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ABSTRACT

This study addresses itself to rural energy 
supply and demand in a medium agricultural potential 
area which has a medium population density.

The predominant source of rural domestic 
energy in the third world as a whole, and in particular 
reference to the study area is woodfuel. These sources 
have, however diminished leading to poverty and human 
hardship. This scarcity of woodfuel is evidenced by its 
commercialisation and the greater use of crop residues 
as woodfuel substitutes. Efforts to correct the 
situation have not been very fruitful and it appears that 
this failure is due to lack of knowledge as regards the 
magnitude of the problem and the factors that determine 
the production and use of woodfuel.

This study has therefore, endeavoured first to 
establish the magnitude of woodfuel shortage, second the

fcauses of woodfuel depletion, third the alternative 
sources of domestic energy that are available in the study 
area and the potential for introducing new ones examined 
and fourthly, the methods that can be used to conserve 
energy in the study area.

t

It has been established that there is a woodfuel 
shortage of up to 21.5% in the study area and this has 
been projected to grow to .42% in the year 2008. The
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causes of this shortage have been identified,i^e. clearing 
trees for agriculture, increase in population hence use 
of wood for fuel, mismanagement whereby supply is too far 
below demand hence the difference is obtained from the 
stock.

The study has established the possibilities of 
increasing the production of woodfuel through agroforestry, 
woodfuel stands and biogas technologies. Besides 
increasing the woodfuel levels, these technologeis help 
•co preserve and improve the environment. In addition, 
solar has been indentified as a possible source of energy, 
but the high cost of solar equipment is a constraint.
Wind was also considered but the study area does not have 
a high windspeed to run wind mills.

The study has also established that energy 
conservation is possible through the use of improved 
wood stoves.

Following the research findings, and the
. I,projections made, policy recommendations have been 

prepared. These have been based on the major problems in 
the study area, i.e water and woodfuel. The three major, 
recommendations are agroforestry systems, woodfuel stands, 
energy conservation and revival of the water project.

t

With the knowledge of the magnitude of the problem and its 
causes, the policies thus adopted will encourage public 
participation in the effective planning and implementation
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of the plans. Then through reduced resource depletion 
and increased availability of woodfuel hence energy 
rural development will be enhanced, and human hardship 
and poverty will be reduced accordingly.

It is expected that the research methodology 
used in this study can be applied in similar medium 
agricultural potential areas with medium population 
density and therefore help in effective planning and 
implementing of woodfuel programmes, hence alleviate 
the problem'of resource depletion evidenced as woodfuel 
scarcity.
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CHAPTER ONE

1.1 INTRODUCTION
Eckholm [1984] reports that in many developing 

nations, over 90% of domestic energy is from wood.1 
He notes that in most of these countries, virtually every 
rural family relies on wood for all or part of its 
cooking and heating. For example, a study done by O'Keefe 
in 1984 revealed that 94% of the total wood produced in 
Kenya is used as woodfuel both in urban and the rural 
sectors. The remaining 6% is used as rural poles 
[2%] and industrial wood [4%].2 The same study has 
established that 98% of the rural sector energy is 
obtained from wood while the other 2% is met by use of 
kereosene [mainly for lighting]. O'Keefe's findings 
further reveals that, in the majority of developing 
countries, the bulk of the domestic woodfuel supplies in 
rural areas is still obtained on non-commercial basis.
The wood is collected from forests, common lands or 
private holdings without any cash payments. Increasingly

I
however, these traditions are giving way to commercialised 
wood market in which woodfuel is bought and sold. This 
is a sign of scarcity, he concludes.

1•2 STATEMENT OF THE'PROBLEM
t

The study problem has been sub divided into three 
sections i.e. the deficit, the government policy, and the 
information gap. This last one is further sub divided
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into three subsections i.e. consumption stage, community 
promities and area specific information.

1.2.1 The Deficit
Kenya being a developing, country is one of the 

countries experiencing the woodfuel scarcity problem.
Wood fuel as both a commercial and non-commercial source 
of energy accounts for 75% of the total energy base of 
Kenya.3 Although economic development normally 
encourages a move from woodfuel to more flexible and 
liquid fuels like oil, gas, and electricity, the high cost 
of such fuels on the world market retards the rate of such 
a transition. As a consequence, woodfuel will continue 
to play a dominant role within the energy economy of K^nya 
for many years to come. This calls for a sustainable 
supply of wood resources. The present and future supply 
of wood resources in Kenya will depend on the interaction 
between wood demand, the stocks and yields of woody biomass, 
the competing uses of land, geographic factors influencing

iaccess to and transportability of woodfuels, socio
economic? factors such as access to tools, household labour 
economy and land tenure. These conditioning factors 
determine the rate at which wood resources are depleted. 
This is important since due ..to the supply - demand 
interaction, wood is not strictly a renewable resource 
excepts under conditions of either natural abundance or 
wood management where supply is maintained above the
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levels of demand. In Kenya, since 1980 the supply level 
has increasingly remained below the level of demand and 
it is projected to go even lower by the year 2000. The
serious wpodfuel deficit that is developing is illustrated 
in the following wood supply and demand projections table for 
the period 1980 to 2000 as shown below:-

1980 1985 1990- 1995 2000

Demand 18.7 24.5 30.3 38.6 47.1
Supply total 18.7 19.1 20.5 20.6 16.5
From yield 13.1 12.6 10.7 7.8 5.2
From stock 5.6 6.5 9.8 18.8 11.3
Supply shortfall 0 5.4 9.8 12.0 30.6
Standing stock . 1004 974 932 864 800

