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Preface

The writing of this book was spurred by an earlier successful publication of a
similar book by the same authors on “Energy Resources in East Africa”. Africa is
no doubt a continent of large diverse resources and their management by individual
countries is equally diverse as they usually embrace cultural, political and ethnic
interests. These considerations are often influenced by the desire of one group to
have more control of the national resources, and therefore, a management frame-
work is rarely based on the interest of the nation as a whole. In certain instances, as
captured by president Obama (US) in his recent visit to Kenya, the desire can be so
strong that vices such as corruption, open theft, employment of unqualified relatives
and friends are openly practiced at the expense of national development. The end
result is that the basic services to the people are neither adequately provided nor
fairly distributed and so the deprived citizens begin to feel alienated from their own
government system, and the “grand corruption” settles in permanently. This, of
course, is a very pessimistic way of looking at the situation but, unfortunately, it is
the disease, which in its different forms, has crippled African Economic develop-
ment particularly in the energy provision and infrastructural development sectors.
Energy is known and rightly accepted as the driving force for any development, and
Africa has a significant share of known world energy resources such as solar, oil,
gas, coal, wind, geothermal, hydropower, and even uranium. However, it remains
the poorest continent in the world mainly due to management culture described
above. This book has attempted to identify energy resources in Africa and how each
country has used these resources for her economic development and general welfare
of her people.

The continent has more than fifty independent states, and naturally, it would be
difficult to fully present the energy situation in each country in detail. The authors,
therefore, divided the continent into four main regions and attempted to give an
account of each region. East Africa, which straddles the Equator and lies in the
sub-Saharan region, is given an extensive coverage as a typical example of situation
in sub-Saharan Africa (SSA). It has a whole range of climatic conditions and
vegetation cover that adequately represent the situation in SSA, and therefore, the
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discussions on biomass energy issues for East Africa also apply to West and
southern Africa. North Africa and South Africa have their unique aspects that are
presented in their respective chapters. Biomass use as a source of energy and
biomass cooking and heating devices for the rural and peri-urban population has
common features across Africa. This is why their extensive coverage in one region
is sufficient. It should be noted that challenges and opportunities are not presented
as chapters, but are scattered over all the other chapters. This makes it easier for the
reader to identify the specific challenges and opportunities that exist in each country
or region. In some instances, overall challenges and opportunities are discussed in
Chaps. 1, 7, and 8, where the discussions are based on the global and African
circumstances in general. There are a few cases in which geographical information
and economic development drivers are presented to assist the readers who are not
familiar with the location of some African countries.

It is important to note that most of the statistics presented in this book, partic-
ularly population figures, proven reserves of various resources and installed power
capacities are changing fairly rapidly in some cases. Some data are not readily
available and so figures referring to populations were mostly estimated using
population growth rates, while quantities such as national oil, gas, and coal reserves
are based on those quoted by most sources. They may therefore be different from
those quoted by certain sources. Due recognition should also be given to the fact
that these quantities change with time. However, the variation should not be more
than 10 % for the specified year. The reader may also notice a number of repetitions
in various sections and chapters. These should be expected in a book of this nature
due to the need for comparative analysis of some information.

The African solar and wind energy potentials are mentioned in Chap. 1 in a very
general form. This is so because Africa traverses the equator, which divides it into
two almost equal parts so that solar radiation patterns in both northern and southern
parts are relatively similar. It is also well known that wind speeds are suitable for
the development of wind power generation facilities in Africa and so the treatment
in Chap. 1 is considered sufficient. However, in some cases, the levels of wind and
solar energy distributions are given for specific countries. Finally, some basic
principles of renewable energy conversion technologies are also given in Chap. 6.

Herick Othieno
Maseno University, Kenya
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Curtin University, Australia

Karlsruhe Institute of Technology, Germany
Kyoto University, Japan
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Chapter 1
Global Energy Perspective

1.1 Introductory Remarks

Energy is everywhere in different forms and it is needed by everyone and yet it is not
always available for everybody. If you have it, you must protect it. If you do not have it,
you must get it at any cost. Which other resource is that important?

The authors

The word energy is generally used to define the level of activities. Ordinarily, and in
a simple way, energy can be defined as the ability to do work or the source of any
activity. However, whatever meaning or definition we want to give energy, it is
clear that energy is what makes things happen and therefore concepts such as force,
torque, momentum, pressure, thrust, power, work are all related to energy. Let us
start with some simple examples: It is obvious from simple physical concepts that
work is the product of force and distance (w = fd = mad) and force is the product of
mass m and its acceleration a. This expression for work is exactly the same as the
expression for energy (E = mgh = 1/2 mv2). In this example, it is evidently clear that
work is simply “spent energy” and the rate at which this energy is spent is power.
Thus, energy is associated with all processes since it is the prime mover of all
activities; it is the agent for change of state of a system and if a development results
into a change of state then one cannot talk about this change without identifying the
source of energy that would cause that change of state.

For countries, for example, per capita energy consumption is often rightly used
as one of the most important indices for measuring the level of development of a
nation. The more energy a nation consumes the higher the level of development.
One unique characteristic of energy is that it can neither be created nor destroyed,
but it can be changed from one form to another. In most cases it must be converted
from its natural form to a ready-to-use form. And since energy is available
everywhere, the challenges that most countries face have to do with inadequacy and
inability to process what is available to a ready-to-use form. Secondly, high quality
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sources of energy are very scarce and are unevenly distributed globally while low
quality sources are almost everywhere on earth. Thus, the first step in energy
development is to build the capability to efficiently convert raw energy into
ready-to-use form and make sure that it is reliably accessible to the users. Achieving
this would increase per capita energy consumption and obviously raise the level of
development. Processing of high quality energy for industrial and other large scale
applications is therefore a challenge to all nations especially the economically poor
ones.

1.2 Energy and Matter

Like energy, matter is everywhere. In fact it has been argued that energy cannot
exist where there is no matter and that studies on the entropy of the universe
indicate that life came to existence only under specific conditions of increase of
entropy of the universe. Energy therefore exists in matter (living or dead) and the
state of that matter is defined by its energy content. In order to be able to convert
energy into ready-to-use form, it is important to know sources of these energies and
what type of energy exists at the source. As has been noted, all actions such as
force, pressure etc., are all closely related and they can be linear or non-linear in
their actions. Table 1.1 below shows examples of some of the expressions for
different types of energies. If certain properties or parameters of a system are
known, then some of these expressions can be used to determine the energy value
of that system. This is usually a simple and straight forward process for pure
substances but can be extremely complicated for compounds. For example, how
would one determine the heat value or heat content of a sample of oil/kerosene/
petrol/diesel or some biomass material? The usual practice is to change them into
heat by burning them and then measure the quantities of heat energy that are
obtained. That is, use an instrument such as the bomb calorimeter to measure the
heat energy content. The common denominator, however, is the fact that energy is
in matter and matter is everywhere, and therefore, energy is everywhere and this is
illustrated in Table 1.1.

When considering the development of an energy resource, it is necessary to start
from the required end use application such as lighting, heating, communication, etc.
The next step is to determine the form of energy required for the identified appli-
cation. For example, what end-use form is required, is it electricity or heat and will
it be necessary to again convert electricity or heat into another form such as
mechanical energy? The final step is to determine the resource that can be efficiently
converted into high quality energy for the desired application. This is done based on
the availability and accessibility of the resource and the knowledge to efficiently
convert it into the final form.

It is after all these choices have been made that economic factors such as the cost
of energy conversion, storage and transmission or transport are considered. Looking
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at energy requirements broadly, we can classify the applications into three main
categories: domestic, transport, and industrial applications. However, we should
also remember that there are other applications that may not strictly fall under any
of these three categories. For example, information and communication technology
is an emerging sector with an increasing demand for quality energy. Each of these
categories requires energy in a suitable form. For domestic requirements, the pri-
ority is energy for heating (including cooking), lighting and domestic appliances
that can be obtained from a number of energy resources such as coal, oil, natural
gas, biomass etc., which must first be converted into electrical or directly into heat
forms. Note that heat, electricity, and light are forms of energy and not sources of
energy. All these can be obtained from matter and to do so, it is necessary to study
the properties of matter, which is the central issue in Physics as a discipline.

Table 1.1 shows various types or forms of energy and their origin. It is worth
noting that one cannot draw a clear line between the different sources of energy and
even between the conversion technologies. For example geothermal energy is heat
energy but at the conversion stage, it is the pressure or kinetic energy of steam that
is converted into mechanical energy to drive turbans that generate electricity.
Similarly, nuclear energy goes through some conversion stages but finally the final
stages involve production of high pressure steam that is used to drive turbines for
electric power production. It is important to understand these processes in order to
correctly interpret the information on Table 1.1.

Table 1.1 Types of energy, sources and conversion processes

Expression/definition Form/type Source Some known conversion
technologies

E ¼ 1
2 mv2 Kinetic Moving matter Wind and hydro turbines

E = Δmc2 Kinetic Matter Nuclear energy plant

E = hʋ = h c
k Light Matter (photon) Photovoltaic/solar

thermal devices

E = mcΔT Heat Matter Ocean thermal and
geothermal extraction

E = (n + 1
2 ) ћω Phonon Matter (phonon) –

E = PΔV Potential/pressure Matter (confined
gases/steam)

Part of final states of
geothermal and nuclear
electricity generation

E = Nrt Heat Matter (confined
gases)

–

E = mgh Potential Matter Hydro power

E = VIΔt = I2RΔt Electrical
heat/light

Matter Electric appliances

Combustion/burning
process

Heat All combustible
matter (oil, coal,
gas, bio-fuels are
common
sources)

Cogeneration plants and
other thermal devices
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Normally when talking about energy for development, very little attention is
paid to matter as a source of energy, at least not consciously. In most cases, energy
from matter is associated with the heat obtained by burning inflammable matter and
this is measured in terms of tons of oil equivalent (toe). Presently, available tech-
nologies allow us to exploit only limited energy resources for national develop-
ments. These are kinetic energies of water and wind, nuclear energy (involves
kinetic energy of particles), photon energy of light, magnetic energy, heat energy
from oil, coal and other biomass materials most of which occur naturally. In gen-
eral, and given the present level of energy conversion technologies, global energy
sources are limited to heat energy from fossil fuels (oil, coal, and gas) and kinetic
energy of matter (nuclear energy, hydro energy, wind and solar). Of these, oil, gas
and coal are the most widely used because of their versatility and are therefore the
most important sources in global terms. Solar and wind are also exploited but to a
very small scale compared to the other sources. However, the challenge arises due
to un-even global distribution of high quality fossil-based fuels and limited avail-
ability of conversion technologies of these energies to ready-to-use forms. Before
going into details of energy demand and supply, there is need to identify major
areas that require energy. Some of these are transportation (air, land, and water
transports), heating, lighting, and industrial operations. The main source of energy
for these is oil followed by other commercial energy resources such as gas and coal.
The big question is: Does it mean that countries abundantly endowed with these
energy resources are highly developed?

1.3 Global Energy Situation

The recognized major global energy sources are oil, coal, natural gas, nuclear,
hydro, geothermal, solar, wind and biomass while the commonly required end-use
energy forms are electricity and heat. So far, oil consumption ranks top above all
other energy resources since it is used to produce many end use forms of energy
such as heat, electricity and mechanical energies. One of the most attractive aspects
of end use forms of energy is that they can farther be transformed into other forms
especially electricity which can farther produce heat, light and even mechanical
energy. Of the two forms, electricity is the more versatile form as it can supply heat,
light and also power industrial machines and equipment as well as household
appliances. All this can be effected at the end-user stage. Heat energy, on the other
hand, cannot do all these without the introduction of complicated conversion
processes, which cannot be done by the end-user. Practically all energy sources can
be used to generate electricity but the cost would vary with the type of source.
Taking this into consideration and the required generation capacity, electricity
generation from nuclear, coal, hydro or geothermal energies is more economically
viable than from other sources. The next viable but slightly more expensive elec-
tricity is obtained from oil and natural gas. All these suitable energy resources occur
naturally on earth but are not equitably distributed among nations of the world.
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Those countries that are not endowed with such resources have to buy them from
the lucky nations. Hydro and geothermal sources are not transferable but electricity
or heat generated can be sold and transmitted to other countries. All nations can
rightly claim to have both sunlight and wind even though in varying quantities. The
situation implies that rich nations are in a better position to acquire all their energy
requirements even if they are not naturally endowed with many of these resources
because they can readily afford to buy them. Poor developing nations, on the other
hand, have harder choices to make and, it appears, there are only two reasonable
options: to develop own energy conversion technologies for locally available
energy resources; and, to purchase other energy resources and materials from other
nations. The achievement of any or both of these options requires a combination of
resources, strong economy and good resource management, all of which are in short
supply in the developing countries. As a result of this, over two billion people in the
world have no access to electricity and most of these are in the developing countries
especially sub-Saharan Africa.

The global campaign on the need to protect the environment is not making the
situation any simpler because energy production and consumption are some of the
largest sources of environmental pollutants. There are also restrictions on the
development of nuclear technologies for both security and environmental reasons.
But this notwithstanding, large-scale electricity generation from the identified
sources is just too expensive for the poor economies of most developing nations.
This situation appears to rule out the prospects of eventually making electricity
available to the over two billion people, which means they will continue to be shut
out from the rest of the world because they will not be able to use modern tech-
nologies such as electronic communication systems, which have made the world to
become a small village.

Table 1.2 present the top 10 energy generators but does not include top ten large
power facilities from biomass, geothermal, wind and solar. Even if it did, none of
them would be from Africa except Kenya that ranks 8th in geothermal energy
development with its present (2015) 593 MW. USA (3389 MW), Philippines
(1894 MW), Indonesia (1333), Mexico (980 MW) followed by Italy, New Zealand
and Iceland are all ahead of Kenya in geothermal exploitation. A brighter outlook
for Africa is that the planned Grand Inga hydropower station in the River Congo
basin, if implemented, will be the largest hydropower facility in the world, pro-
ducing an estimated 39,000 MW of power. Power from Nuclear energy which
many countries are exploiting is virtually non-existent in Africa except one in South
Africa (Fig. 1.1).

Thus, there are large disparities in energy resources and exploitation levels in the
so called global village and so the world will never be properly connected without
the inclusion of an estimated two billion brothers and sisters, mostly in Africa, who
are still languishing in poverty and darkness. It is expected that the per capita
energy consumption in the poor regions will always be well below that of the
industrialized world and any effort to supply electricity in these countries will
continue to be hampered by the state of poverty. There is also no indication, at
present, that electricity will one day be supplied free of charge to the poor
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communities. So we see here a vicious cycle that will be difficult to break. But this
does not mean that there is no hope for the future. There are alternatives, which can
be developed to suit the circumstances of the rural poor and these can only succeed
if the governments of the poor nations can implement deliberate initiatives that
seriously address the unique socio-cultural and economic situation prevailing in the
rural areas. One interesting observation is that in the industrialized nations, where
there are several options for generating electricity including nuclear power, large
hydro potentials, and home-based fossil fuels, interest in the development of other
alternative sources is growing. The uses of fossil-based fuels and nuclear power
make very significant contributions in the generation of electricity but new devel-
opment of such facilities has drastically reduced. Even investment on new large
hydro facilities has also remarkably decreased. The United States which is one of
the world’s largest power consumers has already recognized the enormous potential
in renewable energies such as solar, wind, ethanol or bio-diesel and hydrogen fuels
as energy sources that could play a significant role in future and is encouraging
intensive research and developments even though they are considered to be more
costly than the traditional energy sources. This is part of the government’s strategy
of reducing dependency on foreign oil in order to secure economic and national
security. The plan also has the added advantage of slashing the pollutants and
greenhouse gas emissions. Hydrogen powered vehicles are already in use as pilot
projects around the world. The technology itself has been proven to be viable but it
is still costly for general use and the method for distribution of hydrogen to con-
sumers has not been established.

In Europe, investment on renewable energy technologies is continuously
increasing especially wind power, which is considered to be the fastest growing

Fig. 1.1 Location of world nuclear power stations in 2006 (source International Nuclear Safety
Center—http://www.insc.anl.gov/pwrmaps/)
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segment of the global energy industry. There are plans to invest over USD 3 billion
to set up wind farms in Europe. One of the sites that has been identified is the
estuary of the Thames river, off the British coast, where a wind farm with a capacity
to generate about 1000 MW could be established. Such a plan, if successful, will
also reduce CO2 emission by up to about 2 million tons a year. Other renewable
energies (hydrogen, bio-fuels and solar) are also under serious considerations. It is
envisaged that renewable energies will contribute between a quarter and a third of
the world’s energy mix by 2050 and companies are working on strategies for
benefiting from such large business opportunities. Of the current 50,000 MW of
wind power installed around the world, about 34,000 MW are in Europe. With the
forecast growth, it is expected that more than 100,000 MW of wind power,
involving billions of dollars in investment, will be operational after 2015. So far
Europe has dominated wind energy but there is a general global shift to both wind
and solar and countries like China and India are also fast-growing renewable energy
zones.

In the African continent, where there is great potential for solar, wind, and
bio-fuels, the debate on their development is, at best, low-keyed. It appears, in terms
of renewable energy development. Africa has already accepted to trail behind the
rest of the world even though it had the opportunity to take the lead in some of these
technologies.

1.3.1 Global Energy Demand and Distribution

Apart from oil, coal and gas, there are other commercial energy resources such as
hydro, nuclear and biomass that also play a significant role in global energy supply.
The demand for energy from these sources has always continued to increase partly
due to population growth and partly due to demands for growth of industrial
development. This demand is mainly on electricity and heat, which can be supplied
by any of the sources listed above and this is raising a lot of concern as to whether
these resources will be able to supply enough energy in future to sustain
socio-economic developments. And so, when considering energy resource devel-
opment today, the main concern is whether the chosen source will be able to
sustainably supply future energy demands, that is, which resource will ensure
availability of the required quantities of energy in the future? Should we be con-
cerned about energy for sustainable development in general or sustainable energy
supply for development.

Although it is not certain what proportions of energy will come from the various
sources, one thing which is however clear is that energy demand will continue to
rise. This trend is easy to model and even provide relatively accurate future pro-
jections (Fig. 1.2). But it is not certain which source will be favoured in terms of
technological development and also cost-effectiveness of the conversion processes.
The question is: How much of global energy needs (electricity and heat) and from
which source will be supplied sustainably in a most cost-effective way?

8 1 Global Energy Perspective



Given the several factors to be considered in developing energy resources, and
the environmental implications of some sources, it is clear that the current levels of
exploitation of different energy resources will significantly change. The demand on
nuclear energy and fossil fuels may remain unchanged while demand on hydro and
other new and renewable sources may increase. So, as the global energy demand
keeps rising, the additional energy required to meet this demand can be supplied by
any of the available energy resources and this implies that the energy mix scenario
is dynamic either due to the development of new energy resources or due to
changing preferences. World energy consumption, for example, in 2000 was
9.3822 × 109 toe and by 2010 it had risen to 12.0024 × 109 (i.e., Fig. 1.2 equivalent
to 5.04 × 1020 J or 1.44 × 1011 MWh) [4]. Fossil fuels accounted for about 94 % of
this with severe environmental implications. For example, outdoor pollution caused
an average of about 500,000 deaths annually while indoor pollution caused about
2 million premature deaths annually due to pollutants associated with the use of
fossil-based and biomass fuels [4].

There is no doubt oil is the most versatile and preferred source of energy. Many
technologies are today reliant on oil and therefore, to be able to plan for the future,
it is important to know how much oil is available and its distribution globally. Thus
energy availability, looked at from a global perspective, presents a very interesting
irregular pattern that obviously appears to favour certain regions of the world.
Figure 1.3 shows the relative global distribution of oil as at 2012.

Oil is a finite source of energy and can be depleted in future, and, in fact many
predictions on the development of other sources of energy have been based on the
assumption that oil will soon be depleted. Some of these used the known global
quantity of oil reserves at the time of the prediction and did not consider the fact
that other resources could relieve the pressure on oil. They did not even consider the
possibility of discovering more oil reserves. More fossil-based fuel (oil, natural gas
and coal) deposits have lately been discovered especially in Africa and it is still
possible that further deposits will be found. Thus the prediction in 1980s that oil
reserves would be depleted in about 33 years was not accurate, to say the least [11].

20

16

12

8

4

0

1970 1990 2010     2030

G toeFig. 1.2 Global present
and future demand scenarios
[8]. G toe in the figure
denotes 109 toe

1.3 Global Energy Situation 9



Gas and coal were estimated to last about 60 and 230 years respectively but
recently, more of these resources have also been found. All these are still available
and will continue to play a significant role in global energy scene. A more recent
and detailed prediction that shows the surface area of every country in proportion to
their oil reserves is presented in the Fig. 1.3. Saudi Arabia is the single country with
the largest oil reserve. The other countries with large oil reserves are also located in
the Middle East, e.g., Iraq, Kuwait, Iran and other smaller Gulf states. On the other
hand, a weighted map based on the consumption levels would produce almost the
reverse of Fig. 1.4.

Since 1986, facts on available oil reserves have changed and countries that were
exporting oil began to be net importers of oil. At the same time new oil reserves
have been found in regions such as the Gulf of Mexico and Africa [21]. Despite all
these, there are signs that oil production is under stress due to a number of factors
that include environmental, economic and social considerations. In this respect, the
future of human prosperity depends on how successfully the challenges of securing
reliable and affordable energy supply are addressed, and a transformation to a
low-carbon and environmentally benign systems of energy supply. It is worth
noting from Fig. 1.4 that the very large “oil” consumers such as North America and
Western Europe do not have matching quantities of oil while those countries with
large quantities of oil consume relatively less oil. Another general observation is
that less developed countries with large quantities of oil such as Iraq, Iran, Libya,
Nigeria and others in the Middle East are generally not peaceful. One is therefore
tempted to conclude that oil, for the weak nations, is a likely cause of conflicts
leading to social and political instability and even international hostilities.

It is however clear that, due to the widely accepted fact that fossil-based fuels are
finite (Fig. 1.5), time will soon come when available oil reserves will not be enough
to meet even half of the world’s needs. This would be tragic because presently many

Fig. 1.3 World oil reserves [11]
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technologies are based on energy from oil. Therefore what is needed urgently is
nothing short of an energy revolution that will ensure that sustainable sources of
energy are developed to drastically reduce the pressure on oil. Future energy mix
will depend to a large extent, on the global environmental situation—climate change,
global warming, and other undesirable impacts associated with energy use [15].

Over the years, global energy contributions from various sources have, in
general, consistently changed from coal domination to oil and gas. Some of these
variations are given in Fig. 1.6.
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Fig. 1.4 Major oil producers drawn on oil production scale (source http://www.energybulletin.
net/37329.html)
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Fig. 1.6 World energy
consumption changes since
2004 and future prediction [9]
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Predictions beyond 2040 indicate that wind and solar will respectively contribute
12 and 6 % of the global energy supply. This will most likely reduce the con-
sumption of petroleum, coal and biomass energies. Sources marked as “NA” may
have been insignificant during that time. However, it is clear, from Table 1.3 that
the levels of contribution of different energy resources do change and will continue
to do so with time. This may also be attributed to a number of other factors
including the global politics and international relations among oil producers and
more powerful oil consumers.

Considerations of impact of energy use on the environment have and will
continue to influence these changes by encouraging the development of non-fossil
based resources. For example in 2010, the global installed solar systems were
196 GWth (thermal) and 163 TWh (photovoltaic), which saved the world 53 mil-
lion tons of CO2. More development of renewable energy technologies will defi-
nitely change the energy mix scenario in future. This trend notwithstanding, the
importance of oil should not be under-rated. Some sectors especially the transport
sector depend almost exclusively on oil. For example in 2009, about 93 % of world
transport energy came from oil products and therefore future energy development
strategies will probably aim at reducing the demand on oil in these sectors possibly
by increasing production of bio-fuels and electric vehicles and improved fuel
efficiency. If the current prediction on the lifetime of oil is anything to go by, then
by 2050, the world oil-energy contribution should fall to less than 10 % while
renewable energy contribution should rise to about 20 %. To achieve this target, an
aspect that will have to be considered would be the share of energy end-use forms
and applications. It is estimated that about 50 % of the world energy consumption is
dedicated to heating, 30 % to transport and 20 % to electrical applications. The
development of alternative sources should aim at identifying appropriate sources for
specific end-use forms of energy.

Let us now focus on the most recent available global energy consumption data—
the 2011 estimated global energy consumption and, for clarity, break them down
into three groups: Fossil fuels, traditional biomass, and modern renewable.

Table 1.3 The trend of world energy resources (in %) compared with the situation in Sub-Saharan
Africa [5, 8, 9, 11]

Sub-Saharan Africa

Energy source 1950 1990 2040

Petroleum 29 27 31

coal 56 NA 19

Natural gas 9 2 28

Nuclear NA NA 9

Biomass NA 54 7

Hydropower 6 3 3

Others including renewables 14(mainly solid fuels) 3
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Fossil fuels, in order of the level of contribution, are petroleum, gas, and coal
(Table 1.3). Consumption of coal, which is the least of the three continues to
gradually decrease and at the moment still stands at about 20 % while petroleum is
at about 35 %. Hydro contribution is about 3.7 % and is included in the data for
modern renewable.

It should be remembered that the final forms of energy consumed are electricity
and heat, which are given due considerations in the projections. The total renewable
energy share was 19 % out of which the modern renewable contribution was as
shown in the Table 1.4.

Heat from renewable energy resources is mainly contributed by geothermal,
biomass and solar energies. The traditional biomass refers to solid biomass mate-
rials that are burnt in stoves, open air and furnaces to provide heat for cooking,
comfort or small scale agricultural and industrial processing. The process of pro-
ducing energy using this source is usually inefficient and is associated with high
emission of pollutants. It is generally widespread practice in the rural areas.

Installed capacities of many renewable energy technologies grew very rapidly
between 2008 and 2012 during which PV capacity grew by about 60 % annually
while solar thermal grew by an average of about 40 % per year. Wind power
increased by about 25 % annually over the same period. Others such as hydro,
geothermal, and bio-fuels had steady growth but at relatively lower levels. Future
energy mix is likely to depend on the demand levels of particular forms of energy
(electricity or heat).

It is evidently clear that solar energy technology is growing much faster than
other renewable energy technologies (Fig. 1.7). This is partly attributed to the fact
that it can be directly converted into the two most required end-use forms of energy
(electricity and heat). Considering electricity generation alone, a large share of the
global electricity production by the end of 2012 was provided by fossil fuels and
nuclear energy, which together accounted for 78.3 % [9]. The remaining 21.7 % was
from hydro (16.5 %) and other renewables (5.2 %). It can therefore be concluded that
for the global energy consumption, fossil fuels contribution is and will continue to be
significant in the future. At the same time, the growth of renewable energy is rapidly
increasing but this development is unlikely to significantly affect fossil fuel con-
sumption, given that the global energy demand is also increasing due to population
increase and other factors. In fact it is predicted that by 2040 (Table 1.3), petroleum
consumption may drop to 31 % while that of gas is likely to increase to about 28 %
but the total fossil fuels contribution will remain basically unchanged at about 78 %

Table 1.4 Total renewable
energy share [1, 9, 28, 30]

Modern renewable Contribution (%)

Hydro 3.7

Wind/geothermal/solar (electricity) 1.1

Bio fuels 0.8

Biomass/geothermal/solar (heat) 4.1

Total 9.7
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[9]. However, the future role of renewable energies should not be underestimated. It
should be noted that the demand continues to rise in the heating and cooling sector
which offers a large potential for renewable energy application. In 2012, the total
global renewable energy capacity exceeded 1470 GW representing increments of
wind, hydro, solar and other renewable energy from 2011 levels [28]. Thus
renewable sources made up just about 50 % of the total energy added to the gen-
eration of electricity from all sources in 2012. The general worldwide trend is the
development of renewable resources for the required additional energy.

Due to the need to reduce CO2 emissions into the atmosphere, it is expected CO2

free sources such as solar and wind energies will play a great role in future in the
provision of electricity. Unfortunately these sources cannot directly and effectively
replace oil as a major fuel for transport and industrial development unless completely
new technologies are developed to take care of transport and industrial oil
requirements. The use of both wind and solar energies started much earlier than other
sources and it is important to understand this in order to appreciate their role now and
in future. The Earth has for millions of years received approximately 2 × 1017 J of
energy from the sun every second. This energy drives the atmospheric processes that
cause other sources of energy such as wind and waves and the occurrence of rivers
that are used as hydro power source. Nature gave all these and it looks like man will,
in future, have no option but to turn to these naturally renewable energy sources.

1.3.2 Bio-fuel Development

Bio-fuels are produced from biomass, and it is important to briefly mention the
issues associated with their development because detailed coverage depends on
production suitability for each country and this may not be possible at this stage.
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Bio-fuel technology is widely covered in the literature but detailed information
on production in specific countries is limited and yet it has the potential to provide
solution to the rising demand on oil-based fuels such as diesel and petrol (gasoline).
It is a source that most poor countries can afford to develop since its production
plant can be scaled appropriately to suit the available financial and feedstock
resources. However, several aspects of it depend on varied circumstances that may
be very specific to each country including the break-even scale. Some of these are
mentioned here as common global concerns. A few specific cases of bio-fuel
production will be mentioned under the East African Chapter as examples of the
experience in Sub-Saharan Africa.

The initial effort to produce bio-fuels dates back to the early period of the
automobile industry but the progress has been very slow. Renewed interest emerged
again in the 1970s in Brazil and USA in response to the oil crisis of the 1970s. It
was viewed, in different parts of the world, as a way of diversifying energy
resources and also as a means of speeding up rural development. Around the same
time, the world realized, for the first time, the serious crisis that would emerge
should there be prolonged shortages of oil. So bio-fuel was considered alongside
other alternatives such as wind and solar energies. However, of the alternative
sources of energy under consideration, bio-fuel challenges were of a different nature
because its development would have serious effect on food security. And this
required carefully formulated policies that would ensure some reasonable level of
control between food and energy productions. This was not going to be easy
particularly for most developing countries, which were already finding it difficult to
address food insecurity. For instance, it is estimated that there were 854 million
under-nourished people in the world between 2001 and 2003 mainly in the
developing countries. This notwithstanding, most African countries are still seri-
ously considering the inclusion of bio-fuel in their energy policies. A few countries
have already undertaken bio-fuel development without being guided by clear reg-
ulatory and institutional frameworks. African countries which are already producing
bio-ethanol include Malawi, Mauritius, Zimbabwe and Kenya, whereas those which
produce biodiesel include South Africa, Zimbabwe, Ghana and Mozambique. As
stated above, most African countries do not have detailed regulatory and institu-
tional frameworks for the implementation of bio-fuels development and even those
already producing them are facing this challenge. South Africa and Mozambique
are among those with the most advanced regulatory and institutional frameworks
for bio-fuel development. Given this situation, it appears the development of
bio-fuels may not be sustainable as many believe even though its importance as a
viable alternative energy is highly rated. There is no doubt the efforts to develop it
will continue particularly in the light of the successes achieved in Brazil, United
States of America and South Africa. This is evidenced by the fact that the global
production of bio-ethanol for transport fuel has doubled to over 52 billion litres
during the period 2000–2007; while that of biodiesel increased eleven times to
11 billion litres.

The leading producers of bio-ethanol such as USA and Brazil use maize and
sugarcane respectively as feedstock for production. It should be noted that
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production of bio-fuels also depends on climatic conditions and soil fertility and
availability of the land. In this respect, Brazil has a comparative advantage for
bio-ethanol production because of the availability of land and suitable climatic
conditions for the production of sugarcane feedstock. Biodiesel production is
dominated by Europe, with Germany accounting for 54 % of the total production.
Africa too could lead in bio-fuel production because it has, in Sub-Saharan Africa,
land and suitable climatic conditions. But, as mentioned, this would require suitable
policies and their effective implementation. Nevertheless, there are a number of
countries in Africa which are seriously working on bio-fuel policies and are
planning to integrate bio-fuels in their energy sector in the near future. The aim is to
use biodiesel or ethanol to blend oil-based fuels such as diesel and gasoline, up to
some defined ratio which will not necessitate any engine modification. Kenya, for
instance, was aiming at a ratio of 10 % ethanol to 90 % gasoline (petrol) as a way of
reducing expenditure on petroleum imports but the implementation was not suc-
cessful due to lack of suitable policies and implementation strategies. Botswana is
planning on a similar ratio and hopes to achieve it by 2020 using biodiesel from
Jatropha. However, given her semi-arid conditions, achieving this may prove to be
difficult. More detailed information regarding bio-fuels and their challenges are
available in some international publications [1–3, 6, 7, 10, 29, 30].

As countries ponder over the possibility of developing bio-fuels, it should be
remembered that they can be produced from various crops, which require different
soil conditions and the requirement that their development should consider con-
servation of natural resources, preservation of ecology, promotion of social justice,
and availability of favorable economy. These concerns have raised many questions
on bio-fuels. Their sustainability has therefore been a contentious issue for a long
time and keeps on coming up at international forums. With the exception of
sugar-cane production in Brazil, it seems unlikely that ethanol production from
other crops will be economically viable without heavy government support.
A number of studies have established that first-generation bio-fuels reduce green-
house gas emissions 20–60 %, and second generation by 70–90 %, if other effects
such as land-use change are ignored. On the other hand, land-use can be associated
with large carbon losses, and can also affect ecological preservation, including
biodiversity. At the same time, it has been argued that expanding bio-fuel pro-
duction can be a major cause of food insecurity and even political instability. The
debate continues with mixed reactions as to whether bio-fuels will always con-
tribute to food insecurity, social justice, and environmental degradation in poor
countries. Moreover there is no strong consensus within the scientific community
on whether the overall energy output from ethanol and bio-diesel production is
greater than the inputs in its production. Because of these uncertainties, developing
countries should carefully study the viability and real benefits of bio-fuels before
making any plans to venture into their development. This is not to oppose their
development but rather to caution countries to be extra careful when planning their
bio-energy production [9, 15–18, 20, 22].
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1.4 The African Energy Perspective

1.4.1 Introduction

The Africa continent (Fig. 1.8) has a total area of about 30.2 million square kilo-
metres making it the world’s second-largest. It is also the second most populous
continent with an estimated population of about 1.11 billion people in 2013 [25].
By the end of 2015, it is estimated that this population will reach 1.15. Africa’s
population is the youngest in the world with about 50 % of Africans being under the
age of 19 years [12]. It accounts for about 6 % of the Earth’s total surface area,
20.4 % of the total land area, and 15 % of the world’s human population [31]. The
continent is surrounded by the Mediterranean sea to the north, both the Suez Canal
and the Red Sea along the Sinai Peninsula to the northeast, the Indian Ocean to the
southeast, and the Atlantic Sea to the west. The Continent has 54 fully recognized
countries, some territories, and de facto independent states with very limited

Fig. 1.8 Map of the African continent (source www.africaguide.com)
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recognition. Algeria is Africa’s largest country by area (2,381,741 km2) with
population of about 39 million while Nigeria is the largest by population. Its area is
923,768 km2, with a population of about 180 million in 2013 [5].

Africa, particularly central Eastern Africa, is widely accepted as the place of
origin of humans and the Hominidae clade (great apes) as evidenced by the dis-
covery of the earliest hominids and their ancestors, as well as later ones that have
been dated to around seven million years ago with the earliest Homo sapiens
(modern human) found in Ethiopia being dated to circa 200,000 years ago [13].
Africa straddles the equator which passes through Kenya, Southern part of Uganda
and the Democratic Republic of Congo and encompasses numerous climate areas; it
is the only continent to stretch from the northern temperate to southern temperate
zones. All African countries, except Tunisia, Morocco, Swaziland and Lesotho,
have at least parts of their territories lying within the tropics of cancer and
Capricorn (Fig. 1.8). Thus the entire continent is within latitudes 37oN and 32oS.
So, many African countries receive, on average, a very high number of days with
bright sunlight per year, especially the dry areas, which include the deserts (such as
the Sahara desert) and the steppes such as the Sahel. This gives solar power the
potential to bring energy to virtually any location in Africa without the need for
expensive large scale grid level infrastructural developments. For example, Tunisia
which is at the extreme Northern end of the continent receives daily sunshine
ranging from a minimum of 4 kWh per square meter per day to a maximum of
7 kWh m−2 per day. South Africa which lies at the southern tip of the continent
receives just about the same range of sunshine throughout the year. The rest of the
continent is within an average of 5–6 kWh m−2 per day all the year round. Thus, the
distribution of solar radiation across Africa is fairly uniform, with more than 85 %
of the continent’s landscape receiving at least 2000 kWh m−2 per year. A recent
study indicates that a solar generating facility covering just 0.3 % of the area of
North Africa (Morocco, Algeria, Tunisia, Libya and Egypt) could supply all of the
energy required by Western Europe.

Wind, on the other hand, is far less uniformly distributed than solar resources,
with optimal locations positioned near special topographical funneling features close
to coastal locations, mountain ranges, and other natural channels in the north and
south. Africa has a long coastline, where wind power and wave power resources are
abundant. The availability of wind on the western coast of Africa is substantial,
exceeding 3750 kWh, and can accommodate the future prospect for energy
demands. Central Africa has lower than average wind resources to work with.

Geothermal power is mostly concentrated in Eastern Africa, but there are many
fragmented spots of high intensity geothermal potential spread across the continent.
Enormous geothermal potential is found in the Great Rift Valley of Eastern Africa,
which is roughly 3700 miles in length and spans several countries in the region
including Eritrea, Djibouti, Kenya, Uganda, Ethiopia and Zambia. Geothermal
power has potential to provide considerable amounts of energy to many Eastern
African nations.

The major challenges the African continent faces are inability to meet the energy
needs of the various sectors and inadequate provision of other basic services. Severe
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energy supply deficiencies are common particularly in Sub-Saharan Africa where
the majority of the population still lives in the rural areas. There are large disparities
in levels of access to electricity between urban and rural communities. In general,
electricity supply in Africa is low and unreliable. For the rural population, access is
less than 10 % while for urban population it is over 50 %. This implies that, on
average, about 70 % of African population relies on biomass energy sources. Most
countries spend a large fraction of their revenue on oil importation for transport,
industrial and power generation sectors. Even those countries that have oil do not
have adequate refinery facilities and are exporting crude oil while importing refined
petroleum products at a higher price. These high oil import bills are putting severe
strains on African economic development and making it more difficult to achieve
sufficiency in the energy sector. Renewable energy sources that could save the
situation are not given the attention they deserve.

Africa can be divided into three categories in terms of the availability of energy
resources: North Africa, compost of five countries, is endowed with vast deposits of
oil while South Africa depends mainly on coal. Sub Saharan Africa, on the other
hand, is dominated by biomass even though some states have oil, gas and coal
deposits. There are also substantial renewable energy resources such as hydro,
solar, wind, geothermal, etc., but all of them are presently under-exploited. For
example, less than 10 % and 1 % of hydro and geothermal potentials respectively
have been exploited. Thus the role played by oil and coal in the generation of
electricity is quite significant and this is evident in electricity generation and con-
sumption levels. South Africa with its abundant coal reserves produces 45 % of the
total electricity generated in Africa while North Africa, with her large oil deposits,
produces 30 %. The rest of Africa which has more than 75 % of the continent’s
population generates only 25 %. Because of these distinctive features, much of the
discussions on Africa is divided into three energy regions: North Africa (Morocco,
Algeria, Libya, Tunisia and Egypt) is the oil region with a combined population of
179.7 million in 2015; South Africa (the coal region) with a population of
54.8 million; and the rest of Africa normally referred to as Sub-Saharan Africa (the
biomass region) with a population of 913.4 million. Access to electricity in the bulk
of Africa (Sub-Saharan Africa) is among the lowest in the world.

In general, and when considered in more details, energy use and development
varies widely across the African continent with some African countries exporting
energy to the neighbours or even to the global market while others lack even the
basic infrastructures. In fact, World Bank, in 2013, declared some 25 of the 54
African nations to be in energy crisis [31]. This notwithstanding, the African
continent is a net energy exporter, which in 2009, stood at 40 % of the total energy
production and yet 80 % of the individual African countries are net importers of oil.
In the same year, Africa’s share of the world’s energy production was only 12 % oil
and 7 % gas.

However, Africa as a continent is well endowed with energy resources (fossil
fuels; oil, gas and coal, and renewable resources; hydro, geothermal, solar and wind
potential) but nearly all of these have not been fully exploited. The more valuable
fossil-based fuels, oil and gas in particular, are found in more than 15 African
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countries. Nigeria and Angola, which are in Sub-Saharan Africa are among the
major oil producers in the region that is suffering from poor oil and gas infras-
tructure. So the benefits derived from these fuels are lower than the expected level.
North and South Africa have more advanced energy infrastructure than the vast
Sub-Saharan region and this is demonstrated by the fact that electricity consump-
tion in these regions are much higher than in Sub-Saharan Africa. For example,
electricity consumption per person per month in South Africa is 4809 kWh while in
Ethiopia, it is only 38.8 kWh. In Sub-Saharan Africa, less than 25 % of the pop-
ulation has access to electricity. In North Africa, more than 80 % has access to
electricity and this is similar to the situation in Latin America and the Middle East.
The entire Sub-Saharan Africa has installed generation capacity of about 28 GW,
which is comparable to that of Argentina. Since 1990, the coverage of modern
energy infrastructure services has largely remained stagnant. Worse still, the tariffs
are high and the supply is unreliable with frequent outages and so, many firms
operate their own diesel generators, which are more expensive. Electricity tariffs in
most developing countries are, on average between US$ 0.04–0.08 per kWh while
in Sub-Saharan Africa it is an average of US$ 0.13 [24].

Coal and hydro present some opportunities and risks as well. Of all energy
sources, coal and hydro deliver power at amongst the lowest-cost per unit when
exploited at a suitable scale. But both have their environmental challenges. Coal has
a high carbon emissions levels, although Sub-Saharan Africa has the lowest per
capita emissions of all regions, contributing less than 3 % of global carbon dioxide
output. Similarly, hydro projects, while being low carbon source, have faced
extensive scrutiny for their other environmental impacts. Hydropower potential in
Africa is relatively high, standing at about 1750 TWh (about 440,000 MW) but only
about 7 % has been developed.

Among major fossil-based energy producers in Africa in 2010 were Algeria,
Angola, Cameroon, Democratic Republic of Congo, Equatorial Guinea, Gabon,
Libya, Nigeria, Sudan and South Africa. Presently Africa’s proven oil and gas
reserves stand at more than 150 billion barrels of oil and 14.6 trillion cubic meters
of natural gas. Apart from oil, gas and coal, Africa is also endowed with abundant
renewable energy resources such as solar, wind, geothermal and hydropower. The
total geothermal potential is about 14,000 MW. Furthermore, Africa has a signif-
icant amount of uranium mainly in South Africa, Zimbabwe and Namibia, which
could be used for nuclear energy development.

It is clear that energy sources are readily available but appropriate conversion
technologies are required to be able to benefit from these resources. So problems
associated with energy are not about luck of resources but are about technical
knowhow, resource management skills, commitment and economic power to suf-
ficiently support energy conversion initiatives that would transform raw resource
into end-use forms of energy. The end-use forms are dominated by electricity and
heat, which can be converted from one form to the other. The world needs heat
energy for cooking, space heating, and industrial processes. Much of these can be
met by electricity if it is widely accessible. In Sub-Saharan Africa, space heating is
not as crucial as it is in the wintry regions of the world and so energy is required for
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cooking, lighting, cooling and industrial use. The end-use energy in the transport
sector is essentially heat energy, which is obtained by burning gasoline or diesel
that can be easily transported to the application site. Furthermore, the heat energy
can be converted into electrical energy and vice versa. The versatility of oil makes it
the single most important energy resource that can provide almost all the required
end-use forms of energy through relatively simple conversion techniques.
Therefore, poor developing countries that are not endowed with oil are likely to
have severe energy access problems. There has been wide spread misperception that
Africa does not have adequate energy resources and that is why access to electricity
is comparatively low. This is not totally true as there are more factors that severely
affect electricity generation than mere resources. A good example of this is Nigeria,
which has large quantities of oil, gas and even coal but cannot produce enough
electricity for its population.

Africa has a lot of energy resources including oil, and given its low oil con-
sumption rate, can use these to generate enough electricity for its people. On the
other hand, countries outside Africa without oil but have other valuable resources
that can be traded to purchase the required quantities of oil have relatively higher
energy access levels. Africa also has other valuable resources which can be used to
develop the energy sector.

From Table 1.5, per capita electricity consumption for the listed countries can be
calculated. Obviously there are large variations in per capita electricity consumption
in Africa, especially between Sub-Saharan countries and those in North Africa or
South Africa. For example, Libya which has a population of only about 6.3 million
people produce more electricity than Nigeria with its population of about
178.6 million people. Let us now look at oil reserves in Africa (Table 1.6).

Table 1.5 Electricity installed capacities in some selected African countries [5, 9, 14, 27, 31]

Country Population (million) Electricity installed capacity (MW) Year

Egypt 83.6 18,000 2006

Libya 6.3 6800 2010

Mauritania 4.0 150 2005

Tunisia 11.1 4024 2011

Nigeria 178.6 6000 2014

Ghana 26.4 2318 2012

Cameroon 22.8 810 2002

South Africa 53.2 42,258 2010

Kenya 45.5 1400 2014

Benin 10.6 122 2002

Angola 22.1 1155 2010

Mozambique 26.5 2179 2010

Zambia 15.0 1672 2010

Note Population figures are based on 2014 estimates obtained from average annual growth rates for
each country from different sources e.g. [27, 31]
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In addition to the countries listed in Table 1.6, which together have total oil
reserves of about 129,034 million barrels of oil (about 129 billion barrels), there are
other African countries such as Kenya, Equatorial Guinea, Gabon, Ivory Coast, etc.,
with significant oil reserves. So, Africa as a whole has total oil reserves of more
than 150 billion barrels while the world had about 1646 billion barrels in 2013
(Africa included). Africa therefore has about 12 % of the total world oil reserve and,
given that the combined contribution from the Middle East and Russia takes a large
share of the total global reserve, Africa’s oil reserve is quite significant.

There are also large amounts of natural gas and LPG in many African countries
that include Tanzania, Nigeria, Angola, Cameroon, Namibia, Mozambique and a
number of countries in Northern and Western Africa. Some of these are shown in
Table 1.7.

The countries listed in Table 1.7 have total gas reserves of 442,780 billion cubic
feet (about 442.8 trillion cubic feet) while the whole African continent has a total of
more than 515 trillion cubic feet (515,000 billion cubic feet). Apart from these
countries, there are others such as Libya, Tanzania, Sudan, etc., that have more than
70 trillion cubic feet of gas. The world, on the other hand, had estimated total gas
reserves of about 6846 trillion cubic feet (6,846,000 billion cubic feet) in 2013.
There are expectations that more oil and gas will be found within the African
continent, and if so, then Africa will have more than 12 % of both total world gas
and oil reserves. Large deposits of coal are also available in Southern Africa while
countries such as Kenya, Tanzania and those in Western and Northern Africa also
have some deposits of coal. Valuable mineral such as uranium, gold, etc., are also
found in the African continent [5, 14, 15]. The question, therefore, is not whether
Africa is energy-poor or not. Africa is evidently an energy rich continent but it is
unable to translate the vast valuable resources into wealth. One obvious observation
is that African countries do not share their resources for the benefit of the continent
but are selling their riches to other continents from where their sister countries
including themselves import the same processed goods at exorbitant prices.

Table 1.6 Oil reserves in
some African countries [5, 9,
14, 26]

Country Oil reserve (million bbl) Year

Egypt 4400 2013

Algeria 13,400 2010

Libya 44,000 2011

Angola 13,500 2012

Tunisia 430 2012

Ghana 660 2013

Cameroon 200 2010

Benin 44 2002

Nigeria 37,200 2013

DRC 3180 2014

Sudan 6000 2010

Uganda 6000 2014
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1.5 African Energy Facts at a Glance

• Of the 48 countries in Sub-Saharan Africa, 21 have a total generation capacity of
less than 200 MW.

• South Africa generates 45 % of the continental total electricity generation while
North Africa generates 30 % and the rest of Africa (48 out of 54 countries)
generates 25 %.

• Average electrification level stands at 24 %—the lowest in developing
countries.

• In general, about 25 % of the generated energy is unavailable at any given time.
• Some examples of power outages in days per year are as follows: Burundi—

144, Tanzania—63, Senegal—25 days in a year. Continental average is 56 days.
• In West Africa, generators used as back-up supplies account for 17 % of power

generated and this is due to frequent outages.
• Sub Saharan Africa is the only region in the world where per-capita access rates

are falling. According to recent trends, over 60 % of Sub-Saharan Africans will
still lack access to electricity by 2020

• Electricity in Sub-Saharan Africa costs more than in other parts of the world
• Electrical grid operational losses are about 23 % compared to the global average

of 10 %
• Only 10 % of the population have access to grid power, 75 % of these are rich

people
• Less than 2 % of the rural populations of Malawi, Ethiopia, Niger, and Chad

have access to electrical power.

These facts confirm that the energy development and utilization rates in Africa,
particularly in Sub-Saharan region, are still far below the global averages and yet
Africa has many sustainable energy resources. Only a small percentage of the
available energy resources have been harnessed. Less than 7 % of the continent’s
hydroelectric potential has been tapped and less than 1 % of its geothermal is

Table 1.7 Natural gas
reserves in some African
countries [5, 9, 14, 26]

Country Gas in billion cubic feet Year of
estimates

Nigeria 180,000 2013

Algeria 148,600 2012

Egypt 85,800 2013

Tunisia 4475 2012

Cameroon 4455 2010

Ivory Coast 1000 2013

Angola 10,950 2012

Mozambique 4500 2012

Ghana 800 2012

Namibia 2200 2012
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developed. It is estimated that replacing South African coal power with hydro
power imported from the Democratic Republic of Congo (DRC) could save
40 million tons of CO2 annually. But note that DRC itself is unable to fully utilize
the available hydro potential and instead gets 50 % of its electricity from thermal
back-up systems. Power obtained through bagasse-based cogeneration could meet
the present electrical needs of some 16 countries [27, 30]. So Africa has adequate
energy resources for its requirements but has not been able to harness them
effectively. The question is, why?

Creating effective and far reaching modern electricity network systems in Africa
will take significant investment. It is estimated that a universal access system for all
African countries would cost a total of $547 billion USD to implement by 2030,
which averages to $27 billion USD per year. On average, this is too high for most
African countries to afford. Furthermore, electricity is not only more expensive in
Sub-Saharan Africa than in other parts of the world but its supply is also very
unreliable. Across the continent, only a small percentage of the population has
access to electricity from national grids. The economic paradox of electricity
industry in Africa is that raising the already high prices will prohibit access while at
the same time additional energy infrastructure that would drive down the price
cannot be developed without additional capital. Annual per capita electricity con-
sumption in Sub-Saharan Africa is comparable to what an individual living in
OECD country consumes in about 25 days!! Recent participation of China and
India in the energy sector may improve the situation but still the African countries
will have to pay back these investments in one way or another. Furthermore, current
networks must look for funds for maintenance of aging existing systems. Recent
fossil fuel discoveries in Africa are not expected to significantly change the situ-
ation in terms of the economies of those countries affected, and the future of world
energy supply. The East African oil and gas and the Mozambican coal discoveries
may improve the economies of those countries but will not change the overall
picture of a likely global energy resource shortage by the middle of this century.

Many rural communities in Africa still rely on very rudimental biomass sources
of energy to meet non-electrical energy demands. Reasons for this situation include
traditional practices. For example, in Nigeria, one of the goods a daughter should
inherit from a mother is stored bundles of fire-wood. So every mother must collect
and store enough fire wood for the daughters. Information given in Figs. 1.7, 1.8,
and 1.9 are averages obtained from a number of different sources [14, 15, 19, 21,
23, 24, 27, 28].

In Fig. 1.9, Southern African countries include a number of countries (see
Fig. 1.10). The lowest access was in Eastern Africa, which included the five East
African Community states, Somalia and Ethiopia while the highest was in North
Africa, which traditionally refers to Egypt, Tunisia, Libya, Algeria and Morocco.

For the Southern African Region, the lowest access in 1990 was in countries
such as Angola, Malawi, Mozambique and Zambia. By 2010, access in Malawi and
Mozambique remained basically stagnated at the same level while that of Zambia
improved marginally from about 5–16 %. The rest, except Comoros, were all above
30 % (Fig. 1.10).
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By 2010 in West Africa, access in many countries such as Benin, Burkina-Faso,
Gambia, Guinea, Guinea-Bissau, Liberia, Mali, Niger, Sierra Leone and Togo was
still under 10 % bringing down the average for West Africa to just under 20 %
(Fig. 1.11).

The implication of Figs. 1.9, 1.10 and 1.11 is that over 600 million people in
Sub-Saharan African countries had no access to electricity and that they were still
relying heavily on biomass as their major source of energy. Table 1.8 gives an
example of the level of reliance on biomass in some selected African countries
around 1990.

In North Africa only about 1 % of the population, on average, relies on tradi-
tional biomass for cooking while the average for the whole continent is about 68 %.
This implies that for most African countries, more than 70 % of the population rely
on biomass as a source of energy. Generally, rural and peri-urban households use a
variety of cook stoves that conveniently burn charcoal, wood, wood dust or any
other agricultural wastes. Some examples of these are shown in Fig. 1.12 and are a
common site in rural Africa.
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Fig. 1.11 Access levels in some selected countries in West African countries in 2010

Table 1.8 Population relying on traditional biomass energy

Countries Percent of the population

Nigeria 74

Tanzania 94

Kenya 80

Ethiopia 96

Democratic Republic of Congo (DRC) 93

Fig. 1.12 Some devices used for cooking in African villages, a Use of fire wood. b Use of
charcoal stove
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Attempts have been made to improve the efficiency of some of the local stoves in
different parts of Africa, particularly with support from organizations such as
German Technical Assistance Organization (GIZ). Although some successes have
been achieved in improving stoves that use charcoal and wood dust, very little has
been achieved in improving traditional methods of using wood for cooking.
Figure 1.12a, generally referred to as ‘three stone fire place’ is a very old method of
cooking and is still being practiced in many parts of rural Africa. Figure 1.12b is a
charcoal stove and there are a large number of different versions in use in Africa.
Interestingly, its use is not restricted to the rural areas but is also common in urban
areas especially among the low income households. Evidently, biomass contribu-
tion in the energy sector is still significant particularly in Sub-Saharan Africa.

1.6 African Energy Management Issues

There are a number of energy management problems facing the African continent.
Most of these apply directly to several individual African countries and their level
of complexity varies from country to country. Some of these challenges are:

• Widespread poverty and low income levels affect access and the utility prof-
itability; in addition poverty encourages vandalism and illegal connections.

• Extension of electrical grid to the rural communities is difficult due to high
up-front investment required to serve low population density and scattered
settlements.

• Privatization of power generation and supply can lead to price increase if the
policy is not user and supplier friendly. Such policy would require extensive
resources to sustain government or any other forms of subsidy.

• Poor co-operation among African states to develop power inter-connectivity in
order to benefit from energy resource diversities.

• Mismanagement of state-owned energy utilities stifles energy access efforts.
• Unplanned energy technology development processes (skill and resource

developments).

All these challenges can be overcome if there is sufficient energy development
commitment which, of course requires that energy provision and poverty reduction
are given the attention and top priority they deserve.

In the chapters that follow, we will discuss energy resources in Africa but, given
that Africa has over 50 independent states, it is not possible to discuss, in details,
energy resources of each individual country. The discussion is therefore divided
into four main regions; Eastern Africa, Southern Africa, Western and Central
Africa, and Northern Africa. Obviously such grouping is likely to omit some
countries especially the small ones. Furthermore, it would not be clear where to
place some countries especially those in central Africa. So, again, within the
groups, we take one strategic country and discuss its energy resources in details in
order to give reasonable impression of the situation in the region. Kenya, Uganda
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and Tanzania represent the Eastern Africa and are given more coverage to also give
the general picture in Sub-Saharan Africa while South Africa and Algeria represent
Southern and Northern Africa respectively. The Western African coverage is more
general and does not give special attention to any one country.

As mention above, the details given for East African serve as a representation of
much of what is happening in Sub-Saharan Africa. The equator runs through the
region and divides East Africa into two almost equal parts. It has a wide range of
cultural and bio-diversities and encompasses shared resources, which are usually
the cause of trans-boundary conflicts in Africa. Like other regions in Africa, East
African states have a regional economic cooperation which has had its management
challenges. It therefore gives a good general picture of Sub-Saharan Africa.

1.7 Conclusion Remarks

Evidently, Africa, on the one hand, has enormous renewable and conventional
energy potentials but, on the other hand, the vast majority of African people have
no access to clean, modern energy and yet there is a huge market and human
demand for sustainable energy, especially in the poorer communities. These
resources and opportunities, however, remain largely unexploited due to political
barriers and severe infrastructural constraints. The challenge is how to create access
to environmentally clean and affordable energy technologies, which would allow
Africa to avoid the “dirty” energy practices currently widely used.

For a long time African natural resources including energy sectors were con-
trolled, at all levels of exploration, production, processing (value addition) and
marketing, by Western European entrepreneurs. More recently, in the mid-20th
century, USA influence also began to infiltrate the continent. However, Africa’s
experience in these interactions was one of mixed fortune that were characterized
by military coups and economic sanctions in the name of democracy and human
rights violation. A large number of these were externally instigated and happened in
countries that were well endowed with valuable natural resources. The former
USSR tried to come in but this simply worsened the situation and, in any case, the
cold war was also weighing heavily on the Soviet Union. After the collapse of the
socialist states in Eastern Europe, China also began to expand its influence in Africa
and, by the beginning of the 21st century, its impact started to be felt. So since
2000, China has become a major player in African affairs particularly in the
infrastructural development. This relationship is already having an effect in the
energy sector. Several African countries have entered into formal agreements with
China to help improve the energy sector. For instance, in 2004, Gabon agreed to
sell its oil to China for the first time; 2005, Nigeria agreed to supply China with
about 30,000 barrels of crude oil per day and later in 2006 China paid Nigeria USD
2.3 billion for a stake in the Nigerian oil and gas fields; 2005, China gave
Kenya USD 34.3 million to modernize the ailing Kenya Power and Lighting
Corporation; 2006 China added another USD 1.0 billion to its oil-backed loan to
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Angola [4, 5]. Since 2012, the Chinese influence has significantly grown not only in
Africa but also in the other developing countries in South America, Middle East and
Asia. Whether this new relationship will bring Africa out of its deplorable energy
situation still remains to be seen.

It is apparently clear that, as much as international cooperation is necessary, the
dependence on the good will of “development partners” to solve Africa’s “energy
poverty” issues has not achieved much. Africa is not energy poor but it should have,
and indeed needs, the means to develop local solutions using local resources to
meet local needs that include good health services, education, households and rural
income generating enterprises. Obviously, it is decentralized renewable energy
systems that can achieve these but first, innovative policy options for the promotion
of renewable energy technologies must be put in place. Such policies should be
designed to demonstrate the economic and environmental benefits of renewable
energy technologies and propose short and medium-term initiatives that would
support large-scale dissemination of these technologies. Priority should be given to
highlighting the real and tangible economic benefits such as job creation and
income generation that renewable energy programmes can deliver to the region.
These require a paradigm shift in training and capacity building programmes
designed to develop a critical mass of locally-trained manpower with the required
technical, economic and social-cultural skills needed in Africa. For example, both
demand for local analytical expertise and capacity to provide comprehensive
evaluation of available renewable energy resources and options for utilizing them
are critical in ensuring effective implementation of renewable energy policies.
Secondly, new and flexible financing mechanisms to facilitate some of the pro-
motional activities need to be established. Some of these may include transparent
tax rebates or wavers for specific items and services. If necessary, modest tax on
fossil fuels should be levied and used to support credit schemes specifically aimed
at developing renewable energy agencies. Finally, innovative dissemination
strategies are needed for renewable technologies that have demonstrated signs of
success. Such strategies for dissemination should revolve around the idea of par-
ticipation, income generation and small-scale enterprise development. For example,
producers and distributors of renewable energy equipment can make attractive
income to ensure sustainability. Without these and other home-grown energy rev-
olution platforms, Africa might not have a chance to turn its energy wealth into
tangible benefits for its people.

As was mentioned, Africa can be divided into three distinctive energy regions,
namely North Africa (Egypt, Libya, Tunisia, Algeria and Morocco) where access to
electricity is over 90 %; the Republic of South Africa where access is over 75 %,
and Sub-Saharan region (48 African states) where, on average, access to electricity
is less than 35 %. It is unbelievable that this huge disparity exists in Africa. Yes,
North Africa has the bulk of African oil reserves and South Africa has abundant
coal reserves, but Sub-Saharan Africa has more than 90 % of the hydropower
potential in Africa. So, in terms of energy resources, every region is well endowed
with energy resources. Furthermore many countries in Sub-Saharan Africa such as
Nigeria, Angola, Cameroon, etc., have significant oil reserves. Why then should
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energy situation in Africa continue to be characterized by huge challenges such as
low power generation capacities, low access, unreliable energy supplies and high
costs? It should be remembered that despite these challenges, the demand for power
continues to rise and this is due to a number of inevitable developments such as
population growth and modernization of African economies. To meet the growing
demand for energy, African countries will need pool resources together to jointly
develop energy infrastructure. There are many regional economic initiatives in
Africa that could be used to address energy development barriers in the continent
and accelerate access to modern and sustainable energy services. To achieve this,
Africa needs to develop a more sustainable energy mix scenario using the available
energy resources: large and small hydro systems, co-generation systems, nuclear,
wind and solar energies. At the same time, it must put in place adequate response
mechanisms to climate change issues.
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Chapter 2
Energy Resources in East Africa

2.1 Introductory Remarks

When talking about East Africa, traditionally this refers to the states of Kenya,
Uganda and Tanzania with a combined population of over 120 million people in
2014. The three countries have a long history of association under the umbrella
body known as the East African Community. In recent times, Rwanda and Burundi
also joined the Community. Most of the discussions in this chapter focus on the
traditional East African states of Kenya, Uganda and Tanzania, which have a lot in
common in terms of their peoples and cultures. The two main dominant ethnic
groups are Bantu and the wider Nilotic groups. Both groups are present in all the
three states and have, over the years, interacted almost freely across the borders in
line with the African traditional commitment to extended family ties including
inter-marriage and many years of historical trade ties. After the Second World War,
a single colonial power ruled the three states as separate entities but the ties between
them were so entrenched that when these countries became independent, they
readily formed the East African Community which was expected to eventually
evolve into one political federation. Under the Community, several important ser-
vices were jointly managed and coordinated by the East African Assembly whose
headquarters had been carefully planned and built at Arusha, Tanzania, complete
with all the necessary secretariat facilities including conference facilities and
accommodation for staff in anticipation of an eventual political union. However this
expectation was not realized and, instead, the community disintegrated in 1977 but
was later reconstituted and expanded to include Rwanda and Burundi as will be
discussed later. Such changes in institutional arrangements and internal political
instability as well as deliberately designed external factors have adversely affected
the development of the energy sector in East Africa. Further, the political leader-
ships in the developing countries, in general, do not seem to understand the crucial
role played by energy in all development processes. Thus, the development of
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energy resources is low-keyed in these countries and its position as the driving force
in national development is taken for granted.

In East Africa, like in many other developing countries, energy supply and
resources are divided into two main groups namely commercial and
non-commercial (informal) energy resources. The commercial energies are elec-
tricity and petroleum-based fuels and these are the forms of energy that usually
draw the attention of national governments because their availability and distri-
bution have strong impact on the economy and directly affect the rich and the
powerful members of the society. The other group of non-commercial energies
includes biomass materials such as wood, charcoal, plant and animal wastes.
Although some of these especially charcoal and, to a lesser extent, wood, are today
available in the local markets, they are still largely obtained free of charge by the
users. Charcoal however has gradually moved from household production to dis-
persed commercial production and is now established as an income generation
activity. It is nevertheless considered as a non-commercial energy because its
production and marketing is still done on an ad hoc manner by individuals who may
not necessarily be professional charcoal producers and who often switch from
charcoal trade to other activities. In terms of the total energy consumption in East
Africa, non-commercial energies contribute well over 80 % of the total energy.
Commercial energies on which the governments spend large portions of their GDP
contribute less than 20 % of the total requirement. Non-commercial energies are not
clean and pose a lot of health hazards to the users in addition to environmental
degradation associated with their use. The responsibility of obtaining
non-commercial energies is traditionally left in the hands of women and girls and
generally it consumes a lot of time, and this has severely limited the participation of
women and girls in other economic activities including education, making them the
automatic disadvantaged groups in the society. One of the desires of the modern
energy policy is to make people shift from traditional non-commercial energy
resources to more modern, clean and convenient energy sources such as electricity
and LPG for domestic applications. Experience in East Africa has however indi-
cated that this is wishful thinking and will remain so unless deliberate efforts and
even national sacrifices are made to give people clean energy at affordable cost. But
this also requires that the quality of housing will have to be significantly improved
in the rural areas. Many international studies have concluded that for many years to
come, a large proportion of people will continue to rely on biomass energy on
account of its availability and possibility of regeneration. The economic develop-
ment of Kenya, for example, is considered to be way ahead of those of Tanzania
and Uganda and yet the reliance on biomass fuel continues to steadily increase in
Kenya. Another aspect that also does not seem to worry the governments is that
biomass resources are obtained from standing stocks instead of from yields. This
has been going on for a long time and already hardships associated with its
shortages are experienced in many parts of the rural areas. The shortage also has its
own implications on land quality and ultimately on the welfare of the people. So it
is important to accelerate transition to modern fuels as this would reduce pressure
on the land and forestry and hence make it possible to sustain good soil quality for
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food production and general welfare of the people in terms of poverty reduction.
Although some studies have suggested a steady and gradual upgrading of energy
use, for example, from biomass to Kerosene to LPG and electricity, the rule cannot
be strictly applied in all situations. Energy upgrading may not be achieved through
this ladder-climbing model because its optimum use for a particular user is more of
the proper mix rather that quality differences.

In all the East African states, the desire in the energy sector is to increase
accessibility of reasonably priced high quality energy to the people on a sustainable
basis. The governments recognize that the success of socio-economic and industrial
developments will, to a large extent, depend on the performance of the energy
sector particularly the development and diversification of energy sources. Although
the role of energy in development has always been crucial, very little support has
been given to energy initiatives and therefore there are numerous problems that will
have to be addressed in order to have a meaningful foundation for energy supply in
the region. The major challenge is how to deal with the weak generation, trans-
mission and distribution infrastructure and the policies, which have inhibited
investments in the energy sector. These weaknesses and the high cost of energy are
viewed as hostile conditions not just for investment but also for ordinary power
consumers and, as a result, there is very low per capita power consumption in the
region. Most people are forced to use own crude sources of energy such as
biomass-based fuels. In view of these factors, energy resources that are locally
available in the region such as biomass, solar, wind and small hydro schemes will
be discussed in details including their conversion technologies. This is done in
recognition of the fact that future self-sufficiency in energy for the region may
significantly depend on these renewable resources and the fact that there is a general
global shift from fossil-based fuel to renewable energies. The other resources will
also be discussed but without the detailed conversion technologies.

2.2 Background Facts of East Africa

To be able to clearly understand the energy situation in East Africa, it is important
to know certain basic important facts regarding the geography, available natural
resources and the economic activities in the region. East Africa was initially known
to comprise of four states: Kenya, Uganda, Tanganyika and Zanzibar. The union of
Tanganyika and Zanzibar in 1964 into what is now known as the United Republic
of Tanzania reduced the number of East African states to three. Both Kenya and
Tanzania have Indian Ocean coastline while Uganda is landlocked. Lake Victoria,
the world’s second largest fresh water lake, lies at the common border of the three
states and so control of the lake’s resources especially fisheries has often caused
some conflict. Luckily the situation has never reached a level that would warrant
international mediation. Prior to 1961, all the three states were under control and
administration of the United Kingdom. Tanganyika was initially controlled by
Germany but, after the Second World War, the United Nations mandated the United
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Kingdom to administer it. Thus all the three East African states got their inde-
pendence at different times from United Kingdom.

Around the time of independence, the natives of the region had a strong desire to
form one federal state of East Africa but this did not happen partly due to the fact
that independence was granted at different times, allowing political leaders of each
state to develop their own selfish ambitions. However, the common heritage and
close socio-economic relationships of the natives persuaded the leaders to establish
an East African Community with its headquarters in Arusha, Tanzania. The
structure of the Community had some very weak elements of federalism in which
some services such as posts, telecommunication, power generation, transmission
and distribution, harbours, railways, universities, high school examination system,
etc., were jointly controlled by the three states through East African Community.
The more sensitive areas like security, economic management, political leadership
and crucial executive powers were left in the hands of individual states. The
Community was therefore too weak and vulnerable to stand the test of time. It was
finally disbanded in 1977 when the Ugandan dictator, Idi Amin could not get along
with the other two leaders particularly with Julius Nyerere of Tanzania.

Kenya and Tanzania have been relatively peaceful and stable politically but there
was some hostility between them due to the differences in political ideologies.
Uganda, on the other hand, has had some very turbulent moments. The dictatorial
regime of Idi Amin claimed the lives of about 300,000 people between 1971 and
1979. The gorilla wars and the human rights abuses under other leaders were
responsible for the deaths of close to another 100,000 people. Uganda returned to
relatively peaceful path of development in 1986 when Yoweri Kaguta Museveni
seized power.

In November 1999, the three states, with a clearer understanding of the reason
for the collapse of the original East African Community again signed a treaty to
re-establish it. At this point, it became apparently clear that there were external
forces that planned and executed the fall of the old East African Community and so
the leaders became even more committed to its reconstitution. The treaty came into
force in July 2000 and the new East African Cooperation was established. One of
the immediate tasks for the new Community was to identify areas of common
economic interests that would serve as the nuclear centres for regional economic
growth. For a number of good and legitimate reasons, Lake Victoria and its basin
was identified and designated the pioneer economic growth zone that would foster
regional socio-economic cohesion. Every state is expected to pay special attention
to Lake Victoria basin with a view to promoting investment in the area in order to
transform it into a real economic growth zone for East Africa. To achieve this, it is
envisaged that a broad partnership of local communities, riparian states and the
Community as well as development partners will have to be strengthened through
programmes that focus on issues concerning Lake Victoria basin. It is expected that
the programmes would include investment opportunities, one of which would be
energy development. All these would place strong emphasis on poverty eradication,
participation of the local communities, and sustainable development practices that
are cognizant of environmental protection. Given the important role of energy in
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development, it has been earmarked as one of the top priorities for the Lake Victoria
region. It must be pointed out here that all the traditional three East African states
each has its own energy master plan that adequately covers their respective sections
of the lake basin and provide massive investment opportunities in Renewable
Energy Developments. The specific opportunity area includes, but not limited to,
energy production and supply; improvement of infrastructure to enhance distribu-
tion of petroleum products; biomass development; production and sale of biomass
processing kilns and stoves. In order to provide a well-coordinated management of
investment issues, the Community has, in accordance with the Protocol for
Sustainable Development, established Lake Victoria Basin Commission as an
overall institution to handle development issues in the basin. The Commission,
which is residing in Kisumu—a Kenyan city and port on the shores of Lake
Victoria, recognizes the importance of participatory approach to development
programmes and is ready to mobilize support for programmes initiated by the local
communities and national governments. It appears this basin will in future play a
very important role as the converging point or hub of the development of East
Africa. Although it has a vast hydro energy potential and valuable fishery, it is also
one of the areas with the highest poverty and lowest electrification levels in East
Africa. It is therefore important to understand the conditions in the basin, its
resources, energy potentials, and the role it can play in accelerating the develop-
ment of the region.

Lake Victoria is a significant resource that has been shared by the peoples of
East Africa since time immemorial. The economic activities around this lake are to
a large extent a measure of what is taking place in the whole region. The area has a
whole range of activities from agriculture to industries and has people of all classes
from the richest to the very poor by any standards. Lake Victoria basin is also the
home of three cities: Kampala the capital city of Uganda, Mwanza the second
largest city in Tanzania and Kisumu the third largest city in Kenya (Fig. 2.1). For
this reason it is necessary to give brief background information of the conditions in
this region in order to understand energy distribution problems in East Africa. The
region may have its own unique features but, in terms of resource management and
energy supply, there are similarities with other regions in Sub-Saharan Africa.

Lake Victoria with a surface area of 68,800 km2 and catchments area of about
181,000 km2, is the world’s second largest freshwater body (second only to Lake
Superior of North America in size), and the largest in the developing world. It has a
shoreline of approximately 3500 km long with 550 km in Kenya, 1150 km in
Uganda and 1750 km in Tanzania. The lake lies across the Equator in its northern
reaches, and is between latitude 0.7o N–3o S and longitude 31.8o E–34.8o E. It is a
relatively shallow lake with an average depth of 40 m and a maximum depth of
80 m. The area usually referred to as the lake basin is larger than the catchments
area and is estimated to be about 193,000 km2 distributed in Tanzania (44 %),
Kenya (22 %), Uganda (16 %), Rwanda (11 %) and Burundi (7 %) [3, 4]. This area
supports a population of about 30 million people, that is, 30 % of the total popu-
lation of East Africa lives in this area, which is only about 10 % of the total area of
the region. The lake itself is however shared by only three riparian states of Kenya,
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Uganda and Tanzania each controlling 4113 km2, 31,001 km2 and 33,756 km2

respectively (Table 2.1).
Fishery is an important resource of the lake and is one of the most prolific and

productive inland fisheries in Africa. At one time the lake was home to over 5000
endemic fish species but, as pollution load increased as a result of increased
industrial activities and a growing number of human settlements around the lake,
the number of fish species drastically declined. There is also local belief, without
any credible proof, that the introduction of exotic species particularly Nile Perch

Fig. 2.1 Map of Lake Victoria [2, 3]

Table 2.1 Some statistics on Lake Victoria and its Basin [2, 3]

Country Lake surface area Catchment area Lake shoreline

sq km % sq km % km %

Kenya 4113 6 38,913 21.5 550 17

Uganda 31,001 45 28,857 15.9 1150 33

Tanzania 33,756 49 79,750 44 1750 50

Burundi – – 13,060 7.2 – –

Rwanda – – 20,550 11.4 – –

Total
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also caused the decline of fish species in the lake. Despite these changes, fisheries
remain a very important source of foreign exchange earnings with an annual landed
quantity of about 500,000 metric tons with an estimated value of USD 300–
400 millions. However, there are indications that if the lake is not protected against
continued pollution and over fishing, then the economic value of the lake will
significantly diminish.

Over the years, dynamic fluctuations have been observed in fish production from
Lake Victoria due to a number of factors but in recent years these changes began to
take a generally consistent reduction trend. In Uganda, yields rose from
100,000 metric tons in 1980 to 132,400 metric tons in the 1989. From that period
the catches have been gradually reducing so that in 1995 the catch was down to
106,000 metric tons and continues to fall. In Tanzania, annual catch increased from
146,000 metric tons in 1988 to 231,600 metric tons in 1990 and a general decline
observed thereafter. In Kenya, the catch rose marginally from 186,000 metric tons
in 1989 to 190,000 metric tons in 1993. Since then the catch has been going down.
These trends can be explained by the fact that the apparent increases of the 1980s
led to the establishment of more large scale fish processing plants along the shores
of Lake Victoria, which target the international fish markets of Europe and Asia.
This development raised the demand for fish and consequently led to over-fishing,
which initially could not be controlled due to corruption involving powerful fish
processors. The numbers of fish processing industries in the Region appears to have
stabilized at about 34 factories almost equally distributed among the three riparian
states: 12 in Kenya, 10 in Uganda and 12 in Tanzania. The irony is that although the
lake’s basin is rich in resources particularly fisheries, the community living in the
region are one of the poorest in East Africa especially in Kenya and Tanzania. It is
estimated that over 50 % of them live below poverty line. Despite the vast eco-
nomic potential, investment in the Basin by both local and international entrepre-
neurs is still very low hence high level of poverty. The relationship between poverty
and environmental degradation has been demonstrated by a number of scholars and
the lake basin appears to be caught up in this situation in which one condition
causes the other and vice versa—a vicious circle that has caused severe damage in
the region. There have been major environmental shocks as a result of deforesta-
tion, destruction and drainage of wetlands, poor agricultural practices and direct
discharge of untreated (or inadequately treated) industrial and municipal wastes into
the lake [3]. Deforestation is due to a number of biomass uses but it is generally
accepted that energy application is a major contributing factor [1].

Of the various uses/benefits from Lake Victoria [see, e.g., 3], it is fish that
receives most attention. Most of the indigenous fish species in the lake lived
between two million and ten thousand years ago in the west flowing rivers that later
flooded to form the lake. The lake has since experienced explosive speciation
particularly amongst the haplochromine cichlids, estimated to comprise over 300
species. This burst of speciation has been in response to the change from river to
lake conditions. Although similar phenomena happened in other lakes, in Lake
Victoria it happened much more recently, more rapidly and with fewer opportu-
nities for ecological isolation in different types of habitats.
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Within the period 1960–1990s, the native Tilapia (Oreochromisesculentus),
previously a fish of the greatest commercial importance, virtually disappeared from
the lake, but is still found in small quantities within the satellite lakes. Other fish
species that have declined drastically include the migratory species, and the hap-
lochromine cichlids. At the same time both Nile perch (Latesniloticus) and Nile
tilapia (Oreochromisniloticus) have established themselves in the lake to the extent
that they now dominate the commercial fisheries of Lake Victoria. The sardine-like
native fish (Rastrineobolaargentea), locally known as “dagaa/omena/mukene”,
now features prominently among the commercial catches [2, 3].

The catchments area of Lake Victoria is slowly being degraded due to defor-
estation. The increase in human population in the riparian area has put pressure on
the forests for agricultural land, timber, firewood (biomass energy) and habitation.
This deforestation, coupled with bad agricultural practices, has degraded the soil
leading to siltation along the rivers into the lake. Agro-chemicals and industrial
effluents are now polluting the lake, while deforestation, soil erosion, and increasing
human and livestock populations have all contributed to increased nutrient loading
because of changing land use patterns. Sewage effluents from urban centres, beach
settlements and fisher communities around the lake also contribute to the big
nutrient load, which in turn has brought about eutrophication. This has increased
algal populations, caused de-oxygenation of deep water and created conditions
favourable for the growth of noxious weeds such as water hyacinth.

Wetlands, which normally filter the water before entering the lake, are under
stress. Wetlands are reclaimed for agriculture, industrial development and human
settlements, while others are drained to control human disease vectors. Some are
excessively harvested for making mats, baskets and chairs. Many of the wetlands
have received too much pollution to the extent that they cannot perform their
filtration function efficiently. Therefore, pollutants normally retained by wetlands
enter the lake unchecked, thus further contributing to the deterioration of the lake
water. These wetlands also served as breeding ground for many fish species and
their destruction must have contributed to the dwindling number of fish species.

Poverty in the region is rampant and, looking at the statistical figures on the
Kenyan side, the trend has been upward. For instance, food poverty in Nyanza
(Lake Victoria region of Kenya) was way above average at 58 % in 1997. Food
poverty in Kisumu district rose from 44 % in 1994 to 53 % in 1997, while overall
poverty in the city jumped from 48 % in 1994 to 64 % in 1997. To date, the
situation has not improved [2, 3, 6].

The problems can be looked at in two categories i.e. at micro and macro levels.
At micro level, the problems are people-based and therefore, through community
structures, everyone should play a positive role in improving the conditions. While
at macro level the problems cut across several sectors, and the governments of the
three East African countries should play a leading role by providing an enabling
environment.

Figure 2.2 shows the relative sizes of the East African states while Table 2.2
gives a summary of the important facts about the region. Rwanda and Burundi
which are located along the North-Western border of Tanzania became members of
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the East African Community only recently and are not covered in the present
analysis of the East African states.

2.2.1 Energy Mix Perspectives

Energy is required by all countries; some have it in abundance while others do not
have enough to meet domestic demand and must get it from external sources. Thus
energy is a sensitive global issue and so it is not possible to exclusively discuss

Fig. 2.2 Map of East Africa (Kenya, Uganda and Tanzania) [17]
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energy situation in one country without making references to regional and global
aspects that affect the local situation. Therefore, as we look at specific countries, we
will occasionally bring in some external relevant issues. In addition, energy is a

Table 2.2 Basic facts about East Africa (figures are averages from several sources)

Kenya Uganda Tanzania

Land area
(km2)

569,250 199,710 886,037

Water area
(km2)

13,400 36,330 59,050

Arable land 8 n.a 4.5

Independence
(year)

1963 1962 1961

Former
administrator

United Kingdom United Kingdom United Kingdom on behalf
of UN

Population
(millions)

45.5 38.8 50.8 (all 2014 estimates)

Population
below poverty
line (%)

50 31 30 (2014 estimates)

Major natural
resources

Soda ash, fluorspar,
limestone, some gold,
oil

Copper, cobalt, salt,
limestone, oil

Tin, phosphates, iron ore,
coal, diamond, gold,
nickel, natural gas

Main
agricultural
products

Coffee, tea, sugar cane,
pyrethrum, fisheries

Coffee, tea, cotton,
tobacco, fisheries

Coffee, sisal, cotton, tea,
pyrethrum, cloves,
tobacco, cashew nuts,
fisheries

Geography Lake Victoria, Indian
ocean coastline, Mt.
Kenya, Great Rift
Valley, some small lakes

Lake Victoria, river
Nile, Great Rift
Valley, some small
lakes

Lake Victoria, Mt.
Kilimanjaro, Lake
Tanganyika, Lake Malawi,
Great Rift Valley, few
small lakes, Indian ocean
coastline

Climate Ranges from tropical to
arid, two rainy and dry
seasons per year

Ranges from
tropical to semi-arid
in North Eastern
parts

Ranges from tropical to
temperate in the highlands

Paved roads
(km)

Over 9000 Over 2500 Over 3900 (all estimates)

Fuel pipeline
(km)

483 (petroleum) – 1710 km TAZAM pipe
line (Tanzania-Zambia
pipeline)

Natural hazards Floods, drought – –

Environmental
issues

Water pollution,
deforestation, soil
erosion, poaching

Deforestation, soil
erosion, poaching,
wetland
destruction,
overgrazing

Deforestation, soil
degradation, destruction of
coral reefs, poaching
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commodity, which must be processed into ready-to-use form. So let us first consider
domestic ready-to-use energy requirement. The top priority is heat energy mainly
for cooking. The second priority is lighting that, like cooking, can be provided from
a number of sources: oil, electricity and biomass. It should be understood that, in
this context, the three sources are not further converted into any other form of
energy but only into heat and light. The costs of oil and electricity are however
higher than the cost of biomass, which is normally freely collected in most parts of
the rural areas. Thus a middle-income family living in an urban set-up would make
a completely different energy choice during vacation in the rural home. The point is,
the choice about which type of energy source to use is more than economic con-
sideration. It is a very tricky and delicate mixture of economics, availability and
application and this is not limited to domestic energy needs only but it is also
relevant in industrial energy considerations. It is for this reason that a low income
family living in the city would crave for electricity because of the desire to power
household appliances, which are the mode of city life but would use a different
energy source for cooking and heating. On the other hand, a high-income city
family may use electricity for cooking, lighting and powering household appliances
but would use wood for space heating.

Industrial power considerations also look at a number of issues including
industrial raw materials needed in the production line. For example, a sugar
industry accumulates a lot of bagasse while at the same time it requires a lot of heat
in its production boilers. The boilers produce steam some of which finally end up in
the environment. In such a situation, the choice of fuel for the boilers would
naturally be the abundant sugar cane bagasse and since steam is already one of the
bye-products, the factory can go further and use the steam to generate electricity for
its own use. On the other hand, if the industry needs only electrical power to run its
machines, then it is more sensible to get the supply from existing power grid.
A brick factory may need electricity for its support systems but use wood in the
brick-firing kilns. It is therefore reasonable to conclude that energy choice is made
on the basis of a number of factors and not just cost.

