Soil Conservation

13. Permanent Presidential P.O. Box 30510 NAIROBI Afforestation
Commission on Soil Conser- Tel: 21034 Soil Conservation
vation and Afforestation

14. Rural Afforestation P.O. Box 30513 NAIROBI Afforestation
Extension Scheme (RAES), Tel: 722620 Nursery Management
Kenya Forest Department

See also: KREDP Agroforestry Centres, KENGO

-Woodfuel Conservation: Improved Stoves and Kilns

15. Action-Aid P.O. Box 42814 NAIROBI Institutional/Improved Stoves
Tel: 62761
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16. Bellerive Foundation FUEL SAVING PROJECT: Institutional/Improved Stoves
RUIRU
P.O~ Box 21734 RUIRU
Tel: 569705

17. Clayworks Ltd. THIKAROAD Ceramic Liners for Kenya
P.O. Box 48202 NAIROBI Ceramic Jiko and Maendeleo
Tel: 802266 Stoves, Bricks for Kilns

18. East African Tannin P.O. Box 190ELDORET Beehive Brick Kilns
Extract Co., Ltd. Tel: 31311

19.. Bums and Blane, Ltd. KAMPALA ROAD Mark V Portable Kilns
P.O. Box 45860 NAIROBI Alfa Laval Stoves
Tel: 542043

20. Ital Products, Ltd. OL KALOU ROAD Institutional Stoves
P.O. Box 48952 NAIROBI
Tel: 556950

21. Jerry International P.O. Box 52747 NAIROBI Ceramic Stove Liners.

22. Kenya Planter's DANDORASTORE Coffee Husk Charcoal
Cooperative Union Ltd. KOMO ROCK RD.
(KPCU) P.O. Box 72309 NAIROBI

Tel: 28761

23. Maendeleo ya Wanawake P.O. Box 41607 NAIROBI Maendeleo Stoves
Tel: 722853 Tree Planting

24. Prisons Department P.O. Box 30175 NAIROBI Improved Stoves
Sawdust Stoves

25; UNICEF P.O. Box 44145 Improved Stoves
Tel: 333930 Ext 2040

See also: MOERD Improved Stove Section, KENGO

c. Non-Wood Biomass

\26. Apro Energy Enterprises Bamburi Rd. Wonder Stove
P.O. Box 11927 NAIROBI Biomass-powered Water
Tel: 552905 Heaters

27. Biogas Section, MOERD UTALII HOUSE, 8TH FLOOR Biogas Digesters: Designs,
P.O. Box 30582 and Technical Advice
Tel: 340800

28. General System, Ltd. P.O. Box 78181 NAIROBI Arnica Gasifiers

29. Tunnel Engineering, Ltd. P.O. Box 1 KORU Biogas Digesters
Tel: 14, 15 Solar Water Heaters

- D. Solar Energy Systems

30. Alpa Nguvu P.O. Box 45155 NAIROBI Solar Electric Systems
Tel: 746290 Solar Water Heaters

31. Animatics P.O. Box 72011 NAIROBI Solar Electric Systems
Tel: 557041 - Refrigeration, Fencing

Pumps, Home Systems
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32. Chintu Engineering SARIT CENTRE Solar Electric·Components
Works Ltd. P.O. Box 11467 NAIROBI and Accessories

Tel. 747407

33. Chloride Exide Kenya Ltd. P.O. Box 14242 NAIROBI Solar Batteries
Tel. 554773 Solar Electric Systems

Security Systems

34. Kensid P.O. Box 18511 NAIROBI Solar Electric Systems
Tel: 555622

35. Securicor Solar·Services P.O. Box 30242 NAIROBI Solar Electric Systeins
Tel: 559070/62 - Home Systems

- Refrigeration
- Security Systems

36. Solar Shamba P.O. Box 894 EMBU Solar Electric Systems:
Tel: (0161) 20554 Instal1ationand Design

37. Solar World KISII Solar Electric Systems
Solar Water Heaters

38. Total Solar P.O. Box 18465 NAIROBI . SQlar Water Heating
Tel: 555520 Solar Electric Systems

See also: Tunnel Engineering, Kenya Industrial Estates, Kenyatta Appropriate Technology
Centre, Sound Communications. .

E. Small-Scale Hydropower Systems

39. Machinery/Services Ltd. WITiJ-ROAD Blake Hydraulic Rams
P.O. Box 30342 NAIROBI
Tel: 557844

40. Ndume, Ltd. P.O. Box 62 GILGIL Hydrorams, Waterwheels,
Tel: (03671) 2121 Handpumps, Turbopump

41. WECO P.O. Box 190 Hydrorams, Handpumps
KAKAMEGA

42. Wigglesworth KAMPALA ROAD Hydrorams
P.O. Box 30092 NAIROBI
Tel: 557022

See also: Murang'a College of Technology

, F. Wind Power Systems

43. Bobs Harries P.O. Box 40 THIKA Windpumps
Engineering, Ltd. Tel: Thika 47234

44. Pwani Fabricators P.O: Box 83381 MOMBASA Windpumps
Tel: 24991

45. Sound Communications P.O. Box 18286 NAIROBI Wind Generators
Tel: 556177 Solar Electric Systems

152



Woodfuel, hydro and solar energy resources already meet
major energy needs in Kenya. However there is a potential
for these and other renewable energies to be used on an
even wider scale. This book describes the principles and
useful applications of renewable energy systems now
working in Kenya. Furthermore, it refers readers to
successful local projects which can be visited for rust hand
experience

The author, Mark Hankins, was a science teacher in Kenya
from 1983 to 1986. His work included training youths in
the design and installation of small biogas, solar electric
and agroforestry systems.