Source: procedings of Agroforestry workshop for
highland - Potential Areas in Kenya 1985

In a resource analysis survery carried out by theBeijer 
Institute in 1980, it was established that woodfuel 
consumption in Kenya was already exceeding the sustaina
ble yearly yield.^ Total demand then was 20.41 million 
tonnes and total sustainable supply was 11.07 [54.2%] 
million tonnes of wood was supplied from the standing

f

stocks. [This is a reflection of the rate of wood
resource depletion], still leaving a shortfall of 0.08
[0.4%] million tonnes which was met by other miscellaneous 
sources like crop residues [this also reflects the level
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of soil nutrients depletion]. Besides the already 
existing wood resource depletion.,., it is estimated that 
-the total energy demand will grow at an annual rate of 
4.6%, wood and charcoal enduse consumption will grow 
at 3.8% and 5.9% per annum respectively.^ As standing 
woodstocks will increasingly be depleted to meet this 
growing demand, yields will further decrease and stock 
depletion, will be accelerated creating very serious 
social and environmental problems like destabilization 
and devolution of the rural economy. On supply side, 
standing stocks are expected to decline by about 20% over 
the year 2000 and at the turn of the century, a shortfall 
of 32.6 million tonnes [about 65% of the national wood- 
fuel demand] is expected to occur if prevailing conditions 
and practices remain unaltered.^

1.2.2. Government Policy

Wood is by far the most widely used household 
fuel in the developing world. Given its importance in

t

the rural sector energy supply, it is necessary that 
proper and appropriate policy recommendations and 
implementation procedures be adopted to effect sustaina
ble supply of woodfuel hence environmental conservation.

Until the mid- 1970's the firewood crisis was 
largely ignored by third world governments and inter
national agencies alike.^ More recently, however, fire
wood scarcity has become a major topic of concern. Third
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world energy planners have now started taking seriously 
the fuels most critical to as much as 90% of the national 
populations. Governments and aid agencies have been 
mobilized in an attempt to deal with the woodfuel problem 
by supporting community- oriented tree growing programmes 
and experimenting with fuel saving cook stoves but they 
have had to learn the hard way, though some programmes have 
been successful, the majority have not achieved much.

In an attempt to arrest the deficit problem, the 
government of Kenya in her sessional paper number 1 of

g1986 has outlined the planned programmes of increasing 
woodfuel production and strengthening the energy conser
vation efforts but the implimentation has been very poor.
It is recognised by the government of Kenya in principle 
that woodfuel is the source of the energy for the majority 
of Kenyans yet when it comes to implementation of wood 
production projects in practice, there seems to be a shift 
from woodfuel to other energies like eletricity and 
petroleum. In other words, woodfuel production in practice 
is not given the emphasis it deserves.

Besides this shift, the government policies 
relevant to wood energy resources are too broad and vague 
especially for implementors since it. is not clear who 
should do what,where and when. As regards the specific 
government expectations it is not clear what achievements 
are expected at what time such that it is not even 
possible to evaluate the performance of the programmes.
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1.2.3. Information Gap
1.2.3.1 Consumption Stage

One and a half decades ago, patterns of wood 
fuel production and uses were virtually unknown and 
accurate data on consumption and production were non
existent. This lack of information hampered many of the 
early initiatives aimed at solving the woodfuel crisis. 
Though some programmes have been successful many have 
had numerious problems. These problems have varied from 
place to place and ranged from socio-economic and cultural 
to political and land tenure. The world bank and various 
development agencies for example got into solving the
problem quickly over the period of 1978-1983 and some

9
US$ 500 million in aid went into tree planting but much 
was not achieved because of lack of knowledge of the 
actual problem and its magnitude. After failing, it was 
realised that there are peculiar relationships between 
woodfuel supply and demand systems which have to be 
established for specific areas. It has been established 
that where woodfuel is plentiful, there is a lot of 
wastage and where it is scarce people are already using 
as little as possible. Where it is too scarce, the poor 
turn to dung, stalks, husks and other agricultural residues 
while the well to do can shift to alternative energy 
sources like kerosene,liquid petroleum gas, eletricity, 
etc. According to Kamweti^ 1980, there is a general
sequence of consumption of woodfuel. Where it is plenty/
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most rural people simply collect dead wood. As wood
becomes scarce, people start utilising branches of trees.
The next stage is utilisation of the tree itself and when
there are no more trees, stumps and roots follow in the
next stage. It is from this stage when all the ligneous
materials has been exhausted that people, resort to
utilisation of wastes such as sawdust, agricultural
residues and cowdung in some cases. One therefore can
predict the stage of woodfuel supply in any place by,
idenfitying the consumption stage as described above.
The knowledge of the consumption stage hence supply level
will assist in establishiment o f the supply-demand level
of woodfuel. This will bring out the degree of shortage
or magnitude of the problem. The above and knowledge on
causes of the shortage together with information from the
community on what they think is the best way to solve
the woodfuel shortage problem is very useful in designing
remedial programmes otherwise the programme' may be solving 
a probiejn which does not exist, or if it does exist itmay be under or

over-estimated because of not knowing its magnitude and causes 
and in both cases, losses will be incurred.