In general and in global terms, the level of industrial and economic development
of a country determines the predominant source of energy and the range of other
options available. Much of the energy used in the world today are exhaustible and
are gradually becoming scarce while energy consumption rate is steadily increasing.
More than 50 % of the energy that has been consumed in the last 2000 years was
consumed in the last 100 years. During this period, there has been a significant shift
from one primary source to another particularly in countries that experienced and
benefited from the industrial revolution. For example, in 1950, coal was the major
global source of energy while oil was a distant second source as shown in Fig. 2.3.

About 20 years later (1968), the contribution from petroleum had substantially
increased while that of coal fell by a large margin (Fig. 2.4). Both petrol and natural
gas were rapidly replacing coal as the source of energy for space heating, electricity
generation, transport and cooking. New technologies, particularly nuclear, were
developed with more attention given to the fact that petroleum and natural gas were
set to be the major sources of energy for transport vehicles and other mechanical
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machines and, as a result, technologies such as steam engines that relied on coal
began to decline. These changes took place more rapidly in the industrialized
nations. For example, in the United States of America, use of petroleum increased
from 14 % in 1920 to 50 % in 1980 while use of coal decreased from 78 to 18 % in
the same period. The emergence of nuclear power also stifled further development
of large hydro power plants. By 1980 both petroleum and natural gas contributed
more than 75 % of the total energy consumption in the USA [29, 32]. These
changes occurred principally due to increased technological and industrial devel-
opments that substantially improved the economies so that more and more people
were able to afford and hence demand cleaner energies.

The two events (industrial development and increased consumption of clean
commercial energies) are mutually dependent so that one leads to the other and vice
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Fig. 2.3 Contributions of
commercial energies in world
energy supply, 1950 [29]
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Fig. 2.4 Commercial energy
resources and their world
contributions in 1968 [29]
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versa. The large consumption of coal in those days is comparable to the present
high consumption of wood fuel in the developing countries particularly in
Sub-Sahara Africa (including South Africa) as shown in Fig. 2.5. If South Africa is
excluded then the average contribution from biomass would be as high as 80 % in
western, Central and Eastern Africa region. Solid fuels include mainly coal from
South Africa and some small quantities from the neighbouring states of Zimbabwe,
Botswana, and Mozambique. However, wide scale biomass use is not restricted to
Africa. Its contribution is reasonably large even in global terms since more than
50 % of the total world population still rely heavily on it. The use of biomass is
largely limited to heat requirements, as it is unsuitable and inefficient when used for
other purposes such as lighting. This naturally restricts its consumption and
therefore, in global terms, the poor majority who depend on it consumes less than
20 % of the total world energy consumption. To understand this, it is important to
consider the total world energy consumption from all sources and compare this with
typical energy consumption in a developing country. Energy consumption in an
East African state of Tanzania is presented in this comparative analysis but first the
general situation in Sub-Saharan Africa is exposed as shown in Fig. 2.5.

Sub-Saharan Africa is a region of diverse energy resources that include oil
deposits in western and central parts mainly in Nigeria, Angola, and Southern Sudan;
large deposits of coal in southern Africa and natural gas in some countries. There are
also geothermal energy resources particularly in Ethiopia, Kenya, and lately in
Uganda [4, 29]. In addition to these, some of the major African rivers like Nile,
Niger, Volta, Congo, Zambezi, Limpopo and Orange with huge hydro potential are
in the Sub-Saharan region. All these make very little contribution to the total energy
consumed in the region compared to biomass energies as shown in Fig. 2.5. Much of
the oil consumed is in fact imported from outside the region while hydropower
development is still below 10 % of the available potential [5, 9, 35, 36]. Let us first
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Fig. 2.5 Energy contribution
by source in 1990 for
Sub-Saharan Africa [29]
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look at the total world energy consumption by source in order to understand the role
of biomass energy.

The information given in Fig. 2.6 is based on the total world energy con-
sumption, which was about 9.9 billion tons of oil equivalents in the year 2000. It is
clear that biomass is still a significant source of energy even when all modern global
energy sources are considered. Geothermal sources contributed about 0.46 % while
the others included in that quarter (wind, solar, and tidal) contributed only 0.04 %.
The situation in East Africa is remarkably different from that of the rest of the world
and to illustrate this, we look at the Tanzanian case, which represents moderate
situation in East Africa. In the same year (2000), Tanzania’s total energy con-
sumption was only about 15 million TOE distributed as shown in Fig. 2.7.

As has been severally mentioned, the rural population of the developing coun-
tries can be as high as 95 % of the total national population and almost all of them
depend on biomass energy. Thus, apart from commercial energies used in transport
and industrial sectors, biomass remains the main energy source. Its contribution,
however, is generally higher than household consumption because it is also used in
industries, agriculture and for other non-household applications. This is clearly
shown in Fig. 2.8 where national biomass contribution for all sectors is 93.6 %.

The other sources of energy on which the government invests a substantial
amount of money, contribute much less than expected and this is also indicative of
the very low level of industrial establishments and poor transport system. Fossil
fuels include oil products, coal and natural gas. In East Africa, Tanzania is the only
country with some deposits of natural gas and coal. Both Uganda and Kenya have
neither coal nor natural gas but since these have not made any impact in Tanzania,
the energy consumption pattern is comparable to those in Uganda while Kenya,
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consumption by source in
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with more developed industrial and agricultural sectors, spends relatively more
energy in these sectors [31–33]. For example, Kenya’s total energy consumption in
the same year was also about 15 million TOE out of which biomass contributed
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Fig. 2.7 Energy consumption by sector in Tanzania, 2000 [29]
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about 79 %. Household energy consumption was however down to 68 % while
transport, industry and agriculture consumed 12, 11 and 7 % respectively.
Hydroelectric contribution was only about 1.8 % while imported fossil fuels
accounted for about 19 %. So the pattern is basically similar with only small
variations in sectoral consumptions.

The high dependence on biomass energy is a clear indication that the govern-
ments have not paid as much attention to energy development as they should. This
may be one of the reasons for the very slow rate development process in the region.
It should cause some concern not only for the governments but also for environ-
mentalists since continued use of biomass has adverse consequences on soil fertility
and environment in general [14, 15].

The big question for East Africa is whether the region whose average wood fuel
consumption stands at about 85 % of the total energy can switch to cleaner energies,
as did the USA and Western Europe. Oil was only recently discovered in Uganda
and Kenya the impact will probably not be felt in the household energy scene for a
long time to come. There is also the long history of corruption and poor resource
management practices that need to be addressed if the region’s oil is to improve
energy access to the rural population. This was captured by president Obama
(USA)’s address to Kenya during his visit in July 2015.

2.2.2 Household Energy Application and Management

Energy can be discussed from two viewpoints: its application and its source. For its
use, there are priorities, which people tend to follow naturally particularly in
household application where energy for cooking takes top priority followed by
energy for lighting. Applications beyond these depend on family income. Whereas
commercial energies are well managed, household energy demand and use is more
complicated and are often affected by factors beyond government control. In East
Africa, household energy accounts for over 80 % of the total energy requirement
and so it is important to understand energy applications and sources for this
sub-sector. East African countries are in a region of rich diversity in terms of
geography, peoples, income levels and natural resources. Depending on family
income level and traditional eating habits, household may prepare and eat up to four
meals per day. This includes tea, porridge and other light meals. Some foods can
take as long as four hours to cook while others may be prepared in a shorter time.
About 95 % of the rural population rely entirely on wood for cooking using the
traditional three-stone fireplace. A few households use the improved version of the
three-stone in which the fire area is insulated with mud to reduce heat losses.
A small number of households use more efficient baked clay stoves that were
introduced and disseminated mainly by NGOs during the last twenty years. Wood is
the main fuel for these stoves although the use of cow dung and crop residues is
practiced in areas where wood is either scarce. Charcoal is the next important fuel
for cooking mostly used by the urban poor but there has been a steady rise in the
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use of charcoal in the rural areas, especially areas where wood supply is well below
demand. Charcoal is burned in simple metal stoves or improved ceramic-lined
stoves with better fuel consumption efficiency. Local artisans make both stoves.
Kerosene is widely available but is used only occasionally for quick cooking
purposes because it is more expensive than biomass-based fuels and requires
expensive wick stoves. Even those who can afford it hardly use it because of safety
and the fact that food cooked on kerosene stove sometimes absorbs the fume that
gives irritating smell to the food. The use of LPG is very limited particularly in
Uganda due to the high costs and inadequate supply in the rural areas. Electricity
similarly plays a very minor role as household energy for cooking principally due to
its high cost and limited accessibility. Both Uganda and Kenya do not have coal
reserves and therefore it is not used as household energy but some quantity is
imported for industrial applications. There are some coal mines in southern
Tanzania but it has not become a common household energy due to the general lack
of marketing and infrastructure for it. Thus, biomass (wood, charcoal, crop residue
and cow dung) is clearly the most important source of household energy for
cooking in East Africa [13–15, 23].

Lighting is the second most important priority area for which energy is required.
Although the available energy sources for this are expensive, most rural households
can still afford to use some of them because of the short duration of lighting
requirement. Each day, most families need light for an average of about three hours.
Furthermore, cooking with firewood provide some light around the cooking area so
that, sometimes, additional lighting may not be required if the whole family sits
around the fire. On moonlight nights, cooking can be done outside the house and so
reducing the need for lighting. Most households use kerosene as the source of
lighting energy, using simple wick lamps with or without glass windshields.
Kerosene consumption of these lamps is very low, making them very attractive to
most rural households. Over 95 % of the rural population use these lamps even
though kerosene itself is expensive for them. Use of the more expensive dry cells is
also common but their application is limited to flashing only, when it is desirable to
identify an object. Some lead acid batteries are used for lighting and entertainment
but this is severely restricted by both the cost and lack of recharging facilities within
easy reach. Similarly, solar photovoltaic systems have not made any significant
impact as rural lighting energy for a number of reasons including high initial cost.
All other household energy needs such as for radio, space and water heating are
constrained by poverty and are therefore mostly unmet for the majority of the low
income households.

Energy sources will be discussed later but a brief mention now will suffice to shed
some light into the underlying problems in the supply of household energy. The
region has a wide diversity of energy sources, which are used for similarly diverse
applications. The use of the various sources is prominently constrained by poverty.
On average, about 45 % of the population live on less than one US Dollar a day but
about 90 % live on less than three US Dollars a day. This means that most people
cannot fully meet their basic needs such as decent meals, clothing, healthcare, energy
and sanitary residential conditions. They have to struggle to obtain most of these by
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employing own production strategies and heavy reliance on natural products espe-
cially for energy and healthcare (biomass and herbal medicine). This is why wood,
supplemented by cow dung and crop residues, is overwhelmingly the single most
important energy for cooking in the rural areas while charcoal is the dominant source
for the urban poor. Most rural households (about 90 %) collect wood from the
surrounding areas without having to pay for it while the others may mix buying and
collecting. Urban households, on the other hand, buy all their charcoal and some
small quantities of wood both of which are transported from the rural areas into the
towns where there are several outlets, mainly within residential estates. The prices
vary but usually remain affordable for the low-income groups. Crop residues and
animal dung are exclusively for rural application where they are generated and used
within the family’s land and homestead. They are obtained freely and are not con-
sidered as commodities for sale. In some tribal customs, it is even a taboo to sell cow
dung and agricultural waste and this means that anybody can collect them from
anywhere [5, 14, 15, 19, 21, 22].

Table 2.3 shows the common sources of household energies and their relative
contribution in TOE. Although these consumptions have some bearing on differ-
ences of national populations, it is evidently clear that Kenya consumes far less
wood and charcoal than Uganda and Tanzania but its consumption of kerosene is
much higher than in the two countries. One possible reason for this is the avail-
ability of oil refinery in Kenya and Kenya government’s low tax on kerosene in
addition to better distribution network in the rural areas. Kenya’s per capita elec-
tricity consumption is also high, indicating that Kenya is already ahead of the other
East African countries in the use of commercial energies [31–33].

Whereas commercial energy management is closely monitored at the national
levels, there appears to be no overall or even coordinating policy at household
energy level. Even the statistics on household energy consumption is not detailed
and is usually collected by the national bureau of Statistics as an appendix to the
national census records that are collected once in a decade. In addition, information
on energy mix in terms of ratios, problems and constraints are usually not collected.
Of course, the national policies of all the three East African states do consider
household energy demand and supply but do so only as a responsibility and not as a
commitment. The emphasis and action are on commercial energies and some con-
cern is on sustainable use of biomass energies but virtually nothing is done to make
clean household energy affordable. If energy is unaffordable, then it is not available.
Uganda is the only country in East Africa that is concerned about affordability of
energy for the rural households and has introduced measures to make energy
available to rural households. Some of these include use of ‘smart subsidies’,

Table 2.3 Annual
consumption of basic
household energies in
millions of toe

Wood Charcoal Kerosene

Kenya 4.1 0.6 0.3

Tanzania 11 1.5 0.02

Uganda 5.3 2.3 0.04

50 2 Energy Resources in East Africa



prepayment meters, use of load limiters and leasing of PV systems. Tanzanian
consumers are already using prepaid meters while all these are still alien to the
Kenyan consumers. In general, the confusion with which rural household energy is
managed arises from national resource management arrangements, which tend to
scatter household energy issues in different government ministries. For example in
Kenya, biomass issues are handled by the ministries of Environment, Agriculture
and, to some extent, ministry of Energy, and each of these ministries may not be
really concerned about energy par se but other functions of biomass as well.

2.2.3 Commercial Energy Management

Fossil-based fuels and electricity are the two main energy resources, which are of
both commercial and political interest in East Africa. Oil includes diesel, petrol,
kerosene, aviation fuel and LPG and is a versatile energy source that can be used to
produce most of other forms of energy including the generation of electricity.
Tanzania has some coal with significant commercial value but its contribution in
national energy scene, at present, is very limited. It will not therefore be discussed
in details. Up to the year 2005, there were no known exploitable oil reserves in the
region but active exploration has been, and is still going on within the region with
some discoveries having been made in Kenya and Uganda. These are going on
under various agreements between multinational oil companies and the individual
state governments. East Africa is the only region in Africa that has been a net crude
oil importer and Kenya is the region’s largest consumer and ranks overall 9th in
Africa. The region therefore has been importing all its oil requirements mainly from
United Arab Emirates in the Middle East. In 1988, an oil company found oil at a
depth of about 4000 m in Isiolo district in Kenya but it was considered economi-
cally unviable to exploit.

Energy use for commercial and industrial purposes is well managed through an
organized demand-supply system controlled by both governments and the private
sector as the major stakeholders. Prior to the so-called energy sector liberalization
of the late 1990s, oil was imported into the region in its crude form and then refined
at the coastal city of Mombasa in Kenya and also in Tanzania. The importation of
oil was closely controlled by national oil companies, which were allocated both
import and distribution quarters. The Tanzanian refinery was later closed down and
converted into storage facility on the basis of expert recommendation. Uganda is
landlocked, has no oil refinery facility and has to depend on imports of refined
products mainly through Kenya whose refinery is capable of processing about
90,000 barrels of oil compared to the Tanzanian refinery, which had a capacity for
only 14,900 barrels per day. Both these refineries had not only been operating
below capacity but had also been facing management and financial problems.
Obsolescence is also an issue for the Kenyan refinery for which up-grading over-
haul has been recommended.
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The Kenyan oil refinery was farther affected by the liberalization of the energy
sector that allowed oil companies to import refined oil directly from the oil pro-
ducing countries. As the three East African states get closer together again through
the re-established East African Community, several agreements have been put in
place to improve the energy sector. For example, Uganda and Kenya have agreed to
extend the Kenyan oil pipeline from the town of Eldoret in western Kenya to
Kampala, Uganda (320 km) in order to efficiently serve Uganda and its neighbours
such as Rwanda, Burundi, eastern parts of the Democratic Republic of Congo and
northern part of Tanzania. Tanzania completed the Tanzania to Zambia (TAZAM)
pipeline to Zambia covering a total of 1710 km. The pipeline that has a capacity of
1.1 million tons annually is owned jointly by governments of Tanzania (33 %) and
Zambia (67 %) [8, 9, 29]. There is also a plan to construct another pipeline from
Dar-es-Salaam to the Lake Victoria city of Mwanza in northern Tanzania (1104 km)
to serve Uganda, Rwanda, Burundi and Democratic Republic of Congo. Since oil
consumption is steadily increasing in the region, Kenyan refinery at its present
capacity will not be able to adequately serve the region. Even if it is upgraded to a
higher capacity, it will still not be sufficient for the future increased demand. East
Africa by 2012 consumed about 100,000 barrels per day with Kenya as the major
consumer of over 60 % of this. Although Uganda consumes less than one quarter of
Kenya’s consumption, it spends about 12 % of its total import bill on oil impor-
tation while Kenya’s consumption is about 20 % of its import bill and so, in
general, importation of oil by the three East African states is putting a lot of strain
on their economies. Table 2.4 shows some oil related statistics in the three countries
—consumption, percentage contribution to energy and percentage of import bill.

Since 1980, the prices of oil products and commercial energies in general have
significantly gone up, forcing the prices of other commodities to also increase. This
has created socio-economic problems in the region as more middle-income groups
fall back below the poverty line. The price of kerosene, used mostly by the
low-income groups, has increased by about 170 % while charcoal has gone up by
60 % since 1980, pushing low-income groups farther into the fathoms of poverty.
The costs of LPG and electricity have also increased by 75 and 70 % respectively.
These increases are calculated against the prices of the fuels in US dollars and the
value of the dollar is assumed to have remained constant during the same period.

Fluctuations of oil prices are the most dynamic among all commercial energies
as both international market forces and internal politics affect them. This is an area
that must be considered carefully as it can be the source of a serious internal oil
crisis. For example, in the late 1990s oil prices sharply went up and the

Table 2.4 Some oil-related statistics in East Africa [29]

Oil consumption
(million barrels per year)

Percentage of total energy Percentage import bill

Kenya 20 26 20

Uganda 3 7 12

Tanzania 5.5 7 n.a
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governments blamed this on the market collusion by the multinational oil compa-
nies to increase their profit margin. These companies, on the other hand, considered
this as an attempt by the governments to divert public attention from their poor
economic management to the energy sector. This particular conflict led to the
establishments of regulatory boards by Kenyan and Tanzanian governments to
oversee the oil industries. In order to assess the effectiveness of such regulatory
bodies, we look at a case in 2005 when the Kenya government reorganized the
method of paying taxes on oil imports while keeping the tax level unchanged. The
new tax payment method required oil companies to pay the tax upfront. The oil
companies did not support this method and immediately raised the pump prices so
that motorists had to pay more even though the local currency had made significant
gains against the US dollar, lowering the import bill for the oil companies. This was
a clear demonstration of how the cartel of oil companies can use their strength to
maximize their profits against the government’s regulatory mechanisms. This
happened because the limited storage capacity is not capable of holding enough oil
for a long time and therefore the government cannot afford to push oil companies to
disrupt import supplies. The governments can be blackmailed by the oil cartels and
so the regulatory mechanisms in this sub-sector should be reviewed to introduce an
arrangement that would make sure the government is not held at ransom during
difficult times.

Another interesting observation, which brings to doubt the pricing factors such
as transport costs, is the fact that the pump price near the refinery facility is
sometimes higher than the pump prices 800 km away. So although the governments
are very sensitive to any events that are likely to affect the supply of oil into the
region or that could adversely affect oil prices, there is very little they can do to
locally control the situation. It is for these reasons that internal fluctuations of oil
prices often cause sharp conflicts between multinational oil companies, which
import and distribute oil in the region and the governments. Thus the looming
global oil crisis that is likely to continue should cause serious concerns in East
Africa and some early measures may be useful. However, despite the occasional
conflicts that revolve around protection of interests, the governments and the oil
companies have worked very closely on acquisition and distribution of petroleum
products. Kenya Petroleum Refineries Limited (KPRL) is 50 % owned by the
government of Kenya with remaining stake held by oil companies (Shell and BP
having 17.1 % each while Chevron holds 15.8 %).

In 2005, the government announced its intention to spend up to USD 200 million
to upgrade the refinery, which has been using hydro-skimming technology that
produces large quantities of low-value fuel oil and insufficient high-value products.
The proposed rehabilitation will enable the plant to produce unleaded fuels.
Obviously, some of this expenditure will be passed on to the consumers through
appropriate pricing of petroleum fuels in the local market—a move that will further
intensify economic hardships that are already caused by the high prices due to
increased worldwide demand for oil. In order to understand the management of
petroleum as an important energy resource in East Africa, we take an example of
how it has evolved in Kenya.
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The Kenyan domestic consumption of petroleum products is comparatively high
in the region and all of it is imported [7–9]. The point of quantitative control of oil
imports is at the Kenya Petroleum Refinery Limited (KPRL) at the seaport of
Mombasa located in the south east of Kenya on the shore of Indian Ocean. The
refinery was incorporated in 1960 under Shell and BP oil companies but effectively
started operating in 1963. Later more oil companies joined by buying shares in the
company and in 1971 the government of Kenya acquired 50 % equity. The refinery
uses technology that produces large quantities of low-value fuel oil and relatively
less high-value white products. From the refinery, the products were initially
transported to Nairobi, about 500 km away, through 35.55 cm (14-in.) diameter
pipe but this was later extended to Kisumu and Eldoret in western parts of Kenya
using smaller pipes. The pipelines transport about 60 % of all the petroleum
products while Kenya Railways and several road transporters share the rest. The
distribution is done through countrywide network of licensed petroleum stations
owned by registered oil companies. Some of the products are exported to the
neighbouring countries. Before the so-called liberalization of the sub-sector, the
schedule of prices of petroleum products was developed by the minister for Finance
in consultations with the Ministry of Energy and circulated to the oil companies for
implementation. A number of factors such as procurement cost, processing, taxes,
transport and profit margins were considered in working out the prices. However
the pricing system was considered to be opaque and did not appear to have been
based on sound economic considerations and therefore was considered to be a
government scheme to manipulate demand in order to cope with imbalances. This
created considerable suspicion and animosity between the government and oil
dealers. There was need to develop longer term pricing structure that would enable
oil companies to get adequate returns for the investment and plan ahead for
expansion. These were some of the issues that forced the oil companies to demand
for liberalization of the industry so that the supply and demand forces are allowed to
determine the market prices. When this was finally done in the mid 1990s, oil
companies were required to ensure that there is enough oil stock in the country to
last thirty days and LPG for at least ten days. They were also allowed to choose to
either import processed oil or use the refinery in the country in addition to other
conditions. All aspects of government monopoly were removed and this encour-
aged new investors into the oil industry. Although the old companies still control
about 75 % of the domestic distribution and retail markets, there are at least ten new
entrants who are active in importation and distribution of petroleum products. The
liberalization, however, seems to have increased insecurity of supply and weakened
government control of the industry. All these are likely to change as a result of
significant oil reserves that have been discovered in Kenya and Uganda.

The management of the electricity sub-sector is somewhat different from that of
oil. Before the three East African states got their independence, the region was
administered by the British government and the main source of electricity for both
Uganda and Kenya was the hydro power station at Jinja in Uganda. One of the
agreements made at the time of independence was that Uganda would continue to
supply at least some 5 % of electricity to Kenya even if Kenya finally developed
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self-sufficiency in electricity production. To date, Kenya still gets a small quantity
of electricity from Jinja although there are indications that Uganda is likely to
terminate this arrangement due to increased electricity demand at home. Apart from
this, all the three states generate their own electricity principally from hydro stations
owned and managed by the state. In addition to hydropower, Kenya gets some of its
electricity from geothermal facility located in the Rift Valley province. Other
sources of electricity include large portable generators some of which were installed
by independent power producers that were given licenses as a result of the liber-
alization of the power sector. Arrangements have also been made with Emergency
Power Producers (EPPs) who specialize in supplementing power during crisis as a
result of unexpected long period of drought. They normally use fossil fuel powered
generators. Many of the current independent power producers emerged during the
severe drought of 1997 when Kenya hurriedly invited EPPs to supplement the
dwindling local production. All EPPs left after about four years of operation in the
country. It is important to mention here that liberalization of the power sector was
not the initiative of the governments but was part of the Structural Adjustment
programme proposed and supported by principal international development agen-
cies notably World Bank and IMF.

Almost all power producers inject their contributions into the national grid for
distribution by a partially state-owned power company. In Kenya it is the Kenya
Power and Lighting Company (KPLC) that managed the sale and distribution of
electricity while in Tanzania and Uganda, Tanzanian Electricity Supply Company
(TANESCO) and Uganda Electricity Board (UEB) respectively handled both
generation and distribution. These companies or parastatal organizations, as they
are commonly known, have in the past faced severe management and financial
problems due to government interference particularly with regard to sourcing of
funds from the electricity company for non-energy related developments and
haphazard political decisions that adversely affect the management of the power
sector. Some of these included not just over-employment but also engagement of
unqualified people in the sector. Such problems are often spurred by politically
motivated favours to specific population groups. Monopoly status of the said power
companies has also had negative impact on the development of the independent and
alternative power production.

Proposal under the liberalization programme suggested that the power compa-
nies should be split so that generation and distribution are managed by different
companies and, at the same time, allow independent producers to have certain rights
under various agreements. Such proposals may bring some improvements in the
electricity sub-sector but are unlikely to solve the management problems.
Nevertheless, some steps have been taken to implement the proposal and, in this
respect, Kenya Electricity Generation Company (KenGen) has been created out of
KPLC to handle generation of electricity in Kenya. Uganda too has made some
changes that created other companies to share the responsibilities of UEB with
Uganda Electricity Transmission Company (UETC) dealing with transmission
while Uganda Electricity Generation Concession (UEGC) handling generation.
Similar trend is taking place in Tanzania where TANESCO is split into three
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different companies each to oversee generation, transmission and distributions
respectively. However, unlike the oil sub-sector, the governments are still expected
to have significant control of the electricity sub-sector. It should be remembered
that the establishments of the existing power generating facilities were made pos-
sible through loans or arrangements for which the governments are still responsible.
Therefore whatever adjustments or restructuring taking place, the governments
must still have significant roles to play in running the services.

In addition to the boards that oversee the management of specific energy
sub-sectors, all commercial energies fall under specified government ministry. Due
to frequent changes in which the number of government ministries are either
reduced or increased, commercial energies have moved from one ministry to
another or merged with other ministries over the years. One clear thing, however, is
that all the three states have recognized the importance of these two sources of
energy and have made sure that they are handled, at the top, by a government
minister. Although the companies that run the two energy sources have the
authority to manage their affairs in their own best interest, the governments expect
them to also provide the services and goods to the people efficiently and at ‘rea-
sonable’ prices. It is this relationship that has made it difficult for some of the
companies particularly the electricity companies to meet both their economic and
management desires. Structural Adjustments and liberalization principles require
governments to deal with provision of enabling environment and leave private
sector to handle provision of services. Energy sector, however, is so sensitive and
important that the governments are not willing to give away all their controls over
the sector. This dilemma is partly the reason why this sector has not had the
expected growth rate in the region. Potential investors have all along looked at
government involvement with a lot of suspicion. Historically, the three companies
that have been in charge of electricity generation and distribution in East Africa
have their roots in the East African Power and Lighting Company (EAP&LC),
which was the sole company in charge of generation and distribution of electricity
in East Africa. This company existed before the then East African Community
broke up in the late 1970s and it had a vertically integrated monopoly in the
generation, transmission and distribution of electricity in the region. With the
disintegration of the Community, each state constituted its own power company,
which basically adopted the management structure and the monopoly policy of the
defunct EAP&LC. Because of this historical background, the regulatory mecha-
nisms in the electricity sub-sector in the three states have remained largely similar.
In all cases regulatory authorities are established by Acts of Parliament and
therefore provide strong government presence in the electricity production and
management. The policy deliberately discouraged any independent operator from
investing in energy production, as it would be impossible to sell it. In developed
economies such as USA and Europe, the policies are quite different and anyone is
allowed to generate own power and sell it to the existing grid as long as the method
used is safe and environmentally friendly. This demonstrates the difference a good
policy can make if effectively implemented.
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2.2.4 Energy Choice Factors

As developing countries, Kenya, Uganda and Tanzania still have to do a lot in order
to provide basic requirements to their people. The 2005 estimates put the region’s
population at about 90 million people, out of which 80 % live in the rural areas.
There is however a number of small but heavily populated settlement areas com-
monly known as Market or trading centres which are expected to eventually
develop into Townships. Most of them spring up along major road networks due to
trade prospects with travellers. They are nevertheless considered as part of the rural
set-ups since they do not have organized service provision systems such as water,
sanitation and infrastructure. Furthermore the people’s life style in these places is
basically rural in nature.

Generally, national grid power lines tend to follow major road networks for ease
of maintenance and security and therefore many so-called market centres have
access to electricity but a good number of their residents are not supplied with
electricity despite its accessibility. This immediately raises questions about the
factors that consumers have to consider in making energy choices. The generally
poor infrastructure implies poor distribution of electricity. The improvement of
infrastructure has proved to be too expensive for the governments due to the fact
that rural settlements are so sparsely scattered that any communication system
would require very complicated and expensive network. Population density can be
as low as 20 people per square kilometre and even much less in some places. This
low population density, coupled with the difficult terrains makes it extremely
expensive to extend the electricity network to most parts of the rural areas espe-
cially if generation of power is centralized as is the case in East Africa. The
distribution of oil-based fuels (petrol, diesel, kerosene and LPG) is also severely
constrained by poor infrastructure. However, its transportability in the refined form
enables traders at various levels to get involved in its commercial distribution,
increasing its cost at every stage but giving the people the much needed opportunity
to obtain it a little at a time. It is therefore too expensive for the rural communities
whose monthly incomes are not only low but also regular in many cases. The
concern in energy supply therefore goes beyond the availability of a preferred
source of energy and encompasses the preparedness and ability of the rural com-
munities to benefit from such energies. This could be done by appropriately
packaging energy to suit both energy requirements and economic circumstances of
the rural communities. Availability of energy when people cannot afford it does not
make any sense.

Traditionally, energy supply for domestic applications among rural communities
is the responsibility of women who can only recruit children to help. This has been
so because the main source of energy has always been biomass materials such as
wood, cow dung and agricultural wastes, which are largely obtained free of any
charge. These were considered to be readily available that only needed to be
collected and taken home. However, it is the simple tasks of collecting firewood,
fetching water, preparing food for the family, taking care of children, cleaning the
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house, cloths, etc., that have over-burdened the women to the extent that they could
not fully participate in many socio-economic developments such as education. As a
result of this heavy responsibility of managing practically all household chores,
rural women have remained at the bottom of the social strata with virtually nothing
for their welfare or under their ownership and time spent on collection of energy
resources has been one of the key factors in all this.

Despite the economic development and gender equality policies, the energy
situation among rural communities has not changed and has continued to be a
burden on women and children. Biomass is still the major source of energy for both
cooking and lighting for most people in East Africa. Rural electrification coverage
in the region is on average less than 2 %. If both urban and rural populations are
considered then a total of 10 % of Kenya’s population have access to electricity
while only 6 % have access in Uganda. The situation is not likely to change in the
foreseeable future and, with the dwindling biomass resources, the region is likely to
face a severe energy crisis.

Several decades ago, abundant natural forests freely provided the wood fuel for
practically all domestic energy requirements. As population increased, the demand
for more land for settlement and food production also increased and naturally forest
cover diminished. Women began to travel longer distances to fetch wood fuel and
this made it necessary to start growing trees specifically to provide domestic energy.
Soon there was a general concern for wood fuel supply and its conservation.
Consequently, there was an increase in extension services on agro-forestry with
significant support from various development agencies. Such programmes con-
sidered all aspects of wood requirements including improvements of efficiencies of
wood and charcoal stoves. As a result of these activities, new designs and pre-
sumably more efficient stoves were introduced into the market. Despite all these
efforts, the role of wood as a major source of rural energy has not changed but the
use of charcoal stoves among rural communities has increased largely due to the
success of the so-called improved ceramic stoves, which were first developed in
Kenya. In general, however, energy distribution patterns by source between 1998
and 2005 are basically similar in the three states of East Africa and are likely to
remain so unless drastic and perhaps revolutionary measures are adopted in the
energy sector. Biomass is expected to remain the major source of energy in East
Africa (Table 2.5). The high per capita electricity consumption in Kenya is
attributed to the relatively high level of industrial development and the extent of
commercial energy distribution particularly kerosene. Other sources of energy such
as wind and photovoltaic solar systems, which can provide electricity to the rural
communities, have made relatively small contributions despite the abundance of
both wind and sunshine.

Although biomass is often associated with rural household energy, a significant
amount is also used in agro-based industries such as sugar, tea, tobacco and
brick-making industries. Rural schools and hospitals also consume a lot of biomass
energy for cooking and heating.
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Kerosene is considered to be too expensive for the rural poor. However, it is
used by many rural households almost exclusively for lighting, for less than three
hours each day. Therefore monthly expenditure on kerosene is kept as low as
possible. This situation masks an unmet need, which is demonstrated when higher
quality lighting is required. For example, when rural homes acquire biogas or
electricity, lighting hours increase and so do evening activities that can improve
their welfare. The use of kerosene by poor rural households despite its cost,
strengthens the case for appropriate packaging of energy that enables consumers to
get it in small quantities at a time. Rural application of LPG is limited and is
restricted to the few high-income families who can afford it and have the means to
fetch it from sparsely distributed rural petrol stations.

East Africa is a region of diversity in terms of geography, cultures, ethnic groups
and level of income. The lifestyle of the people and the preferential use of energy
resources are largely determined by family income but this is not the only factor. In
general the household energy demand is for two basic requirements: cooking and
lighting. When these have been adequately met, then the family can, if affordable,
demand more energy for household appliances such as radios, torches and small
television. Table 2.6 shows percentage energy contributions from various sources
and presents an example of their prevailing uses by rural and urban households. The
example is taken from Kenya where, on average, biomass energy contribution is
about 80 % with petroleum and electricity contributions at 18 and 1.4 % respec-
tively. Considering all sources of energy, rural households consume 57 % while
urban households and commercial sector respectively consume 16 and 27 % of the
total national energy consumption. The situation in Uganda and Tanzania follow a
similar pattern and therefore these figures are good indications of the situation in the
region.

The choice of which source to go for would depend on affordability and
availability. Energy for cooking is the first priority and therefore it must be avail-
able all the time. Light is needed but if there is no energy for its provision, a family
may do without it for a few days. However firewood does provide some amount of
space lighting around the fireplace so that additional light source may not be
required. Often, one source would be for cooking and another for lighting. For
example in urban areas, the combination may be LPG (cooking) and electricity

Table 2.5 East African energy contribution statistics in percentages between 1998 and 2005 [29]

Source/type Kenya Uganda Tanzania

Electricity 3 1 1.5

Oil 26 7 7

Biomass 70 92 91

Others <1 – 0.5 (coal)

National household electrification levels 13 6 8

Per capita Electricity consumption/kWh per annum 125 50 60
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(lighting) or electricity (cooking and lighting) for high-income group while the
middle-income group may choose charcoal and kerosene (cooking) and electricity
(lighting). The urban poor would go for charcoal (cooking) and kerosene (lighting).
Some urban elite would use wood for space heating but this is not based on
economic considerations. In the rural set-up, availability and security of supply is
an important factor and therefore the majority would use a combination of wood
and kerosene for cooking and lighting respectively. Kerosene is preferred for
lighting and is used only for short periods of 2–3 h each night and so its con-
sumption is low and hence low expenditure on it. Attempts have been made to
introduce a variety of sizes of LPG storage and application devices in an effort to
increase affordability but this has been constrained by the general high level of rural
poverty and doubts on its immediate accessibility when it runs out. Energy is so
crucial that people want to make choices that will ensure that it is always there
when needed. Table 2.7 shows total energy consumption by all sectors in East
Africa and also indicates preferred fuel mix for various applications.

‘All other sectors’ include users that cannot be categorized as household such as
cottage industries (brick-making, jaggeries, fish smoking, small bakeries, milk
processing, etc.), transport, agriculture, commerce and industry. Charcoal con-
sumption outside households is generally found in cottage industries such as
commercial food kiosks and rural restaurants while schools, hospitals, tobacco and
tea processing establishments use firewood. Farm residues include sugarcane ba-
gasse used by sugar milling industries for steam production mostly in co-generation
systems. The percentages are calculated on the basis of energy consumed in joules
from the chosen source. For example, rural household firewood consumption is
estimated to be about 700 million Giga Joules while petroleum and electricity
consumption by all other sectors are 190 million and 15 million Giga Joules
respectively.

The three main sources and types of energy (electricity, oil, and biomass) that are
commonly used in East Africa are acquired through certain technologies that
determine the extent to which they can be used in different places in the region. The
choice would be based partly on the economic activities and the required final form

Table 2.7 Preferred fuel mix in percentages for three main consumption categories in East Africa
in 2000 [29]

Fuel use
category

Fire-wood Char-coal Industrial
wood

Wood
waste

Farm
residue

Petroleum Electricity Total

Rural
household

56 32 – 0.5 10 1 0.5 100

Urban
household

5 90 – 1 0.1 2 1.9 100

All other
sectors

12 27 0.5 1.5 20 36 3 100
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of energy. The two forms that are commonly in demand are heat and electricity.
Therefore the popularity or wide use of a particular form is determined by its
convertibility to other forms and the required applications. For example, electricity
is used for powering industrial machines and household appliances and can also be
readily converted into heat and light. Similarly, oil-based fuels can be readily
converted into heat and light but are not suitable for powering household appli-
ances. Solid biomass, on the other hand can be converted into heat and light, but its
quality of light is very low and rapidly consumes biomass materials. Of course there
are possibilities of obtaining some form of oil and gas from biomass but these
technologies are presently not widely used. Given these qualities, electricity would
be the best choice because of its versatility followed by oil and then biomass. If the
price is the determinant factor and the final application is heat-based then biomass
would be the obvious choice followed by oil and then electricity. This is based on
the assumption that the pricing includes only financial outlay for the fuel and its
utilization appliances, and no consideration is given to non-monetary costs to the
environment and the user. Finally, if the choice were based on availability and life
style then the rural community would choose biomass, oil and electricity in that
order, while urban population would go for electricity, oil and biomass. We see that
in all these considerations, oil is the second energy choice while electricity and
biomass switch positions depending on the local circumstances. These are the
simple characteristics that energy planners often ignore and yet, for the end user
they determine the choice of the energy source.

Therefore, assuming that the economy of East Africa remains nearly stagnant as
is often the case, the situations presented in Tables 2.5, 2.6 and 2.7 will prevail for
many years to come. This is because people will always make choices that are
appropriate to their economic, social and geographical circumstances. Another
factor that is often ignored is the role of dry cells and rechargeable lead acid
batteries as sources of electric energy for rural population. Individual ownership
and hence effective application controls make these devices very attractive in the
rural set-up. Thus, we see that with dry cells, rechargeable batteries, a little kerosene
and biomass, a rural household is not only able to meet all its energy requirements
at an affordable rate but is also able to control the sourcing and application of the
energy. Actually dry cells, lead-acid batteries and kerosene, although used by many
poor people, are more expensive than grid electricity for lighting. It is therefore
important to note that poor people often unwittingly end up using energy that is too
expensive, simply because it can be acquired in small amounts and their use can be
controlled. Dry cells, for example, are used only as flash lights and so a set can last
as long as one month or more. Since biomass is considered the only energy source
that can be obtained free of any charge, it also serves an energy security. However,
as discussed earlier, biomass resource is under threat, in spite of valiant efforts to
address security of supply and improve efficiency of use. Hidden costs of biomass
include the longer hours and increased drudgery for women in procuring biomass
fuel and using it in rudimentary appliances; and adverse health impacts from smoky
kitchens, which are the norm in the rural areas.
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2.2.5 Policy Framework

We have seen that industries and households whether poor or rich require either heat
or electrical energy or both for various applications. Electrical energy is more pre-
ferred because of its conversion versatility and the fact that it is a high quality power
source for industrial machines. The other sources cannot serve the same purpose or,
if they do, would be too expensive. Oil however will continue to play its crucial role
in the transport sector. Investments on commercial energies have been based on
national funds, extended loans and grants but such resources are continually
becoming scarce due to a number of reasons and this trend has increasingly become
an inhibiting factor for energy development in the region. Such constraints are often
used to persuade national governments to accept externally initiated policy changes
in order to continue receiving development loans or grants from international
development partners. The objective of such new policies is to offload management
responsibilities from the government to the private sector to allow the governments
to concentrate on creation of conducive business environment and not direct service
provision to the people. At the same time such policies make the government’s
energy management more vulnerable to private sector influence, some of which may
not be in the best interest of the state. The implementation of the liberalization
policies in the energy sector in East Africa is a result of such policy changes. This is
unfortunately happening at a time when most rural communities are still relying on
wood as a major source of energy. Over reliance on large centralized hydro gen-
erating facilities has not provided the solution to this problem and very little effort, if
any, has been made to implement viable alternative energy technologies.
Consequently, the cost of generation and distribution of electricity has not reduced at
a sufficient rate to satisfy the economic conditions of the people. It is estimated that
the average cost of grid extension in conditions of low population density and
difficult terrains can be as high as US dollars 10,000 per kilometre. Under such
circumstances, grid extension is not cost effective and alternative electricity supply
systems need to be considered if viable grid extension policies cannot be found.
There are variations in power extension policies in East Africa but, in general, the
consumer is expected to meet the cost of grid extension. In addition to this there are
other payments such as minimum charge that the consumer has to pay every month
whether power is consumed or not. The rural poor cannot afford all these costs and
therefore attempts to implement them will not promote rural electrification. The
policy therefore sends a very wrong signal even to those who can afford these
charges and unless it is reviewed in favour of the consumer, then even if the available
hydro potential in the region were to be developed, still the majority of people living
in East Africa would not be able to use electricity because it would be too expensive
for them and so reliance on wood fuel would continue.

Thus, continuing with the present trend of using expensive centralized large
hydro stations is not a viable alternative to biomass. In addition, large hydro stations
create ecological conflicts and displacement of a large number of people in the area.
They also have problems of silt, which fill the dams during the rainy season and
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prevent full capacity generation. Operation below capacity is also a known problem
during prolonged periods of drought. Such problems will always exist in addition to
distribution problems, which cause frequent power disruptions. In Kenya alone,
about 10,000 cases of such disruptions are reported each month. Other methods and
more user-friendly policies in electricity generation and distribution should be
explored with more vigour and deliberate planning. Decentralized systems that give
the user some responsibilities in maintenance and control of applications would be
cheaper and more likely to appeal to the rural population.

Oil, the other major commercial energy source, is also faced with similar
problems of affordability but since the consumer can get it in small and hence
affordable quantities and control its consumption, more and more people will be
able to use it. This is a good example of how poor people end up using more
expensive commodity simply because it is possible to obtain small quantities.
However, increased demand for oil worldwide and the fears that oil reserves are
dwindling will probably force the price to escalate beyond the reach of poor rural
communities. The apparent increase in demand for kerosene as the main source of
light among rural population may also force the price to go up and reduce its wide
scale application. One would therefore wonder whether it is a good policy to
promote the use of kerosene in a large scale or not. Increased demand would most
probably trigger price increases that could severely hit the rural poor. It is a
well-known fact that about 50 % of East Africans are living below poverty line and
they would not be able to afford the cost of either electricity or kerosene should the
prices go up significantly. Thus the question of rural energy supply has to do with
both availability and affordability and so we cannot ignore the effect of cost when
assessing demand levels. The success of kerosene as an energy source for lighting
rural homes will continue to rely on distribution packages that give access to small
quantities as discussed above. Such methods will have to be introduced in elec-
tricity consumption if it is to be attractive to the low-income groups.

2.3 Energy Sources

East Africa is endowed with a variety of energy resources that have potentials, which
have not been fully exploited. There are a number of rivers, small and large, whose
hydro power generating potentials are yet to be fully utilized. Geothermal sites and
deposits of oil, coal and natural gas have been identified and some exploitation is in
progress. Availability of biomass materials, which are a major source of heat energy,
is an equally important aspect that are being considered. The region has a rich
biodiversity in both flora and fauna. The vegetation cover includes tropical forests,
savannah type of vegetation and arid and semi-arid characteristics. There are also
mountainous regions such as Mt. Kilimanjaro, Mt. Kenya, and Mt. Elgon regions
that experience fairly cold climate and high rainfall. On average, East Africa receives
annual rainfall of about 1500 mm, which is sufficient for constant regeneration of
vegetation. In the following sections, various energy sources are analysed.
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2.3.1 Solar and Wind Energies

We have seen that there are some wind generators that are working quite well in the
region. This is a clear indication that wind power can be successfully harnessed in
East Africa. The highlands, coastal regions, and Lake Victoria basin have average
wind speeds that are suitable for both power generation and water pumping. The
few wind generators and wind pumps that have been installed have operated sat-
isfactorily, producing power at reasonable levels. In Kenya, two local wind machine
manufacturers, one near Nairobi and the other in Coast region have installed most
of the over 350 pumps in the country. There are also a significant number of locally
produced wind pumps in Tanzania. Using wind power to generate electricity has
not been as widely practiced in the region. However, the two wind generators (150
and 200 kW) at Ngong near Nairobi (Fig. 2.9) and the 200 kW machine in Marsabit
in Kenya as well as the 400 kW machine at Chunya Catholic Mission in Tanzania
have all confirmed the viability of wind farms in the region. A small NGO known
as Tanzania Traditional Energy Development and Environment Organization
(TaTEDO), in its effort to promote wind generators, has installed a small wind
turbine of capacity 600 W at its centre with support from an external donor agency.

In a recent development, the Tanzanian government stepped up support for
feasibility study in northern Tanzania to establish whether a total of 50 MW wind
generators could be installed. The Danish organization that participated in the study
confirmed that there is enough wind speeds in Mkumbara area to operate wind
generators. Another study conducted at Setchet site by researchers at the University
of Dar-es-Salaam also found the annual average wind speed to be 8.3 ms−1, which
is sufficient to generate electricity in the area. Attempts have also been made to
assess the viability of wind generators at Mkumbula, Karatu where wind speeds
were found to be, on average, 4.5 ms−1. Reasonable effort has been made to use
wind power for water pumping. For example in Musoma, Magu and Tarime areas,
wind pumps are used for irrigation. There are also some wind water pumping
machines in Singida, Dodoma and other regions of Tanzania. Wind energy options
should therefore be more seriously considered since its use for electricity generation
is likely to play an important role in rural electrification because it is relatively
cheaper than oil-fired generation facilities, particularly in remote inaccessible rural
areas.

In Tanzania, a lot more local efforts have been put on the development of wind
machines for water pumping than in other regions in East Africa. For example in
the 1980s the government supported the installation of wind pumps to supply water
to several villages especially in Singida region. Several workshops were also
established with support from the government to encourage the production of
prototype wind pumps. Such workshops were at Ubungo, Faculty of Engineering at
the University of Dar-es-Salaam and Arusha Appropriate Technology Project, (now
part of Centre for Agricultural Mechanization and Rural Technology). Some very
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good progress was made and machines produced and tested but their high cost
prohibited their widespread use in the country. In Uganda, the situation is a little
different since the government has not provided significant support for the devel-
opment of wind machines. Those that are operating were installed by
Non-governmental organizations such as the Roman Catholic Mission and the
Church of Uganda. One government institution, the Karamoja Development
Authority, installed some wind pumps but this is an isolated case in Uganda.

Figure 2.10 shows mean wind speeds for some selected sites in Kenya. The mean
wind speeds in the coastal region of East Africa are, in general, more than 4 ms−1 as
indicated by the two sites at Malindi and Lamu, which are both in the coastal region
and are over 100 km apart but their mean wind speeds are almost the same. A similar
trend has been observed along the Tanzanian coast. There are also a number of
inland sites scattered all over East Africa that have mean wind speeds above 4 ms−1.
Marsabit in Kenya, for example, has mean wind speed of about 11.5 ms−1.

Generally, particularly in Kenya, the altitude rises rapidly from sea level on the
east coast to over 1500 m above sea level in the central parts of the country. There
are various highlands in the region where wind speeds are sufficiently high and
therefore suitable for application of wind energy. It has been established that wind
power generation potential of about 345 Wm−2 is available in Nairobi, Eastern,
North Eastern and Coast provinces of Kenya. Lake Victoria region, the highlands,
and northern part of Kenya also experience regular wind speeds that can operate
wind machines. Although it is evident that there is significant wind energy potential
in the region that should be harnessed, it should also be noted that wind is a highly
variable source of energy because its speed changes remarkably with time and

Fig. 2.9 Wind generators (5.1 MW) at Ngong Hill, Nairobi, Kenya
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location. However, through suitably designed mechanical linkages, wind power can
be harnessed to drive water pumps or to generate electricity. Hence, the challenge in
the development of wind energy technology is to design machines that can produce
optimum energy safely and reliably. Even though the basic technology is simple,
meeting this challenge requires highly sophisticated technology built on aerody-
namic principles and using advanced materials and electronics. Thus, to develop a
good machine for a given set of conditions requires a lot of financial and technical
support. Unlike solar devices, wind machines must be matched with the local
conditions where the machines are to be located. These constraints have retarded
the widespread development and dissemination of wind energy technologies in East
Africa as little research is carried out in the region to address technology challenges.

Both wind and solar energies are considered to be the most environmentally
friendly sources of energy but their applications have been slow. The technology of
solar energy conversion to electricity was virtually unknown in East Africa before
the world oil crisis of the early 1970s, which triggered the need to search for other
alternative energies. With a large percentage of urban population and almost all
rural population having no access to national grid electricity, solar energy could
play a significant role in domestic energy supply particularly for lighting. In the
early phase of growth of the PV market in East Africa, the majority of the com-
ponents for the systems were imported with the help of foreign donor funds. During
the 1980s a domestic manufacturing expertise was gradually developed for solar
thermal conversion while at the same time research on photovoltaic materials and
production was encouraged in local universities. Although in East Africa not much
was achieved in these areas, principally due to lack of institutional support,
worldwide technological improvements however contributed to steady cost
reduction of PV components. Potentially, a very large market for PV systems exists
in Kenya, Uganda and Tanzania but to date implementation and their applications
have been confined to affluent sections of society because of inadequate information
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Fig. 2.10 Mean wind speeds (10 m above ground) in selected sites in Kenya [29]
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and lack of distribution points in the rural areas. In 1996, it was reported that in
Kenya about 40,000–60,000 households had installed solar energy systems, com-
prising more than 1 MWp of PV power. In addition to such domestic installations,
over the past ten years, several hundreds of PV refrigerators have been installed for
safe storage of vaccines, several water-pumping projects have been initiated and
programmes to make low-cost solar devices such as solar lanterns have been ini-
tiated in the region. The total population in the three East African countries has
gone past the 90 million mark and is steadily increasing. The majority of these
people need electricity mainly for lighting their homes and solar energy seems to
have the solution for them. It is however important to develop local capacity for
installation, maintenance, and after sales services in order to build user confidence
in solar energy devices (PV systems, solar cookers, solar water heaters, solar dryers
and solar lanterns, etc.). Sunlight is abundant in the region and with proper pro-
motional activities, easy purchase terms, and good incentives from the govern-
ments; solar energy could hold the answer to rural electrification programme.
Independent power producers could also be attracted to photovoltaic electricity
generation. It is estimated that at the rate of 100 W photovoltaic panel for every 4
people, there would be 2400 MW of solar electricity to light every home in the
region and this would cost about 7.2 billion dollars at the present price of $3 per
watt. Kenya is already generating about half of this but serves less than 10 % of her
total population. Obviously it has invested billions of dollars in the exiting gen-
erating facilities.

According to 2003 estimates, of the 140,000 m2 of solar heat collectors for
domestic water heating in Kenya, only 10 % is for household use, the rest are
installed in hotels, hospitals and institutions such as schools and colleges. The
potential for solar power is indeed enormous but unfortunately this source is not
given prominence in all the energy development plans of the three East African
States. The fact that solar energy devices give the user the opportunity to control
their use and the satisfaction of ownership would make them attractive to the rural
conditions if people are sensitised and given the correct information on their use
and maintenance. With enhanced state support, it is expected that the rate of solar
energy application will considerably increase. The average daily solar radiation in
the region is about 21 MJm−2 day−1 with a minimum of 15M Jm−2 day−1 and a
maximum of about 25 MJm−2 day−1. The region straddles the equator and so there
is abundant direct sunshine that generally rises to a peak of about 800 Wm−2 daily.
Given these conditions and a large population of more than 100 million people
without electricity, the potential for solar photovoltaic home systems is virtually
untapped.

Solar energy can directly provide heat and electrical energies while kinetic
energy of the wind can be converted to electrical energy through a generator and
also to mechanical energy through appropriate mechanical linkages. All these final
forms of energy are in high demand in any modern society. The conversion tech-
nologies for both solar and wind energies are well developed and their efficacies
and suitability have been proven worldwide. However, they have not been ade-
quately exploited in the region and the blame goes to national energy policies and
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implementation strategies that have not given these energy resources the attention
they deserve. Although they are covered in energy policy documents their imple-
mentation is often limited to tax reductions given to those importing them into the
region or end up simply as political rhetoric.

Over the years, a local capacity to fabricate solar water heaters has developed but
there has been very little support for promotion. Such capacity exists in both Kenya
and Tanzania where locally fabricated solar water heaters are used by both indi-
vidual customers and institutions such as hospitals and hotels. Bugando Hospital in
Mwanza, Makiungu Hospital in Singida, Morogoro Hotel, Hotel 77 in Arusha,
kilimanjaro Christian Medical Centre, Manyoni Mission in Singida are a few
examples of working solar thermal systems. In total, there are over 600 solar water
heaters installed and working in Tanzania. There are also some photovoltaic solar
systems for electricity generation installed and working in the region. Institutions
such as hospitals, schools and hotels use the large ones while smaller ones are
serving individual families in peri-urban and rural areas. It is estimated that over
50,000 photovoltaic panels of various power ratings are installed and operating in
the rural areas of Kenya. Some large national corporations such as Posts and
Telecommunication Corporations are using solar photovoltaic panels in their
communication systems in order to enhance national coverage to include areas
where there is no national grid electricity supply. National organizations in charge
of wildlife protection are also using them to electrify fences in order to restrict the
animals to the designated game parks.

Kenya has a well-developed market for the devices but, again, the official
support is limited to tax concessions. Plans are underway to establish more wind
machines to generate electricity in Kenya. It is encouraging that some level of wind
energy technology exists in Kenya and there are a few local and reliable wind
turbine manufacturers that can provide after sales services including spare parts.
These manufacturers have locally produced and sold several wind machines mostly
for water pumping in various parts of the country. During the 2013/2014 financial
year, Kenya government declared its plan to increase wind energy development in
its effort to boost overall national electricity generation. The costs involved are high
and for this to fall, the challenge is twofold. At the development and production
level, there is need to increase the energy conversion efficiencies and at the con-
sumer level, the systems should be optimized. Unfortunately, research and pro-
duction of solar cells require in-depth knowledge of structures of materials and
fairly sophisticated technology. Therefore, researches that are done in the local
universities are severely constrained by inability to acquire the needed high pre-
cision equipment. These issues must be addressed if energy generation through
wind and solar are to be improved in the region. More information is available in
specific publications for the three East African states of Kenya, Uganda and
Tanzania [31–33].
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2.3.2 Hydropower

Hydropower is the main source of electric energy in the region and although more
than 90 % of the rural population has no access to electricity, the industrial pro-
duction heavily depends on it for a wide range of applications. Electricity therefore
can be considered to be the main driving force in industrialization process where it
plays a pivotal role while oil sustains the transport sector. Both oil and electricity
are sources of energy that are of extreme economic significance for any nation.
More often than not, when talking about national energy plans and strategies in
developing countries, the reference obviously is on oil and electricity. In fact, in the
East African region, the word power means electricity while energy or fuel means
oil. Although electricity accounts, on average, for less than 4 % of the total energy
consumption in the region, while oil contributes less than 20 %, they are never-
theless the most important energy commodities for the national governments.

Oil has been imported into the region for many years and so did not require any
special development plan but hydropower is internally generated and therefore needs
careful production projections. Consequently, it is important to analyse the electricity
sub-sector in details including the potential future role of hydro resources in rural
energy supply strategies. In Kenya, electricity is produced from hydro, geothermal
and fuel-operated generators. The present (2015) installed generation capacity is
about 2290 MW but most facilities are operating below capacity due to a number of
reasons. One of these is the occasional low level of water in the hydro dams as a
result of prolonged periods of drought. Peak power demand however, is also low on
average. But hydropower is not the only source of electricity. There are also other
electricity sources from co-generator facilities and oil-powered generators. However,
power generation is not steady because the capacity sometimes goes way below the
demand due to a number of factors, forcing the distributor to ration electricity. A year
of little rain than expected is a bad year for the power sector. The problem of
increased silt in the dams is also experienced during too much rain reducing the
amount of water and hence less electricity is generated. One very important aspect of
the Kenyan hydro electricity generation is that more than half its installed capacity is
generated from one river, the Tana river (Table 2.8). The major power stations on
river Tana are Masinga, Kamburu, Gitaru, Kindaruma and Kiambere, and are known
collectively as the Seven Forks Hydro Stations generating a total of 563 MW. The
stations are not only along one river but they are also linked together by cascading
water from one station to another taking advantage of the head pressure created by
each dam. The dam at Masinga is used as the main reservoir that supplies the rest of
the stations with water during the dry season. This linkage and their location on one
river make all of them equally vulnerable to the effects of drought. The obvious result
is that the country is likely to face occasional national electricity shortages when the
river and its catchments experience dry spells even if there is enough rain in other
parts of the country. Indeed, this has been practically experienced a number of times
forcing the power company to enter into hasty negotiations with independent and
emergency power producers who use oil-operated generators.
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In order to reduce the risk of power shortages, plans are underway to increase
installed capacity by developing new plants as well as rehabilitating some of the old
facilities. It is expected that Independent Power Producers will also have some
contributions in these plans by injecting more power under 20 years power pur-
chase agreement. A possibility of importing power from Tanzania through Arusha
using 330 kV transmission line to Nairobi is also under consideration mainly
because Uganda had to stop power export to Kenya due to increased demand at
home. However, it is most unlikely that these developments will reduce power costs
or increase electricity access to the ordinary rural Kenyans. Perhaps the only most
important aspect of these arrangements is that they will diversify power sources
from the Seven Forks system and increase security. There is also plan to import
electricity from Ethiopia which is already developing a massive hydro power
project on the Blue Nile.

The linkages in the Seven Forks system are very interesting and might have been
favoured because of low construction cost. In addition to cascading water from one
station to another, generated electricity is also in certain cases conveyed to another
station before transmission to the national distribution point such as Nairobi, the
capital city. For example, electricity generated at Masinga is first transmitted to
Kamburu before transmission to Nairobi. Similarly, electricity from Gitaru is first
transmitted to Kamburu. This means that electricity from the Seven Fork system
can only be transmitted to Nairobi from three points: Kamburu, Kindaruma and
Kiambere.

In addition to the large Seven Forks hydro stations and Turkwel Gorge, there are
a number of small hydro stations some of which are now more than 50 years old
and are still operating. The European settlers introduced many of the small

Table 2.8 Hydro power generation in Kenya [29]

Large hydro stations

Station Location
(district/river)

Capacity
(MW)

Year
commissioned

Reservoir capacity
(million m3)

Masinga Tana 40 1981 1560

Kamburu Tana 94.2 1974 Underground station
served by Masinga dam

Gitaru Tana 225 1999 Water from Kamburu
through 2.9 km tunnel

Kindaruma Tana 44 1968 Water from Gitaru
through 5 km tunnel

Kiambere Tana 144 1988 585 (receives water
from
Kindaruma

Sonu-Miriu Kisumu 60 2012

Sangoro Kisumu 20 2014

Turkwel
Gorge

West Pokot 106 1991 1600

Total installed capacity from
large hydro stations

733.2
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hydropower machines in Kenya in the early and mid 20th century. A good number
of them are no longer operating partly due to government’s lack of interest in small
hydro and partly because of aging and rising cost of maintenance. Table 2.9 gives
the details of some small stations that are still in action. Small hydro systems with
power ranging from 400 to 800 KW have been operating in the tea-growing areas of
Kericho highlands where some European settlers are still doing some farming.
Tenwek Hospital in the same area is one such example where a small 400 KW
hydropower facility is used to provide power for lighting. In general small hydro
systems have been used in Kenya since 1919 and compared to other technologies
under similar conditions of lack of spares and maintenance knowledge, the small
hydro power units have done reasonably well. At least, some of them are still
operational. A survey carried out on small hydro potential in Kenya revealed that
there are over 100 sites that are suitable for generation of more than 10 kW.

The Tanzanian hydro electricity production is smaller than the Kenyan system
but targets a larger area. All hydropower generation is still done by the state
monopoly company, the Tanzanian Electric Supply Company Limited
(TANESCO) but plans are at an advanced stage to change this. The total installed
hydro capacity is 561 MW generated as shown in Table 2.10 Kidatu is the largest
hydro station in Tanzania with an installed capacity of 204 MW followed by
Kihansi with an installed capacity of 180 MW. The rest are producing less than
100 MW with Nyumba ya Mungu being the smallest at only 8 MW. A small
amount of hydropower is imported from the neighbouring countries such as Zambia
(3 MW) and Uganda (10 MW). These are mainly used to serve the regions near the
borders with these countries.

The Ugandan Electricity generation sub sector is the smallest in East Africa
partly due to the fact that Uganda is the smallest in size and population in the region
and partly due to stalled development programmes during the years of civil war of
the early 1980s. The presence of river Nile with a large hydro potential has affected
the development of small hydro power facilities but there are a few that were
introduced by the colonial settlers and, more recently, by non-governmental
organizations especially the church. Since the late 1986 when the country returned

Table 2.9 Small Hydro power stations in Kenya [29]

Station Location (river/district) Capacity (MW) Year commissioned

Mesco Maragua 0.38 1919

Ndula Thika 2 1924

Tana Upper Tana 14.4 1940 (3 machines)
(additional 2 machines in 1953)

Sagana UpperTana 1.5 1952

Gogo Migori 2 1952

Sossiani Sosiana 0.4 1955

Wanjii Maragua 7.4 1955

Total capacity from small hydro 28.08
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to peaceful governance, a number of sites for small hydro development have been
identified and plans are underway to develop them using local expertise and locally
fabricated equipment.

In the mid-1990s a survey was conducted in West Nile region and a total of
about 80 sites with potential ranging from 2 KW to about 600 KW were identified.
As for the large hydropower, the Nalubaale power station, which is located in the
south-eastern part of Uganda at Owen Falls, on river Nile, is one of the oldest large
electricity generating facilities in the region (Fig. 2.11). It has had, for a long time, a
generating capacity of about 180 MW but the recent extension that brought in the
Kiira Plant (Fig. 2.12) and Bujagali has increased the capacity to about 500 MW.
The three stations on river Nile are the only major sources of hydropower in
Uganda. Again the management of the electricity sub-sector has been done by the
Uganda Electricity Board in a similar monopolistic approach as were in Kenya and
Tanzania but the recently introduced reforms are set to change this in the whole
region. However, it should be noted that, given the large variation in weather

Table 2.10 Hydro electricity
production in Tanzania [29]

Station Installed capacity (MW)

Kidatu 204

Kihansi 180

Mtera 80

Pangani 68

Hale 21

Nyumbaya Mungu 8

Total from Hydro 561

Fig. 2.11 Nalubaale power station (formerly Owen Falls Dam) on rive Nile in Uganda
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conditions and the unpredictable nature of rainfall, over reliance on hydro power is
like sitting on a time bomb. Some of the experiences in Kenya have underscored the
need to speed up diversification of power sources. In many cases in Sub-Saharan
Africa, data on electricity supply are not reliable [13].

For a long time Kenya got its electricity from Owen Fall Dam (now known as
Nalubaale hydropower station) in Uganda under some special arrangements.
However, Kenya later developed its own hydro stations mainly along River Tana.
Together with hydro power stations in Tanzania, these facilities are now the major
sources of electricity in East Africa. Table 2.11 gives, as an example, sources of
electricity produced in Kenya. The situation in Uganda and Tanzania may be
slightly different because Kenya is the only country in the region that is exploiting
geothermal energy resource.

Lake Victoria, which is the source of river Nile is located almost at the centre of
East Africa and is sometimes referred to as the Heart of Africa. The Equator crosses
the northern part of the lake which is within Ugandan territory. River Nile is the
only major river flowing out of the lake while several rivers flow into the lake
mainly from the Kenyan and Tanzanian sides. River Nile traverses Uganda before
proceeding on to Egypt through the vast Sudanese territory where it is joined by the
Blue Nile from the Ethiopian highlands. It is one of the two longest rivers in the
world with an estimated length of about 5580 km from Lake Victoria (Uganda) to
the Mediterranean Sea (Egypt). With a high volume flow rate of about 600 m3s−1,
river Nile gives Uganda a huge hydro power potential of about 2000 MW most of
which has not been exploited. For many years, Uganda and, to lesser extent, Kenya
depended on electricity generated at Owen Falls (now Nalubaale Dam) on River

Fig. 2.12 Hydro power station at Kiira on River Nile in Uganda
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Nile (Fig. 2.11). Uganda is further favoured by the fact that river Nile flows through
the central part of the country making it possible to develop economically viable
centralized generating facilities capable of electrifying the whole country. Despite
the favourable distribution of her hydro potential, Uganda has only exploited less
than 20 % of this and is the least electrified state in East Africa. However, for a
small country like Uganda, the construction of large hydropower dams would have
a great impact on the environment and displacement of people and so the devel-
opment of hydropower should be carefully planned. Uganda has however planned
to develop more hydro power stations along river Nile. Some of the identified
potential hydro power stations are shown in Table 2.12.

Some of the sites listed on Table 2.12 are already undergoing development against
stiff opposition fromUgandan environmentalists, particularly the Bujagali site, which
was considered to be of cultural and ecological importance. A hydropower station
was however later built on the site (Fig. 2.13).

There is also potential existing in other river regimes for small and medium
power generation as shown in Table 2.13.

In total, over 20 small and medium hydropower sites have been identified in
Uganda and since they are scattered in remote areas far from the main centralized
large hydro site near the Lake Victoria port town of Jinja, they provide the country
with a good opportunity for local independent power companies to produce elec-
tricity for isolated rural settlements and institutions such as schools and hospitals.
The Uganda government has already put together a number of mini hydro projects
that are expected to inject about 30 MW into the grid. They include West Nile

Table 2.11 Sources of electricity in Kenya in 2014 [12]

Source Capacity (MW)

Hydro 827.02

Fossil fuels (incl. gas, diesel and emergency power) 811.3

Geothermal 593

Bagasse cogeneration 38

Wind 25.5

Total 2294.82

Table 2.12 Hydro power
potential in Uganda [29]

Hydro power station Estimated potential output
(MW)

Ayago 580

Murchison Fall
(Kabalega)

480

Kalagala 450

Bujagali 320 (partly developed)

Karuma (kamdini) 200

Estimated Total output 2030
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Fig. 2.13 Bujagali hydropower station on River Nile in Uganda

Table 2.13 Small hydro
potential in Uganda [29]

River Estimated
potential (MW)

Anyau 0.3

Bunyonyi 1.3

Nyakabuguka 0.2

Mpanga 0.4

Nyakabale 0.1

Ataki 0.2

Kisiizi 0.2

Kagera 2

Nyagak 3

Kaku 2.2

Maziba 0.5

Ruimi 1.5

Ishasha 6

Sagahi 6

Mubuku 7.5

Muzizi 11

Mtungu 12

Total estimated for small and medium
hydro generation

54.4
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Hydro Project (5.5 MW), Rukungiri-Bushenyi Power Project (4.6 MW), Kaseses
Rural Electrification Project (5 MW) and the Buseruka Hydro Power Project
(15.6 MW). Since Uganda covers small territory compared to Kenya and Tanzania,
a single national grid network may serve her more effectively.

Like Uganda, Kenya’s hydropower generation is dependent on one river Tana.
The same river still has some undeveloped potential for more electricity generation
at Mutonga, Grand Falls, Adamson’s Falls and Kora Falls all of which have been
identified for future development. The river, however, flows through a section of
the country, which has relatively low population density, and power has to be
transported long distances to reach the major towns and cities such Kisumu,
Mombasa and the capital city Nairobi. Apart from river Tana, there are a number of
smaller but permanent rivers flowing from the western ridge of the Great Rift
Valley into Lake Victoria. These rivers have a great potential for small and medium
hydropower facilities. A few, such as Magwagwa and Sondu/Miriu on river Miriu,
Leshota, Oldoriko and Oleturat on river Ewaso Nyiro have been identified and
targeted for development by KenGen but there are still about 100 sites with smaller
hydro potentials on rivers like Yala, Athi, Mara and Turkwel systems. Within the
tea estates of Kericho highlands, there are small rivers with potential for small
hydropower production and indeed the viability of the systems have been proven by
some institutions in the area that produce power from these rivers for their own
consumption. In Tanzania, about 15 % of the estimated hydro potential of
4700 MW has been exploited. Rivers Rufiji, Mara and Kagera and their tributaries
present Tanzania with a range of hydro potentials suitable for both small and large
systems. On river Rufiji alone, hydro potential of over 2000 MW of installed
capacity has been identified. The capacity exists for expansions of hydro projects at
Rumakali and other existing hydro stations.

From Tables 2.12 and 2.14, it is clear that, compared to Uganda and Tanzania,
Kenya does not have a high potential for large hydro schemes but has significant
potential for small and micro hydro schemes. Kenya would therefore be better
placed to develop small and micro hydropower facilities on its numerous small but
permanent rivers scattered all over the country particularly in the western part of the

Table 2.14 Hydropower
potentials in Kenya and
Tanzania [29]

Kenya MW Tanzania MW

SonduMiriu 60 Upper Kihansi (completed) 120

EwasoNyiro 90 Rumakali 222

Ewaso Basin 90 Ruhidji 358

Masigira 118

Stiegler’s Gorge I 300

Stiegler’s Gorge II 750

Stiegler’s Gorge III 350

Mandera 21

Mpanga 160

Total 240 Total 2399
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country, which at present does not have hydropower plant. The 60 MW Sondu
Miriu hydro station was recently completed and is currently the only large gener-
ation facility in western Kenya. Other hydropower potentials on river Tana are not
included in Table 2.14 but are possible extensions of the existing Seven Forks
system, a move that may not be advisable given the vulnerability of the facilities to
drought and the dire consequences as has been experienced in the past.

In general, East Africa has a vast hydro potential in excess of 6000 MW that can
supply all electricity requirements in the region at the present consumption level.
However, achieving this through single national grid power network using large
hydro stations would not only be too expensive for the economies of the regional
states but would also cause far reaching impact on the environment. Maintaining
the current networks with very small national coverage is already proving to be
difficult. Small hydro potential existing in the region, if developed as isolated units
or grid connected when economically beneficial, offers good chances for rural
electrification. It is worth noting that of the total World’s hydropower potential,
27 % is in Africa (about 780,000 MW) while South America has about 20 %
(577,000 MW). The remaining 53 % is shared among the rest of the world (Western
Europe, United States of America, Canada, Eastern Europe, Asia, etc.). However,
Africa has harnessed only less than 5 % of its hydro potential while South America,
with comparatively less potential, is using more hydropower than Africa. The
African continent needs to learn from the experiences of countries like China,
which has a vast territory, served by several small and medium hydro systems,
some of which are operating in isolation. So far more than 40 % of the Chinese
hydro potential has been developed and there are about 50,000 installed small hydro
units producing a total of about 6000 MW mainly for rural electrification.

The unique Chinese approach to rural electrification is the use of Micro hydro
schemes with capacities of up to 100 kW (0.1 MW). In fact, there are several
factories producing even smaller systems of up to 5 kW, referred to as Pico hydro
schemes, which are exported to other countries especially to the Far East for rural
electrification. Such machines are simple to install and require less than 5 m
pressure head for their operation and weigh less than 50 kg. The cost comes to
about USD 300 per kilowatt when installed.

Vietnam has been one of the major consumers of the Chinese so-called family
hydro systems of 50–1000 W capacity. Today similar systems are manufactured in
Hanoi and are readily available in the markets. These simple small machines require
only up to 2.5 m of head and flow rate of just about 0.02 m3s−1. The 1000 W
system, for example, requires 2–4 m head and flow rate of about 0.08 m3s−1. The
technologies for these Micro and Pico hydro schemes are well developed and, if
adopted by the developing nations in Africa, can make significant contribution in
rural electrification. East Africa is capable of developing its vast small hydro
potential to power practically all rural trading centres, schools, provincial and
regional administration facilities, all fish landing beaches around Lake Victoria and
any other centre of interest. Most of the already developed hydro schemes in East
Africa are in 100 MW range. In general, hydro facilities are state controlled and
supply about 60 % of the total electricity consumed in the region.
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It has been shown that hydro power development can make a big difference in
East Africa. But there is also need to change current energy policies that limits
power distribution. The high connection fee paid by consumers without acquiring
the right to own any of the components is just one way of suppressing the demand.
State owned utilities are not likely to voluntarily change these policies but mini
hydro schemes with user friendly payment packages and operated by communities
and independent electricity providers can definitely make a difference for the rural
communities in this region. Figure 2.14 shows installed mini hydro facilities in East
Africa and some neighbouring countries. These are far below the available
capacities.

2.3.3 Geothermal

Although some studies have indicated the possibility of finding geothermal sites in
Tanzania, there has not been any concrete exploration plans. Similar studies have
been done in Uganda with strong indications of geothermal potential estimated at
about 450 MW from different sites but these have not been exploited. Kenya is the
only country in the region that is already harnessing geothermal energy and is using
it to generate over 500 MW of electricity from sites located in the Olkaria area of
the Great Rift Valley. Kenya Electricity Generation Company (KenGen) in col-
laboration with other independent power producers continue to search for more
geothermal sites. A number of sites have been identified and earmarked for
development. Studies have been conducted around the present Olkaria area and also
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Fig. 2.14 Installed mini hydro schemes in Eastern Africa [29]
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in Eburru field where expansion of existing facilities have been done. Studies have
also been carried out around Lake Baringo as a result of natural occurrence of hot
springs in the area but there have not been any conclusive findings. According to
the present indications, geothermal potential in Kenya is in excess of 7000 MW. It
is expected that the increased generation of electricity from geothermal sources will
reduce the unit cost of electricity in Kenya because geothermal generation is
considered to be the least cost energy in the region. Should more coal and natural
gas be discovered, it is most likely that they will be used to generate electricity and
not as domestic energy sources.

Geothermal energy is obtained from natural heat stored in rocks and water within
the earth’s crust. Since the energy is extracted by drilling wells to the underground
hot aquifer, the wells should be shallow enough for energy production to be eco-
nomically justifiable. The steam is led through pipes and finally used to turn tur-
bines, which drive electricity generators. In Kenya, most of the stations are located
at Olkaria near the southern shores of Lake Naivasha. The first of the three steam
turbines producing a total of 45 MW started operating in 1981. About 33 wells have
been dug to supply steam to the plant. The second phase of geothermal energy
development known as Olkaria II has also been developed and is operational. The
third geothermal site, Olkaria III, developed and totally owned by an independent
electricity generating company is also operational. By the beginning of 2003, the
new plant was already producing 13.5 MW and by 2005 it was completed bringing
to 109 MW the total installed capacity at Olkaria. By 2015, total geothermal
installed capacity had increased five-folds to about 593 MW. The independent
power producer owning and operating Olkaria III is the first private company to use
air-cooled converters that ensure zero surface discharge. This is a new and most
environmentally benign technology in the electricity generation in Kenya. The
company sells its electricity to Kenya Power and Lighting Company (KPLC) for
nation-wide distribution. It is expected that more independent power producers will
participate in the development of geothermal electricity production and that, in the
near future, geothermal will be a major energy source in Kenya (see Table 2.8). In
Uganda, estimates made several years ago put geothermal potential at about
450 MW located in Uganda’s rift valley region but since then a lot of research has
been carried out to determine if there is more geothermal potential in the country,
particularly in the same Rift Valley which lies along its border with the Democratic
Republic of Congo. The search for geothermal sites has kept alive Uganda gov-
ernment’s hope of diversifying its electricity generation from the predominantly
hydro sources. The areas that, according to geological properties, have shown some
prospects include Katwe, Kibiro and Buranga but other areas bordering the rift
valley in south-west and northern parts of Uganda also have volcanic and tectonic
features that are indicative of possible geothermal occurrence. It has been estab-
lished that suitable underground rock temperatures ranging from 120 to 200 °C are
found in these areas. But, so far, Uganda is yet to exploit the identified geothermal
potential. In Tanzania, very little effort has been put on the search for geothermal
resources despite the fact that the central portion of Tanzania is in the Great Rift
Valley, which is known to have geological formations that are characteristics of
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geothermal resources. The only exploitation of geothermal resources in the region is
done in the Kenyan portion of the same Great Rift Valley [4, 29] .

2.3.4 Coal

Active search for coal has been going on in the region with some mixed expec-
tations particularly in Kenya where efforts are focusing on Mui and Mutito areas in
Mwingi and Kitui districts. In Tanzania, commercial coal production started at
Kiwira coalmine in Mbeya in the late 1980s with an estimated annual output of
about 150,000 tons of raw coal out of which about 93,000 tons of processed coal
would be obtained. There is also coal deposit at Mchuchuma in South west
Tanzania near the northern tip of Lake Nyasa with a potential to generate 400 MW
of electricity for 40 years. Due to the poor quality of Tanzanian coal and the high
cost of transportation, coal has not become a major source of energy for domestic
application. This has slowed down coal output but it is expected that once coal
production is fully developed in the region, it will be used to diversify electricity
generation and also supply industrial heat energy requirements not only in Tanzania
but also in Kenya and Uganda. It is however not clear whether coal can, in future,
make any impact as domestic heat energy source in the region since space heating is
not an essential requirement.

2.3.5 Natural Gas

Tanzania was, for a long time, the only country in East Africa where there was
proven natural gas reserves with a possible potential of up to 30 billion cubic meters
at Songo Songo Island and at Mnazi Bay. The gas can be used to generate a
significant amount of electricity in Tanzania and plans are already underway to
modify existing thermal generators to use it. Some studies have, however, indicated
that operating natural gas-fired generators are too expensive and would raise the
cost of electricity. Gas has not made much impact in the national energy scene
especially at household level but it has a great potential in electricity generation for
the national grid. Given the vast territory of Tanzania and the scattered nature of its
towns and villages, both gas and coal resources hold the future for rural electrifi-
cation aspirations.

The discovery of oil in Uganda and Kenya has changed the situation. Uganda
has officially declared the discovery of gas in the country. Kenya is also highly
hopeful that some exploitable quantities of gas may be available soon. In Tanzania,
the largest gas reserve is at Songo Songo Island in the Indian Ocean, south east of
the coastal commercial city of Dar-es-Salaam. Another significant natural gas
reserve is at Mnazi Bay. The immediate plan for the gas was to use it as fuel for the
existing oil-fired electricity generators in the country and up-grade some of them so
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that they can feed directly into the national grid network. Of special consideration
was the thermal electricity generation in Dar-es-Salaam, particularly the relatively
large Ubungo thermal generator (about 112 MW), which was to be converted to use
the gas. In order to do this reliably and with minimum transport cost, about 340 km
of gas pipeline was to be built to convey the gas directly to a depot in
Dar-es-Salaam from where it would be distributed to various electricity generators.

The deposit at Mnazi Bay was to be used in Mtwara town to generate about
15 MW of electricity as well as in Dar-es-Salaam. In addition, the gas was to be
used to produce fertilizers for both domestic and export markets as well as liquid
fuel substitution in industry and transport sectors. The Tanzanian government
agreed with foreign companies through licensing arrangements to handle produc-
tion of the gas. Normally the exploitation of resources of great values such as this
one needs assistance from development partners who prefer a package that includes
the participation of more experienced companies. During such negotiation, there
emerged a disagreement between the Tanzanian government and a powerful
international development partner over the logistical arrangements regarding pro-
duction and distribution of the gas. This initially caused some delays in completing
the planned developments but eventually it was accomplished. Despite its avail-
ability in Tanzania, natural gas has not made any significant impact as an energy
source. It appears that its use is limited to large-scale power generation and the
purpose of this is to reduce national bill for oil importation.

2.3.6 Oil

Oil exploration, both on- and off-shore, has been going on in East Africa for several
years and there were strong signs that the region has some significant oil reserves
and, indeed, some official declarations have been made to this effect in Kenya and
Uganda. Uganda was the first country in the region to officially declare the dis-
covery of oil with an estimated reserves of up to 6.5 billion barrels although
recoverable oil may be much less than this; just about 1.4 billion barrels [24].
Kenya is the largest oil consumer in the region and has been importing oil mainly
from United Arab Emirates. In 2011, it imported about 51,000 barrels per day of
refined oil products and about 30,000 barrels per day of crude oil. This is likely to
change as, in 2012, total oil reserves of about 300 million barrels were discovered
in Kenya. There are expectations that this will soon top 10 billion barrels mark [30].
This development is not unique to the region as similar discoveries have been made
in Ghana and Mozambique. However, since energy is a source of potential conflict,
these developments are treated with a lot of caution especially with regard to
revenue sharing between stakeholders (counties, national governments and mining
companies). Similar exploration activities are on-going in the neighbouring coun-
tries of Ethiopia and Somalia while Tanzania is looking to expand its already
significant amount of natural gas. One oil company that has been active in the
region is a British based company known as Tullow Oil PLC, which also has oil
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production in other African countries such as Ghana, Gabon, Cote d’Ivoire (Ivory
Coast), Mauritania, Congo Brazzaville and Equatorial Guinea. It also has explo-
ration interests in a number of other countries such as Sierra Leone, Senegal,
Tanzania, Madagascar, Namibia, Liberia, etc. [8, 10]. All these activities are done
under government corporations specifically established to oversee activities in the
petroleum industry. For example, in Tanzania, Petroleum Development Corporation
(TPDC) is responsible for all aspects of petroleum industry including exploration,
production, refining, storage and distribution.

In Kenya, it is the Kenya National Oil Corporation that is responsible for this
while Kenya Pipeline Company (KPC) deals with the distribution of all oil-based
fuels to major storage facilities. Private sector involvement is also very strong in the
petroleum distribution sub-sector and is the main supplier of oil fuels to the end
users through region-wide network of petrol/gas stations. Most of these distribution
networks were controlled by multinational oil corporations which have, over the
years, sold majority shares to local companies in order to consolidate control of
local energy issues. There are more than fifteen different oil distributing companies
operating in the region with the most prominent being MOBIL, BP, CALTEX,
SHELL, TOTAL, ELF, FINA, KOBIL and AGIP. New players have recently
joined the market mainly from South and North Africa, and are spreading their
networks to cover the whole region. Many of them prefer to enter into the region
through Ugandan and Tanzanian markets where competition is not as stiff as in
Kenya. Oil-based fuels of various grades (diesel and petrol) are the major sources of
energy for the transport sector while kerosene is the main source of power for
lighting especially in the rural areas and among the urban low and middle income
groups.

2.3.7 Thermal Generators

Being the largest country in the region, Tanzania has experienced more serious
electricity distribution problems than the other sister states. As a result of this, the
country chose to use thermal generators to power its scattered towns and villages.
Some of these are connected to the national grid lines while others are isolated
facilities. Those that are connected to the national grid are located in the larger
towns and cities and therefore mostly found in Dar-es-Salaam, Mwanza, Tabora,
Dodoma, Musoma and Mbeya and are generally operating at about 50 % of their
capacities due to management problems. The isolated thermal generators are meant
to serve low populated remote settlements and are mainly located in Mtwara,
Kigoma, Njombe, Lindi, Tunduru, Mafia, Mpanda, Ikwiriri, Liwale, Songea, Kilwa
Masoko and Masai.