1*2.3.2 Community Priorities

t

A community may have many problems, like water 
shortage, inadequate or lack of health and educational 
services; and insufficient food and woodfuel supply.
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If the problem of woodfuel shortage is not among the 
priority problems, then it may not receive as much 
attention as is expected by outsiders [usually programme 
implementors]. According to Almigir [1984] as reported 
by Foley the type and level of response by people to 
any problem depends on the magnitude of the problem and 
its priority as a problem when compared to other 
community problems. The bigger the magnitude of a 
problem and the higher it is on the priority list of 
community problems, the higher the reponse by the people 
as regards finding solutions to the problem. The 
community may not need to be told that there is a woodfuel 
problem in Kenya, for example, the people will respond 
by starting their own self help projects and even looking 
for external assistance be it material or technical to try 
and solve whatever they consider a serious problem unless 
there are major constraints beyond their abilities. There 
fore, knowledge of community problem priorities is 
important in designing development programmes if effective 
implementation is expected.

1.2.3.3. Area Specific Information

A study carried out by the Food Agricultural 
Organisation [FAO] in 1980 examined the woodfuel situation 
in the developing world to establish the level of shortage 
From their findings, the countries were placed in three 
categories. The first category is where the scarcity was
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so severe that even if the current wood supplies were
overcut, the supply would not be sufficient. The second
category of countries is where overcutting would
facilitate meeting the minimum requirements while the
third category is where there was just enough but with

12increasing demand. This kind of categorization can 
facilitate the use of different approaches to each one 
of the categories as regards solving the woodfuel scarcity 
problem. Kenya falls within the second category where by 
currently, 30% of the woodfuel energy demand is supplied 
from standing stock. Narrowing down to Kenya as a 
country categorisation of woodfuel scarcity has been done 
up to the provincial level. The provinces of Kenya are 
fairly large in size making the geographic, economic, 
demographic and cultural differences so varied that any 
approach considered for solving people's problems will 
have to narrow down to as low as the divisions which may 
be more uniform in terms of the above mentioned 
characteristics. This may improve the effectiveness of 
programme implimentation and lessen failing of projects.
As mentioned earlier, the woodfuel demand-supply 
relationships are so complex and area specific that to 
•achieve production of sustainable supplies it will 
require detailed studies of the areas in question so as 
to establish the actual situation just as it is. Studies 
on supply-demand in Kenya have been carried out at 
national and provincial levels. The results of these
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are too general to be effectively useful at the village,
sublocational, locational and even divisional level.
Naitiri sublocation is in a medium agricultural potential
medium population density, newly settled scheme. Most
of the studies done earlier were carried out in high
agricultural potential and high population density areas
like Kisii, Kakamega and Muranga. According to the
national survey done on woodfuel, the low agricultural
potential and low population density areas of Kenya still

13have supply level equal to the demand level, i.e. in 
1980 the wood resources demand in North Eastern Province 
was 0.54 million tonnes the sustainable supply was 
0.54 million tonnes, unlike Western Province whose tQtal 
wood resources demand was 2.32 million tonnes with a 
sustainable supply of 0.31 million tonnes, supply from 
stock 2.00 million tonnes and a shortfall of 0.01 
million tonnes. The reason for this big difference is 
mainly because of the low population level in sparsely 
populated areas. . /This explains the reason of choosing 
a medium agricultural and medium population density area 
in which there is evidence of woodfuel scarcity problem 
and little if any information available on the level of 
scarcity and causes of the same.
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1.3 Summary of Problem Statement and the 
Study Obnectives

From the information given, it is clear that
currently, Kenya has a woodfuel deficit of about 30% 
which will grow to 65% by the year 2000. The government 
has formulated policies to address the deficit but the 
policies are too broad and vague to be effectively 
implimented. In addition to this, there is no 
sufficient information for planning projects and 
implimenting the same at local level where local refers 
to district, division, location and sublocation. It is 
in the context of these issues that this study was 
carried out in Naitiri Sublocation to:-

i] Assess woodfuel demand and supply levels and 
factors that affect both in the study area

ii]

14

Examine the causes of woodfuel shortage which is 
evidenced by-the use of crop residues in the 
study area and suggest possible remedies.

1.4 STUDY ASSUMPTIONS

This study has been carried out on the
assumption that:-

i] * The majority of Kenyans will continue to use 
woodfuel for many years to come hence there is 
need to increase and sustain supply of wood
energy.
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ii] Govermemt subsidies on kerosene and 
liquid petroleum gas [lpg] will not 
increase significantly to render woodfuel
less competitive when compared to kerosene 
and liquid petroleum gas.

1.5 RESEARCH METHODOLOGY

The research involved the collection of both 
primary and secondary data.

1.5.1 SECONDARY DATA

This was obtained from studies and publications 
on, Natural resources, Energy in general terms, wood 
energy and Energy in development. These publications 
were obtained from various sources including central 
and local government authorities [e.g. Research Stations, 
Forestry Departement, Ministry of Energy, etc.] and other 
non-governmental agencies working on woodfuel production

■yand conservation.

1.5.2 PRIMARY DATA

The primary data was obtained first by admini
stering questionnaires to [ij 29% of the households and, 
lii] Key informants who in this case were the District 
Rural afforestation extension officer of Bungoma district

v
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the Chief of Naitiri location, sub-chief of Naitiri 
sub-location which is the study area and eight of the 
nine village headmen and second by:-
a] General observation
bj Informal conversations with the local leadership 

[i.e. those mentioned above plus three assistants
c] Use of photographic films
d] Use of a weighing balance for measuring weights

and a clinometer for measuring tree heights of 
standing trees.

The questionnaire was designed in such a way as to gather 
informaiton on the current demand and supply of wood- 
fuel and factors affecting both supply and demand, crop 
residue use, energy conservation, initiatives and 
potential in solving the woodfuel problem.as shown in 
Appendix 1.
1.5.3 SAMPLE DESIGN

The sample frame of this study consists of all 
members' of Naitiri sublocation and the household was 
the unit of enquiry. The sublocation consists of 9 
village clusters consisting of a total of 346 plots. Out 
of these the survey covered an average of 11 plots per
village cluster so the total number of plots covered

<

in the survey was 99 which represents about 29% of the 
total number of plots in the suolocation. The plots 
for detailed survey were equitably selected by taking
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each 3rd plot within each village. This was considered 
necessary to make the sample survey more representative.

1.5.4. DATA ANALYSIS TECHNIQUES

The collected data was organized compiled and 
analysed both cartographically and statistically. Quali
tative and quantitative presentation of data has been 
observed in this study. Facts collected in the field 
have been discussed and presented qualitatively while 
quantitative data has been presented in form of tables, 
bar charts, graphs, scatter grams, maps and percentages.

1.6 SCOPE OF THE STUDY AND THESIS ORGANISATION

The study looked at the types of domestic fuels 
used in the study area and the level of consumption of 
these fuels on daily basis. Factors like household size, 
incomes, land size and type of farming were also looked 
at since they are expected to affect consumption. The 
availability of the various fuels used in the study area 
was also looked into. The constraints to wood production 
like the tree seed and seedlings supply, water availability 
and customs were considered and also efforts by the 
community to increase wood production and improve on wood 
conservation were assessed by looking at the number of 
trees grown annually and the number of households that use 
energy conservation measures in wood utilisation. Finally
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the level of community organization and level of 
awareness as regards tree planting were looked at by 
considering the communities involvement in self help 
projects and the number of households that receive 
extension services from the relevant agencies.

The thesis consist of six chapters in the order 
shown below.
Chapter 1 - has introduced the study problem, objectives, 
the assumptions, the methodology used in the study and 
finally the scope of thesis organization.

Chapter 11- deals with the theoritical aspects of the 
study problem as established from literature review.

Chapter III - has information on the study area. This 
includes a brief historical background, location and 
size, the physical features, climate^, soil, vegetation 
and the socio-economic profile.

Chapter IV - is devoted to data analysis and research 
findings. The chapter has covered community charact
eristics, the major community problems according to the 
peoples views and how they think these problems can be 
solved. Covered also are the current level of demand 
and supply and the factors affecting the two, the causes 
of woodfuel shortage and the existing alternative energy
sources:
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Chapter V - contains the demand and supply 
projections and policy recommendations as regards the 
same.

Chapter VI - study conclusions and recommendations 
which followed by the Bibliography and appendix

1.7 STUDY LIMITATIONS

1] Very few households were willing to give 
information on income hence the given income is estimated 
from the agricultural produce and the jobs done for those 
who are in formal employment.

2) Information on annual yields of wood for 
the various species was not available except for 
Eucalyptus [exotic and fast growing tree] and for 
Terminalia [indigenous and slow growing species].
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CHAPTER 2

2.1 THEORETICAL FRAMEWORK

Foley in his report on fa-rm forestry has commented
that despite the importance of woodfuel in most developing
countries, there are serious deficiences in consistency
and reliability of much of the published data on its use!
Although the position has improved in recent years he
notes that this remains an area where considerable amount
of further work is required. Foley has observed that a
number of surveys have been carried out to date on the
woodfuel daily requirements; the knowledge of demand
versus supply has resulted in a much greater economy
exercised in the use of woodfuel as it is illustrated in
a report from Senegal where it is stated that "Economy
is second to nature".2 In this area, women quench the
fire with water or bury the embers in ash or sand

3immediately after the cooking is through.

According to Kamweti [1980] , woodfuel consumption
4patterb tends to follow some general sequence. He 

reports that where fuelwood is plenty, most rural people 
simply collect dead wood. Such wood he suggests is easy

fto burn having lost most of the moisture and also the factj| 
there is little work involved in cutting it. As wood 
becomes scarce Kamweti has 'observed that people start 
utilising branches of trees, again much easier to chop that) 
to fell whole trees. The next stage is utilisation of the 
tree itself followed by stumps and roots. He argues that
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it is when all the ligneous material is exhausted that 
people resort to utilisation of wastes such as sawdust, 
agricultural residue and cowdung in some cases. He 
concludes that one can predict the state of woodfuel in 
any place by examining the consumption stage according to 
the stages described above.

Foley has reviewed several studies on woodfuel and 
has commented on various aspects that determine and affect 
its domestic consumption. He has commented on its consu
mption in various parts of the world and the factors that 
affects this consumption which he sites as:-

i] woodfuel availability
ii] family size

iii] income
iv] availability of alternatives as the major

ones and:-
i] climate

ii] types of food cooked
iii] methods of cooking
iv] types of stoves used
v] availability of alternative sources of

light other than the cooking fire and
vi] ceremonies

these he sites home- based industries as a major
contributor to domestic woodfuel demand. Foley has 
further considered the supply of woodfuel and the factors 
that affect it. He has sited the factors that affect
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supply as:-

i] clearance of land for agriculture
ii] excessive cutting of trees for woodfuel

iii] overstocking with livestock
iv] population growth
v] poor policies and

vi] poor climate

There are also constraints .that inhibit the increase of wood- 
fuel supply through growing of trees and these he 
suggests are: antipathy, land tenure, seasonal compe
tition for labour, lack of incentives, lack of tree seeds 
and seedlings, poor extension services, growth cycle of 
wood resources, other community problems and availability 
of alternatives.

Various incentives for woodfuel resource 
expansion have been suggested and comments made on the 
nature of changes that occur in woodfuel demand and

isupply.'