The Tanzanian case for these thermal generators is quite unique and was
encouraged by the socialist economic policy that Tanzanian government pursued
for many years after independence in 1961. The policy encouraged people to get
together and live in large communal villages and the government was obliged to
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support communities’ efforts to acquire the basic facilities and this is how small
townships got their generators. Many of these generators are facing myriad prob-
lems due to old age. Some independent power producers have recently entered into
the country’s energy sector and they find it more economically convenient to use
thermal generators. Consequently, one such power producer, Independent Power
Tanzania Ltd (ITPL) is already producing 100 MW, which it sells to TANESCO for
distribution. Another one, SONGAS, with a capacity of 200 MW is already sup-
plying 120 MW. This particular company is using the available natural gas in
Tanzania for electricity generation. The other independent power companies are the
Tanganyika Wattle Company (TANWAT) with a capacity of 2.5 MW and Kiwira
Coal Mine with a capacity of 6 MW. Both of them are using thermal generators.

Like Tanzania, Kenya has a number of thermal generators. The majority of them
are managed by the Kenya electricity Generation Company (KEGEN), which sells
power to the distribution company, Kenya Power and Lighting Company (KPLC).
The largest of these is the Kipevu system located at the Indian Ocean coastal city of
Mombasa. The system uses three different methods of generation: thermal, diesel
engines, and gas turbines. The first Kipevu thermal machine was commissioned in
1955 and was gradually up-graded to seven machines by 1976. These were oil-fired
drum type boilers. The first five machines have been retired due to aging while the
last two machines are still operating with a total capacity of 63 MW. The first
Kipevu gas turbine was commissioned in 1987 with an installed capacity of 31 MW
while the second one with a capacity of 32 MW was commissioned in 1999,
bringing the total gas capacity to 63 MW. The Kipevu diesel generator was com-
missioned in 1999 with an installed capacity of 73 MW. Up in Nairobi, there is yet
another gas turbine, which was commissioned in 1972 with an installed capacity of
13.5 MW at Nairobi South. All these are connected to the national grid network but
there are also three isolated thermal generators serving remotely isolated towns.
These are the Garissa Power Plant with an installed capacity of 2.4 MW and
supplies power to Garissa town in the remote part of North Eastern Kenya; the
Lamu Power Plant that supplies electricity to the traditionally unique Lamu Island;
and the Marsabit thermal generator. Marsabit is an isolated town in the northern part
of Kenya where security risks make it difficult to manage grid power lines. There
are a few independent power producers using thermal generators such as Tsavo
Power Ltd, which has an installed capacity of 74 MW. There are also other thermal
power generators in Lanet (55 MW), Eldoret (55 MW), Embakasi (105 MW) and
Ruaraka (105 MW).

The other state in East Africa, Uganda, gets most of its electricity from hydro
power stations. Electricity from thermal systems is still small but this is set to grow
given that Uganda has discovered a significant amount of oil. However, electricity
production in Uganda is much lower than in either Kenya or Tanzania. The recent
reforms in the power sector are expected to attract some independent power pro-
ducers who generally prefer to use thermal generation methods. When this happens,
then Uganda is likely to increase its capacity in thermal electricity production. The
present political will to bring the three East African states closer together may
encourage more thermal generators based on coal and natural gas produced in
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Tanzania. Kenya government has put up an elaborate plan to increase electricity
generation to over 5000 MW by 2017 and there are indications that this will be
done by using coal (about 1900 MW), geothermal (about 1600 MW) and natural
gas (about 1000 MW) while wind is expected to contribute about 600 MW [8, 10].
It is expected that as more natural gas and oil are discovered in the region, East
Africa will lean more towards thermal plants for electricity generation.

2.3.8 Co-generation

Cogeneration is a system in which both electricity and process heat are produced
from the same power plant. It is also often considered as a process in which
electricity is generated as a secondary commodity in addition to the core product of
the establishment. For example, timber mills need electricity to operate while at the
same time they produce a lot of wood waste that can be used to produce that
electricity. Similarly, sugar factories need electricity but, to produce sugar, they
need a lot of heat for their boilers, and this heat is obtained by burning sugarcane
waste (bagasse) and the steam from the boilers can be used to turn turbines for
electricity generation. Thus their core product is sugar but they find it also con-
venient to generate electricity for their own use since steam is available. This
technology is globally proven and indeed many of these factories have been doing
just that for a long time but the laws governing the power sector did not allow them
to produce electricity as a commercial commodity. This has been a very unfortunate
situation in countries where surrounding communities still rely almost entirely on
biomass as the source of energy. Thus cogeneration, attractive and cost-effective as
it may be, has not been exploited in East Africa for the benefit of the communities.

In Tanzania, cogeneration has been practiced at sawmills such as Sao Hill and
Tanganyika Wattle Company and also at sugar processing plants such as
Tanganyika Planting Company Ltd (TPC), Kilombero Sugar Company, Mtibwa
Sugar Estates and the Kagera Sugar Company. A few of these like the Tanganyika
Wattle Company (TANWAT) are already making use of the reforms to sell power
to Tanzania Electricity Supply Company (TANESCO) for national consumption.
There is, however, a growing interest in producing electricity as part of the com-
mercial outputs with a view to selling it in order to improve economic performance.

In Kenya, there are also a number of sugar milling factories and other agro-based
companies, which have the capacity to increase their cogeneration levels but have
not made any significant contribution in the supply of electricity to the public.
These are Sony Sugar, Nzoia Sugar, Mumias Sugar, Chemelil Sugar, Muhoroni
Sugar, Agrochemical and Food Company and the Spectre International Plant
(formerly Kisumu molasses plant). All these companies are located in western part
of Kenya and are capable of supplying the region with a substantial amount of
electricity. They are all close to Lake Victoria and together with other sugar
companies such as Kagera Sugar Company in Tanzania and Kakira Sugar Company
in Uganda, which are also close to the lake, could effectively serve much of the
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Lake Victoria region with electricity. Already, by 2013, Kakira had prepared to
increase its electricity generation capacity to over 50 MW with the aim of selling
the surplus to the Uganda Electricity Board. It was also planning to diversify its
production to include ethanol which is to be used for blending transport fuel.

The desire by these companies to actively co-generate electricity for commercial
distribution is a progressive development that should be encouraged by the
respective East African states. The seven sugar milling companies in Kenya pro-
duce an average of about 1.8 million tons of bagasse. Out of this, about 56 % is
used in cogeneration with an average capacity per factory of 25 MW, which is all
consumed in-house. The rest of the bagasse is disposed at a cost to the company.
With some incentives and appropriate energy policy, the bagasse can be used to
generate more electricity that would bring additional income to the company and
also increase national electricity generation capacity. In Kenya, Mumias Sugar
Company recently upgraded its energy production by about 38 MW some of which
is sold to Kenya Power and Lighting Company. It further diversified its production
by establishing an ethanol plant for producing ethanol fuel, which can be used to
blend gasoline (about 10 % ethanol and 90 % gasoline) and reduce expenditure on
imported petroleum fuels. Other sugar companies are planning to do the same.
However, it is not clear what would happen to these plans in the wake of oil
discoveries in the region.

Cogeneration is one of the methods of generating electricity that have the best
chance of success in the region particularly in rural electrification efforts.

These industries use bulky agricultural products as their principal raw materials
and therefore, to encourage farmers to grow these inputs, transport cost must be
kept as low as possible so that both the industry and the farmers can mutually
benefit. For this reason, the industries are normally located in the rural areas close to
the sources of raw materials. Their potential to generate electricity as independent
power producers can be further developed with little additional investment since
most of them are using the by-products of the raw material to produce small
quantities of electricity. Another important aspect is that the government can plan
and choose the right location for the establishment of such factories so that rural
electrification plans are also addressed besides the core function of the companies.
The companies also benefit by selling both energy and the core product instead of
just one commodity. Thus the companies would afford to lower the prices of both
power and the core commodity and still make enough profit. The potential for
cogeneration is high and the prospects are very good for the companies. East Africa
has a number of agro-based industries that could supply electricity to their neigh-
bourhoods if suitable power legislation and regulatory arrangements are put in
place. The area that could benefit most from the cogeneration is the Lake Victoria
region of East Africa where there is a high concentration of agro-based industries,
which have been producing electricity for their own use. One of such factories is
located on the shores of Lake Victoria (Fig. 2.15). There are about eight large sugar
factories and at least five allied industries (molasses and paper industries) around
Lake Victoria whose energy outputs could make a significant contribution in the
development of the region (Fig. 2.16). The potential for electricity generation from
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Fig. 2.15 Molasses plant owned by spectra international at the Lake Victoria city of Kisumu

Fig. 2.16 A sugar factory in Lake Victoria region
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bagasse within the Kenyan side of Lake Victoria basin is estimated to be about
300 MW but could be more than this if the factories are upgraded to higher
production capacities. The exploitation of such capacity in the region would sig-
nificantly improve the diversity of national power supply and also lower the cost of
products from these factories. Table 2.15 gives some examples of cogeneration
capacities in Tanzania. Most of the companies can upgrade their capacities and are
indeed planning to do so in order to take advantage of the new energy policies.

The capacities indicated in Table 2.15 are based on the energy requirements for
the companies but they have greater potential than these and can be up-graded to
much higher capacities within the present operational limitations. Co-generation
therefore has a great potential in the region particularly the central part of East
Africa (Lake Victoria basin), which has a significant cogeneration potential. In
general, however, the distribution of co-generating facilities in the whole region and
possible choices of the locations of the new ones make them appropriate centres for
rural electrification programmes.

2.3.9 Portable Generators

Large fuel fired generators are the most attractive electricity generation facilities for
independent power producers even though they are more expensive to operate since
they require specific fuel inputs. About 90 % of the population of East Africa has no
access to grid power and there are arguments that even if they had, it is unlikely that
they would use it. This is partly because of the high level of poverty amongst the
rural communities that force them to live under conditions that would be even more
dangerous with electricity supply and partly due to policies that suppress demand.
So the issue of electricity is not a simple problem of lack of access and high cost but
also a social issue as well. The use of thermal generators therefore will not help in
bringing the cost of electricity to affordable level for the rural population. However,
the prospect of ownership and personal control of application and running cost is an
important feature for rural farmers who periodically receive large incomes and can
afford to buy portable generators. So the potential for small portable fuel-operated
generators that can supply enough electricity to a household is definitely available

Table 2.15 Examples of cogeneration capacity in Tanzania [32]

Power plant/company Capacity (MW)

Kagera Sugar Company 5

Mtibwa Sugar Estate 4

Kilombero Sugar Company 3.4

Tanganyika Planting Company 20

Sao Hill Saw Mill 1

Tanganyika Wattle Company 2.8 (already selling power to TANESCO)

Total capacity 36.2
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in the region. A number of these are already in use despite their high operational
costs and purchase prices. They are usually used only when necessary, for example,
to light a wedding, funeral or an important social function. Their widespread use
will depend on how low their prices will go but currently this is the option taken by
the few medium and high-income groups in the rural areas. But even for these
groups the use of generators is limited to special occasions.

2.3.10 Biomass Energy

When talking about biomass energy, we refer to energy obtained from direct com-
bustion of any form of vegetation (wood, grass, shrubs, agro-waste, sawdust, sugar
cane bagasse, etc) including their gaseous, liquid and solid products like methane
(biogas), bio-diesel, producer gas, ethanol (power alcohol), cow dung, and charcoal.
Some electricity generators, the so-called thermal generators, use heat from biomass
to produce high pressure steam that turns the turbines. The cogeneration discussed in
the previous sections use heat obtained directly from biomass combustion. Some
biomass materials such as sugarcane can be converted through fermentation into
ethanol (also known as ethyl or power alcohol), which in turn can be used to blend
oil-based fuels in order to reduce the consumption of oil particularly in the transport
sub-sector. This method can help in reducing the amount of convertible currencies
that poor developing countries spend on importation of oil. Furthermore ethanol can
be used in a variety of industrial productions such as chemical, pharmaceutical and
beverage industries. East Africa is often overburdened by expenditures on oil imports
when oil prices suddenly go up due to political turmoil in the oil producing countries.
For this reason, the possibilities of producing ethanol from raw sugarcane or
molasses and mixing it with oil for use in conventional petroleum powered machines
and transport vehicles have been studied and prototype production schemes carried
out. Biomass is therefore the most interesting energy source especially in the
developing countries where most people including their governments are too poor to
afford other sources of energy, which may not even be locally available. On a smaller
scale, biomass can be converted into combustible gas known as biogas (methane) that
is used for both cooking and lighting. In East Africa, biomass, in its various uses,
accounts on average for more than 80 % of the total energy consumption and almost
the entire rural population in the region depends on biomass energy for energy supply
mainly in the form of dry wood, also known as fire wood.

One most important aspect of biomass materials is that, practically, most
countries of the world can produce it in large quantities and this is part of the reason
why it is such an important source of energy for rural communities in the devel-
oping countries; they have access to it and it is possible to generate it in any
desirable quantities. In addition to energy, biomass is also used for many other
purposes such construction of buildings and furniture and therefore it is generally in
high demand. Fortunately these other applications require high quality wood while
for energy applications low quality biomass such as dry branches of trees and other
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wood wastes are quite suitable. This means that wood fuel can be obtained from
live trees without having to cut down the whole tree. Consequently the various uses
are usually not viewed as competitive.

The second interesting characteristic of biomass as an energy source is that it
does not require special and complicated cooking devices (stoves) and traditionally
the users, who are mostly women, design and construct the cooking place. This may
be a simple arrangement of three stones between which wood is burnt or suitably
dug-out shallow oval holes in which biomass is burnt. The cooking pot is either
supported by the three stones or is placed above the hole. More recently a number
of portable improved wood stoves have been developed and disseminated amongst
the East African rural communities including schools and colleges. A fast-growing
consumption technique is the conversion of woody biomass materials into charcoal,
which is easy to store and transport. It is also consumed in smaller quantities than
wood and is therefore most preferred by those who do not have space to store wood
especially the urban middle and low-income groups. These groups together with the
rural communities constitute more than 90 % of the total population of East Africa.

A large potential exists in the generation of biomass materials and also in the
development of biomass energy devices like cooking stoves that can use various
forms of biomass such as briquettes of different biomass materials such as sawdust,
charcoal dust, fallen dry leaves, rice and coffee husks [21]. Considering the number
of people that use biomass as a source of energy and the important role played by
biomass in producing other forms of energy, we see that biomass is such an
important source of energy that should not be ignored in any rural energy planning
process. Given that the situation regarding the present types of rural shelters, the
level of poverty and the eating habits are not likely to change in the near future,
biomass development must be seriously considered as an integral part of the energy
systems. Its most important feature is the fact that it can be converted to commonly
used forms of energy (heat and electricity) and also to gaseous and liquid energy
sources such as biogas, producer gas, and ethanol. The level of these conversion
technologies may be low in East Africa at present but there is great potential for
their development. Production and use of charcoal, which is a high heat content
biomass fuel, is well established in the region but the people need to be trained to
develop and use efficient wood-to-charcoal conversion technologies. The general
climate is also quite suitable for biomass regeneration programmes. Production of
ethanol from biomass has been considered in Kenya as one possible way of
reducing oil imports. This possibility was seriously considered in the 1970s when
the oil crisis adversely affected the economies of East African states. At that time
Kenya, for example, was spending as much as 35 % of her total import bill on
importation of oil. The idea that ethanol, produced from sugar cane, could be added
to the imported oil and used to power existing vehicles without any engine mod-
ification gave Kenya some hope of reducing her expenditure on petroleum.
A reasonable ratio of petroleum-ethanol mixture was expected to reduce the amount
of imported oil by about 20 %. Two alternative production methods were studied:
one was to produce ethanol from molasses generated by the existing sugar mills in
western Kenya and the other was to produce ethanol directly from sugar cane.
The former was considered more economically viable since there were active sugar
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milling factories that could supply molasses to the ethanol plant. Two ethanol plants
were therefore established within the western Kenya sugar belt: the Agro-Chemical
and Food Company in Muhoroni and Spectra International formerly known as
Kisumu Molasses Plant. Apart from ethanol, these plants were also designed to
produce other products of commercial value from the same molasses.

East Africa has several active sugar milling factories that can adequately support
ethanol production. However, the economic analyses on local ethanol production
showed that using the technology adopted by Agrochemical and Food Company at
Muhoroni in western Kenya is more costly than imported gasoline. Thus ACFC can
only make profit if the produced ethanol is exported. But there are possibilities of
reducing the cost of production to an economically viable level. Improvement of
production efficiency can be made in areas such as fermentation, distillation, use of
self-generated energy, and acquisition of cheap or free molasses. This together with
more cost-effective management arrangements would definitely make ethanol
cheaper than imported gasoline. But, at the moment, these companies are facing
very challenging economic issues and are struggling to keep afloat. Therefore
diversification of production to include other services is necessary in order to
substantially bring the cost of ethanol down and also ensure that there is enough
income for these companies to continue their operations. This is an option that is
feasible in East Africa and should be given some in-depth consideration since there
are a number of sugar milling companies that have the capacity to also commer-
cially co-generate electricity for public consumption. Thus the potential for biomass
embraces a wide range of processing options from solid to gaseous fuels. The
region however has no experience with bio-diesel although the potential for its
development from locally grown crops exists. Research and development in this
area should be considered and supported as a long-term energy plan for the region.

For a long time, biomass was so easily available in the immediate neighbour-
hood that it could not be imagined that one could buy it for use as an energy source.
Today, much of it has disappeared and wood fuel is now a commodity that one can
buy in the local markets even in the rural areas. Fuelwood demand in Kenya is
3.5 million tons per year while its supply is 1.5 million tons per year. The massive
deficit in fuelwood supply has led to high rates of deforestation in both exotic and
indigenous vegetation resulting in adverse environmental effects such as desertifi-
cation, land degradation, droughts and famine [3, 11]. It is, however, still very
cheap compared to other energy resources and most people can still obtain it
without having to buy it. It is also a very interesting energy source and many energy
specialists still find it difficult to quantify wood in terms of energy quantity since it
does not have standards or set properties for accurate determination of its energy
properties. In addition to variations of wood species, wood can have different
energy values depending on its moisture content. Although water in the wood may
not have heat value, it nevertheless reduces the net heat value of the unit weight of
the wood since it has heat capacity and latent heat of evaporation that must be
supplied from energy in the wood when the temperature is raised to a combustion
level. So the energy of the wood falls rapidly as moisture content increases.
Table 2.16 gives examples of variation of heat content in wood as a function of
moisture content. Wood is also bulky with weights that depend on the moisture
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content and therefore its transport cost is generally high compared to the amount of
energy obtained from it. Charcoal, which is produced from wood, contains about
50 % of the energy in the original wood, weighs only about 25 % and has more
consistent properties than wood. Its calorific value is comparable to those of some
industrial grades of coal. These qualities make it a popular source of energy for
low-income urban population who do not have much storage and cooking space. In
addition to its high energy content, charcoal also has the advantage that it does not
burn with much flame that could cause any danger or discomfort to the user; it
simply glows and produces the required heat. On the one hand, the negative side
though, the carbon monoxide gas that is produced from burning charcoal poses the
potential danger to its users. Some people have died from using charcoal in poor
ventilated houses. On the other hand, the CO2 produced in using charcoal con-
tributes to the greenhouse gases known to increase global warming.

The level of biomass contribution to the total national energy consumption in
Kenya has gone down to about 70 % from about 82 % level of the 1980s. In
Uganda and Tanzania, it is still contributing about 90 % of the total energy con-
sumption. This is a direct indication that the urban population in the region is still a
very small fraction of the total population. The low consumption level of biomass in
Kenya could be attributed to the fast growing number of the so-called rural market
centres where small traders settle to carry out their businesses. Residents of such
centres tend to rely on kerosene for both cooking and lighting. As discussed in
chapter one, these centres also normally spring up faster along national grid power
lines. So some successful traders use electricity and LPG as their domestic energy
sources. The main factor, however, is the high growth rate of urban population of
young people in search of job opportunities. It is now estimated that about 30 % of
Kenya’s population is urbanized. Kenya is also more economically developed than
either Tanzania or Uganda and this explains the relatively higher per capita clean
energy consumption and lower biomass use compared to Tanzania and Uganda. It is
nevertheless clear from Tables 2.5, 2.6 and 2.7 that almost the entire rural popu-
lation in East Africa depends exclusively on biomass energy resources. This also
implies that although it is becoming more and more difficult to obtain, biomass is
still available in sufficient quantities to satisfy the demand. Many people are aware
of its crucial value as an energy source and are making efforts to plant various types
of trees for this purpose while at the same time using plant residues as energy
source. Individual forestry master plans for Kenya, Uganda and Tanzania indicate
that wood resources are on the increase in farms while they are decreasing in other
land categories. This shows that the ordinary people are aware of the importance of

Table 2.16 Energy values of
wood and wood products [29]

Moisture content Energy content MJ kg−1

Wood 100–120 % 8.3

15–20 % 16.4

8–10 % (bone dry) 19.3

Charcoal 5–10 % 29

Wood gas – 7
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biomass regeneration to the extent that tree planting is readily accepted practice in
the farms. The popular tree species planted in the farms include Grevillea robusta,
Eucalyptus species, Cypress species, and a variety of fruit trees [13–15, 20, 35, 36].

The fast growing population of the region is constantly increasing the demand
for wood-fuel so that forests are consumed much faster than they are regenerated.
During the last three decades, deforestation for wood fuel has been a major concern
for most non-governmental organizations. Subsequently, they have undertaken
several activities to redress the situation. These include: improved charcoal stoves,
wood and sawdust domestic stoves; institutional stoves; energy conversion tech-
nologies such as wood-to-charcoal; rice husks to charcoal briquettes; animal dung
to biogas and solid biomass to gas. Some of these activities have been reasonably
successful. For example, the Kenya Ceramic Jiko (KCJ), a technology adapted from
Thailand, which was first introduced in Kenya has successfully spread to Tanzania,
Uganda, Ethiopia, Sudan and even Rwanda and Burundi.

One aspect of biomass energy, that has not received sufficient attention, is the
extraction of fuel-oil from energy crops. Research in this area will be important
especially if the research for direct substitutes for fossils oil is to continue.

Biogas, also classified as a product of biomass materials, has also been researched
into and developed. Although biogas plants are advantageous in that the by product
is useful as soil fertilizer, the technology has not been successfully implemented on a
wide scale. The initial investment cost is high and it requires qualified manpower and
constant attention in order to operate efficiently. Tanzania has however demonstrated
that some of these constraints can be overcome. But further work is required to
explore the possibility of commercializing the gas instead of the plants.

In the following sections, a detailed account of biomass in Uganda is given as an
example of what is happening in the East African region.

2.4 Biomass Energy in Uganda: An East African Model

Biomass energy strategies in the East African states are basically similar with only
minor variations in the level of emphasis and implementation of some specific
areas. In fact the similarities can also be extended to other Sub-Saharan African
countries. We therefore consider in details the situation in Uganda as a represen-
tative case for not only East Africa but also for wider region.

2.4.1 Uganda’s Biomass Energy Policy

In 1999, the Ministry of Energy and Mineral Development (MEMD) of Uganda
began a process of formulating a new policy for the energy sector under the
National Energy Policy. This energy policy is unique in that it includes a section on
biomass energy. Revision of the Forest Policy began in 1998. Both the new and old
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policies attempt to address biomass issues. The Forest sector has gone further to
develop a National Forest Plan, which is complementary to the National
Environment Action Plan.

The National Biomass Study (NBS) of the Forest Department has collected data
on biomass distribution throughout the country since 1989. This information is
useful for planning for biomass supply and includes information on crop distri-
bution and acreage and livestock stocking rates, which can be used to establish how
many agricultural residues are available for energy production. It should be noted
that use of agricultural residues for energy production should not in any way
compromise its priority use as a natural fertiliser since the average farmer in
Uganda cannot afford commercial fertilisers.

The MEMD has developed strategies for rural electrification, petroleum supply
and energy efficiency. Despite the importance of biomass in the national energy
balance accounting for 93 % of total energy consumption, there is no compre-
hensive biomass energy demand strategy. Wood is the predominant source of
energy for domestic cooking and for process heat in the industrial and institutional
establishments. Charcoal production and consumption is an important part of the
economy supplying most urban areas with cooking fuel and generating about
20,000 full time jobs. Due to the high rate of consumption, it is believed that
biomass resources are being depleted at a higher rate than production but data are
insufficient to prove this view. In addition, land under biomass production is reg-
ularly converted to farmland, which is sometimes devoid of trees. The MEMD and
other actors have implemented isolated biomass projects.

This strategy attempts to synchronize the energy strategies in the energy policy,
the national forest plan and the national environment plan. The proposed biomass
energy strategy has been formulated on 6 major principles namely:

• Institutional aspects;
• Human resource development;
• Mobilising financial resources;
• Dissemination of awareness;
• Quality control; and
• Research.

The 1995 Constitution of Uganda recognises the need for an energy policy
oriented to the poor when it states “The State shall promote and implement energy
policies that will ensure that people’s basic needs and those of environmental
preservation are met”. The importance of energy for the poor and the development
of Uganda is recognised in the revised Poverty Eradication Action Plan (PEAP) of
2000. Energy has a direct impact on poverty alleviation. Improved electricity
supply is expected to enhance poverty alleviation initiatives through both the
promotion of private sector driven economic growth and via direct poverty impacts.
The link between energy and the introduction of new technologies for
agro-processing in the rural areas is especially relevant to government’s Plan for
Modernisation in Agriculture. PEAP also highlights the link between energy and
basic needs and notes that the dependence on fuelwood increases the burden on
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women and cause environmental degradation. It further notes that the first step in
climbing the energy ladder is the use of improved cooking technologies and the
introduction of more efficient methods for charcoal production.

About 93 % of the energy consumed in Uganda is from biomass, which includes
wood, charcoal and agricultural waste. 95 % of wood supply is for energy con-
sumption with the following characteristics:

• Wood is the only energy option for the poor since only about 1 % of the rural
population has access to electricity (2000 estimate).

• Scarcity of wood affects nutritional value of food cooked as it limits the type of
food and level of cooking and therefore many people strive to ensure that it is
available all the time.

• Wood is a renewable energy if its regeneration and consumption is planned
sustainably.

• Wood is a major source of process heat in industries and is therefore of
important economic value for the nation in addition to its direct use as con-
struction material.

These characteristics confirm that wood will continue to be the dominant source
of energy in Uganda for many years to come even if the entire hydro potential in
Uganda is to be fully utilized. One major concern is that Ugandan households
generally use biomass energy inefficiently. The application of improved wood
stoves and other energy sources (LPG, solar energy, kerosene and electricity) is
limited in most areas. A few institutions such as schools have converted from open
fires to improved cooking stoves. A few high-income households and expatriates us
LPG and electricity for cooking.

In Kampala, the market efficiently supplies the consumer with a steady, uninter-
rupted supplies of fuel wood and charcoal at relatively low prices. However, these low
prices are below their economic cost, due to the fact that fuel wood taxes and fiscal
compliance rate are low and that so much charcoal is coming into urban areas as a
result of rapidly increasing land clearing for grazing and agriculture. This is also
confirmed inMbarara Townwhere the price of the charcoal bag has reduced fromUsh
12,000 to 8000 (about USD 6.5–5) following an increase in the number of charcoal
traders especially the wholesalers using lorries. Thus economic incentives to con-
serve wood and charcoal have diminished over the past five years due to increased
demand. The taxation on wood fuel serves no regulatory objective. That means that
price of financial incentives to purchase more energy efficient stoves diminished.

2.4.2 Overall National Energy Policy

The energy sector has historically placed emphasis on policies that address supply
of commercial sources of energy, giving little attention to biomass, which is the
major source of energy in the country.
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The main goal of the new National Energy Policy is to meet the energy needs of
the Ugandan population for social and economic development on an environ-
mentally sustainable way while the second objective is to increase access to modern
affordable and reliable energy services as a contribution to poverty eradication. On
the demand side the main objective for households and community is the provision
of basic services including water supply and sanitation, health, education, public
lighting, and communication in order to improve the social welfare of the rural
population.

The specific objectives for this sector are to:

• Achieve a sustainable level of energy security for low-income households so as
to reduce poverty at household level;

• Improve the efficiency in the use of biomass resources, recognizing that biomass
will remain a dominant source of energy, especially in the rural areas, for the
foreseeable future;

• Specifically target provision of energy to productive activities such as
home-based industries in order to directly raise household incomes; and

• Sensitise women on energy source and technology choices in order to reduce the
labour, burdens and poor health conditions associated with biomass energy use.

The National Energy Policy recognizes the role energy supply improvement in
rural areas is likely to play thus the need to include biomass in the realms of
national energy planning.

It also recognizes that wood fuel harvesting contributes to degradation of forests
as wood reserves are depleted at a rapid rate in many regions, the impact on the
environment, health of end-users and the burden of collecting firewood on women
and children as a result of increased use of biomass energy. In some parts of the
country wood fuels are now scarce. This could be addressed to some extent through
demand side management, which includes the use of energy efficient devices and
alternative sources.

There is insufficient data on demand and supply of biomass fuels in the country
and lack of awareness about the potential for biomass energy technologies. The
policy views reinforcement of database on biomass especially the demand factors as
a major thrust for planning purposes.

The policy recognizes the inadequacies within government institutions to plan
for and monitor the sub-sector, and conduct research and development. The energy
policy plans to increase private sector participation through use of smart subsidies
particularly for improvement in efficiency and technology acquisition. Emphasis
would be placed on improving efficiency of biomass use along the production to
end-use chain.

The energy policy proposes strategies to address demand side in various sectors
namely household, institutional, industrial, commercial, transport and agricultural
sectors. Energy efficiency is the major thrust in demand side management. In
addition the policy proposes strategies to address supply sub-sectors namely the
power sub-sector, the petroleum sub-sector and the biomass and other renewable
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energy sub-sectors. The major objective of the biomass and other renewable energy
strategy is provision of focused support for the development, promotion and use of
renewable energy resources for both small and large-scale applications.

2.4.3 Forestry Policy and the National Forest Plan

Uganda’s forests and woodlands are viewed as the mainstay in the three pillars of
sustainable development; industry, society and the environment. The forest policy
recognizes that Uganda’s forest resources provide energy, supplying 93 % of
national energy demand.

Gazetted forest reserves, which cover about 40 % of total forest area in the
country, are not the major sources of biomass energy for current and future demand.
About 35 million cubic meters of firewood are consumed annually. This is way
above the total annual allowable exploitation of 350,000 m3 for all reserved forests.
Since these forests still have growing stock, it implies that the bulk of biomass used
for energy is mainly obtained from areas outside forest reserves. However, it is not
documented as to how much of this quantity is supplied by gazetted forests.

The forest policy views farm forestry as major strategy in ensuring adequate
supply of biomass energy. The role of the forest sector would be the provision of
adequate, clean seed and advisory services to extension officers based at sub-county
level. The planned extension service under National Agricultural Advisory Services
(NAADS) is an effective way of reaching subsistence farmers thorough out the
country. The policy also plans to take advantage of governments’ commitment to
promote and develop farm forestry through the Plan for Modernization of
Agriculture.

The use of forestry waste as a source of energy is not addressed but is implied
since there are no planned energy plantations and so forest reserves are expected to
supply some fuelwood as outlined in the National Forest Authority Business Plan.
The tops and branches from logging operations would be sold as wood fuel. This
wood fuel would be obtained from processing cycles as stipulated in the man-
agement plans for specific forest reserves.

The forest policy mentions collaboration with stakeholders such as poor rural
and urban population, those working in wood industries, consumers of forest
products, servants of the sector and the wider national and international public but
no clear strategy is highlighted. Further, the policy specifies collaboration with the
agriculture, land use, water, wildlife, industry and energy sectors.

2.4.4 Availability of Woody Biomass

The data on biomass supply assumes that all the biomass is accessible to the
population. In reality, a lot of the biomass held in forests is either inaccessible due
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to long distance or because of management restriction in protected areas such as
forest reserves, game reserves and national parks. For purposes of simplicity, if
areas under protection are assumed to be unavailable or inaccessible, then the
available supply of biomass for use shall be reduced drastically to about 50 % of the
total biomass available.

Sources of wood used for firewood and other forest products can also be derived
from these distribution patterns and land use types. For example the nearest source
for fuelwood would be the subsistence farmland areas or the nearby bushland areas.

2.4.5 Agriculture

Biomass energy from crops is derived from agricultural residues arising from
growing and harvesting of both food crops and cash crops. The most common food
crops grown in Ugandan are: Plantains, both green and sweet bananas, finger millet,
maize, sorghum, rice and wheat, root crops such as sweet potatoes, Irish potatoes and
cassava; beans, field peas, soya beans and pigeon peas; others are groundnut
(sometimes called peanuts), and simsim. The cash crops grown are coffee, cotton, tea
and sugar cane. The distributions of these crops in the country depend on specific
crop requirements such as soils and climatic conditions (e.g. rainfall patterns and its
distribution). The following section presents the areas and production of the major
crops in Uganda based on data from the Ministry of Agriculture (1995).

2.4.6 Agricultural Residues (Food and Cash Crops)

Agricultural residues are the materials left after harvesting or processing of crops.
Data on residues are in most cases lacking. Therefore, the data for residues were
derived by calculating the production figures of each crop with appropriate con-
version factors (residue-production rations). The total agricultural residue is about
8,000,000 tons of which about 1,734,000 tons is available for energy use.

2.4.7 Livestock

There has been no recent detailed livestock census carried out in the country. Thus
the figures given are derived from the Ministry of Agriculture, Animal Industries
and Fisheries statistical abstract 2000. It was estimated that there were about
5000 cattle, 900 tons of dry matter per year of which about 240 tons is available for
energy use.
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2.4.8 Total Biomass Production and Use

The overall potential stock of woody biomass in Uganda in 1995 was about 477.2
million tons air dry. However if the biomass from protected areas were removed
from the gross national stock, the net available stock would be reduced to
275.9 million tons air dry.

It should also be noted that in reality only small stems, twigs and branches are
normally utilized. If this is taken into account, the available stock would be further
reduced to about 30 % (about 90 million tons of wood).

The total sustainable biomass production and consumption flows have been
summarized at national level but the information is so sketchy that it cannot be used
for effective planning. The concept of sustainability is that the annual consumption
should not exceed the mean annual increment. The annual gross sustainable yield at
national level is about 20.4 million tons per year. However if the available supply
from non-protected areas is considered alone, then the yield will be reduced to
about 14.5 million tons per year.

As expected from the above presentations, the highest biomass supply was from
trees (14.4 million tons per year, air-dry biomass above ground), followed by
agricultural residues (1.7 million tons per year) and the rest were from animal wastes.

On the consumption side, firewood consumed by household constitutes the
greatest amount of biomass, followed by charcoal, firewood for commercial pur-
pose and residues. Only 50 % of crop residues available for energy purpose are
consumed. An increased supply from this source should be considered with care.

The data on land cover (use) distribution, areas, standing stock (biomass den-
sity), agricultural crop areas and animal waste production were used to quantify the
supply of biomass while data on charcoal and firewood from available literature
were used to determine the quantity of biomass consumed in 1995.

On the supply side, Uganda had a total stock of 4772 million tons of woody
biomass in 1995. The total biomass yields were about 20.4 million tons per year of
wood (annual mean increment), 8.0 million tons per year of agricultural crop
residues and 4.7 million tons per year of animal wastes.

The available (excluding protected areas) amounts for energy use were
275.9 million tons of wood as stock, 14.46 million tons of wood per year,
1.73 million tons of residues per year, and 236,000 tons of animal wastes as yields.

On the consumption side in the same year, a total of 20.2 million tons was
consumed of which nearly 80.5 % was firewood, 14.5 % charcoal, and 4 % residue.

Biomass flows based on these sustainable yields gave a negative balance of
3.8 million tons per year in 1995. The deficit for woody biomass is even higher:
4.9 million tons per year for the same year.

Some gaps exist in the data and the estimates of the above biomass should be
treated with caution since many issues that affect the gross supply and the con-
sumption were not factored in. Nevertheless, the general conclusion is that with a
negative balance of 3.8 million tons, there are serious challenges to the sustainable
use of this resource. In certain regions and districts, the situation is even worse.
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Under the present circumstances, the future biomass supply for Uganda cannot be
guaranteed. This is because the demand for biomass resources would intensify as
the population increases. Remedial actions have to be put in place before the
situation worsens.

2.5 Some Biomass Energy Challenges

This section reviews some biomass energy initiatives in Uganda and examines
some of the barriers to dissemination of Biomass Energy Technologies (BET). The
initiative mainly cover creating awareness and dissemination of technologies for
tree planting and energy efficiency, particularly improved stoves and improved
charcoal production techniques. There are some activities addressing capacity
building as well. Most non-governmental organizations (NGO) and public sector
initiative receive donor support while private sector activities are supported by the
parent companies.

The Ministry of Energy and Mineral Development (MEMD) with support from
development partners is implementing the Sustainable Energy Use in Households
and Industry (SEUHI). The objective of the project was to improve efficiency in
energy conversion and use in the households and small-scale industry. The project
address rural and urban household stoves in Kampala, Soroti, Adjumani, Kabale
and Tororo; charcoal production in Luwero, Nakasongola and Masindi; and lime
production in Kasese, Kisoro and Tororo.

The MEMD has:

• Disseminated improved cookstovesin 34 sub-countries in the districts of Kabale,
Tororo, Soroti and Adjumani. Over 400 people have been trained and about
7000 households now use improved stoves.

• About 70 artisans were trained in production and marketing of improved
charcoal stoves in Kampala and Kabale.

• Over 130 charcoal producers in Nakasongola, Luwero and Masindi Districts
were trained in improved charcoal production methods.

• Three charcoal producers associations were formed.
• Two charcoal producers associations benefited from a modest revolving fund

through association’s access to Kampala markets. The two associations have
been operating stalls in Wandegeya and Namasuba Markets since August 2000.

• An improved limekiln in Tororo was completed and launched and another lime
kiln was built in Kisoro.

• Energy audits have been carried out in some biomass-based industries.
• Eight tree nurseries were established in sub-counties in Kabale District.
• In collaboration with some agro-based institutions, MEMD planted over

500,000 seedlings in Adjumani District.
• Provided facilitators to Nyabyeya Forestry College on energy issues.
• Established 20 biogas digesters and trained 20 artisans in biomass digester

construction.
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Under the Energy Advisory Project supported by a European development
partner, MEMD prepared the national energy Policy, sub-sector-strategies and
energy Information System. Technical assistance was also provided to different
NGO projects and the media. A Biomass Energy Development Programme (BEDP)
was prepared. The MEMD plans to remove barriers to increase biomass energy
efficiency in households and small-scale industries in rural and peri-urban areas.
This will be done by promotion of improved technologies, energy saving methods,
and fuel substitution. High priority will be given to urban households, institutions
and small industries where management and motivation to cut fuel costs would
quickly settle in.

Biomass is used to supply energy for a number of activities. Some of these such
as tobacco curing encourage the users to also plant trees as they consume available
biomass materials. Several local NGOs and groups, such as Joint Energy and
Environment Project (JEEP), Integrated Rural Development Initiatives (IRDI),
Renewable Energy Development Centre (REDC), and learning institutions have
collaborated with various international development organizations to promote tree
planting and use of efficient energy devices.

2.5.1 Information Deficiency

There is lack of comprehensive and reliable data especially on the consumption
side. Biomass energy planning relies on a wide variety of information (both
quantitative and qualitative) from different disciplines. The responsible institutions
such as Energy Department and National Bureau of Statistics are chronically
handicapped by financial and human resources and usually occupy a marginal role
in the national planning context. Even basic data such as the prices of wood fuel in
different parts of the country may be missing or inconsistent. Quite often, the
discrepancies among independent estimates illustrate the low consistencies and
reliability of data sources, with obvious negative consequences for formulation or
identification of priorities and definition of policies and strategies. The figures and
facts about the central role played by the sub-sector in term of offering employment
or its contribution to the country’s GDP are not documented. If valid arguments are
to be won in favour of the sub-sector, say for more resource allocation, facts and
figures should obviously back such an argument.

2.5.2 Technology

The sub-sector is characterized by few producers/manufactures of proven Biomass
Energy Technologies (BET). A large number of manufacturers produce items of
low quality and sometimes worse than “traditional” technologies in terms of effi-
ciency, durability and other attributes. There is lack of knowledge about the
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availability of new technologies, and the advantages and constraints associated with
such technologies. Advanced biomass technologies such as gasification, and
modern brick kilns are little known in the country. There is clearly lack of quality
control and regulation in the sub-sector.

2.5.3 Institutions

The key institutions in the biomass sub-sector including MEMD, NGOs and private
companies experience shortage of qualified personnel and expertise in the area of
biomass. These organizations do focus on many other issues and biomass is more
often a small component of their activities or programmes. This situation is
aggravated by the fact that the institutional linkages between the various actors are
weak and in some cases non-existent. There is need to enhance collaboration and
exchange of experience between all the actors. The situation if further aggravated
by the fact that financing mechanisms are not available for the BET. Many Micro
Financial Institutions are not yet convinced of the potentialities of these tech-
nologies for the development of the rural populations.

2.5.4 Objectives of Biomass Energy Development Strategy

An ideal biomass energy strategy should ensure that resources are used sustainably
without negative social, economic, and environmental consequences. This requires
balancing the supply and demand of biomass energy. While the energy sector is
responsible for energy supply and demand, a number of other sectors have a niche
in biomass energy issues. These include forestry, agriculture, environment, indus-
try, health, population, gender and education. Various other stakeholders are
involved in supply and demand aspects of biomass.

The Energy Department has developed a National Energy Policy. The major
strategy for implementing the energy policy in end-use sectors is energy efficiency.
The biomass (and other renewable) supply sub-sector’s objective is for “Government
to provide focused support for development, promotion and use of renewable energy
resource for both small and large scale applications”. The policy provides a list of
strategies, which need to be developed further in order to address the needs of the
sector. The National Forest Plan emphasizes biomass energy conservation through
“Developing a biomass energy strategy, improving uptake of energy efficient tech-
nologies and developing appropriate technologies for production, processing, and
energy consumption”. The National Environment Action Plan also emphasizes
energy efficiency, increased production of trees, and increased use of alternative
energy sources.

The major objective of this initiative is to synchronise and build on the strategies
from different sectors that address biomass energy demand and ensure that
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stakeholders of the sub-sector play roles based on their comparative advantages in
formulating and implementing the biomass energy demand strategy.

The issues to be addressed in this strategy are:

• Institutional Arrangements;
• Human Resource Development;
• Mobilising Financial Resources;
• Dissemination and Awareness;
• Quality Control; and
• Research.

2.5.5 Institutional Arrangements

Biomass energy should not be viewed as an isolated sub-sector but as an integral
part of the development process. Uganda’s economy is agro-based and biomass
plays a key role in a number of agro-processing industries; therefore developments
in the biomass energy sub-sector will contribute towards the Plan for Modernisation
of Agriculture (PMA). Biomass plays an important role in ensuring food security
because it is and will continue to be the major source of energy for cooking for the
next decades. In some wood fuel deficit areas, households have shifted from more
nutritious foods that take long to cook to less nutritious easy-to-cook foods.

Apart from existing potential, biomass can play a role in power generation for
rural based industry (rural electrification) thus contributing towards industrial
development.

A revision of the pricing and taxation policies for wood fuels is a condition for the
attainment of the policy targets. The level of taxation has to be raised step by step to
promote management of the resource base. The primary objective of taxation policy
for household energy should be to correct market imperfections that prevent prices
on the market to reflect the correct economic cost of fuels. This would convey the
correct price signals to the consumer of the cost of his fuel use to society and
encourage a switch to the use of improved technologies and other energy sources.

Innovative institutional strategies are required in order to ensure that the energy
needs of end use sectors that rely on biomass energy are met. Important institutional
options include but not limited to:

• Careful review of the existing institutional framework to identify opportunities
for rationalization and improve efficiency. This would include a functional
analysis of agencies involved in the biomass energy sub-sector. In addition an
analysis of the strengths and weaknesses of the existing institutional framework
would help identify areas that need strengthening or improvement.

• Giving preference to simple policy instruments that yield substantial results at
low cost.

• Formulating simple regulatory and fiscal measures that are commensurate with
local enforcement and monitoring capacity. These measures should be based on
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realistic and technically proven strategies with stakeholder participation. For
example licensing charcoal producers and fuelwood dealers at village, parish or
sub-county levels would be best effected when local authorities have been
involved in preparation of environment action plans which incorporate energy at
local level.

• Using research results to guide decision-making process.
• Incorporating energy planning at lower levels, mainly at district and sub-county

levels.
• Undertaking regular and periodic reviews of past biomass energy policies,

projects and initiatives to ensure that lessons learnt are incorporated in current
and future activities.

• Ensuring that government departments focus on their central functions of reg-
ulations, evaluation, and monitoring.

• Establishing appropriate pricing schemes for wood fuels to allow full recovery
of cost for energy crops thus creating a favourable environment for investment
in commercial energy plantations.

• Strengthening institutional database, proactive advocacy, and reinforcing
effective national coordination.

• Encouraging the establishment of energy service companies (ESCo) with special
interest in promotion, testing, manufacture, and marketing of energy efficient
technologies and practices.

• Encouraging the development of professional energy-related associations.
• Encourage inclusion of biomass issues in rural development projects.

2.5.6 Human Resource Development

Successful energy programmes in Sub-Saharan Africa are those in which local
initiatives played a dominant role in the project conceptualization through to
implementation. Meaningful development of the biomass energy sub-sector will
require mobilization, strengthening and effective organization of human resources
in the country. Limited local participation has retarded the growth of local skills
making Uganda more dependent on external expertise. In the short term, optimum
use of existing skills would yield the highest benefits at the lowest cost. It is
therefore necessary to establish the existing human resource capacity in the country.
Over the years, there has been great dependence on external expertise in the energy
sector. Appropriate long and short-term training should be made available to ensure
that those employed in the biomass energy demand sub-sector can effectively
participate in various aspects of biomass energy production, distribution, and use.
Among end-users, there is limited knowledge of biomass energy efficiency
opportunities and availability of new technologies. Little is known about the
capacity to undertake energy efficiency analysis and the simplicity with which
energy savings can be used to increase production and profitability in small and
medium enterprises.
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Some tertiary institutions such as the Faculty of Forestry and Nature
Conservation at Makerere University and Nyabyeya Forestry College have incor-
porated biomass energy in the forestry training curricula. This is the beginning of a
process that will supply trained cadres for the sub-sector. In order to accelerate
technology adoption rates, it is imperative to include biomass energy conservation in
other tertiary institutions and at lower education levels. Some aspects of forestry and
environment conservation are now part of the syllabus in primary and secondary
schools in Uganda. It is envisaged that the younger generation will implement what
they learnt in school. This could also be done for biomass energy conservation.

A number of institutions such as Nyabyeya Forestry College and Makerere
University Faculty of Technology are planning to establish “Biomass Energy
Centres” in different parts of the country. In addition 12 Agricultural Research and
Development Centres (ARDC) (former District Farm Institutes) currently under
National Agricultural Research Organization management and Agricultural
Development Centres (ADC) under Local Government management can be used as
technology uptake pathways for biomass energy technologies. These efforts need to
be coordinated to avoid duplication.

A few formal and informal entrepreneurs have invested in production of biomass
energy technologies especially production of improved cook stoves. They often
have limited technical and business management skills. As a result, these businesses
have not registered the success originally expected. Different small projects plan to
provide training in both technical and business management skills for improved
charcoal stove producers. Other small and medium scale entrepreneurs in the
sub-sector need training as well.

In order to create a critical mass of personnel to implement the biomass energy
strategy it is imperative to:

• Conduct a human resource survey among major actors and agencies to establish
existing human resource capacity. This will help establish the gaps and thus plan
for relevant training programmes. In addition, a training needs assessment
should be conducted among stakeholder.

• Develop required human resource capacity to implement the National Biomass
Energy Demand Strategy by:

– Providing formal and on-job training for all levels of personnel in biomass
energy projects. Training courses should be based on identified local needs
of the target groups.

– Training extension workers in relevant biomass energy technologies. Under
the NAADS system extension staff hired by the district authorities will be the
major link to farmers. Such training would be conducted if the farmers have
identified biomass energy conservation technologies as necessary input to
their agricultural development activities.

– Training staff and managers of small and medium enterprises in technical
and business management after training needs assessment.

2.5 Some Biomass Energy Challenges 105



• Establish a network of trained biomass energy auditors who will be skilled in
identifying and implementing profitable biomass energy efficiency initiative.

• Integrate biomass energy conservation in the school curricula at primary and
secondary level.

• Co-ordinate biomass energy centre activities and establish demonstrations at
ARDC and ADC.

2.5.7 Mobilizing Financial Resources

The level of dependence on external sources to finance energy development in
Uganda is so prevalent that little thought is given to mobilizing local financial
resources. Uganda has borrowed massively to finance the power sub-sector. On the
other hand, the biomass sub-sector, which is an important source of livelihood for
Ugandans mainly benefits from small grants. Mobilizing local financial resources is
a pre-requisite for sustainable energy development in the country. A few private
sector biomass energy initiatives have been implemented using locally generated
resources however, experiences on the success of these initiatives is limited.
Biomass energy supply is totally financed by local capital however it is charac-
terized by under-valuation of the resource. Some financial institutions administer a
number of special loan programmes, which are dedicated to the development of
small and medium enterprises. Private sector agencies involved in biomass energy
should take advantage of these loans.

Some biomass energy technologies such as biogas systems and institutional
stoves; and, technologies for harnessing alternative fuels have high investment
costs, which discourage end-users from acquiring these technologies. The first
biogas digesters introduced in Uganda were made of concrete and/or bricks, which
most farmers could not afford. Currently Integrated Rural Development Initiatives
is disseminating a tubular biogas digester, which is cheaper. However, farmers still
need financial assistance in order to purchase the biogas system. High investment
cost may also affect the adoption of liquefied petroleum gas despite the fact that the
industry has introduced cheap 5 kg cylinders with single burners.

Effective financial resources mobilization can be realized by:

• Developing mechanisms for mobilizing local capital to finance biomass energy
projects. An Energy Development Fund could be established with contribution
from a given percentage of tax revenue from all energy suppliers. Percentages
could depend on volume of business and levels of pollution from the fuel.

• Encouraging greater involvement of local banks in biomass energy investments
similar to the arrangement for acquisition of solar home systems. Small and
medium enterprises should take advantage of loans provided by banking
institutions.

• Include smart subsidies for biomass energy initiatives as part of the already
established Rural Electrification Fund.
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• Rationalizing the collection of revenues, fees and taxes related to wood pro-
duction, transformation, transport, and marketing at local levels. Those funds
should be utilized to ensure maximum benefits are realized at local government
level while promoting the commercial woody biomass sector to operate on a
sustainable basis.

• Developing appropriate financing packages for small and medium enterprises in
biomass energy projects.

• Promoting technology acquisition especially for alternative fuels through hire
purchase system. This would be applicable for charcoal production technolo-
gies, institutional stoves, biogas and liquefied petroleum gas. In addition,
revolving fund systems to enable farmers acquire tubular biogas digesters could
be established. However, an assessment of these end-user financing systems is
required before wider use.

2.5.8 Dissemination and Awareness

A number of agencies are actively involved in awareness and dissemination
activities particularly for improved cook-stoves and tree planting. For most biomass
energy consumers, reducing energy costs at end-use has not traditionally been a
principal concern. There is need to make information more readily available to
enable biomass energy users incorporate energy efficiency in their daily practices.
While biomass energy technology dissemination efforts have been going on by
different actors over the years, some of these agencies are bound to have registered
successful dissemination. It is imperative to learn from experiences of different
actors. It is also necessary to consolidate dissemination efforts and channel activities
to where there is great need. The different media (press, radio, and television) and
the professional associations concerned with Environmental and energy issues will
have a crucial role to play in preparing and disseminating the information.

Innovative dissemination and awareness approaches will include:

• Designing a national awareness campaign to demystify biomass energy tech-
nology (BET) and ensure actors are aware of key components of the biomass
energy demand strategy. The awareness campaign would among other things
provide information on biomass energy saving methods including different
technology options, major actors and sources of information. The different
media and the journalists associations will be trained to disseminate the right
messages.

• Creating a database with information on technologies available and their per-
formance parameter, institutions, and their roles in the National Biomass Energy
Demand Strategy, past, present, and future projects, and any other information
considered necessary.

• Documenting and publishing reviews of technology dissemination activities so
that other actors may learn from success and failures of past projects.
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• Consolidating dissemination activities implemented by different actors to pre-
vent duplication of efforts and concentration of activities in a given region of the
country. This will help identify gaps in current dissemination approaches.
Combined with data on biomass growth, demand, and supply, the dissemination
approach would include identification of areas most suitable for implementation
of biomass energy programmes.

2.5.9 Quality Control

Poor quality of some Biomass Energy Technologies is a barrier to large-scale
dissemination. This is particularly prevalent in improved charcoal stoves but may
also affect other biomass energy technologies and so there is a need to stop the trend
before it spreads too far.

It is proposed that:

• A National Energy Reference Centre be developed at Makerere University
where some limited testing facilities for improved stoves have been established.

• A regular testing programme be instituted to ensure that acceptable qualities of
goods and services are maintained.

• Quality guidelines and standards for production of different biomass energy
technologies should be developed and technology producers provided with the
information.

• Technology producers be encouraged to use trademarks on all their products.

2.5.10 Research

There has been limited support to research in biomass energy technologies.
Research activities have mainly concentrated on charcoal production and improved
cook-stoves. Uganda mainly depends on research conducted in other countries.
Continued reliance on technology development done in other countries is expected
to persist for many more years but effort should be made to reduce it. It is however
imperative that technologies are adapted to suit local needs. Research should
therefore focus on:

• Collecting and processing relevant data for the implementation of the biomass
energy strategy. Data on biomass availability is an important input to planning at
lower levels.

• Incorporating environmental costing in analysis of different energy options to
ensure that the realistic cost of biomass energy is applied.

• Developing national energy efficiency performance data, management regimes,
and relevant technical specifications for different biomass technologies.
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• Developing or adapting technologies for biomass uses where improved tech-
nologies are not yet available in the country.

• Exploring the possibility of using biomass for electricity generation and also as a
source of liquid fuel that can be used to blend imported oil-based fuels.

• Promoting energy policy analysis research to assess the impact of different
energy mix strategies.

2.6 Energy Contributions by Source

Energy consumption in many developing countries is not clearly documented as
people tend to use whatever they can get readily and cheaply and therefore both
cost and the source become the most important consideration. In East Africa, the
following are the common energy sources:

Firewood: This is a common source of energy used by about 90 % of the rural
households and about 10 % of urban households. About 80 % of these people
obtain their firewood free while others either regularly purchase it or supplement
their free collection by purchasing some. Firewood is mainly used for cooking and
space heating.

Charcoal: Of those who use charcoal, 80 % of them are urban households while
less than 20 % are rural households. The average per capita charcoal consumption
in the region is about 150 kg, giving charcoal a significant trade volume, which, in
financial terms, could be as high as 50 % of the cost of oil imports.

Wood waste: Use of wood waste is gradually declining with less than 3 % using it
in the 1990s compared to the reported over 5 % in the 1980s. This is due to the
declining number of special stoves that use wood waste such as sawdust.

Farm residues: These are used mainly in the rural areas and are generally seasonal
depending on the periods of harvest when they are available in large quantities.
However their continued use will compromise opportunities for improving soil
fertility.

Biogas: The contribution of biogas as an energy source both in rural and urban
areas is negligible but the potential exists in some parts of the region where keeping
animals is a traditional pride. This practice is however rapidly spreading to other
areas where such traditions did not exist and there are already a number of biogas
plants operated by some farmers and institutions. The potential for biogas will
therefore continue to increase.
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Kerosene: About 95 % of the rural households and about 90 % of the urban
households use kerosene principally for lighting. It is estimated that the per capita
kerosene consumption varies from about 40 L in the rural areas to about 90 L in
urban areas. Quite a large number of urban households use kerosene for both
lighting and cooking and this is one of the reasons for its high consumption in the
towns.

Liquefied Petroleum Gas (LPG): This is usually used as a stand-by or emergency
energy source and therefore very little is consumed. In urban households it is used
as support for the more expensive electricity or when kerosene cannot be imme-
diately obtained while in rural households it is used along with firewood.
Using LPG has also been limited by the fact that distributors have special com-
ponents that cannot be interchanged, for example, Total Oil Company uses LPG
cylinder with a regulator that cannot be used by those who have regulators from
other distributors. The situation is however changing with the recent introduction of
universal regulators that can fit cylinders from different sources and with the
recently discovered oil deposits in the region, energy mix pattern will definitely
change especially in the electricity generation sector.

Electricity: Electricity is the most modern and convenient energy form. It is also
considered to be clean and versatile in its applications including the running of
household appliances such as radios, TVs, refrigerators, etc. It is however,
expensive for the majority of households. Even in the urban areas where it is readily
available, still less than 50 % of the households use it regularly. The situation is far
worse in the rural areas where it is not accessible in many areas. There are doubts
that even if it were easily accessible, many people would not use it. The scenario in
the towns is a clear evidence of this assertion that electricity may be accessible but
still very few households would be connected. Almost all the electricity in the
region comes from government controlled facilities with about 60 % generated by
large hydro power stations while others are from geothermal, oil or gas-fired
generators. Renewable sources of electricity such as wind, solar and cogeneration
have not made any impact in the energy scene.

It is clear that there is a whole range of energy options but unfortunately some of
these have not been adequately considered in official energy concerns even though
they have been harnessed in East Africa for different purposes and at different levels
in terms of applied technology. It is important, for long term planning, to also assess
how much energy is available in the region for further development. This infor-
mation enables energy planners and those who wish to invest in the energy sector to
make decisions on the type of energy resource that would be worthy of consider-
ation with respect to availability, consumption trends, and quantity. We have noted
that the end-user requires energy mainly in the form of heat, light, or electricity for
operating household appliances, equipment and machinery. In addition to national
grid power supply, there is widespread use of rechargeable lead acid batteries and
dry cells particularly for emergency lighting and home entertainment. Some of
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these are relatively more expensive but are used even by those considered to be
poor. The reasons for this will be addressed later.

Petroleum Products: These include various grades of fuels such as diesel and
petrol (gasoline) used mainly in the transport sector and to a small extent in
industrial operations Other related products like kerosene and LPG have specific
applications as heat sources mainly for cooking and are therefore given attention in
above separate sections. Transport has been a major consumer of petrol and diesel
and this is where the governments have been spending the largest part of their
foreign earnings. It is hoped that the discovery of oil in Uganda and Kenya will
change the situation.

2.7 Energy Planning and Provision Challenges

Since the three East African countries got their independence from the British
colonial rulers in the early part of the 1960s, provision of energy has been one of
the most sensitive and sometimes thorny issues in the region. The three govern-
ments have always tended to put too much emphasis on oil and electricity, both of
which are playing a very important role in the transport and industrial sectors.
However, at the household level, they have not made any significant impact since
most households rely on biomass energy sources (mainly wood and charcoal). The
few households, which are connected to the national grid, use electricity for lighting
and operating household appliances but usually not for cooking. Very few people
would use it for cooking. Most domestic needs for electricity do not require high
voltage electricity. The large hydro power stations, which have been developed in
the region, produce high voltage electricity and therefore target industrial appli-
cations. The high voltage is also good for long distance transmission due to power
loses in the process. These characteristics make centralized grid electricity too
expensive for household end-users, who generally are only interested in lighting
and running of household appliances.

A cheap decentralized generation facility that would target rural lighting and also
stimulate small-scale rural enterprises that do not require high voltage would be
more appropriate for rural conditions. The governments should not spend billions of
dollars to extend national grid electricity lines to scattered rural settlements where
the greatest need is for lights and home entertainments. It is therefore surprising that
the governments have ignored these options. Perhaps this is why the governments
found it necessary to impose state-managed monopoly on production and distri-
bution of the two major commercial sources of energy—electricity and oil. What
reason would a state give for ignoring the plight of its poor citizens? This and many
more questions may be asked but the fact remains that the state will always be
interested in the ventures that have the capacity to either pay large taxes or to
directly generate huge revenues and there are good reasons for this.
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Another important aspect to consider is that despite the well-known fact that state
businesses are generally mismanaged, leaders still found it attractive to allow the state
to manage certain businesses in total disregard to the large losses incurred. In recent
years, the states of East Africa privatised a number of state institutions that were
essentially doing business rather than providing suitable environment for private
enterprises. The energy sector incidentally was not privatised until the so-called
development partners imposed very tough conditions. It appeared that some of these
utility corporations were occasionally used as sources of funds for politically moti-
vated projects and also for quick accumulation of personal wealth. It is has become
apparent in Kenya that the state monopoly, Kenya Power and Lighting Company,
provided funds for questionable purposes, which were deliberately concealed as
general losses made by the Company. Obviously the taxpayers’moneywould be used
to offset such ‘losses’ and the accounting officer would be fully backed by the political
leadership for the “good work” done. However, the problems of the electricity
sub-sector have been more profound than just official stealing of funds.

The major problems are associated with the overall management arrangement,
regulatory framework, and their relationships with the policy maker. In Tanzania,
for example, TANESCO was the sole public utility responsible for electricity
generation, transmission, and distribution and was, at the same time, the policy
maker and the regulator of electricity industry. This situation was quite similar to
KPLC in Kenya and UEB in Uganda. But this was not the only problem; there was
widespread dissatisfaction with operational performance and also the government’s
inability to finance further development of the sub-sector. It became necessary to
change this trend by introducing reforms that would not only revitalize investment
in the sub-sector but also increase electricity production, transmission, distribution,
and sales. Thus reforms in the power sector in all the three states were introduced,
first, to correct anomaly in the institutional arrangements and secondly to attract
private investment and increase efficiency in the electricity sub-sector. The costs of
reforms, understandably, were to be met by the same development partners who
previously supported the governments that mismanaged the sub-sector.

To implement the reforms, the governments were expected to enact some laws
that would pave way for the creation of other bodies to take up some of the
responsibilities of the sole state monopoly companies and also allow the involve-
ment of independent power producers in the generation of electricity. Some glaring
questions that should be asked are: Will these moves increase accessibility to
electricity in the rural areas? What planning considerations will be given to pre-
sently used non-commercial energy sources on which rural communities heavily
depend? One of the strategic objectives of the energy sector is to ensure reliable,
accessible, and affordable energy and therefore diversification of energy sources
becomes important so as to ensure that natural disasters like drought have very little
effect on overall production and distribution of electricity. Diversification of sources
and attraction of private sector into electricity generation is expected to encourage
the development and use of renewable energies such as solar and wind but the
governments will have to make deliberate efforts to provide enabling environment
for these to happen.
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Then there is the question of energy conservation for purposes of protecting the
environment and resources. Economically recoverable oil has not been found in
East Africa and so the region depends on oil imports mainly from the Middle East
and the governments will continue to spend their limited foreign earnings on such
importation. There is need to control this not just through pricing but also through
efficient use of oil-based fuels and use of alternative sources. The transport sector is
therefore an area that requires special attention with a view to reducing oil con-
sumption. The implication of this is that roads and traffic rules must be designed to
reduce fuel wastage in addition to diversifying modes of public transport and
making them more convenient, comfortable, and attractive in economic terms.
These are far reaching challenges that mere reforms that are restricted to electricity
generation and distribution cannot address.

Furthermore, the reforms are not addressing the concerns of the majority of the
population who simply require heat energy for cooking and a little kerosene for
lighting and who have independently managed their own source of heat for many
years. Kerosene is used by an increasingly large number of rural people because it
can be bought in small quantities and the user can regulate its use. Access to
electricity should also be arranged in such a way that the user pays for what is
consumed only and not for all sorts of gadgets including meters which belong to the
utility company. The level and payment of electricity connection fee should also be
user friendly, for example, 50 % of this could be distributed in the electricity bill for
a period of one or two years. Introduction of prepaid meters where the consumer’s
supply is based on ability to recharge the meter could also encourage people to
apply for grid connection. This method was introduced by TANESCO in Tanzania
and there were signs of increased demand even among the low-income groups.

Energy provision challenges in East Africa can be seen in the following
contexts:

• Legislative aspects, which are very unfriendly to and exploitative of the
consumer: For example the imposition of the mandatory minimum standing
charge that the user must pay even if there is no consumption of electricity
during that period. This has been a source of many complaints and has dis-
couraged many prospective clients from getting connected especially in Kenya.
The second example is the requirement that in order to be connected, the
applicant must pay the cost of all the materials needed for the extension of
power to the consumer’s premises.

• Legislative aspects, which discourage investors from participating in the
electricity sub-sector: Although this is expected to be corrected through pro-
posed reforms, it is unlikely that the new rules will allow independent electricity
transmission and distribution companies to operate. Reforms that are restricted
to the generation and sale to a single utility monopoly will not have the impulse
that is required to liberalise the electricity sub-sector.

• The level of poverty of the people: The level of poverty is relatively high in the
region especially in Kenya where more than 50 % of the population lives below
poverty line. In both Uganda and Tanzania about 36 % of the total population
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live below poverty level. This is a major drawback in the effort to improve
electricity accessibility in the rural areas.

• The land ownership laws: That encourage the establishment of scattered set-
tlements or establishment of ‘homes’. This has always made it too expensive to
implement electricity line extensions to the consumers so that even those who
can afford to pay for it are normally reluctant to get connected.

• Electricity pricing policy: There are many factors that are considered in pricing
electricity and practically all the costs are passed on to the consumer. Most of
these costs are based on long-run marginal costs including fixed operational and
maintenance costs and variable consumables such as fuel margins and overhead
costs. In addition to these there are taxes and levies, which may be imposed to
carter for further developments such as rural electrification. The disappointing
fact is that although consumers pay for all these expenses and levies, the money
is hardly used for the intended purposes. The actual tariffs, however, vary from
country to country. For example, Tanzania implemented tariff reductions
especially for industrial customers but this only brought them down to the level
of the Kenyan tariffs. In Uganda the Tariffs are much lower and in this regard
many new industrial establishments in the region prefer to set up their busi-
nesses in Uganda.

• Over reliance on hydro as the main source of electricity: This has forced
utility companies to occasionally ration electricity due to low levels of water in
the reservoirs. Kenya has been the most affected by this because its five major
hydro stations are on one river and, worse still, one dam is the main reservoir for
all the five stations.

• Frequent electricity interruptions: Servicing and maintaining electricity grid
network continue to be a serious problem for the utility companies. These
interruptions often cause power surges that damage electrical appliances and it is
estimated that consumers lose millions of their hard earned money through such
power surges. In Kenya, an average of about 11,000 unexpected interruptions of
electricity supply is reported every month but the actual number of cases is
higher than this since many cases are not reported. Losses are also incurred
through illegal connections are estimated to cost KPLC over 15,000 US dollars
per year.

• Finally, there are the perennial management problems of general inefficiency
including rampant misappropriation of funds.

Detailed information on these challenges is available in many publications [9,
16, 21, 23, 25, 27, 28, 34, 36].

This last context appears to have been the main reason why international
development partners applied pressure on governments to introduce reforms into
the electricity sub-sector. The desire was to dismantle the electricity supply struc-
ture, which was dominated by vertically integrated state-owned electricity utilities,
and open the sub-sector up for independent investors most of whom would come
from the more developed countries. If the reasons were more than these then
obviously all energy resources of significant values would have been considered
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and more emphasis would have been put on rural electrification. But the reforms do
not address these directly although they may have some implications on the
development of other energy sources and also on rural electrification. It has all
along been evidently clear that the monopolistic management structure was a sig-
nificant contributor to the under-performance of the region’s power utilities that
were characterized by unreliability of supply, low capacity production, deficiency in
maintenance, high transmission and distribution losses, high cost of electricity, and
inability to mobilize sufficient investment capital. These were bad enough by any
standards but the question is: Would the proposed reforms address all the above
problems? And for how long and to what extent are the poor developing countries
going to depend on oil, which they have to import at increasingly heavy sacrifices?
It must be noted that more than 75 % of the world population is in the developing
countries and any increased demand and use of oil in these countries will have dire
consequences on the environment by accelerating climate change and global
warming processes to unprecedented levels. Increased demand will also raise the
price of oil and hence greater sacrifice for the developing countries to import oil. In
addition, world oil reserve will rapidly decline if substantial new reserves are not
discovered. Care therefore must be taken in handling the use of oil and other
fossil-based fuels. The energy reforms in East Africa appear to have downplayed
future implication of increased oil consumption on the economies of the three
countries, and also on the environment. As world oil reserves decline, it would not
be surprising if the next energy reforms imposed limits on oil consumption.

While making efforts to address the challenges, due regard must be given to the
protection of the environment, the expansion of energy infrastructure, firm security
of supply, diversification of sources, and accessibility to all sectors of the popu-
lation with special attention to the rural population. All these should be considered
as aspects of energy provision challenges. In addition to these, the people must be
made to understand the need for energy conservation.

2.8 Energy Reforms: The Immediate Challenge

Compared to other parts of the world, East African power sector reforms have been
slow and to a large extent, limited to divestiture of the traditional state-owned
power corporations and entry of independent power producers. The aim was to
meet shortfalls in electricity generation and also improve efficiency of supply.
These are issues that are of great interest to the manufacturing and general industrial
activities but may mean almost nothing to the more than 80 % of the population
who have no access to electricity. One may argue that although these people have
no access to electricity, they are also beneficiaries of industrial output and other
electricity-supported products. However, the global power supply concerns are
about people and, naturally, large scale availability of power to the people also
creates the desire to set up new industries. The Power sector reforms that have been
carried out in East Africa basically targeted and indeed affected the electricity
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sub-sector. The major turning point in this process was the amendment of electricity
Acts in the second half of the 1990s by the three states of East Africa [18]. It was
these amendments that purportedly created the enabling environment for the
operations of independent power producers and the unbundling of the state-owned
monopoly companies. The individual national parliaments in 1997 and 1999 passed
these amendments in Kenya and Uganda respectively.

In Tanzania, the process started in 1992 when the government changed its policy
to allow the participation of private sector in electricity generation. In 1999, a new
electricity policy was introduced and in 2001 an Act of Parliament established
Electricity and Water Utilities Regulatory Authority (EWURA). The impacts of
these policy changes have been measured in terms of the number and capacity of
independent power producers (IPPs) in relation to the traditional suppliers.
Indications are that Tanzania and Uganda will give the independent power pro-
ducers the major share of electricity generation under more favourable environment
than Kenya and therefore fewer IPPs are showing interest in operating in Kenya.

It is clear from Fig. 2.17, that both Tanzania and Uganda have attracted a lot of
interest from independent power producers. In Uganda there are IPPs interested in
hydro generation of electricity while in Kenya there are some who are already
involved in using geothermal as their source of electricity. Most of the independent
generators, however, are engaged in fossil-based generation methods, which
obviously will increase national expenditure on oil imports. In Uganda and
Tanzania, the high hydropower potential and governments’ policy on their devel-
opment and management appear to be the main attraction for IPPs. The presence of
coal and natural gas in Tanzania may also appeal to some IPPs but, in general, the
institutional arrangement for managing the energy sector is an important factor that
most private investors would want to consider. In terms of legislation and the
restructuring of institutional arrangements in the management of the energy sector,
the previously single control by KPLC in Kenya, TANESCO in Tanzania and UEB
in Uganda have been removed by the creations of new bodies to deal with gen-
eration and regulatory matters. A brief look at the amendments of the electricity
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Acts indicates remarkable differences in the emphasis on various issues such as
rural electrification, tariff changes and possible levies. For example, the Kenyan Act
addresses the issue of access only to a limited extent and trivially mentions rural
electrification process while giving the minister concerned powers to introduce
levies and decide where and how rural electrification is to be conducted. The
minister may establish rural electrification fund, but there is no firm guidelines on
this. The Ugandan Act, on the other hand, puts more emphasis on electricity access
in the rural areas and gives the Minister responsible the authority to develop a
sustainable and coordinated Rural Electrification Plan and Strategy, establish Rural
Electrification Fund and determine the criteria and appropriate level of subsidy.
Furthermore, the Minister is expected to keep and maintain National Rural
Electrification Data Base to assist in monitoring the progress. It is clear that while
Uganda is showing a lot of concern for rural electrification, Kenya does not seem to
be interested and does not even mention the possibility of subsidy. In Tanzania, the
Rural Energy Master Plan includes renewable energies and proposals to set up
Rural Energy Agency and Rural Energy Fund. These are expected to spur rural
energy development but there are doubts that, with privatization of TANESCO, the
distribution companies will have any incentive to carry out rural electrification.
These reforms have been in place long enough to determine their impacts on
electrification status in the region in order to assess the real challenge in this respect.
In Tanzania, the reform process started in the early 1990s when the country was in
transition from socialist economic policy to free market economy. Its case is
therefore slightly different from that of Kenya and Uganda, and may not provide the
real impact of reforms that were proposed by the World Bank. Examples are
therefore taken from Kenya and Uganda.

2.8.1 Effects of Electricity Reforms in Kenya

It is true, to some extent, that since the reforms were initiated the performance of the
state corporations that managed the electricity sub-sector has significantly
improved. Some of them have cleared their past huge deficits and are beginning to
make profit. For the case of TANESCO, this improvement could be explained by
the fact that professional management consultants were hired to run it, and therefore
had to work hard to prove their competence. For both Kenya and Uganda, the
improvements could be attributed to the governments’ introduction of tough
measures against inefficient Chief Executives of the companies.

The Kenyan case is a clear case where a new party came to power and took
drastic and stringent actions against Chief Executives who knowingly misappro-
priated public funds. This is a pointer to the fact that gains could be made and
management improved without the introduction of the reforms. This is not to say
that the reforms were not necessary. The reforms covered a wider spectrum of
issues than just profitability of these companies. The global concern is to see that
the more than two billion people who have no access to electricity are connected.
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One would therefore expect that since the introduction of electricity reforms in East
Africa, there has been a significant change in the rate of electrification levels. This
has not been the case in Kenya. It looks like despite the reforms, business has gone
on as usual. Figure 2.18 shows this very clearly that the situation has not changed
from what it was before the reform-motivated electricity Act amendment. Of
course, instant changes should not be expected but some signs should begin to
appear three to four years later.

The trend of electrification levels for all categories of people continued without
any response to the policy changes. This reinforces the view that the reforms have
essentially emphasized the development of IPPs and improving financial perfor-
mance of state-owned utilities at the expense of rural electrification. In real terms
the number of people without electricity continued to increase in both rural and
urban areas. It is therefore clear that the new policies do not comprehensively
address rural electrification strategies and there are no guidelines on how it should
be implemented. In the long run, there may be tangible sectoral benefits of these
reforms but this may not trickle down to the majority of the citizens unless reforms
are accompanied by comprehensive measures to reduce poverty in the rural areas.

Another measure that is used to determine the extent to which the reforms
accelerate access to electricity are electrification rates, which refer to the number of
new domestic connections in a specified year compared to the number in the
previous year. These rates have remained very low in Kenya in both the periods
before and after the policy turning points, indicating that there has not been any
impact of the reforms. In fact, in certain cases, the figures were more impressive
prior to the amendment of the Electricity Act. It should however be noted that there
are other factors that affect the electrification rates such as the fluctuating cost per
connection and increased population. It seems that the arrangement where KPLC
funds Rural Electrification while at the same time free to use the same funds to
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offset any operational losses has made it almost impossible for rural electrification
programme to succeed. The logical conclusion is that the management of Rural
Electrification Programme in Kenya has been ineffective due to the government’s
lack of interest in its progress. This is confirmed by the fact that the proposal to
establish rural electrification agency came at the end of the reform agenda and
appeared to have been an afterthought given that it was not even provided for in the
Electricity Act. Kenya Power and Lighting Company will continue to play a key
role in rural electrification process and given that it was only recently salvaged from
near collapse, it is likely to pay more attention to the improvement of its operations
rather than to rural electrification. To maintain some sort of growth, it is likely that
KPLC will continue to concentrate its distribution activities in urban areas where
the extension of grid power line is cost effective due to high concentration of
consumers in one area. Consequently the future of rural electrification in Kenya will
continue to be very bleak.

2.8.2 Effects of Electricity Reforms in Uganda

Access to electricity in East Africa is lowest in Uganda with less than 5 % of the
total population electrified. As in the Kenyan case, consideration is given to the
population not connected in urban and rural areas and also the overall situation in
the country. Figure 2.19 gives details of these from 1996 to 2002 [19].

There has been a general trend of marginal increases in accessibility to electricity
since 1996 within the population categories examined and this trend continued even
after the amendment of Electricity Act in November 1999. Like Kenya, the changes
in electricity management policy as a result of the amendment of the Act have not
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made any difference in the situation of the majority of people living in the rural
areas. Although there is a plan to implement the Energy for Rural Transformation
Project in order to increase rural electrification levels, it is unlikely that this will
significantly benefit the rural communities. This doubt arises from the fact that the
target set for this project is too low at 10 % by the year 2012 indicating lack of
commitment and seriousness in addressing rural electrification.

Evidence from other African countries shows that for the same period of time it
is possible to achieve almost twice as much as this target. Population growth rate,
high tariffs, rigid payment modes and the high poverty level will reduce the quoted
target to a mere business as usual status and, given the present trend of household
electrification rates, even this modest target will not be realized. It is important to
note that rural electrification rates cannot be expected to significantly increase
without addressing the socio-economic circumstances of the people. In Uganda, the
reforms are at an advanced stage but it appears they were undertaken primarily to
implement the privatization of the government controlled utility companies. Very
little has been done in the area of rural electrification even though there is apparent
incentive given by the new regulatory and policy frameworks. The arrangement for
rural electrification that has been put in place is basically similar to what has existed
before the reforms. It is only formulated in a slightly different style while the
government control and involvement is still firmly in place. For example, Rural
Electrification Board is headed by the Permanent Secretary in the Ministry
responsible for energy and it is known that this arrangement limits the autonomy of
the Board and mixes up policy, financial and implantation matters to the extent that
there is no proper monitoring of the progress. This was the main cause of the failure
of Kenya’s rural electrification policy and Uganda is unlikely to succeed with the
same approach despite the good statements of intention.

The two examples from Kenya and Uganda are indicative of the major chal-
lenges in the electricity sub-sector in East Africa and confirm that, despite the
purported changes to improve the electrification levels, the so-called common cit-
izens of this region will not benefit from these efforts. The truth is that the
restructuring of the electricity sub-sector is deliberately designed to improve the
financial performance of state-owned corporations, obtain addition revenue from
IPPs, and increase electricity security for the industrial and manufacturing sectors.
To achieve some level of success in rural electrification, the governments must
specifically encourage generation of power in the rural areas using resources that
are available in those areas particularly small hydro, co-generation, biomass, solar,
and wind energies while at the same time seriously addressing rural poverty.
Without these, rural electrification will remain an unfulfilled dream for many years,
if not forever. At present, there does not seem to be any seriousness on the part of
the governments to tackle the issue in an organized manner, as there are no proper
records regarding rural electrification status. Even data on rural energy resources
and their potentials are not adequate and the little available are not accurate enough
to assist potential investors. Official energy targets are given as conditions for
issuance of licenses but are never followed up thereafter.

In addition to the electricity issues, there are also challenges in the oil sub-sector
to deal with. The region has no recoverable oil at present and yet there is a growing
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demand for kerosene in the rural areas particularly for lighting. It is fortunate for the
governments that presently a large fraction of rural population is not economically
empowered to use kerosene freely and therefore this puts a limit to the amount of
kerosene used. A situation in which the demand for kerosene can double will put a
great deal of strain on the economy of the region and so the governments must
prepare alternative energies now and not later. The alternative energy sources that
should be considered for the region are solar, biomass, decentralized small hydro
and wind. The challenges of these sources lie in their technologies and that is the
subject of the next sections.

2.9 The Status of Renewable Energies in East Africa

We have identified energy sources in East Africa and noted that vital and eco-
nomically crucial energies are fossil-based. Most of other forms of energy including
electricity can be obtained by using oil-powered machines. Unfortunately East
Africa was not endowed with oil and had to rely on imports that take a large
fraction of her foreign earnings. Hydropower and geothermal sources can only
produce electricity to light homes and provide power for lighting and operating
machines for various applications. They cannot perform all the functions that oil
does, particularly in the transport sector. Thus to fully meet energy requirements in
East Africa, both oil and other sources of electricity will continue to be used.
However, oil remains the most crucial source of energy due to its versatile sectoral
applications. It can provide electricity, heat energy, light, and facilitate trans-
portation for which it will continue to play a crucial role for many years to come.

Although oil has been discovered in Uganda and Kenya, it will still be necessary
and possible to restrict its use to sectors where there is no alternative. Energy for
heat, lighting and home entertainment can be obtained from other local sources and
in this regard, top priority should be given to sources that are environmentally
friendly and readily available with high possibilities of sustenance. Energy
resources that traditionally have been used in East Africa for many years should
receive more attention as they have proved that it is possible to sustain their supply.
These are biomass, solar, hydro and wind energies. The use of most of these sources
has never been officially planned and therefore individuals and small
non-governmental organizations with limited specific objectives have haphazardly
handled their development and promotion. Thus, lack of coordination and institu-
tional support has inhibited the development of technologies that would efficiently
harness these energies.

The new approach will have to deliberately plan and coordinate technological
developments for these resources. Through past efforts of non-governmental
organization and donor agencies, significant knowledge on options for dissemi-
nating Renewable Energies in East Africa has been accumulated but the results of
many technological development efforts have been far below expectations. This has
been so largely due to the fact that selection, development, and implementation of
appropriate technologies were not effectively supported by both legislative and
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institutional arrangements. It appears the governments did not recognize the com-
plexity of this process and had hoped that, with the accumulation of knowledge and
experience, adequate technology transfer would also take place. Unfortunately this
did not happen and opportunity that would have pushed the region to a higher level
of development was wasted.

In the 1970s when the oil crisis revived global interest in alternative energies,
almost all countries that were severely affected started, at nearly the same level, to
conduct research in the development of technologies that would harness solar,
wind, and biomass energies more efficiently. If Sub-Saharan Africa, in general, paid
as much attention to these researches as did the developed countries, the situation
would be much different today. It is indeed sad that countries like Kenya, Uganda,
and Tanzania, which are located right on the equator where there is abundant
sunshine throughout the year are now importing solar energy devices from other
parts of the world that receive very little sunshine. It is equally sad that these are the
countries whose 90 % of the population still depends on rudimental use of fuel
wood without any effort to develop or use modern technology for biomass energy
conversion despite the growing demand for it in the region. These are the same
countries with landscapes and highlands where there is abundant un-tapped wind
energy.

It is known that wind speeds increase with altitude and traditionally people in
East Africa do not farm or live on the mountains and high hills. These are areas
where wind generators would today be generating power to light the dark and poor
villages in the rural areas. Because of the cool climate and fertile farmland around
the hills and mountains, the population density is usually high and so many people
would benefit from such wind generators. The problem is neither ignorance nor lack
of resources. Many of the leaders and local technocrats are fully aware of the
opportunities in Renewable Energies since they have interacted very closely
(mainly through higher education) with countries like Germany, USA, Denmark,
United Kingdom, etc., which are the world leaders in renewable energy technolo-
gies especially wind energy. Furthermore, some locally produced wind machines
have been operating successfully in East Africa, indicating that there is a reasonable
level of awareness in the region.

With regard to availability of investment resources, these technologies are not as
capital intensive as some of the developments that have been undertaken by the
governments. Biogas digesters, Gasifiers, Wind machines, and Solar cell production
plants are not as expensive to establish as, for example, paper, sugar, or steel mills
and large hydropower stations, which are found in the region. Renewable energies
are the sources of energy on which the majority of the people have relied for
centuries and yet they are the resources that the leaders have chosen to neglect. This
is not to say that direct government involvement in this process is a prerequisite for
their success. In some cases, government’s direct participation may even be
detrimental to the development of Renewable Energy Technologies but it is very
important for the governments to provide visible and attractive incentives through
appropriate legislations and institutional framework.
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In addition to this, the government, through her extensive service delivery
network can be the largest consumer of these technologies by formulating and
implementing promotional policy that requires all government institutions like
schools, rural housing schemes, dispensaries and hospitals to use appropriate
renewable energy sources. The importance of energy in any development process
particularly in rural development should be recognized and given the emphasis and
support it deserves by establishing institutions that would oversee renewable energy
development and application. The existing power utilities in the region have not
taken up this responsibility and, given their interests and limitations, it is doubtful
whether they can be effective in promoting the development of renewable energy
technologies.