2.2. WOODFUEL DEMAND AND FACTORS AFFECTING IT

From detailed surveys carried out in 1983 in 
six villages in Mali and Niger, Bonnet found that wood 
consumption ranged from 440-660 kg. per head per year.5 
He observed that in the villages where fuel is hardest 
to, get people switch to non-preferred tree species and 
try to economise.
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this area, the figure of 440 kg. per head ;per year 
appears to be the lowest. Below it, people find it 
difficult to reduce consumption.

Similar findings are reported by Samanta [1982] 
from areas of wood scarcity in India. The annual con
sumption figures in five villages in the state of Orissa 
[India] where people rely on fuelwood for virtually all 
their domestic energy requirements are in the range of 
509 to 826 kg. per head with an average of 680 kg. per 
head.^ Another study by SFMAB 1982 indicate that from 
the 17 villages surveyed in Tamil Nadu, per capita 
annual consumption of woodfuel was found to be 344-676kg 
with an average of 481 kg. In Kenya, Hoseir [1984] 
reports that consumption was found to range between 6 8 3- 
1368 kg per head with an average of 726 kg. The con
sumption level of woodfuel can be used as an indicator 
of woodfuel availability e.g. while some countries like 
Niger And Mali have an annual per capita consumption of 
660 kg as the maximum, others like Kenya has 683 kg as a 
minimum.

As well as fuel availability, Fox [1983] says 
that factors such as family size also have important 
influence on per capita fuel requirements.7 He argues 
that larger families cooking bigger meals tend to be more 
affected in their use of fuel. He sites a case in Nepal 
where families with between one and four members used an 
average of 890 kg of firewood per person per year and
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families with nine members or more used only about 340 kg 
per person in a year. Beside this, Foley has added that 
there are other influecnes on consumption. They include 
climate, the types of food cooked, the methods of cooking, 
types of stoves used and the availability of alternative

g
sources of light other than the cooking fire. In many
places, he says there are seasonal •.variations’, with 
consumption increasing in the period after harvest when 
labour is readily available and wood is easy to obtain 
and dropping during the planting period when collection 
is difficult and people are heavily occupied with farming 
tasks.

Foley explains further that home-based industries 
and commercial activities can add to the domestic demand 
for wood e.g. brewing beer, baking bread, small scale 
brick and pottery making. Wood may also be used in large 
amounts tor special family occasions such as festivals and 
weddings. In India, for example, cremation of the dead is 
a substantial consumer of. woodfuel with upto 400kg being 
used for a single body.

As woodfuel scarcity increases, wheatherly reports 
that the process of energy involution can be observed.
This is where by inferior quality materials which would 
not otherwise be regarded as suitable for fuel tend to 
come into use. This include thorny tree species which 
are difficult to collect and prepare and others which have 
a ow caI°rific value or burn with a smoky flame. Twigs
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and leaves are used to a greater extend together with
crop residues and animal dung. A family may change
from using stemwood to coconut husks, bamboo roots, rice
hulls, maize stalks,tobacco stalks and finally dried 

9leaves. In other words, the value of energy sources 
decreases with time until it reaches a time when no 
burnable bit of biomass is immune from inclusion in a 
cooking fire. This is a level at which the system is 
completely involuted. This is useful in that identifi
cation of the level of involution in any area can be used 
in designing the most appropriate programme.

2.2.1 Woodfuel Demand from Industries and Commerce

Foley 1984 argues that in many countries, small 
scale rural industries consume large amounts of fuelwood. 
Such industries include tea and coffee drying, brick
making, sugar making etc.10 He further suggests that 
in towns, commercial enterprises, laundries can also add 
substantially to demand for woodfuel.

A study by Nkonoki 1983 has identified tobacco 
curing particularly as a heavy user of woodfuel. He sites 
a case whereby in some parts of Tanzania 50 -60 cubic 
metres of wood are required to cure a 475 kg. batch of 
green tobacco leaves while brickmaking requires 35 cubic 
m®tres of wood for 25,000 bricks needed for a family 
house. The same study considered the amount of wood 
required in brewing and found that I cubic metre of
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wood is required per 400 litres of beer.11 Foley has
commented that for some industries, the availability of
tree fuel may be essential for their continued financial 

12 .viability. This is true of both the tea and tabacco
industries in some countries. Foley argues that if the 
industries were to pay for the fuel they require, they 
would no longer be competetive on the international market.

More commonly however, Foley suggests that wood must be 
purchased locally, wood for brick making in southern 
Thailand, for example, is bought from owners of rubber 
plantations who fell tree prior to replanting. In Costa 
Rica, wood for coffee drying is supplied from nearby farms. 
Industrial demand therefore is superimposed upon those 
generated by local domestic consumption.

In O'Keefe's report of 1983 it is mentioned that 
quantities of wood used by local industries can be 
surprisingly a high proportion of the total consumption 
of wood in a country. In Kenya, for example, he notes
that the' demand from* industries and small commercial enter
prises present around 23% of the total woodfuel use. Jones 
1981 reports that in central America, industries are 
estimated to account for 18% of the total1  ̂ while in 
some south African countries,Bhagavan [1984] found that 
lt can be as high as 40% of National woodfuel consumption1^
A studY done by O'Keefe on woodfuel consumption by the 
Ural informal industry in Kenya shows that the average 
nnUal consumptioon of woodfuel in those industries is
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2440 tonnes or 2.42 GJ per capita.16
The foregoing information suggests that whenever 

woodfuel production is considered, the demands from 
industries and commercial enterprises should be included 
to avoid pressure on domestic woodfuel supply.

2.3 WOODFUEL SUPPLY AND FACTORS AFFECTING IT

In his discussion on woodfuel supply Foley comments
on the traditional systems by which people manage and
preserve the wood resources on which they depend. He
mentions that these systems are breaking down in many

17parts of the world. Tree resources in open woodlands
and around farms and villages are coming under intense 
pressure he notes. Large areas of closed forests are 
also being lost each year. The reasons for this break
down vary. In many cases, the greatest pressure is that 
of land hunger, the need to clear woodland for agricul
ture. Excessive cutting of trees for fuelwood [both

1Ifor direct use and for sale to urban dwellers] or over
stocking with livestock which reduces the regenerative
'Capacity of local wood resources pushing them into an

18accelerating process of depletion. Various other
sources may also be at worjk like population growth, poor 
policies and poor climate. Discovering why wood supply 
is diminishing in a particular area is not always easy. 
Often, a number of causes are super imposed on each other. 
At times, there is a sequence of events in which one type
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0f wood resources removal creates the condition for 
another and it is then superceded by it.19 Though 
all result in the loss of wood resources, the nature 
of the processes involved and their practical conse
quences can be very different. But in all cases, a clear 
diagnosis of the causes of the breakdown of traditional 
systems is essential if effective remedies are to be 
found. Only when it is known can the potential role of 
production as a counter measure be assessed and progra- 
mmmes designed which tackle the real problems at hand.

Wood resources depletion when it occurs is not 
that rural people are not aware. In most cases, they are 
well aware of their surroundings and perfectly capable 
of recognising the depletion of these resources. If they 
appear indifferent or neglectful to this, it is rarely 
because of ignorance or lack of concern about their own 
future. It is far more likely that they are constrained 
by a variety of factors and that for one reason or another,

f

growing trees as a solution does not make sense when viewed 
from local perspective. Some of the reasons that have been 
found as reported by Eckholm to inhibit people from in
creasing wood supply by planting trees are: Antipathy,land 
tenure tree ownership shortage of land, seasonal competi
tion for labour, lack of incentives, lack of tree seeds 
and seedlings, poor extension services, growth cycle of 
ood ressources, and presence of other more serious 
community problems.20
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2.3.1 Antipathy, to Trees

He explains this can arise as a result of 
inherited cultural traditions or it may be for strictly 
pratical and contemporary reasons e.g. in some African 
countries the normal method of controlling tsetse-flies 
has been to cut down the trees which harbour the insects 
hence planting trees will appear like a threat to the 
people. Other places people fear planting trees near the 
crops because they provide a haven for birds. In other 
areas still trees are believed to lower the water table 
and can also compete with adjacent crops for nutrients 
and sunlight. In some countries, certain types of trees 
are associated with malign spirits or taboos. In India, 
for example, tamarind trees growing close to a village may 
house evil spirits and in some areas of Kenya croton trees 
growing directly infront of the house or at the gate are 
believed to bring bad omens to the family such that at 
times, all the members of the family may die. Surveys 
done in India also show that people fear trees because 
they are thought to be potential .hiding places for 
thieves and robbers.

The prevalence of such negative attitudes to trees 
and the degree to which they represent a barrier to 
planning programmes is hard to assess- Investigation by 
Skutsh of a number of villages in Tanzania where it was 
eXPected that some of these fears would be expresssed found 
° evidence to an innate dislike to trees. The only
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exception was one village where people said they were
afraid of owls; which represents spirits and would not
have trees which might harbour them close to their 

21houses. It has, however/been pointed out by Musava
that this might be no more than an excuse not to parti
cipate in tree growing which is disliked for other 

22reasons.

2.3.2 Land Tenure

Land tenure problems is another constraint where 
one does not own the land one lives own, it does not 
make much sense to plant trees e.g. in case of tenant 
farmers, landless people, communal land ownership. There 
is also the question of tree ownership. Some tree 
species which are very valuable are protected by the state. 
Farmers are very reluctant to plant such because cutting 
them requires evidence that the farmer planted them himself 
and even then, he has to get a permit. This happens in Sahel 
as reported by Thomson [1979] and. in Haiti as reported 
by Murray [1983].24 cernea reports that some farmers in 
Pakistan fear alienation of their land by the stated 
Murray further reports that in the Dominican Republic 
und Honduras all trees belong to the government and no 
tree is to be cut without permission from the government. 
This legislation is counter-productive when efforts are 
being made to engage farmers in tree growing?^ This 
aPplies to Philippines also but here it is directed to
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commercial logging industry reports Bulletin Totay, 1982
while in Kenya it applies mainly to indigenious tree 

2 8species.

2.3.3. Seasonal Competition for Labour

Eckholm observes that competition for labour
especially in arid areas has been found to constraint
growing of trees. Tree planting always coincides with
agricultural activities, this may also conflict with
opportunities for off farm income. In the early years
o£ tree growth, plantations require substantial amounts
of work leading to a reduced desire for people to plant 

') 9trees.

2.3.4. Lack of Incentives

Another constraints he suggests may be lack of 
incentives, where there is still plenty of fuelwood or 
where specific individuals may have adequate wood resources
on the farms they may not see the need to plant more. The

*idea of depletion of resources may appear totally beyond
their control or irrelevant in the time scale within
. . . 3 0which they are able to plan their lives.