In order to diversify energy production in East Africa, it is important to consider
the end-use and then choose appropriate source for this. If the end use requires heat
only then there is need to choose the source that would efficiently provide that heat
and if the end use needs light load electricity then the source should provide just
that and the appropriate ones in this case would be solar, small hydro, wind or
producer gas-powered generator. It is also important to analyse the number and
concentration of the consumers as this will dictate whether the source should be
centralized or decentralized. Obviously, for the scattered distribution of rural set-
tlements in East Africa, the most suitable sources for energy supply would be those
that are scattered and decentralized just as the human settlements.

This arrangement would not only solve the problem of high transmission cost
but would also involve the communities in the ownership and management of the
facility. Such community participation are some of the characteristics for sustain-
ability that can only be provided by renewable energies such as small hydro, solar,
wind, and modern biomass technologies (biogas, co-generation, and gasification).
One major problem so far has been lack of organized data on availability and sites
of various renewable energy resources. This makes it necessary for an investor to
carry out data collection besides other feasibility studies—a tedious process that
most investors are usually reluctant to undertake. It is therefore necessary for the
East African countries to undertake an extensive renewable energy resources
assessment at both regional and national levels and document them as accurately as
possible, giving details of the type, location, quantities and daily, monthly and
annual variations of the available energy resources. Additional well-documented
information on sites that are economically and technically viable as well as socially
acceptable should also be available to enable interested investors to make informed
decisions. The issues of quality control and safety requirements would be managed
through appropriate legislation and institutional framework specifically established
for the development and application of renewable energies.

Previous attempts to promote renewable energy technologies in the regions
severely suffered due to poor qualities and wrong unchecked maintenance proce-
dures that seriously undermined consumer confidence. As a result most of them
could not stand the test of time. This is an aspect that is threatening the survival of
the Kenya Ceramic Jiko, which is considered as a very successful renewable energy
device in East Africa. Many manufacturers, taking advantage of the high demand
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and working without quality control enforcement, have used sub-standard materials
to produce low quality stoves and this is rapidly eroding the consumer confidence.
Installation of faulty or incomplete solar energy systems like solar water heaters and
photovoltaic panels and the emergence of unscrupulous dealers who knew very
little about the technical operation of the systems and consequently gave wrong
information to the clients caused a drastic drop in demand for these devices in
Kenya.

Biogas plants constructed in the 1980s with a lot of support from donors are no
longer in good working conditions because of poor management (irregular feeding,
poor and delayed repair works, etc.). Similarly the fuel briquette machines and
biogas plants which were promoted in Uganda in the early 1980s are either oper-
ating much below the capacity or are not working due to management and main-
tenance problems. There are many examples in which good renewable energy
systems did not succeed because of inadequate technical support and distribution
points as well as the absence of quality monitoring and enforcement mechanisms.
Obviously rural conditions are also not favourable to traders and some problems
arise due to too few dealers who find it too expensive to follow up scattered
installations over large distances and consequently such installations once broken
down remain so for ever.

Installed wind machines for water pumping and electricity generation have been
most affected. For example, in Kenya, the Kijito wind pumps are scattered and
technicians have to travel long distances to maintain them and so the maintenance
cost incurred by the user is inhibitive and discourages widespread use of the
technology. The desire of the manufacturers of Pwani wind pumps to remain in the
market forced them to sell their products within manageable distances so that they
can serve their customers effectively. At the moment, renewable energy devices
particularly wind, solar and some biomass devices are thinly spread out in the
expansive East African territory and the number of qualified maintenance staff is
too few to carry out cost-effective repairs. The situation becomes even worse when
the system is wholly imported so that the user does not have anybody to turn to for
assistance. All these factors put a lot of constraints on renewable energy systems
and therefore deliberate efforts must be made to effectively address them.

One way to do this is to encourage local production centres for the systems that
require initial large investments like wind machines and solar systems as well as the
development of local manpower for maintenance and repairs. Manpower devel-
opment should cut across all sectors of the society from artisans to university
graduates with the capacity to continue with research and technical modifications.
This will call for the development of suitable training syllabuses at all levels of
education and training institutions. The need to set up institutions specifically
charged with the responsibility of developing from within, and acquiring from
without, renewable energy technologies that are appropriate to the different cir-
cumstances of the users is long overdue. It is only through such institutions that
some progress can be made and evaluated. The various ministries in charge of
energy matters should have, as their main extension responsibility, renewable
energy development section that should promote and coordinate research in energy
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technologies. So far there are a number of institutions responsible for various issues
such as monetary studies, cooperative development, meteorology, mass commu-
nication, and so on, but there is none for energy studies and development. Yet
without energy, no progress would be made in any of those other areas. Admittedly,
there are already a number of renewable energy activities going on in research
institutions and universities in East Africa, but these are very haphazardly done with
almost no participation at the national level. In Kenya, Kenyatta University
established the Appropriate Technology Centre to train students up to postgraduate
level on various aspects of technologies with renewable energy technologies as the
main focus of the programmes. The departments of mechanical and electrical
engineering in other public universities are also engaged in research covering
renewable energy technologies. University of Nairobi, University of
Dar-es-Salaam, and Makerere University are all doing research in various aspects of
renewable energy technologies including solar energy materials for PV cell pro-
duction. However, at the national or regional level, nobody cares what happens to
the results of such academic research efforts. It is very necessary to recognize the
importance of energy when formulating investment incentives so that both the
government and the private sector can work together to not only support but also
give research contracts on renewable energies. It should not be left to the individual
researcher to decide how and what aspect of energy to study. In spite of national
governments’ apathy, some local energy specialists have carried out useful studies
that can form the basis of future renewable energy development strategies but,
again, such information is of no use if there is no planned and focused programme
for relevant further development. The first priority therefore is to establish a
technical institution in charge of research on renewable energy resources and the
development of appropriate technologies for their applications.

At present, national governments are supporting various research organizations
that are managed as separate entities with very little, if any, inter-institutional
collaboration. This is not the best way to manage research activities in a developing
country that is operating under very severe resource constraints. Individual insti-
tutions are more expensive to maintain than when they are managed under technical
coordination of one national body. In addition to this, isolated institutions operate
under restrictive mandates that limit their flexibility to accommodate new research
and development areas that frequently emerge in developing countries and, as a
result, new institutions are established every time there is need to address an issue
which is not covered by the mandates of existing institutions.

The developing countries have and will continue to meet new developments
issues to deal with and therefore there is need to reorganize research and devel-
opment institutions in such a way that they can cover these new areas as they
emerge. They can however be clustered into groups of related fields in order to
improve internal interaction and sharing of expertise and facilities. For example, the
broad groups could be: socio-economic development, science and technology
development, governance and policy development, etc. All scientific and techno-
logical concerns would then be covered by, say, National Institute for Science and
Technology, managed by high calibre scientists and covering research and
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technology development in issues such as energy, medicine, agriculture, veterinary,
materials, etc. Such broad-based centres would be used and, if necessary, contracted
to develop specific technologies that would enhance national development. The
management of such establishments would have collaborative mechanisms with
universities in which there is a vigorous exchange of expertise under sabbatical or
secondment arrangements.

This is the only way to efficiently and effectively use limited human resources
and research facilities that are required at that high level of operation. This
arrangement should ensure that energy research and development finds its right
place in the region. Once these suitable institutional frameworks are established, the
energy concerns should focus on local energy resources, and use the existing
potentials in ethanol production, co-generation, small hydropower, solar, wind, and
biomass to develop technologies that would lead to use of cleaner energies in the
rural areas. The primary aim should therefore be to gradually reduce the use of raw
biomass as the main source of energy in the region by employing a deliberate and
well-coordinated effort to gradually and systematically introduce its replacements.
In order to succeed in doing this, some attention would have to be directed towards
changing energy consumption pattern in the region.

Ethanol production potential should nationally or regionally be developed to
address the problems that the region is likely to face due to the imminent oil scarcity
in the future. Developments of solar, wind, and small hydropower should princi-
pally be geared towards improving rural electrification. In this regard, solar energy
applications can be approached from two angles: use of photovoltaic technology to
produce electricity, and, use of solar concentrators to heat suitable fluids that can
produce steam to run turbines for electricity generation. Technologies for both these
approaches are still advancing but the currently known processes can be adapted to
the local conditions and used to produce electricity at reasonable efficiency levels.
Thus it is worth considering some investment on modest solar cell manufacturing
plant in East Africa given the long-term benefits that the region will have and the
uncertainty surrounding future supply of other fuels.

In the early 1990s, an analysis was carried out that compared the cost of solar
electricity with that of grid power and it was established that the lifetime cost of
solar electricity was about 25 % lower that grid electricity. Since then, the price per
unit peak power of solar photovoltaic panels has gone down, making power from
this source more attractive. Application of other sources of energy should also be
diversified, for example, biomass technologies could also concentrate on producer
gas, biogas, fuel briquettes, co-generation, ethanol production, and organized and
efficient methods of charcoal production.

2.9.1 Renewable Energy Research and Development

While technologies that harness fossil and hydro energies are, on average, well
developed world-wide, renewable energy technologies are not well developed in
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East Africa. Moreover, the distribution of electricity and oil are such that the rural
populations do not have instant or easy access to them. In addition, the purchase
and maintenance costs of the technologies that utilize these resources are too
expensive for the people. Conversely, light, and heat energies from the relatively
readily available biomass resources using cheap and low-level technologies can
easily be harnessed.

Practically, all East African countries spend less than 1 % of their GDP on
scientific research. Consequently, very little resources, if any, are spent on
renewable energy research and development. Most activities related to renewable
energy technologies are externally funded and are usually initiated by fresh
researchers returning home from overseas training programmes. In many cases, the
projects are merely a continuation of research work done abroad and may not have
any significant impact on the country’s renewable energy development programme.
Gradually, these scientists are “de-activated” by widespread internal bureaucracy
and inadequate financial support, which force them to turn to other activities. In
spite of this, a modest number of researchers in the universities are conducting
serious research on renewable energy technologies. The private sector is mainly
engaged in commercial production and installation of technologies such as solar
water heaters, biogas plants, wind turbines, charcoal, and wood stoves.
Governments or parastatal corporations control electricity generation by geother-
mal, hydro and large oil-fuelled generators. Other agencies for example, NGOs are
involved in extension work and rarely in research and development.

At present, most of the activities in renewable energy technologies are of the
extension type in which non-governmental and the private sector play the major
role. Most of the funds for research and extension work come from external
sources. Some research and development projects are conducted at the universities
and national research institutions with hardly any collaboration with either the
policy makers or funding and extension agencies.

The region’s research and development programmes in renewable energy
technologies are beset with numerous problems including insufficient manpower,
lack of clear objectives, lack of analytical skills and facilities, and poor incentives
for researchers. Besides, large corporations involved in energy related activities do
not locally conduct or contract research works on the development of renewable
energy technologies. This policy has alienated local researchers and stifled the
development of local capacity for renewable energies. Most of these problems arise
from weak and ambiguous renewable energy policies that most of the countries in
East Africa have adopted. In fact, some of the countries operate on the basis of
haphazard public political pronouncements.

On average, the region is amply endowed with both biomass and solar resources.
Both of these can be suitably used as small scale decentralized sources of energy in
the rural areas where, for cost and availability reasons, renewable energy systems
may be the only option. However, the exploitation of these resources will depend,
to a large extent, on the individual country’s ability to create or strengthen insti-
tutions for this purpose.
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Therefore, the lack of large scale adoption of these technologies should not be
viewed as an indication of inappropriate conversion device but as a reflection of the
inadequacy of their research and development. Moreover, for the full benefits of
these technologies to be realized, it is important that researchers appreciate the user
needs and match them closely to the existing technologies. Unfortunately, many
research programmes in the region do not address these issues at the initial
development stages.

2.10 Impact of Energy Use on the Environment

The Earth is a large energy store and its ability to retain that energy depends on the
composition of the atmosphere, which to a large extent, is influenced by factors
associated with energy production and consumption. Changes in the concentration
of atmospheric substances can create climatic conditions that would reduce the
earth’s ability to support life. Energy production and consumption produce waste
products that are capable of up-setting the desirable concentration of atmospheric
substances. Every energy initiative must therefore consider strategies that would
protect the atmosphere so that it maintains suitable climatic conditions. In this
regard, it is important to assess the level of emission of atmospheric pollutants due
to energy use in East Africa. Examples are taken from Kenya since it is the largest
energy consumer in the region. This information would assist energy planners to
choose appropriate energy development pattern for the region.

For the atmosphere to be dynamic, as indeed it is, to maintain its composition,
and also to produce suitable world climates, requires energy. This energy comes
from the sun; all the necessary conversions and transfers are accomplished through
the interaction of solar radiation and matter. These processes naturally maintain the
atmospheric composition at a necessary level for suitable climate.

If the world did not have atmospheric gases, the average temperature of the
surface would be about 253 °K (−20 °C) but due to the presence of the atmospheric
gases, the average observed surface temperature is about 288 °K (15 °C). The Earth
is thus kept warm at a fairly steady average temperature by the greenhouse effect of
the atmospheric gases whose composition must not be upset. But our reliance on
various types of fuels is continuously increasing and this is affecting the natural
balance of the atmospheric composition. In modern world, the production and use
of energy determines the rate and level of development. Energy is the fundamental
unit for the physical development of the world. It provides vital services for human
life, for example, power for transport, mechanical work, cooking, manufacturing,
etc. This energy comes from oil, gas, coal, wood, nuclear and primary sources such
as solar, wind, and water. All these must be converted to the suitable forms for
various kinds of machines or any other type of equipment or application. However,
every source has its own economic and environmental costs, benefits and risks.
Choices must therefore be made with full knowledge of environmental and
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economic implications. The current trends of both constantly increasing energy
consumption and the environmental risks of energy by-products are disturbing.

One of these risks is the observed indication that there is climate change due to
greenhouse effect of gases emitted into the atmosphere. Carbon dioxide is the most
significant contributor, alone accounting for about 50 % of the combined effect of
all greenhouse gases at the present time. The alarming fact is that currently there is
no effective technology for removal of carbon dioxide emissions from combustion
of fossils fuels. Recent estimates indicate that the accumulation of carbon dioxide
and other trace gases in the atmosphere would lead to an increase of the mean
global surface temperature of between 1.5 and 4.5 °C by the year 2030 if nothing is
done to stop the trend. The effect of this global warming would be disastrous.

Let us now confine the discussion to the emission of CO2 into the atmosphere.
As has been mentioned, carbon dioxide is one of the most effective greenhouse
gases in the atmosphere and its increased concentration will adversely affect the
climate. It is generally accepted that carbon dioxide concentration has constantly
increased at the rate of about 4 % per day during most part of this century. It is
estimated that at this rate, about 5 × 1010 kg of carbon per year is added to the
atmosphere. Deforestation and changes in land use are other sources of the
increasing atmospheric carbon dioxide besides its release from the burning of fossil
fuels. Although oceans and forests act as partial sinks to the emitted CO2, it is clear
that continued use of fossil fuels will lead to an increase in the atmospheric CO2

concentration. Climate observations and studies with climate models suggest that
the doubling of CO2 concentration would give an increase in the global average
Earth surface temperature of 1.5 to 3°C, all other factors being constant.

2.10.1 Energy Contribution to CO2 Emission in Kenya

Most of the reports and predictions of a future climate change due to increased
atmospheric greenhouse gases have been based on a combination of guesses and
estimates—‘guesstimates’—derived from available information at the time. It
should however be appreciated that although these ‘guesstimates’ are reasonable
indications, their information base is rapidly changing as more data are obtained
and our understanding of the atmosphere-ocean-biota interactions improves.

In the following paragraphs, predictions on the Kenyan carbon dioxide contri-
bution will be made on the basis of recent estimates, which are available in the
literature. It is almost impossible to give a fair review of what is happening in each
country in Africa and therefore the Kenyan case is presented as an example of
Sub-Saharan African situation.

Globally, the developing countries contribute about 15 % of carbon dioxide
emitted to the atmosphere. Thus, from a global perspective, CO2 emission from a
single developing country like Kenya would seem to be insignificant. We must
however remember that atmospheric pollution protection and hence protection of
the climate is the responsibility of all countries in the world and it is this combined
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concerted effort that will save the world. Like in most parts of the world in recent
years, the seasons in Kenya seem to be shifting unpredictably and the rains
becoming less reliable. This may be the result of a global climate change due to
increased greenhouse gases in the atmosphere! Malaria-carrying mosquitoes, which
were once confined to the hot lowlands around Lake Victoria and the coastal strip
have appeared in the highlands of Kenya, which were known to be too cold for the
insects. Clearly these highlands are either warming up or the mosquitoes have
adapted to the cold climate.

It is known that the world is now committed to further warming due to increased
greenhouse gases, which are already in the atmosphere. Carbon dioxide is one of
the most important of these greenhouse gases, and in Kenya, its atmospheric
concentration is enhanced, mainly by direct burning of fossil fuels, deforestation,
and wood fuel consumption. Kenya depends very heavily on these sources of
energy. Wood energy is the most important source of energy, accounting for nearly
72 % of all energy use with a large proportion of the population depending on wood
fuel and charcoal. Most wood in Kenya is used for household cooking and space
heating. This traditional application of wood fuel is a major source of CO2 emis-
sion, which is further enhanced by the high rate of wood fuel consumption which
exceeds replenishment. This is compounded by the fact that Kenya has a very small
area of forest cover compared to the total size of the country. The total area of
Kenya is 560,186 km2 out of which 11,239 km2 is water surface (rivers, lakes and
part of the Indian ocean coast line of about 400 km). Only about 15 % of the total
land area is used for intensive agriculture and supports about 65 % of the rural
population [26]. It is in these small areas of Kenya where most forests are found.

High population growth rate coupled with high fuel wood demand and various
changes in land use are causing deforestation, which leads to a reduction in the size
of the already small forest cover. Deforestation increases CO2 emission in three
ways: first, forests act as sinks for CO2 much of which is stored in the soil; second,
the process of decomposition of forest materials produces CO2; and third, the
burning of wood is accompanied by large CO2 emissions.

In 1988 an estimated total of 101,000 m3 of fuel wood and charcoal was con-
sumed in Kenya while 780,000 m3 of timber was used for other purposes such as
construction and paper production [6]. These figures were obtained from the
commercial sector. However, the vast majority of wood is used as fuel wood and
construction material through non-commercial channels.

Actual fuel wood consumption in Kenya is therefore estimated at about 0.6 tons
per year per person. For a population estimated to be about 31 million in 2005, the
total annual fuel wood consumption is about 18.6 million tons (1 m3 of fuel wood is
approximately 0.7 tonne), while to meet the demand Kenya would require over
30 million tons.

Another major source of CO2 emission is from the burning of fossil fuels. In
1988 Kenya imported about 2,022,000 tons of crude oil which was refined in the
country. Out of this, domestic petroleum fuels consumed was about 1,730,400 tons.
Transport sector (road, marine, rail and aviation) is the main consumer of petroleum
fuels taking about 1,165,000 tons in the same year and thus accounting for about
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67 % of the domestic petroleum fuels. Industrial application accounted for about
25 %. Within the transport sector, road transport is the principal consumer of
petroleum fuels and this is one area that needs to be seriously considered in order to
reduce CO2 emission into the atmosphere.

It is interesting to note that while crude oil importation remained fairly constant
between 1984 and 1988, the proportion used in transport steadily increased from
about 1,029,000 tons in 1984 to 1,165,000 tons in 1988. This was due to an
increase in the annual number of newly registered vehicles from 15,694 in 1984 to
18,764 in 1988. It appears that the energy conservation achievements scored by
industry and other government machinery were consumed by increased activities in
the transport sector. Currently these figures are much higher as can be derived from
data given in this book.

Despite availability of information on the use of fuel wood and fossil fuels, it is
not possible to make an accurate assessment of the amount of carbon dioxide
emitted by these sources per year and hence the magnitude of its impact on the
environment can only be estimated. One thing is nevertheless clear: the rate of
carbon dioxide emission into the atmosphere must be restricted to manageable and
environmentally safe levels. This is particularly important in Kenya where the forest
cover is estimated to be only 5 % of the total land area.

Carbon production from fossils fuels as per 1988 oil consumption of
1,730,400 tons using conversion factors recommended in the literature is
1.5 × 106 tons, which is equivalent to 0.0013 ppm increase in carbon dioxide in the
atmosphere.

Cement production is another source of carbon dioxide. The annual production
of cement from the two plants that existed in Kenya in 1988 is 1.5 × 106 tons. This
gives an estimated emission of 2 × 105 carbon with carbon dioxide concentration of
0.00005 ppm. A third cement plant, which has been commissioned, has raised
cement production level to more than double the 1988 figures. Thus the production
of carbon from this activity is estimated to have increased two-folds by 2005.

Terrestrial emission from deforestation and other types of vegetation and wet-
land drainage cannot be predicted from available data as they depend on the type of
vegetation, rate of destruction/decomposition and wetland drainage. Forests and
other types of vegetation also function naturally as net carbon sinks because the
production rate of organic matter exceeds the rate of decomposition. Surface water
masses also absorb and store CO2. The present uncertainties with estimating carbon
dioxide absorption/emission rates by the biosphere, and lack of adequate infor-
mation on the Kenyan situation make it difficult to quantify the CO2 cycle in the
biosphere. Consequently, in giving the data for carbon dioxide emissions in Kenya,
it is assumed that all the un-accounted for CO2 sources, such as decomposition of
biomass materials, marine productivity, charcoal production and changes in land
use, and carbon dioxide sinks such as surface water masses, forests and grasslands,
balance each other and are therefore not considered in this analysis. These pro-
jections are therefore associated with uncertainties. Thus for the purposes of this
analysis, the atmospheric carbon dioxide increase attributed to Kenya is linked to
the combustion of oil and wood fuels (including charcoal) and the production of
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cement which produces a combined annual total of 6.87 × 106 tons of carbon. This
is equivalent to 0.0018 ppm annual increase in CO2 in the atmosphere. In global
perspective, this is only about 0.1 % of the total annual global atmospheric CO2

increase of 1.5 ppm—too small to warrant a national effort unless it forms part of a
wide international or worldwide undertaking. Thus the calculated annual contri-
bution of Kenya to the global increase in the concentration of carbon dioxide is
small compared to those of a developed region and the World. The Kenyan esti-
mates as well as the others based on contributions from fossil and wood fuels and
cement disregard unaccounted for CO2 sources and sinks. Carbon dioxide emis-
sions from the three major sources discussed above are very closely associated with
population growth and therefore the situation is expected to change in future.

In order to predict the future situation, it is necessary to define the atmospheric
increase of CO2 in terms of the per capita Kenyan contribution, which we estimate
for 1989 to be 0.286 tons. This is 25 % of the global average per person carbon
dioxide emission of about 1.16 tons. The population of Kenya would double by
2020 if the annual population growth rate remains at the present level of about 3 %.

Consequently, with the present trends of CO2 emission remaining unchanged,
the total CO2 production in Kenya will also double. This projection still gives an
insignificantly small quantity of CO2 emission in Kenya. It however, does not
consider industrial expansion and deforestation as a result of new human settle-
ments, construction and grassland conversion into agricultural land. But even if it
did, the figure would still be small. The important fact to note here is that although
CO2 emission from some developing countries is negligible, the net carbon dioxide
emission into the atmosphere will continue to increase and may increase beyond the
predicted level if nothing is done to change the trend. Industrialised countries have
in the past emitted large quantities of carbon dioxide into the atmosphere and
continue to do so in spite of the many international CO2 control agreements. For
example, the state of Michigan with less than half of the population of Kenya had a
total annual CO2 emission rate of 4.26 × 107 tons of carbon in 1987. This was about
6.2 times more than the total CO2 emission in Kenya. On the other hand, total CO2

production due to wood fuel consumption in Kenya was 1.7 times higher than that
of Michigan (8,540,500 tons), a fact which underscores the significance of wood
fuel as a major CO2 source in Kenya as in other developing countries [26].

Globally, the atmospheric carbon dioxide concentration has already increased
during the last 100 years due to human activities, especially industrial development,
burning/combustion of forests and other biomass materials, and energy consump-
tion. This has caused the Earth to warm up by an average of 0.5 °C and, in fact, the
Earth is already committed to further warming due to the already accumulated
greenhouse gases in the atmosphere.

It should be recognized that the atmospheric concentration of these gases will, in
all likelihood, continue to increase resulting into a very destructive effect on the
climate and global ecosystem. In recent years, many parts of the world, including
Kenya, have more frequently experienced ‘natural’ occurrences including ecolog-
ical changes and climatic disorder, which probably could be initial consequences of
the global warming.
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There is only one global atmosphere and it belongs to all nations of the world.
Atmospheric pollution in California or Scotland will affect Kenya or any other part
of the world. Every nation must therefore join in the worldwide effort to protect the
atmosphere in order to maintain a habitable world.

Tropical rainforests, which are mostly found in the developing countries, seem
to have the most intense rates of carbon recycling and their conservation upgrading
of productivity will go along way in the management of the global carbon dioxide
problem. It is clear that biomass is an important source of energy in Kenya as has
been discussed elsewhere in this book and this is typical of most developing
countries. For example, in 1988/89, the world’s energy consumption was estimated
to be about 3 × 1020 j out of which oil contributed 39 % while biomass (90 % wood)
contribution was about 14 %. In developed countries 45 % of the energy was
supplied by oil, 26 % by hydropower, 3 % by nuclear and only 1 % by biomass. But
in developing countries, 44 % of energy came from biomass and 24 % from oil.
These contributions vary from country to country but globally they imply that about
two billion people totally depend on biomass energy. It is therefore possible to
balance their contributions to the global carbon cycle by ensuring that production
equals or exceeds consumption. To do so will require a concerted effort on the part
of all peoples to adopt energy policies consistent with sustainability of supply
through the continued development of renewable resource technologies [26].

2.10.2 Measures and Options

Kenya, along with other countries in East Africa, has realized the need to control
CO2 emission and is making an effort to reduce the problem. Kenya recognizes the
important role of forests as a CO2 sink and is emphasizing forestation measures as a
priority objective for facilitating sound environmental conservation. The Rural
forestation and Extension Services has continued to implement forestation pro-
grammes with the aim of sustaining a balanced ecosystem while making available
forest products to meet the varied demands. In addition, agro-forestry has also been
encouraged.

On the control of CO2 emission from the burning of fossil fuels, the government
is encouraging conservation activities. However, at the moment there are no strict
measures to ensure that forestation and conservation activities are undertaken. The
National Environment Secretariat (NES), which was formed to coordinate envi-
ronmental protection activities has been carrying out environmental education and
information activities, village assessments, and a national plan of action to combat
desertification and to control pollution. National Environment Secretariat was
eventually transformed into National Environment Management Authority
(NEMA). Similar programmes exist in Uganda and Tanzania.

To reduce the emission of carbon dioxide from energy sources, the governments
should recognize the risk to health and the dangers of global warming due to energy
derived from fossil fuels and fuel wood. Strict energy efficiency and conservation
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measures must be applied in order to reduce atmospheric pollution by carbon
dioxide. Since transportation activities in East Africa are the single largest source of
CO2, a reduction of emissions can be made through a combination of more stringent
emission limitations for cars, buses, and trucks, strengthened inspection and
maintenance procedures, and the use of clean fuels in commercial and private
vehicles. Measures that would reduce unnecessary use of vehicle and improve
traffic flow would help reduce CO2 emissions. Some of these measures include
greater use of public transport, high charges for parking space and good plan for
non-motorized vehicles (bicycles) on all new roads. Efforts to implement these
measures in the future should be seriously considered.

In addition to these measures, provision of energy must be carefully planned and
effectively implemented. In this regard, renewable energy should be developed to
reduce large scale use of fossil fuels. Many developing countries including those in
East Africa are located within the tropics where there is abundant solar energy
throughout the year. Solar energy technologies for the supply of electricity and heat
energy would therefore be a very suitable option for these countries. So far the use
of solar water heaters is rapidly gaining popularity in East Africa. Photovoltaic
panels (solar cells) are also in the market but customer response is still very poor.
Perhaps the government should introduce legislation regarding the use of solar
energy in all new establishments (building, industries, etc.). Wind energy is another
renewable energy, which has some potential in the region. There are a few local
firms, which are already manufacturing and marketing wind energy devises.
However, the use of renewable energies, in general, is still less than 0.1 % of the
total national energy consumption.

Non-governmental organizations have been supporting governments’ efforts by
promoting energy conservation and the development of renewable energy tech-
nologies. This support should continue and, where possible, should encourage the
highest standards of pollution control in industries and in the transport sector, and
promote the adoption of life styles and technologies, which are consistent with
sustainable development for all nations. East Africa in its desire to use more energy
for development should do so while taking precautions to avoid mistakes made by
already industrialized countries in order to limit the amount of greenhouse gases
emitted into the atmosphere.

2.11 Concluding Remarks

This Chapter has given some important information about East Africa and has
highlighted existing energy management practices and choice factors with regard to
commercial and non-commercial energy resources. The East African energy use
pattern is compared with the global energy consumption pattern. Further, the East
Africa’s prominent energy resources have been identified. A number of these are
locally available while others are imported into the region. The traditional three East
African states of Kenya, Uganda and Tanzania are all endowed with renewable
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energies but there are variations with regard to the quantities and availabilities of
some energy resources such as geothermal, coal, oil and natural gas.

Having also identified the prominent energy resources and noting that most of
the locally available resources have not been developed, this Chapter has attempted
to expose the potential of various energy resources. It is evidently clear that only a
small quantity of locally available energy resources have been developed in the
region. There is still enormous quantities of various energy resources, particularly
renewable energy resources, that are yet to be exploited. The main problems are
mainly associated with the low level of local technological capacity in renewable
energy technologies and the apparent complacency and hence inadequate support
for energy development initiatives. Furthermore, information on specific energy
sites including their commercial viability that could guide potential investors is not
readily available.

Proper energy planning in the region is evidently far from adequate. Various
energy issues including some energy resources are still under government depart-
ments that are not concerned about energy problems. This is making it difficult to
formulate clear energy policies since the departments have their priorities in dif-
ferent issues. In this regard, energy provision policies are not well coordinated and
hence very difficult to implement. The fact that some energy resources are not
commercially recognized at the national level creates an imbalance in the level of
support given for the development of different energy resources. The tendency
therefore is to unnecessarily put more emphasis on control and management of
commercial energies that are of economic interest to the nation. The sad thing about
this is that commercial energies such as oil and grid electricity benefit only a small
fraction of the total population.

The development of energy resources is to a large extent dependent on techno-
logical knowledge base required for innovativeness and scientific ability to adopt new
energy technologies to suit local circumstances. Energy provision is by nature an
expensive service and therefore the consumers must have the economic power to
afford it. Chapter 6 presents basic scientific and technological information required
for the development of various energy resources and describes the processes of
producing different energy conversion devices. The information, on one hand, pro-
vides the justification as to why these conversion devices are expensive and, on the
other hand, allays the fear in developing countries that these processes are too
complicated and therefore not easy to accomplish under the prevailing local cir-
cumstances. This Chapter is intended to encourage researchers and policy makers to
direct more attention and energy in the development of locally available energy
resources. In this regard, a deliberate attempt has been made to limit theoretical
knowledge in favour of more practical information. Theoretical knowledge is how-
ever provided where it is considered necessary in order to appreciate practical aspects.

Finally, the development, use and consumption of energy produce various types
of wastes, which are normally discharged back into the environment. These wastes,
if not properly managed or controlled, have very undesirable impact on the envi-
ronment. This Chapter discussed the status of renewable energy in East Africa,
general impact of energy on the environment and possible measures and options
available.
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Chapter 3
Energy Resources in Southern Africa

3.1 Introductory Remarks

This chapter focuses on the energy resources in Southern Africa, which consists of
10 member states as per Africa Union recognition list, namely: Angola, Botswana,
Lesotho, Malawi, Mozambique, Namibia, South Africa, Swaziland, Zambia and
Zimbabwe (Fig. 3.1). There are a few independent states in the Indian Ocean that
are often considered as being in the Southern Africa region but these will not be
discussed. Only ten countries mentioned above are covered.

In general, much of what has been discussed in Chap. 1 applies to other African
regions including Southern Africa but there are circumstances and energy
endowment situations that are specific to individual countries or regions. It is also,
in some cases, necessary to give historical backgrounds of a region or individual
country in order to understand the prevailing circumstances in a country or region
and therefore repetitions are inevitable.

Four of the Southern African countries, namely, Angola, Mozambique, Namibia
and South Africa have Indian and Atlantic Ocean shorelines. Mozambique is along
the Indian Ocean while Namibia and Angola are along the Atlantic Ocean. South
African like its own name is at the extreme southern end of the continent and is
bordered by Indian Ocean in the East and Atlantic Ocean in the west. The rest of the
Southern African states are landlocked. The total land size for Southern Africa
region is 5,631,386 km2, of which Angola and South Africa occupies almost half of
the land size in the region.

The population of the region, like in other regions of Africa, has been rapidly
increasing over the years, and recent estimates indicate that the total population was
143.9 million people in 2011. This represented about 14 % of total population in
Africa. Malawi remains the most densely populated country in the Southern African
region, with an average of 129.8 persons per square kilometre, while Namibia is the
least with 2.8 persons per square kilometre. The proportion of the population in the
rural areas has been comparatively high in most of the Southern African countries.
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Only three countries (South Africa, Botswana and Angola) have more than 50 % of
their population living in urban areas. The situation in Swaziland is however dif-
ferent in that its urban population has been declining over the years.

The population figures given in Table 3.1 are based on estimates for 2014. The
climate of the region is diverse with some parts of Angola, Mozambique and
Zambia receiving an average annual rainfall that is greater than 1000 mm while
most of Botswana and Namibia, and some parts of South Africa, receive an annual
rainfall that is less than 500 mm (Fig. 3.2).

The Republic of South Africa is the dominant economic power in the region with
a well-developed energy infrastructure. It is well endowed with large deposits of
coal and a range of renewable energy resources such as hydro, solar, and wind
energies. Angola is the only country in Southern Africa with significant quantity of
oil reserves. Coal appears to be the most widely distributed energy resource in the
entire region as there are also considerable deposits in Mozambique, Zimbabwe,
Botswana and Swaziland. South Africa alone accounts for 90 % of Africa’s proven
coal reserves. Hydro power potential in the region is substantial especially in
Angola, Mozambique and Zambia. Although energy resources vary greatly among
the countries, traditional biomass is still the dominant fuel source in the region.
Biomass resources include wood-fuel, charcoal, and crop residues. Most of the
biomass use in the region is consumed by the household sub-sector. The charac-
teristics of the energy sector for each of the Southern African countries are sum-
marized in Table 3.2.

Before discussing Southern Africa in general, we briefly look at the situation in
a few individual countries with specific focus on generation of electricity. Apart

Fig. 3.1 Map showing location of Southern Africa member states [22]
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from the Republic of South Africa, there are a few neighbouring countries that
have significant deposits of coal. Zambia is one such country, which has coal but
imports all its petroleum products through the 1704 km TAZAMA pipeline from
Dar-es-salaam in Tanzania to INDENI refinery in Ndola. Some refined petroleum
products are also imported through TAZARA railway line that connects Zambia to
Tanzania. Petroleum import accounts for 12 % of the total energy consumed. About
53 % of it is used in the transport sector while 27 % is consumed in the mining
industry. Of the total energy consumed in the country, about 70 % comes from
wood fuel [11, 21].

The two main players in the Zambian power generation sector are Zambian
Electricity Supply Company (ZESCO) and the Central African Power Company
(CAPC). ZESCO is basically controlled by the Zambian government and distributes
power within Zambia while CAPC is jointly controlled by Zambia and Zimbabwe
but distributes power to Zimbabwe. Both these companies get power from Kariba
complex where ZESCO obtains 1320 MW while CAPC receives 750 MW for
Zimbabwe. In addition to this, Zambia also has hydropower stations of over
100 MW each at Kafue Gorge Upper Power Station, Itezhi-Tezhi Dam, and
Victoria Falls. There are also about five facilities each generating less than 50 MW
of power. Two small hydropower stations, Lunsemfwa (18 MW) and Mulungushi
(20 MW), are owned by private companies and sell their power to ZESCO and there
are also some small power companies that buy power from ZESCO and retail it to
specific industries such as mining companies.

Fig. 3.2 Rainfall patterns for Southern Africa member states [13]
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The total installed capacity in Zambia was 1838 MW in 2006 but this has since
risen to over 2500 MW and includes power generation from both hydro and thermal
generators. The total hydro potential in Zambia was estimated to be about
6000 MW. Out of the already operational hydro facilities, ZESCO owned more
than 90 % and the remainder were owned by private companies such as Copper belt
Energy Corporation (CEC) and Konkola Copper Mines (KCM). Although access to
electricity is still comparatively low, Zambia nevertheless exports power to its
neighbours and participates in both import and export of power among Southern
African Power Pool (SAPP) countries. SAPP was established in 1995 by seven of
the Southern African Development Community (SADC) countries to create an
international power market in the SADC countries. By 2006, twelve of the fourteen
SADC countries had joined SAPP. These included Botswana, Mozambique,
Malawi, Angola, South Africa, Lesotho, Namibia, Democratic Republic of Congo
(DRC), Swaziland, Tanzania, Zambia, and Zimbabwe. Most of these countries have
already been linked by interconnection lines and are managing an international
power market. SAPP has facilitated broadband infrastructure in SADC in order to
efficiently and effectively trade electric power among the countries utilizing cheap

Table 3.2 Socio-economic characteristics of Southern African member states [12, 18, 22]

Country Renewable power
production (%)

Electrification rate in
2009 (access rates) (%)

Liquid fuel production

Angola 90 26.2 Self-sufficient in oil
requirements

Botswana 0 45.4 Depended on imported oil
and oil products

Lesotho 0.9 16 Depended on imported oil
and oil products

Malawi 86.1 9 Depended on imported oil
and oil products

Mozambique 3.3 11.7 Depended on imported oil
and oil products

Namibia 94 34 Depended on imported oil
and oil products

South Africa 2 75 Depended on imported oil
and oil products

• 60 % depended on
imports of crude oil

• 40 % obtained from gas
to oil and coal to oil

Swaziland 36 Data not available Depended on imported oil
and oil products

Zambia 99 18.8 Depended on imported oil
and oil products

Zimbabwe 56.8 41.5 Depended on imported oil
and oil products
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electricity generated by coal-fired thermal plants in South Africa and abundant
hydropower potential in the other countries especially Zambia.

Zambia has also been keen in developing other renewable energy resources such
as biomass, solar, and geothermal. Around 2005/6 ZESCO began to operate a small
geothermal power unit in Nsumbu to enhance rural electrification in that region. In
pursuit of the desire to improve access in the rural area, some Solar Home System
(SHS) have been installed in villages of the Eastern Province [16]. With the
exception of the Republic of South Africa and Angola, most of the other riparian
states are more or less facing the Zambian experience. Zimbabwe has some coal and
uses it to generate over 920 MW of electricity at Hwange Plant while receiving
about 750 MW from Kariba Dam on Zambezi river. Botswana, another Southern
Africa state, has virtually no hydro facilities and depends heavily on power from
South Africa and its own thermal (coal) plant with a capacity of about 132 MW. It
has planned to develop more coal plants at Morupule B and Mmamabula Power
Stations. Mozambique, on the other hand, has only one major source of electricity
at Cahora Bassa Powe Station with a capacity of 2075 MW. The facility is located
on Zambezi river. The other sources are too small to make any significant contri-
bution. Similarly, Namibia has only one hydro power with a capacity of about
330 MW at Ruacana Hydro power station on Cunene river. Other power generation
facilities include a coal plant in Windhoek with a capacity of about 120 MW but has
recently been producing only 30 MW, and two small diesel generators at Paratus
and ANIXAS power stations, both at Walvisbay. They are all owned by
NamPower. Namibia’s neighbour, Angola, has a large hydro facility with a capacity
of 520 MW at Capanda Dam and two other stations at Cambambe hydropower and
Matala power stations with capacities of 180 and 130 MW, respectively. There is
also a 148 MW gas turbine in Luanda [15].

This outline of electricity generation in some Southern Africa states provides an
essential introduction to power generation in the region. Now, we turn to the
general situation in Southern Africa and analyse the issues and resources in the
region as a whole. First, the macro-economic profiles of the Southern African
countries are provided and this also gives information on the physical environment
and socio-economic characteristics of each country in the region. There is a range of
energy resources available, and these can be categorised into two groups. The first
category is conventional energy (non-renewable) and the second category is
renewable energy.

3.2 Socio-Economic and Profiles of Southern African
Countries

Southern Africa’s socio-economic activities is dominated by mining industry par-
ticularly coal mining. But there are also a number of valuable minerals such as gold
(Zambia), uranium (South Africa), copper, etc., that provide opportunities for
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employment. Mining therefore is a major industry in the entire region and, due to
large discrepancies between the economies of South Africa and those of other
countries in the region, there has been active migration of people into the more
economically powerful South Africa. This movement of people from the neigh-
bouring countries have, for many years, provided a significant amount of cheap
labour to South Africa. The economic activities have also influenced population
distribution especially in urban and rural areas (Figs. 3.3 and 3.4).

In terms of the gross domestic product, the Southern African region consists of
one economic giant and the rest are relatively smaller economies. The estimated
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GDP for the region in 2011 was US$593.14 billion, with South Africa accounting
for 69 % of this total. In contrast, the contribution by Lesotho, Swaziland, and
Malawi is very small. According to World Bank Country classification in 2012
[26], Botswana, South Africa, Namibia, and Angola are categorised as upper
middle income countries, since their per capita income is in the range US$4036–US
$12,475. Swaziland, Zambia, and Lesotho fall in the lower-middle income1 while
Zimbabwe, Mozambique and Malawi are classified as low income countries. This
classification however, does not imply homogeneity for the countries in the same
category, in terms of their level of economic development and economic structures.

In most of the Southern African countries, mainly, Lesotho, Malawi,
Mozambique, Namibia, South Africa and Zimbabwe, services sector continues to
contribute the largest share of the GDP. It is only in Angola where industry has
been the largest contributor. Botswana and Zambia have experienced different
dynamics. Initially, services contributed the most to the GDP in Botswana, but this
has been overtaken by industry sector since 2009. A similar trend is observed in
Zambia, where services sector has been the largest contributor but, in recent times,
this contribution has been declining and industry is increasing its contribution.
Swaziland has no-clear cut distinction between service and industry sector and both
have been contributing almost equally to the GDP. Four countries in the region are
ranked among the top ten competitive countries, with South Africa being the most
competitive country for doing business in Africa.

3.3 Conventional Energy Resources

Conventional energy resources such as oil, coal, and gas are widely used globally
and are normally referred to as fossil-based fuels. Fossil fuels are those energy
resources that formed from the remains of once-living organisms. The differences
among the various fossil fuels is in their physical properties, which result from the
differences in the starting materials from which the fuels were formed, and changes
to those materials after the organisms died and were buried within the layers of the
earth. Each of these fuel types and their formation stages are discussed in the
sections that follow.

3.3.1 Coal Formation

Coal is a combustible black or brown-black sedimentary rock that is composed
mainly of carbon and hydrocarbons [8]. It is made from compressed organic

1Per capita income in the range US$1026–US$4035.
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materials of plants or peat over millions of years, and consists of high carbon
concentration. The formation of coal begins as peat, which is an accumulation of
partially decayed vegetation matter. Peat has to be buried on the sediment for it to be
converted to coal. The first stage is the aerobic stage, where, the bacterial decay
reduces the volume by as much as 50 %. Due to impermeability of peat, all the
oxygen is used up and the bacteria dies, ending the first stage of decay. The second
phase is anaerobic decay, where, the anaerobic bacteria further reduce the volume.
This stage produces more acids, and when acidity gets too high, it kills the remaining
bacteria, ending all the decay processes [23]. The third phase is bituminization,
where the peat is buried under thick sediment that provides insulation and traps the
natural heat rising to the surface. Bituminization process begins when the temper-
atures reaches 100 °C. The chemical processes at this stage drive water, oxygen and
hydrogen, hence, increasing the proportion of carbon. These processes and stages of
coal formation are summarized in Figs. 3.5 and 3.6.

Given that the process for coal formation is from organic materials, it may seem
as though it is a renewable resource from a technical perspective. However, from a
practical point of view, coal is non-renewable. This is because it takes millions of
years to be formed and thus too long to use as a long-term energy solution.

Coal is classified into four grades or ranks, based on the stage in the process of
coal formation, the amount of carbon it contains and the heat energy it can produce
[23]. These ranks classification are:

(a) Lignite coal, which is relatively immature coal deposit that was not subjected
to extreme pressure or heat. It is also the lowest grade coal, commonly known
as brown coal, and contains 25–35 % carbon.

(b) Sub-bituminous coal, which is dark and hard, has higher carbon level of
35–45 % carbon, and a higher heating value than lignite coal. It is also a low
grade coal

Phase 1: aerobic decay

• Oxygen needing 
bacteria reduce 
volume by almost 
50%

• Due to stagnant, 
water, peat 
impermeability and 
lack of oxygen, the 
bacteria die ending 
this phase

Phase 3: Bituminization

• Peat is buried under 
thousand feet of  
sediments

• Temperature rises due 
to the insulation 
provided by sediment

• Bituminization begins 
once temperature 
reaches 100 degrees 

Phase 2: anaerobic 
decay

• Decay process 
continue with bacteria 
that requires no 
oxygen

• Volume  reduces 
further

• Anaerobic decay 
produces acid; higher 
levels of acidity kills 
all bacteria, ending all 
decay process

Fig. 3.5 A summary of coal formation process [19]
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(c) Bituminous coal, which is darker and harder, has three to four times heating
value than lignite, and contains 45–86 % carbon. It is a mid-grade coal.

(d) Anthracite coal, which is used when coal reaches ultimate maturation, where
it is very hard and shiny. It contains 86–97 % of carbon and has slightly higher
burning value than bituminous coal. It is also the high grade coal.

Coal is extracted in two main ways, depending on its location underground.
These types are: surface mining and underground mining [14]. Surface mining is
utilised when commercially useful coal is found near the surface (less than 60 m
underground). There are different types of surface mining methods and the three
commons ones are: strip mining, terrace mining, and open-pit mining (also known
as opencast mining, open-cut mining). The top soil and rocks are removed to extract
the coal and is replaced once the mining is exhausted, and the area can be replanted,
or utilised as landfills. Details of coal resources that are suitable for surface mining
are presented in Fig. 3.7.

On the other hand, underground mining occurs when coal is too far underground
to get out with surface mining. Similarly, there are three main underground modes
to access coal, which are: declines (ramp), shafts; and adits [14, 20]. Declines can
be spiral tunnels, which circles the flank of the deposit or circles around deposit.
Shafts are vertical excavations sunk adjacent to the ore body; while adits are
horizontal excavations into the side of a hill or mountain. These excavations pro-
vide pathways for miners to operate machines that extract the coal. Further details
on underground mining can be found elsewhere as this is beyond the scope of this
book.

Fig. 3.6 The process of coal formation [19, 20]

148 3 Energy Resources in Southern Africa



3.3.2 Coal Resources in Southern Africa

Coal is one of the main energy resources in Southern Africa, and reserves are found
in seven out of ten countries in the region (Table 3.3). However, South Africa alone
dominates in the proportion of the resources in the region. In 2011, the South Africa
reserves accounted for 97.1 % of the coal reserves in the region while in Zimbabwe,
this was 1.6 % [3]. Looking from the African context, South Africa accounts for
95.7 % of the total coal reserves in the continent [3]. The proven reserves in the
Southern African countries are classified as anthracite and bituminous coal, with an
exception of Malawi, whose reserves are classified as lignite coal. The mining
techniques utilised is surface mining. Specifically, 50 % of South African mines are
open-pit types.

3.3.3 Coal Production and Use in Southern Africa

The Republic of South Africa also leads the Southern African countries with respect
to volumes of coal mined with production of 255.4 million tons in 2011 [3] (also
see Fig. 3.8), during which the country was ranked number seven in the world. The

Fig. 3.7 Classification of surface mining methods [4]
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main mining areas in South Africa are presently in the Witbank-Middelburg,
Ermelo and Standerton-Secunda areas of Mpumalanga, Sasolburg-Vereeniging in
the Free State/Gauteng and in north western KwaZulu-Natal where smaller oper-
ations are found (see Fig. 3.9).

With the exception of the Republic of South Africa, coal production in each of
the other coal producing countries in the region has been declining over the years,
due in part, to the limited coal reserves in these countries. In South Africa, a large
proportion of the coal produced in is consumed in the country while the rest is
exported to Europe and East Asia. According to some sources [5], 28 % of the coal
mined in South Africa in 2006 was exported, and the rest was utilised domestically
for electricity generation as well as for conversion into liquid fuels (coal-to-oil) and
direct heating purposes. The industrial, commercial, and residential sectors all

Table 3.3 Summary recoverable coal reserves in Southern African countries, 2008 [8]

Country Anthracite and
bituminous coal
(million tons)

Lignite coal
(million tons)

Total
reserves
(million tons)

Reserves as % of
total in Southern
Africa (%)

Angola Not available Not available Not available Not available

Botswana 40 0 40 0.13

Lesotho Not available Not available Not available Not available

Malawi 0 2 2 0.01

Mozambique 234 0 234 0.68

Namibia Not available Not available Not available Not available

South Africa 30,156 0 30,156 97.07

Swaziland 144 0 144 0.46

Zambia 10 0 10 0.03

Zimbabwe 502 0 502 1.61

Total—Southern
Africa

31,064 2 31,066 100

Note EIA presents reserves data in million short tons. These were converted to metric ton; 1 short
ton = 0.907185 metric ton [8]
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consume coal directly. In 2006, coal accounted for 65.9 % of the total primary
energy supply [5]. In addition, 94 % of electricity generation in South Africa is
from coal [10]. While Botswana generates 100 % of its bulk electricity needs from
coal, more than half of its power requirements are imported from South Africa and
Zambia [1].

Coal is a significant energy resource in Southern Africa. Out of ten Southern
African countries, two are producing most of their electricity from coal (Table 3.4)
while another two are generating at least a quarter of their electricity using coal.

3.3.4 Oil and Natural Gas Formation

Crude oil and natural gas was formed from the remains of animals and plants
(diatoms) that lived millions of years ago in a marine (water) environment before
the dinosaurs. The formation of the oil that is currently used can be categorised into
three stages: Stages 1(a) and (b), 2(c) and (d) and 3(e) and (f) as discussed below.

In stage 1 (Fig. 3.10a, b), as the microscopic plants and animals lived, they
absorbed energy from the sun, which was stored as carbon molecules in their

Fig. 3.9 Location of the coal mines in South Africa [24]
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bodies. When they died, they sank to the bottom of the sea, forming thick layers of
organic material. Over millions of years, the organic material became covered in
layers of mud.

In Stage 2 (Fig. 3.10c, d), layers of mud prevented air from reaching the organic
material. The organic material could not undergo aerobic decomposition without
air. As the mud grew in thickness and the plankton became buried deeper, heat and
pressure began to rise, anaerobic decomposition also acted on the organic material.
The amount of pressure and the degree of heat, along with the type of biomass,
determined if the material became oil or natural gas. More heat (around 50°–100°)
produced lighter oil. Higher heat (above 120°) or biomass made predominantly of
plant material produced natural gas.

In Stage 3 (Fig. 3.10e, f), after oil and natural gas were formed, they tended to
migrate through tiny pores in the surrounding rock. Some oil and natural gas
migrated all the way to the surface and escaped. Other oil and natural gas deposits
migrated until they were caught under impermeable layers of rock or clay where
they were trapped. These trapped deposits are where we find oil and natural gas
today.

In a brief, the environmental conditions that are necessary for oil and gas for-
mation include:

• the presence of organic material;
• organic remains being trapped and preserved in sediment; and
• the material being buried deeply and then slowly “cooked” by increased tem-

perature and pressure.

Table 3.4 Coal use in electricity generation in Southern African countries, 2010 [8–10, 27]

Country Total electricity installed
capacity (MW)

% of electricity generation
from coal

Angola 1155 0

Botswana 132 100

Lesotho 76 0

Malawi 287

Mozambique 2428 0

Namibia 393 31.1

South Africa 44,258 94.2

Swaziland 149

Zambia 1679 0

Zimbabwe 2035 46.4
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3.3.5 Oil Resources in Southern Africa

The proven oil reserves for Southern Africa were estimated at 9515 million barrels
in 2012 but in 2014 a higher quantity of about 13,500 million barrels were esti-
mated for Angola alone. Many of the countries in the region are not endowed with
the oil resources. Angola alone accounts for 99.8 % of the resources in Southern
African while South Africa contributes the remaining 0.2 % (see Table 3.5). Angola
has become one of the largest crude oil producing countries in Africa where it
briefly surpassed Nigeria in 2009, when Nigeria suffered infrastructure challenges

(a) (b)

(c) (d)

(e) (f)

Fig. 3.10 Stages of oil and natural gas formation process
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in the Niger Delta [12]. Currently, Angola is ranked 4th in terms of the oil reserves
in Africa [10]. However, according to other sources, the Angolan estimated proven
reserve of about 13,500 million barrels is placing the country in the 3rd position in
Africa [3], after Libya and Nigeria.

Production of oil in Angola has been increasing over the years, where, in 2011, it
was about twice as it was in 2002. The increase in the production of oil in Angola is
partly due to the country becoming a member of Organization of Petroleum
Exporting Countries (OPEC) in 2007. The country is currently ranked as the second
largest oil producing country in Africa as a result of the disruptions that occurred in
Libya. South Africa does not have significant production of oil, and its production
marginally declined over the years (Fig. 3.11). It should be noted that oil pro-
ductions in different countries in Africa are not directly proportional to total
reserves available in the country. Thus, although one country may have more
reserves than another country, the production per day could be the opposite, that is,
more production from a country with less reserve.

Most of oil requirements in Southern African countries are met through imports,
with Angola being the only country that is a net exporter. Thus, oil sector plays a
key role in Angola, and accounts for 95 % of export revenues and over 75 % of the
government revenues [27]. The main oil export destinations in 2010 were China
and United States that, respectively accounted for 45 and 23 % of the total oil
exports. The Republic of South Africa, on the other hand, imports 67 % of its oil
requirements while the remaining 33 % is internally sourced through a process of

Table 3.5 Proven reserves of crude oil in Angola and the Republic of South Africa, 2002 and
2012 [10]

Country Million barrels 2002 Million barrels 2012

Angola 5412 9500

South Africa 16 15

Total Southern Africa 5428 9515
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Fig. 3.11 Oil production in Angola and South Africa, 2002–2011 [10]
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obtaining liquid fuels from coal [5]. It has four large refineries while Angola, which
has the largest oil reserves in the region, has only two relatively small ones that can
only meet the domestic requirements. So, in terms of oil refinery facilities, the
Republic of South Africa has the largest capacity in the region and is ranked 2nd in
Africa. Many of these refineries are largely controlled by major international
companies (see Table 3.6). Most of its crude oil imports come from OPEC coun-
tries, mainly, Iran, Saudi Arabia, Nigeria and Angola [9].

3.3.6 Natural Gas Resources in Southern Africa

The proven reserves on natural gas in the Southern African region were estimated at
17.648 trillion cubic feet in 2012 (Table 3.7). Four countries in the region have
natural gas resources. However, Angola dominates in the estimated reserves.
Although Angola has the largest proven natural gas reserves, this is tied directly to
oil production, and it is currently flared. There have been, however, plans which
seek to improve management of gas production by converting natural gas into
liquefied gas [9].

In terms of natural gas production in 2012, Mozambique was at the top, pro-
ducing 110 billion cubic feet. Namibia has not been producing natural gas despite
the presence of proven reserves. In South Africa, production of gas has been

Table 3.6 Southern Africa refineries, throughput and ownership

Name Crude
throughput

Ownership Country

Crude oil refineries in Southern Africa

Cabinda refinery 16,000 bpd Chevron Corporation Angola

Luanda refinery 56,000 Sonangol Angola

Cape town refinery
(Chevref)

100,000 bpd Chevron Corporation South Africa

Durban engen
refinery (Enref)

120,000 bpd Petronas South Africa

Sasolburg refinery
(Natref)

108,000 bpd Sasol/Total South Africa
(64 %/36 %)

South Africa

Durban sapref
refinery (Sapref)

180,000 bpd Shell South Africa/BP Southern
Africa (50 %/50 %)

South Africa

Ndola refinery 34,000 bpd Indeni Zambia

Coal and gas processing and refining

Sasol 150,000 bpd Sasol South Africa

Gas processing and refining

PetroSA 45,000 bpd PetroSA South Africa
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declining, reaching a point of no production in 2008, and then producing 37 and
34 billion cubic feet in 2009 and 2010 respectively (Fig. 3.12). The small amount of
natural gas that is produced in South Africa is all converted into liquid fuels [5].

3.4 Nuclear

Uranium is the basic resource for nuclear reactors. It is a relatively common element
in the crust of the earth. Within Southern Africa, Namibia and South Africa are the
only countries with uranium resources. Uranium resources have been estimated at
279,100 and 261,000 tons for South Africa and Namibia respectively [28] (see
Table 3.8). Each of the countries represents about 5 % of the total recoverable
resources in the World.

The Republic of South Africa is the only country in Southern Africa and in
Africa as a whole that has nuclear reactors. The country has two reactors with an
installed capacity of 1800 MW, and generates about 5 % of the total electricity [5,
28]. Nuclear reactor power production started operating in 1984. The nuclear power
production plant is owned and operated by Eskom, which is partly a state-owned

Table 3.7 Proven reserves of
natural gas in Southern
Africa, 2002 and 2012 [11]

Country Trillion ft3

(2002)
Trillion ft3

(2012)

Angola 1.62 10.947

Mozambique 4.5 4.5

Namibia 2.2 2.2

South Africa 0.001 0.001

Total Southern
Africa

8.321 17.648
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Fig. 3.12 Natural gas production in three Southern African countries [10]
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company, which has the monopoly in electricity generation and transmission.
According to the Integrated Energy Plan [6], 9600 MW of nuclear power is
expected to be operational by 2030.

Southern Africa also has huge renewable energy potential that includes hydro,
solar and wind energy potentials. The use of these sources has been growing, but
they still account for a small percentage of total energy production and generation if
hydro power is excluded. Increasing oil prices, climate change and global warming
concerns, greater government support, and wider citizen support are propelling
supportive legislations, which result in better economic incentives that make
commercialization of other renewable energy more feasible.

Within Southern African context, renewable energy resources, though available,
vary widely in their availability in individual countries and cost-effectiveness for
their utilisation. Hydropower is the most common and least expensive source of
electricity generation from a renewable source. The total installed hydropower
capacity in 2010 in Southern Africa was 6361 MW, which represents only about
29 % of the total available potential (Table 3.9). The Republic of South Africa is the
only country in the region that generates significant amount of electricity from
nuclear power plants.

The Southern African states have a wide variety of energy resources that, if fairly
shared in the region, can make the countries independent of external energy supply.
As mentioned above, they have oil, nuclear power plants, large hydro potential,
uranium, natural gas, coal, large solar and wind energy potentials.

Table 3.8 Proven reserves of
Uranium in Southern Africa,
2011 [28]

Country Tons U Rankin
Africa

% in
World

Namibia 261,000 3rd 5

South Africa 279,100 2nd 5

Total Southern
Africa

540,100 – –

Table 3.9 Installed hydropower capacity in Southern African countries, 2010 [2, 9]

Country Installed capacity (MW) Available potential (MW)

Angola 498 1200

Botswana 0 Nil

Lesotho 76 450

Malawi 286 600

Mozambique 2179 12,500

Namibia 249 120

South Africa 661 247

Swaziland 60 200

Zambia 1672 6000

Zimbabwe 680 1500

Total Southern Africa 6361 22,817
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So far the discussion has focussed on the Southern African states in general but it
should be noted that the state of South Africa plays a leading role in the region and
therefore it needs more attention. It is a very prosperous country by any standards
and is the most developed country in the African continent. The driving force
behind this remarkable development lies in its exemplary management of the power
sector, which has been critical to its economy, as the country depends on its
large-scale, energy-intensive coal mining industry. South Africa has limited proved
reserves of oil and natural gas and uses its large coal deposits to meet most of its
energy needs, particularly in the electricity sector. About 80 % of hydro potential in
the country has been developed and therefore hydro expansion is not an open
option unless an agreement is made with its neighbours to jointly tap their available
hydro potentials. So continued future energy development will have to consider
renewable options.

Most of the oil consumed in the country is imported as crude oil which is refined
in the country for use mainly in the transportation sector. South Africa also has a
sophisticated synthetic fuels industry, producing gasoline and diesel fuels using
coal-to-liquids (CTL) and gas-to-liquids conversion (GTL) plants. The synthetic
fuels industry accounts for nearly all of the country’s domestically produced pet-
roleum because crude oil production is very small. It is important to note the
historically rough path that the country had to go through in order to get to where it
is today. Before 1980s far reaching sanctions were imposed on South Africa and it
had to survive on its own home-grown technologies. Even oil imports were cut off.
Fortunately the government had stockpiled an estimated 18 million tons of imported
oil before the cut-off in 1979. It is of course true that unreported oil shipments
continued during the sanctions era, but nevertheless many industries switched to the
use of coal for power generation. During this period, Eskom, the government’s
electric power utility, was the coal industry’s major customer. It purchased about
two-thirds of coal output, which fluctuated between 159 and 176 million tons from
1984 to 1989. In the early 1990s, the coal industry produced more than 180 mil-
lion tons of coal each year, of which at least 47 million tons were exported. The
industry employed more than 76,000 people. Eskom helped to finance coal mining
operations and guaranteed coal prices to ensure the mining companies got good
return from their investment.

The Republic of South Africa was ranked fifth in world uranium reserves in the
1990s with recoverable reserves estimated at nearly 180,000 tons. Uranium is
produced as a by-product of gold in some mines and as a by-product of copper in
some other mines of the far northeast of the country. Since 1968 all uranium
produced in South Africa was processed and marketed by the Nuclear Fuels
Corporation of South Africa, a private company owned by the gold mines that
produce uranium. Although South Africa exported some of these valuable minerals,
the net earnings from them were not significant to the economic growth of the
country. Instead, it decided to internally produce all the energy needed for devel-
opment. Prior to the sanctions, oil accounted for about 20 % of primary energy but
this had to change. By 2004, its electricity installed capacity had reached about
35,000 MW. Today, all the 48 Sub-Saharan countries put together have not reached
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this capacity. The Republic of South Africa, on the other hand, has gone further and
increased its installed capacity to 45,700 MW by 2013. Nearly 90 % of this is
generated by coal fired thermal plants and electricity produced is the cheapest in the
world. In addition, the country is converting low grade coal to liquid fuels totaling
160,000 barrels per day of oil-equivalent and also producing 390 trillion cubic feet
of shale gas. Thus, together with the existing nuclear and hydro power facilities, it
has all the energy resources it needs to generate all its electricity requirement and,
indeed, produces about 45 % of all the total electricity generated in the African
continent. The county’s coal, which plays a key role in electricity generation is
mostly exported to destinations outside Africa (Fig. 3.13).

Apart from the State of South Africa, there are other African countries with small
quantities of coal reserves which can be used to generate cheap electricity. In fact,
the quantity of coal in South Africa is not much in global terms. It is ranked 9th
largest coal reserve holder in the world (Fig. 3.14) but what is important is that it is
now able to supply electricity generated from coal plants to its neighbors such as
Botswana, Zimbabwe, Namibia, etc., through its membership of the Southern
Africa Power Pool (SAPP), which began in 1996 as the first formal international
power pool in Africa with a mission to provide reliable and economical electricity
supply to consumers in SAPP member countries.

Generation of electricity is dominated by ESKOM, the national wholly
state-owned utility, which also owns and operates the national electricity grid.
Eskom supplies about 95 % of South Africa’s electricity. In global terms, the utility
is among the top seven in generating capacity, among the top nine in terms of sales,
and has one of the world’s biggest dry-cooled power stations: Matimba Power

Fig. 3.13 Coal export from the Republic of South Africa by destination [17]
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Station. Although it is a major player in the energy sector, it does not have
unchecked monopoly as there are important independent power producers with
wide ranging rights. The Republic of South Africa has several government agencies
and companies involved in the coal, natural gas, oil and electricity sectors. The
Petroleum Agency of South Africa (PASA) regulates oil and natural gas exploration
and production and provides public data on these activities. The National Energy
Regulator of South Africa (NERSA) regulates the electricity sector, gas pipeline
industries, and petroleum pipeline industries. NERSA regulates electricity prices
and promotes private sector participation by encouraging investment from inde-
pendent power producers (IPPs), and off-grid technologies to meet rural energy
needs. All these regulatory institutions ensure that every stage and sector are
transparently managed and controlled and this has enabled the country to achieve
remarkably high economic development.

Despite the seemingly impressive power generation level, the Republic of South
Africa’s electricity system has been constrained as the margin between peak
demand and available electricity supply is narrow, according to the Economists. For
example, in 2008, some coal mines had to halt operations because of power
blackouts and in November 2013, Eskom had to request its customers to adopt
energy saving strategies including cutting down consumption by some margin. In
other African countries these outages and shortages are more frequent and severe
despite the fact that only a small percentage of the population has access to elec-
tricity. However, availability of cheap electricity in the country has not been
without environmental costs. There are concerns about environmental pollution due
to the use of coal in power generation and, although renewable energy industry is
small, the country has plans to expand renewable electricity capacity to 18,200 MW

Fig. 3.14 Distribution of global coal reserves [17]
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by 2030. Open-cast coal mining has scarred large areas of natural vegetation and
this is causing a lot of concern (Fig. 3.15).

Coal production and use create coal combustion wastes, coal mine wastes and
toxic coal land fires. Some of these wastes contain toxic substances like arsenic,
cadmium, chromium and lead, which are dumped in many old coal mines are now
littered with sulphate salts, heavy metals and carcinogenic substances like benzene
and toluene. Such dangerous wastes are causing damages to wildlife and also
spreading illness and disease. Water run-offs through these sites have caused the
death of thousands of fish, crocodiles, and freshwater turtles and harming com-
munities using water from such environment. Coal fires are also witnessed in the
abandoned mines. Furthermore, the country’s per capita greenhouse gas emissions
are the highest in Africa.

In order to address some of these issues, the government of the Republic of
South African plans to develop renewable energy resources such as solar and wind.
South Africa receives more than twice as much sunshine as Germany, where over
15 percent of the national electricity supply comes from renewable sources. Wind
energy studies have also indicated that the country has suitable wind speeds for
electricity generation. The country therefore introduced feed-in tariff for wind
energy to encourage investors to participate in decentralized renewable energy
development. However, this arrangement was abandoned in favour of competitive
bidding process that was launched in 2011. Under this bidding process, the gov-
ernment plans to procure 3,750 MW of renewable energy distributed as follows:
1,850 MW of onshore wind, 1,450 MW of solar PV, 200 MW of concentrating

Fig. 3.15 Land degradation and loss of biodiversity due to coal mining in South Africa [25]
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solar panels (CSP), 75 MW of small hydro, 25 MW of landfill gas, 12.5 MW of
biogas, 12.5 MW of biomass, and 100 MW of small projects. All these are expected
to be operational by 2015 as first step towards the reduction of the use of coal in
electricity generation.
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Chapter 4
Energy Resources in Western and Central
Africa

4.1 Introductory Remarks

The region known as West Africa generally refers to the western upper part of the
African continent mostly countries along the Atlantic coastal line of the Gulf of
Guinea from Cameroon to Mauritania. Most of the countries in this region are
members of the Economic Community of West African States (ECOWAS). In line
with the current membership of the Economic Community of West African States
(ECOWAS), formed in 1975, West Africa has been defined as including the fifteen
countries of Benin, Burkina-Faso, Cape Verde, Gambia, Ghana, Guinea,
Guinea-Bissau, Ivory Coast, Liberia, Mali, Niger, Nigeria, Senegal, Sierra Leone
and Togo. However, since this book is divided into four African regions namely
Eastern, Western, Northern and Southern Africa, coverage of Western Africa
includes more countries than those in ECOWAS. This means that the region may
encompass just about half of the countries in Africa and so, to simplify the com-
plications, the discussion will be restricted to those countries with significant energy
and other valuable resources or have unique features. Figure 4.1 shows the general
region of Western Africa including ECOWAS countries [21]. Morocco, Algeria,
Tunisia and Libya which appear in this map are classified as Northern African states.

As has been mentioned, some countries are very small with energy supply and
demand that have very little impact on the overall energy scene of the region. On
the other hand, relatively large countries such as Mali and Niger have large parts of
their territories in the Sahara Desert which is largely hot and dry with very little
vegetation except along the river banks. River Niger traverses several countries
including Mali, Niger and Nigeria so even though some of the territories are in the
arid and semi-arid regions, they still have some significant renewable energy
potential.

Nigeria, with a population of about 178.6 million in 2014, is the most populous
country not only in West Africa but also in the entire African continent [27]. It is
also economically more powerful in the region mainly due to its abundant energy
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resources (oil, gas, coal and renewable resources) and so the management of its
energy resources has not only impacted on the region but has also provided a useful
lesson in energy resources management in Africa in general.

This chapter also discusses energy resources in the Central African countries
such as Cameroon, the Democratic Republic of Congo (commonly referred to as
DRC), Central African Republic (CAR), Gabon, and Equatorial Guinea. Fuel wood
is a major source of energy in both West and Central Africa just as it is in most parts
of Africa, especially Eastern Africa. One persistent gender issue in the African
energy sector is that it is women and children that have to spend long hours each
day going out to fetch fuel wood.

Figure 4.2 is a common site in Africa and this has been a major concern because
this activity impacts negatively on women’s involvement in development issues and
girl-child education. However, the procurement and general management of bio-
mass energy will not be discussed in details in this section since it has been
extensively discussed in Chap. 2.

Fig. 4.1 Map of Western Africa including parts of North and Central Africa. Source
wurstwisdom.com/picsbehd/map-of-west-africa
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4.2 The Federal Republic of Nigeria

Nigeria is a heavily populated country in Africa and is well endowed with energy
resources which include crude oil, natural gas, coal, tar sand, biomass and other
renewable energy resources such as solar, wind and even tidal, as well as large
hydro energy potentials. Nigeria became a member of the Organization of the
Petroleum Exporting Countries (OPEC) in 1971, more than a decade after oil
production began in the oil-rich Bayelsa State in the 1950s. By 2002, production of
oil-based products was as indicated in Table 4.1.

Despite the abundance of oil and gas and high potential for hydropower,
Nigerian households, especially those in the rural areas, still depend to a large
extent on traditional energy sources such as fuel wood, bagasse and crop residues.
Nigeria’s fuel wood consumption accounted for about 74 % of national household
energy use in 2007 and was estimated at about 80 million cubic meters (about
25 million tons) per year [2]. Fuel wood is widely used for heating, cooking,
cottage industrial applications and food processing [6]. Currently, these traditional
energy sources still account for more than 50 % of Nigeria’s primary energy
requirements even though they are usually not included in the country’s commercial
energy consumption data. This is because the government attaches a great deal of

Fig. 4.2 Women and
children collecting fuel wood
from distant locations

Table 4.1 Petroleum
products production in
Nigeria (2002) [7, 8, 22, 29]

Product Production (tons)

LPG 199,359

Petrol (PMS) 2,626,916

Kerosene (DPK) 1,532,408

Diesel (AGO) 2,513,521

Fuel Oil 2,580,284

Intermediate Stock 489,330
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importance to abundant commercial energy resources, namely oil and gas, which
are used in electricity generation, transport, and industrial sectors. Figure 4.3 shows
the shares of primary energy consumption in Nigeria in 2011.

The National Electric Power Authority (NEPA) utilizes more than 50 % of
natural gas consumed in the country for power generation. The government controls
the price of Natural Gas sold for use as fuel and feedstock in the domestic market.
However, there are concerns that these prices are often set in a non-transparent
process without stakeholder consultations and so they do not reflect end-user
pricing concerns. In addition, the prices are not consistent as purchasers often pay
different prices for the same quantities. This has sent the wrong signals to potential
private investors in the sector as the gas pricing arrangements result in difficulties in
establishing potential returns from investment in different activities in the gas
supply chain. This has posed a major challenge to Nigeria’s privatization efforts.
Furthermore, occasional oil and gas supply disruptions have been experienced since
2000, reaching a record high in 2008–2009 [17]. In 2013, the production dropped
again due to these disruptions, which involved pipe vandalism, kidnappings, and
militant take-overs of facilities in the Niger Delta. The Movement for the
Emancipation of the Niger Delta (MEND) has been one of the main groups
attacking or threatening attacks on oil infrastructure for political objectives,
claiming to seek a redistribution of oil wealth and greater local control of the sector.
Security concerns have therefore led some oil companies to pull out of the country.

These challenges notwithstanding, Nigeria is the largest oil producer in Africa
and was the world’s fourth leading exporter of liquid natural gas (LNG) in 2012 [8].
However, according to other sources [23], in 2013 Nigeria had the second largest
amount of crude oil reserves (37.2 billion barrels) in Africa, after Libya and pro-
ducing an average of about 2 million barrels per day. It is believed that Nigeria
could produce more if it were not for the disruptions and security risks mentioned
above [19]. On the other hand, natural gas sector is restricted by lack of infras-
tructure to monetize gas that is currently flared (burned off). Daily productions of

Fig. 4.3 Total primary
energy consumption in
Nigeria, 2011 [8]
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both oil and gas have been characterized by large variations due to a number of
factors. For example, unrecorded or unplanned oil outages can be as high as
500,000 barrels per day (bbl/d) and these occur due to the fact that oil and natural
gas industries are primarily located in the Niger Delta region, where it has been a
source of conflict involving local communities seeking a share of the wealth and
this has caused a lot of anxiety in the management of these resources. The national
corporations responsible for the management of the sector have incompetently dealt
with management challenges.

The Nigerian oil management under the Nigerian National Petroleum
Corporation (NNPC), which was established in 1977, presents a very sad and
unfortunate situation in the continent. Despite the fact that oil is the mainstay of the
country’s economy, its management leaves a lot to be desired [19]. Furthermore,
poor management of the aging infrastructure causes severe losses and environ-
mental pollution which is another source of tension between the local inhabitants
and international oil companies. Such pollutions are blamed for the deterioration of
the quality of water, air and soil leading to losses in arable land and decreases in fish
stocks. Nevertheless, oil and gas are still the key drivers of the country’s economy.
In 2012, the International Monetary Fund (IMF) estimated that oil and natural gas
export revenue accounted for 96 % of total export revenue and that the country’s
budget was framed on some reference oil price with some safe margin that took care
of price variations. It should be noted that in 1988, the Nigerian National Petroleum
Corporation (NNPC) was divided into several subsidiary companies in order to
improve the management of energy resources. However, the established mecha-
nisms to regulate sub-sectors in the industry, introduced new aspects of bureaucracy
and possible corruption-prone management style. Most of the International Oil
Companies (IOCs) such as Shell, ExxonMobil, Chevron, Total and Eni, operated
under “joint-venture” arrangement with NNPC. An interesting trend is that Nigeria,
in the past, exported most of its oil to Europe, America (USA and Brazil) and Asia
and very little within Africa. Its four refineries, with a total installed capacity of
about 445,000 barrels per day, produce a number of products namely Premium
Motor Spirit (PMS), diesel, kerosene, LPG, asphalt etc. Unfortunately these
refineries operated under severe constraints to the extent that Nigeria was forced to
import refined oil products to meet domestic demand. Liquefied Petroleum Gas
(LPG) is a cleaner burning fuel than PMS, but its production in Nigeria is also
refinery dependent and so the problems affecting the refineries also effect LPG
production. Nigeria is also known to flare the second largest amount of natural gas
in the world after Russia. Natural gas flared in Nigeria accounted for 10 % of the
total amount flared globally. The Nigerian gas flaring has however decreased in
recent years, from 575 Bcf in 2007 to 515 Bcf in 2011. There are a number of
recently developed and upcoming natural gas projects that are focusing on bene-
fiting from the natural gas that is being flared [8].
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4.2.1 West African Gas Pipeline

Nigeria exports a small amount of its natural gas via the West African Gas Pipeline
(WAGP), operated by the West African Gas Pipeline Company Limited
(WAGPCo) which has been owned by a group of oil companies in partnership with
Nigerian National Petroleum Corporation (NNPC). The shareholders are Chevron
West African Gas Pipeline Limited (36.7 %), NNPC (25 %), Shell Overseas
Holdings Limited (18 %), Takoradi Power Company Limited (16.3 %),
SocieteTogolaise de Gaz (2 %), and Societe BenGaz S.A. (2 %) [17]. The 420-mile
pipeline carries natural gas from Nigeria’s Escravos region to Togo, Benin, and
Ghana, where it is mostly used for power generation. WAGP links into the existing
Escravos-Lagos pipeline which is located and moves offshore at an average water
depth of 35 meters to its set destinations. According to Chevron, the pipeline had
the nameplate capacity to export 170 million cubic feet per day (MMcf/d) of natural
gas, although its actual throughput was lower.

4.2.2 Trans-Saharan Gas Pipeline Plan

Nigeria and Algeria proposed a plan to construct a Trans-Saharan Gas Pipeline
(TSGP) that is expected to carry a large amount of natural gas from oil fields in
Nigeria’s Delta region to Algeria’s BeniSaf export terminal on the Mediterranean
Sea from where it is to be exported to Europe. In 2009, NNPC signed a memo-
randum of understanding with Sonatrach, the Algerian national oil company, to
proceed with the plan to develop the pipeline, which was to cover a distance of
about 4130 km. The pipeline project also known as Nigal (Nigeria/Algeria) project
attracted several national and international companies and was expected to be
operational by 2015. But there were some delays in implementing this project due
to security concerns along the entire pipeline route, increasing costs, and ongoing
regulatory and political uncertainty in Nigeria. There were also other concerns
including doubts regarding future availability and accessibility of the gas and
changes in gas prices in different parts of Europe and the Middle East.

4.2.3 General Energy Consumption

Nigeria’s domestic demand for gas has been rising since the 1990s but actual LPG
demand has been systematically suppressed due to supply problems, ranging from
the poor state of the local refineries to lack of logistics to move products stocked at
the off-shore natural gas plants. More than 80 % of the national consumption was
sourced from imports. Nigeria’s gas consumption per capita has been low when
compared with those of some African countries. This has been going on despite the
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huge gas reserves in the country. It is therefore not surprising that of the total
primary energy consumption in Nigeria, traditional biomass and its associated
products (typically consisting of wood, charcoal and crop residues) are still widely
used mainly for off-grid heating and cooking needs, especially in the rural areas. In
2010 electrification rate for Nigeria was on average just under 50 % for the country
as a whole, leaving at least 70 million people in Nigeria without access to electricity
[26]. One can also argue that the slow switch from biomass to other flexible and
more convenient resources was because traditional fuels were still readily available
in many parts of the rural areas while in the urban areas, demand for gas had been,
and still is, hampered by scarcity and irregular supplies. Furthermore the unit price
of kerosene, which is a favourable fuel for the poor took a quantum leap from Naira
17 (about USD 0.10) in 1998 to N64 (USD 0.40) per litre in 2003. In 2014, it was
about N90 (USD 0.55). This made the price of kerosene to be comparable to that of
petrol, an abnormality, which was later corrected even though, in 2014, it was still
just under Naira 10 lower than petrol. The high price of kerosene has made many
women to crave for lower and cheaper sources of energy like fuel wood for their
domestic needs despite the associated health implications.

Diesel in Nigeria, on the other hand, has been significantly more expensive than
petrol and is used in industries to power generators and run other equipment while,
to the public, NEPA has fed Nigerians with unstable and unreliable power over the
years. Power supply has gone so bad that lately, power supply could be as little as
4 h a day. The high price of diesel has driven many industries out of business and the
ones that strive to continue are forced to operate at less than their installed capacities.

4.2.4 Electricity

Grid electricity in Nigeria is over 100 years old. The network had a very humble
beginning when in 1846 two generator units of 30 kW each were installed in Lagos.
In 1973, National Electric Power Authority (NEPA) was formed from the merger of
the Niger Dam Authority (NDA) and the Electricity Corporation of Nigeria (ECN).
Today, Nigeria still has one of the lowest net electricity generation per capita rates
in the world with an estimated per-capita availability of electricity at only 0.33 kW
(20 kWh). Electricity generation falls short of demand, resulting in load shedding,
blackouts, and reliance on private generators. Plans are underway to introduce some
reforms to the state-owned Power Holding Company of Nigeria (PHCN) in order to
improve investment in the electricity sector that will lead to increased power
generation and, perhaps, reliability of supply.

According to Nigeria’s blue print of August 2013 for Power Sector Reform,
Nigeria’s generation capacity was around 6000 MW in 2012, of which 4730 MW
(79 %) was from fossil fuel sources and 1270 MW (21 %) from hydro sources.
According to 2013 roadmap, the generation capacity was projected to have increased
to 6579 MW by the end of 2013 [14]. Net electricity generation was almost
26 billion kWh in 2011 [17]. Because power generation falls short of demand, this
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complicates the enforcement of power management regulations and compromises
reliability of supply to those legally connected. As a result, illegal connections, load
shedding, blackouts, and reliance on private oil powered generators are common
features of the electricity sector. More than 30 % of electricity is produced by dirty
and inefficient private generators. Businesses often purchase costly generators to use
as back-up facilities during outages. In short, the low level electricity production in
Nigeria is simply unbelievable since the country has practically all the important
energy resources required for generation of electricity to satisfy national demand.
But despite this, electricity sector is characterised by incessant power outages, low
generation capacity and high technical and non-technical losses. Interestingly,
Nigeria sells power to other countries in the region under Western African Power
Pool (WAPP) agreement while at home many people are not supplied with power.
The mission of the WAPP is to encourage all participating power utilities to adopt
common rules of practice for power system planning, network design/dimensioning,
project development, power system operation, operational reliability and system
protection. Evidently there are still a lot of improvements that still need to be done in
order to satisfactorily serve domestic energy needs. But currently, a very large
population of Nigeria has no alternative but to turn to traditional biomass in order to
satisfy household energy demand.

The electricity shortage is attributed to a number of factors including lack of
suitable policies for investment in new power infrastructure and also lack of
technical management skills to address gas supply infrastructure in order to capture
the natural gas that is currently being flared. As has been pointed out, Nigeria is one
of the countries in Africa that experiences very frequent power outages. Between
2007 and 2008, Nigeria experienced power outages on average for 46 days per year,
and the situation got worse in the subsequent years. Recent interviews with the
general public around Ibadan in Oyo State revealed that the outages could be more
frequent and much higher than these official figures. Power shortages that the
country is experiencing have a lot to do with rapid population growth coupled with
under-investment in the electricity sector. In addition to this, inadequate mainte-
nance, insufficient fuel, and an aging and limited transmission network also con-
tribute to the problems plaguing the electricity sector. But with goodwill on the
government part, these can be quickly resolved since the government has sufficient
resources to do so.

Like many developing countries, Nigeria has had the desire to improve its
energy supply and even put some plans in place to increase generation from fossil
fuel sources and indeed has set several targets to increase power generation over the
past decade, but these have proved difficult to achieve. For example, the National
Integrated Power Project (NIPP) was initially established in 2004 as a move
towards good planning and construction of multiple natural gas-fired power plants
using natural gas that was otherwise wasted through flaring. Some progress was
made in this direction but not at the expected rate and to date NIPP projects
contribute more than 1000 MW to the national grid and this is expected to reach
4771 MW in 2015 when all planned units are expected to be completed and
commissioned. It is also expected that Independent Power Producers/Projects (IPPs)
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will play a significant role in the expansion of electricity generation in Nigeria. IPPs
currently contribute around 1674 MW to the national grid capacity, and this is
expected to grow to about 14,000 MW by 2020 [13]. Independent Power Projects
include power plants operated by International Oil Companies (IOCs) [3].