2-3.5 Lack of tree seeds and seedlings

Some governments have almost made it appear as if 
tree seeds and seedlings for planting can only be provided 
by the forest department at subsidized prices as such, 
there is very little motivation for individuals to produce
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their own seedlings for planting or collecting seed from 
existing trees for planting. People in some areas have 
seen the inability of the government to provide enough 
seedlings for everybody at the right time and in the right 
place. This has led to some communities producing their 
own tree seedlings for planting while others have remained 
dependent on the government as a tradition with a result 
of tremendous reduction in available wood supply since 
consumption rate is higher than supply rate.31

2.3.6 Poor Extension Services

Until recently Eckholm notes that Forest departments 
in developing countries tended to concentrate on the 
management and production of existing forests and forgot 
about the woody perennials on private and community land. 
This could have been due to one, the abundance of wood 
resources then and two, mear lack of foresight or both.
But currently, the consequences of such exclusion have 
been highlighted and extension s.ervices„ on tree plantining

f

and conservation are being provided. Though this is 
happening there is a possibility of targeting the wrong 
group hence achieve very little therefore, there is need 
'°f identifying., the proper target group.32*

 ̂* 3 * 7 Growth Cycle of aood Fesources

The time between planting of trees and harvesting 
s so long as compared to other crops that many people get 
iscouraged. The time constraint may not be so much of
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a barrier to tree planting. It is only when people 
think the operation is futile and too risky or simply 
too much trouble that the time constraint becomes a 
dominant consideration. In such a case, by demonstrating 
new faster -growing species and suggesting management 
techniques that allow useful products to be harvested 
after a shorter period that tree growing programmes may 
have an important role in tipping the balance and 
persuading formers that tree growing is worthwhile.

2.3.8 Community Problem Priorities .

In some areas, planting of trees may be very low 
on the peoples' list of priorities simply because of the 
weight of other problems. This comes out clear in a 
commentary discussing basic needs in the community in 
Sahel as reported by Hoskiro. The people of this 
community indicated that there were things more urgently 
needed than forestry products-. They stated that unless 
they could have water, health care, education for their 
children , jobs for young adults and enough food and 
income to keep their families together it did not matter if 
they planted trees or not."^

Availability of Alternatives

Finally, another major factor which affects the 
supply of woodfuel is availability of alternatives
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Wheatehrly found that shifting to alternative biomass 
materials opens up considerably other resources of 
potentialy burnable materials. Under Indonesian 
conditions [aiot of rice growing] he calculated that 
the total amount of fuel which can come into use in 
this way is about four times greater than that available 
when people rely on stemwood alone. What the figure 
would be for other areas depend on local patterns of 
biomass productivity and the amount of crop residues 
available for use.35

The switch to lower grade fuels may allow people 
to spend less time in collecting fuel and therefore help 
solve their immediate fuel problem, but it also involves 
a number of direct and indirect costs. These fuels are 
often less convenient to use and require more work from 
the cook in feeding and tending the fire. There are also 
various environmental and economic costs when organic 
materials that would other wise be returned to the soil,

ior used for animal feed and other purposes has to be burnt. 
Not much is known about the exact nature of these trade - 
offs or how people themselves view .them. If the people 
feel the freely or easily available lower grade fuels 
provide a reasonably acceptable alternative to wood, they
will have little motivation to plant trees when the wood-
f, , 36ruei resources are depleted.
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2.4 Incentives for Woodfuel Resource Expansion

Studies done in various countries have come up
with various incentives to increase wood production hence
supply. The fact that woodfuel represents the largest
quantitative demand for wood has at times diversed attention
from its other uses. In many places, wood also meets a
variety of basic needs for which there are no readily
available subsitutes. In these particular applications,
it will often command a higher price than when sold for

37fuel [Foley 1984]• Poles for building purposes are 
widely used and are often in scarce supply. In some 
countries, they provide the framework for the walls which 
is then coated in mud or covered with thatch or woven mats. 
Larger poles are used as centre or corner poles they may 
also be used for fencing and handles of implements. They 
are also cut for use as roof beams and structural members 
in permanent buildings. Other local demands for wood, ie. 
sawmills, furniture making and packing cases and 
agricultural implements making. The requirement of wood 
in this sector may be very low but it forms a strong 
incentive to .grow trees by the local people.

Large wood using industries can also add
substantially to., the local demand for wood. In some
cases, they dominate the wood market. In Karnatake state
ln India, pulp and rayon mills are willing to buy large 
quantities of wood from farmers the<_prices of Eucalyptus
°fferred to the farmers.

- 33 -



is above the price of firewood this acts as an 
incentive for wood production . specifically for the 
Industries.

One of the most important reasons for lack of 
incentives to plant trees is that in the poor countries 
90% of the total woodfuel demand is not yet commerciali
sed. For example, it has been noted in Tanziania by 
Alkoneki that it is only the salaried 'public servants' 
such as teachers or rural extension officers who purchase 
their fuelwood. These families make up less than 2.4% of 
the rural pupulation.38 jn Malawi a nationwide survey
by Energy Studies Unit 2 indicated that only 7%
of the rural families buy any fuelwood and of these only.1%
rely on bought wood entirely.30

A survery by Aulagi [1982] of the village of Ibb 
in the southern uplands region of the Yemen Arab Republic 
on the other hand, showed that 65% of the households 
obtain a; quarter or more of their fuelwood from^the market40 
In Nicaragua, estimators suggest that more than half the 
country's woodfuel consumption is cannercialised with 70%
°f all household buying at least some fuelwood [Van Buren 
1984]f1

The development of a woodfuel market in an area 
Can radically change local attitudes towards the question 
of woodfuel supplies. Studies in the Kbere [Embu] area 
of Kenya by Brokensha found that selling fuelwood was
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regarded as a sign of poverty when it first began in 
1976 but within two years it came to be seen by the 
whole community4  ̂ as an acceptable way of earning a 
living. As long as commercialisation of woodfuel con
tinues to increase, farmers will grow more trees and its 
slow rate of growth will reduce the incentive for tree 
growing for sale. Wood prices tend to rise as the 
depletion grows. As this trend continues, tree growing 
should eventually become viable. The level of this price 
threshhold will however vary substantially from place to 
place. It will depend on growth rates, inputs, costs, and 
returns from alternative uses of land and resources. 
Projections of what is likely to happen in any particular 
case will have to be based on a detailed local analysis. 
Examination of areas of different stages of commercia
lisation and wood depletion provides some pointers to the 
probable pattern of future events.