Thus, in general, Nigeria has plans to increase hydroelectricity generation
capacity by upgrading existing plants and also by constructing new ones in different
sites such as Gurara, Zungeru and Mambilla. There are indications that the gov-
ernment will seriously consider privatisation of state owned power companies. It is
also expected that the participation of Chinese investors will also increase overall
power generation. It should be noted however, that as much as power generation
plans in Nigeria sound plausible, in reality access to electricity is still very low and,
for those who are connected, it is extremely unreliable and this is evident in the
booming business of diesel or gasoline small portable generators in the country. So
there is high level of scepticism about the success of these power generation and
supply plans.

4.2.5 Policy Summary

In Nigeria, as in many developing countries, providing energy to rural and urban
areas has proved to be a great challenge. The Federal Government, State and Local
Governments have concentrated on formulation of policies that would expand grid
extension and tanker distribution of petroleum products with the hope that this
would enhance rural energy access. This has not yielded the desired tangible results.
With increasing population, the pressure on the infrastructure for the supply of
conventional energy resources will continue to increase. In order to enhance the
energy security of the country and establish a sustainable energy supply systems, it
is necessary to promote the policy of diversifying the energy supply so as to include
alternative or renewable resources and technologies into the nation’s energy supply
mix. Nigeria is endowed with abundant renewable energy resources like solar,
wind, biomass, small hydro, etc., which have minimal or zero supply logistic
problems. Harnessing these resources can encourage decentralized use of energy
systems, which in turn can enhance sustainable rural socio-economic development.
For this to happen, the policy makers should make renewable energy development a
priority at all levels. Unfortunately this has not occurred in Nigeria partly due to
poor energy planning and partly due to high expectations and dependence on oil. At
the national level, policy makers are more preoccupied with production and sale of
the abundant fossil-based fuels.

The following are some of the important information about Nigerian energy
industry that are worth noting [8]:

• Oil production between 2004 and 2013 varied on average between about 1.8 and
2.5 million barrels per day

• More than 90 % of Nigerian crude oil is exported outside Africa.
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• Did not export its liquefied natural gas to Africa in 2012.
• Over 70 million people have no access to electricity.
• Oil losses and wastages in the whole process, from production to the market are

high.
• Power outages are among the highest in Africa.
• Use of back-up generators is a very common practice.

These facts demonstrate how inconsistent the management of oil can be in
Nigeria. It is clear that most of oil is exported in order to generate huge revenue for
domestic wage bill and this could be the reason why, at home, the government has
not paid much attention to the expansion and efficient supply of energy. It seems the
desire to generate more revenue through oil exports overrides service to the people.

The causes of poor management of energy sector in Nigeria are many and
difficult to understand. They also have a lot to do with cultural practices and beliefs
on acquisition and role of individual wealth in the community and traditional
understanding of causes of misfortunes. In Nigeria, wealthy individuals are
respected irrespective of how they got that wealth to the extent that education is
relegated to second place. There are also aspects of ethnic and cultural concerns that
influence the performance of those empowered to manage public resources. The
situation is aggravated by the fact that, for a long time, the electricity sector has
been managed under the monopoly of one state corporation (NEPA). The gov-
ernment introduced Electric Power Reform Act which was signed into law in 2005
in an attempt to unbundle NEPA’s monopoly by creating several other bodies to
separately handle electricity generation, transmission, regulation and rural electri-
fication programmes. But the impacts of these reforms are yet to be realised and
there is still a lot that must be done to improve energy sector management.

4.2.6 Facts on Energy Sector Management

The data on energy production quoted for Nigeria may not be accurate because of
circumstances prevailing on the ground. It is not easy to get trustworthy information
even from the Nigerian sources. In order to understand the reasons behind this,
particularly for oil and gas, it is important to have more details on how oils and gas
are produced, processed, distributed and how the accrued benefits are shared.
Production is mainly vested in the hands of multinational oil corporations, which
share the benefits with the federal government which, in turn, is expected to arrange
how the individual states and the people at large would also benefit. There are also
other players such as the law enforcement agencies that are responsible for making
sure that the right channels are followed in handling the sector. Then, there are
‘criminal’ elements some of whom may be part of the institutions involved in oil
management such as those mentioned above. The end result of these divergent
interests coupled with ethnic and leadership rivalries has seriously affected the
energy sector. This has particularly created a suitable environment for bribery,
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thefts and misinformation to thrive in the sector. Oil production in Nigeria is
therefore characterised by irregularities and poor control measures to the extent that
it is not easy to find accurate and reliable data regarding daily control of movements
of the resources to the market.

It has been observed that unplanned supply outages can be as high as 500,000
barrels per day some of which may be, incorrectly and deliberately, classified as
condensate while, in fact, the proceeds go into the hands of powerful individuals.
As a result of these conditions, crude oil production estimates may vary. For the
multinational corporations that are involved in the production, their operations are
done under regulatory uncertainties and other unfavourable circumstances such as
insecurity and criticism from the communities especially on environmental issues.
These conditions as well as vandalisms and the high cost of maintaining the aging
oil infrastructure have caused oil production to decline since 2007 [17]. Even
implementations of new projects often took longer time to come online after dis-
covery, and indeed there are a number of projects such as Bosi, Uge, Bongo and
Sonam Field Development projects that were yet to be completed several years after
their launch. The circumstances are forcing Nigeria to import refined petroleum
products because its refineries, which are capable of satisfying domestic demand,
are operating well below the capacity. The Nigerian example is causing a lot of
anxiety in other Sub-Saharan African counties where oil reserves have recently
been discovered. The question for them is whether the presence of oil reserves is a
blessing or a curse.

4.3 Ghana

Ghana, once referred to as Gold Coast, had a population of about 26.4 million
people in 2014 [27]. In 2000, its energy consumption was dominated by traditional
biomass as shown in Fig. 4.4. However, energy supply situation has significantly
changed since the discovery of the Jubilee oil field in 2007. The field, which came

Fig. 4.4 Energy consumption
in Ghana, 2000 [1]
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online in 2010, has gradually increased oil production from 7000 barrels per day in
2009 to 80,000 barrels per day in 2012. The proven oil reserves in 2013 were
660 million barrels but this is expected to rise as more discoveries are expected. The
country also has some significant amount of natural gas reserves, estimated to be
nearly 25 billion cubic meters (about 800 billion cubic feet), but has not effectively
established value addition mechanism to be able to meaningfully exploit it (i.e. it
does not produce dry natural gas). But the government has been planning to tap the
gas associated with the oil fields which is flared or re-injected. Before this is
achieved, it will continue to import natural gas, mostly from Nigeria through West
African Gas Pipeline, which runs from Nigeria to Ghana. Prior to the development
of oil sector, Ghana heavily depended on hydroelectricity but this later changed
when the country was able to internally source fuel for electricity generation. More
thermal generators were then established. This was expected to reduce the problem
of power shortages due to droughts that disrupted supply. In 2004, the country’s
total electricity installed capacity was about 1750 MW when hydro sources con-
tributed about 1180 MW while the rest came from thermal generators. There was
also some power imported from the countries in the region through interconnec-
tivity of power lines. However, the majority of the rural population heavily relied
on biomass sources of energy especially fuel wood and charcoal. Consumption of
biomass energy was estimated to contribute about 60 % of the total energy con-
sumption in Ghana.

Ghana’s electricity grid network is connected to those of the neighbouring
countries such as Ivory Coast to the west, Burkina Faso in the north, Togo and
Benin to the east, and also to Niger and Nigeria [20, 25].

In 2000, 14 members of the Economic Community of West African States
(ECOWAS) signed the West African Power Pool (WAPP) agreement, which called
for the development of energy production facilities and interconnections of their
electricity grids to boost power supply in the region. Not all ECOWAS members
were interconnected but it was hoped that interconnections of all member states
would be completed in the near future. In 2003, ECOWAS went further and
established, an Energy Information Observatory (EIO) as the first permanent body
of WAPP, to collect monthly energy supply/demand data. It was also to provide
forecasts of potential energy surpluses, coordinate maintenance schedules and
engage in long-term planning for generation and transmission capacities. In addi-
tion to grid interconnections, West Africa also has gas pipelines that supply natural
gas, mainly from Nigeria, to other states. Thus it appears the region is doing very
well in energy distribution synergy. There appears to be remarkable co-operation in
this sector compared to other regions in Africa and this is saving the individual
countries’ economies billions of dollars [25].

Ghana itself had, in recent years, made a lot of improvements in its electricity
sector. In 2011, its total installed capacity had increased from 1750 MW to about
2169 MW during which thermal generators contributed about 989 MW while
hydropower capacity remained at 1180 MW [10]. By 2012, the situation had
changed again through upgrading of existing thermal plant and establishment of
new ones. These developments increased Ghana’s total installed capacity to

176 4 Energy Resources in Western and Central Africa



2318 MW. In the same period, national access to electricity supply had gone up
from its previous level of about 43 % of the population to about 60 %. It should be
noted that this level of installed capacity, in Sub-Saharan Africa, was relatively high
and was, in fact, among the highest in Sub-Saharan Africa [26]. However, elec-
tricity generation in Ghana had been highly dependent on gas supplies from Nigeria
through the West African Gas Pipeline Company (WAPC). But the supplies from
Nigeria had not been steady and had occasionally reduced to a level that could not
satisfy the Ghanaian energy sector. This means that even though the installed
capacity was reasonable, the actual output had often been below the demand and so
affecting even the industrial production such as the Aluminium factories and Gold
mining industry.

Apart from hydro power, oil and natural gas as sources of energy, there is also
the potential for electricity generation from renewable energy sources such as solar,
wind, biomass and small scale hydropower facilities. These sources however have
not yet been exploited to any significant degree for electricity generation. There
were over 4000 off-grid photovoltaic (PV) systems installed nationwide as at 2001
with a total capacity of about 1 MW. This is a common feature in many
Sub-Saharan countries where individuals and some organizations have installed PV
systems as their only source of power or as back-up power supplies or simply to
reduce electricity bill. On a larger scale, the Ghanaian government had a plan to
build the largest photovoltaic power plant in Africa. The plant, when completed,
would have a capacity to generate about 155 MW and provide power to about
100,000 homes. It was expected to be operational by the end of 2015. Other recent
energy developments in Ghana included an arrangement in which Sunon Asogli
Power Ghana Limited, a Ghanaian-Chinese Independent Power Producer (IPP),
was to build Ghana’s first coal powered electricity generating plant. The first phase,
which was expected to begin in 2016, would add 700 MW to the national grid, and
would be fed by coal imported from South Africa, since Ghana does not have
sufficient commercial quantities of the carbon mineral. This is done on the premise
that electricity generation using coal is cheaper than gas and would substantially
increase access to electricity in Ghana.

4.4 Ivory Coast (Cote D’Ivoire)

Ivory Coast, also known as Cote d’Ivoire, was ruled by the French and, after
attaining its independence, became a one of the few African countries whose
political and economic developments thrived in a very peaceful environment. Its
population in 2014 was estimated to be about 20.8 million people.

In 1977, the first offshore oil was discovered, which was estimated to hold total
reserves of about 100 million barrels and, in 1980, gas deposits were also found.
About two decades later after the discovery of oil, more oil and gas reserves were
discovered and these were expected to raise the total national oil reserves to about
3000 million barrels (3 billion barrels). Most of the oil and gas fields are found in
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the shallow marine areas (86 %), deep offshore areas (7 %) and onshore locations
(7 %) [5, 8, 18].

The county’s management of oil and gas sectors was exclusively under one
national corporation the ‘SociétéNationaled’OpérationsPétrolières de la Côte
d’Ivoire (Petroci)’, which in 1998, was restructured by introducing three sub-
sidiaries that shared the handling of oil and gas at all levels including upstream and
downstream operations. Petroci was founded in 1975 and, while the country was
still under strong French influence, seemed to manage the oil sector very well. It is
however believed that the restructuring and opening up of the oil market to
countries like Russia and China, is the cause of the country’s recent instability and
is the reason why some western countries are now so concerned about democracy in
Ivory Coast. The apparent political instability that followed notwithstanding, Ivory
Coast is still a net exporter of oil. One would therefore expect that the available oil
and gas would help reduce dependency on biomass energy sources. So far this has
not been the case because biomass is still the most common energy source pro-
viding about 70 % of the overall energy requirements. These include fuel wood,
charcoal and agricultural residues, which are used in households and
agro-businesses.

As expected, the country has a significant hydro energy potential and gets some
electricity from its hydro power facilities. While this is true, the contribution from
hydro generating facilities has been going down since the discovery of oil and gas
in the country. The total installed capacity was about 1218 MW from six hydro
power stations and some gas fired plants operated by Independent Power Producers
(IPPs). For a national population of about 20.8 million people (2014), this installed
capacity is very impressive compared with other Sub-Saharan African countries
[26]. Initially most of the electricity came from hydro sources but, in 2013, both
gas-fuelled thermal generators and hydro facilities provided almost equal amounts
of the total installed electricity capacity but it was expected that in the near future,
thermal generators would be the major source of electricity. The country had been
exporting electricity through inter-connectivity of its grid network with those of the
countries in the region such as Burkina Faso, Mali, Ghana, Togo and Benin. This
was done under the regulations set by the Western African Power Pool (WAPP)
which is a specialized institution of the Economic Community of West African
States (ECOWAS). The objective was to integrate the national power systems
operations into a unified regional electricity market in order to provide ECOWAS
member states with stable and reliable electricity supply at modest costs.

Official estimates put percentage of people with access to electricity in urban
areas at 77 % while for those living in the rural areas it is less than 15 %.
Apparently rural electrification is still poor despite the impressive power generation
level. This is not surprising because the generation, transmission and distribution
were, as at 2002, under the monopoly of one national body ‘Compangnie Ivoirienne
d’Electriciti (CIE)’. Such low level of rural electrification has been observed in a
number of African countries where there is such a monopoly in the electricity
sector. Rural electrification in Ivory Coast has therefore been identified as a major
priority for the government [28].
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4.5 Burkina Faso, Togo and Benin

4.5.1 Burkina Faso

Burkina Faso is a landlocked nation, without its own fossil-based energy resources
and so the country is among the poorest nations in Africa even though it has some
gold and zinc deposits but these minerals are not of high quality as those in
Southern Africa. Its population in 2014 was about 17.4 million people. Power
production is still very low. For example, in 2008 its electricity installed capacity
was only 252 MW with overall access at only 7 %. By 2013, this access rate had
doubled to 14 %, thanks to the expansion of thermal (diesel) power plants and the
establishment of a 40 MW solar power plants in Kona and Zagtouli communities
[11]. This confirms that the country has been making great effort to increase energy
production. Production and distribution of electricity was under the control of the
state-owned Société Nationale d’électricité du Burkina-Faso (SONABEL). Power
was being generated mainly from thermal generators (over 80 %) while hydro
contributed less than 15 %. Again this means that the country was spending a lot of
its earnings on oil import and so denying the nation the much needed resources for
development.

The primary energy consumption was dominated by biomass at over 80 % while
petroleum and hydropower together were less than 16 %. Thus, the majority of the
population still relied heavily on fuel wood and charcoal as sources of energy. More
recently, there had been some attempts by private energy distributors to respond to
the demand for fuel-wood by introducing LPG distribution network in the country.
The fuel was however expensive as it was imported across from depots in neigh-
bouring countries such as Senegal, Benin and Togo. The same network supplied
industrial fuels for generation of electricity, etc. Efforts were however under way in
2013 to use financial support (loans and grants) from some international develop-
ment agencies to improve not only the reliability of electricity supply but also to
increase access to the population. Evidently Burkina Faso is still far behind other
African nations in energy production and there are many opportunities for inde-
pendent power producers to invest here. Together with the other neighbouring
countries such as Mali, they can provide significant market for decentralized energy
generation facilities.

4.5.2 Togo and Benin (Formerly Known as Dahomey)

Togo and Benin are two small African states in West Africa, located between
Ghana and Nigeria. Their combined population was only about 17.6 million people
in 2014 and they are located in a region known to have both oil and gas reserves.
Togo, with an estimated population of just about 7 million people in 2014, is
bordered by Ghana to the west, Benin to the east and Burkina Faso to the north
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[27]. It extends southwards to the Gulf of Guinea, where the capital Lomé is
located. Togo covers an area of approximately 57,000 km2—an area that is smaller
than that of Lake Victoria in East Africa. It is a tropical, Sub-Saharan nation, highly
dependent on agriculture, with a climate that provides good farming conditions.

Benin, formerly known as Dahomey had a population of about 10.6 million
people in 2014 and is bordered by Togo to the west, Nigeria to the east and by
Burkina Faso and Niger to the north. The majority of the population live on its
small southern coastline on the Bight of Benin. It has an off-shore oil field with
estimated reserves of 44 million barrels (7 million cubic meters), which is just
sufficient for domestic needs. Unfortunately, it does not have a refinery, so it
exports crude oil and imports refined oil for its domestic requirements. In 2002, it
imported refined petroleum products amounting to about 12,600 barrels per day.
Benin has moderate natural gas reserves but this has not been exploited and
therefore the country’s natural gas import is supplied through West African Gas
Pipeline (WAGP). Benin’s case is a good example of how inability to add value to
locally available natural products has hurt African development. Its electricity
generation capacity is very low and was only 122 MW in 2002, most of it generated
by fossil fuels while hydro power contribute less than 5 %. It imports most of its
electricity needs from Ghana and Nigeria through a power interconnectivity which
was commissioned in 2007 [5].

Both Benin and Togo have plans to jointly develop a hydropower station on the
Mono River to serve the southern regions of both countries.

4.6 Senegal, Guinea, Mauritania, Mali and Niger

4.6.1 Senegal

Senegal is a small West African country located at the farthest Western tip of
Africa. Its port and capital city Dakar has a long history associated with slave trade
between Africa and America. Senegal had a population of about 14.5 million
people in 2014 and power installed capacity of about 699 MW in 2009 [5]. More
than 50 % of its electricity came from oil and gas fired generators with only a small
fraction of 66 MW from hydropower source. The operations of these plants had
been unreliable and therefore the actual power available to consumers had mostly
been much less than the rated power output. These generators contributed about
90 % of the total electricity supply and the import from Manantali dam in Mali
contributed the remaining 10 %. Manantali dam (Fig. 4.5) has an installed capacity
of 200 MW, which is shared between Mali (52 %), Mauritania (15 %), and 33 %
(66 MW) for Senegal.

Access to electricity in Senegal, on the other hand, had also been relatively high
at about 42 % in 2005 and this was because almost the same percentage of the total
population lives in the urban areas particularly in Dakar the capital city, leaving a
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little over 50 % in the rural areas. This means that rural electrification was very low
at less than 10 %. So most rural households depend heavily of biomass namely
charcoal and fuel wood and this has put a lot of stress on its available biomass
resources. Furthermore, the country had not been able to put an efficient energy
infrastructure in place and so the country often faced severe energy distribution
crisis affecting distribution of LPG and kerosene for lighting and, to a lesser extent,
for cooking. This was worsened by the fact that it imported much of its fossil based
fuels without having enough storage facilities at home. It is strange that the country
had to spend so much on imported energy resources when it had its own energy
resources that it had not exploited.

For instance, it has hydropower potential of about 1000 MW, abundant solar
energy of approximately 6 kWh/m2 per day and wind speed regime at over 5 ms−1

at a height of 50 m along the coast of the Atlantic Ocean. In addition to these, it had
an oil reserve potential of approximately 100 million cubic meters and natural gas
reserve estimated at 10 billion cubic meters. Only a small quantity of its natural gas
has been used to generate some small amount of electricity. Recent developments in
the energy sector shows that the country is committed to shifting from a
diesel-based power generation to cheaper energy sources such as coal. Some policy
reforms are also underway to make sure that Senegal has enough energy stock to
take care of any possible crisis period [15].

4.6.2 Guinea

Guinea is a relatively small West African country with a population of about
12 million people in 2014 and an area of about 246,000 km2 [27]. It should neither
be confused with Guinea-Bissau which is a long its western border nor Equatorial
Guinea in Central Africa. For this reason it is sometimes referred to as Guinea
Conakry. Many of its population still rely heavily on biomass sources of energy
even though it has some significant hydro power potential. Garafiri hydro power
with a capacity of 75 MW has been supplying Guinea with power since 1999. By
2012, the electricity installed capacity was just under 230 MW out of which hydro

Fig. 4.5 Manantali Dam in
Mali. Source http://en.
wikipedia.org/wiki/File:
Manatali_dam.jpg
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contributed about 54 % while the rest came from thermal generators. The actual
production was however below the installed capacity and was estimated to be only
about 70 %. Being a member of ECOWAS, it was expected that it would benefit
from regional interconnectivity such as the WAPP group. Evidently, its own
electricity generation capacity could not sufficiently serve the population and
therefore it has not been exporting electricity through existing regional intercon-
nectivity. This situation was likely to change as there have been plans to develop
more hydro power stations along Konkoure river. In fact, four sites: Garafiri,
Kaleta, Souapiti and Amaria had been identified for development. Kaleta hydro
power with a capacity of 240 MW was already in progress and was expected to be
commissioned before the end of 2016 [6]. The successful completion of Kaleta
project would enable Guinea to contribute to the West African Power Pool (WAPP)
with interconnectivity with Senegal, Gambia and Guinea-Bissau. Opportunities still
existed for Guinea to develop more hydro power stations at Souapiti and Amaria on
Konkoure River but it appeared like there were no immediate plans to do this.

The three primary energy sources that make up the energy mix in Guinea are
biomass, oil and hydropower. Biomass, which is locally sourced, contributes nearly
78 % (mostly charcoal) of the primary energy consumption in Guinea, while pet-
roleum products are all imported. Guinea has a number of minerals and so mining
industry consumes a significant amount of energy. The domestic sector has been the
second largest energy consumer, with a share of 31 % of national consumption.

4.6.3 Mauritania

Mauritania is a unique African country in the sense that it was largely a nomad
country with a small population of about 4 million in 2014 and, up to around 1965,
about half of the total population was still living nomadic life. The government has
since been making deliberate efforts to settle the people as part of its urbanization
program and also to make it possible for the government to provide services to the
people. So, by 2001, about 95 % of the population had been settled with about 50 %
living in urban centers but its population by then was still under 3 million people.

The recent transformation from nomadic life to permanent settlements has
affected the development of energy resources. The country had to establish energy
infrastructure to be able to serve the people but this was a major challenge since the
country is endowed with little conventional energy resources. Furthermore, pro-
duction of some of these resources was declining. For instance, oil production was
originally 35,000 barrels per day at the beginning of exploitation but by 2013 this
had dropped to only 4000 barrels per day. In 2011, its electricity output was only
136 MW, most of which was generated from thermal plants. It was however
importing about 30 MW of electricity from Manantali dam in Mali. In 2013, its
installed capacity had risen to 144 MW but access to electricity was still relatively
low for such a small population. It varied and stood at 50 % in urban areas, 5 % in
semi urban areas and at 3 % in rural areas. The government has had plans to
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improve this by increasing domestic electricity generation to over 700 MW by 2015
by developing more thermal plants and, because of low population, might export
some of this to the neighboring countries such as Senegal and Mali. The rural
population depends mainly on biomass especially charcoal and the demand for it is
high but the government can only meet about 5 % of this demand. As a result of this
shortage of biomass energy resources, there has been efforts to promote the use of
improved cook stoves (ICs) with support from European Union and the GIZ, which
has had a wide experience with cook stove development and promotion in many
African countries. The aim was to produce and promote about 5,000 ICs through
the following:

• Information dissemination and proximity campaigns to promote ICS
• Sensitization and training users to apply good practices
• Training artisan on production of ICS and marketing techniques
• Training on SME management
• Supporting the introduction, implementation, and marketing of ICS

Exploitation of oil and gas reserves are located at offshore fields of Chinguiti and
Banda respectively. Exploration results indicated that the country had more reserves
of these fuels and commercial production was expected to begin in the near future.
Apart from these energy resources, Mauritania has substantial wind and solar
energy potentials. It has some of the highest levels of solar radiation in the world,
making it an ideal place for solar power installations [4]. The country had an
elaborate plan to expand power generation using solar and wind and this was part of
a wider environmental protection plan. In 2013, it launched a 15 MW solar plant in
Nouakchott, the capital city and was also planning to increase wind power gen-
eration from 4 MW to over 30 MW using loans from her development partners [13].
In fact, the country’s wind energy potential is almost four times its annual energy
demand and so with good production planning, can in future export energy gen-
erated from renewable resources, namely wind and solar energies.

4.6.4 Mali

Mali is a land-locked country with a territorial area of about 1,242,248 km2. It is a
country that has experienced regular uprisings involving rivalries of ethnic com-
munities, which occasionally directed some of these uprisings against the central
government and these have affected the general development of the country.
Although River Niger passes through Mali, the country has limited biomass
resources and is exposed to desertification especially in its northern parts, which are
largely covered by the Sahara desert. The region along the banks of River Niger
also occasionally experiences floods when River Niger overflows its banks.
According to the 2009 censures, Mali’s population was only about 14.5 million
people and most of the people (more than 80 %) lived in the southern part of the
country around Bamako where the weather conditions are favourable for farming.
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Those living in the Northern parts were still inclined to nomadic life, which made it
difficult for the government to provide them with services. The country does not
have much energy resources with River Niger being the only major source of hydro
power potential. It however has significant solar and wind energy potentials but
these have not been significantly tapped. Overall, energy consumption has been
80 % biomass with less than 15 % of the population having access to electricity,
which is obtained mainly from hydro power facilities. So the majority of the people
rely on coal and wood. It has however, considerable valuable natural resources such
as Uranium estimated to be more than 17,000 tonnes, gold, phosphates, kaolinite,
salt and limestone. It is believed that Mali ranks third in Gold production in Africa
after South Africa and Ghana. These resources plus livestock and agricultural
produce are the main exports that earn Mali its much needed foreign exchange.

4.6.5 Niger

Niger, like its neighbours Mali and Burkina Faso, is land locked with its territory
covering an area of about 1,270,000 km2, making it one of the largest countries in
West Africa. About 80 % of its territory lies in the Sahara desert where there are
very few activities. It was named after River Niger, which enters the country from
Mali, runs through its South-West corner then along its border with Benin into
Nigeria. It has a common border with both Algeria and Libya deep in the Sahara
desert. Its population in 2014 was 18.5 million people. Again like its neighbors, it
does not have liquid fossil-based energy resources but has some hydropower, coal
and large solar and wind energy potentials. It also has some significant deposits of
Uranium, Gold and Coal and has been ranked as one of the top ten exporters of
Uranium in the world. The majority of its population lives in the small
south-western part of the country while the rest are thinly spread in scattered
settlements in the central and northern parts of the country. This makes it very
difficult to supply power through centralized electricity generation facilities. As a
result of all these unfavorable conditions, access to electricity is very low, estimated
to be less than 50 % in urban areas and down to less that 10 % in the rural areas.

Evidently, electricity represents a very small portion of the energy consumed in
Niger while the bulk of the energy is obtained from biomass sources, which women
and children have to search and gather from different locations. Obviously, inac-
cessibility to electricity has created a lot of development-related problems not only
in Niger but also in the neighboring countries with largely similar conditions. Some
of these problems affect the health sector as vaccines cannot be stored; and edu-
cation of young girls who spend long hours fetching fuel wood. In addition, supply
of electricity from centralized national grid network would be too expensive
because the settlements are widely and sparsely scattered over a large rural territory.
Furthermore distribution of other portable clean energies such as LPG would also
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be expensive for the poor rural communities. Niger therefore has good opportunities
for independent power producers who can develop isolated power facilities par-
ticularly wind and solar generators [16].

4.7 Cameroon, DRC, Chad, Gabon, Equatorial Guinea
and CAR

Cameroon, officially the Republic of Cameroon (French: République du Cameroun)
is a country in western part of Central Africa with a population of about
22.8 million people (2014). It is bordered by Nigeria to the west; Chad to the
northeast; the Central African Republic to the east; and Equatorial Guinea, Gabon,
and the Republic of the Congo to the south. Cameroon’s coastline lies on the Bight
of Bonny, part of the Gulf of Guinea and the Atlantic Ocean. It has a wide cultural
and geological diversity and is Sub-Saharan African sixth largest crude oil pro-
ducer. However, since 1985 its production has been gradually declining due to
diminishing reserves.

By 2004, its estimated reserves stood at about 400 million barrels while in 2010
it was 200 million barrels [5, 8]. Evidently its reserves are diminishing fast. In 2001,
its output stood at 76,600 barrels per day, down from 100,000 barrels per day in
1999 and in 2003, it had dropped farther to 67,000 barrels per day. During this
period, the major sector operators were ExxonMobil, Shell (royal Dutch) and Total
S.A.

Cameroon and its western boarder state of Nigeria have, for a long time, had
some dispute regarding the ownership of the oil-rich Bakassi Peninsula. However,
in 2002, the International Court of Justice granted the Peninsula to Cameroon. It is
believed that Cameroon has large reserves of liquefied petroleum gas, which was
largely untapped but there were plans to set up processing facilities. Cameroon’s
natural gas reserves stood at 3.9 billion cubic feet (110 × 106 m3) as of January 1,
2004, with no known production in 2002. In 2010 the reserves were estimated to be
135 billion cubic meters and the country, in collaboration with external investors,
was planning to build liquefied natural gas plant [5].

Cameroon, together with the Democratic Republic of Congo (DRC) are con-
sidered to have the largest hydro power potential in Africa. In 2002, Cameroon was
generating only about 810 MW of electricity of which 90 % came from hydro
power stations on Sananga river while the rest were from fossil fuels. Much of the
electricity from hydropower facilities is consumed in industries particularly the
aluminium smelter at Edea, which has been taking up about 60 % of the total power
generated. The main power lines connect Douala to Yaounde and Bafoussam—
areas which are well electrified. The rest of the country has been served by
diesel-generated electricity despite the impressive hydro power potential. This
means that most of the country has had very low access to electricity or no elec-
tricity at all. The country, however, has a large solar energy potential of about
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1,288,799,142 MWh/year which, if well tapped, could provide the much needed
electricity for the rural settlements. The country is aware of the looming dimin-
ishing petroleum output and has been planning to upgrade existing hydro power
facilities and also develop new ones.

4.7.1 Democratic Republic of Congo (DRC)

The Democratic Republic of Congo was known as Congo-Kinshasa but its name
was changed to Zaire before it assumed the current name of DRC. It straddles the
Equator with a small portion of its western border lying along the Atlantic Ocean. It
is the second largest country by area in Africa with a population of approximately
70 million in 2014. It has the largest hydro power potential in Africa of up to
around 100,000 MW but only less than 3 % has been tapped. Most of the potential
is on River Congo, which empties its waters in the Atlantic Ocean. The river is
unique in that it has large rapids and waterfalls very close to the mouth while most
rivers have these features upstream. It runs along the border between two different
countries: the Republic of Congo and the Democratic Republic of Congo before
emptying its waters into the Atlantic Ocean. The rapids and waterfalls give the
Congo River a large hydropower potential, hence it has been targeted by hydro-
power developers since the Belgian colonial period. One dam (the Inga Dam) on
River Congo has a potential to generate close to 45,000 MW. It is estimated that the
hydro power potential in the entire Congo basin, if exploited effectively, could
supply all the electricity needs of the whole African continent. This is a reality that
is recognized by the African Development Bank, which has been willing to support
hydro electricity generation from River Congo with a view to distributing it in the
region through negotiated interconnections (Fig. 4.6).

The Inga Dam alone was, in 2000, capable of supplying electricity to the entire
Southern African region. But in 2001, it had an installed capacity of only 2473 MW
and was producing between 650 and 750 MW only because more than 65 % of the

Fig. 4.6 River Congo, one of
the deepest rivers in the world
[12]
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turbines were not working. However the country should be commended for gen-
erating more than 98 % of it electricity from hydro power by 2003. In Africa, this is
exceptionally high for a country that has large oil, gas and coal reserves. Its crude
oil reserves in 2009 was around 180 million barrels and natural gas was, in 2008,
about 33.1 billion cubic feet (991.1 million cubic meters) [24].

Oil is extensively exploited but very little development has been done on gas and
coal sectors. In 2014, it was reported that additional oil reserves of 3 billion barrels
were discovered in the country. This would make the country the sixth largest oil
producer in Sub-Saharan Africa. It is however doubtful whether this will solve the
country’s perennial internal conflicts, which started way back in the 1960s. The
country has other valuable natural resources such as gold but these have not ben-
efited the nation as a whole due to years of war, political instability, and interfer-
ence from neighboring countries.

The tropical rainforest of the Congo basin is the world’s second largest, after
South America’s Amazon rainforest and covers over 3,832,400 km2. But this is fast
being destroyed through logging and high fuel wood demand. It should be noted
that although the country has large hydro power potential, low power generation
level and distribution of grid electricity to the vast territory covered largely by thick
tropical forest, coupled with many years of political and civil unrest, have been
major challenges to the government. Electricity access is therefore very low and
was less than 10 % in 2013. With abundant biomass resources, most people nat-
urally depend on fuel wood and charcoal, which account for 95 % of the total
primary energy use. It is estimated that the Democratic Republic of Congo has
around 125 million hectares of forest. The wood potential is assessed at 12.5 bil-
lion cubic meters (about 100 m3 of wood per hectare). Considering regeneration
and consumption rates, it is estimated that there is a net loss of around 400,000 ha
of forest each year [9]. The government, however, recognizes the need for the
country to have improved access to clean energy for domestic, residential or
transport needs and industrial activities and aims at achieving this through a number
of policy measures. There is also a huge biogas potential at Lake Kivu where
methane reserves is estimated to be close to 50 billion cubic meters, which has not
been tapped at all. In addition to these resources, the Democratic Republic of Congo
is in a very “high level sun belt” that makes the installation of photovoltaic systems
and the use of thermal solar systems viable throughout the country and there are
already a number of these installed in various isolated locations in the country.

Investments in decentralized power supply projects, including small and
medium-scale hydropower across the country, could more evenly reach the popu-
lation and finally begin to close national energy divide, but so far these had not been
considered. The country has the potential to be one of the richest countries in Africa
and a leading driver for African growth but, unfortunately, both internal and
external competition over its vast natural resources and the usual African ailment of
mismanagement of resources have caused a lot of destruction in this very rich
country. Africa must find a way of effectively addressing these ills if the continent is
to benefit from its own natural resources.
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4.7.2 Chad

Chad, officially the Republic of Chad, is a landlocked country in Central Africa
with most of its territory lying within the Southern part of Sahara Desert where it
has a common border with Libya. It had a population of about 13.2 million people
in 2014 and apart from crude oil reserves of about 1.5 billion barrels (2013), it has
no other exploitable fossil-based fuels. Petroleum is the only hydro-carbon fuel that
Chad consumes. The rest of its daily oil production of about 105,000 barrels/day
(2011) is exported through Chad-Cameroon pipeline. All its electricity supply
comes from thermal generators, which had a total installed electricity capacity of
only 31 MW in 2013, the lowest in Africa. Less than 4 % of its population had
access to electricity and so most people relied on biomass for their energy supply. It
has substantial solar energy potential averaging nearly 4,522, 957,089 MWh/year
and exploitable wind regime of between 3 and 7 ms−1 at 50 m height [18].

4.7.3 Gabon

Gabon, officially the Gabonese Republic is located on the Equator and is on the
west coast of Central Africa. It is a small country with an area of approximately
270,000 km2 and a population of about 1.7 million people in 2014. The capital city
is Libreville where a large proportion of its population lives. Though small, the
country is one of the richest and is among the top ten oil producers in Africa. Apart
from oil, it is well endowed with resources such as gold, zinc, gas, timber, man-
ganese, iron, silver, diamonds, niobium, phosphates, lead and a large hydro and
solar energy potentials. Wind speeds range from 3 to 7 ms−1 at a height of 50 m
while solar radiation is, on average, 6 kWh/day. Its hydro power potential is esti-
mated to be nearly 6000 MW most of which was undeveloped by 2010. The little
that was developed was supplying only 11 % of the national power consumption
while thermal generators, powered mainly by gas, generated 89 % of the total
electricity production. It is clear that the country depends much on oil and gas but
the quantities of these resources are gradually going down. Oil reserves were 2,500
million barrels in 2004 but by 2010 it had decreased to 2000 million barrels. On the
other hand, natural gas reserves were 1.2 trillion cubic feet in 2004 but dropped to
approximately 970 billion cubic feet by 2010. Like many gas producers, it flares
some of the gas in the production process. Gabon has one aging refinery built in
1967 at Port-Gentil, which operates below capacity with a lot of maintenance
challenges. Its capacity is rated at 24,000 barrels per day but national oil con-
sumption was only about 16,000 barrels per day of petroleum in 2012. The refinery
has therefore been able to cope with domestic requirements but, in the near future a
more sustainable energy mix will have to be developed. Daily production of oil and
other liquids in 2013 was around 240,000 barrels, which means that exports of these
products were in excess of 200,000 barrels per day. Significant amounts of products
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are exported outside Africa to countries such as Brazil, Argentina, France, Spain,
Australia, the United States, and, more recently, to Asian destinations.

Despite the vast wealth and small population, Gabon’s electrification rate was
initially not as good as would be expected. On average, only about 60 % of the
population had access to electricity, leaving over 600,000 people without power
[26]. But by 2014, it had increased this access to slightly more than 80 % making it
Sub-Saharan country with the highest electricity access, followed by Gabo Verde
and Ghana with 67 and 60 % respectively. This means that there are considerable
investment opportunities in Gabon due to the exceptional diversity of the country’s
natural resources, easy access to power and supportive policies on expansion of
industrial economy [8].

4.7.4 Equatorial Guinea

Equatorial Guinea is among the smallest countries in Africa with a population of
778,000 people in 2014. It is one of the African countries that have electricity
installed capacity of less than 200 MW but, given its size and population, this is
probably not unusual. On the other hand, it had relatively large oil and gas reserves
estimated, in 2005, to be 1.8 billion barrels and 1.3 trillion cubic feet respectively.
Domestic consumption of oil was far less than what it produced per day and so its
oil export was the backbone of its economy. It generated most of its electricity
using thermal power plants and just about 20 % from hydro power.

4.7.5 Central African Republic (CAR)

Central African Republic (CAR) is land-locked and has an area of approximately
620,000 km2 with a small population of nearly 4.7 million people in 2014. Most of
its territory is within the basin of Ubangi River—a tributary of River Congo which
traverses the vast territory of the neighbouring Democratic Republic of Congo
before emptying its waters into the Atlantic Ocean. The remaining part of the
country, which is about one third lies in the basin of the Chari River which flows
into Lake Chad. Since 1990, it has had political instability culminating into yet
another military coup in 2003 that ushered in religious and ethnic fighting and
massive population displacement in 2013 and 2014. Despite the fact that it has
significant mineral deposits and other resources such as uranium, gold, diamond,
coal and large hydro power potential, CAR is among the poorest countries in the
world with a per capita income of less than 3.1 USD per month (slightly less than $
400 per year). It had estimated coal reserves of about 3.31 million short tons in
2008, solar energy potential of 1,833,110,583 MWh per year and wind speeds of 3–
7 ms−1 at 50 m height. Electricity generation is however done by hydro power and
thermal generation facilities. In 2008, CAR had a total installed capacity of only
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46 MW out of which hydro contributed about 54 % (25 MW) while conventional
thermal energy contributed nearly 46 % (21 MW). Given the size of the country,
and this level of electricity production, access to electricity is very low and therefore
most people rely on biomass sources (fuel wood and charcoal) to supply energy
especially in the scattered rural settlements. Thus the tropical rain forest in the
southern parts of the country is prone to depletion if protection measures are not
instituted. It is estimated that only about 8 % of the country is covered with forests
while deforestation rate is approximately 0.4 % per annum with the extreme
north-east of the country already under desert. Lumber poaching is common not
only in CAR but also in other parts of Africa where indigenous high quality trees
are still available. Figure 4.7 shows an example of the scale of logging in West and
Central African countries.

4.8 Concluding Remarks

Out of the 54 independent African states, over twenty of them are in west and
Central Africa with a combined population of over 50 % of that of the whole
continent. In terms of resources, it is well endowed with both energy and mineral
resources and they have proved that they can lead the rest of the countries in
Sub-Saharan region if they can judiciously manage the available resources. It is
clear from this chapter that some countries in this region, notably, Gabon, can
responsibly manage their resources for the benefit of the people. The only countries
in Sub-Saharan Africa (excluding the Republic of South Africa) with electricity
access of about 50 % and above are in this region, and Gabon tops the list with
81 % access followed by Gabo Verde, Ghana and Senegal. Many countries within
Sub-Saharan Africa have access rates below 20 %. The bulk of the hydropower

Fig. 4.7 Unsustainable use of
trees for energy, furniture and
construction
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potential in Africa is also found in this region, mainly within the Rivers Congo,
Niger, Volta basins. Some of the largest rainforests and expansive grasslands with
very rich biodiversity are in West and Central African regions. It can therefore be
concluded that the key to Sub-Saharan African development is in the hands of the
managers and the peoples of these regions.

References

1. Ahiataku-Togobo, W. (2014). Perspectives on renewable energy investment in Ghana. In
Proceedings of seminar on sustainable energy investment, Copenhagen, June 24–25, 2015—
modified.

2. Audu, E. B. (2013). Fuel wood consumption and desertification in Nigeria. International
Journal of Science and Technology (ISSN 2224-3577).

3. BP. (2011). Statistical review of world energy, 2011.
4. Buyayo Business. (2013). Africa’s biggest solar photovoltaic plant launched in Mauritania.
5. CIA World Factbook (2010)
6. Conde, M., Fofana, L., Cervetti, J. L., Enacheanu, O., & Jacquemart, B. (2015). Water storage

and hydropower development for Africa. An International Journal on Hydropower and Dams
7. Energy Commission. (2002). Electricity sector overview, Nigerian energy commission.
8. eia. (2014). U.S. energy information administration: Independent statistics and analysis.

Retrieved March 24, 2014. www.eia.gov/countries/country-data.cfm?fips=gh
9. Friends of the Congo. (2008). The democratic republic of the Congo: Rainforests and climate

change. Available at http://friendsofthecongo.org/pdf/congo_rainforest.pdf
10. Ghana Statistics. (2014) www.statsghana.gov.gh. Accessed August 2, 2014.
11. http://en.wikipedia.org/wiki/list_of_powerstations
12. http://internationalrivers.org/files/styles/600-height/public/images/page/kate_ross/gp01g2p_

small.jpg. Retrieved August 26, 2014.
13. http://www.masdar.ae/en/media/detail/masdar-to-develop-15-mw-solar-plant-in-mauritania.

Accessed July 25, 2014.
14. http://www.nigeriapowerreform.org/content/RoadmapforPowerSectorReform—Revision1.pdf.

Retrieved August 14, 2014.
15. http://www.buyusa.gov/westafrica/en/Senegal/_ccg.pdf. Retrieved August 14, 2014.
16. http://unfcc.int/resource/docs/napa/ner01e.pdf. Retrieved August 20, 2014.
17. http://www.eia.gov/countries/analysisbriefs/Nigeria/images/Nigeria_map.png. Retrieved August 14,

2014.
18. http://www.nationsencyclopedia.com/Africa/Chad-ENERGY-AND-POWER. Retrieved September

2, 2014.
19. Imf. (2014). Retrieved August 14, 2014. http://www.imf.org/externalpubs
20. Manibog, F. (2004). Review of the world bank group’s experience with private participation in

the electricity sector. World Bank.
21. Masson, P. R., & Pattillo, C. A. (2001).Monetary union in West Africa (ECOWAS): Is it

desirable and how could it be achieved? International Monetary Fund (ISBN 1-58906-014-8).
22. Nigeria Energy Study Report. (2014). Retrieved March 25, 2014. www.utwente.nl
23. Oil and Gas Journal. (2013). www.ogj.com. Accessed July 21, 2014.
24. UNEP. (2011). The democratic republic of congo post-conflict environmental assessment

synthesis for policy makers.

4.8 Concluding Remarks 191

http://www.eia.gov/countries/country-data.cfm%3ffips%3dgh
http://friendsofthecongo.org/pdf/congo_rainforest.pdf
http://www.statsghana.gov.gh
http://en.wikipedia.org/wiki/list_of_powerstations
http://internationalrivers.org/files/styles/600-height/public/images/page/kate_ross/gp01g2p_small.jpg
http://internationalrivers.org/files/styles/600-height/public/images/page/kate_ross/gp01g2p_small.jpg
http://www.masdar.ae/en/media/detail/masdar-to-develop-15-mw-solar-plant-in-mauritania
http://www.nigeriapowerreform.org/content/RoadmapforPowerSectorReform%e2%80%94Revision1.pdf
http://www.buyusa.gov/westafrica/en/Senegal/_ccg.pdf
http://unfcc.int/resource/docs/napa/ner01e.pdf
http://www.eia.gov/countries/analysisbriefs/Nigeria/images/Nigeria_map.png
http://www.nationsencyclopedia.com/Africa/Chad-ENERGY-AND-POWER
http://www.imf.org/externalpubs
http://www.utwente.nl
http://www.ogj.com


25. University of Ghana, Legon. (2005). Guide to electric power in Ghana (1st edn.). Ghana,
Legon.

26. World Bank. (2010). World bank data
27. World Population Data. (2013). http://www.prb.org/pdf13/2013-WPDS-infographic_MED.

pdf
28. www.energici.com
29. www.geni.org/globalenergy/library/energy-issues/nigeria. Retrieved March 25, 2014.

192 4 Energy Resources in Western and Central Africa

http://www.prb.org/pdf13/2013-WPDS-infographic_MED.pdf
http://www.prb.org/pdf13/2013-WPDS-infographic_MED.pdf
http://www.energici.com
http://www.geni.org/globalenergy/library/energy-issues/nigeria


Chapter 5
Energy Resources in Northern Africa

5.1 Introductory Remarks

Traditionally, the countries that are referred to as North Africa are Egypt, Libya,
Tunisia, Algeria, Morocco and Western Sahara. These are the Arab States in the
African continent but a country like Sudan which has had long history of associ-
ation with North Africa is often included as part of the region.

The region is bordered by the Red Sea to the East, the Atlantic Ocean to the
West, the Mediterranean Sea to the north and the Sahel to the south and covers an
area of 8,935,660 km2 (including Sudan). Its coastline along the three water bodies
namely the Red Sea, the Mediterranean Sea and the Atlantic Ocean, covers a
distance of about 10,016 km, which represents about 29 % of the African coastline.
Three important features of the region are its long coastline, the Sahara desert and
the mountain ranges (the Atlas Chain and the Rif Mountain). A further classification
refers to Western Sahara, Morocco, Algeria, Tunisia and Libya as the Maghreb
region while Egypt and Sudan as the Nile Valley region. Mauritania and South
Sudan, which are also close to these regions are not considered to be part of North
Africa. However, it is more convenient to discuss Sudan (North and South) as one
entity while Mauritania is covered under Western Africa. Most territories of
Northern African states are covered by sandy and rocky desert and are not suitable
for agriculture. For example, in Libya, only 2 % of the total land area is arable.
Egypt and Sudan, on the other hand, have comparatively larger arable land par-
ticularly along the River Nile basin, which stretches from East Africa through
Sudan and Egypt into the Mediterranean Sea. These characteristics determine the
population distribution in the region. Therefore most of the population lives in areas
where the climate is hospitable and where most of the economic infrastructures and
services are located. Such areas are the coastal regions, the mountainous region of
the Tell in the Maghreb and the Nile Valley in Egypt and Sudan. Despite these
widespread hardships, the population of the entire region has been able to double
within the last three decades.
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First, energy potentials and applications are discussed in general for Northern
Africa region. This is followed by brief focus on individual Northern African
countries with emphasis on hydrocarbon fuels (oil and natural gas) and levels of
electricity generation. For energy analysis purposes, Eritrea and Ethiopia are given
attention at the end of this chapter.

5.2 Conventional Energy Resources in North Africa

As was pointed out in Chap. 1, Northern Africa is endowed with hydrocarbon
energy resources such as oil and natural gas, which are in abundance mainly in
Algeria, Libya and, to some extent, in Egypt. There were also significant oil
reserves in Sudan while it was a unified one country but, since the secession of
southern Sudan, the reserves in Northern Sudan were reduced to about one third.
Southern Sudan is now more associated with East Africa than with North Africa.
There is also limited amount of coal reserves in Morocco, Algeria and Egypt, which
have not been extensively exploited. Similarly other available hydrocarbon
resources that have not been exploited are shale oil and gas.

Unlike hydrocarbons, renewable energy resources are fairly well distributed over
the whole region. Unfortunately, they are still underexploited, but there are
on-going plans to increase their contribution to the overall energy provision in the
region. Some of these are discussed in this chapter.

5.2.1 Oil

North Africa, for a long time has dominated oil production in Africa. The region has
total oil reserves of about 70.5 billion barrels. In 1990, it contributed 65 % of the
total oil reserves in Africa but this has since gone down to about 56 % due to the
new discoveries of oil in other parts of Africa, such as Angola, Uganda, Kenya and
the Democratic Republic of Congo (DRC).

Indeed, as shown in Fig. 5.1, oil reserves in North Africa have continued to
increase by about 75 % during the last two decades. Figure 5.2 shows the proven oil
reserves for North African countries for the year 1990, 2000 and 2013. Libya has
the highest proved oil reserves in the region. Its 2014 estimated reserve of about
48.47 billion barrels represented 68.8 % of the total oil in North Africa. It is
believed that Libya still has a huge unexplored offshore oil reserves but, currently,
its most important reserves are located in the Sirte Basin.

It can be seen that there has been a general increase in the proven reserves for the
region. Algeria has the second largest oil reserves in Northern Africa and is the third
in Africa after Libya and Nigeria. It has however been reported that the full oil
potential in Algeria has not been fully established. The fields with substantial oil
reserves are situated mainly in eastern Algeria, with the fields at Hassi-Messaoud
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holding more than 70 % of all the Algerian reserves. The other oil fields are located
in the Illizi, the Rhourde Nouss, Ghadames and the Oued Mya basins. In Egypt, oil
reserves are located in the Western Desert, the Gulf of Suez and the Sinai Peninsula.

5.2.2 Natural Gas

In addition to oil, North Africa also has a huge natural gas proven reserve and is
leading in natural gas production in Africa. Using the EIA data [3], proved natural
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gas reserves in Northern Africa was estimated at 8.39 trillion m3 in 2013. This
represented more than 57 % of the total proven natural gas reserves in African.
Figure 5.3 shows the growth of the proven natural gas reserves for Northern Africa
since 1990.

Figure 5.4 shows the proven natural gas reserves for individual Northern Africa
countries for the years 1990, 2000 and 2013. There has been a continuous increase
in the amount of proven natural gas reserves for the region. The most important
increase is that of the Egyptian natural gas reserves which more than doubled in the
same period. The Egyptian natural gas fields are located mainly in the north of The
Western Desert, the Mediterranean coast, and the Nile Delta. However, Algeria had
the largest proved reserves in Northern Africa, the second largest in Africa and the
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ninth in the world. The Algerian largest natural gas field is Hassi R’mel, which acts
as a hub for natural gas production and holds about half of the total national
reserves. The other fields are located in the Illizi, the Rhourde Nouss, Ghadames,
and the Ahnet-Timimoun Basins. Egypt and Libya are the two other countries in the
region with significant proved reserves while those for Sudan, Tunisia, and
Morocco are very small. No proven natural gas reserves have been reported for
Western Sahara.

5.2.3 Coal

As shown in Table 5.1, some reasonable amount of coal reserves are available only
in three countries of Northern Africa, namely, Algeria, Egypt and Morocco. No
sizable reserves are reported for the other countries and territories of Northern
Africa. The most significant reserves that represent almost 60 % of the total coal
reserves in the region are found in Morocco. The exploitation of these reserves were
however limited and were subsequently discontinued by the beginning of this
century.

The most significant exploitation was in Morocco, more particularly in Jerada on
the Algerian border but production was also stopped altogether in 2001 for lack
economic viability reasons. There is still some expectation in some North African
countries that the exploitation of coal will resume in the near future to support
thermal power generation schemes.

5.3 Non-conventional Hydrocarbon Reserves

Oil, natural gas, and coal are considered to be the conventional hydrocarbon
reserves, but there are also non-conventional hydrocarbon reserves such as shale oil
and shale gas which can be processed and used as fuel. Their use however is
associated with more severe negative environmental impact especially water pol-
lution, underground water contamination, emission of greenhouse gases and rise in
seismic activity. Despite this knowledge, there is a growing worldwide interest in
development of shale oil and shale gas resources. Successful commercial
exploitation of shale oil and gas in some developed countries has motivated other

Table 5.1 Total recoverable
coal [3]

Location Quantity (106 short tons)

Algeria 65.04

Egypt 17.64

Morocco 134.48

Northern Africa 217.16
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nations around the world to do the same with their shale formation reserves.
Exploration activities are underway in a number of countries, including Algeria and
Egypt. Estimates put the technically recoverable shale gas in Northern Africa at
27.5 trillion m3 and the technically recoverable shale oil at 38.1 Billion Barrels [3].
Details on these reserves by country are reported in Table 5.2.

Compared with the actual conventional gas and oil reserves, it can be seen that
all the countries of Northern Africa, except Sudan, have potentially and technically
viable exploitation of shale formations. With its estimated 20.02 trillion cubic
meters technically recoverable shale gas, Algeria holds about 72 % of all Northern
Africa shale gas reserves. It is ranked among the top five countries in the world
having the largest technically recoverable shale gas reserves. If exploited, the shale
gas resources would allow Algeria to increase its natural gas mix by a factor of four.
With regard to shale oil, Libya has the largest technically recoverable reserves. Its
shale oil resources represent about 68.5 % of the total technically recoverable shale
oil reserves in North Africa.

These non-conventional hydrocarbon potentials have been reported only for the
most promising sites. The assessments are still at their early stages, so the potential
could be even higher particularly for Northern Africa. The most promising sites
considered in Northern Africa are:

• The Tindouf Basinn, extending over four countries, namely, Algeria,
Mauritania, Morocco and Western Sahara.

• The Tadla Basin, situated in central Morocco.
• The Timimoum, the Reggane, the Ahnet, the Mouydir and the Illizi Basins, all

situated in the Algerian Sahara.
• The Ghadames/Berkine Basin which extends over three countries, namely

Algeria, Libya and Tunisia.
• The Murzuq and the Sirte Basins, situated in Libya.

Table 5.2 Estimated technically recoverable shale oil and shale gas resources in Northern Africa
[3]

Location Shale gas resources (trillion cubic
meters)

Shale oil resources (billion
barrels)

Algeria 20.02 5.7

Egypt 2.83 4.6

Libya 3.46 26.1

Morocco 0.34 0

Sudan – –

Tunisia 0.65 1.5

Western
Sahara

0.23 0.2

Northern
Africa

27.5 38.1

198 5 Energy Resources in Northern Africa



• The Western or Libyan Desert Basins which include the Shoushan, the Alamein,
the Matruh, the Abu Gharadig and the Natrun Basins (all are located in the
Western desert of Egypt).

5.4 Renewable Energy Resources

There is substantial wind and solar energy resources particularly along the coastline
and the mountain ranges where wind speeds are suitable for wind farm develop-
ment. By its position in the Sun Belt, North Africa has one of the best solar energy
potential in the world.

The most important renewable energy resources are solar, wind and geothermal
energies. There are also biomass resources on which most rural communities
depend for their energy supply but these are very limited. However, solar and wind
energies, though intermittent in nature, are poised to play an important role in
energy provision initiatives in Northern Africa. A good characterization of the
potential of these two resources is then necessary not only for site qualification but
also for optimum system design and technology selection. To this end, long term
accurate measurements are necessary. This should result in high resolution maps as
prerequisite tools for any viable exploitation of renewable energy. So far only
Algeria has established a preliminary solar map. Efforts have also been made by
Egypt to establish a wind map. In all the other countries, like in other parts of
Africa, work on this still remains to be done.

5.4.1 Solar Energy Potential

Located in the sun-belt region, Northern Africa enjoys exceptionally high solar
energy potential. This is so because a very large expanse of the region’s land mass
is desert where the sky is clear most of the time. In this region, daily sunshine
duration ranges from 8 to 12 h/day giving an annual average of about 3500 h/year.
Moreover, because of their geographic position, the variation in sunshine durations
between different months of the year is fairly small for the inland sites. This gives
favorable conditions for solar energy application all the year round.

According to preliminary solar maps produced in Algeria, sunshine duration is
on the average equal to 7.3 h in the north, 8.3 h in the High Plateaus and in excess
of 10 h in the south. The daily average value of the solar isolation goes from about
4.7 kWh/m2 in the North to 5.3 kWh/m2 in the High Plateaus and to about
7.7 kWh/m2 in the south. However, solar measurements indicate that Egypt is
endowed with higher solar potential with daily sunshine duration ranging from 9 to
11 h from North to south. Morocco which is at the western end of the region
receives average daily sunshine of about 5.3 kWh m−2. In Sudan, sunshine records
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are equally high with an annual mean daily global radiation ranging from 3.05 to
7.62 kWh/m2 while in Tunisia it varies from 5 to 5.5 kWh/m2. Western Sahara has
even better average daily solar radiation in excess of 6 kWh/m2. These values are
way above the feasibility threshold, making the entire region very suitable for
viable solar energy exploitation.

In order to compare the solar potential for the different countries of Northern
Africa, the direct normal irradiance (DNI) and the global horizontal irradiation
(GHI) for each country are reported in Fig. 5.5 and they confirm the excellent level
of solar irradiation. Indeed the DNI in North Africa is way above the suitability
threshold of 1800–2000 kWh/m2/year. This indicates that solar thermal applica-
tions, more particularly, concentrated solar power, are viable in all Northern Africa.

Similarly for GHI, the threshold for suitability is in the range between 1000 and
1500 kWh/m2/year, which is much lower than GHI in the five North African
countries as shown in Fig. 5.5. This means that all these countries are suitable
locations for solar photovoltaic applications. For CSP applications, the minimum
yearly direct normal irradiance should be at least 1800 kWh/m2/year. From
Figs. 5.5 and 5.6, it is clear also that North African countries are all suitable for both
PV and CSP applications with Sudan having the best conditions.

Solar energy applications include the use of Photovoltaic devices for electricity
generation and thermal conversion devices for heat generation. Some of these may
involve the use of solar concentrators to increase the efficiency of conversion. The
total solar PV installed capacity in the region is 48 MWp (Fig. 5.7). Egypt and
Morocco are the leading countries in solar PV applications. Their combined
installed capacity is about 30 MWp.

It should be noted that the installed capacities are generated using small scale
units. Most applications focus mainly on rural electrification of remote areas, water
pumping, street lighting, road beaconing and telecommunications.
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Fig. 5.5 Solar radiation in
Northern Africa [18]
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Significant progress has been made in rural electrification in Northern Africa
where the average electrification rate is over 97 %, excluding Sudan. There are few
remote areas where there is still urgent need for electrification and the best options
for these are mini grids or off-grid renewable based systems. In this respect, all the
countries of Northern Africa have resorted to PV kits for the partial or total elec-
trification of the remote areas. In Algeria, the rural electrification program is part of
the national electrification program [9]. Its aim is to improve the living conditions
of the remote rural dwellers, more particularly those of the Big South. The state is
fully funding these electrification projects through the National Company of
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Electricity and Gas (SONELGAZ). PV kits, with 1.5, 3 and 6 kWp rated capacities,
are respectively allocated to groups of 6, 10 or 20 homes. The kits provide energy
for lighting, for domestic appliances, and for ventilation or air-conditioning.

About 58 % of the PV installed capacity is allocated to rural electrification, 21 %
to powering telecommunication sites, 12 % to water pumping, 2 % to public
lighting and the remaining capacity to other activities such as water desalination
and road beaconing. Most of the North African countries are engaged in these solar
electrification projects. In Libya, rural electrification using PV systems is under the
National Plan for Rural Electrification and several remote villages with scattered
houses have been electrified [16]. Similar activities using various PV kits are going
on in Morocco, Tunisia and Sudan.

There are also some on-going activities in concentrating solar power systems.
Concentrating Solar Power systems usually make use of several parabolic trough
collectors and are used to produce steam, which is used for various applications
including electricity generation. It is however more expensive and therefore most
countries have not ventured into it in a large scale. Only three countries, namely
Algeria, Egypt and Morocco, have engaged in CSP development. Tunisia has also
been reported to be planning the construction of some CSP units. The region, in
general, is also engaged in the applications of other solar systems such as solar
thermal plants and water heaters.

The first Moroccan solar thermal plant was erected at Ain Beni Mathar, close to
the Algerian border. This site is close to the Maghreb-Europe Gas Pipeline, which
transports the Algerian natural gas to Europe. The location ensures that gas is
always available for the power plant and that the power produced is also easily
conveyed to the power line. There is also plenty of water for cooling and the DNI is
important. The Solar Power plant covers a total area of about 160 ha and includes
two 150 MW gas turbines and one 120 MW steam turbine. It is designed to deliver
3538 GWh/year.

In Algeria, the first solar thermal plant was erected in HassiR’Mel in Northern
Sahara. This site has many advantages as it is located next to the HassiR’Mel, the
largest gas field in Algeria and the generated power is for the gas field site, which is
just “next door.” The plant includes two 40 MW gas turbines and an 80 MW steam
turbine and was designed to produce about 1250 GWh/year. The first Egyptian
solar thermal power plant was located in Kuraymat, south of Cairo, on the east bank
of River Nile. The plant which was designed to generate about 34 GWh/year
includes two 40 MW gas turbine and a 70 MW steam turbine. In all the cases of
solar thermal power plants in North Africa, the sites chosen are flat and so the DNI
is very high in each case.

Solar water heaters are some of the simplest and reliable solar energy devices.
Heating consumes a lot of electric power and therefore solar water heaters are
generally used to save on the cost of electricity. Solar water heater application is not
at the same level in all the countries in the region. It is more successful in Tunisia
than in any other country and this is probably due to the promotional activities and
other incentives provided by the state in addition to investment incentives given to
the investors in the production and distribution chain. Most North African countries
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are actively engaged in some form of solar energy promotional activities and
incentive frameworks that will see the region advance in renewable energies faster
than the rest of Africa.

5.4.2 Wind Energy Resources

Given the improvement in technology, wind has become a popular alternative
source of energy to conventional energy resources. For Northern Africa, wind is the
other major renewable energy resource and wind measurements have indicated that
there are several attractive areas for wind energy exploitation. The most promising
sites are located on the Red Sea and the Atlantic coasts. The Suez Gulf in particular
has exhibited annual wind speeds way above the suitability threshold.

In Algeria, an assessment of wind potential has shown that the most promising
sites are located in the southwest region more particularly around Adrar. They are
also found in the north-west of Oran, in the east for the region stretching from
Meghres to Biskra and in the western region stretching from Kheither to Tiaret. For
the rest of Algeria, the wind potential ranges from weak to moderate.

Egypt enjoys reasonable wind energy resources particularly along the Suez Gulf
region. Wind speed studies have shown that Egypt, Western Sahara and Morocco
are the best locations for wind energy development. Libya and Tunisia also have
suitable wind sites along the Mediterranean coastline. Similarly, Sudan has a
number of suitable sites along the Red Sea coastline. Thus, North Africa has
considerable wind and solar energy potentials in Africa.

In order to evaluate the capacity of the wind resources, it is necessary to analyze
yearly full load hours. This is shown in Fig. 5.8 for the different countries of
Northern Africa.

Data provided in Fig. 5.9 clearly indicate that the potentials are good enough for
wind energy exploitation in the region.

The oldest use of wind power was the application of small installations for water
pumping. There are a fairly large number of these installations scattered all over
Northern Africa, particularly for land reclamation and rural development.

Of all the renewable energy resources used for electricity generation, wind
power is the fastest growing technology. In North Africa, this is particularly true for
Egypt, Morocco and Tunisia. Figure 5.10 indicates the evolution of the total wind
installed capacity for Northern Africa. In 2013, the total installed wind power in
Northern Africa was 1179 MW. This represented 79.3 % of the total African wind
power capacity but was only 0.33 % of the world wind power capacity. Morocco
and Egypt are the two major wind power countries in Northern Africa. Their
combined installed capacities amount to 87.3 % of the total Northern Africa pro-
duction. Egypt contributes 46 % of this while Morocco’s contribution is about
41.3 %. At the African level, the shares in wind capacities of Egypt and Morocco
are respectively 37 and 33 %. This means that, in Africa, 70 % of all the produced
wind power is produced by Egypt and Morocco [17].
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The zone with the highest concentration of wind energy conversion systems is
Zafarana in Egypt with 698 units. The region of Tangier-Tatouan in northern
Morocco has 256 units while the region of Bizerte in north-east Tunisia has
163 units. Algeria has lagged behind with only one wind farm established in Adrar.

The Egyptian installed wind capacity is concentrated in the Zafarana wind farm
with a total installed capacity in excess of 544 MW, making it the largest wind farm
in Africa. Morocco and Libya have total wind installed capacity of 495 and 20 MW
respectively while Tunisia has total installed capacity of 104 MW [14]. Most of the
North African countries have plans to expand wind energy utilization in the region.
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5.4.3 Geothermal Energy Resources

Studies on geothermal occurrence in North Africa has not been extensively con-
ducted, but some general studies indicate that the available geothermal resources
are of low enthalpy types with temperatures not exceeding 80 °C, which is too low
for power generation. A few sites especially in Hammam Meskhoutine in Algeria
have been found to have geothermal temperatures within 90–100 °C range but their
pressures are not sufficient for power generation. Sites with similar features have
been identified in different countries in the region including Morocco, Egypt, and
Sudan but their exploitation for power generation appear to be unviable [2, 10, 19].

Geothermal energy can be used for different purposes depending on the tem-
perature of the source. Resources with high temperature in excess of 220 °C are
better suited for Power generation while those with lower temperature are typically
meant for direct heating. For power generation from high temperature resources,
two technologies are in use. There is the dry steam technology where steam from
the geothermal reservoir is fed directly to the turbine unit to generate electricity.
The second technology is the flash steam in which geothermal hot water, pumped at
high pressure, is converted to steam by a sudden drop in pressure. The steam is then
directed to the turbine for electricity generation.

Direct use is for non power applications and include balneo-therapy, green-
houses, district heating, aquaculture and industrial process heating. In Northern
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Africa, the use of geothermal hot springs for bathing is a tradition that has been
going on for centuries.

Figure 5.11 shows the direct geothermal energy application capacities of dif-
ferent countries in North Africa. From this figure, it is clear that geothermal use is
dominated by Algeria and Tunisia. The capacity of both countries amount to almost
95 % of the total Northern Africa capacity in which Algerian has 57.3 % while
Tunisia has about 37.7 %. It should also be noted that Northern Africa dominates
the geothermal energy direct-use in Africa. But geothermal application for power
generation in Africa is dominated by Eastern Africa.

There is no recorded use of geothermal energy by either Libya or Sudan.
Geothermal applications are still in their early stages but progress is being made to
expand this application in the region particularly in balneology, swimming pools
and potable water bottling. In Egypt, the geothermal applications are still at a low
level while Tunisia is the African leader in the use of geothermal energy for
greenhouse heating and agricultural land irrigation. More information on geother-
mal potential and applications in North Africa for specific countries are available [6,
8, 12, 13, 19].

5.4.4 Biomass Energy Potential

North Africa is a region dominated by desert type of condition and therefore arable
land and vegetation cover are scarce. This obviously implies that biomass materials
that can be used as energy resource may not be readily available and use of
whatever little available is tightly controlled and restricted by law. There are a few
sites such as the Nile Valley, the highlands, and coastal regions where biomass is
available. In such areas, energy crops such as jatropha can be grown and indeed
there have been cases where some countries in the region have considered pro-
duction of bio-diesel and ethanol from energy crops. Some of these crops like
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Jatropha are well adapted to arid and desert climate and can grow on poor land that
is usually not reserved for production of food crops. They can also withstand
drought and can survive on as little as 250–300 mm of rainfall per year. However,
in a region where there is already a deficit of farm land and water, dedicated energy
crop cultivation can seriously compromise food security for the communities.
However, in areas that are already under food crop production, agricultural residues
can be used as sources of biomass energy. In North Africa, some of these crops are
the cereals (wheat, barley, maize, rice and sorghum and millet), sugar crops (sugar
cane and sugar beets), olive groves and date palms. In this respect, Egypt has the
highest biomass potential in the region followed by Morocco and Sudan, particu-
larly from sugar cane and cereal crops. Figure 5.12 gives details of these crops in
the region for the year 2011.

Date palm and olive are also widely cultivated in North Africa and they do
generate residues, which are the most significant resources with high biomass
potential. They are well suited to the semi-arid and arid climate of the region.
Morocco and Tunisia are the leading olives producers while Egypt and Algeria lead
in dates production (Fig. 5.13). Thus biomass applications are limited to agricultural
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crops, which are grown in the region and, as indicated, these are cereals, dates,
olives and sugar crops. Biomass situation in North Africa is therefore quite different
from that of Sub-Saharan region where there are abundant biomass materials from
natural forests and other vegetation.

Another possible use of biomass resources in the region is through production of
biogas from animal wastes. Similarly wastes from poultry can also be used as raw
materials for biogas plants. North Africa has a variety of livestock that include
cattle, sheep, camels, goats, horses, mules, asses and pigs. The potential of animal
wastes depends on the animal type and the amount of waste produced.
Figure 5.14 shows livestock and poultry populations for Northern Africa countries.
The numbers for Sudan include those of Southern Sudan. The total population of
livestock and poultry are 231 million and 517.2 million respectively. Studies have
indicated that biogas yield from cattle waste is about 6.5 GJ per head per year. With
a total cattle population of 55.2 million only, biogas potential is about 358.9 PJ per
year in Northern Africa.

It should however be noted that, in terms of fraction of land covered with forests,
Sudan has more forest cover than all the Northern African countries and therefore
there is a large percentage of rural population depending on biomass as a source of
energy (see Fig. 5.15).

5.5 Planned Energy Developments and Targets

North African countries have well defined plans for developing renewable energy
resources and have set targets to achieve their respective goals. These are shown in
Table 5.3.

In Table 5.3, the targets and the target dates for each country are reported. The
third column shows the share of renewable energy in electricity generation in
different countries. For Tunisia and Morocco, it is the share of installed capacity,
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which basically gives similar information as for the other countries. The shares of
each type of renewable energy, i.e., wind, CSP, PV, hydro and biomass are also
reported. The most prominent renewable energy sources to be developed by the
different countries of North Africa are wind and solar.

It is noted that only Sudan and Tunisia have made some projections for the
development of biomass potential for power generation. On the other hand, Algeria,
Libya and Tunisia have not set targets for power generation using their hydro
potentials. In the case of Sudan, the share of hydropower is expected to go down. In
both cases, this could be explained by the limited potentials of these two renewable
sources. Indeed, in the region which is over-whelmingly desert, arable lands and
rivers are limited. River resources have been over stretched by agricultural and
domestic demands and so any further utilization of the rivers for energy crop
production would lead to the decrease of the potentials of the rivers and compro-
mise their future contribution in general. The region is therefore concerned about
other alternative energy resources and would make serious efforts to develop them.
For example, Algeria is addressing this by making plans to develop its geothermal
potential for power generation.
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Table 5.3 Targets for different renewable energy sources for North Africa

Country Target
date

Target
(%)

Wind
(%)

PV
(%)

CSP
(%)

Hydro
(%)

Biomass
(%)

Algeria 2030 40 6.8 9.2 24 – –

Egypt 2020 20 12.7 0.39 1.94 4.94 –

Libya 2025 10 4.5 3.8 1.7 – –

Morocco 2020 42 14 14 14 –

Sudan 2031 11 4.73 4.64 0.35 0.44 0.84

Tunisia 2030 40 17 5 15 – 3
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For solar, the two main technologies, photovoltaic and CSP, are already under
serious considerations by all the North African countries. Algeria and Egypt have
set ambitious targets for the growth of CSP and PV capacities.

The information given in Table 5.3 also proportionately reflects the share of each
renewable energy source in North Africa. Evidently, wind energy has generated
more interest than solar systems in the region and most countries have not only
established operational wind power facilities but have also set achievable wind
energy targets. Using the reported data, the average annual growth of renewable
energy that should be sustained to reach the target has been evaluated. The results
are reported in Table 5.4. It can be seen that the largest average annual growth will
occur in Algeria.

It is worth noting that as each country implements its own plan to meet the set
targets, the energy mix would determine the level of contribution from each source.
This implies that the use of energy from some existing sources would either go up
or even drop depending on the level of attention given to the development of each
source. For example, if a particular country wants to move away from hydropower
source, then production capacity from hydro would go down.

Different countries have established renewable energy development frameworks
with action plans that are expected to lead them to the goals before or on the target
dates indicated on Table 5.3.

Some of the action plans include the establishment of local manufacturing of
some energy devices. For example, the establishments of local plants with sufficient
capacities for producing photovoltaic modules and CSP that would satisfy the
planned local demand rate have been considered in the region. Similarly, plans are
underway to set up wind farms, geothermal power plants, PV and CSP plants at
various selected locations in the entire North African region. This is a sign that the
region is determined to increase the exploitation of renewable energy resources
despite the availability of abundant hydrocarbon fuels in the region.

Some of the admirable features of the North African renewable energy devel-
opment plans include the need to build local capacity for both development and
management of renewable energy facilities. This is expected to enhance the local
renewable energy industry not only to reach the set targets but also for future
expansion of the sector. Already, there are a number of local solar water heater,

Table 5.4 Evolution and average annual growth rates of renewable energy source in Northern
Africa

Country RE capacity in 2012
(MW)

RE capacity at target date
(MW)

Average annual
growth (%)

Algeria 253 12,000 23.9

Egypt 3385 11,320 16.3

Libya 0 2219 –

Morocco 2119.4 6000 13.9

Sudan 1590 1582 −0.03

Tunisia 244 4000 16.8
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Concentrating Solar Power and Photovoltaic industries at various levels in the
region. All these plans are aiming at increasing the share of renewable energies in
the individual country’s national energy mix with a view to having wind and solar
generation facilities take the lead in electricity production.

5.6 Energy Supportive Policies

Obviously many of the plans and targets set for the development of renewable
energy industry cannot succeed if there are no local capacities, resources, and
supportive national policies. This becomes more important for renewable energy
industry given that it is still a relatively new sector for most African countries.
Aware of these challenges, the countries of Northern Africa have developed various
instruments to spur renewable energy programs. The most common among these
instruments are:

Power purchase agreements bidding (PPA): this is a process by which an area
with natural resources is identified and reserved for private investment. The investor
is selected through a government—led tendering process. The power purchase
agreements bidding exists for large-scale private renewable projects in Algeria,
Egypt, and Morocco but is yet to be instituted in Libya and Tunisia.

Feed-in Tariffs: Also known as premium payments, advanced renewable tariffs
or minimum price standards. It is a worldwide common instrument used to support
renewable energy power generation ventures. Feed-in Tariffs is a fixed price pur-
chase guarantee for a specific technology over a given period of time and may
incorporate some element of subsidy to offset the high production costs.

Net metering: This is a mechanism that permits the renewable energy producers
to feed the excess electricity to the grid. The amount of electricity fed to the grid is
reduced from the monthly bill. It is preferred by small scale energy producers for
private residential or commercial use. This policy is in effect in Egypt and Tunisia
but not in other countries in the region. It is however possible in Morocco but with
some conditions.

Financial incentives and Funds: Can be in the form of tax measures, play an
important indirect role in reducing the overall cost of a renewable energy invest-
ment. In Northern Africa, Algeria, Egypt, Morocco, and Sudan have introduced
some financial incentives. Such incentives are not available in Libya and Tunisia.

Establishment of renewable energy funds: This is special funds established for
shaping the renewable market by contributing, for example, to the strengthening of
R&D in the field, the creation of innovative small enterprises and industries and the
setting up of standards and norms. Such funds have been set up by most of the
countries in Northern Africa (Tunisia, Algeria, Morocco and Egypt).

Dedicated Agencies: Renewable energy agencies have been adopted worldwide
as instruments in the effective deployment of renewable energy projects. They are
institutions with great ability to influence and even design renewable energy pro-
grams, administrative procedures, facilitation, assistance in project implementation,
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R&D enhancement, capacity building and industrial development. All the countries
in Northern Africa (except Sudan) have dedicated agencies. Similar policy frame-
works have been publicly announced in some Sub-Saharan African countries but
they still lack the drive, commitments and institutional arrangements for their
implementation.

For North Africa, in addition to policy frameworks, there are also a number of
institutions that have sprung up as a result of increased interest in renewable energy
development. The establishments of these institutions are good signals that the
region is indeed serious about adopting renewable energy culture. Examples of such
institutions are shown in Table 5.5.

There are also a lot of activities in renewable energies that are going on in most
of the universities in the region.

The energy situation in North Africa and the region’s energy development plans
should be a good example not only for Africa but also for the world in general. But
still there are certain issues that should be seriously considered. It was noted in
Chap. 1 that global energy demand is continually increasing and North Africa is not
exceptional. As a result of this, high energy consumption and declining conven-
tional energy reserves is introducing a new different scenario in energy mix prac-
tices in Northern Africa. For the net energy importing countries such as Morocco
and Tunisia, the energy demand is becoming a heavy burden and it is putting a lot
of pressure on the economy.

For countries, such as Egypt, the current level of production of fossil fuels is
barely sufficient to meet the local needs. This situation requires a serious
re-examination of possible alternative energy resources. For hydrocarbon exporters,
such as Algeria and Libya, the growing needs and the declining reserves are
hampering the economic development. For Sudan, the situation is even worse as the
country suddenly lost two thirds of it hydrocarbon energy resources after the
secession of South Sudan.

Most Northern African countries have large parts of their territories in the desert
where rainfall and water bodies are scarce and so they suffer from recurrent
droughts. This makes hydropower resources less reliable in these countries. It is of
course true that for the Nile valley countries such as Egypt and Sudan, the Nile

Table 5.5 Research institutions in the renewable energy field in Northern Africa

Country Institution

Algeria Renewable Energy Development Center (CDER)

Research Center in Semiconductor Technology for Energy (CRTSE)

Electricity and Gas Research and Development Center (CREDEG)

Egypt Energy Research Center, Cairo University

Libya Center for Solar Energy Research and Studies (CSERS)

Morocco Solar and New Energies Research Institute (IRESEN)

National Center for Scientific and Technical Research (CNRST)

Sudan National Center for Energy Research (NCR)

Tunisia Research Center and Energy Technologies (CRTEN)
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offers some potential for hydropower generation but suitable sites for other
renewable energy development are limited.

As for fossil fuels, besides their damaging effects on the environment, they are
not fairly distributed to all countries. Definitely fossil fuels play a strategic role in
the development for those countries which have them, but these resources are finite
and will be depleted in future. For the other countries, the importation of these fuels
is a heavy financial burden on them, forcing them to neglect the provision of
important services to their people. Therefore, seeking the solution in renewable
energy resources is a process that all countries should take very seriously whether
they have hydrocarbon fuels or not.

5.7 Focus on Individual North African Countries

So far the discussion has covered Northern Africa in general and this is quite in
order due to their common geographical and climatic features such as the Sahara
Desert which spreads into most of these countries. It is however important to also
give a summary of the energy situation in each individual country in the region and
how they generate power. In doing this, it should be expected that some information
may be repeated in order to improve clarity.

5.7.1 Morocco

Morocco is the largest net energy importer in the region. It has some natural gas and
had about one million barrels of oil reserves in 2006, but imports significant amount
of crude oil, which it then refines in the country. It also imports coal, mainly from
South Africa, which is used for electricity generation. In an effort to reduce
dependence on imported fuels, it has an elaborate renewable energy plan targeting
solar and wind energies. Total renewable energy capacity was 300 MW in 2011—
enough to supply some African countries with all electricity requirements.
Contribution from renewable energy is expected to rise to over 40 % of the total
electricity by 2020 when wind, solar and hydro are each expected to contribute
14 % corresponding to about 2000 MW from each of these resources. In 2014,
installed wind power alone was estimated to be slightly over 1000 MW and there is
sufficient wind and even solar for further development. Presently, Morocco is a
major renewable energy user and is therefore one of the countries that are making
great efforts in renewable energy development in Africa.

5.7.2 Egypt

Egypt is an oil producing country and had the sixth largest oil reserves in Africa.
Most of its oil is found in the Gulf of Suez followed by the Western Desert, Eastern
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Desert, and Sinai Peninsula. Egypt is also a strategic country for oil transportation
to markets in different parts of the world. This advantageous position was, in the
past, used effectively to export oil from the oil-rich region but, due to political and
economic instability, the situation changed. Furthermore, oil production in Egypt
has continued to drop to the extent that the country began to struggle to meet its
own oil requirements. In 2013, most of its oil reserves of 4.4 billion barrels and
about 2.6 trillion m3 of natural gas were used to meet the growing domestic energy
needs.

In 1996, production level stood at about 935,000 barrels a day but by 2005, this
had dropped to about 726,000 barrels per day. The country’s several oil refineries
are collectively capable of processing all this crude oil per day. The downward
energy production trend and increasing domestic demand have forced Egypt to
significantly reduce its oil export and so denying the country the much needed
foreign earning. Since 2006, almost all Egyptian oil has been consumed domesti-
cally while about 60 % of natural gas is used locally. To appreciate the role of
fossil-based fuels in Egypt, it is worth mentioning that over 90 % of Egyptian
energy needs are met using oil and gas. Gas appears to be the main source of the
county’s hard currency. Egypt has Liquefied Natural Gas (LNG) plants which
process LNG which, together with natural gas are exported through Arab Gas
Pipeline to the Middle East. It is expected that this pipeline will in future play a
significant role in facilitating gas export to Europe. Egypt also has an appreciable
amount of shale oil.

Availability of gas in the country has enabled Egypt to generate most of its
electricity using gas fired machines. In 2006, electricity total installed capacity was
18 GW (18,000 MW), making Egypt one of the largest electricity producers in the
region. Since 2002, Egypt has assumed its right position as a leading electricity
producer and has played a key role in coordinating electricity distribution in the
region which includes Jordan, Syria, Lebanon, Iraq, Libya, Tunisia, Algeria and as
far as Morocco. Like other large energy consumers, it has, for a long time, been
considering the use of nuclear energy in order to increase its electricity production.
In 2006, however, of the total installed capacity, 72 % was from gas, 16 % from oil
and only 11 % from hydro sources mainly from Aswan Dam. A small fraction was
produced from other sources such as wind and solar. The situation is bound to
change since the Egyptian energy demand for electricity is rapidly growing at a rate
of about 1500–2000 MW a year due to rapid urbanization and economic growth. As
a result of this, Egypt is suffering from severe power shortages necessitating the
need to look for alternative energy options especially given the fact that over 80 %
of the hydro capacity has been developed and oil and gas supplies are also strained.
Egypt is therefore focussing more on wind and solar energies.

Like most African countries, Egypt has abundant solar energy and is already
using photovoltaic systems in various sectors including water pumping, desalina-
tion, telecommunications and rural electrification. The average level of solar radi-
ation is between 2000 and 3200 kWh/m2/year and there are more than 5 MW of PV
systems in use. The country also has a significant amount of wind energy potential
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especially along the coast of the Red Sea. Some of the regions with suitable wind
speed regimes include Zafarana district, Gulf of Suez, East and West banks of Nile
river. In 2010, Zafarana district where wind speeds get up to 9 ms−1 had installed
wind energy capacity of about 550 MW while Gebel el-Zayt area where wind
speeds can get up to 11 ms−1 is also poised to be a major wind farm area [5].

About 660 MW of wind energy generators are in use in the country and the
target is to reach 7200 MW of wind power by 2020.

Thus renewable energy has received a lot of attention since the 1980s when its
development strategy was formulated as an integral part of national energy plan-
ning. New and Renewable Energy Authority (NREA) was also established to act as
a national focal point for developing renewable energy technologies in Egypt. This
showed that the government is committed to the promotion of renewable energy.

5.7.3 Algeria

In the previous general section of this Chapter, Algerian energy resources were
considered in a little more detail to give a typical example of the North African
energy situation. So only a brief account is given here. Algeria is perceived to be
the largest in Africa in terms of its area but its population was only about 40 million
people in 2014. It has abundant energy resources that include oil reserves of about
13.4 billion barrels, natural gas of 4502 billion m3, coal reserves of 65 million short
tons and solar energy radiation potential of about 8 billion MWh/year. Algeria is a
leading producer and exporter of natural gas and its energy mix is almost exclu-
sively based on fossil fuels in which natural gas contributes about 93 %. It also has
enormous renewable energy potential particularly solar. Like most other African
countries, it has plans to generate over 22,000 MW from renewable energies by
2030. These include solar, wind, biomass, geothermal and hydro. Already there are
several solar energy facilities in use in Algeria. Both Algeria and Morocco have
been working on a plan to export electricity from renewable energy sources to
Europe. Out of wind energy potential of 35 TWh/year, it has developed wind farm
of only 10 MW. Its biomass resources include solid wastes, crop wastes and some
forest residues.

5.7.4 Libya

Libya is the second largest North African country by area but its population density
is very low at a total of only about 6 million people in 2013 and only 22 % of this
live in the rural areas. Its economy is driven by its abundant oil and natural gas
reserves which contribute more than 90 % of its export earnings. In 2012, the main
export destinations were Italy (23.5 %), Germany (12.5 %), China (11.3 %), France

5.7 Focus on Individual North African Countries 215



(9.7 %), Spain (7.6 %), U.K. (4.7 %) and USA (4.5 %). Since most of its territory is
either desert or semi-desert, Libya uses most of its export earnings to import food
and other consumable goods. In 2011, it was producing more than 3 million barrels
of oil per day from proven reserves of about 44 billion barrels. This was more than
three times what its neighbouring country Egypt was producing. Note that proven
oil reserves in Libya were also estimated to be 48.47 billion barrels in 2014.
Practically all electricity consumed in Libya is generated from fossil-based fuels
(mainly oil and gas). The total electricity installed capacity in 2010 was about
6800 MW enabling 99.8 % of its total population to have access to electricity. This
is the highest electricity access rate in Africa which translates to a per capita energy
consumption of about 3.7 MWh in Libya. Most of its cities are supplied with
electricity through national grid network while remote villages use isolated diesel
power generators. There is also some grid interconnection with Egypt.

Libya has no significant inland water resources such as rivers, which could be
used for power generation or for meaningful agriculture. Furthermore, the vege-
tation cover is limited to the Mediterranean coastal line. The fact that it has been
able to meet all its energy needs from oil and gas has, to some extent, relegated the
renewable energy initiatives to the peripherals of mainstream energy concerns.
Furthermore, energy prices are heavily subsidised in all economic sectors making it
difficult to develop renewable energy technologies on a cost-effective basis.
Installed photovoltaic capacity was only about 5 MW in 2012 and no significant
wind energy installations, and since there is no incentive for renewable resources, it
has relatively lower targets for renewable energies. In addition, the energy sector is
not fully open to private investors. It is however estimated that Libya has a great
potential for solar energy with a daily average solar radiation ranging from about
7.1 kWh/m2/day on a horizontal surface in the North to about 8.1 kWh in the
southern region. Similarly, wind energy potential is very good in many regions in
Libya especially the coastal strip where average wind speeds range from 6 to
7.5 ms−1. But, like solar, this potential has not been seriously exploited despite the
fact that in many oasis wind energy has been used to pump water since the 1940s
[15]. Table 5.6 illustrates the low profile of renewable energy contribution in Libya
from 2009 and the projection for 2020.

Table 5.6 Renewable energy
contribution in North Africa
[7]

Country Share in 2009 in % 2020 Strategy in %

Egypt 10 20

Morocco 14 42

Algeria 0.8 5–6

Tunisia 1.1 11–15

Libya Negligible Not specified
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5.7.5 Tunisia

Tunisia is a small Northern African country with an area of about 163,610 km2 but
its population density is high at a total of 10.7 million people in 2012. It borders the
Mediterranean Sea with the Atlas Mountains occupying its northern part while the
southern part is generally arid throughout the year. Thus the climate ranges from the
Mediterranean type in the north to Saharan-continental type in the south. It has
fairly strong winds blowing from the south to the north with wind speeds that can
reach up to about 25 ms−1 in spring and autumn. Tunisia has proven oil reserves of
about 0.43 billion barrels and gas reserves of about 75 billion m3 but production,
particularly of oil, has been declining over the years from 120,000 barrels per day in
the 1980s to about 67,000 barrels in 2012. Its oil refinery has a distillation capacity
of about 34,000 barrels per day and this is not enough to meet domestic demand and
so it has been planning to build another refinery. In 2011, it produced about
2.3 billion m3 of its own natural gas. It also receives some natural gas from the
Trans-Mediterranean Pipeline, which transports gas from Algeria to Italy through
its territory. Most of its electricity is generated from fossil-based fuels while a small
portion is generated using renewable energies mainly wind and hydro.

The total electricity installed capacity was about 4024 MW in 2011 out of which
3900 MW was produced from thermal power station fired by fossil-based fuels
while 62 and 53 MW were obtained from hydro and wind respectively. For thermal
stations, natural gas contributed 93 % while oil contributed only 7 %. In 2012 the
use of renewable energies in electricity generation increased to 154 MW from wind,
66 MW from hydro and 4 MW from photovoltaic systems. Transmission of power
is done mainly by Societe Tunisenne d’Electricite et du Gaz (STEG) and there are
some independent power producers (IPPs) feeding electricity into the national grid.
Large power consumers are encouraged to generate electricity for their own use and
are encouraged to feed the surplus to the national grid under some special power
purchase agreements. This arrangement has made it possible for Tunisia to increase
access to electricity to 99.5 % of its population by 2012. Like other northern
African countries, there is some interconnectivity with grids in other neighbouring
countries but, this notwithstanding, Tunisia has set very ambitious plan for the
exploitation of renewable energies and intends to have a total installed wind and
solar energy capacity of about 1000 MW by 2016. This is to be achieved through
newly identified priority areas such as expansion of wind power for electricity
generation, introduction of incentives for use of solar energy, use of solar energy for
irrigation and rural electrification, and encouragement of use of geothermal and
small-scale hydropower plants. Tax incentives include reduction of customs and
exemption of VAT on imported energy-related equipment or locally manufactured
materials. Tunisia is therefore poised to become one of the major users of renewable
energies in the region.
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5.7.6 Sudan

For many years, the Republic of Sudan went through internal civil war between the
Christian dominated South Sudan and the Islam dominated North Sudan. In 2011,
South Sudan was allowed to form its own independent state and so the country was
officially divided into two independent states namely Sudan (sometimes referred to
as North Sudan) and South Sudan. In 2014 the population of Sudan was 39 million
people while that of South Sudan was 11.8 million. Since this division, there still
remained many issues that had not been fully agreed upon by both Sudan and South
Sudan especially with regard to their common border and the ownership of the
resources therein such as oil fields. In fact, in 2014, there was still internal ethnic
fighting in South Sudan. So, for the purpose of energy resources analysis, Sudan is
considered as one Country but each country is given due credit whenever possible.

A large part of the country is in the Sahara desert having a common border with
Egypt in the North, Eritrea and Ethiopia in the east and Uganda and Kenya in the
south. Proven oil and natural gas reserves, in 2010, were about 6 billion barrels and
3 trillion cubic feet, respectively. Before 2008, Sudan was a net energy exporter but
oil production in Sudan and South Sudan has been declining because of natural
declines at maturing fields. Sudan therefore set ambitious goals to increase pro-
duction from new fields and to increase recovery rates at existing fields, but pro-
duction continues to fall short of Sudan’s goals. Furthermore, full capacity
production of these fuels had been hampered by the many years of civil war during
which Sudan also faced economic sanctions from Western countries. Thus the
production of oil and gas in Sudan faced a lot of challenges. The effect of these was
the partial or temporary withdrawal of Western European-based and
American-based oil companies and the decline of production. The country had no
option but to allow oil companies from China, India and Malaysia to have some
stake in oil fields and pipelines. National oil companies such as Sudapet in Sudan
and Nilepet in Southern Sudan also had some small take in the sector. In addition to
fossil based fuels, Sudan has a significant hydro power potential from River Nile
mainly provided by the many cataracts downstream of Khartoum, the capital city.
Despite this opportunity, access to electricity has been less than 30 % in the whole
Sudan. In South Sudan access is less than 5 % while in the north, it is much higher.
The rural population, however have severe energy access problems and receive
inadequate supply of power for lighting, heating, cooking, cooling, water pumping,
radio or TV communications and security services. The supply of petroleum pro-
duct, including diesel, kerosene and LPG are irregular and are often subjected to
sudden price increases. Because of the inadequate supply of these fuels, women trek
great distances into the forests to collect fuel wood, charcoal and agricultural
residues. These account for more than 50 % of the total energy consumption.
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5.8 Eritrea

The State of Eritrea is a small country in the horn of Africa along the shores of the
Red Sea. It had a population of about 6.5 million people in 2014. So far no
significant amount of fossil-based fuels is being exploited in the country but it is
believed that Eritrea is actually sitting on massive oil and gas reserves. It is however
still relying on imported oil and oil products for electricity generation, which stood
at an installed capacity of 140 MW in 2013. Wind speed regime in the region
especially along the shores of the Red Sea is very favourable for the development of
wind farms. The same thing can also be said about some Eritrean highlands where
wind speeds are in excess of 7 ms−1 at 10 m high and above. Egypt, which lies to
the North West of Eritrea and has Red Sea coastline, has continued to take
advantage of this wind by establishing wind farms in the region. In recognition of
this potential, Eritrea has established wind farm in selected areas. For example,
wind farm at Assab was already contributing 25 % of the town’s electricity
requirement by 2014. Clearly, Eritrea’s efforts on renewable energy development
are in the right direction. There is also abundant solar energy, which the country can
develop and, given its small population, it can quickly become Africa’s good
example of green energy.

5.9 Ethiopia

Ethiopia has very little fossil-based energy reserves. In 2003 its oil and gas reserves
were estimated to be about 428,000 barrels and 880 billion cubic feet respectively.
These have not been exploited but exploration for possibilities of finding more of
these resources are going on. The country however has significant hydro potential
especially on the Blue Nile that originates from Lake Tana, flows westwards and
joins the main River Nile at Khartoum, Sudan. The rules that control the use of the
waters of River Nile were formulated and signed between Egypt and Britain during
the period Britain colonised and ruled most upstream countries, as was discussed in
Chap. 2. According to the agreement, upstream countries were not expected to use
River Nile for irrigation or any other purpose that would reduce the flow of the
water. Fortunately for Ethiopia, it was not bound by these rules as it was not
colonised by the British. Ethiopia also has a huge geothermal energy potential
estimated to be nearly 7000 MW out of which only 7 MW had already been tapped.
Most of its electricity in the early 2000s was generated from hydropower facilities
but from around 2005, it came up with a new energy generation plan that aimed at
diversifying electricity generation. This plan included the expansion of more
geothermal, wind, solar and hydro power plants. Geothermal power plants with a
total installed capacity of about 1000 MW are expected to be operational by 2018
while hydro is to rise to an installed capacity of over 8000 MW when the Grand
Ethiopian Renaissance Dam, with an installed capacity of about 6000 MW, will
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have been completed. A solar panel assembly plant was established in Addis Ababa
in 2013 capable of producing nearly 20 MW/year. A wind farm has also been
developed to a capacity of 171 MW and this is expected to increase to about
800 MW according to the Ethiopian Electricity power Corporation (EEPCo). One
of the early wind farms in Ethiopia is shown in Fig. 5.16. Already, there are a
number of solar energy installations totalling about 5 MW in use in the country.
This is also expected to increase if the new energy development plan is imple-
mented. According to the government’s Master Plan Ethiopia aims at producing
30,000 MW by 2020, with much of it to be exported to Kenya, Sudan, Egypt, and
West Africa. Ethiopian-Kenyan, Ethiopian-Sudan and the existing Sudan-Egypt
transmission lines are expected to open the market for Ethiopian electricity to these
regions and to West Africa. If, by 2020, the Ethiopian plan succeeds, it will make
the country the first one to export energy in this large scale in Sub-Saharan Africa.

It should be noted that, in 2012, Ethiopia’s total electricity installed capacity was
only 2167 MW out of which hydro contributed 94 % while wind, geothermal and
thermal generators contributed the rest. The population having access to electricity
was less than 20 %. But, by 2014, all this had changed and, if the ambitious plan is
successfully implemented by 2020, Ethiopia will have recorded the fastest growing
energy sector in Africa. It is also expected that electricity access growth rate will
match this energy expansion and, if so, electricity access level will be the highest in
Sub-Saharan Africa and with its population of nearly 97 million people, this would
be one of the leading good examples for Sub-Saharan Africa.

Evidently, Ethiopia has a huge renewable energy potential, which is fairly well
distributed throughout its territory and this puts the country in a highly favourable
position not only for national power infrastructure development but also for

Fig. 5.16 One of the early wind farms in Ethiopia
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independent power producers. In addition to this, the government of Ethiopia is
conspicuously supportive of energy sector development and has indeed put in place
a conducive policy environment for investment in renewable energy facilities.

It is apparently clear that Northern Africa is well endowed with both fossil-based
energy resources and renewable energies and it is also clear that the governments in
the region are committed to positive energy development initiatives. Thus, the
conducive energy policy framework should be attractive to investors. There are
indeed early signs that investment in, and support for energy sector in the region is
on the increase.
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Chapter 6
Renewable Energy Conversion Principles

6.1 Introductory Remarks

We have seen that the very nature of socio-cultural practices and the rampant
poverty in Sub-Saharan Africa complicate the process of seeking solutions to the
energy problems. To address the problem of power distribution, a carefully planned
energy strategy must be implemented to take care of the scattered nature of rural
settlements, which is basically a reflection of the land ownership policy and indi-
vidual freedom of land-use choices. In addition to this, the poverty levels of the
people must also be considered so that suitable power consumption tariffs and
manageable payment terms are instituted. One obvious approach is to ensure that
the people are given as much ownership of the power system as possible. This will
inculcate some degree of participation and hence responsibility in managing the
operations of the systems and this would enhance sustainability. Another similarly
obvious step to take is to strive to produce energy within the community areas in
order to avoid large expenses incurred in long distance transmission. These con-
ditions point to the fact that the source of energy must have certain characteristics
such as possibility of locating it at a suitable site rather than being forced to develop
it where it is found. Furthermore, the conversion technologies and good manage-
ment practices must be well understood by the users. Such characteristics would
significantly cut down the distribution cost and also ensure that users’ needs are
satisfied. These requirements would eliminate many traditional energy sources such
as large hydro and geothermal which are location-specific, that is, you have it where
it is available or you do not have it at all.

A final consideration is the availability of crucial inputs within the local envi-
ronment or the possibility of generating them locally. Given these characteristics,
one cannot base long-term energy strategies on limited sources such as oil, coal and
LPG especially if the country is not endowed with them. Many African countries do
not have oil while some have only a limited amount of coal and natural gas. The
only logical choices for the region are solar, wind, small hydro plants and biomass.
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However, efficient use of these sources requires some technologies and corre-
sponding critical mass of technical know-how that must be developed as part and
parcel of energy development strategy. Achieving these goals would not be too
difficult for any serious government as all the four sources are in abundance in the
region and to do this, the conversion technologies for these sources must be well
understood. This will enable energy specialists and policy makers to identify areas
for immediate attention and what steps can be taken to mobilize resources for their
development. Attempts are therefore made in the following sections to give an
account of some basic scientific and technical considerations for each of the four
sources. Efforts have been made to simplify any complicated concepts without
distorting the general meaning and special attention is given to solar energy because
it is an abundant renewable energy in Africa. Its development may make a
remarkable difference in the rural energy situation particularly as lighting energy.

6.2 Solar Energy Technologies

The energies that ordinary rural person needs in order of priority are: (1) high
temperature heat, (2) light, (3) electricity basically for entertainment, and (4) low
temperature heat. Top priority is given to high temperature heat for cooking and
boiling drinking water and the second priority is given to lighting. The other needs
are not as vital for survival as these two and so the big question is: Where can one
readily get the fuel to provide high temperature heat and for lighting at affordable
price? The ideal source would be one that satisfies both needs free of any charge.
Since the application of any energy source requires the use of specially developed
devices such as stoves and lighting gadgets, the next question would be: which
source is readily available at all times to warrant some investment on application
devices? The answers to these questions would determine the source of energy
people would go for not just in the rural areas but also in the urban situations and
this should be the beginning point for a serious energy supply plan. In tropical
Africa, like in any other equatorial region, sunshine is abundant and is received in
sufficient quantities on a daily basis. Globally, the amount of solar energy received
on the Earth’s surface is about 1.73 × 1014 kW, which is about 104 times more than
the world’s annual energy consumption. This means that if efficient conversion
technologies can be developed to harness solar energy then the sun can supply all
the energy needs of the world. For a long time the important role of the sun as an
energy source was limited to communication satellites and general space explo-
ration but the oil crisis of the 1970s brought the realization that it could also be an
important source for both heat and electricity. However, since time immemorial,
ordinary people have depended on the sun for drying agricultural products such as
cereals, vegetables and fish in order to prolong their storage life. But this appli-
cation was treated trivially as a natural process since simply exposing the product to
direct sunlight in an open air without the need to use any special device could
satisfactorily perform it. However, it is associated with product losses and
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contaminations due to wind, birds and animals. Furthermore, the heat is not effi-
ciently utilized because large quantities of heat are lost by convection and radiation.
If special devices are designed to efficiently convert solar energy into heat, then
much higher temperatures can be obtained for a number of applications. There are
also known technologies for converting solar energy directly into electricity, which
can be used for lighting and operation of household appliances. We will discuss
these technologies in the following sections.

6.2.1 Low Grade Solar Heat Applications

Low temperature heat has many applications even in the warm tropical climate.
Some of these include drying of crops, fish and water heating. The economy of East
Africa is based on agricultural activities and therefore food preservation is very
important for individual families and even at the national level. Maize, which is
produced in very large quantities is the source of staple food known as “ugali” in
Kenya. Rice, another cereal crop, is the staple food for most communities living in
the African continent while in some countries such as Uganda and Rwanda, banana
is the common ingredient of daily diet. The preparation of practically all these
staple foods require that the product is first dried and then ground into soft flour.
The drying process needs low-grade heat, which can be and has always been
obtained from sunlight without using expensive devices. In addition to the pro-
cessing requirements, drying of these products down to very low moisture contents
prolong their shelf life. Similarly, the popular Lake Victoria sardine locally known
as “daga” or “omena” and other fish products are highly perishable foods but when
dried down to low moisture content, can be stored in good condition for a long
time. Thus, in the absence of electricity and cold storage facilities, solar drying
becomes an important food preservation technique for the rural communities. Solar
dryers have been developed for this purpose but unfortunately there has not been
any effort on the part of the governments to support or even promote these tech-
nologies despite the fact that the principle of converting light into heat is very
simple. Sunlight that is absorbed by any solid material is converted into heat inside
the material. However, not all light falling on the material is absorbed; while some
are absorbed, the rest are either reflected or transmitted. A transparent material will
transmit most of the incident radiation and is therefore a bad absorber. On the other
hand, a shiny surface will reflect a large fraction of the radiation and is also a bad
absorber. For solar energy conversion into heat, we need a material, which is
opaque and a poor reflector. Once this is achieved, the heat in the material must be
transferred to the location where it is needed e.g., into water, if the intention is to
heat water, or into a room if space heating is the objective. This should be done
without allowing too much heat to be lost in the process. We recall that as the
temperature of a body is increased, without changing the temperature of its sur-
rounding, heat losses through radiation and convection also increase. It is therefore
important that these heat loss processes are suppressed as the solar energy absorber
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heats up. This means that the absorber material must be properly insulated while at
the same time well exposed to receive solar radiation. Naturally the exposed face
will be cooled by convection and radiation and so it must be covered by a material
that would suppress these loses while allowing solar radiation to reach the absorber.
Such a material is obviously glass or transparent plastic sheet with poor trans-
mission of thermal radiation. Figure 6.13 shows a configuration of a simple solar
energy thermal converter commonly known as a flat plate solar collector. The
backside of the collector plate and the sides of the box of a more realistic collector
would be thoroughly insulated to minimize heat losses by conduction. If it is for
water heating then the plate would be connected to a loop of water pipes to carry
away the heat from the plate. If, on the other hand, it is to be used for heating air for
space heating or drying purposes then provision must be made to allow air to pass
over, under or along both surfaces of the collector plate to pick up the heat and
direct the heated air to where it is needed (Fig. 6.1).

For air to move along the heater by natural convection, it has to be inclined to the
horizontal so that the cold air inlet is lower that the hot air outlet. This will allow
warm air, having been heated inside the box, to rise through the box by natural
convection due to reduced density. As the warm air rises, more cold air is drawn in
and the process continues. The sunlight that reaches the box is transmitted through
the cover on to the dark collector plate which then becomes hot and in turn heats the
air. In order to use this heater for drying, it must be connected either directly or by a
duct to the chamber containing the product. The warm air draught through the
system can be substantially improved if the dehydration chamber has a suitably
designed chimney.

Figure 6.2 shows a complete solar dryer designed for dehydration of cereals and
vegetables. When designing the shape of the dehydration chamber, consideration
should be given to the shape of the commonly used grain storage structures in the
African region under consideration. This would make it easy for any local grain
storage builders to construct and maintain the dryers. Farmers in some parts of
Africa use a number varied types of these dryers. At a national level, the govern-
ments are using large oil-fired grain dryers to dry maize and other cereals for
long-term storage. For example, in Kenya, the National Cereals and Produce Board
(NCPB) use large oil-fired dryers at the grain storage facilities located in agricul-
turally high potential areas in the country. Cereals delivered to the national storage
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Fig. 6.1 A simple flat plate
solar collector
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facilities are expected to be dry down to the set level of moisture content. If the
product is wetter than the required moisture content, then the farmer is charged per
moisture content above the set level. The product is then dried using centralized
large oil-fired dryers. To avoid such expenditures, farmers could be encouraged to
properly dehydrate their grains using these effective solar dryers before selling them
to the NCPB. Alternatively, the Board could use large solar tent dryers whose
operations are based on the principles of greenhouse effect. There are other designs
of solar dryers but their modes of operation are basically similar to what has been
described above and practically all of them strive to trap as much solar heat as
possible inside both the heater and the dehydration chamber. The operation of the
dryer will ultimately depend on how carefully the design factors are considered.

A lot of research has been done on various types of solar dryers and the results
led to the development of different dryers. A number of these research activities
were carried out in Kenya and Uganda but, apparently, the dryers proved to be too
expensive for rural farmers. As is expected most of the activities were carried out
without support from relevant government departments such as the Ministries in
charge of agriculture despite the clear evidence that the dryers perform well and
produce better results than the traditional open air sun drying besides reducing
post-harvest losses.

Another important low temperature solar energy application is for water heating.
Like air heaters for drying purposes, solar water heaters also use the simple flat
plate collector described above. Water heaters are normally fixed on top of the roof
to get them out of the way, eliminate the necessity to attend to them and make sure
that they receive maximum solar radiation every day. This means that the water
supply to the building must have high enough pressure to facilitate water circulation
through the heater.

Chimney

Cold Air Intake

Air Heater

Dehydration 
Chamber 

Transparent 
Cover 

Fig. 6.2 Natural convection
solar dryer using a flat plate
solar collector
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The temperatures in the highlands of Africa can sometimes go as low as 14 °C
especially from early mornings to midmornings when most people are at home to
use water. Water heating is therefore necessary in many parts of the region par-
ticularly in hospitals and hotels. Solar water heating technique is slightly different
from air heating method but the basic principles are the same. That is, the system
must be able to trap as much solar heat as possible in the heater section of the
device. The components of solar water heaters are the same as for air heaters but the
design must consider the fact that heat is to be transferred from the collector o
the water. Hot water should then be stored in a storage tank from where it can be
drawn for use. Both the storage tank and the solar collector must be thoroughly
insulated to prevent heat losses through conduction. A common design of solar
water heater is shown in Fig. 6.3. Basically the water heater consists of transparent
cover, flat plate collector under the cover and a hot water storage tank. The function
of the transparent cover is to prevent convective cooling of the flat collector plate.
Sunlight going through this cover is absorbed by the flat plate collector, which
gradually gets heated up. The heat is then transferred to the water inside the pipes
running along the collector plate. The design considerations must ensure that as
much heat as possible is absorbed by the flat plate collector and then transferred to
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Fig. 6.3 A simple solar water heater with a flat plate collector (Photo source http://www.
productreview.com.au/p/solaroz-mains-pressure.html)
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the water in the pipes. The reflectivity of the plate must therefore be reduced as
much as possible. Basically there are two types of solar water heaters: an active one
that uses a pump to create enough pressure for water to flow through the system,
and a passive one that works on the principles of natural convection flow where
heated water, being lighter than cold water, rises through appropriate pipe into the
storage tank. The passive one is usually referred to as Thermo-syphon Solar Water
Heater. The theories that determine these design factors are discussed below.

The absorptance of the collector plate is a very important property for the
performance of any solar heater and if possible the plate should have the following
characteristics

• Low reflectance of solar radiation
• High absorptance of radiation with wave lengths in the range of solar spectrum
• High emittance of the long wavelength infrared radiation

A surface having these characteristics is known as a selective surface. The
technology of producing selective surfaces is well developed and various types of
selective surfaces are in use.

In order to design an efficient solar thermal converter, one needs to thoroughly
understand what happens to solar radiation incident on the device by carrying out a
heat balance analysis. Solar radiation absorbed by the plate should be equal to the
useful heat obtained from the plate plus losses by conduction, radiation and con-
vection. Heat balance analysis for the solar collector can be carried out using the
properties of the transparent cover and the absorber plate. If energy that is reaching
the transparent cover per unit area is I, then Iτc is the transmitted and the amount
absorbed by the plate is Iτcαp, where τc is the transmittance of the transparent cover,
αp is the absorbance of the collector plate and I is the incident solar radiation per
unit area. Heat lost by convection from the plate to the air on the plate surface is,

qh ¼ h Tp� Ta
� � ð6:1Þ

Still in the same direction, heat qr is lost from the plate by radiation:

qr ¼
r T4

p � T4
c

� �
1
ep
þ 1

ec
� 1

ð6:2Þ

On the back side of the plate, heat qk is lost by conduction

qk ¼
k Tp � Ti
� �

xi
; ð6:3Þ
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where xi is the thickness of the insulation and Ti is its outside temperature. Finally,
heat balance equation for useful heat obtained from the plate can now be written as:

Q ¼ Iscap�qh�qr�qk ð6:4Þ

Giving the plate conversion efficiency per unit area as:

gp ¼
Q

Iscap
ð6:5Þ

But the conversion efficiency for the whole solar collector is,

g ¼ Q
I
: ð6:6Þ

Using the flat plate collector as an air heater and inclining it to the horizontal as
shown in Fig. 6.2 enables the dryer system to create a suitable condition for natural
air movement upwards into the dehydration chamber where it picks up moisture
from the wet product. The cool moist air is then drawn by the effect of the chimney
into the atmosphere. The effectiveness of the air heater depends, among other
things, on the convective cooling effect caused by the conditions such as wind.
Therefore when analysing the performance of solar thermal converters, the deter-
mination of the convective heat transfer coefficient is one of the most crucial and
delicate aspects. However, for a well-designed heater this should not be a major
concern.

6.2.2 High Temperature Solar Heat Applications

The low-grade solar heat applications use conversion devices that do not require
any special optical arrangements to increase the intensity of sunlight. To obtain high
temperatures from sunlight, there is need to provide a mechanism for increasing the
intensity of solar radiation reaching the absorber material. This is normally achieved
by using solar reflectors to concentrate radiation on to a smaller area. Thus, all high
temperature solar devices have these concentrators, which are carefully designed to
direct solar radiation to the desired area. As has been mentioned, the rural popu-
lation of the developing countries need high temperature heat mainly for cooking
and therefore solar cookers with appropriate concentrators can meet this require-
ment. There are many shapes of solar cookers using various geometrical arrange-
ments of concentrators. Among these, the box type cooker has been widely
disseminated because of its compact design that makes it easy to transport. Others
that use large parabolic concentrators are more efficient but more difficult to
transport. There are also those very large cookers that are permanently installed for
institutions such as schools and hospitals, which do bulk cooking for a large
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number of people. Such cookers usually use large compound parabolic
concentrators.

Solar box cookers also come in various geometrical shapes. Figure 6.4 is just an
illustration of one type but whatever the shape, they are not as efficient as those that
use parabolic concentrators. The advantage is that they are convenient to use and
transport. The top of the box is covered with a thin sheet of glass to prevent heat
from escaping out of the cooking chamber. Figure 6.5 shows a more efficient
cooker, which is usually larger than the box cooker.

The concentrator structure can be mounted on a frame that allows it to rotate on a
horizontal axis so that it can be adjusted to face the sun all the time. Inside surface
of the parabolic dish in lined with a highly reflective material that redirects sunlight
to the position of the pot. This type of cooker is capable of reaching very high
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Fig. 6.4 Solar box cooker with a flat reflector (Photo source https://www.google.com.au/search?
q=solar+cooker+designs&rlz)
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Fig. 6.5 Parabolic concentrator type solar cooker (Photo source https://www.google.com.au/
search?q=solar+cooker+designs&rlz)
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temperatures that are suitable for cooking many types of staple foods such as
bananas, rice and mixtures of cereals that need boiling only. But it may not be
suitable for preparing foodstuffs that need to be stirred and thoroughly mixed into
solid or semi-solid form. The other disadvantage is that some of the reflected light
may end up on the face and hands of the operator causing discomfort and suffering.
Like box cookers, many of these parabolic cookers are already in use in many parts
of the world as a result of promotional activities of a number of non-governmental
organizations. Countries, which have made significant progress in promoting solar
cookers are India, Pakistan and China.

The African continent is still lagging behind but the potential for their appli-
cation is definitely high and should be exploited. The cookers work well in direct
sunlight and this means that they can only be used during daytime when there is
direct sunshine. Another energy source is required for night time applications
preferably for the final preparation of the food when pre-heating (initial cooking)
has been done by the solar cooker. Except for the high quality reflector material, all
the other cooker materials are cheap and locally available. The construction itself
does not require specialized skills and local artisans can easily reproduce the
cookers from well-designed samples. Unlike the box cookers, parabolic cookers can
be scaled up to any desirable size. If it is necessary to use a large cooker, then it
becomes necessary to design the cooker such that the focal point is far away from
the concentrator. This will make it easy and safe to use since relatively high
temperatures can be achieved from large concentrators. In this case, compound
parabolic concentrators are used to redirect concentrated solar radiation on to the
cooking pot suitably placed inside the kitchen. The temperatures reached and the
generally large focal area of the reflector make it possible to use large cooking pots
that can prepare food for many people. Such cookers, capable of making food for
up to 500 people, have been designed and tested in some parts of Africa. A typical
compound parabolic solar cooker is shown in Fig. 6.6. Government institutions
such as schools, hospitals, village polytechnics, institutes of technologies, and
prisons would be the largest users of these large cookers and therefore for them to
succeed, it is important for the governments to positively promote their use through
effective encouragement of the institutions to invest in them.

The cooking pot is suitably located in the kitchen where concentrated solar
radiation passing through the kitchen window can reach it. Often, the efficiency is
improved by placing additional reflector at the bottom of the cooking pot, which
redirects the already concentrated solar radiation to the bottom of the pot.
Experience has shown that heat from the bottom of the pot is transferred within and
around the pot more effectively than when only one side of the pot is heated.
Cooking in most of the institutions is done during the day and so these cookers can
be very useful. Obviously additional source of fuel would be necessary and indeed
should be available all the time to be used on a cloudy day. Usually a lot of heat is
required to boil water for various applications in the institutions and solar cooker
can easily accomplish this. Since solar cookers can work only during the daytime,
they can be used for boiling water and pre-cooking purposes in order to conserve
biomass and kerosene fuels. These can then be used only briefly during the final
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preparation or warming of food at night. Foods like maize, peas, beans, bananas,
potatoes and vegetables some of which take several hours to cook, require straight
boiling with very little attention. Such foods are common meals in the East Africa
and can be adequately cooked using solar cookers and this would lead to substantial
savings on biomass and fossil fuels.

6.2.3 Solar Electricity

Sunlight can be directly converted into electricity using specially produced semi-
conductor in which the energy barrier between the conduction band and the valence
bands is in the order of photon energy so that the light photon can excite electrons
to jump across the energy barrier onto the conduction band where they become
‘nearly’ free to move and hence create current. This phenomenon is known as
photovoltaic effect and the electricity produced is referred to as PV power. The
process of producing semiconductors of high grade and processing it to finally
become a solar cell that readily converts sunlight into electricity is very delicate and
expensive. It requires expensive high precision equipment. For this reason solar
photovoltaic cells have been too expensive for low-income communities. However,
the advances, which have been made in PV cell production, are gradually making
the technology become more cost-effective at commercial scale than was expected.
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Fig. 6.6 Compound parabolic solar cooker (Photo source https://www.google.com.au/search?q=
solar+cooker+designs&rlz)
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It is hoped that within the next few years, solar PV power will be competitive and
probably the most preferred energy source. These advances in photovoltaic tech-
nology including the development of thin film devices hold the key to new power
supply systems, which could speed up rural electrification in developing countries.
It is important to understand how PV cell evolved in order to appreciate their
potential applications.

6.2.4 The Development of Photovoltaic Energy

Photovoltaic effect was first observed in the second half of the 19th century but the
selenium material which was used could only convert about 0.1–0.2 per cent of the
energy in the incident sunlight into electricity. Attempts to improve this did not
yield any hope for their use as a power source. Moreover, selenium, which is a
copper-ore- based element, was too expensive. It was not until 1954 that a team of
American scientists discovered that a silicon device, which they were testing for a
completely different purpose, produced electricity when exposed to sunlight. They
went ahead and made more efficient solar cells from silicon with a conversion
efficiency of about 1 %. This generated a lot of excitement because, unlike the more
expensive selenium, silicon happened to be one of the second most abundant
elements with a share of about 28 % of the Earth’s crust.

By the end of the 1950s, the conversion efficiency of silicon solar cells had been
increased to just above 10 %. At the same time the first application of photovoltaic
as a significant source of electricity was introduced in pioneer space vehicles. Since
that time, photovoltaic has been used in space satellites for communication and
space exploration in general. For the satellites, the main factors in the application of
solar cells were their reliability, low weight, durability and radiation resistance.
High cost was not of immediate concern since space technology, in general,
involved high expenditures. The first solar powered satellite, Vanguard 1, was
launched in March 1958 with silicon solar cells to power its 5 MW back-up
transmitter. A couple of months later, the then USSR launched a much larger
solar-powered satellite. Since then solar power has been used practically in all
spacecrafts. It would appear that if it were not the timely invention of solar cells,
space exploration would not have progressed at the rate it did. In fact, photovoltaic
was originally intended for use exclusively in spacecraft. Its terrestrial application
was only later recognized when, in 1973, major oil producers in the Middle East
threatened to stifle world economy by restricting oil supply. Sudden attention was
then given to solar cell, and this encouraged the developing countries to also
consider it as an alternative energy supply. They saw in solar cells the possibility of
supplying power to millions of their population who had not been connected to the
national power networks due to the high cost of expanding national grids to cover
remote and isolated rural areas. Consequently, research on solar cell materials was
globally intensified. Today, in addition to silicon, several new materials with higher
solar energy conversion efficiencies have been developed. Some examples of these
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are Gallium Arsenide (GaAs), Gallium Indium Phosphate (GaInP2), thin film cells
based on amorphous silicon (a-Si:H), crystalline silicon, Copper Gallium Indium
Diselenide (CuGaInSe2 or CIGS), Cadmium Telluride (CdTe) and Cadmium
Sulphide (CdS). More recently, new materials have been investigated as possible
candidates for solar cells. Some of these such as single crystal C60 and polycrys-
talline CdSe on tin substrate are used in photo electrochemical solar energy con-
version to produce liquid solar cells (photo electrochemical solar cells). A few other
materials are currently being analysed for their solar energy conversion character-
istics. Among the chemical methods of converting solar energy, those involving
semiconductors in the form of suspensions, monocrystalline, polycrystalline or
amorphous materials and using decomposition of water and production of hydrogen
have yielded some promising results. Thus the material base for solar cell tech-
nology continues to expand. However, the costs associated with the initial invest-
ment in solar energy systems have remained some of the major prohibiting factors
in their rural applications even though they have been confirmed as a commercially
viable sources of electricity.

6.2.5 Cost Reduction Trends of Photovoltaic Devices

The cost of producing a solar cell is mainly determined by the cost of the material
and the technique used in the manufacturing process. Other related costs include the
inherently low efficiencies of, and the increased demand on, the right grade of the
production material. There is therefore a need for further research and development,
which would result into cost reduction to a competitive level with other
well-established power generating facilities. Consider, as an example, solar cell
made out of silicon which is the most abundant and perhaps the cheapest solar
material: metallurgical grade silicon with impurity level of about 1 % has to be
processed to an impurity level of about 10−6 per cent to raise it to a solar grade
silicon, which costs US$ 15–20 per kg. To use this silicon to make a solar cell, it
must be transformed (melted and then grown) into either a single crystal or
multi-crystalline ingot before it is cut into thin slices (wafers) of about 300 μm,
which eventually become the solar cells. This process wastes about 50 % of the
material. Furthermore, in order to obtain the required biases (p- and n-types), the
wafers are doped with another element. At the end of the process the price of silicon
has increased to about US$ 50 per kg while the efficiency remains quite low at
about 13 %. Some improvements have been made in the wafer slicing techniques to
reduce material waste. This led to a reduction of the cell cost, but still not to the
desired level. Fortunately the ingot-wafer process is not the only method of making
solar cells. Another method using thin film technology is steadily gaining popu-
larity. Instead of growing an ingot, silicon or any other suitable material can be
deposited as a thin film onto a substrate and, after appropriate conditioning, a solar
cell can be produced. This technique has several advantages over wafer method
such as material economy, choices of sizes and shapes of the cells and a wide range
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of design flexibilities. There are also many techniques of tailoring materials in this
form for photovoltaic applications. Some of the common methods are:

• Plasma Chemical Vapour Deposition

– High frequency glow discharge
– Direct current glow discharge

• Vacuum Evaporation Method

– Electron beam evaporation
– Reactive laser evaporation

• Sputtering

– High frequency sputtering
– Magnetron sputtering

• Pyrolysis

– Normal pressure chemical vapour deposition
– Low pressure CVD
– Homogeneous CVD

• Photo Chemical Vapour Deposition

These techniques require high precision machines and equipment, which have
proved to be too expensive for the developing countries. They also use a variety of
materials some of which may not be readily available. The materials range from
single element semiconductors (e.g. silicon) to compound semiconductors (e.g.
Gallium Arsenide). The advances in thin film techniques and solar materials
research has been important in semiconductor technology, which contributed to the
progress made in microelectronics used in various communication and data pro-
cessing devices. Mass production of solar cells and the use of new efficient tech-
nologies in the manufacturing process have, over the years, reduced the cost of
photovoltaic to affordable levels. But to make photovoltaic competitive with other
sources of electric power, many manufacturers around the world are continuing
research and development in order to achieve specific cost objectives which will
provide electrical output in the US$ 0.03–0.05 per kW-h range. This will make the
cost of solar power competitive with conventional fossil fuel costs. Studies of PV
systems with reference to their application in Africa indicate that the ratio of the
cost of a PV system to the total generated energy in its normal lifetime ranges from
US$ 0.10 to 0.15 per kW-h. This ratio is expected to decrease in future and is an
indication that photovoltaic home systems will become the most ideal energy for
unplanned randomly scattered homes and villages, which is the typical situation of
African rural settlements. It has also been reported that the worldwide average cost
of grid electricity is about US$ 900 per household. But in unfavourable cases, such
as those prevailing in Africa, with long distances, difficult terrains and low popu-
lation densities, power line for one household costs a lot more. In this case, grid
extension costs about US$ 10,000 per km. On the other hand a solar home unit,
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large enough to power a radio, black-and-white television and three light points,
would today cost less than US$ 500.

6.2.6 Properties of Solar Cell Materials

The conversion of sunlight directly into electricity is based on the band theory of
solids, which considers a crystal as an assembly of atoms arranged in a regular
pattern to form the solid substance. Atomic nuclei in this orderly arrangement can
vibrate at a fixed point without moving to other positions in the crystal. Electrostatic
force keeps electrons closely attracted to their nuclei but the outermost electrons can
behave as if they do not belong to any particular atom, but to the crystal as a whole.
A material with such ‘nearly’ free electrons is a good conductor of electricity
because any additional energy supplied to the material in the form of electromotive
force will cause electrons to move. However, some materials do not have these free
electrons but it is possible to create them by supplying some amount of energy to
the material. This means that electrons are in some defined energy states and to
change their state so that they become ‘free’, addition energy from an external
source is required. Some materials, known as semi-conductors, require just a small
amount of additional energy while others that require large energies are known as
insulators. Semiconductor property is more suitable for the conversion of sunlight
photon energy into electricity through a process in which the photon interaction
with electron inside a material excites the electron to jump from its energy state to a
state for free electron. To make the material to operate as a solar cell, there must
exist a condition, which prevents the electrons from internally returning to their
original energy states.

The problem is that there are no natural materials with these properties and
therefore suitable semiconductors must be artificially made for solar energy con-
version purposes. We shall consider a process of making such semiconductors from
silicon. Silicon can be obtained from sand and the convenient material to start with
is silicon dioxide in the form of white quartzite sand, which is melted in an electric
arc furnace. Carbon arc reacts with oxygen in the silicon dioxide to form carbon
dioxide and molten silicon. The obtained molten silicon is of metallurgical grade
with 1 % impurity but still not pure enough to make solar cells. It has to be purified
further to semi-conductor grade silicon and this is achieved by thermal decompo-
sition of silane or some other gaseous silicon compound. A seed rod of pure silicon
is heated red-hot in a sealed chamber. Purified silicon compound is then admitted
into the chamber and when the molecules of this compound strike the pure silicon
rod, they break down to form elemental silicon, which builds up on the rod as a
pure silicon crystal. When the rod has grown to the desired size, it is removed and is
ready to be made into single-crystal solar cells.

Another silicon purification method is known as zone refining in which a rod of
metallurgical grade silicon is fixed in a machine with a moving induction heater
coil, which melts a zone through the entire rod, starting at the bottom and slowly
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moving to the other end. As the coil moves, the front edge of the melting zone
continues to melts while the rear edge solidifies. The impurities are excluded from
the solidifying zone and are dragged along by the melting zone so that, finally, the
rod is pure except the last end, which can be discarded. Both these methods require
controlled environment and accurately maintained uniform process rate. The actual
process of making a solar cell now begins with the obtained pure silicon. First, the
pure silicon ingot must be sliced into thin slices known as wafers, and then a
junction must be created in the material to separate the electrons from the holes so
that internal recombination process does not occur. On one side of the cell, we
should have a p-type of material and on the other, an n-type so that one donates
electrons while the other accepts them. The actual junction must be a region where
there are no electrons or holes and is sometimes referred to as the depleting layer.

The creation of p- and n-types semiconductors is done through a process known
as doping in which a chosen impurity, e.g., boron or phosphorous is added into the
silicon very carefully and in a well-controlled manner. When forming a junction,
usually p-type silicon is obtained by adding boron atoms during crystal growth.
Later, phosphorous atoms are added on top of the p-type silicon such that there are
more phosphorous atoms than boron. This process will produce an n-type layer and
a p-n junction is formed. This process can be achieved in a high temperature
diffusion furnace having a gas of the dopant. Dopant atoms strike the surface of the
semiconductor and then slowly diffuse into the material. If the temperature and the
exposure time are properly controlled, a uniform junction would be formed at a
known distance inside the cell. But this is not the only method of creating a p-n
junction, there are other methods including bombardment of the silicon with ions of
the dopant. In this case, the desired penetration depth is achieved by controlling ion
speeds. Having made the cell, the next step is to connect the cells together and also
provide leads to facilitate the completion of the electric circuit. All points joining
one component to the other must be ohmic contacts that do not impede the flow of
electrons into or out of the cell.

The p-type and n-type semiconductors form the structure represented in Fig. 6.7,
such that the Fermi levels line up. When this is done, there emerges a difference in
the vacuum zero levels for the two types of semiconductors. This represents the
built-in potential that now exists because of the difference in the work functions of
the two semiconductors. When sunlight falls on the cell as indicated, those light
photons with energies greater than the band gap excite electrons from the valence to
the conduction band and create hole-electron pairs. The electron, having been
excited into the conduction band, moves into the depletion layer and ‘slides down
hill’ towards the front of the layer. The result of this movement is equivalent to a
hole ‘rising up-hill’ like a bubble into the p-layer. The accumulation of electrons
and holes on the opposite sides of the depletion zone is made possible by the
electric field that exists in the zone and this is the process that makes it possible for
current to flow through the cell in one direction. Electron-hole pair created away
from the junction will, due to the junction field, drift towards the junction and cause
current flow as described above. The junction is simply a barrier between electrons
and holes.
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A barrier made by doping the same material like the one described above is
known as a homo-junction. There are other types of barriers that are normally used
for solar cells. Some of the common ones are heterojunction, heteroface junction
and Schottky barrier. A homo-junction is a p-n junction of the same semiconductor
material. Heterojunction is also a p-n barrier created between two different semi-
conductor materials one of which may have a larger energy gap than the other.
Heteroface junction is similar to a homo-junction but with an additional window
layer of a larger band gap while the Schottky barrier is a metal/semiconductor
junction.

6.2.7 Solar Cell Characteristics

We have discussed some of the processes of developing material properties that are
required in order to convert sunlight directly into electricity. The most crucial
aspects are, (i) the creation of a barrier layer or junction and, (ii) the energy gap
between the valence and conduction bands. These are the features that determine
the conversion efficiency of a cell as we shall soon find out. First we need to know
how much of the incoming solar radiation participates in exciting electrons from the
valence to the conduction band so that they become ‘free’ to move and hence create
current. The energy in the rays of sunlight is limited to the photons with
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Fig. 6.7 A simplified representation of a solar cell
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wavelengths ranging from 0.2 to 3 μm, which correspond to an energy range of
about 10–0.6 eV. The intensity however is very low at both ends of the spectrum
particularly in the infrared region (Fig. 6.8).

The energy of the radiated solar photon is given by E = hν = hc/λ, where h is
Planck’s constant, c is the speed of light and λ is the wavelength. The relationship is
used to determine the photon energy that is likely to excite electrons to cross from
the valence to conduction bands. From Fig. 6.8, it is clear that most of the radiation
fall within wavelengths from 0.4 to 0.8 μm with most photons having energies
ranging from about 2 to 3 eV. This means that the cell energy gap (energy gap
between conduction band and the valence band) must be less than 3 eV if sufficient
quantities of electrons are to be excited by the light photon to produce some
significant current. It is immediately clear that some of the photons in sunlight will
not be able excite electrons because the energy gap of the cell is larger than the
photon energy. Small band gaps increase reverse current and decrease the voltage
from the cell and therefore they are not suitable. On the other hand, large energy
gaps decrease reverse current and increase the voltage obtainable from the cell, but
photo-generated current is reduced. Experience has shown that band gaps of 1.4–
1.5 eV are the most suitable for solar radiation spectrum. This, however, is an ideal
gap range, which is not easy to achieve. Therefore light photons with wavelengths
greater than 1.0 μm, and hence energies below this range, cannot take part in the
conversion process. In reality, a lot more light photons than this do not participate
in the conversion of sunlight into electricity. Some light rays are reflected while
some do not strike electrons in the cell. There is also recombination of some excited
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electrons with the holes. All these processes significantly reduce the conversion
efficiencies of solar cells and are the reasons why it is difficult to produce PV cell
with efficiencies as high as 40 %.

6.2.8 Recombination of Electrons and Holes

We shall now consider recombination process in more details. When an electron is
excited and moves to a higher energy level, it leaves a hole behind and would be
unstable in its new state. The tendency for this electron is to drift and eventually go
back to its more stable state. The time an electron takes before it recombines is
known as relaxation time, τ, having moved a typical distance (diffusion length), L,
through the crystal lattice. If the material is pure, the relaxation time can be as long
as one second. For a doped material, this time is short and may range from 10−2 to
10−8 s. The probability per unit time of a carrier recombining is,

pðsÞ ¼ 1
s

ð6:7Þ

For n electrons, the number of combinations per unit time is n/τn and for p
carriers it is p/τp. At equilibrium in the same material, these re-combinations should
be equal

n
sn

¼ p
sp

ð6:8Þ

which means that

sn ¼ n
p
sp; and sp ¼ p

n
sn: ð6:9Þ

Thermally generated carriers diffuse through the lattice down a concentration
gradient dN/dx to produce a current density, in the direction of x,

Jx ¼ �D
dN
dx

; ð6:10Þ

where D is the diffusion constant.
Within the diffusion time, τ, the diffusion distance, L, is given by Einstein’s

relationship:

L ¼ Dsð Þ12: ð6:11Þ

For a typical diffusion length for minority carriers in a p-type silicon for
which D ≈ 10−3 m2 s−1 and τ ≈ 10−5 s, the diffusion length is
L = √(10−3 × 10−5) = 10−4 m = 100 μm. It should be noted that L ≫ w, where w is
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the junction width of a typical p-n junction making it possible for most carriers to
drift to the junction and even go through it before recombining.

6.2.9 Solar Cell Efficiency

The power of the cell is determined by the product of its current and voltage, which
mutually depend on each other as shown in Fig. 6.9. Since power is given by the
area under the curve, a powerful cell must have as large an area as possible. Both
current and voltage should therefore have high values whose product gives the
highest possible area. This is the peak power of the cell. Evidently, the area given
by the peak power does not fill the total area enclosed by the current-voltage
characteristic curve because peak power occurs at a combination of voltage and
current that are lower than open circuit voltage and short circuit current
respectively.

The highest possible current is the short circuit current, Isc, while the maximum
voltage is the open circuit voltage. Maximum power is when the product of current
and voltage is maximum and is represented by a point on the curve marked Im and
Vm. The efficiency of the cell is therefore defined as this product divided by solar
radiation incident on the cell. A factor known as the fill factor (ff) is given by the
ratio of the peak power to the product of the short circuit current, Isc, and the open
circuit voltage, Voc.

ff ¼ ImVm

IscVoc
ð6:12Þ

The conclusion we can make from these solar conversion parameters is that high
efficiencies of the cells would be difficult to achieve without radiation concentration
mechanism. At present operational or module efficiencies are in the range between
7 and 14 %. However, laboratory cell efficiencies of double this range have been
achieved. It is of course necessary to understand these theoretical analyses of solar
cells to be able to follow the discussion on practical production methods one of
which is given in the next section.
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Current, I
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Im
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Fig. 6.9 The current-voltage
characteristics of a solar cell
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At the application level, solar photovoltaic panels provide the user with a
number of options but the most important aspect is that the user can choose to
gradually build the system from a small unit to a large while using it. This means
that one can start with a small system that supplies power to the lighting system
only. After saving more money, additional panel and battery can be purchased so
that there is enough power for both lighting and a radio or a television. More
components can be added as money becomes available until finally the user can
power all household appliances including lighting. For example, in Fig. 6.10, the
number of solar panels can be added to provide adequate power for the load. This
modular nature of photovoltaic systems is an aspect that can effectively take care of
the generally low income of the rural communities if they are encouraged to “begin
small” and grow at one’s own pace without sacrificing other family requirements.

A working solar electricity generator must have the panel, which is an array of
solar cells and is the source of electricity. When sunlight reaches the cells, electrons
are forced to move from their low energy levels to higher levels inside the cells
creating current through a suitably designed circuit. The flow of current will only
continue as long as the panel is exposed to sunlight and this means that an elec-
tricity storage system must be provided for night use. The batteries fulfil this
requirement; they are charged during the day and at night they are used to provide
the required electricity. A charge controller is connected between the batteries and
the panels to prevent the batteries from overcharging and hence protect them and
prolong their lives. Both the batteries and the panels produce direct current but most
modern household appliances operate on alternating current. For this reason a DC
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water pump etc)
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DC to AC 
INVERTER
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Fig. 6.10 Components of a photovoltaic power system
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to AC inverter may be used to convert some of the battery’s DC voltage to AC
voltage in order to power those appliances that use AC. If the system is used for
lighting only, then there is no need to have an inverter and if the battery storage is
large compared to what the panels can produce at any given time, then the use of a
charge controller may not be necessary. Thus the basic mandatory components are
the panel and the battery.

The high cost of the panel has been the major prohibiting factor in the use of
solar electricity systems. However, as the costs of solar panels continue to decrease
and, given this up-grading feature, solar electricity will be the best option for rural
electrification. Furthermore its low voltage makes it safe to use in most rural houses
in their present conditions. More than 90 % of rural residential buildings are not
suitable for high voltage electricity sources and this is a fact that has not been
addressed by national grid power providers. Water leakages and structural damages,
which are common occurrences in many residential buildings would have grave
consequences if connected to high voltage national grid power. In fact the rate of
power interruptions and power related deaths would increase sharply.

Solar electricity is the solution to all these. The advantage that solar systems
already have in East Africa is that the market is already well developed and
practically all system components are available in the major towns. They are
already in use in a number of households as well as remote establishments such as
schools, missionary centres, hotels, dispensaries and other health facilities where
they are used for lighting and to power vaccine refrigerators, telecommunication
facilities, water pumps etc. The number of households using solar PV systems is
also steadily growing. Figure 6.11 shows options available for installing solar
panels in a building.

Besides photovoltaic technology, there is another method of generating elec-
tricity using solar energy heating characteristics. This involves the use of large
mirrors to concentrate sunlight onto a receiver that heats gas and generates steam

Fig. 6.11 Solar PV panel in use in buildings
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for turning a generator turbine. While this should also be considered, more attention
should be given to production of electricity from photovoltaic solar cells.

6.2.10 Solar Cell Production Method

In order to appreciate the complexity of making solar cells and properly understand
how solar cells work it is important to know about the nature of sunlight, its
radiation spectrum and possible changes due to a number of atmospheric factors.
The next equally important knowledge is the understanding of how materials react
to sunlight. This is covered by modern solid-state theory and the band model of
semiconductors, which give information on how the photon energy of sunlight can
be transferred to electrons in the solid material so that they acquire enough energy
to move from one area to another inside the material. The electrons occupy various
energy levels in the material and therefore only some of them are able to get enough
energy from sunlight to move. Thus, in terms of solid-state theory, there are many
factors that influence solar cell efficiency. Some of these include the size of band
gap, electron-hole recombination centres and reflectivity of the material. However,
the knowledge of materials science and the nature of radiation from the sun are just
the basic requirements.

The process of making solar cells from suitable materials is more complicated
energy consuming, and expensive. This section gives, as an example, one technique
for making solar cells from silicon. Silicon is one of the most abundant and rela-
tively cheap materials for making solar cells. It is present in most rocks and min-
erals but the convenient starting material is silicon dioxide in the form of white
quartzite sand. This sand can be reduced to silicon by melting it during which
oxygen in silicon dioxide reacts with the carbon to form carbon dioxide and molten
silicon. An electric arc furnace can be used to achieve this reaction, which produces
metallurgical-grade silicon with about 10 % impurities. Such silicon has many
applications in steel and other industries. However, its level of impurities is still too
high for use in electronics or solar cell industry. The next stage is to produce
semiconductor-grade silicon by adding a small percentage of dopant atoms in the
silicon crystal lattice. In order to achieve this, the number of impurity atoms in the
molten silicon must be small compared to the number of dopant atoms. This means
that the silicon must be hyper pure and the most common method of producing this
quality of silicon is by thermal decomposition of silane (or gaseous silicon com-
pound). A seed rod of ultra-pure silicon is heated red-hot in a sealed chamber in
which a purified silicon compound is admitted. When the molecules hit the hot pure
silicon, it is broken down to form elemental silicon which builds up on the pure
silicon rod up to the desired size and then removed.

Another purification method known as zone refining uses a rod of
metallurgical-grade silicon with a moving induction heater coil. The coil melts the
rod progressively as it moves from the bottom of the rod to the top. Silicon that
melts at the top edge of the zone solidifies at the bottom edge. As the liquid
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solidifies, impurities are excluded from the new crystal lattice and the molten zone
picks and sweeps them to the top of the rod from where they can be discarded. Both
these purification methods produce semiconductor-grade silicon but are expensive
making and so the resultant product is also expensive. This is, however, the material
that can be used to make solar cells but it has to be processed further in order to
acquire the required properties for an electric cell.

The boundaries between silicon crystals act as traps for electrical current and
therefore these boundaries should be removed. This means that the multi-crystalline
silicon should be grown into a single crystal without any boundaries. This can be
done by dipping a seed crystal into a crucible of molten silicon and slowly with-
drawing, pulling a large round single crystal as the molten silicon solidifies. This
process is carefully controlled under predetermined withdrawal speed and tem-
perature of the molten silicon to produce a crystal of desired size which would also
depend on the size of the pulling machine and the amount of silicon the crucible can
hold. This method of growing crystal is known as the czochralski process.

A small amount of dopant material can be added to the single silicon crystal
during its growth in order to produce the required electronic properties. Usually
boron is used as the dopant so that a deficiency of electrons is created in the crystal
to make it a p-type semiconductor.

Since the cell is “energized” by sunlight, which can only penetrate a small depth
of the silicon, the cell must be extremely thin. The bulky single crystalline p-type
silicon material must be sliced into very thin wafers of thickness in the order of
300–500 microns. A special cutting machine with cooling lubricant is used to
produce the slices (wafers). This method is obviously wasteful and a significant
amount of silicon is converted into dust. The surface of the wafer is then polished
using fine abrasives or chemical etching. A number of various surface treatments
have also been developed.

Finally the top half of the silicon semiconductor is made n-type by incorporating
more phosphorus atoms than boron atoms. Excess phosphorus atoms at the top
layer and boron atoms at the bottom layer creates a p-n junction in the material with
excess electron and holes in the phosphorus and boron layers respectively. The
addition of phosphorus is done by placing wafers in a diffusion furnace and heating
them to a high temperature in the presence of phosphorus gas. The process is
carefully controlled under suitable temperature and time of the exposure in order to
form a uniform junction at a known depth inside the wafer. Normally wafers are
sealed back to back so that the backs are protected from receiving diffusing
phosphorus atoms. There are other methods of forming front junctions, e.g., by ion
implantation in which the penetration depth is determined by controlling the speed
of the ions hitting the wafer.

The formation of the junction completes the solar cell manufacturing process and
what remains is to provide the circuit through which electric current can flow. Since
single cells are very small and have relatively low voltage, it is necessary to join
several cells together to produce the required peak power. The cells can therefore be
connected in series or in parallel or a combination of these in order to produce the
so call PV module of the desired peak voltage. Since the cell’s potential difference
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exists between the front and back sides, the connections to the circuit have to be
done at these surfaces. Both the front and back contacts must adhere very well to
the cell and must be ohmic contacts with as low resistance as possible. The cell
should receive as much direct sunlight as possible and, in this regard, the front
contract should not prevent sunlight from reaching the cell. On the other hand, the
back contract can be a solid metal coating, since light does not have to pass through
this surface. In fact a reflective coating to reflect light back into the cell would be
better. There are many methods and materials used in producing back and front
ohmic contracts.

Silicon out of which the cell is made can reflect as much as 35 % of the sunlight
falling on it, reducing the amount of light that could have generated electricity. This
property makes it necessary to coat all cells with anti-reflection coating, which must
be highly transparent to allow sunlight to reach the cell and initiate flow of electric
current and therefore they are usually very thin, typically less than 0.1 micron
(100 nm) thick.

There are many materials used for antireflective coating including silicon
monoxide, silicon nitride and titanium dioxide and can be applied to the silicon cell
using appropriate vacuum coating process such as vacuum evaporation or sput-
tering. Some high quality antireflection coatings are made up of three or more layers
(multiplayer) and can reduce reflection down from about 35 % to less than 2 %.
Thus, in general, the silicon solar cell is a pair of p-and n types semiconductors with
the following characteristics: Junction that separates electrons and holes; ohmic
front and back contacts and antireflection coating. Using the front and back con-
tacts, several cells can be connected together to form a photovoltaic (PV) module or
panel of desired peak power.

Solar electricity obtained from PV panel can be used for a number of purposes.
Its application is especially appreciated in circumstance for which electricity from a
centralized facility is not convenient or safe to use. Some of the examples of
application of PV electricity include water pumping, street and domestic lighting,
provision of light for fishing of Lake Victoria sardine at night and powering
domestic appliances. One outstanding feature of solar electricity is that it can be
generated where it is needed, enabling many households far from grid power line to
use electric appliances including vital communication devises. Solar cell modules
are reliable, quiet and most economical when supplying small amounts of power for
lighting, radios, televisions, and a variety of small machines. Using solar cell
modules as source of power for electric fences is rapidly becoming popular in the
wake of increased insecurity and the need to effectively confine wild animals to
designated game parks. More detailed information on semiconductor properties and
solar energy conversion principles discussed in Sect. 6.1 can be found in many
books and publications [2, 8–10, 14, 15].
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6.3 Wind Energy

Like solar, no country can claim to have no wind. It is everywhere but the only
problem is that it is present in varying intensities that also depend on the seasons of
the year for the particular location. Harnessing wind energy thus requires an
accurate assessment of the annual wind regime for the location. East Africa has
suitable wind regimes for various applications such as water pumping, grain
grinding, and electricity generation. Wind machines that are installed in the region
are working well—a clear prove that the region’s wind energy can be successfully
harnessed. The region also has reputable wind machine manufacturers with guar-
anteed after-sales service and maintenance. However, these manufacturers are too
few and cannot effectively cover the whole region. Furthermore, the near-monopoly
situation also makes their products too expensive and, wind turbines being heavy
and bulky, is too costly to import. There is need to develop local capacity in the
design, manufacture, installation, and use of wind machines.

6.3.1 Wind Energy Technology

Wind is air in motion and therefore has kinetic energy, which can be tapped and
converted into other forms of energy. To do this, appropriately designed machine is
needed to convert linear motion of the wind into a rotary motion, which can be
linked to a generator to produce electricity. Wind energy has been harnessed for
over 5000 years when the Egyptians used it to sail their ships on river Nile. The
Persians (area now occupied by Iran) later used wind energy to grind their grain. In
the American continent, the earlier European settlers used windmills to grind grain,
pump water, and also cut wood in timber factories but it was not until the 17th
century when Holland used wind energy in large scale to power industrial pro-
cesses. As the technology was perfected, wind became an important source of
electricity for rural communities. But as knowledge of generating electricity from
other sources increased and more effective transmission technologies developed, the
use of wind also declined and more technologies were developed on the basis of the
new sources of energy such as oil-based fuels and nuclear energy.

However, the world soon realized that over reliance on oil was risky as it could
be depleted in future. In addition, its use was strongly linked to undesirable envi-
ronmental impacts, which needed to be checked and so attention was again turned
to the search for alternative sources of energy and wind again became an important
alternative. Today, wind generators are a common site in many countries such as
Germany, USA, Denmark, India, Spain, Holland and UK. Several other countries
including China, Sweden and Canada also use a significant number of wind
machines to generate electricity. Wind energy is converted to electric energy in two
main stages. The first stage is to use the kinetic energy of the wind to turn a turbine.
The circular motion of the turbine is then used to rotate the coils of conducting
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loops of wire inside a magnetic field in order to produce electricity. The rotational
speed of the wind turbine is not constant since it is directly proportional to the wind
speed which varies from time to time. At some times, there may be no wind at all or
wind speed may be so slow that it cannot turn the turbine blades. The generator on
the other hand requires high rotational speeds and so it is usually necessary to use
gears between the turbine and the generator in order to achieve the required rota-
tional speeds. The number of revolutions per minute (rpm) of a wind turbine rotor
can range from 40 to 400 rpm while generators normally require rotational speeds
ranging from 1000 to 2000 rpm and this is achieved through the gear-box
transmission.

The generator can produce either Alternating Current (AC) or Direct Current
(DC) depending on whether rings or commutators are used to pick the generated
voltage. Whatever the case, the generated electricity must be regulated to the right
voltage and, in the case of AC, to right frequency to suit the final application.
Some DC wind generators do not use gear transmission systems but this means that
larger generators are needed for the same power output. These are the direct drive
systems. In general, the blades of the wind turbine must efficiently use the power in
the wind to turn and therefore each blade must not disturb the wind for the next
blade but should be long enough to capture as much wind as possible. The mini-
mum interference requirement puts a limit to the number of blades that a turbine can
have and so most wind turbines have only two or three large blades. Some large
wind machines have blades with sweep diameters of 20 m or more mounted on
towers rising to 70 m and above. However, the major design considerations are
related to the required speeds for the prevailing wind regime in the area and the type
of wind machine that would suit the final application.

There are only two main classes of wind machines: vertical axis and horizontal
axis. A vertical axis machine rotates on an axis that is perpendicular to the ground
while horizontal machine rotates on an axis that is parallel to the ground. There are
a number of available designs for both types. However, due to some operational
requirements, vertical axis machines are not commonly used but they are available.
The basic vertical axis designs are the Darrieus, the Savonius, the Musgrove, the
Giromill and Evans types. The widely used types are the horizontal axis types in
which the blades can be upstream or downstream of the wind flow in relation to the
position of the tower. If the wind reaches the blades before passing the tower, then it
is an upstream machine. In this case it is usually necessary to have a tail vane to turn
the blades to face the wind all the time. There are many different mechanisms for
turning the blades to position themselves for maximum power extraction. Crucial
design considerations for these machines are the cut-in speed and the cut-out speed.
If the wind speed is too low for the machine to generate any usable power, then it
should stop rotating or rotate but not generate power. As soon as the wind speed
picks up above a certain minimum, the blades should turn and generate power. This
minimum speed is the cut-in speed for the turbine and is typically between 3 and
5 ms−1 depending on the size of the turbine and power generation range. On the
other hand, wind speed can be so high that it can damage the machine and in this
case the turbine shuts down and cease to generate power. The speed at which this
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occurs is called the cut-out speed and is typically between 20 and 40 ms−1. This can
be achieved in a number of ways such activating automatic brake using wind speed
sensor, or pitching the blades to pick less wind, or by activating special mechanisms
to turn the blades away from the wind. Normal wind machine operation then
resumes when the wind speed drops down to a safe level. The other design factors
are presented in the following theoretical analysis. The theory of wind energy
conversion is best understood from the basics of Linear Momentum Theory.

In the unperturbed state, wind has kinetic energy per unit time (power), Po,
which can be expressed in terms of its mass flow rate.

Po ¼ 1
2
qA1uou2o ¼

1
2
qA1u3o: ð6:13Þ

This is the power in the wind for an ideal case. A1 is the cross section area and uo
is the undisturbed wind speed. The real case is different since the presence of the
turbine in the wind affects the immediate up-stream and down-stream velocities and
therefore there is change of pressure. It is the magnitude of these changes that
determine how much power would be extracted from the wind. Consider a case in
which the turbine is located at position one and covers a disc area, A1 (Fig. 6.12).
The thrust or force on the turbine per unit time is,

F ¼ _muo � _mu2 ð6:14Þ

It is assumed here that the wind speed, u1, is uniform so that the power extracted
by the turbine is,

PT ¼ Fu1 ¼ _m uo � u2ð Þu1 ð6:15Þ

This should be equal to the energy lost by the wind per unit time, which is given
as,

Pw ¼ 1
2
_m u2o � u22
� � ¼ PT ¼ 1

2
_m u2o � u22
� � ð6:16Þ

Ao

uo

A1

u1

A2

u2Position of the wind turbine

Fig. 6.12 Wind perturbation
due to the presence of the
turbine
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The velocity at the turbine, u1, has been eliminated by the fact that when we
equate power extracted by the turbine to energy lost by the wind, we find that this
velocity is:

u1 ¼ 1
2

uo þ u2ð Þ: ð6:17Þ

According to this Linear Momentum Theory, the air speed through the disc
covered by the rotating turbine cannot be less than half the unperturbed wind speed
since this speed, u1, is more or less the average of the sum of the unperturbed
upstream and downstream velocities. It can however, be equal to half the unper-
turbed upstream velocity if air leaves the turbine with zero velocity, a situation that
is practically not possible because the wind must continue to move away from the
turbine to prevent excessive back pressure that could stall the turbine.

Mass of air flowing through the area of the turbine per unit time is,

_m ¼ qA1u1 ð6:18Þ

Giving power extracted, PT

PT ¼ qA1u
2
1 uo � u2ð Þ ð6:19Þ

But u2 can be expressed in terms of uo and u1 as: u2 = 2u1 − uo, and if this is put
in Eq. (6.15), then power extracted is,

PT ¼ 2qA1u
2
1 uo � u1ð Þ ð6:20Þ

We have seen that the presence of the turbine interferes with the speed of the
wind both upstream and downstream. This interference must be included in the
design considerations and therefore must be properly understood. It should also be
remembered that the fact that wind speed through the turbine cannot be less than
half of that of the unperturbed wind means that there is a limit to the power that can
be extracted from the wind. Moreover enough power must be left in the wind to
enable it to continue moving downstream. To analyse all these, let an interference
factor, a, be defined as a fractional wind speed decrease at the turbine and use it to
define the power extraction limitations.

a ¼ uo � u1
uo

; ð6:21Þ

which gives u1 = uo(1 − a) so that ½(uo + u2) = uo(1 − a). The factor, a, can now be
expressed in terms of uo and u2 which can be easily measured.
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a ¼ 1
2

uo � u2
uo

� �
ð6:22Þ

This factor, which is also referred to as the perturbation factor, is introduced into
Eq. (6.20) to obtain,

PT ¼ 1
2
qA1u

3
o 4a 1� að Þ2
h i

ð6:23Þ

The term outside the square parenthesis is obviously the power in the unper-
turbed wind at the turbine, that is, the maximum power that could be delivered to
the turbine by the wind if the turbine did not interfere with the wind motion. Clearly
the term inside the square parenthesis is the power extraction coefficient.
Equation (6.23) is now written in terms of the power coefficient, Cp, and the
unperturbed wind power, Po.

PT ¼ 4a 1�að Þ2Po ¼ CpPo ð6:24Þ

It is important to know the value of the perturbation factor, a, for which max-
imum power extraction would be achieved. This would occur at a suitable value of
a when the gradient dCp/da is zero—a condition that gives a = 1/3. This value of the
perturbation factor gives the maximum value of the power coefficient; Cp ≈ 0.59,
and this is the Betz criterion. It means that only about half of the power in the wind
can be extracted because wind must have kinetic energy to leave the turbine. The
Betz condition applies to an ideal wind machine. Practical machines, however,
convert less energy than this because of aerodynamic imperfections, mechanical
and electrical losses. The actual power extracted would be less than that calculated
using Linear Momentum Theory and depends on the type and details of the design
and operating conditions. One of the most important design considerations is the
rated wind speed. That is, the lowest wind speed at which full power output is
produced by the machine. The output at any higher speed than this is controlled to
this level. Thus wind turbines having about 2 m length of turbine blade (sweep
diameter of 4 m) would be rated between 1.5 and 5 kW depending on the actual
rated speeds which are usually less than 14 ms−1. Medium size units with sweep
diameters of about 15 m are usually rated at about 100 kW, while large turbines
with sweep diameters of about 60 m are usually rated between 2 and 3 MW.
Practically it is uneconomical to design for rated wind speeds much greater than
15 ms−1. Since wind power is proportional to the cube of its speed, it is this speed
that is of prime consideration in turbine design. Its annual average, distribution or
frequency of occurrence is of great importance in assessing the energy potentiality
of the site. Thus wind speed measurements should be analysed and presented in the
form of a velocity-duration curve or velocity-frequency curve. The general forms of
these curves are shown in Figs. 6.13 and 6.14.

This curve shift the position up or down along the wind speed axis depending on
the wind speed distribution at the site.
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Velocity frequency curves have different shapes and maxima that depend on
wind speed distribution. In the case presented in Fig. 6.14, the most frequent speed
is 8 ms−1. It is generally lower than the mean velocity and as the mean velocity
increases, duration of most frequent velocity decreases but the area under the curve
remains constant. Curves showing how the most frequent speeds vary with varia-
tion of annual mean speeds are also useful and represent different sites in a given
region. All these information on wind regime for a particular area is important for
the design of a suitable wind turbine. Rated wind speed is always between cut-in
wind speed and furling wind speed. Thus variations of wind speeds for daily,
monthly, and yearly periods must be considered. Apart from wind regime con-
siderations, there are other factors that influence the choice of a suitable site for
wind machine. Such factors include accessibility to the site with heavy loads such
as distance from railway line or main roads, distance from electricity supply line or
demand concentration. The nature of the ground also affects the cost of construction
of the foundation. Figure 6.15 shows a typical two-bladed wind machine.

As has been mentioned above, there are a number of factors that must be con-
sidered when designing a wind machine. More of these design considerations are
discussed below including the factors that determine the number of blades a par-
ticular wind turbine should have. This is important because the presence of the
turbine also interferes with the smooth flow of the wind.

The wind speed drop across the turbine causes pressure difference between the
immediate upstream and the near downstream. Let us consider this pressure drop,
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ΔP, and the axial thrust, FT, (that is, the force along the axis of the turbine). The
pressure drop is:

DP ¼ 1
2
q u2o � u22
� �

; ð6:25Þ

which gives maximum value when downstream velocity is zero. The maximum
force on the turbine (the thrust) is

gp ¼
Q

Iscap
; ð6:26Þ

which is equal to loss of momentum of the wind when u2 = 0. Under conditions
when u2 ≠ 0, the axial thrust is

FT ¼ qA1u1 uo�u2ð Þ: ð6:27Þ

Blade 
sweeping
diameter

Rotor blade

Gear Box Generator

Power cables

Transformer

Power line

Fig. 6.15 A two-bladed horizontal axis wind generator (the figure is not drawn to scale. The tower
is usually several times taller than the blade sweep diameter)
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Both u1 and u2 can be replaced by u1 = uo(1 − a) and u2 = uo(1 − 2a) to obtain

FT ¼ 1
2
qA1u2o 4a 1� að Þ½ � ¼ CFFTmax ð6:28Þ

The quantity outside the square parenthesis is the force hitting the area cut by the
rotating turbine, and the quantity inside the square brackets is the coaxial force
coefficient, CF. The maximum value of coaxial force coefficient, CF, occurs at a
particular suitable value of a, when the gradient, dCF/da = 0. It is found that this
happens when a = ½ and CFmax assumes the value of one. This condition implies
that u2 = 0, a situation which is not permitted for the reasons given above. However,
we already know that maximum power extraction is when a = 1/3, and this corre-
sponds to CF =

8/9. Thus for practical maximum power extraction, the coaxial force
coefficient is not unity but 8/9. Note the difference between co-axial force coeffi-
cient, CF and power coefficient Cp and that although their values depend on
perturbation factor, a, they take different maximum values. All these factors and
limitations must be considered when designing a wind energy conversion machine.
There are other design considerations, which are not discussed at this stage.
However, for small wind machines designed to generate electricity, the hub of the
rotating blades is directly coupled to the rotor of the generator.

It must be remembered that the linear kinetic energy of the wind has to be
converted into rotary motion of the turbine. This means that the wind must turn the
turbine. Thus the torque causing rotational shaft power should be determined in
order to ascertain whether or not a given wind speed would turn the turbine.
Maximum torque would occur if maximum thrust is applied at the tip of the turbine
blades furthest from the rotational axis. If the radius of the propeller turbine is R,
then maximum torque, Ωmax, is:

Xmax ¼ FTmaxR; ð6:29Þ

giving

Xmax ¼ 1
2
qA1u

2
oR: ð6:30Þ

We can now define a torque coefficient, ΩΩ, for any working machine as

CX ¼ Xmax

X
; ð6:31Þ

where Ω is the shaft torque of the machine (turbine). If the size of the turbine and
the speed of the wind are known, then, assuming maximum thrust and hence
maximum torque, the angular frequency of the turbine can be determined. To do
this, the concept of tip speed ratio, γ, is introduced. This is defined as the ratio of
blade tip speed ut to the undisturbed wind speed uo.
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c ¼ ut
uo

¼ Rx
uo

; ð6:32Þ

where ω is the turbine rotational frequency. Equation (6.30) can now be written as:

Xmax ¼ 1
2
qA1u

2
o
uoc
x

� �
: ð6:33Þ

Using Eq. (6.13), maximum torque can be expressed in terms of the power in the
wind Po as

Xmax ¼ cPo

x
: ð6:34Þ

Shaft power, which is derived from power extracted from the wind PT, is related
to rotational frequency and turbine shaft torque:

PT ¼ xX ð6:35Þ

It is clear that shaft power is equal to the power extracted from the wind so that

Cp ¼ cCX ð6:36Þ

Since maximum value of Cp is known, the maximum value of CΩ can also be
determined if γ is known.

Finally the design of a wind machine must consider dynamic matching. This is
an attempt to ‘fit’ the machine into the wind regime. If tb is the time a blade takes to
move into the position of the preceding blade and tw is the time wind takes to
re-establish its steady velocity after the machine interference, then dynamic
matching is an attempt to make tb equal to tw. In effect, this means matching wind
speed to turbine rotational frequency. It is now possible to relate tb to tw to some
distances:

tb ffi 2p
nx

; ð6:37Þ

where n is the number of blades and

tw ffi d
uo

; ð6:38Þ

where d is the length of the disturbed section of the wind. Since maximum
extraction occurs when tb ≈ tw, we can write:
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nx
uo

� 2p
d
; ð6:39Þ

and since c ¼ Rx
uo
; we can write

c ¼ 2p
n

R
d

� �
1
j
: ð6:40Þ

The ratio (R/d) should be equal to one for maximum power extraction so that for
R ≈ d and co � 2p

nj :

Generally, practical machines show that κ ≈ ½ giving:

co ¼
4p
n
: ð6:41Þ

Using this relationship, we can determine the number of blades suitable for
desired turbine speeds in a known wind regime.

The design of any wind turbine starts with the type of application for which it is
to be used. This is important because of the different torques required for specific
applications. For example, if the machine is to be used for water pumping, it must
be able to produce the high torque required to turn the heavy mechanical couplings
and the pump. On the other hand, if it is to be used for electricity generation, the
machine should be able to rotate at relatively high speed in order to achieve
optimum revolution rate required for the generator rotor. So the wind pump requires
high torque and hence slow speed while the generator needs to turn fast with
relatively low torque. High torque needs more blades while high speed would need
fewer blades in accordance with wind disturbance concepts discussed above.
Aerodynamic shapes of the blades may also vary in order to fulfil the different
requirements. Another design consideration is the choice of the ratios of the cou-
pling gears. For electricity generation, the gearbox system must be carefully
designed to efficiently transfer the aerodynamic torque from the rotor blades to the
electric generator. Finally the decision has to be made whether the machine should
be a vertical axis wind turbine (VAWT) or a horizontal axis one (HAWT). These
are the technically acceptable orientations of the axes of rotation of the blades. The
advantage of the vertical axis turbine is that it does not require any mechanism to
align the blades with the wind direction. They operate at all possible wind direc-
tions. The structure of the tower must be able to support the wind turbine and its
components at a safe height from the ground. Although wind energy is renewable, it
has some advantages and disadvantages. The advantages, in addition to it being a
renewable source are:

• It is free and environmentally benign, producing no emissions or chemical
wastes

• Reduces dependence on fossil fuels
• Its energy can be stored in batteries or as potential energy of pumped water
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• The technology is already well-developed with available equipment
• Does not restrict land-use where it is installed
• Adequate wind for power generation is fairly well-distributed around the world

Some of the disadvantages are:

• Wind energy is intermittent
• Wind machines can be noisy and an eye-sore to some people
• Difficulty of repairing a faulty machine on a high tower
• Most machines are very expensive for small operators.

More relevant wind energy information discussed in the above Sect. 6.2 can be
obtained from a number of publications [3, 4, 11–13].

6.4 Small Hydropower Systems

The technology of converting kinetic energy of water in other forms of energy is a
well-established procedure and has been used to generate power at competitive rates
for centuries. As a result of this, it has become one of the major sources of power
for many countries especially the less developed countries in Africa, Asia and South
America. The technology was originally developed on a small scale to serve
communities in the vicinity of the generator but as knowledge base expanded it
became possible to generate power in a large scale and transmit it to distant
locations. Large-scale hydropower generators make use of expansive water reser-
voirs achieved by constructing special dams to hold the water, and in order to
accomplish this, large land area is usually required. Therefore there has been a
growing concern about the impact of such developments on the environment and
ecological systems. These considerations and the high cost of transmission have
revived interest in small-scale hydropower production. Initially, during the early
stages of the development of this technology, generation of electricity was not the
main objective. Waterpower was mainly used to produce mechanical work to
accomplish desired tasks such as water pumping (domestic supply and irrigation),
grain grinding and machine operation for industrial activities.

Large scale centralized hydropower facilities have proved to be expensive and
environmentally destructive with adverse destabilization of ecological systems.
Experience has also shown that they are the cause of high transmission costs and
hence high cost of electricity. Furthermore, there are very few rivers in East Africa
that can continuously and reliably support such facilities. But there are small rivers
that can be used to generate electricity on small-scale basis. These are the resources
that should be effectively utilized to provide electricity to the scattered rural homes.

In addition to rivers, there are other ways of obtaining power from water
resources. For example, ocean thermal energy, tidal power, wave energy and even
geothermal energy are all water-based energy resources that can be utilized. With
the exception of geothermal energy and hydropower, the use of all the other
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water-related energy resources have not made any significant impact on global
energy supply systems. Even hydropower generation, which is one of the oldest
technologies in electricity generation and is today well developed and exploited in a
large scale, contributes only about 3 % of the world’s total electricity generation.
The potential of hydropower as a source of energy in the continent of Africa is
higher than that of Western Europe and is comparable to that of North America.
The unfortunate situation is that Africa has the highest level of undeveloped
hydropower potential in the world while millions of its people do not have access to
electric power.

In order to appreciate hydropower technology, it is important to understand the
principles behind water energy conversion to other forms of energy. The principle
of hydropower utilization involves converting the potential energy of water in the
reservoir into a free-fall kinetic energy, which can be used to do mechanical work.
This means that the water storage facility must be at a higher altitude than the
energy conversion point e.g. electricity generator. The volume and direction of
free-flow is controlled by using pipes, which direct the water to the point where the
conversion is to take place. The power, Po, in the water therefore depends on
the vertical height, h, through which the water falls and the volume flow rate, Vf, of
the water through the pipes. The speed of rotation of the turbine wheel is also
crucial as it determines how much power can be generated. This rotational speed
depends also on other parameters such as the diameter of the wheel. We begin with
power of the flowing water, which can be expressed as

Po ¼ q ghVf ; ð6:42Þ

where ρ is the density of water and g is the gravitational force. Since the water is
flowing inside the pipes, there is friction which reduces the effectiveness of the
vertical height so that, finally, the power obtained from the water is as if it fell
through a shorter height, he. This effective (or available) height is obtained by
subtracting friction correction height, hf, from the actual vertical height, h.

he ¼ h� hf : ð6:43Þ

The magnitude of the friction correction height increases with the length of the
pipe and therefore it is important to keep it at a minimal level by using short pipes.
This means that the slope for water flow must be very steep. The hydropower
generating assembly shown in Fig. 6.16 is over simplified. In reality, the cups or
buckets on the turbine are many and quite close to each other particularly for the
Pelton type turbine, which is one of the most common turbine designs. Moreover,
the ends of the conveyor pipes are modified into water jets that direct water straight
into the cups or buckets. This ensures that very little water power is wasted. The
change in momentum of the water is therefore associated with the velocity of water
from the jet, uj, and the turbine velocity, ut. We recall that change in momentum per
unit time is the force that water applies on the turbine.
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FT ¼ 2qVf uj�ut
� �

: ð6:44Þ

So that the power extracted from water is

P utð Þ ¼ FTut ¼ 2qVf uj�ut
� �

ut: ð6:45Þ

This power is maximum when the gradient, dP(ut)/dut = 0, giving ut/uj = 0.5. If
all the kinetic energy of the water is extracted so that, behind the turbine, waterfalls
vertically due to gravity only, then the output power of the turbine should be

Pj ¼ 1
2
qVfu2j ; ð6:46Þ

where Pj is the total kinetic energy leaving the jet per second, i.e., power from the
jet. In this case, the efficiency, η, of this turbine is 100 %. However, because of
other factors, the efficiency of a real turbine cannot be 100 %, but normally ranges
from 50 to 90 %. The actual mechanical power from the turbine is

PmT ¼ gPj ¼ 1
2
gqVf u

2
j ¼

1
2
gqA 2gheð Þ32; ð6:47Þ

where

u2j ¼ 2ghe: ð6:48Þ

The area, A, is determined to some extent by the size of the cup or bucket so that
all the water from the jet falls into the cup. Nevertheless, the total flow in the turbine
is always less than the flow in the stream. The total turbine sizing is based on the
power generation output required from the system. The rotor of the turbine is
connected to the rotor of the electric power generator through gear couplings or
pulley linkage, so power generated will depend on the angular velocity of the
wheel. If the wheel has radius R and turns at an angular velocity ω, then the power
would be
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Fig. 6.16 A simplified
hydro-power generator
system
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PmT ¼ FTRx ð6:49Þ

It is clear from Eq. (6.49) that the larger the wheel, the lower the angular velocity
since ω = ut/R. At maximum power conversion, ut = 0.5uj and this makes ω = 0.5uj/
R, hence

R ¼ 0:5 2gheð Þ0:5
n o

=x: ð6:50Þ

If the nozzle radius is Rj, then the nozzle area, Aj = πRj
2, so the nozzle radius can

be determined from the following relationship:

R2
j ¼

PmT

gpqnj
ffiffiffi
2

p ðgheÞ
3
2

; ð6:51Þ

where nj is the number of nozzles, which is usually between two and four. From
Eq. (6.50), the ratio of Rj to R can be determined as

Rj

R
¼ 0:68/ gnj

� ��1
2; ð6:52Þ

Where the factor φ is known as the shape factor, and determines the best
operating conditions for the system. Its important variables are the angular velocity,
effective vertical height, and maximum turbine power.

/ ¼ P0:5
mTx

q0:5 gheð Þ1:25 ð6:53Þ

Figure 6.16 shows the major hydro components of a simplified method of
converting water energy into mechanical energy of the turbine. There are three
possible locations for the turbine assembly. If water from the channel is directed to
the top of the turbine wheel as in Fig. 6.16, then this is the overshot water wheel
type. The second type would be the case where water is directed to the middle part
of the turbine wheel and this is the breast-shot type. The last case is where water
flows to the bottom of the turbine and this is the undershot water wheel type.

As discussed in Chaps. 1–3, undeveloped hydropower potential in Africa is high
and its future exploitation should put emphasis on small-scale hydro-generating
facilities that have minimum impact on the environment and existing eco-system.
Small and micro hydro schemes are cheaper and more viable for the African
conditions where long distances between randomly scattered settlements and dif-
ficult terrains make it too expensive to distribute power from a central generating
facility. Modern hydro turbines, if properly designed, are highly efficient with
energy conversion efficiencies of over 90 %. Two types of turbines have been in use
for many years. These are impulse and reaction turbines and the size of the
hydropower facility dictates which type would be most suitable. However, small
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hydro technology, which should be of special interest to Africa in particular and to
the developing countries in general, is not a replica of large hydro technology even
though the basic principles as discussed above are similar. Small hydropower
systems should have simple and cheap layout techniques that do not require highly
sophisticated and specialized knowledge or special equipment. They should require
minimal civil construction work. In order to apply these requirements of simplicity
and low construction cost, one must also accept lower efficiencies compared to the
technologies, which are direct replicas of large-scale hydro systems. The combi-
nation of these aspects is one way of reducing investment costs per unit power since
the larger part of hydro investment is made up of the cost of equipment, con-
struction and special services and these form the bigger part of hydro energy price.
Further investment saving can also be gained by not paying too much attention to
reliability of the delivered power as in the case of large hydro facilities.

Depending on the nature of the demand, water shortages for a few days in a year
should be acceptable as this could save on civil works such as inlet structure. Small
hydro schemes have additional advantages in that the power on the axis of a turbine
can be made useful as a motor to directly drive apparatus such as food processing
equipment, rice hullers, grain mills, oil press and sugarcane crusher. All these
applications require very flexible rotational speeds and therefore are not too sen-
sitive to fluctuation of water flow rates. The restriction, however, is that the gen-
erated power has to be used close to the site itself. For these small-scale applications
of small hydro systems, technologies are available for simple load controls and even
use of free stream turbines, which do not require special built-up pressure heads.
A more common example of such turbines is the undershot wheel placed in a river.

There are also new technologies that simply use the wind energy conversion
principles in designing hydro turbines in which aerodynamic shapes of the blades
are used but since water is denser than air, there are some technical limitations to
the practical use of such turbines. Load control is another construction design that
can increase the cost of the facility. Ideally production of power and demand should
be equal at all times even if no storage is provided. For small hydropower schemes,
demand should be regarded as a given value, and then production is regulated as a
function of the demand by closing or opening the inlet valves. This requires reliable
and expensive valves and controls and, in some cases, surge chambers. To avoid
this, it may be necessary to regulate the demand rather than production because
doing this is cheaper, and more reliable control can be achieved. Demand can be
divided into priority classes and then an electronic governor is used to switch
production to these priorities according to their ratings so that the lowest ratings are
provided with power only if there is enough power to cover them. Such a load
governor is more effective and less labour intensive than the mechanical production
controls, and they are cheap and readily available.

The following are some of the design considerations for small hydropower
conversion systems. Energy in the water can be determined as:
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E ¼ ghþ P
q
þ 1

2
v2 J kg�1; ð6:54Þ

where h is the original water level above the turbine and v is the speed of the water.
Since the water entering the turbine should have a higher energy than the water

leaving the turbine, the net head on which power rating for the turbine should be
based can be determined as:

Hn ¼ h1 þ p1
gq

þ v21
g

� �
� h2 þ p2

gq
þ v22

g

� �
: ð6:55Þ

Subscripts one and two refer to the water entry and exit points at the turbine,
respectively. The speed of the water v can be expressed in terms of the volume flow
rate Q so that v1 = Q/A1 and v2 = Q/A2. Power to the turbine can then be expressed
in terms of Q and H.

Pd ¼ 9:81QH kW ð6:56Þ

And output power of the turbine is

Pt ¼ gtPd ; ð6:57Þ

where ηt is the efficiency of the hydraulic turbine.
There is no strict quantitative definition of small hydro systems but generally

those that are rated up to about 10 MW are considered to be small hydro plants.
Impulse turbines in which there is no change of potential energy of the water and
energy transfer occurs between jets and runner blades are mostly used in small
hydro systems. Some of these are the Pelton (Fig. 6.17), Turgo and Banki-Mitchell
turbines. Reaction turbines, which are normally submerged in water so that water
fills the casing, are used in both large and small hydropower systems and the
notable ones are Francis and Kaplan turbines. Both Francis and Turgo turbines are
generally preferred for low-pressure heads of 15–40 m but in general impulse
turbines are used for relatively high-pressure heads, as high as 800 m. An example
of a small hydro system is shown in Fig. 6.18.

Like wind energy, hydro-energy technology is based on linear momentum
theory, which is well covered in many publications [12].
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6.5 Biomass Technologies

Biomass is the oldest source of heat energy, which is obtained through combustion
of organic materials such as trees, crop residues, and other vegetation. The process
that produces energy in plants is known as photosynthesis, which takes place only
in the presence of sunlight. Biomass energy can therefore be considered as solar
energy stored in the form of chemical energy in plants. Technologies have also been
developed to convert raw biomass material into other forms of fuel. For example,
biomass has been used for many years to generate electricity and to produce
mechanical power via steam generation. Through a process known as gasification,
biomass can be converted directly into producer gas, which can be used to power
heat engines used for various purposes including electricity generation. Biomass is
therefore a very important primary source of energy for many applications.
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Globally, biomass contributes between 13 and 16 % of the total energy con-
sumption but in the developing countries this contribution is much higher. For
example, in East Africa it has been about 85 % on average. Although in East Africa
biomass is used in its traditional form as firewood or fuel wood, in general, it can be
transformed into many different forms as discussed above. The most common and
simple technology is the conversion of woody biomass into charcoal, which is bunt
in special stoves to produce the required heat for cooking and other heating
requirements. This technique is widely practiced in many developing countries.
Another rather indirect source of biomass energy is the use of dung from ruminant
animals that feed on biomass materials. The dry dung burns slowly and is a source
of heat energy used particularly by nomadic pastoral groups in the developing
countries. Such people are still found in many parts of East Africa and are still
burning cow dung to produce heat energy for cooking and space heating. Other
conversion processes lead to the production of ethanol, biogas and other com-
bustible gases. Small granules of biomass materials such as sawdust, coffee and rice
husks and small leaves that usually burn too fast and hence unsuitable for cooking,
can be briquetted into more compact forms that can burn slowly just like wood or
charcoal.

The chemical compositions of biomass materials vary from plant to plant and
therefore not all types of biomass materials can be efficiently converted into a
desired form of energy source. For example, plants like sugar cane produce
chemical compounds than can be efficiently converted into ethanol. Another plant
may not produce ethanol, at least not in significant quantities, as sugar cane would
do. Similarly, wet cow dung is good in producing biogas (mainly methane) because
of the fact that it has been somehow processed in the cow’s stomach and so
provides suitable environment for the action of microorganisms that produce the
gas. All these conversion options and the wide range of applications of biomass as
an energy source embrace all levels of technologies from very simple traditional
ones involving direct combustion to highly sophisticated modern technologies like
ethanol production, gasification, steam engines, and co-generation of electricity. In
this section, we will focus on the aspects of biomass technologies that have been
practiced by the poor majority in East Africa. This will enable us to understand why
it is important to improve on these technologies while searching for viable
replacement for biomass energy. The improvements, which should be considered as
short term measures will not only protect the environment but will also protect the
users from health hazards associated with the use of biomass energy. However, the
time each country will take to significantly move away from the use of biomass will
depend on the rate of poverty reduction in the rural areas.

6.5.1 The Traditional Use of Biomass

As has been noted, biomass is the traditional energy source in many developing
countries and is generally used as a direct source of heat for cooking. Unlike other
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sources of energy, the use of biomass does not require high and expensive tech-
nology. Cooking, for example, is achieved by simply burning the material in a
suitable cooking stove. For many years and even today, there was no specially
designed wood stove. The so-called three stone fireplaces (Fig. 6.19) were and are
still the method of cooking with wood fuel in most rural households in East Africa.

This method of cooking is the cheapest as it does not require any significant
investment. But it also has many disadvantages. First, it is very inefficient in terms
of heat utilization since the burning woodlots lose a lot of heat through the spaces
between the stones. Second, the smoke from the burning woods is emitted in all
directions so that the room is constantly filled with smoke during cooking. Third,
they were suitable for round traditional clay pots, which are now not commonly
used. Instead, metallic cooking pots with flat bottoms are today used on the stones
and therefore the arrangement provides very unstable equilibrium for the pots. This
results into frequent accidents and injuries to the users. Somehow the inefficient use
of heat energy has been solved by using cow dung, wood ash or clay to cover the
two spaces between the stones that are not used to fuel the fire. This significantly
improves the efficiency but does not solve the problem of smoke; in fact it makes it
worse. The problem of the unstable equilibrium of the cooking metallic pot has not
been solved. Attempts to address these problems will be discussed later but for now,
we look at another traditional cooking method that uses charcoal. Charcoal pro-
duction is also an old traditional technology but to use charcoal, one needs a
different stove-design because charcoal does not burn like wood. It compacts better
than wood, leaving very little room for air that is required for combustion.
A charcoal stove must use grates under the charcoal to allow air to flow through the
charcoal pile to facilitate combustion. Traditionally, the metal stove shown in
Fig. 6.20 was used for charcoal.

The metallic charcoal stove, like the traditional three stone system, is inefficient
and becomes too hot when in operation. It is also not stable especially if a large pot
is used. The door serves to control the rate of airflow through the burning charcoal
and is also used to remove the charcoal ash. The stove is made of recycled metal
and, due to the high temperatures, wears out very quickly. But it is cheap and a new
one is usually easily acquired from the widely distributed vendors who are also able
to repair the old stoves. There are a variety of shapes of the traditional charcoal
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stoves but the basic construction material and principle of operation remain the
same particularly in East Africa. The stove shown above is a typical Kenyan metal
charcoal stove although there are also other shapes in some parts of Kenya. Since
early 1980s, a lot of research work has been done to improve the efficiencies and the
application conditions for both the three stone fireplace and the traditional charcoal
stove. These improved stoves were promoted while at the same time recognizing
the need to also encourage rural communities to plant trees in order to improve the
supply of wood to meet the increased demand. Thus the 1980s saw a lot of efforts
and donor funds directed to improving household cooking conditions and tree
planting activities. This came at a time when the whole world was very concerned
about the effects of global warming and rapid desertification process, which were
closely linked to energy consumption. As a result of these concerns, the develop-
ment of improved stoves and energy supply in general became some of the top
priorities for international development agencies, particularly in the developing
countries where biomass, an important source of fuel, was becoming scarce and
eminent desertification process was threatening food security.

The biomass situation was serious and had to be addressed. East Africa was one
of the regions that benefited from this global concern and support from donors.
Technologists and energy specialists, encouraged by this good will from the
international communities started searching for socially acceptable efficient stoves.
The major objective was to look for ways and means of reducing wood fuel
consumption, which was believed to be associated with a number of environmental
problems and, at the same time, reduce health hazards associated with the appli-
cation of wood fuel as an energy source. Vigorous collaborative development and
testing work were carried out in research institutions and private workshops until
some satisfactory models were obtained. Finally, a few stove design proposals were
presented as improvements of the three stone methods and also of traditional
charcoal stove. Unfortunately, these improvements were purely technical successes
but the social aspects of their applications were ignored during their development
and this became a major challenge when the new efficient stoves were to be dis-
seminated. Wide-sale dissemination of the proposed stoves became more difficult

Grates (holes to 
allow airflow Metal casing 

Pot rest  
(support for pot) 

Door for controlling
air flow through grate Support legs 

Fig. 6.20 Traditional
charcoal stove

6.5 Biomass Technologies 267



than was envisaged and a lot of money was spent in this effort without much
success.

In East Africa, Kenya took a leading role in the development and dissemination
of the new improved stoves. The Kenyan experience later proved to be very useful
to the Tanzanian and Ugandan efforts. However, the dissemination challenges arose
from the fact that some economic aspects of the improved stoves, in addition to the
social dimensions, were not considered in product development. For example, the
new stoves could not accommodate the versatile use of fuel. Rural stoves often used
various fuels ranging from cow dung to agricultural residues and, in many cases, the
fuel is collected rather than bought. On the other hand urban stoves often used
single fuel and the fuel is normally bought and not simply collected. The widely
used stoves were also so cheap that the user could easily replace damaged ones. On
the other hand, improved stoves were more efficient and therefore saved fuel and
hence money and also provided the necessary stability and insulation that reduced
accidental burns. The superior and more complete combustion significantly reduced
the emission of toxic gases such as carbon monoxide. The serious handicap that
caused a lot of concern was the fact that they were too expensive for the people to
afford and, if poorly made, would not last long. Thus quality and cost were the most
prominent disadvantages of the improved stoves that forced the scientists and
energy specialists to go back to the drawing board.

In the meantime, community-based groups also developed some interest in
finding the solutions to these problems and gave the experts another dimension of
collaboration. It turned out that this new collaboration facilitated the participation of
the communities in the stove development process and finally made it possible to
produce acceptable stove designs. In Kenya, this process gave rice to the production
of the largely successful stove known as the Kenya Ceramic Jiko (KCJ), KuniMbili,
and the Maendeleo stoves (wood fuel stove). Whereas the latter two use firewood,
the KCJ uses charcoal and is basically an urban stove that has permeated into many
parts of the rural areas. It is made of metal cladding with symmetrically wide base
and top (Fig. 6.21). The top part is the fire chamber that is fitted with specially
designed ceramic liner to contain the heat. The bottom of the ceramic liner is
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perforated (the grate) to allow air to flow through charcoal for improved burning.
One of the problems that affected the durability of the stove was lack of suitable
material to strongly bind the ceramic liner to the metallic cladding. The damage of
the clay liner and its separation from the cladding was the common fault that
prohibited earlier attempt to disseminate the stove. Eventually tests done in research
laboratories indicated that a mixture of vermiculite and cement or diatomite and
cement could bind the metal and the clay liner well enough to withstand the cycles
of high temperatures. These are the materials that are still used today for a durable
KCJ. The stove has three strong triangular pot rests, which can be rotated outwards
to allow insertion of a new liner, if necessary, a feature that makes it possible to
repair the stove. The door, located in the lower chamber below the grate, is used to
control airflow through the charcoal and also for removing the charcoal ash. The
door is opened during lighting but once the charcoal starts burning, it can be shut to
facilitate slow burning process or opened for fast burning, whichever is desired.

The KCJ was a close resemblance of the traditional metal stove but with added
efficiency of up to 40 % above the traditional stove and improved safety measures
such as increased stability and reduced outside temperature of the stove. Initially,
three sizes (small, medium and large) of the KCJ were recommended but, later, it
became necessary to up-scale the size with appropriate shape modification for use
by institutions such as schools and hospitals. The stove was successfully dissem-
inated and the technology transferred to the local artisans. Its commercial pro-
duction is today a mature cottage industry that is well organized with reliable
sources of various components. Women who are the traditional specialists in pot-
tery are producing the ceramic liners while artisans in the informal sector produce
the metal casing. The assembly of the whole stove can be done by any of these
groups or a third independent enterprise. Some more sophisticated manufacturers
have mechanized their production systems while others use semi-mechanized
procedures. All these production techniques, from manual to full mechanization,
and the competition that settled in, have greatly reduced the cost of the stove. It is
estimated that 800,000 KCJ are in use in Kenya and the number is still expected to
rice. Some of these find their way into Tanzania, Uganda and as far as Ethiopia,
Rwanda and Burundi. The experience, success and subsequent specialization of the
production line have been replicated in both Tanzania and Uganda but the level of
success is still well below the Kenyan case. In some arts of Tanzania like
Dar-es-Salaam, the improved stove programmes started by importing KCJ from
Kenya and testing their popularity. The stove would then be modified in response to
the comments received from the users while at the same time training technicians to
make them. This approach worked well in Dar-es-Salaam, Tanzania, where mod-
ifications to the KCJ were made to suit existing Tanzanian production technologies,
giving rice to a new stove known as Jiko Bora which is the most widely used stove
in Tanzania with an annual production of more than 500,000. Other stove designs
were tried in various parts of Tanzania but due to low durability and technical
problems, they did not gain any popularity as much as the Jiko Bora. The Morogoro
clay charcoal stove is one example of a stove that was too delicate to withstand the
cooking habits of the users.
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In Uganda, in addition to the use of KCJ, two improved stoves, which also are
basically KCJ adaptations, differing only in shape, emerged: the Usika Charcoal
Stove, and the Black Power Stove. But they both could not be disseminated at the
expected rate by the producers. In general, all the new improved stoves were 3–5
times more expensive that the traditional metal stoves but as the price of charcoal
increased, more and more people began to appreciate the need to use improved
stoves. The types of stoves and even the names may differ in various parts of East
Africa but the bottom line is the same in that they are all improved charcoal or
wood fuel stoves whose operations are based on the same principles. The manu-
facturing process that involves division of labour is also a common characteristic in
East Africa that has attracted many young men and women into stove-related trades.

The amazing aspect of these stoves is that they all went against the dictates of
economics to become more popular than the cheap traditional metal stoves despite
the fact that the producers do not carry out any promotional activities but depend on
customers who go to them. Taking the KCJ as an example, its efficiency was the
immediate advantage that was recognized by the pioneer users and the word quickly
spread round. Its charcoal consumption was more than 50 % lower than that of the
traditional metal stove and so the savings on charcoal was substantial. It was also
more stable and produced less smoke and therefore was more suitable to the living
conditions of the middle and low-income urban groups. These features appeared to
be more important to the users and quickly pushed up the demand so that the cost
became a secondary issue. Its popularity in urban areas then slowly diffused into the
rural areas. The introduction and use of these improved charcoal stoves may be
considered a success not just in East Africa but also in the neighbouring states such
as Rwanda, Burundi, Ethiopia, Sudan, Malawi and Somalia where KCJ in particular
or its modifications are in use. However, the future of this development is not all
that secure. Too many people are today involved in the manufacture of various
shapes and sizes of these stoves that it is not easy to monitor the quality of the
stoves. Consequently there are a number of low quality improved stoves in the
market. Use of poor clay liners, low quality metal claddings and cheap bonding
materials are increasingly becoming common practice. This and the high price will
eventually encourage the users to revert back to the cheap traditional metal stoves,
which are still very much available in the market. Table 6.1 gives the numbers of
improved stoves in three East African countries.

As has been discussed, the improved stoves were basically urban devices and
this is clear from the figures given in Table 6.1. There were also efforts to also
improve the three stone cooking arrangement for rural application. However in
terms of international support and the involvement of local non-governmental

Table 6.1 Number of
improved charcoal stoves in
East Africa (1995)

Urban Rural Total

Kenya 600,000 180,000 780,000

Uganda 52,000 n.a 52,000

Tanzania 54,000 n.a 54,000
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organizations, more interest was directed to charcoal stoves because charcoal
production was considered to consume more wood resources than direct burning.
There is no reliable data to verify this notion but this interest could be attributed to
the commercial nature of charcoal as an energy source and the potential commercial
gain that were expected from the new improved stove. The improvement of rural
three stone fire place would not have any economic advantage and for this reason
much of the improvement work was left to women groups and other
community-based organizations. This is how Maendeleo stove got its name because
it was developed through coordination of Maendeleo Ya Wanawake Organization,
which is a very powerful women’s organization in Kenya. The major challenge in
the development of improved wood stoves for rural application was the fact that
rural households buy neither stoves nor fuel and therefore any new device had to be
provided almost for free, otherwise it would not appeal to the rural communities. At
that time firewood was readily available and convincing people to save it was going
to be a very difficult task. Despite these constraints, initiatives to improve the
performance of woodstoves made significant progress. In Kenya the result was the
Maendeleo Stove shown in Fig. 6.22.

Maendeleo stove had to be cheap and had to resemble the three stone fireplace. It
also had to be simple to construct so that women could install it themselves as they
did with the preparation of the three stone cooking place. Thus the only new feature
was to facilitate wood savings and reduction of emission of toxic gases by
improving the combustion of wood. Several designs were tested but finally the
choice was the Maendeleo stove. Thereafter, the developers embarked on a com-
prehensive training programme for women to acquire skills to make clay liners that
would be used to replace the three stones. There was no metal component of the
stove and therefore the liner was the only part that the user could spend money on.
Like the KCJ, it also had some attractive features that encouraged rural households
to buy the clay liner. It improved the cooking environment by emitting less smoke
due to more complete combustion of the fuel and it also saved on wood by as much
as 50 % compared with the three stone method. Other attractions included reduced
cooking time, less attention, safety and cleaner hygienic working area. A portable
version of the Maendeleo stove was also developed under the brand name “Kuni
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Mbili”, which means ‘two pieces of fire wood’. It can be used either inside or
outside the house and so, on moonlight nights, savings can be made on fuel for
lighting by cooking outdoors.

Kenya took the lead in the development of these and other large institutional
woodstoves some of which are now produced in several production centres. Both
Kuni Mbili and Maendeleo stoves are produced by women groups who also provide
instructions on how to install them. It is estimated that there are over 300,000
Maendeleo stoves in Kenya. The liners were introduced into Uganda and Tanzania
by non-governmental organizations that participated in their development in Kenya.
Modifications to the Kenyan design were carried out in these countries and are in
use in different parts of East Africa. One important thing to note is that more than
80 % of the population of East Africa live in the rural areas where the dominant
energy source is biomass mainly woodlots but the stove development in the region
focused more on charcoal stoves which are predominantly urban stoves. In deed
these charcoal stoves have very quickly evolved as commercial items and there are
already a very large number of people in the informal sector engaged in the stove
business in one way or the other. On the other hand, good wood stoves have been
developed but their demand is not as high as the charcoal stoves. This in itself is a
good indication of the economic disparities between the urban poor and the rural
communities. The urban poor are economically much better off than the rural
people. There is also a question of attitude and availability of alternatives. The
urban poor have no alternative but to use stoves for which they can easily get the
fuel within the residential areas and are keen to save their incomes while the rural
people have options some of which cost them nothing and so the idea of making
some savings may not be meaningful to them. It is therefore very difficult to
convince the rural communities to buy stoves when they have not been spending
anything on them. Efficiency, better working environment and other advantages are
not enough to persuade them to invest in the new device. Most of the improved
stoves are therefore considered as items for the rural elite.

Wood is not only a household energy source but it is also used by schools,
hospitals, hotels and other institutions where cooking is done for a large number of
people. Usually these establishments buy wood in bulk from recognized suppliers
once or twice a week. Their wood consumption rate is therefore easy to measure
and so some savings can be appreciated. This is another area that drew a lot of
interest as efficient stoves were being developed. Both scientists and energy spe-
cialists went through many cycles of designing, constructing and testing the
so-called institutional stoves before suitable final product could be achieved. The
process proved to be very expensive because institutions had their specific stove
sizes that suited the size of the cooking pot as dictated by the number of people for
which the food was to be prepared. These requirements meant that different sizes of
stoves had to be developed and, in some cases, new sizes of the cooking pots had to
be recommended to match the stove size. Due to the generally large sizes of the
stoves and the associated high cost of producing prototypes for testing, very few
individuals were involved in their development.
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In Kenya, only well-established non-governmental organizations were able to
reasonably invest in institutional stoves. One of the organizations that played a key
role in the development of institutional stoves in Kenya was the Bellerive
Foundation, which was based in Nairobi City. It finally developed efficient stoves
known as the Bellerive Institutional Stoves that cut down fuel costs to the insti-
tutions by more than 50 %. This was a significant saving given the large sum of
money that the institutions were spending on firewood per month. The stoves came
in sizes ranging from about 12 to 200 l costing between US dollars 140 and 1400.
This included installation, training of the users and maintenance contract. Within
eight years, over 500 institutions had ordered the stoves. Rural Technology
Enterprises (RTE) was another organization that successfully produced efficient
institutional stoves that were highly efficient. The sizes ranged from about 25 to
300 l at prices from US dollars 250 to 1000. Rural Technology Enterprises was
more active and successfully distributed its stoves to many institutions including
hotels, restaurants and departments of Home Science complete with instruction
manuals.

The Kenyans were again ahead of their counterparts in Uganda and Tanzania in
this field and so institutional stove production in these countries borrowed a lot
from Kenya. In the middle of the 1980s two producers, having studied the Kenyan
stoves, emerged in Uganda with modifications to suit their situations and brand
names such as Usika and Black Power institutional stoves. There are now a good
number of institutional stove producers in both Kenya and Uganda. Similar
development has taken place in Tanzania where there are other versions of insti-
tutional stoves, which have been tested and approved for dissemination. The Duma
Institutional stove, for example, is already in use in many parts of Tanzania. All
these stoves have many common features. They are either cylindrical or rectangular
steel structures insulated with fired clay (small clay bricks or special clay blocks of
appropriate shapes) and fitted with chimneys to duct the smoke out of the building.
The cooking pot, usually aluminium cylindrical pot, fits inside the upper chamber
of the stove, making it more efficient in heat retention and safe to use. Firewood is
cut into short pieces of about 30 cm and fed at the bottom on steel grate that
facilitates airflow and allows easy removal of wood ash. One typical example is
shown in Fig. 6.23. Most institutional stoves are durable with a lifespan of up to ten
years and the cost of acquiring one can be recovered from fuel savings within less
than four years. The grate is made of heavy cast iron that can withstand the high
temperatures achieved in the firebox and this is the most difficult component to
make and perhaps the most expensive part of the stove. The stove is completely
insulated and the cooking pot normally fits inside the top part of the stove. This
design ensures that the environment around the stove is not too hot for the user.

In Kenya, a number of institutions and non-governmental organizations are
engaged in commercial production of various sizes of these institutional stoves. For
example, Muranga College of Technology developed a large fuel saving stove
made of steel. The inner cylinder, which during cooking is subjected to very high
temperatures, is made of mild steel while the outside cylinder is made of stainless
steel. The space between these cylinders is insulated with clay bricks that help to
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retain heat. The stove also has a chimney to ensure that the smoke is ducted out of
the kitchen so that the cooking area is smoke free. The sizes of these types of stoves
range from 50 to 300 l and can make food for up to 500 people. Muranga College of
Technology is in fact using their own-made stove to cook for the students in the
college. Before the introduction of the stove the college was using about 21 tons of
fuel wood in four months at a cost of about US dollars 100 for every 7 tons but now
it uses 14 tons over the same period at the same cost—a saving of about US dollars
300 per year. The cost of the stove varies with size and ranges from about US
dollars 1000 to 1500 and Muranga was able to recover the expenditure within four
years from fuel savings. Apart from fuel savings these stoves help cook the food
quickly, keep the food hot long after cooking and keep the kitchen clean and
healthy. Some of them can be fitted with water heating systems, which allow one to
cook and heat water at the same time with the same amount of fuel wood. The
Muranga stove has been sold to many institutions in Kenya including Nyeri
Provincial, New Nyanza Provincial, and Kerugoya District hospitals. Basically
most institutional stoves have similar designs and operating principles and therefore
the Bellerive type shown in Fig. 6.24 is a good representative. The Muranga design
is however more expensive because of the use of mild steel inside the stove.

In all stove cases mentioned above, the technical problem was to reduce heat
losses from the fuel and also ensure that the operator is both safe and comfortable
while using the stove. In Kenya, the research work was done at the Appropriate
Technology Centre at Kenyatta University in Nairobi and involved the testing of
various insulating and binding materials that could be readily obtained locally. The
final stove for household application had to be light enough with low outside
surface temperatures that would allow the user to handle it without any risk of
getting injured. So the sizing of the various components was based on heat transfer
considerations of the insulating liner. Since the traditional metal stove is basically
cylindrical in shape, the original idea was to simply add suitable insulation to line
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Fig. 6.23 The Bellerive type
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the inner surface of the fire chamber and so heat conduction through a hollow
cylinder was assumed to be the ideal approximation. Steady state heat conduction
was considered in order to simplify the calculations. The radial rate of heat flow
through a cylinder can be estimated as

q rð Þ ¼ �kA
dT rð Þ
dr

: ð6:58Þ

The solution of this equation gives the steady state rate of heat flow through the
cylinder as

q rð Þ ¼ 2pkL
T1 � T2ð Þ
ln r2

r1

� � ; ð6:59Þ

where k is the thermal conductivity of the wall of the cylinder, L is the section
length of the cylinder under consideration, r1, T1 and r2, T2 are respectively the
inside and outside radii and temperatures respectively.

For the case of improved stove, the cylinder is made up of two materials: the
insulator and the outside metal casing having different thicknesses and different
values of thermal conductivities. It is assumed that that the thin layer of the material
that binds the insulator and the metal casing has the same thermal conductivity as
the insulator and is therefore considered as part of the insulation. It is then assumed
that if heat loss occurs only through radial flow then heat flux through the insulation
must be equal to heat flux through the metal casing. In this case the solution to the
basic heat flow equation becomes
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Fig. 6.24 The Bellerive type
Institutional Stove, front view
(not drawn to scale)
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q rð Þ ¼ 2pL k1 k2
k1 ln

r3
r2
þ k2 ln

r2
r1

T1 � T2ð Þ; ð6:60Þ

where r1 is the inside radius of the fire chamber, r3 is the outside radius of the
insulating material and r2 is the radius of the metal casing. T1 and T2 are the
temperatures of inside and outside surfaces while k1 and k2 are the thermal con-
ductivities of the insulator and metal casing respectively. If the quantity of heat
generated by the fuel under steady state conditions and thermal conductivities of the
insulator and metal casing are known, comfortable outside surface temperature can
be chosen so that the equation is satisfied. This makes it possible to determine the
thickness of the insulation (r3 − r1). The value of r1 is normally chosen as the
desired size of the fire chamber and the thickness of the metal casing is also
generally known as the material is chosen, leaving only r3 as the unknown radius
that depends on the thermal conductivity of the material used as the insulator.
Similar analytical procedure was used in designing other fuel-efficient stoves
including Bellerive and Maendeleo stoves. Various materials were laboratory tested
before suitable insulating and binding materials were chosen.

6.5.2 Charcoal Production from Biomass

The foregoing discussion was based on two forms of biomass fuels; wood fuel and
charcoal. Wood is obtained from free access forests or is collected, with permission,
from government-protected forests. Individuals or institutions that regularly con-
sume a large amount of firewood grow their own trees for energy but these are
usually not enough to sustain the consumption rate and therefore external sourcing
still becomes necessary. A few people who know how to convert wood into
charcoal, on the other hand, produce charcoal, and so charcoal is considered as a
commercial commodity, which can only be obtained from the special producers.
The art of converting wood into charcoal has been practiced for hundreds of years
around the world particularly those areas where there is no coal. Charcoal itself has
been used not only as fuel for powering steam engines but also as water purification
medium. Other socio-cultural importance of charcoal has also been reported in
some parts of the world. Thus charcoal is considered to be a more special form of
biomass resource. The traditional practice where wood for charcoal is obtained free
of charge from the nearby forests has also encouraged its production. Like in the
case for firewood, people do not have to cut the whole tree to make charcoal but
tree branches can be used.

What is Charcoal and why must wood be converted into charcoal and then be
used to produce heat energy which could be directly obtained from wood in the first
place? The answer to this question will shed some light into the versatility of
biomass as an energy source. Biomass, especially wood, is usually bulky and
cumbersome to transport for long distances in large quantities and hence the need
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for conversion into other easily portable forms with higher heat content than raw
wood. Such a form can be gaseous, liquid or carbonised solid. Charcoal is one of
these forms in which heat is applied to raw wood in the absence of oxygen so that
the wood is charred into a black solid substance, a process, which is normally
accomplished by burning wood inside an airtight enclosure. Traditionally, wood
can be placed in a pit dug in the ground and then, after lighting the fire, immediately
cover the whole pile with a layer of grass and thick soil to suppress direct com-
bustion of wood. Charcoal, which is the final product, has high carbon content and
is almost completely dry with no moisture content. These properties give charcoal
more than twice heat content of dry raw wood and enables it to burn without smoke.
That is, it simply glows red-hot allowing it to release heat slowly over a longer
period of time than equal amount of wood.

The characteristics of charcoal make it a suitable cheap energy for low-income
urban dwellers that normally live in small crowded shelters. One disadvantage
however, is that it produces relatively high level of toxic gases such as carbon
monoxide which can cause death if not vented out of the room. Charcoal can be
produced from many different types of biomass materials including agricultural
wastes. Wood however is one of the most suitable feedstock in the form of roots,
stems, and branches. Soft wood produces soft charcoal that burns quickly while
hard wood produces hard charcoal that burns at a slower rate. Residues from timber
factories including off-cuts can also be used to produce charcoal. The carbonisation
process that produces charcoal has four stages; controlled combustion, dehydration,
the exothermic and cooling stages. Every piece of wood or any other biomass
material must go through all these stages in order to become charcoal. During
controlled combustion, one section of the biomass stack is burned using a large
amount of oxygen so that the temperature of the rest of the stack is slowly raised to
between 400 and 600 °C. After attaining the high temperature, oxygen is cut off and
the temperature decreases but dehydration process continues without combustion
until all the moisture is driven out in the form of steam. Once the dehydration
process is completed, the biomass material begins to crack and break down due to
heat, releasing even more heat. This is the exothermic process during which no
combustion should take place and so oxygen is totally cut off but the temperature of
the stack increases to its highest level of about 600 °C or more. After this natural
cooling takes place and the end product is charcoal.

The East African traditional method of making charcoal is to use a shallow pit or
just a stack of wood covered with soil and here the person uses instinct rather than
scientific knowledge in achieving the four stages of the process. The shallow pit or
an anthill-like structure acts like the charcoal firing kiln. It is a simple earth kiln
composed of stacked pile of wood completely covered with a layer green vegetation
and earth (Fig. 6.25). Although this is the cheapest way to make charcoal, it is also
very inefficient and clumsy. So recognizing that charcoal production is an activity
that is there to stay, many attempts have been made to design and produce
improved charcoal kilns. There are a variety of kilns but the operating principles are
basically similar to that of the traditional one described above and some of them
incorporate only slight modification from the traditional one. For example, the
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Casamance kiln, which is one of the improved versions is just a simple traditional
earth kiln fitted with a chimney to create a more sophisticated gas-heat circulation
modes that facilitates better control of the system and achieve higher conversion
efficiencies. Modifications to the traditional earth pit kiln were also made in order to
improve conversion efficiency and also shorten the carbonisation time. The main
modification was the introduction of a metallic lid to replace the layer of earth as a
cover so that better airtight seal is achieved (Fig. 6.26).

Other improved kilns, which are not in use in East Africa, are the giant Missouri
kiln and versions of Mark V kiln made of cement and metal respectively and have
chimneys, more than one lighting points and appropriate number of air control
holes. They take long to accomplish the carbonisation process due to their large
sizes and also have provisions for mechanized loading and collection.

In East Africa, mostly men produce charcoal in small quantities as an economic
pastime activity, during the period when labour demand in other areas like agri-
culture is low. Many of these people do not see the need to invest in improved kilns
since the activity is seasonal or circumstantial for example, when a tree is felled and
the user does not need the branches then these can be used to produce charcoal.
Professional urban charcoal traders often do not produce charcoal themselves but
go round in lorries buying charcoal from rural producers to go and sell in the towns.
It is therefore a common site in certain parts of the country to see sacks of charcoal
placed by the roadside waiting for any willing buyers. The introduction of improved
charcoal kilns has not had any impact in East Africa partly due to the haphazard
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nature of charcoal production and partly due to the fact that good charcoal pro-
ducers make very efficient earth kilns that are comparable to the improved ones.

6.5.3 Briquette Production from Biomass

There are many different types of biomass materials that are not suitable as sources
of heat through direct combustion because they burn too fast with too much flame
that cause discomfort to the user. Grass and dry leaves fall under this category.
Others are too compact to burn and produce heat at the required rate. Sawdust and
charcoal dust are in this category. These materials are usually considered as rubbish
and therefore cause some environmental problems as they are carelessly disposed of
within the vicinity of the residential areas. Occasionally the very poor people living
in the slums of the towns collect and mould them into small hard round balls and
use them as source of heat energy for cooking. The shape of these wastes allow
them to be arranged in the stove such that there is just enough airflow through the
pile to support combustion and the increased density also reduces the burning rate
so that the right amount of heat is produced. This practice is a crude way of
producing fuel briquettes.

A more organized briquetting of biomass waste is considered as one way in
which biomass fuel-base could be broadened to reduce shortages for the rural
communities and urban poor because there are many biomass materials that could
be used as energy but are not used due to reasons given above. These materials
include rice husks, groundnut shells, bagasse, sawdust, coffee husks, straws of
various cereal plants, grass and leaves that seasonally drop off plants. Briquetting
these residues transform them into good quality fuels, which can be used in both
wood and charcoal stoves. Although hand-pressing the material into a solid ball can
produce some briquettes, it is better to use a simple machine that would produce
high-density briquettes because the heat value of the briquettes increases with
density.

The use of briquettes as fuel has many advantages in that an otherwise waste
material would be turned into a profitable resource and so reducing the environ-
mental problems of disposing these materials into rivers and lakes. Secondly, the
trees and other useful biomass materials will have more time to regenerate. An
aspect that must be considered however is that agricultural residues are natural soil
conditioners and their use as energy might negatively impact on the quality of
agricultural soil. The other argument that has been put forward is that some agri-
cultural residues are used as livestock feeds and that diversion of their use to energy
would reduce their availability as feeds. These arguments apply only a few biomass
wastes because it has been observed that some of these materials are not in that high
demand and that is why they are an environmental concern. Furthermore, pro-
duction of briquettes is not an activity that everyone would want to engage in. The
process, like charcoal production, is labour intensive as the waste must be collected,
chopped, blended with suitable binding material and then compressed in some form
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of a press. The simple compressor is hand-operated (Fig. 6.27) and there are a
variety of them with some using bolts and washers to squeeze the material into
high-density pellets. The major task in the process is to find a suitable binding paste
that can also burn without emitting toxic fumes. The briquette production rate is
generally low because hand or foot operated machines can only produce a few
pellets at a time, normally up to 50 kg/day. There are two ways of using the
briquettes. The first one is to use it in a similar way as firewood: dry it after
compression and then use it in a suitable stove. The second method is to convert it
into charcoal and then use it in a normal charcoal stove the same way charcoal is
used. These two methods have been practiced in East Africa for many years par-
ticularly in Kenya where small groups and even well-established industrial manu-
facturers have been producing fuel briquettes for sale using either screw or piston
press (Fig. 6.27). The raw material input is usually a waste product from the same
factory. For example, some paper manufacturers have been making briquettes out
of sawdust and wood shavings while coffee processing industry in Kenya has been
producing fuel briquettes from coffee husks.

In Uganda, the Black Power group practiced small-scale biomass briquette
production using coffee husks and sawdust but could not develop the business to
maturity due to technical problems and poor economy of scale. Smaller women
groups using portable parts of the manual compressor machine appeared to have
made some progress in Uganda and successfully replicated the technique in other
parts of the country. This apparent success was partly due to the use of old metallic
tins and other available scrap materials to make some parts of the machine and
largely due to the handy support received from local organizations such as Young
Women’s Christian Association (YWCA) and Small Scale Industries Association.
A local binding material in the form of sticky staff from banana peels also came in
handy, as banana is a common staple food in Uganda. One common problem with
briquette technology is that production rate is generally so low that it does not
justify the effort. It is however likely to succeed if produced in large quantities as an
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industrial commercial product for application at household level and as an industrial
fuel substitute or supplement.

6.5.4 Industrial Application of Biomass

There are a number of industries using biomass materials in their main production
lines and therefore produce biomass wastes that can be turned into useful products.
Agro-based industries such as sugar and paper producing industries are good
examples of such industries that have problems with disposal of biomass waste such
as wood dust and bagasse. There are two possibilities of making use of such
materials. One way is to set up an industrial briquette production unit that would
produce fuel pellets out of the waste and sell it as one of the industrial outputs. The
second way is to use the material to produce electricity in a co-generation
arrangement and sell it to the relevant grid power distributors. Both options will
enable the companies to cheaply produce a second commodity for the local market
and increase their profit margins. It has been noted that the market demand for fuel
briquettes is still very low in East Africa but the national demand for electricity is
high and so the industries are sure to gain from co-generation using their own
biomass wastes. Paper mills, sugar and agrochemical companies require steam in
their normal industrial activities and co-generation, as the name implies, is com-
bined heat and power generation, which these industries can accomplish with very
little additional investment. This means that in addition to using steam for normal
industrial application, they can also use that same steam to generate electricity,
enabling the company to sell two products from the same process instead of one
(Fig. 6.28).

Co-generation is based on steam engine principles, which is one of the oldest
technologies for producing mechanical work from steam pressure. The biggest
advantage is the fact that the raw material (bagasse, wood cut-offs, rice husks,
coffee husks, etc.) is part of the normal waste that is produced as a result of the main
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activity of the industry. Co-generation, when considered from both economic and
environmental points of view, has enormous advantages. It is an organized way of
effectively using biomass waste, which is continually generated in agricultural
production. Thus there is almost no possibility that the generation would run short
of the fuel because both the farmers and the companies mutually depend on one
another. Consequently, extensive co-generation, if implemented by rice, sugar and
coffee millers, would lead not only to increased agricultural interest in these
products but also to their outputs. It is also likely that the cost of electricity and even
other products from co-generation systems would decrease. There are a number of
co-generation systems that existing agro-based companies could consider adopting.
Two of these are shown in Figs. 6.29 and 6.30.

As discussed in Chap. 3, there is a significant co-generation potential in East
Africa, which is yet to be exploited and there are already indications that, with
suitable sale agreements, the existing agro-based industries are willing to invest in
commercial electricity generation. Support from national governments and coop-
eration from national electricity distribution companies would determine the extent
of commercial co-generation practices in the region. There is, however, no doubt
that cogeneration has some of the best conditions for sustainable use of biomass
energy resources. Many other industrial biomass energy applications such as
tobacco curing, tea processing and brick-making are net energy consumers and
therefore should actively support biomass regeneration activities.
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6.6 Biogas

There are two ways in which biomass materials can be converted into combustible
gas. The common and simple technique is a process in which already processed
biomass material can be further broken down by microorganisms and in the process
produce methane—a combustible gas that can be used for cooking and lighting.
The second one uses a more sophisticated method to directly convert biomass
material into gas through a process commonly referred to as gasification. In this
section, we will consider biogas production, which is a small-scale energy pro-
duction activity that has attracted a lot of attention in East Africa, particularly in
Tanzania where more than 1000 biogas digesters had been installed with significant
support from the government. Both Kenya and Uganda had only about 500 and 10
respectively by mid 1990s. Biogas production technology is simple but the rate of
gas production is generally slow and sensitive to weather conditions.

Biogas, which is sometimes referred to as bio-methane because its main con-
stituent gas is Methane, CH4, is a renewable fuel with properties similar to that of
natural gas. It is produced from biomass materials in the form of solid or liquid
waste such as cow dung. The production of the gas involves microbial action on the
waste in the absence of air—a process known as “anaerobic digestion”. The con-
tainer in which the process takes place is called “digester”. Digesters can have
different shapes and sizes and may be used to accomplish some other necessary
waste treatment processes. Conventional digester systems have been used for many
years and from different wastes. One interesting digester is the type that is an
integral part of sewage treatment plant to help stabilize the activated sludge and
sewage solids while at the same time producing biogas for other applications.
Interest in biogas has led to the development of high-rate, high efficiency anaerobic
digesters, which are also referred to as “retained biomass digesters” because they
are based on the concept of retaining viable biomass by demobilizing the sludge.
Digester types include batch, complete mix, continuous flow and covered waste
treatment lagoon. Biogas technology by its very nature is a rural technology that
can have significant impact on rural energy development strategies. There are many
designs of digesters but the famous ones are the Floating Drum type developed and
promoted in India and the Fixed Dome type, which was developed in China. The
Indian type soon became obsolete as a result of the more durable Chinese Fixed
Dome type, which can last from 20 to 50 years. There are still other types, for
example the Bag Digester developed in Taiwan, Plug Flow Digester developed in
South Africa and Covered Anaerobic Lagoon type used in the United States of
America. The process of producing the biogas is however the same. In all cases the
digester must provide anaerobic condition within it.

The waste, e.g., cow dung is first mixed with water usually at a ratio of one to
one before pouring it into the inlet tank from where it flows into the digester
(Fig. 6.31). If the input is too dilute, the solid particles will settle at the bottom of
the tank and if it is too thick, it will impede the flow of the gas from inside the
slurry. The first process inside the digester is the decomposition of plant or animal
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waste matter. During this process, the organic material is broken down to small
pieces. Then the material is further decomposed and converted to organic acids,
which are in turn converted to methane through some chemical reactions. The
decomposition of organic matter and the subsequent release of the biogas is
accomplished by some bacteria which survive well in anaerobic conditions. Thus
the main component of a biogas plant is the anaerobic digester. The bacteria that
cause the release of the gas are very sensitive to temperature and pH changes inside
the digester. Suitable digester temperatures for common species of these bacteria
range from 30 to 40 °C with an optimum at about 36 °C. It is of course possible for
the digester to operate outside these ranges but the system would be vulnerable if
not closely monitored. After the digestion of the waste matter, the remaining fluid
consisting of mostly water and stabilized waste can be used as manure.

The actual digestion takes place in three main steps. The hydrolysis is the first
step during which bacterial enzymes break down proteins, fats and compound
sugars into simple sugars. The next step is the acid formation when bacteria convert
the sugars to acetic acid, carbon dioxide and hydrogen. Finally the enzymes convert
the acids to methane and carbon dioxide. Hydrogen, which is produced during acid
formation stage, is then combined with carbon dioxide to form methane and water.
The final biogas has traces of many gases such as hydrogen and nitrogen but the
main constituents are methane (CH4) and carbon dioxide (CO2). An effective
digester should have methane as the dominant gas followed by carbon dioxide such
that the two constitute over 80 % of the gas. An important factor that affects the
operation of a biogas plant is the carbon/nitrogen ratio (C/N). A ratio between 20
and 30 is considered to be optimum for anaerobic digestion. It is important to
consider this ratio when choosing the type of waste to use in the digester. For
example, cow dung has a ratio of about 24, water hyacinth has 25, pig waste has 18,
10 for chicken waste and 8 for both human and duck wastes. Other materials such
as rice straws and saw dust have much higher C/N ratios. If the ratio is higher than
the optimum range then the little nitrogen will be consumed by the bacteria to meet
their protein requirements and gas production rate will be reduced. On the other
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hand if the ratio is low, more nitrogen will be liberated and become available for
ammonia formation and this will raise the pH of the system and hence reduce the
population of the microorganisms. A pH higher than 8.5 is toxic to the bacteria and
should not be allowed to develop inside the digester. There are many species of
these microorganisms and their characteristics also vary but their sensitivity to the
microclimate inside the digester is generally similar.

Although any biodegradable organic matter can be used as raw input into the
digester, it is better to choose an input with high gas productivity. This is even more
important if the material is to be purchased. However, care must be taken to ensure
that the design of the digester is compatible with the type of input to be used. Cow
dung which is a popular choice as an input material is easy to handle and can be
obtained in large quantities in one location but its gas production potential ranges
from 0.02 to 0.04 m3 of gas per kg and is just as good as that of human waste.
Chicken waste has higher gas production potential than this, lying between 0.06 and
0.12 m3 of gas per kg while pig waste is between 0.04 and 0.06 m3/kg. Some plants
such as water hyacinth have comparable gas production potential as cow dung.
A mixture of these organic materials can be used especially if a material of low gas
yield is more readily available than the high yield material. Similarly, materials with
low Carbon-Nitrogen ratio can be mixed with those having high ratios so that
compositions suitable for the bacteria are achieved. Another important factor is the
amount of volatile solids in the slurry mixture. The higher the volatile solid content
the higher the gas production because the gas comes mainly from these solids and
not from the water content. In order to understand the chemical reactions that take
place in the process of digestion, it is important to know the chemical composition
of the waste input. These materials contain carbohydrates, lipids, proteins, and
inorganic substances, which are first broken down to simpler sugars such as glucose
with the help of enzymes released by the bacteria. The fine sugars are then further
fermented into acids by enzymes produced by acid forming bacteria. The common
acid is the acetic acid and some traces of propionic acid, butyric acid and ethanol.
Finally, the following chemical reactions, catalysed by the bacteria, result into the
production of biogas (methane).

These reactions take place all the time, producing methane, which is accumu-
lated as the main constituent of the biogas. In addition to controlling pH and
temperature inside the digester, it is also important to pay attention to loading rate,
retention time, and other materials that would increase toxicity. Over feeding or
under feeding the digester will reduce the rate of gas production. The feeding rate
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would depend on the local conditions but in general, and for tropical conditions,
feeding the digester with 5–8 kg of cow dung per m3 of the volume of the digester
per day is recommended. The specific amount would also depend on the time
required for the dung to stay inside the digester in order to be fully acted upon by
the micro organisms. This is the retention time. For cow dung under tropical warm
temperature conditions, the retention time is usually between 40 and 70 days but, in
general, the higher the temperature, the lower the retention time. The performance
of the digester can be significantly affected by the level of toxic elements inside the
input material. Mineral ions, heavy metals and detergents are some of the toxic
materials but small quantities of some of these (e.g. sodium, calcium, copper, zinc,
lead and potassium) can stimulate the growth of the bacteria. To be on the safe side,
recognizable amounts of these materials should not be allowed inside the digester.

6.6.1 Gasification of Biomass

Biomass solid materials can also be directly converted into combustible gas through
a process known as gasification. The gas produced is often referred to as producer
gas and can be used as a heat source usually to run a heat engine such as electricity
generators or motor vehicle engines. The conversion process involves partial oxi-
dation and pyrolysis in a gasifier unit. The conversion is possible due to the fact that
biomass materials like firewood, agricultural residues and wastes are generally
organic and contain carbon, hydrogen, and oxygen together with some moisture.
Under controlled conditions of low oxygen supply and high temperatures, most
biomass materials can be directly converted into a gaseous fuel. The thermo-
chemical conversion of solid biomass into gaseous fuel is called biomass gasifi-
cation. Although the gas has comparatively low calorific value, it can be burned
efficiently using compact gaseous and liquid fuel-burning equipment (stove) with
high thermal efficiency and good degree of control.

Gasification technology is more than a century old but interest in it diminished
when other liquid fuels such as oil became more readily available. However, recent
renewed interest in it because of increasing fuel prices and environmental concerns,
has spurred its development to a fairly sophisticated level. Gasification process
involves a series of complex thermo-chemical reactions, which cannot realistically
be split into strictly separate entities, but there are stages through which biomass
must pass in order to produce the gas. The equipment used may look very simple
and usually consist of cylindrical container with space for fuel, air inlet, gas exit and
grate. The construction material can also be the normal building materials such as
concrete, bricks, steel or oil barrels. The main stages for the gasification process are
Drying, Pyrolysis, Oxidation and Reduction. When the biomass material to be
gasified is loaded into the gasifier, it is first dried at temperatures ranging from 120
to 160 °C so that all the moisture is removed and converted into steam. At this stage
the fuel does not undergo any decomposition. The dry biomass is then thermally
decomposed in the absence of oxygen. This is the pyrolysis stage, which, at
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temperatures up to 700 °C, produces three phases of the biomass: solid (mainly char
or charcoal), liquid (acid or oil) and gas (mixture of mainly carbon monoxide and
hydrogen). This is followed by oxidation stage during which air is introduced into
the gasifier at temperatures in excess of 700 °C that facilitates the reaction between
the constituents of air and solid carbonised fuel to produce largely carbon monoxide
and steam. Finally, the reduction stage, which also takes place at temperatures in
excess of 700 °C in the absence of oxygen, enables high temperature chemicals to
react, producing more carbon monoxide, hydrogen, methane and steam. If complete
gasification takes place, then all the carbon is burned or reduced to carbon
monoxide and some other products, which are vaporized. But usually the remains
are ash and char or charcoal. For the theoretical complete combustion of biomass,
about 6 kg of air is needed for each kilogram of biomass fuel producing carbon
dioxide and water as the main products. For pyrolysis however, only about 1.5 kg
of air is required for every kilogram of biomass in order to produce the combustible
gas, which is a mixture of carbon monoxide and hydrogen and traces of other gases
in small quantities. The raw producer gas contains tar and other particulate matter,
which must be removed if the gas is to be used as fuel for engines. Thus, apart from
the four stages mentioned above, the gas must be “washed” to remove impurities
and finally “dried” before use. If the final application requires only heat, then
cleaning of raw gas is limited to the requirements of the thermal process. Although
normally there are traces of many gases in the producer gas, a well-designed gasifier
should have a high percentage of the mixture of carbon monoxide and hydrogen,
for example 55 % CO and 25 % H2. The reactions that take place inside the gasifier
should be conditioned to produce the right mixture of the gases. Some of the
reactions require heat input while others release heat. The following are a few
examples.

C þ O2 ! CO2 þ heat released

Oxygen in the air supports the burning of carbon and produces carbon dioxide
and heat. At the same time, hydrogen in the air reacts with oxygen to produce
steam.

H2 þ O2 ! H2O þ heat released

In the reduction zone, chemical reactions take place at high temperatures in the
absence of oxygen so that the major participants in the reactions are carbon dioxide,
carbon, hydrogen and steam.

C þ CO2 ! 2CO þ heat input:

C þ H2O ! CO þ H2 þ heat input
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CO2 þH2 ! COþH2Oþ heat released

C þ 2H2 ! CH4 þ heat released

As mentioned above, a good reactor should produce more of the combustible
gases.

Gasifier sizes range from very large industrial complex to mini portable systems.
The large systems are suitable for generation of electricity while the portable ones are
used for running small engines like motor vehicle engines. It is not easy to classify
gasifiers because there are wide variations in designs. If classified in terms of airflow,
then there is updraft, downdraft, cross draft and twin fire gasifiers. The first three are
the most common types. Figure 6.32 is an example of updraft gasifier. They can also
be grouped according to their operational modes, for example, screw auger reactor,
pressurized solid bed, oxygen-blown and internal circulation fluidized-bed gasifiers.

In regions where biomass is already available at low prices or completely free
like the East African rice mills, sugar factories, and paper mills, gasifier systems
offer economic advantages in addition to its environmental friendliness as a result of
firewood savings and reduction in CO2 emissions. The gas also has the potential to
replace petroleum-based fuels in several applications and save valuable foreign
exchange used in the importation of oil-based fuels. Further, from the gasification
process, other products such as fertilisers, chemicals and plastics can be produced.
It is also possible to obtain flame temperatures that are as high as 1200 °C if the air
is appropriately pre-heated and mixed with the gas making the gasifier suitable for
heat treatment applications or as fuel for ceramic kilns and boilers. Like any other
gaseous fuel, producer gas provides much better control of power levels than solid
fuels and facilitates efficient and cleaner operation. When burned to give heat
energy, thermal energy of about 4–5 MJ can be obtained from one cubic meter of
the gas and flame temperatures of up to 1200 °C can be obtained. It can also be used
to blend fuels such as diesel in various ratios and still provide good power output.

              Drying 

Pyrolysis 

               Reduction 

               Oxidation 

Gas 

Air 

Fuel inlet 

Ash

Fig. 6.32 Updraft biomass
gasifier
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Biomass is such an important source of energy in East Africa and needs detailed
analysis in order to not only understand its full role but also be able to formulate a
comprehensive energy policy that can address realistic energy planning strategies. It
is therefore important to give detailed biomass energy analysis that can serve as an
overview general case for East Africa. As much as energy from renewable sources
is suitable for domestic applications, it is important to note that, for national
development, the economy of scale would determine the choice of the energy
resource. For example, if an elaborate distribution network is desired, then large
scale hydro, nuclear, gas or coal powered facilities would be suitable. But if a small
decentralized system with relatively small distribution network is needed then
sources such as solar and wind would be suitable. The choice of any one of these
would depend on the cost and duration of putting up the facility. For example, gas
fired plants have shorter construction times than coal plants, which can also be
constructed in a shorter time than nuclear plant of the same capacity. The other
consideration is the ease with which the system can adapt to various changes in
demand and the possibility of building the plant closer to the load.

Examples of biomass energy conversion technologies, application devices and
their energy efficiencies given in Sects. 6.4 and 6.5 are based on the Eastern Africa
experience and are basically comparable to what is experienced in other parts of
Africa [1, 5–7].

6.7 Concluding Remarks

This chapter has discussed the basic concepts in Renewable Energy conversion
technologies, particularly for the resources that are readily available in Africa such
as solar, wind, small hydro and biomass resources. Africa has a large hydropower
potential but more attention has been given to very large systems that are suitable
for centralized power generation facilities. These large systems also have their
negative impacts on the eco-systems and environment in general. African settle-
ments (homes and villages) are generally scattered over vast areas where extension
of power lines from a centralized network to individual homes and villages is very
expensive, and yet there is a huge potential for small scale or mini hydro systems
that can cheaply supply power to these widely dispersed settlements. Solar energy
can also be very effective in achieving rural electrification objectives because they
provide the best opportunity for family ownership and management. It is common
knowledge that extended families in African are still very strong and well-knit, but,
unfortunately they are not effective when it comes to collective management of
service provision facilities especial those that are labour intensive like biogas plants.
Solar energy is, of course, the best option for rural electrification, but the users must
be well informed about their application limitations. Biomass, on the other hand can
be packaged into easily portable forms such as pellets or briquettes. Technologies
regarding all these have been presented in a very simple way that can be understood
and applied by many energy users.
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Chapter 7
Options and Challenges

7.1 Introductory Remarks

So far the discussion has exposed energy and some of the important resources in
most countries and regions of Africa and it is evidently clear that Africa is endowed
with abundant energy resources, both fossil-based and renewable energy. To
illustrate this fact, we look at Table 7.1 that summarises the available energy
resources and Table 7.2 that gives examples of the quantities of these resources in
some African countries. These two tables are but expansions of data given in
Chap. 1.

Table 7.1 lists only sixteen countries out of 54 in the whole continent without
including at least other ten or so countries with significant energy resources. These
include; Namibia, Sudan, Benin, Republic of Congo, Chad, Zambia, Mozambique,
Uganda, Ivory Coast, and Equatorial Guinea, which also have some quantities of
these resources. If solar and wind were included, then most, if not all, African
countries would be listed as having sufficient quantities of exploitable energy
resources.

Again some countries with either oil or gas or both such as Uganda and Kenya
where oil was recently discovered are not on the list (Table 7.2) because the
accurate quantities of available reserves have not been determined. Ethiopia which
does not have significant amount of fossil-based fuels such as oil and gas has
recognized the need to generate its electricity using cleaner renewable energy
sources such as solar and wind. Namibia is not endowed with fossil-based fuels
either and is already planning to produce a quarter of its electricity requirement
from solar energy by 2015 when a large solar power facility will have been
completed. These are good steps towards sustainable energy developments and
compliance with international environment protection targets. South Africa, on the
other hand, has enough coal to last several years, but, in the same spirit of envi-
ronmental concerns, it has planned to develop other renewable sources which by
2030 should produce at least 18,000 MW of electricity. Solar energy is almost
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everywhere throughout the year in Africa while wind speeds along the African
coastline from the Mediterranean Sea, Atlantic Ocean, round to the Indian Ocean
and up to the Red Sea are sufficiently suitable for the development of wind farms.

Table 7.1 Examples of countries having fossil-based and other energy resources (populations
figures are 2014 estimates)

Country Population in millions Energy resources

Libya 6.2 Oil, gas

Nigeria 178.5 Oil, gas, coal, hydro

Algeria 40 Oil, gas, coal

Angola 22 Oil, gas

DRC 69.4 Oil, gas, hydro

South Africa 53 Coal, hydro, oil, gas

Cameroon 23 Oil, gas

Tunisia 11 Oil, gas

Egypt 83.4 Oil, gas, hydro

Morocco 33.5 Oil, gas

Ghana 26.4 Oil, gas, hydro

Ethiopia 96.5 Geothermal, hydro, coal, shale oil

Zimbabwe 14.6 Geothermal, coal, hydro

Kenya 45.5 Oil, geothermal, hydro

Gabon 1.7 Oil, gas

Tanzania 50.5 Gas, geothermal, hydro

Table 7.2 Available quantities of oil and gas in some African countries (2013 estimates)

Country Oil/million barrels Gas/billion Cu Ft PV/MW Wind/MW

Libya 44,000 NA 5

Nigeria 37,200 180,000

Algeria 13,400 148,600 10

Angola 13,500 10,950

Egypt 4400 85,800 5 660

Sudan 6000 3000

DRC 3180 3000

Gabon 2000 970

Cameroon 200 4455

Tunisia 430 4475 4 154

Ghana 660 800

Morocco 100 50 1000

Equatorial Guinea 1800 1300

Mozambique 4500

Ethiopia 5 171

Namibia 2200 80–100
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The highlands inside the continent also have suitable wind speeds for wind farms.
A few African countries have proved the efficacy of some of these renewable
energy technologies by establishing wind farms and solar energy systems.
However, looking at Table 7.2, it is obvious that despite the abundance of solar and
wind energies, Africa is lagging behind in their developments and applications.

It is also apparently clear that there are many challenges in making the right
choices that would lead to higher level of self-sufficiency in energy. These include
technical, institutional, legislative, and socio-cultural considerations and for any
approach to succeed, locally available resources must be the foundation on which
the plans should be based. In addition, Africa needs to get rid of resource man-
agement styles that tolerate nepotism and tribalism, which have encouraged cor-
ruption and theft of public resources.

Sadly, the huge hydro potential in the Democratic republic of Congo, which is
capable of supplying electricity to the whole of Sub-Saharan Africa, has not been
exploited in a region where access to electricity is still among the lowest in Africa
and so is in dire need of electricity. Similarly, geothermal potential in the Great Rift
Valley of Eastern Africa has not been fully tapped, except for the small quantity
used in Kenya and Ethiopia.

Co-generation potential especially in the existing agro-based industries is
another area that has been largely neglected in Sub-Saharan Africa where there is
adequate biomass and agricultural wastes that could be used for electricity gener-
ation. In addition to these resources, Africa has other minerals such as gold, dia-
mond, copper, uranium, etc., which can be traded to raise income for electricity
generation and other development needs.

Having identified various energy resources in different regions of Africa, it is
clear that Africa is blessed with substantial quantities of oil, gas, coal, solar, wind,
geothermal, hydro and biomass energy potentials. These energy resources consti-
tute the continental advantage that can be used to accelerate Africa’s economic
development. Chapter 6 discussed some of the energy conversion technologies as
areas that pose both challenges and opportunities in African energy sector.

Experience and technical details can be sourced from elsewhere if necessary but
the core resources must remain local. In this regard, renewable energies particularly
solar, biomass, wind and small hydro potentials, which are fairly well distributed in
Africa, would play a very crucial role as energy resources not only in the continent
but also for those countries that are not endowed with conventional energy sources.
As has been noted, rural settlements in the developing countries are generally not
planned and are therefore randomly distributed without any consideration to the fact
that there may be need to share some facilities. Every family is on its own and
struggles to make the best use of whatever resource is available within easy reach.
This style of living does not encourage the development of sophisticated and
efficient techniques that require the concerted effort of members of the community.
As a result, people tend to continue with the old traditional and often inefficient
methods of meeting their needs and therefore the efforts are usually limited to the
essential basic requirements. It is for this reason that rural household energy
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supplies are restricted to cooking and lighting because individual families do not
have the capacity to acquire suitable energy for other applications.

These features clearly point at renewable sources and decentralised systems as
the most suitable energy arrangements for the rural areas. Even if power companies
were to extend the national grid lines to every household in the rural areas, the cost
of electricity would be too high for the people to afford at the present poverty levels.
Further, maintenance and service costs would also be too high for the utility
companies due to large distances that would have to be covered by the technicians
to reach isolated villages. Consequently, the reliability of supply would be very low
and this would erode the users’ confidence in such sources of energy and force
people to resort to other means of getting energy and, most likely, they would revert
to the old practices. Such a trend of events cannot be generalised for all the rural
areas since settlement distributions and living conditions vary from place to place
and from country to country. But the fact that decentralised energy systems hold the
key to rural electrification still remains. The readily available energy sources such
as solar, small hydro, wind and biomass are the best choices for rural applications
and they also offer the best decentralised supply technologies. However, it is
important to first and foremost obtain accurate data on their distributions and
potentials to facilitate proper identification of pioneer development and growth
centres where they can be managed by small rural units such as households, vil-
lages, or other organised community structures. Similarly, the ownership and
management responsibilities can be placed at these levels with local village chiefs
and other leadership structures given the responsibility to ensure that the facilities
are properly operated and regularly serviced. In doing this, the systems are likely to
be sustained if the users value the services provided.

It is however important to identify suitable nucleus units where community
energy facilities can be established to initially provide highly desirable services and
also demonstrate the viability of such resources. The services can thereafter be
extended to the surrounding communities based on demand and existence of
appropriate management structure. Such core units could be schools, hospitals, and
organised community centres. Participation of the communities is therefore an
important prerequisite for the success of these decentralised systems. However,
because of the growing population and increasing demand for energy, supply of
energy by these facilities should be reviewed every few years to assess their suit-
ability and adaptation to the changing circumstances. If for a particular area the
population density has increased to a level where centralised facility can be more
effective, then they can be replaced by introducing more suitable systems including
extension of national grid power lines to the area. It is in this context that rural
electrification can be expected to succeed and there are no better decentralised
sources than solar, wind, small hydro, agro-based co-generation and biomass. All
these are renewable energies with both socio-economic and environmental
advantages that can give the desired and sustainable impetus for rural development.

There may be arguments against these energy resources but the fact still remains
that under the present rural situation, they can be developed and used where the
people live and with good possibility for community participation that is needed for
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successful application and sustainability. To prepare the ground for this success,
suitable socio-political environment must be established to regulate the process so
that some reasonable level of quality control and safety procedures are established.
This may require the introduction of new legislations and the establishment of
institutional frameworks that would specifically handle rural energy development.
All the new arrangements must also fit into the current energy initiatives such as the
independent power production regulatory measures. In addition, there is greater
need for effective coordination between national industrial energy needs and rural
energy requirements. The two energy supply objectives cannot be achieved by a
single provider without the risk of ignoring one and this has been the situation that
has stifled past rural energy development strategies. The high concentration of
industries in the major towns and their regular large payments to the utility com-
panies are too attractive for a power distributor to consider the cumbersome
management of rural energy networks.

Different but well-coordinated approaches should be used in order to succeed in
both fronts and in this regard co-generation should be a rural renewable energy
initiative that can link well with national energy supply network. Similarly, small
hydro power generating facilities should be considered under rural energy initia-
tives but designed to link with national network as and when necessary. Some of
these, depending on the situation, can be completely decentralised with localised
supply networks while others would necessarily be limited to households, village,
small organized communities and institutions. Unlike urban energy supply systems,
rural energy supply requires a lot more involvement by the users because distri-
bution is individual-centred and not “area” focussed like the urban system. The
individual consumers must therefore take some responsibilities. This is one of the
reasons why some level of community ownership in a participatory sense is
important for the sustainability of rural energy supply systems. Small systems like
photovoltaic lighting units and biogas plants, which can be owned and operated by
a single household should be actively promoted by providing appropriate incentives
to the users in the form of technical assistance, subsidy or tax rebates. Other
incentives such as school fee waivers and subsidized medical treatment can also be
considered. These are strategies that would very quickly sensitise rural communities
to develop clean energy culture that would eventually move them away from
reliance on raw biomass energy. The policy would also instil in people the energy
conservation practices that would make significant contribution in reducing emis-
sion of greenhouse gases into the atmosphere as discussed in the previous sections
of this book.

7.2 Human Resource Development

Most of the renewable energy technologies have been developed to a level at which
they can satisfactorily serve the intended purposes in developing countries.
Unfortunately for Africa, like any other developing region, research and
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development of these technologies were done elsewhere without any meaningful
participation at the local level. Most of them found it easy and less expensive to
engage in the low level traditional biomass-based technologies such as charcoal and
wood stove developments, which have not made any significant impact in energy
use patterns. Attempts to develop and use biogas and gasification conversion
processes have not worked well while the use of energy from co-generation
facilities has been restricted by energy control regulations. This means that a lot of
studies will have to be done to prepare the ground for proper and effective response
to energy policy changes and technology transfer processes. Many renewable
energy technologies particularly photovoltaic technology and large wind generators
will have to be transferred into the region. Technologies that are not so complicated
like solar water heaters, solar cookers (household and institutional), small hydro,
and wind machines should be developed by local personnel using locally available
materials. Local skills should be developed and used in all installations and
maintenance of renewable energy technologies. In order to achieve this, it is nec-
essary to instil some energy culture in people so that the society becomes conscious
of how to use and conserve energy from different sources. It is also necessary to
develop the critical mass of human resources, which in this context includes
manpower, skills, knowledge, and accumulated experience in dealing with all
aspects of renewable energy technologies at all levels from craftsmanship to skilled
applied scientists who can spearhead further developments and modifications
suitable for local conditions. These people must be deployed in positions relevant to
their training backgrounds. Placing skilled personnel in positions where they can
effectively apply their professional knowledge is very crucial in any development
process.

This is perhaps one area where most African leaders have shot down renewable
energy initiatives as they use political interests and ethnic considerations in
appointing qualified people to positions of influence. The result of this is that a lot
of people are given positions in which they do not use the professional skills
acquired during the many years of training. In many instances, the morale and work
ethics are eroded by appointing a relatively less qualified person as the head of more
qualified and experienced colleagues. These practices are more effective in
retarding technological development than any form of corruption and any wise
leader must avoid them completely. Development in the region has severely suf-
fered from this practice particularly in Sub-Saharan Africa where it has been the
norm in government ministries and departments. Consequently, the government
receives inappropriate advices that lead to wastage of scarce resources in addressing
misplaced priorities to the extent that even general repair work and routine main-
tenance become expensive and difficult to carry out.

One example of this vice is the small hydro facilities that were introduced in
some countries by colonial settlers. A good number of such facilities could not
continue operating because of the so-called lack of qualified personnel to maintain
them. A study carried out in Uganda confirmed this at a time when there were many
highly qualified Ugandans in various branches of engineering (mechanical, elec-
trical, civil, etc.,) working in various government offices. Thus, human resource
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development does not mean beginning to train people on renewable energy tech-
nologies today but starting with proper assessment and meaningful deployment of
those already available, and they are many. Since the 1970s quite a significant
number of many Africans have been trained on various types of renewable energy
technologies and therefore a very effective taskforce for the development of
renewable energy technologies can be very quickly constituted.

In addition to this, it is important to set up at least one centre of excellence in
research and development of renewable energy technologies in each country. Such
centres should be primarily charged with the responsibility of carrying out research
and development work on renewable energies but should also be in a position to
provide data and investment guidelines on renewable energies. Some suggestions on
how such centres can be established with the prevailing limited resources are dis-
cussed in the next section. To build the capacity for the centres and bring them to
effective productive levels, there would be need to fine-tune existing renewable
energy technology courses in institutions of higher learning in the region. Renewable
energy technologies have been fairly well developed and therefore the centres should
not waste resources trying to re-invent the wheel but should focus on resource
identification and technology adaptation to suit local socio-economic and resource
accessibility circumstances. This task is important and enormous and should not be
left to the leadership of such centres alone to decide. The activities must address
national energy development goals as set out in each national development plan and
this means that they should have adequate annual budget allocation in which dis-
bursement of funds is based on the progress made in achieving the set goals. In this
regard contract research and technology developments, with measurable achieve-
ments, should form the basis of the activities in these centres and government
ministries and departments should be the main sources of these contracts. These
activities should be linked with those of the private sector particularly
non-governmental organizations at the dissemination stages.

All these will call for the establishment of suitable regulatory framework to
ensure that procedures and requirements are followed and fulfilled and that ade-
quate resources in both manpower and facilities are made available for this. The
efforts of many non-governmental organizations in the 1980s and 1990s on the
development of renewable energy technologies would today have made a greater
impact in the region than they did if they had been given organized institutional
backing beyond mere lukewarm non-interference attitude. Theoretical policy
changes that are prominently presented in official documents without the necessary
structures on the ground will not lead to the solutions of rural energy supply
problems. There is need to do more in the form of institutional arrangements that
would effectively link the demand side with supply strategies and use decentralised
renewable energy programmes as the principal means to satisfy the requirements.

Conditions for environmental protection could be used as indicators for choosing
the method and source for energy production so that independent power suppliers
are guided accordingly. This is not a new concept as it has been used by many
developed nations to encourage independent power producers to develop solar and
wind energy systems. For example, Germany, which is one of the world’s leading
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nations in the use of wind energy is also very conscious and strict on environmental
protection laws and regulations and uses these principles through appropriate leg-
islation and institutional arrangements, to encourage independent power producers
to use renewable energy sources. A similar institutional approach in Africa would
not only encourage independent power producers to turn to renewable energies but
would also encourage more active local participation in the development of these
technologies.

Existing energy related organizations should be strengthened and used as energy
development focal points. In Africa, regional approaches to energy issues prefer-
ably with coordination of regional bodies such as ECOWAS in West Africa, EAC
in East African and various regional Power Pools should be used to improve the
region’s energy infrastructure. Again, these institutions would require suitably
qualified personnel who can achieve the objectives. The linkages and experiences
gained by non-governmental organizations can serve as useful tools for better
networking and information exchange on renewable energy technologies. When
compiling an inventory for renewable energy resources, it is important to include
detailed information on institutions and agencies involved in energy development
issues such as training, dissemination, energy technologies, energy policy studies as
well as their potential and socio-cultural constraints. Such information would
encourage exchange of experiences, research collaboration, dissemination, and
training capabilities on a regional basis so that larger markets and standardization
procedures are developed. This is expected to attract both local and foreign
investors and facilitate cost-effective exploitation of the region’s huge renewable
energy resources.

Difficulties in financing renewable energy initiatives have been a major
inhibiting factor in the development and application of renewable energies. It is
therefore necessary to establish easy and flexible financing mechanisms specifically
for renewable energy technologies. There are a number of ways in which this could
be achieved but it would be important for such structures to include credit schemes,
higher taxes on fossil fuels, and attractive tax rebates or wavers on renewable
energies. It is also worth considering the establishment of national fund for
renewable energy developments. There have been, in many African countries, fuel
taxes, which are paid at the petrol or gas stations whenever one buys fuel. A good
fraction of this money should go into the development of local energy resources so
that the tax is justified by using it in a way that enhances patriotism. This could be
done through contributions to the renewable energy fund or by putting it into a
revolving fund to facilitate easy and flexible financing of renewable energy pro-
grammes including support to sympathetic credit institutions. The process of
administering such funds involves accurate assessment of the need and circum-
stances of the applicants and therefore would be more effectively handled by local
institutions that understand both cultural and social factors that have implications
on ability to respond to loan repayment obligation. Financing arrangements are very
sensitive matters that, if not well managed, can kill even the best initiatives and so
the regulatory mechanisms for controlling this aspect must be effective and just.
Obviously there would be need to establish or reorganize existing institutions that
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would devote adequate time and resources, in a coordinated framework, in order to
satisfy both renewable energy developers and users. It is through all-round coor-
dinated and concerted efforts that the success of renewable energy technologies can
be realized in Africa. The challenge is therefore focusing on three major areas:
(1) formulation of suitable renewable energy policies that would encourage the
development of renewable energy technologies; (2) establishment of institutional
framework for effective monitoring and coordination of renewable energy activities
including the enforcement of quality control measures; and (3) constitution of easy
and flexible financing mechanisms to provide the impetus required in the whole
process. These should be viewed and accomplished in the background of
well-documented data on all aspects of renewable energies including national and
regional distributions, economic viabilities, potentials and possibilities of modular
developments. It is expected that the local human resources would be developed in
all these areas and effectively deployed appropriately. Many of these issues have
not been properly addressed because there is not enough skilled manpower that
could formulate suitable and implementable policies for the rural conditions.
Human resource development must therefore be seen in its entirety to ensure that
every initiative gets the desired support from all relevant sectors.

7.3 Biomass: The Challenges

Although various authorities in each African country have not given biomass the
recognition it deserves, it is however widely accepted that it plays an important role
in the developing countries in general, and that its use is not by choice but a
survival means for the poor rural communities. It is a reliable source of energy that
does not have to be stockpiled in large quantities as it can be obtained on a daily
basis. In spite of its importance, biomass has generally been ignored in official
energy planning strategies and yet its use is associated with environmental prob-
lems, whose impacts affect the whole nation. Furthermore, it can be depleted if its
regeneration is not carefully planned and this would have far reaching conse-
quences on the environment such as soil degradation and changes in weather
conditions that would have adverse effects on agriculture. There have been a
number of activities on agro-forestry and tree planting in general but not specifically
for energy purposes and in many cases the ministries of energy in the region were
not actively involved. The evidence that biomass use far exceeds its natural
regeneration is common knowledge and so is the undesirable impact of its careless
and unplanned use. Biomass is also used for construction and it is also destroyed to
give way for new settlements and agricultural land. All these activities are
increasing the demand for it while its supply is diminishing. This is definitely a very
dangerous trend.

In addition, its use is a great health hazard to the women and children who use it
for cooking. Burning of biomass, particularly firewood and charcoal, is associated
with emissions of carbon dioxide and the toxic carbon monoxide. Users of these
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fuels are therefore regularly exposed to the risks of developing diseases that affect
respiratory system. The common practice when these fuels are used indoors into
simply let the smoke find its own way out of the room. There is virtually no attempt
to vent the smoke out of the room. Indoor air pollution from smoke is suspected to
be the major cause of respiratory diseases that kill a large number of women and
children in Africa. In addition to this, the emitted carbon dioxide and carbon
monoxide are well known greenhouse gases that cause undesirable increase of
global warming.

The other concern regarding the use of biomass is the rate at which deforestation
and land degradation is taking place. In recent years, the escalating oil and elec-
tricity prices and their intermittent supply in many areas encouraged many insti-
tutions to turn to wood and charcoal. In Kenya alone, more than two million tons of
fuel wood is consumed per year. This is based on a modest estimate of about two kg
of fuel wood per household per day. Large institutions like hospitals and colleges
use between 5 and 10 tons of fuel wood per month and this raises the estimated
figure by more than 100,000 tons/year further increasing the total annual fuel wood
consumption in the country. Regeneration is difficult to accurately assess, but it is
obvious that it does not match consumption rate and therefore there will be an
imminent fuel wood crisis if nothing is done to slow down consumption rate and to
intensify regeneration activities. It is generally accepted that, for the purposes of
comparing consumption rate against existing wood reserve, ten tons of fuel wood is
equivalent to clearing one hectare of forest, but this depends on the forest density,
which is very low in many parts of Africa. The unfortunate situation is that the
already visible land degradation and deforestation in the region have not been given
adequate attention from the energy point of view. They are normally assumed to be
the responsibilities of the ministries in charge of agriculture and natural resources
while energy-related health hazards associated with fuel wood use are handled by
the ministry of health. Under this arrangement, it is very difficult to implement
preventive measures because energy consumers will continue with their practices as
if these matters do not concern them.

There are, however, a number of options in addressing the problems associated
with biomass energy use. Developing an energy-sensitive culture in which energy
conservation and application risks are well understood by the society is the foun-
dation on which all energy issues should be based. Alongside this development
should be the introduction of efficient methods of converting energy from one form
to another especially biomass conversion processes as well as promoting use of
efficient stoves. Improved charcoal kilns should be more aggressively pursued and
once the technology is widely understood, the use of inefficient techniques should
be banned. But first, the organization of charcoal production must be improved to a
level where use of these improved conversion technologies can be effectively
practiced. Tested and successful kilns such as the Katugo and Mark V in Uganda
and the oil drum in Kenya and any other traditional kiln in other regions should be
carefully re-examined and their improved versions promoted. The stoves that use
charcoal and wood should be comprehensively re-analysed with a view to pro-
moting efficient models. Special attention should be given to those stoves that have
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had a measure of success in the region such as the Kenyan Ceramic Jiko (KCJ) and
the maendeleo wood stoves. These stoves have proved that they have significant
desirable advantages such as less consumption of fuel and achievement of more
complete combustion of fuel than the traditional stoves. Similarly, improved in-
stitutional stoves should be seriously considered at national levels and the gov-
ernments should assist in their promotion, dissemination and use, particularly in
government rural institutions. At the same time, the governments should support
efforts to develop stoves and devices that can use other types of energies especially
solar and fuel briquettes. In this regard, use of biomass fuels should in future be
restricted to high temperature heat requirements, which cannot be achieved through
alternative rural energy sources. Low temperature needs such as water and space
heating should be achieved by other means and not from biomass fuels.

At a larger industrial scale, biomass is an important energy for co-generation and
also for biogas and producer gas production. Of these applications, only producer
gas may require wood. The other processes make use of animal wastes and agri-
cultural residues and so the risk of running short of supply is very low. The cows,
chicken, and other animals will always make their wastes available for a biogas
plant while for co-generation by sugar millers, bagasse is the main waste and is
always available in large quantities to generate electricity for the industry and the
surrounding communities. The full regeneration cycle of sugarcane, which pro-
duces bagasse, is between 15 and 20 months and given that the milling capacity of
the factory is known, it is possible to determine the size of the sugarcane farm that
can adequately and continuously serve the factory for both sugar milling and
co-generation activities. Sugar milling enterprises are some of the agro-based
industries with the lowest failure risks and this has been demonstrated in some
African countries where despite civil wars and adverse direct political interference
that forced many industries to close down, sugar millers survived. There are many
cases where they were mismanaged and plundered but they still went through all
these successfully—a proof that these are the types of industries that are suitable for
the unpredictable African political conditions.

With the additional economic empowerment in co-generation and role as inde-
pendent power producers, these establishments are sure to create a significant
economic impact in the rural areas and enable the communities to broaden their
energy options beyond biomass. At least the few rural elite will quickly move from
biomass to electricity, LPG and kerosene for cooking. The improvement of the
economic status of the rural people will enable them to acquire the capability of
switching to cleaner modern energy technologies and increase artisanal job
opportunities. The economies of many African states depend mainly on agricultural
outputs such as coffee, sugarcane, tea, pyrethrum, cloves, cocoa, cereals that double
as staple foods as well. Co-generation is an industrial activity that is economically
viable for agro-based industries especially sugar processing industries, which have
large amounts of industrial waste in the form of sugar cane bagasse. Thus
co-generation is a rural-based industrial undertaking that has the highest potential
for improving rural electrification. Its advantages include a wide range of choices
regarding the location of the factory that automatically leads to the spontaneous
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development of new human settlements and vibrant trading centres that create
income generating opportunities for the local people. Such new settlements can
serve as the nucleation centres for rural electrification. With the two industrial
outputs of the processed goods and electricity, the companies are sure to make
profits at lower prices of their products and the factory need not be too large. Local
investors would therefore be encouraged to establish medium or even small-scale
agro-processing industries with commercial power generation components. The
diversification of electricity generation using various renewable energy sources
would create opportunities for broad-based rural energy development programmes.

Production of producer gas at commercial level mainly for decentralized rural
electricity generation for localized power supply to villages and market centres will
also improve rural economic status of the people and uplift their lifestyle.
Independent power producers, particularly indigenous groups or companies should
be encouraged to participate in the development and promotion of such enterprises.
Producer gas technology requires too much attention and specialized knowledge to
succeed at household level and so focal units should be, among others, organized
villages and market centres where the economic scale of the system is viable. The
best focal units would be schools, hospitals and any other organized rural entities.
Biogas, on the other hand, is a household energy technology where its management
and use are a family concern. The possibility of mismanagement and irresponsible
use increase with the number of people using a common unit and therefore the
responsibility of managing and using biogas plant should be kept at a family level.
Statistical data collected in East Africa indicate that more communal biogas plants
are generally poorly managed than those owned by individual families. Biogas
plants managed by institutions have also performed relatively better than the
communal ones. There are also indications that portable biogas that can be used by
those who do not have their own plants would be more attractive and would enable
the governments to reduce importation of liquefied petroleum gas (LPG) in the
region.

Technologies that would make this possible should form part of the energy
training programmes in institutions of higher learning particularly those institutions
which are already engaged in various aspects of animal production such as Sokoine
University of Agriculture in Tanzania and Egerton University in Kenya. Other
government institutions, which have animal and poultry farms, should be the first to
establish biogas plants for both demonstration and normal application purposes.
Waste treatment lagoons in municipalities, rural industrial establishments, hospitals,
etc., would be more useful if modified to act as biogas plants to provide energy to
those living close to them. Such biogas production methods have been successfully
applied in many parts of the world including the United States of America. One
advantage of doing this is that it also helps in ridding the surrounding of the strong
smell from these usually exposed lagoons. The actions on the waste by microor-
ganisms that participate in the production of the gas results into final stabilized
slurry with soft smell and good soil conditioning qualities.

Socio-cultural bottlenecks regarding the use of human waste should be identified
and appropriate measures put in place to overcome them. Another aspect of

302 7 Options and Challenges



biomass energy, which requires considerable attention, is the production of fuel
briquettes from agricultural residues and other biomass wastes. Although the
technology of producing fuel briquettes is known and has been used in the region,
there has not been a serious attempt to develop special stoves that can efficiently use
this form of fuel. A number of people have used ordinary wood or charcoal stoves
to burn fuel briquettes while such stoves are not suitable for briquettes and so their
poor performance discouraged many users. The development of fuel briquette
stoves is a task that should be given more attention by energy specialists and
research institutions. The absence of such stoves has hampered the wide scale use
of the already existing fuel briquette machines. This is just one good example of
how poorly renewable energy development has been coordinated in the region
because briquette machines should have been introduced together with some pro-
totype stoves but it appears that the machines were promoted in isolation and so
people did not understand their importance. At some stage, some unfocussed
proposals were made about the stove but there was no concrete research and
development work done on it and the idea faded away as quietly as it came. There is
need to formulate an integrated approach in the development of renewable energy
strategies for Africa in order to find the right mixture of approaches that would
produce the best result.

It is a fact that the position of biomass as an important energy source will
continue for many years to come and therefore ways of efficient use, conservation,
and regeneration should be considered and indeed included in all rural energy
planning processes. It is also true that there are a variety of biomass wastes that are
not being used as energy sources. Their application should be developed to an
economically attractive level for the rural situations where they are abundantly
available. Some of these wastes are regarded as environmental pollutants when they
could be used to provide the much-needed heat energy. While advocating for
improved and attractive use of biomass fuels, it should always be remembered that
the consumption of biomass is associated with emissions of carbon dioxide, which
is one of the most effective greenhouse gases. Therefore all biomass applications
should give due considerations to the environmental impacts of using it as fuel and
appropriate measures incorporated to address this. The situation, at present and in
the foreseeable future, is that the use of biomass as a major energy source for the
rural communities will continue and therefore it is unthinkable to neglect it in the
planning and development of energy resources.

African energy policy makers and planners must directly address it and
endeavour to put in place institutional, financial and consumption strategies that can
effectively and efficiently guide its sustainable use. To achieve this, it will be
necessary to develop and promote other renewable energy resources in order to ease
the pressure on biomass. In this regard, it is important to note that much of the
biomass energy is for heat requirements and not electricity or lighting and so the
efforts to ease the pressure on biomass should first and foremost consider rurally
affordable renewable heat sources. If this heat is to be obtained from electricity, it
must be almost as cheap as biomass fuel and the payment terms must be easy and
based on consumption and not anything else that would raise the cost.

7.3 Biomass: The Challenges 303



The other alternative is to improve the economic status of the rural population to
a level where they can afford more expensive energies. This is a task that cannot be
achieved overnight and will take several decades. Whatever the choice, biomass
regeneration efforts must be intensified and addressed through appropriate pro-
grammes that would promote reforestation and agro-forestry activities. This means
that nationwide culture of tree planting should be revitalized and balanced against
other land-use patterns especially those that arise due to increased population
pressure. Experience gained in previous tree planting programmes should be used
in making the right choices of tree species that would not interfere with other vital
land use activities such as agriculture and livestock production.

Two other aspects of biomass energy that might in the near future play key roles
in the transport sector are power alcohol and bio-diesel. Global petroleum politics is
getting more and more interesting and is apparently the source of modern inter-
national conflicts. Nations are already getting concerned about access to oil prod-
ucts as global reserves continue to decrease and while the demand is going up. This
situation should be of grave concern to the developing countries, which have
neither the gun nor the money to secure oil supply. The survival of such countries
may well be determined by their own ability to use appropriate technologies to
convert biomass materials into liquid fuels that can be used in industrial and
transport sectors. In East Africa, Kenya has had some experience in power alcohol
production and should strive to remove the bottlenecks associated with its pro-
duction in order to make it an economically viable energy source. As for bio-diesel,
many African states have no experience with its use or production but the potential
for producing bio-diesel crops exist. This will however require adequate investment
in relevant research and development to establish the characteristics of suitable
crops and efficient oil extraction methods.

7.4 Solar Energy Applications: The Constraints

In general, household energy requirements, rural or urban, are for high temperature
heat and lighting. Household appliances and home entertainment are the pleasures
of those who can afford energy beyond heating and lighting needs. Home enter-
tainment however, has more energy source options (in the form of dry cells and lead
acid batteries) than lighting or heating. Both these needs can be met through
photovoltaic and thermal conversions of solar energy into electricity and heat
respectively. These two processes can be achieved independently using different
specific techniques and this is a characteristic of sunlight that makes it an important
energy resource for the rural situation in which two different sources of energy
(wood and kerosene) are normally used for cooking and lighting. Indeed a few rural
families are already using solar energy for lighting and there is also another small
number using solar cookers.

The biggest constraint in the application of solar energy is that it is available
only during daytime and yet energy requirement is more critical during the night.
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Suitable deep discharge batteries are readily available but they substantially
increase the cost of solar photovoltaic systems because they are used together with
additional system components such as charge controllers. The applications of
photovoltaic solar systems are therefore limited to middle and high income groups
who can afford to buy them. One 50 W panel, which can provide lights for a family
of 4–6 people living in a four-roomed house costs about US$ 200, which comes to
about US$ 400 together with the basic components like battery, charge controller,
light bulbs, cables and the necessary circuit components. Over 90 % of the rural
population in Sub-Saharan Africa have an average monthly income of less than US
$ 50 and cannot afford to buy the systems unless some easy and flexible payment
arrangements are provided. The region lacks suitable financing mechanisms such as
hire purchase, loans and subsidies through which the low income groups can afford
to purchase solar lighting systems. A few financial institutions that have provided
credit facilities were faced with problems and costs of tracing defaulters and had to
withdraw the service. Existing financial institutions therefore are not willing to get
involved in short or long term financial arrangements with individuals whose
occupations are not clearly defined. The problem is also compounded by the fact
that the majority of the rural population do not have legally bound and credible
employers through whom they can repay loans and credits.

Another discouraging factor is the instability and irregularity of income for most
people in the rural areas due to the temporary nature of their employments. Rural
establishments such as sugar factories, hospitals, and schools take advantage of the
high rate of rural unemployment to engage workers on temporary and casual terms
with very low wages. The low income and unstable employment situation make it
very difficult to find slow-moving items in the local market particularly the more
expensive and non-essential goods. Consequently, renewable energy devices such
as solar photovoltaic panels are not readily available in the rural markets. Most PV
stockists are operating in large cities and towns and so are far removed from the
typical rural population, and indeed, many of the people who are already using PV
systems are those who are fairly well informed or whose relatives are familiar with
the technology. So there are two factors that inhibit the use of solar PV systems.
One is the price which many people cannot afford under single payment terms even
though, in the long run, it turns out to be almost comparable to other sources that
are considered to be cheap. The second one is lack of information on how to
correctly use a PV system within its own technical limits. A number of people have
been disappointed by PV systems because of incorrect use that overloads the system
to the extent that power is exhausted too fast making it unlikely to recharge to full
capacity the following day. Often the system is also used during daytime and so
denying the battery the energy for full recharge.

A system thus used would not satisfy the demands of the user. It is therefore
necessary to educate people to understand that a PV system cannot be used in the
same way national grid electricity is used. People must understand the various
reasons for energy conservation particularly the prudent use of renewable energies.
The location of supply points and unavailability of technically qualified personnel
to give the correct information on application also, to some extent, limits the use of
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PV systems. Surprisingly, even PV systems that were installed in institutions have
also been misused and many of them are no longer operational. The various
non-governmental organizations that promoted renewable energy technologies in
the region considered PV systems as a purely business concern and therefore did
not carry out any organized promotional activities such as proper application
procedures. The commercial PV dealers who were expected to promote their use
also did nothing to let people know about their use. Incidentally, even international
development agencies that supported local non-governmental organizations were
very hesitant in supporting the dissemination of PV systems. They instead chose to
support wood energy technologies especially those that focused on charcoal and
wood stove developments. The logical policy would have been to support viable
initiatives that would reduce the pressure on biomass and fossil fuels and solar
energy provided the best opportunity for this. Admittedly, the marketing of PV
systems in the region is reasonably developed but they are considered as slow
moving items and therefore are not stocked in large quantities.

Given the past experience and the knowledge on existing drawbacks in various
energy systems, non-governmental organization are now well placed to conduct
effective information dissemination on PV systems while at the same time setting
up demonstration units in strategic centres such as schools, rural grocery stores, etc.
It is not expected that the price of PV systems will drop to affordable levels for the
rural peoples in the near future and therefore deliberate efforts must be made to
establish infrastructure for easy and flexible financing systems as the basis for
widespread application of PV systems. This is an important prerequisite for the
success of PV systems applications in the rural areas and it demands going down to
the bottom of the community to deal directly with individual users. Cooperative
societies would be in a better position to provide suitable financing programmes but
most of them have failed to meet the expectations of members and are struggling to
survive. Furthermore, memberships of cooperative societies are open to those who
have regular monthly incomes and whose employers can manage the check-off loan
repayment system for the society. The majority of the rural population do not have
regular incomes and are generally engaged in some sort of vague and weak
self-employment—a condition that is not catered for by cooperative societies.

Above the community level, national governments have not given solar energy
sufficient support to compete favourably with other energy resources. Great
attention and huge foreign currency and budgetary allocations are effectively given
to oil and large centralized power generation facilities that benefit less than 25 % of
the total population and almost nothing is given to the development of renewable
energy technologies that would benefit everybody. The examples of this are abound
not just in Africa but also in many developing countries. For economic reasons, the
action may be right but it needs to be balanced with the people’s energy supply
aspirations. This is a remarkably great contrast to what is happening in the
developed economies where there are wider energy options but still they put a lot of
emphasis on renewable energies. In these countries, significant support is given to
both research and application of renewable energy technologies. The support
includes tax rebates, attractive energy buying price from independent power
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producers using renewable resources, which in effect means subsidizing renewable
energies, and significant renewable energy research grants to research institutions
including universities. There are also scholarships available for those who wish to
study renewable energy technologies at postgraduate levels. These are some of the
approaches that should be considered in Africa in addition to institutional
arrangements. It is not right to import solar energy conversion devices when the
capacity can be developed to locally produce them. Africa receives more solar
radiation than those countries that supply PV systems to the region and it is possible
to correct this anomaly simply by shifting the emphasis to renewable energies.

As mentioned earlier, solar energy has another attractive aspect, that is, it can be
converted directly into heat, which is another common form of energy in great
demand. There are two levels at which this can be applied: the low and high
temperature applications. Low temperature applications include water heating,
space heating, and drying of agricultural products in order to prolong their storage
life. The technologies for these applications are very simple and quite a good
number of them have been developed in Africa and are in use. However, low
temperature applications are not priority requirements as people can do without
such heating devices by using open air sun drying. The climatic conditions in the
region do not demand regular space or water heating except in a few highland
regions where night temperatures can go down as low as 10 °C. But such areas
normally have abundant woody biomass for general heating purposes. Furthermore,
water heaters are not suitable for rural use because they require pressurized water
supply source that can force water to flow through the heater located on the roof of
the building. More than 90 % of the rural houses are not supplied with pressurized
piped water. People normally fetch water from nearby streams, rivers, shallow
wells, or springs using portable water containers. Most solar water heaters that are
in use in the region are installed in the cities and large towns where pressurized
piped water facilities are available. Therefore the fact that these technologies are not
used widely in the region is not a cause for concern since the rural living cir-
cumstances are not suitable for their application.

The second level is the high temperature application, which is mainly for
cooking and water boiling. Most water sources are contaminated and therefore
drinking water must be boiled to avoid water-borne diseases. These are the two
main areas that consume a lot of biomass energy in the rural areas and so the use of
solar energy to meet these needs would be a great relief on biomass. Solar cookers
have been developed in the region and various designs are in use. However, the
majority of the people have not been sensitized enough to appreciate this source of
energy and exiting technologies for harnessing it. The available solar cookers are
not as expensive as other solar devices and therefore financing should not be an
issue since most rural people can afford to acquire them. So far solar cooker
production centres are very few and demonstrations are usually done in scattered
isolated places so that most people have remained unaware of this alternative way
of cooking. The second constraint is that cooking during daytime is an activity that
people would like to conduct quickly and at a particular interval of time between
more pressing daily responsibilities. Night cooking is also done quickly in the early
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part of the night to save on energy for lighting and also to have more time to rest
and therefore a fast-cooking device is desirable. Solar cookers are generally slow
and the availability of direct sunlight when needed is not assured. Night application
of solar heat is currently not viable since effective high temperature storage systems
are lacking. These characteristics and lack of energy control have inhibited their
wide scale use in the region. In addition, using them require too much attention as
they have to be regularly moved to face the sun all the time in order to constantly
receive maximum direct sunlight. Some of their designs such as the more efficient
ones that use parabolic reflectors to concentrate sunlight on to the pot are not
convenient to use, particularly for preparing some traditional foods. There is
therefore need to carry out more educational and promotional activities on them and
also encourage further research on user-friendly designs and materials with high
thermal conversion efficiencies.

These improvements should be conducted alongside training programmes that
would enable existing local stove manufacturers to include solar cookers as one of
their products. Thus there is still a lot that needs to be done on solar cookers before
they can make any significant impact on rural energy scene. In general, for the
conversion of solar radiation into high temperature heat the challenge is to come up
with suitable designs that can meet the traditional cooking practices. The tech-
nology itself is simple and has proved that the devices can achieve sufficient high
temperatures so there is no problem with the technology itself. On the other hand,
conversion of sunlight into electricity is more complicated since it requires the
development of suitable semiconductor materials that can be used to make solar
cells. The solar cell manufacturing technique, from raw material processing to
actual cell production requires specialized knowledge and use of high precision
equipment. With committed support from the national governments, the region can
develop the required technical skills and acquire the equipment to produce solar
cells locally.

The situation outlined above clearly indicates that solar energy constraints fall
into the following four areas:

• Awareness: Many people in Sub-Saharan Africa including policy makers are not
aware of the potential benefits of solar energy systems and so there has neither
been any attempt to provide extension services nor promotion campaigns in the
public sector. All these have been relegated to the private sector, which is more
concerned about making profit than spending on awareness campaigns.

• Affordability: Acquisition of solar systems needs large capital that most people
in the rural areas do not readily possess and there are no financing mechanisms
in the rural areas for it.

• Standard of solar system components: Some solar energy components available
in the market are of low quality due to lack of enforceable standards. This, in
addition to their high costs, has discouraged potential users.

• Technical capability: Poor installation and maintenance done by untrained
technicians result into malfunctions that lead to disillusionment and loss of
confidence in the systems.
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Solar energy promotion in the region must consider ways of removing these
constraints.

7.5 Wind Energy Challenges

Wind energy like hydropower is not easy to efficiently convert into heat unless it is
first converted into electricity through a generator. But it is quite suitable for
performing mechanical work such as water pumping or grain grinding. Although
wind is available everywhere, its strength varies with time and from location to
location. The success of its exploitation is therefore highly site specific so that the
study of wind conditions for the site must be carried out over a long period of time
before a suitable machine can be installed. In addition to this the machine must be
designed for the intended function. For water pumping, high torque is required to
turn the blades so that the pump receives enough energy to move through all its
mechanical linkages. If the machine is to be used for electricity generation then
high-speed machines are required. Thus it is important to match wind turbine to the
prevailing wind regime at the selected site. Failure to do this can result into inef-
ficient operation of the machine. The diurnal and seasonal variations of wind speeds
at a given location also mean that the machine will not operate all the time.
Electricity from a wind generator without storage facility is therefore unreliable but
wind is still a better alternative than solar because it can operate day and night. For
water pumping, the intermittent operation may not be a serious drawback since the
water is pumped to a storage tank from where it is drawn only when needed.
However, knowledge of wind regimes, regular up-dates of this information and its
availability to both policy makers and energy experts in the whole region are
important prerequisites for wind energy development.

Wind pump technology is relatively simpler than wind generator and there is
adequate local expertise in Africa to produce and manage them. The problem at the
moment is that the demand for wind pumps is very low and therefore the manu-
facturers tend to produce them on order. This is partly due to the high cost of the
machines and partly due to limited use of groundwater, the long distance from
water points and land ownership issues. The use of wind generators is even more
limited and there are no well-established local manufacturers and so there is need to
aggressively develop the capacity to design, construct and install wind generators of
different sizes and for various applications.

The polytechnics and institutes of technologies should have more practical
approach to the development of appropriate energy devices particularly wind, solar
and hydropower conversion machines. People living in the developing countries
quickly get into new ideas by copying examples and so these institutions must lead
by producing and using these devices for people to develop confidence in them. If
necessary, an authority should be established to ensure that these technologies are
developed and, first and foremost, used by the same institutions. This is one way of
developing new technologies and promoting their application at the same time and
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it goes down well with the African customs, which believe that a visitor would be
easily encouraged to eat your food if you are also eating it. The present institutes of
technologies and polytechnics should be strengthened and refocused to effectively
pursue their original mandates, which included design and fabrication of energy
devices. Practical use of the technologies they develop should also be part of their
mandate.

Their capacities with respect to qualified staff and well-equipped workshops
should be the first priority in all technical institutions in the region. To provide
incentives and attract dynamic students to these institutions, it may be necessary to
expand opportunities for skill development so that technically smart students can
develop their capacities beyond artisanal level. The need to do this was recognized
many years ago and indeed the establishment of universities of technologies was
proposed but unfortunately, regional and ethnic politics allowed such universities to
revert back to normal traditional university disciplines and completely abandoned
the original mandate. Thus, proper management of and commitment to relevant
educational and training systems would enable the region to adequately address
technology development issues so that such simple energy technologies like wind
turbines, hydro turbines, solar energy conversion and other related devices can be
locally produced and promoted.

Thus capacity building for home-grown technologies is the immediate step that
should be taken by African countries if any significant step is to be made in
technology development in general. It is through human resource development for
renewable energy technologies that technicians, technologists and engineers can be
produced to sustain any desired renewable energy programmes. Many of the
renewable energy projects in Sub-Saharan Africa were managed by expatriates
through donor-funded programmes and most of them could not be maintained after
the experts left. This is an expensive experience that should be avoided in any
future renewable energy programmes.

Medium and high income groups owning properties in the rural areas should
also be encouraged to use renewable energy technologies even though they can
afford the readily available but equally expensive energy resources. But this can
only succeed if security of supply is assured and the supply is reasonably priced to
attract the consumers. In this regard it is important to address the following con-
straints facing dissemination of wind energy technologies:

• High capital cost that makes wind energy less attractive compared to
oil-powered generators;

• Inadequate data on wind regimes in the region;
• Limited after-sales service;
• Lack of awareness about the environmental and economic benefits of wind

technology;
• Lack of enforceable standards to guarantee quality; and
• Lack of user friendly credit schemes and financing mechanisms.
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7.6 Small Hydropower Systems

Large hydropower potentials in Africa have not been fully exploited because such
developments are proving to be more and more expensive for the regional
economies to absorb. For example, cases are known where some countries have
stopped or avoided the development of some hydropower stations because the
projects could not meet the least cost development criteria. It has been claimed that
the cost of electricity generated from such projects, if implemented, would be
higher than the current cost of electricity from other hydropower facilities.
Sometimes such decisions are made when the government concerned had already
spent some substantial amount of money on it. Such wastage of limited financial
resources can be avoided if power development policies switched from large to
small hydroelectric power development.

Africa has many permanent rivers whose volume flow rates are not sufficient for
large hydropower stations but on which small hydroelectricity facilities can be
established at affordable costs. Many sites suitable for this purpose have been
identified and there are many others, fairly well distributed in the region, for which
feasibility studies have not been done. The studies that have been done on the
known sites were conducted by NGOs, environmentalists and individual
researchers but the governments that are expected to have detailed information on
these for prospective investors have not given this option some serious consider-
ations. It is true that large and medium hydropower stations have given the region
most of her electric energy—an energy form that is undoubtedly clean. However,
times are changing and there are new issues that must be considered in developing
more of such technologies.

The potential still exists but, as has been demonstrated by the Kenyan example
and the Bujagali conflict in Uganda, the construction of large hydro dams for
electricity generation is too expensive and involves a whole series of environmental
questions. Some of these environmental considerations recognize the need to pre-
serve some of these rivers for ecological, cultural, and biodiversity reasons.
Obviously the alternatives to large hydropower technologies are many but most of
them too have their environmental drawbacks and therefore energy technologies
that can be appropriately scaled to avoid adverse impacts on the environment must
be considered. So it would be unreasonable to argue for total exclusion of hydro-
power development because there are hydro technologies that can be used within
reasonable environmental and ecological guidelines and small hydropower systems
provide the best opportunity for this. Although the management of large state
controlled hydro schemes suppressed the real demand for electricity through
un-friendly policies, they have shown that they are not viable businesses as evi-
denced by their poor performance resulting into huge losses. Recent reforms are
expected to correct this but there are indications that total privatisation of many of
these utilities may not be possible since there are national security issues to be
considered. It is therefore unlikely that opportunity for private sector in African
electricity supply will go beyond the present constraints. The only ray of light in

7.6 Small Hydropower Systems 311



this situation is seen in the development of mini hydro schemes. Better still, there
are wide range of choices of small hydro technologies that can suit different river
flow regimes. Some of these include low head, high head and free flow small hydro
machines that can be used with minimal environmental impact. They also offer
great advantages such as flexibility, potential to keep electricity cost low and
socio-cultural acceptability. In addition, they are cheap to install and manage and
can sufficiently meet the local needs within a simple distribution system.

The immediate priority is to identify locations of small hydro potential sites that
are suitably close to active rural agro-based commercial enterprises such as coffee
and tea processing centres, grain and milk collection points, and fish-landing
beaches. Schools, health centres, and rural administrative centres should also
benefit from such small hydropower systems. The major costs of small hydro
machines are associated with the equipment itself particularly if imported. Every
effort should be made to reduce the cost of the equipment and this can only be done
if they are made locally. Local engineering farms, research, and development
institutions should be encouraged to produce these machines by giving them
appropriate incentives in the form of tax rebates, financial support for design and
development costs and local market guarantee. Besides technical considerations, it
is necessary, in general, to consider a broad range of issues in order to develop and
successfully manage hydropower systems. Some information that would form the
basis of these considerations are: need for power in an area; existing methods for
meeting those needs; suitable energy mix for the prevailing circumstances of the
people; environmental impacts of present and future methods of energy supply; the
economics of possible energy choices; and priorities in technology and resource
development. All these would require good planning and effective implementation
strategies and not “Do It Yourself” attitude with which the authorities have treated
rural energy supply in Africa.

The Vietnam experience in which it initially relied on imports from China and
later learned to produce its own similar Pico hydro machines should be a good
lesson for Africa. There are good opportunities in Uganda and other African
countries, for example, where less than 5 % of the mini hydro potential has been
developed. The factors for these opportunities include high cost of electricity from
diesel and petrol generators due to high fuel prices; small hydro schemes are
supported by local environmentalists; basic manpower is already available within
local utility companies; low voltage mini hydro schemes favour rural conditions;
and there is a fast-growing electricity demand. For example, Nebbe Hospital in
Uganda and the surrounding settlements require reliable electricity for water
pumping, refrigeration, theatre work, etc. There is a suitable mini hydro site close to
Nebbe with a capacity to supply 40 kW, which would be enough for Nebbe hospital
and the township. A number of such opportunities exist elsewhere within the region
but there are neither community-based development plans nor any suitable policies
to encourage commercial use of such facilities in a localised framework. For years,
Nebbe spent large amounts of money running a generator that could only be
operated for a few hours in order to keep the cost down while an un-developed
cheap reliable alternative is in the vicinity.
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7.7 Municipal Waste

For obvious reasons, clean energy demand in the urban centres is much higher than
it is in the rural areas and is usually more than can be met by existing facilities. The
generation of waste is also very intense in the urban areas due to high population
density, intensive commercial and industrial activities. Managing this waste has
been one of the major problems faced by practically all municipal authorities in the
region. Its collection and disposal is not only a net revenue sink but is also too
expensive. If properly managed, the waste can be turned into a useful resource that
can generate some revenue for these municipalities. This would create the means
and the need to improve sanitary facilities, which, in turn would reduce incidences
of diseases that arise from filthy living conditions.

With appropriate management of municipal solid waste, it is possible to generate
electricity using technologies that are already available in some developed coun-
tries. Instead of requesting international development agencies to assist in devel-
oping large hydro power plants, national governments should seek assistance to
develop power generation facilities using municipal wastes, as this will improve
both power supply and sanitary conditions for the poor urban population. The use
of waste for electricity generation is a unique solution to both waste management
and revenue problems. The challenge, however, is to improve waste collection and
sorting in order to separate energy waste from the rest. There is also need to identify
suitable energy generation technologies that would use municipal waste as feed-
stock. Another energy production possibility from municipal waste is to design
wastewater treatment lagoons to produce biogas. This approach is different from the
use of solid waste to generate electricity but energy linkages can be developed so
that, although they operate as independent units, they supplement one another, if
necessary. Regional authorities must begin to think of new technologies of turning
waste into useful resources. This will go a long way in improving the environment
in the crowded residential urban estates.

7.8 Policy Issues

Most countries in Africa are primarily concerned with the development and man-
agement of commercial energies: electricity and Petroleum fuels. However, in terms
of energy accessibility, less than 10 % of the total population, particularly in the
Sub-Saharan region, benefits directly from these energy resources. The rest of the
people, mostly living in the rural areas, have to find and manage their own energy
resources and the reasons for this go beyond accessibility and includes the relatively
high costs and application safety. So there are the questions of poverty, temporary
and poor quality of shelters and the lengthy process of preparing local traditional
foods. Due to a number of constraints associated with these conditions, the people
have no choice but to use the available energy resources that are easily accessible
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and affordable within their territory and only biomass-based fuels particularly
firewood fit into this category of energy, making it the natural choice. It is con-
sidered as a non-commercial energy source since it is largely collected from the
neighbourhoods free of any charge. Many African countries have broad energy
policies, which give guidelines on how both commercial and non-commercial
energies should be managed to ensure that energy is available to everyone and that
suitable arrangements are made to guarantee sustainability of all vital energy
resources. On the question of accessibility, the policies seek not only to increase
access to a greater number of people but also to improve services and efficiencies of
energy technologies in order to protect the environment and reduce health hazards
associated with energy use. This means that despite the wide gap of income levels
of the people, everyone should have access to improved household energy services
and efficient energy technologies. These policies have good intentions but unfor-
tunately their implementation and hence achievement of the objectives come with
costs that the people are expected to meet. Thus the majority of the people do not
give any attention to these policies and tend to produce, exploit and rationally use
their own energy resources as long as there is no objection from anyone. The
relevant authorities seem to support this position by passively handling energy
policy matters and doing almost nothing to diversify energy resources to increase
options to the people.

In addition to health and environmental protection, the policies also cover gender
and use of public forests. The policies specifically recognize the role of women in
household energy management and seeks to improve their participation in energy
development programmes and open to them ownership of energy resources at both
demand and supply ends. It is therefore expected that deliberate efforts should be
made to ensure that women participate in energy related education, training,
planning, decision-making, and implementation strategies. But, in practice, this is
not visible in energy management strategies. With regard to forest resources, the
policies are concerned with sustainable exploitation without adverse impact on the
ecosystems or reduction in biodiversity. All these policy provisions indicate that
national energy concerns in the region only cover the following four issues:

• Improved access to energy
• Health
• Protection of forests
• Elimination of gender disparity in energy issues

The implications of these policies is that the use of various energy sources
should not endanger the health and lives of people while keeping the environment,
ecosystems and biodiversity protected from any form of degradation. The rights of
women who are normally overburdened with the task of fetching biomass-based
fuels are also recognized and it is expected that these would be protected through
ownership rights.

It is important to trace the background of these policies in order to understand
why the governments are cold about the development of renewable energies. Before
1979, there were few government departments with overall mandate on energy
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issues. Energy matters were widely spread over a number of government ministries
and, as a result, there was total lack of policy guidelines on energy development.
When relevant ministries or departments were eventually established, budgetary
allocations to them were very low and apparently this has not changed even where
full Energy Ministries exist. It is for this reason that NGOs and the private sector in
general became actively involved in the development of renewable energy tech-
nologies and their dissemination in Africa. Consequently, renewable energy
activities (except large hydropower facilities) have followed an ad hoc path with
very little input, if any, from national governments. Whenever they got involved in
renewable energy activities, they did so because donors and the international
community in general were interested in renewable energy applications, mainly for
environmental reasons.

The main energy concern was in oil business and large electricity generation
facilities and when renewable energies began to appear in the policy documents, it
was because there was too much talk about renewables in the international forums,
but at the national level, nothing was done to attract investors to renewable ener-
gies. To some extent, the monopolistic practices of government-controlled power
utilities and multinational oil companies have stifled the official interest in
renewable energies. To demonstrate this, we look at the Electricity Acts, which
were basically formulated under very close supervision of the national utility
companies and naturally gave the same companies power and authority to control a
wide range of energy issues. These Acts prohibited commercial generation and sale
of electricity directly to the consumers but gave the same utility companies the
mandate to issue licenses for commercial electricity generation. The electricity thus
generated under license would be sold to the same utility company, more or less, at
its own price. This arrangement that made the utility companies the custodians of
the Electricity Acts is the reason for lack of support for renewable energy
development.

Such utility companies existed in many countries. Some examples were Uganda
Electricity Board, Kenya Power and Lighting Company, Tanzania Electricity
Supply Company and equivalent companies in countries such as Nigeria. The
system made it extremely difficult to get the license and make profit out of elec-
tricity generation. Although these Acts have been reviewed, there are still many
obstacles and constraints imposed through pricing and long bureaucratic processes
for private sector investment on electricity generation. Thus the policy change and
the inclusion of renewable energies in the policy documents is still not enough to
address the entire energy situation.

There is need to turn the situation round and provide commercial incentives for
power generation, particularly for use of renewable energy resources such as solar,
wind, and small hydro schemes. National utility companies should be treated like
any other service provider operating and obeying the provisions of the Act and not
as the custodian of the Act, a facilitator and a competitor at the same time.
Tanzanian government had made some bold policy steps to attract investors into the
development of renewable energies by providing attractive financial terms for
potential investors. It simplified procedures for investing in solar, wind, and micro
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hydro schemes including a 100 % depreciation allowance in the first year of
operation. There were also exemptions from excise duty and sales tax and con-
cessionary customs duty on the first import of materials used in renewable energy
projects. In addition, extensive guarantees were provided to investors under the
investment promotion centres certificate of approval. There were other attractive
terms on repatriation of income, ownership guarantees and dispensation of assets.
These were all very positive steps towards the development of locally available
renewable energy resources that should be emulated by the other states.

However, there is still a lot to be done to remove the control roles of national
utility companies involved in the generation, distribution, and sale of energy and
create an environment in which the policies can be implemented freely and effec-
tively. As mentioned above, these policies, with the exception of a few initiatives,
exist only as official records of intention but very little effort, if any, has been made
to achieve them. Often, some of them are used to discourage potential new players.
The fact that these policies came into being only recently also shows how passive
the governments have been about the development of the energy sector. The
question is whether the governments understand the reasons behind the on-going
vibrant global energy politics and whether they are sensible enough to use the
currently available resources to fully prepare for the imminent future energy
shortages. A good policy, if implemented, can cushion some of the adverse impacts
of global energy shortages.

For the developing nations, this needs effective mobilization of both domestic
and external resources to increase investment in the development of local energy
resources by deliberately creating conducive business environment for renewable
energy technologies. This will further require efficient support from established
institutional arrangement in which energy initiatives receive due attention without
unnecessary bureaucratic procedures. In order to provide meaningful accessibility
to energy, the governments must provide correct micro-economic facilities to both
energy producers and consumers through balanced energy pricing that would sat-
isfy the needs and circumstances of both parties.

Appropriate regulatory measures that would encourage people to adopt efficient
energy production and clean energy use should be constituted and implemented at
various levels. Development of local resources and financial incentives should form
the basis of these initiatives. This will ensure that commercial energy companies,
especially electricity generating and distribution companies, aggressively pursue
network expansion policy as the only way of generating income and not through
over-taxing a few consumers. However, it is worth noting that, in the past, the
government-controlled utility companies received financial assistance from public
funds but did not improve performance and coverage as was expected. Cases in
which people paid for new line connections but had to wait for years to be con-
nected were so common that consumers could not understand the business of such
power companies. Such delays are today still very common despite the many
promises and the new energy policies. This is yet another reason why it will be
absolutely necessary to put more effort on policy implementation instead of
spending time on policy formulations, which are eventually not enforced.
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There is a need to improve on the implementation of existing policies, this is to
say, implementation efficiency must come first and this must be done in an envi-
ronment of competition and operational self-sufficiency without expecting special
“survival kit” from the government. The consumer, on the other hand, must be the
ultimate beneficiary of the regulations and incentives through appropriate and
effective policy enforcement. Due to the governments’ past interest and stake in the
utility companies, the common practice was to protect the companies and not the
consumers and as a result the electrification process progressed at an extremely
slow pace.

The inefficiency and irresponsible management by government departments
affected other resources as well. The development of biomass resources, which had
all the requirements for success, could not be sustained because the very people
who were expected to enforce the policy on protection of forests and biodiversity
also abused it. In Kenya, for example, the government protected all forests on trust
land by posting government-appointed forest officers to all forested areas to ensure
that the surrounding communities adhered to the laid down procedures for har-
vesting forest resources. But these same officers turned round and irresponsibly sold
forest resources for their own benefits. The policies are still in force but most forests
are gone. Similarly the policies on energy and gender; energy and health; and
energy accessibility are still very much alive but they are not implemented. The
point here, is that, as much as it is very important to have progressive policies, it is
equally important to effectively implement those policies in order to achieve the
desired goals.

The private sector and many policy analysts have in the past recommended
aggressive long-term policies that demonstrate economic and environmental ben-
efits of energy resources, particularly renewable energies, with emphasis on job
creation and income generation but not much has been achieved. It would appear
like most of these suggestions also died of the common disease like most of their
predecessors: implementation deficiency.

The benefits of diversifying energy sources including long-term savings on oil
imports do not make any sense to the rural poor peasant farmers whose energy
needs are restricted to heat, which can be met by using biomass and rudimental
devices. Their needs for services that require petroleum fuels are only occasional
and so it is not easy for them to relate their lifestyle with electricity or oil. Therefore
expecting them to participate in the implementation of policies, which do not lead
them to viable alternative energies, is unrealistic. Thus energy policies that would
broaden the choices must target the consumers and encourage energy use strategies
that would provide both incentive and socio-economic empowerment.
Consequently, poverty reduction, accessibility to energy, suitable pricing, and
appropriate incentives must be properly integrated in the policy framework and
effectively implemented.

One of the approaches would be to prepare and implement clear strategic pro-
grammes and regulations that encourage active participation of key stakeholders
including a wide range of consumer categories such as church organizations,
institutions, community-based organizations, NGOs, etc. All areas that are impacted
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by energy use such as health, housing, and forestry and those that affect energy
development and use such as energy technologies, financing, and community
energy-use-culture must all be considered in the programmes. It is also necessary to
recognize differences in zonal energy requirements and availability and make
appropriate provisions for energy use that are specific to those regions and their
energy endowments. Since poverty is a major drawback in diversifying energy
choices, it would be necessary to include income generation, health, and gender
issues in all energy programmes. In this respect, education, capacity building, and
general awareness creation would form an important component of such initiatives.
A good policy should encompass all key areas including but not limited to health,
financing, safety, education, accessibility, incentives, good energy mix, buying and
selling arrangements with independent power producers. But, most importantly, the
policies must be aggressively implemented at all levels through well-planed energy
development strategies.

A very dangerous trend that needs to be seriously considered is the continued
reliance on firewood and charcoal. As population increases, the demand for land for
food production and human settlement would substantially go up and inevitably
there will be increased demand for firewood. There are several possible results of
this; one is the increase in price of firewood, which will also have its own reper-
cussions. Increased demand for firewood also implies increase in the level of
poverty with dire social and economic consequences including insecurity. The
firewood crisis may also adversely affect food supply as both food and energy
production will compete for the little land available. It is therefore not wise to
address the biomass energy problem by trying to increase its production to meet the
demand. This option should be taken as a short-term measure but, in the long run, it
would create a far bigger problem than can be imagined. There will be a limit to
which available land can supply adequate biomass energy and every effort should
be made to avoid getting to this limit and the only option is to consider developing
other inexhaustible or more elastic energy resources to provide heat energy to
reduce the demand on firewood. Thus, whereas it is important to plan for more
biomass production for obvious reasons, it is also equally important to start looking
for means of reducing pressure on biomass as an energy source. The use of raw
biomass mainly as a source of heat energy is not only inefficient but also does not
give the versatility that is needed from an energy source. In this regard, it is
necessary to also consider technologies that would transform biomass into a more
versatile energy source such as liquid or gaseous fuel, which can produce energy for
both heat and lighting and provide energy to run machines as well. Attention should
be turned to fuels like bio-diesel and co-generation technologies that effectively
broaden the energy base. Use of municipal wastes for electricity generation should
be given serious considerations. Such developments will encourage use of clean
energy and stimulate growth of new urban settlements, which, in turn, may ease the
pressure on agricultural land. Since there are numerous issues that need to be
addressed by a progressive energy policy, it becomes necessary to identify and
formulate them into broad energy policy objectives that can be achieved. The broad
energy policy objective should be to ensure adequate and quality supply of energy
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at affordable cost in order to sufficiently meet development needs while protecting
and conserving the environment. Specific objectives that can be implemented with
periodically measurable achievements are then formulated around this broad
objective. Some of these are to:

• Improve access to affordable energy services;
• Enhance security of supply;
• Develop indigenous and renewable energy resources;
• Develop and instil energy efficiency and conservation practices as well as

prudent environmental, health and safety measures; and
• Develop a broad spectrum of local energy options to facilitate optimum mix in

various applications.

Any serious energy development strategy must first recognize the crucial role of
energy as a tool for socio-economic and industrial developments so that energy
analysis becomes part of every initiative. There are therefore a number of chal-
lenges in the implementation of energy policy. Some of these include but not
limited to:

• Establishment of effective legal, regulatory and institutional frameworks for
creating both consumer and investor friendly environment;

• Expansion and up-grading of energy infrastructure;
• Enhancing and achieving economic competitiveness and efficiency in energy

production, supply and delivery; and
• Mobilization of resources for the required improvements in the energy sector.

In addition to these broad policy implications and challenges, there are issues
that are pertinent to specific energy forms and sources such as electricity, petro-
leum, and renewable sub-sectors. These must also be addressed in the context of
overall energy objectives for both medium and long-term strategies.

There are also institutional and management challenges that have affected the
expansion of the power sector in the region but the single most crucial one is the
persistent inability to establish management and technological framework for the
development of non-hydro energy resources. As discussed elsewhere in this book,
the power sector reforms that have been introduced in various countries since the
1990s have not produced the desired results. These reforms were mostly concerned
about the removal of the monopoly of national power companies such as KPLC of
Kenya, TANESCO of Tanzania, UEB of Uganda, and NEPA in Nigeria that
controlled the generation, transmission and distribution of electricity in the
respective countries. It is evidently clear that the removal of this monopoly by
creating additional companies has neither encouraged diversification nor spurred
the expansion of generation capacity. It was however hoped that the move would
reduce the impact of rampant mismanagement in the power sector. This did not
happen and there is a growing concern about the management structures of the
power companies that accept political interference. The Tanzanian government
attempted to address this problem by contracting a South African company to run
TANESCO, but the new managers faced internal resistance by local workers. At the
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end of the first two-year contract, a number of senior government officers were not
convinced that the new managers improved the services. Despite the doubt, the
contract was again renewed for another two years.

As much as there may be management problems in the utility companies, the
solution to this may not be found in the management style but in the ability to
diversify electricity generation. In fact, many industries have made great effort to
persuade the governments to be more serious and supportive on this front. For
example, Tanzanian industries have pushed for suitable incentives to be established
for electricity generation using non-hydro energy resources in order to avoid fre-
quent power shedding due to low water level in the hydro dams. Uganda gov-
ernment on the other hand is responding to the low power output due to drought by
planning to procure about 100 MW of emergency thermal power supply. It is worth
noting that Uganda’s hydro power output relies on the level on water in Lake
Victoria which had been significantly going down as a result of the 2005/2006
drought. Consequently Uganda’s power generation had substantially decreased and
this led to serious power rationing in the country. The impact of the drought was
even more severe in Tanzania where hydropower generation level drastically
dropped from about 560 MW to an all-time low of about 50 MW at the end of
February 2006. The general decrease of power output in the region forced many
industries to close down their operations.

7.9 Concluding Remarks

Having scanned the African energy situation in general, it is clear that, as much as
there are circumstances peculiar to individual countries, the similarities especially
within Sub-Saharan African countries outweigh the differences. However, the
challenges and available opportunities in each country should be viewed with due
consideration given to the prevailing national resource management environment.
Many initiatives fail in Africa because of the many loop-holes in the management
structures that allow corruption, theft, and mere selfishness to thrive. In addition to
the negative impacts of these vices on the implementation activities, there is also
general lack of institutional support for initiatives that would otherwise be very
progressive. Thus these retrogressive practices put together simply stifle African
energy development plans.

The information given in this chapter is a direct result of the authors’ investi-
gations and interpretation of African energy situation.
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Chapter 8
The Way Forward

By harnessing the wind and sun, your vast geothermal energy
and rivers for hydropower, you can turn this climate threat into
an economic opportunity.

US President Obama’s address to African Union (2015)

8.1 Situation Analysis

East Africa has been covered in detail in this book as a case study for the
Sub-Saharan situation and the proposals presented in this chapter are intended, in
general, to cover the entire African continent. Obviously there are some major
differences and even conditions that are specific to some countries particularly in
Northern and South Africa. These should be recognized and treated appropriately.
The suggestions presented here should be treated with due consideration to the
existing circumstances. Thus the guidelines proposed should not be treated as the
only roadmap for improving energy situation in the region. There are unique cir-
cumstances that may require completely different approaches. Many proposals
presented in the various chapters of this book should also be considered alongside
these guidelines.

It is now clear that there are a number of players in energy development and so
the planning and implementation strategies must involve the various players and not
the ministries concerned alone. In fact in energy matters, everyone is a stakeholder
particularly as consumers. The only cause for variations in the methods and types of
energy applications is that some stakeholders are rich while others are poor and this
causes remarkable differences in the pattern of end-use energy mix. There are many
factors influencing energy availability and methods of use and the associated
problems that need to be addressed are also highly variable covering a wide range
of social, economic, environmental, and technical issues that are so much woven
together that it becomes impossible to achieve anything by approaching them one at
a time. They require a comprehensive multi-sectoral approach that is well planned
to fully benefit from both local and international resources. The strategy should
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have clear benchmark for private sector participation and collaboration with
national governments on all aspects while at the same time giving international
development partners clear priority areas for support. But first, at the local level,
multi-sectoral energy needs must be properly and accurately assessed with rural
energy supply as a special case. It is indeed special due to the conditions of shelters,
poverty, and the scattered nature of the households.

Proper documentations on various energy potentials, precise locations, and pre-
ferred development strategies as well as the level of required investments should be
compiled and made easily accessible to all players. As is now clear, most of the
African states have some energy generation and distribution plans but often gives lack
of resources as an excuse for not implementing these plans. At the same time
developments of more expensive ventures have been witnessed in the region.
Therefore, asmuch as lack of resources is also evident, the real drawback is inadequate
institutional framework for effective implementation of energy plans. For example,
Uganda has Energy for Rural Transformation (ERT) programme with set targets for
raising rural electricity access level; Tanzania, Kenya and other Sub-Saharan coun-
tries also have some programmes with similar objectives. But all these have not
specified how the resources and experience in the private sector including NGOs are
going to be tapped or coordinated to augment governments’ efforts in areas such as
technology transfer, financing, subsidies, investment priorities and incentives.

At the international level, there are no guidelines for attracting donor support and
utilizing resources from bodies such as GEF and other environmental related
international protocols that provide support for reductions in emissions of green-
house gases. There is need to design specific programmes in order to access the
available funds for related sectoral projects. For rural energy programmes, afford-
ability and access are important factors that should not be left out of the plans. To
complete the foundation for future energy development, the on-going energy sector
reforms in several countries should be re-examined. Some aspects of these have had
negative impacts on poverty reduction efforts while others may be in conflict with
the energy development objectives of the national governments. Examples include
increased tariffs and missed opportunities for attracting investment on off-grid power
production. If these are not checked then more and more people are likely to turn to
biomass use despite the desire to move to cleaner energies. This would create long
term problems since, even in the biomass situation, the governments do not have
active policies and budgetary interventions to achieve sustainable biomass use.

National energy policies should be focused on the beneficiaries’ priorities of
which affordability, security of supply and safety of applications are the most
important. But in all these, poverty will remain a major drawback in any initiative
that aims at supplying clean energy to the people and so both poverty and energy
issues must be addressed in relation to one another. Consideration of all these as
well as institutional framework to deal with them should form the basis for the
implementation of energy policies. Having said this, it is important to recognize the
efforts that have been or are being made by individual African governments. Many
countries in Africa are already becoming aware of the pivotal role of energy in their
development agenda. For example, Uganda has made great efforts to ensure that
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private sector is attracted to the energy sector, especially in the rural electrification
programme where renewable energy sources are expected to play a key role under
Renewable Energy Board. At the same time it is working with the private sector to
provide some financing arrangements and subsidies so that the poor rural com-
munities can obtain renewable energy appliances such as solar panels and their
accessories under easy payment terms. The other African states should also
fine-tune their policies and plans on renewable energies.

Considering national energy concerns, it is clear that they have been associated
more with industrial operations than with rural or general domestic services.
Furthermore, energy has not been considered as a factor in poverty eradication
strategies. This attitude has relegated the importance of energy to a very low
priority level and therefore energy receives very little budgetary attention from the
national governments despite the fact that it is the driving force in all development
processes at all levels and in all sectors. Consider the situation in the Lake Victoria
region of East Africa as an example. Fish is a very valuable product not only for the
people living in the lake’s basin but also for the economies of the national gov-
ernments in general. Globally, fresh water fish is a popular delicacy and so fish from
Lake Victoria is exported to Europe, Middle East, and as far as Japan. The annual
production from Lake Victoria is estimated to be about 5,000,000 tons with local
value of about 75 million US dollars [2]. The export value is about ten times greater
than this. However, the local fishermen have remained poor for a number of reasons
despite the high export value of fish. There are two energy-related reasons for this.
First, fishing is generally done at night in small boats and therefore fishermen have
to use both kerosene and diesel (or gasoline) for lighting and running boat engines
respectively. To catch the popular lake Victoria sardines, they have to be attracted
to one area where they can be scooped out in large numbers since catching them
one by one would not make sense because they are too small; mature sardine is less
than 3 cm in length. Attracting them to a selected area can only be done at night
using bright kerosene lanterns placed on a floating structure. The fishermen, sitting
quietly in a canoe, would wait until there are a large number of sardines under the
lantern and then quickly surround them with the net and scoop them out into the
boat. It is believed that the sardines eat some of the night flying insects that fall into
the water, having been attracted by the bright lights. This method is
labour-intensive and requires additional costly inputs in the form of stable canoes,
outboard engines, kerosene, lanterns and nets. There are over 50,000 small canoes
involved in this type of fishing on the Kenyan side of the lake alone and it is
estimated that they spend a total of about US dollars one million worth of kerosene
per month. This comes to about twelve million US dollars per year and, of course,
there are other costs that are not included in this estimate. A fraction of the fish
catch (about 30 %) that is not exported is smoked or sun-dried in order to prolong
their shelf life and make it possible to transport to long distant markets to fetch
better price. This also requires additional energy input, which for the Kenyan
portion of Lake Victoria is obtained from about 20 tons of firewood per month.
When all other opportunity costs are included, then the total cost of fishing becomes
too high at over 50 % of the local market value.
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The second reason for poverty among fishermen is that they do not have access
to electricity to facilitate preservation of fish and therefore they are forced to sell it
almost at the price of the buyer in order to avoid total loss due to the rapid
deterioration of fish under the hot equatorial climate. Despite the valuable foreign
exchange that fish export earns, the governments of the East African states have not
adequately addressed the energy problems in the fisheries and this has severely
aggravated the level of poverty among fisher folks. This is but one example in
which lack of energy translates directly into desperation and poverty as there are
many cases like this one in other African countries. But energy production process
can improve the lives of the people if they are involved in energy production. So
far, it is the production of bio-fuels that can involve a large number of the poor
farming communities. This practice has two-fold benefits: poverty reduction and
low CO2 emissions.

Globally, electricity production consumes about 32 % of the total global fossil
fuels and accounts for about 41 % of the total energy-related CO2 emission. It is
therefore important to note that great efforts should be made to generate electricity
from environmentally friendly sources. Attention should also be given to
improvement of the efficiency of electricity generation methods. These efforts can
go a long way in not only reducing world dependence on fossil fuels but also in
combating climate change, global warming challenges, and poverty in the devel-
oping countries.

There is no doubt that biomass is a major source of energy in Sub-Saharan
Africa and the general policy objective has been to ensure sustainable wood supply
while avoiding environmental degradation at the same time. This was to be done
through promotion of production of fast-growing trees as part of on-farm agricul-
tural activities. Along with this, it was expected that various NGOs would support
promotion of more efficient stoves and charcoal production methods. Indeed there
were times when these activities seemed to be heading for full scale success but this
did not happened in many countries. However, with population increase, dimin-
ishing household land sizes, unpredictable weather pattern and widespread poverty,
biomass regeneration has drastically declined while environmental degradation has
increased in the rural areas and negatively impacted on food security. The degrees
of these events differ from country to country within the region. Another quick
example from East Africa is that Kenya has experienced very interesting devel-
opments that are in contrast to those in Uganda and Tanzania. While Kenya’s
industrial development appears to be ahead of both Uganda and Tanzania, the level
of general poverty of the people has been increasing. Presently those who live
below poverty line in Kenya constitute about 56 % of the total population while
those of Uganda and Tanzania are below 40 % of their total population respectively.
But they also have lower per capita energy consumption than Kenya, a situation that
seems to negate energy consumption level as an indicator of the level of devel-
opment. A more developed country should have lower level of poverty. This
notwithstanding, it means that both Uganda and Tanzania will find it easier to
switch from traditional rudimental biomass energy use to cleaner commercial
energies like electricity and LPG, if affordability is the only factor. However, there
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are a number of factors that together determine the choice of energy as mentioned in
the earlier Parts of this book. Energy policy must therefore be integrated into
various aspects and levels of socio-economic development and should deal with the
peculiarities of each source more specifically.

Many countries in Africa have oil and gas but very few are benefiting from these
resources and therefore most countries are considered to be non-oil producing and
mostly depend on refined imported petroleum. Therefore liberalization policy on
procurement, distribution, and pricing of petroleum products cannot ensure its
steady supply all the time. Any instability in the oil producing countries or ripples
in the international oil market, caused by the many global economic factors, can
severely affect oil supply and prices within the local regional market. Such impacts
have been repeatedly witnessed in the past. Furthermore, distribution of petroleum
fuels is understandably more favourable to the urban areas that normally have
several distribution points within easy reach of most consumers. In the rural areas,
availability is not always guaranteed because the few retailers who deal in such
products keep only small quantities at a time and there is very little that can be done
about this in terms of government policy. However, the governments, through
long-term planning, can begin to invest in the transport sector, which consumes
most of the imported oil by supporting studies on the development of
non-motorized vehicles and solar cars. The solar car project is already picking up in
some industrialized countries such as Japan, USA, and a number of European
countries. In September 2005, twenty two solar cars took part in the eighth World
Solar challenge held in Australia. The 22 cars with average speeds of about 90
km/h, raced through Australia from Darwin to Adelaide, a total of 3000 km. This
event was not just a challenge to the car manufacturers but also an encouragement
to the developing countries located in the tropics where these is abundant sunshine.
The African continent spreads on both sides of the equator and so most parts
receive abundant solar radiation and therefore could benefit from such develop-
ments and should get involved in such initiatives right from the early stages.

Electricity, on the other hand, is generated from large centralized facilities most
of which are controlled by the national governments. In the past, the generation,
transmission, and distribution arrangements did not provide the required incentives
for network expansion. Many aspects of the policies on these seemed to have been
deliberately designed to discourage demand for power line expansion. This view is
supported by the fact that electricity generation capacity is limited and therefore
demand must be kept within the power generation growth limit. This is probably the
reason why the power companies, which were themselves struggling to make profit
were in charge of practically all electricity matters including rural electrification
programmes. These responsibilities enabled the utility companies to stifle demand
and keep grid network expansion within the existing generation capacity. It was
therefore not reasonable to expect them to spearhead rural electrification pro-
grammes and achieve anything without massive expansion of the installed capacity.
So despite financial support from the national governments, they achieved very
little as has been discussed elsewhere in this book. Electricity pricing itself is a
disincentive to many consumers who are aware of the extra charges that they are to
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pay over and above the consumed power. In Kenya, for example, as low as 30 % of
the consumer’s electricity bill can be for the actual consumed power units. The rest
of the bill includes charges for which the consumer should not be responsible.
A way must be found to deal with such taxes and levies that are passed on to the
consumer in order to make power affordable to more people. To illustrate this, let us
look at small consumers whose monthly average bill is below USD 6.00 as shown
in Table 8.1.

In the case of this bill, 52 % of the payable amount is for the consumed power
units while 48 % is composed of taxes and levies. For those consuming more
electricity, the taxes and levies can rise to more than 50 % of the total payable
amount. This percentage decreases with lower consumptions and may drop as low
as 30 %. As an illustration, if in the above sample bill, the consumption dropped to
50 units, then the total payable amount would drop to about USD 3.50 and the cost
of the consumed units would be only 30 % of the total amount payable. For a
consumption of 70 kWh the actual cost of consumed units would drop to about
48 % of the total while higher consumption units would constitute a bigger fraction
of the bill and may be as high as 70 %. In terms of the bill composition, a poor
family that consumes very little electricity pays relatively more taxes than a rich
family that consumes more power. There are different tariffs for various categories
of consumers and therefore, in the above example, variations apply to consumptions
under the same tariff since monthly fixed charge depends on the tariff.

In general, monthly fixed charges range from about USD 1.00 for a small
domestic consumer to about USD 100 for commercial and industrial consumers.
Note that fixed charges are revised upwards every few years. Obviously these levies
and taxes are high but many people would not mind if they were used to improve
electricity supply to the needy. It would also make more sense if similar levies and
taxes were imposed on imported fuels for the purposes of developing local energy
resources. Tanzania, which appears to be more sympathetic to her poor citizens,
introduced pre-paid electricity meters (LUKU) in 1995 to enable consumers to
decide how much to spend on electricity. This gave the consumers the

Table 8.1 Typical monthly electricity bill for low-income family in Kenya in 2000

Item Ksh. USD

Monthly fixed charge 75.00 1.00

Consumption (80 kwh) 277.00 3.70

Fuel cost adjustment (164 cts/unit) 131.20 1.75

Forex adjustment (41 cts/unit) 32.80 0.44

Electricity regulatory board (ERB) Levy (3 cts/kwh) 2.40 0.03

Rural electrification programme (REP) Levy (5 %) 13.85 0.19

VAT (18 %)—(up to 200 units exempted) –

Total bill payable 532.25 7.10

Note The bill is for a conservative small household consumption using two or three lighting points
and a small low power radio. Kenya Shillings 532.25 in the year 2000 was equivalent to US
dollars 7.30 and the net monthly salary for this group is in the order of USD 100
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responsibility of planning energy consumption and adopting energy mix that would
ensure affordable overall expenditure on household energy. As a result, many
consumers immediately learned the importance of energy conservation because of
the obvious direct consequences of irrational use of electricity and began to demand
more efficient (power-saving) lights. Such positive policies not only encourage
consumers to have access to electricity but also raise their awareness on energy
conservation. Even the very poor rural communities would want to use electricity
whenever they are in a position to pay for it. Considering these two different
approaches to electricity charges, it is clear that the Kenyan policy is retrogressive
and has had negative impact on rural electrification. Whereas there may be good
reasons for such a policy, it would be better to explain them to the people so that
they do not feel disadvantaged and exploited by the policy.

In order to find a good energy mix for the rural communities, it is perhaps more
logical to look at the energy end-use and then try and find a suitable source that can
supply that energy and then think of a good policy that can facilitate the process.
For example, rather than consider the problems associated with biomass energy, it
would be better to consider ‘heat’ as the energy for cooking and formulate a policy
that would examine various possibilities of heat production. Similarly consideration
can be given to ‘transportation’, ‘lighting’ and ‘machine power’. Although this is
not a familiar approach to energy issues, it is nevertheless necessary in a complex
situation where poverty and living conditions limit the choices. Thus the authorities
in Africa must, first and foremost, recognize the importance of energy in devel-
opment of any country and also appreciate the magnitude of the barriers to the
promotion of the locally available energy resources particularly renewable energies
and the efforts needed to address them. The challenges therefore lie in mobilizing
financial and human resources as well as establishment of incentives for the private
sector to invest in technology innovations that would expand the market by
diversifying supply sources and mechanisms. The potentials and possibilities for
achieving all these exist and the onus is on the national governments to create
enabling environment for active and well-coordinated renewable energy invest-
ments. An attempt will be made to make recommendations along this line.

8.2 Some Guidelines

To effectively address energy problems in the developing countries, it is important,
first, to recognize the large difference that exists between commercial energy use
and domestic energy requirements because this is the reason why different sources
are used for their provisions. The heavy reliance on biomass for domestic energy is
a major drawback in that this form of energy cannot be used to increase the level of
income for the people making it difficult to raise the standard of living. Other
sources of modern energy such as nuclear, geothermal, large hydro and fossil-based
fuels are not only too expensive for the rural poor and developing countries in
general, but are also unsuitable for the conditions of the majority of the people.
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For many years, the sun and biomass have been the sources of energies that
provide environmental comfort for most people in the rural areas of developing
countries while animals and some oil-powered machines provide mechanical
power. Kerosene also provides energy for cooking and lighting but this is limited by
distribution problems and high operational costs. Although the situation is not
likely to significantly change in the near future, it is important to increase energy
base by finding alternatives to the rapidly decreasing wood supplies. However,
there should be much more realism in the formation of programmes for alternative
renewable energies. Given the magnitude and the unique nature of domestic energy
production, distribution, and end-use requirements of the rural population, the
guidelines presented in this section focus on possible sources of forms of energy
required for domestic application and the mix that can eventually lead to use of
modern clean energy sources. Therefore the recommendations given in this section
are based on the fundamentals of rural energy problems that are concerned about
lighting and high temperature heat energies. Heat is the basic form of energy
required by all households in both urban and rural areas. It is used principally for
cooking but it also serves other less essential requirements such as space heating.
Basically all energy sources can supply heat but many of them cannot achieve the
high temperatures at the rate required for cooking without using complicated
conversion appliances. For example solar thermal energy when harnessed using
simple technologies cannot achieve cooking temperatures at the required rate and
this heat is not available all the time. It is therefore both inadequate and unreliable
for the intended purpose and therefore nobody would want to depend on such
energy. On the other hand, high voltage electricity from generating facilities can
provide enough heat energy for domestic applications but provision of heat through
this method is expensive and the appliances for its use are also expensive.

Other energy sources and their conversion technologies can provide heat by first
using them to generate electricity which has the same application constraints as
discussed above. Wind energy conversion machines are also too expensive for most
people to afford and there would also be need to invest in energy storage facility
since wind energy, like solar, is intermittent. Similarly, other sources of heat such as
oil and coal are expensive when used solely for heat production and they are not
equitably distributed around the world. So the poor citizens of the developing
countries whose average monthly income is less than USD 50 cannot afford heat
energy from these sources. By directly burning biomass materials, sufficient heat
can be produced for cooking and general heating purposes using cheap rudimentary
devices. It is therefore evidently clear that as long as the economies of African
states are unable to significantly reduce the level of poverty to a small fraction of
the total population, large quantities of biomass will continue to be consumed as the
main source of heat energy for the majority of households.

Poverty reduction is a very slow process and therefore, at present, more attention
should be given to biomass as a source of heat. To strengthen this assertion, let us
assume that the governments are willing to make high voltage electricity accessible
to most people at the price of charcoal. Under the present crowded urban slums and
poor conditions of rural shelters, especially grass thatched mud houses, high voltage
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electricity would pose grave dangers to the people. This is one reason why it is
important to reduce poverty to a level when people will be able to afford shelters
that are suitable for modern clean energy use. So to save vegetation and prevent
land degradation, poverty must be squarely addressed.

In East Africa, only Uganda has established an elaborate Poverty Eradication
Action Plan (PEAP), which gives good examples of the pivotal role electricity plays
in improving the welfare and living standards of the poor rural population. For the
people to benefit from electricity, they must be able to afford it in terms of cost and
suitable application environment. Therefore both poverty eradication and energy
provision must be addressed concurrently since the presence of electricity
empowers people to reduce poverty level while the prevalence of poverty weakens
the ability of the people to benefit from electricity. It is in this context that insti-
tutions such as Uganda’s PEAP is committed to reducing poverty. It should be
noted that such initiatives cannot achieve much if there is no overall national
support. The government must therefore provide enabling environment and
incentives for private sector investment in electricity production specifically for
rural electrification.

Special programmes that target rural energy provision should be established in
order to implement Rural Electrification Strategy. Some of the areas to be addressed
in this process include power sector reforms, national policies that favour electricity
production, and rural electrification. It is only by effectively implementing such
plans that the poor population can raise their income levels and improve quality of
life. While some countries have recognized the contribution and suitability of
decentralized electricity generating facilities in this process and formulated detailed
implementation programmes, most of the other African countries, basically, have
similar policies on energy and poverty eradication but have not established specific
programmes for achieving the goals. As a result, a good number of independent
electricity producers have shown more interest in investing in some countries than
others.

At the same time, intensifying biomass regeneration activities should also be
supported in order to minimize environmental degradation. Measures must there-
fore be put in place now to ensure that biomass production objectives are achieved,
as people will continue to use it for cooking since food preparation is a matter of life
and death to people that they will do anything to get the energy for it. Preference
would therefore be given to any energy mix that will guarantee security of supply at
affordable price and application technology that is convenient to the rural cir-
cumstances. Let us look at the current energy mixes practiced by the various classes
of people in general terms. Affluent households (about 5 % of the total population)
use various proportionate combinations of electricity and LPG while the middle and
low-income groups use LPG/kerosene/charcoal and kerosene/charcoal/firewood
respectively. About 80 % of the population of East Africa is in the last category of
energy mix and this is where attention should be focused. As much as there is need
to generate woodier biomass, it is also necessary to reduce its consumption by
moving more towards cleaner heat energy mixes through both economic
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empowerment and energy base expansion in terms of quality, availability and
efficiency of application.

The path that could be taken in this move is first to gradually shift from use of
raw biomass to processed biomass energy resources such as charcoal, which can be
obtained from a variety of biomass materials such as coffee husks, rice husks, saw
dust, maize cobs and briquettes from other biomass wastes. In the raw form, many
of these are not suitable sources of heat energy for cooking. However, their con-
version into processed biomass energy sources will require a well-organized
commercial fuel production system that can discourage haphazard and inefficient
artisanal productions systems. Special institutes of energy development, if and
when established, should focus on heat energy conversion and application tech-
niques with a view to providing more efficient uses of biomass materials with
guaranteed supply. It is only when this is done and made part of public energy
domain that a plan for demand and supply management can be enhanced.

In the meantime, and as has been suggested, charcoal production from various
biomass wastes should be raised to a commercial or industrial production level so
that efficiency of production using well designed kilns can be enforced. This will
also lead to high quality biomass fuels. It is not easy to improve wood-to-charcoal
conversion efficiency under artisanal individual-based systems. At present, most
charcoal producers simply dig shallow pit kilns whenever they find enough wood to
produce the quantity of charcoal desired. Training people to construct and use
efficient kilns under such circumstances may not be effective since the kilns would
be so much under-utilized that potential charcoal producers would not appreciate
their contribution and therefore would not invest in them. On the other hand,
significant achievement can be made at corporate production level involving
cooperatives or recognized companies that have relatively long-term charcoal
production plans. The East African Tanning and Extracting Company (EATEC)
and Tanganyika Wattle Company (TANWAT) are good examples of successful use
of improved kilns with efficiencies that are as high as 30 % above the traditional
kilns. Such initiatives need more support than they have received. Training indi-
vidual charcoal producers to use efficient kilns may not yield significant results
since such people often switch from one activity to another.

The next area of focus should be on improvement of efficiencies of charcoal,
wood dust, and wood stoves. Some previous work, especially in Kenya, produced
efficient stoves namely Kenya Ceramic Jiko, Kuni Mbili, Maendeleo and a variety
of improved large institutional stoves. The emergence and success of these initia-
tives are attributed to the private sector that invested resources in the development
and dissemination processes. National governments should come out and aggres-
sively support dissemination of these stoves while at the same time making sure that
quality stoves are produced and released into the market. In areas where farmers
practice zero grazing of livestock and poultry keeping, household biogas production
should be promoted. If possible, national veterinary departments should give some
incentives to encourage farmers to invest in biogas plants. Biogas technology and
application cannot be expected to naturally take root and establish itself because the
cost involved is, in many cases, prohibitive. Deliberate efforts with some kind of
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incentives should be initiated with a view to broadening heat energy mix base for
the rural communities. Apart from biomass-based fuels as sources of heat energy,
the other heat energy mix at the bottom of the energy ladder is kerosene. Its use for
heat is not as widespread as its application for lighting but a small number of rural
households are increasingly getting into the practice of using kerosene for preparing
quick meals that require only brief heating. School teachers, government extension
officers and rural business communities are particularly attracted to using kerosene
especially in the mornings when they have to quickly leave home for work. Local
research should be conducted to develop safe and more efficient kerosene stoves at
affordable price. Improvements on both charcoal and kerosene application devices
and effective dissemination strategies may also encourage the emergence of a new
heat energy mix that may group kerosene, charcoal, and LPG together.

The next energy priority is for lighting, which is dominated by kerosene at the
lower end. Other sources are biomass fuels, dry cells, lead-acid batteries, and LPG
but their contributions are very small compared to kerosene. Dry cells are usually
used as flashlights for brief moments only. Cooking with firewood provides some
lighting around the fire but is generally not used specifically to provide lighting.
Table 8.2 gives an analysis of lighting costs from various sources of energy when
used for up to four hours daily. For calculation purposes, the lifetime of grid
electricity is fixed at 50 years with an initial investment of USD 600 (connection
charges). This does not include the cost of wiring and elaborate switching systems
in the house, which are normally required by the utility companies. It is clear that all
fuels considered in this analysis including the popular kerosene are more expensive
than grid electricity and solar PV systems. However, poor people still choose to use
some of these expensive fuels such as kerosene and dry cells simply because the
initial investment on the devices are low and it is possible to get them in small
quantities. The costs quoted in Table 8.2 are based on the use of power-saving
lights with a total of about 90 W for the household but for the grid power, example
of Table 8.1 is used.

Table 8.2 Daily lighting costs from various energy sources in US dollars

Basis of costs Kerosene LPG Dry
cells

Lead acid
batteries

Solar
PV

Grid
power

Daily light for: 1 h 0.06 0.15 0.80 0.06 – 0.04

2 h 0.12 0.30 1.40 0.12 – 0.05

3 h 0.18 0.45 2.01 0.18 – 0.06

One-time investment on
device (small unit) in US$

6.50 21.00 1.14 71.4 400 600

Minimum daily cost on
lifetime basis in US$

0.18 0.46 2.10 0.23 0.05 0.20

Average life time of device
in years

10 5 2 3 20 50
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The cost of a modest solar lighting systems and grid electricity cannot be
compared even though both are associated with high initial investment. The daily
cost for solar PV includes battery replacements at least three times during the
lifetime. The costs of appliances and grid power tariffs are assumed to be constant
during the considered period. Under these assumptions, solar lighting has more
advantages for rural household conditions than grid electricity. This is because of its
low life-time unit cost and also its low voltage that is not as dangerous to the user as
high voltage grid power particularly under the poor and temporary conditions of
rural shelters. Thus the best energy mix for lighting in the rural areas would be
kerosene and solar PV systems. It is therefore important that rural lighting efforts be
focused more on solar PV systems since kerosene lanterns are significantly more
expensive. It should however be noted that they are extensively used by a very large
number of rural households and this is not like to change soon. There is, therefore,
need to consider improvements of the efficiency of kerosene lanterns and produc-
tion of cheaper versions. The on-going attempts to develop hurricane lamps that can
use cheaper windshields than the traditional glass shields should be supported while
at the same time encouraging production of new designs and various sizes of the
lamps.

On solar lighting systems, there are a number of low-cost new innovations that
are exclusively addressing rural lighting problems. The version that would be
suitable for rural households is a portable type in which the rechargeable battery
and the lighting points are together in one unit. When in use, it can be conveniently
carried from one room to another—just like the usual use of kerosene lamps in a
rural household. Recharging of the unit takes place during the day in a convenient
and safe location. Such low-cost solar lanterns should be readily available in the
local markets and, if possible, under easy purchase terms. It is also important to
educate the target group on the limitations of such lanterns especially on daily
maximum duration of use and minimum daily recharging time. This is necessary to
ensure that user confidence is not eroded by disappointments due to uncontrolled
use. Such lanterns can also be used in the fishing of Lake Victoria sardine that is
generally attracted to the net at night using kerosene lanterns. The new method
would definitely eliminate large expenditures on kerosene and improve the benefits
to the fisher folks. But it might also encourage the use of kerosene as a source of
heat energy in which case the pressure on fuel wood would be reduced, creating a
balanced rural energy mix involving Kerosene, biomass and solar.

A good rural energy policy should seek to establish this energy mix by
improving security of supply of both kerosene and solar lanterns and associated
efficient and affordable appliances. Large-scale use of solar lanterns will instil in
people the culture of energy conservation and hence prepare them for the clean and
versatile modern energy: grid electricity. The approach will also create the demand
for grid electricity that is needed to spur the development of cottage industry and
improve rural economic growth. However, for more organized cottage industry,
decentralized energy supply facilities including small hydro, solar PV systems,
wind, and co-generation systems should be promoted to also serve as nucleation
centres for rural electrification programmes. Where possible, like in Tanzania,
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natural gas and limited coal should be used to set up isolated electricity generating
facilities specifically for rural power supply. Some of the resources that various
ministries in charge of energy have used for consultancies and policy formulation
should have been spent on support and establishment of national institutions for
energy development in order to effectively address energy supply issues. The
establishment of, for example, a regional or national energy development institute
(s) is long overdue in the region.

Along with these developments, government departments in charge of agricul-
ture, natural resources, and forestry should work together with the private sector to
systematically regenerate woody biomass as an integral part of agriculture and as
special commercial biomass energy production particularly on government-owned
land. This would encourage the emergence of commercial charcoal production
systems that can benefit from improved kiln initiatives. The development of gas-
eous and liquid forms of biomass fuels should be sufficiently supported with a view
to using them to blend imported liquid and gaseous fuels in order to reduce national
bills on imports of such fuels. In this regard, attention must be focused on the
development of bio-diesel and power alcohol. These are some of the technically
viable biomass energy conversions that should be considered for adaptations and
improvements in the countries where they would bring positive change. The special
energy institute discussed earlier (see also below) should be responsible for research
and developments in these areas, while key stakeholders in petroleum and national
grid electricity management review the pricing policies and introduction of suitable
energy packaging for the consumers.

As mentioned earlier, good energy policies are of no use if they are not
implemented. So it is necessary to establish institutional framework for specific
policy implementations. Thus, in addition to the existing institutions of higher
learning, there must be institutions responsible for energy research and develop-
ment that can give guidelines on how to address both household and industrial
energy needs without having to shift emphasis at the expense of the other. This is
particularly important for rural electrification programmes, which, in the past, were
the first to suffer discontinuation whenever there was any constraint in the energy
sector. Such programmes should fall under an independent authority, which should
have very little to do with industrial energy management. And, to support energy
research and development activities, there should be an institution that not only
coordinates activities but also mobilizes funds for such activities. An establishment
such as Energy Research Center would play this role. Where possible, part of the
taxes levied on commercial fuels should be made available for local energy research
and development. The general objective of such institutions would be to facilitate
research, development, and testing of new devices, prove the efficacy of energy
devices, and then set up functional units in some suitably selected locations. When
all these arrangements have been put in place, attention should be turned to
petroleum-based fuels. Recognizing the fact that oil supply and its cost are sensitive
to international demand-supply factors, measures must be put in place to ensure
that, at any given time, each country in Africa has enough fuel supply to last several
months, not just one or two months as is presently the case. This means that there is
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need not only to improve the refinery facilities where they are available but also to
expand the storage capacities and spread them in the region for both security
reasons and ease of distribution. Expansion of pipeline networks would achieve this
objective and also reduce wear and tare on the road networks. All these steps would
require prudent use of national resources since oil imports require huge capital,
which may not be readily available all the time and therefore adequate storage
capacity is absolutely necessary in order to guard against unexpected disruptions
due to local resource constraints or potential insecurity in the region.

Going back to the policy issues, it is instructive to note that oil exploration has
been going on in many countries in Africa for decades and some discoveries of oil
reserves have been made. These developments are likely to change not only the
energy situation but also the relationships between states. In fact, going by the
situations that have been observed in countries such as Sudan and Nigeria, these
achievements might even cause political instabilities in some countries. Whatever
the case, these new developments should not discourage the development of energy
resources that are already available like solar, wind, mini hydro, and biomass
potentials. It is very important for the national governments to get development
priorities right in order to achieve meaningful progress and this can only be sensible
if special attention is given to the development of the readily available energy
resources. Genuine efforts in this respect would be demonstrated by setting up more
Renewable Energy Institutions instead of Institutes of Petroleum Studies.

It is a known fact that renewable energies have considerable potential in Africa
and should therefore occupy an important place in the region’s energy programmes.
Biomass, solar, hydro and wind power from small, decentralized units are capable
of meeting a variety of energy needs in both the traditional and modern sectors. In
this regard, the following recommendations, which are by no means exhaustive,
should be considered by each country. In addition, the unique cultural and
socio-economic factors and renewable energy endowments should be taken into
account.

(i) A comprehensive national energy policy covering production, supply, uti-
lization and conservation should be developed and implemented by the
individual countries in Africa.

(ii) Each country should have an extensive programme on local capacity
building for renewable energy technologies.

(iii) Special attention should be given to the development of small scale,
decentralized generating facilities for all sources, particularly for rural
electrification programmes.

(iv) Research and development should focus on the production of equipment to
harness renewable energies, instead of concentrating on extension work for
imported equipment.

(v) The production of biomass materials as an energy source should be inten-
sified; and

(vi) Research programmes to extract oil from crops as a direct substitute for fossil
oil should be introduced.
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(vii) Each country should have at least one national institution specifically for
renewable energy Technology development.

(viii) Finally and most important, each country should tirelessly strive to totally
eradicate practices that promote or encourage complacency such as nepotism,
tribalism, selfishness, and greed when placing people into positions of
responsibility. Employment must be done on merit and considerations that
promote nationalism and patriotism.

These recommendations, if implemented, will speed up the development of
renewable energy technologies in Africa. Each country should, first and foremost,
build a favourable, enabling environment in which the role of renewable energy can
be defined well, prioritized among the various technologies and allocated adequate
resources. In addition, specific policies and budgetary commitments must be made
to facilitate the necessary coordination and cost-effective implementation of the
programmes. This should include the extension and dissemination systems that are
capable of reaching both the urban and rural populace, particularly the poor with
technical assistance and credit facilities.

Some of the studies that have been conducted in the region have been very
reluctant to recommend the development of certain renewable energy resources
despite the fact that some of the countries have serious and deep-rooted energy
problems that can only be reduced through the development of the renewable
energy resources.

Africa is definitely a continent of great diversities in terms of its resources
including social and cultural influences in the management of the resources.
However, energy development and management have general commonalities that
all countries must seriously consider if they have to be self-sufficient in energy
supply.

In order to achieve energy development targets, issues such as energy efficiency
and sufficient support to renewable energy development centres and training
institutions must be effectively implemented as well as well-planned capacity
building for the energy sector.

8.3 Concluding Remarks

In this Chapter, much of the discussion has put a lot of emphasis on African
resource management that are in dire need of improvement. The general impression
one gets is that there is nothing good happening not only with regard to resource
management but also with regard to project implementation in the continent, par-
ticularly Sub-Saharan Africa. It should be noted that Africa, in recent times, has
been experiencing remarkable new positive developments in the energy sector and
general water resource management. Available data reveals that by 2014, about
17,000 MW of hydropower were under construction while another 100,000 MW
were “planned”. Notable among these recent developments are large energy
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projects in Ethiopia, Morocco, Angola, Cameroon, Algeria, Uganda, Zambia and
Mozambique.

African Union Commission, under agenda 2063, has been supporting a number
of initiatives in the energy sector, particularly those embracing regional and
cross-border infrastructural developments. Some of these include [6]:

(a) Programme for Infrastructure Development in Africa (PIDA).
(b) The East African Geothermal Programme.
(c) Renewable and Sustainable Energy Programmes.
(d) The Hydropower 2020 Initiatives

There are, however, many challenges and barriers that Africa still has to over-
come. These include, among other things, lack of effective policies, ineffective
regulatory and institutional frameworks, and small energy markets, which are not
attractive to investors. On the other hand, it should be appreciated that Africa, with
support from African Union Commission, has good energy development plans and
what remains to be done is to make sure that there are definite commitments and
action oriented strategies at all levels (national, regional, and continental).

There is a wide divergence of opinion about the policies that should be adopted
in order to successfully develop suitable energy provision strategies for the gen-
erally poor rural communities. There are also issues concerning the required bal-
ance between domestic and industrial energy support or subsidies and also between
commercial and non-commercial energies. The proposed guidelines for the way
forward given here are but just some of the proposals that may work well for one
region but may need modifications in order to succeed in another region. Further
proposals and guidelines are available in some selected publications [1, 3–6].
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Energy Units and Conversion Factors

Definitions

One Joule (J) is the SI or MKS unit of energy, which is equal to energy spent or
work done by a force of one Newton, acting over a distance of 1 m. The rate of
doing this work per second is power and is equal to 1 W. If this is electrical power,
then 1 W would be the power from a current of one Ampere (A) flowing through a
potential difference of one Volt (V). It is clear from the definition that work and
energy are measured by the same units. Work can be considered as spent energy.

Electricity consumption unit is the kilowatt-hour (kWh). 1 kWh is the quantity of
power in kilowatts consumed in 1 h. For example, if a 50 W light bulb is used
continuously for 20 h, the total power consumption would be 1000 Wh, which is
equal to 1 kWh. Thus using a 1000 W electric iron for 1 h will consume 1 kWh of
electricity. It is, in fact, the energy consumed in 1 h. Another example: A hydro-
power station rated to produce 120 MW of power would produce, in one year,
1,051,200 MWh of energy, if it operates steadily and continuously at the rated
power.

A British Thermal Unit (BTU) is the amount of heat required to raise one pound
of water by one degree Fahrenheit (F). While one Calorie of heat is the amount
required to raise one gram of water through 1 °C.

One kilogram (kg) is equivalent to 2.205 pounds (lb)

Energy Units

1 Calorie (cal.) = 4.184 J
1 British Thermal Units (Btu) = 1055 J
1 Electron volt (eV) = 1.602 × 10−19 J
1 BTU = 252 cal = 1055 J
1000 kWh = 3.41 million BTU
1 kWh = 3.6 × 106 J
1000 BTU = 1.055 MJ = 0.293 kWh
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Power Units

1 W = 1 VA
1 Js−1 = 1 watt (W)
1 horse power (hp) = 746 W
1 Btu s−1 = 1060 W

Energy Equivalences

1 tonne of oil equivalent (TOE) equals:

42.2 GJ
0.93 tonnes gasoline
0.99 tonnes diesel oil
0.96 tonnes kerosene
1.04 tonnes fuel oil
0.93 tonnes LPG
1.61 tonnes coal
1.35 tonnes charcoal
2.63 tonnes fuel wood
6.25 tonnes bagasse

One barrel of oil is 0.159 m3 and weighs about 136.4 kg (density of
oil = 857.9 kg m−3). Environmental pollution through emission of CO2 due to
consumption of fossil fuels per billion BTU is a major global concern. Emissions of
CO2 in terms of pounds per billion BTU of energy, which can also be converted
into kilograms per Joules or kilo-Joules of energy, are:

Coal 208,000 pounds

Oil 164,000 pounds

Natural Gas 117,000 pounds

Pounds of CO2 per 1000 kWh, at 100% efficiency:

Coal 709 pounds

Oil 559 pounds

Natural Gas 399 pounds
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