The trend observed in other areas is that when wood
1

resources are being depleted, poles or other: specialised 
wood products become commercialised earlier than fuelwood. 
This is because they are inherently scarcer, consequently, 
People are prepared to pay for them, whereas they can 
obtain all the fuel they need without spending money. As 
scarcity increases, and pole prices rise at some stage, it 
becomea. attractive to grow them for the market thus, farmers 
Degin to plant trees for poles. Since the marginal cost 
of Showing a few trees is small this tends to happen even
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when the prices are still very low. Larger scale 
planting requires a price level which justifies the 
more significant investments inputs and diversion of land 
involved. The level has been reached in Gujarati and 
other parts of India. At a later stage in the depletion 
of wood resources, fuelwood in its turn becomes commer
cialised and with increasing scarcity its price begins to 
rise. At a certain stage, it becomes economically viable 
to plant trees for fuel. Though if there is already a 
market in which poles command a higher price than fuelwood 
this will tend to dominate the farmers decision when the 
market for poles becomes saturated and the price for 
poles and fuelwood begins to coincide, that is when 
planting explicitly for fuel starts to take place on a 
large scale. This appears to be the position in Madras 
[India] and some neighbouring areas where the price of 
poles is now roughly equal to that of fuelwood. This 
just illustrates one possible path of change, it also 
demonstrates the complexity of the wood market system. 
Without a clear picture of the nature and dynamics of 
this system, it is virtually impossible to predict the 
likely out come of initiatives to promote tree planting, 
reports Foley.43

Summary

Fuelwood demand changes with time often in a very 
implicated fashion e.g. there is an upper limit on fuel-



wood prices which is set by the price of alternative fuels 
such as kerosene and LPG. People will switch away from 
woodfuel if it is cheaper to cook with modern. Commercial 
fuels, when changing, decision is not based only on the 
unit cost of available energy in the fuel but it will 
include other factors such as convenience, flexibility in 
use, security of supply and the associated prestige. A 
rise in income is also enough reason for a switch from 
woodfuel.

In India, it has been noted that the more affluent 
sections of the society always prefer cleaner and more 
convenient cooking fuels to wood. The well off know that 
there is a nierarchy of cooking fuels and they view changes 
from fuelwood to charcoal to kerosene, eletricity or gas 
as steps in the improvement of the quality of their lives. 
[Reddy 1983]. Among the poor, the reverse occurs as
the price of woodfuel goes up, they turn to twigs, roots, 
vegetable residues dung and leaves. They tend to go 
lower and lower on the economic scale.

The overall effect may be to create a price zone 
the lower limit set by the production cost of wood while 
the upper limit is defined by the price of fuelwood 
substitutes. Within this zone, fuelwood production is a 
viable commercial exercise. Outside it, growing of trees 
for firewood will either be uneconomic because of low 
wood prices or very restricted because the price of wood 
makes it non competetive with other fuels. Transportation

- 37 -
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costs may increase the price of wood while government 
subsidies on kerosene and LPg may keep their prices 
too low for wood production, to be viable.

When projecting woodfuel demand therefore, it 
cannot be assumed that the demand will continue to 
increase in line with population increase. Calculations 
of future woodfuel deficits based upon fixed links 
between population figures and woodfuel consumption must 
be viewed with extreme caution this can produce an 
exaggerated picture of the likely future demands for wood 
fuel, distorting planning goals and leading to an undue 
emphasis on trying to grow trees to meeet fuel needs.

Given that fuel needs is not the only purpose of 
trees, there will be need to continue planting trees even 
where there appears to be plenty since uses are many and 
continous and there is the aspect of the ecosystem balance 
To date, Kenya is already experiencing a deficit and relies 
on standing stocks to meet her wood demands. Therefore
here is need to emphasize on an increase in production/
at least to a sustainable level. Strategies have been 
formulated in the National Development Plan of 1984-1988 
and Sessional Paper No 1 of 1986 on how wood production 
will be increased and by how much it should increase but 
from the information given here, it is clear that unless 
detailed studies of specific localities are carried out to 
establish the level of the shortage, and the problems 
Prevailing in this specific areas as regards wood
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production, much may not be achieved as planned.
According to the district development plan of

Bungoma, Forestry sector, it is planned that at least one
tree nursery should be established per division to
provide tree seedlings for the farmers but it has been
established that provision of seedlings by the government
may be playing a very minor role in the fact that trees
are not being planted to increase woodfuel supply^ a

study done in Kakamega by Kenya woodfuel development
project in 1985, showed that 65% of the people raised
their own tree seelings by obtaining seeds from the local

46trees [KWDP Working Paper No. 5, 1985], Hence other
reasons why people do not plant trees in this country 
should be researched into.
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CHAPTER THREEE : STUDY AREA

3.1 LOCATION AND SIZE
Naitiri sublocation is situated in the extreme 

east of Naitiri location, Tongaren division, Bungoma 
district in the Western Province of Kenya. It is at an 
altitude of about 6200ft [1890 metres] at latitude 00°
45'N and longitude 35° 59'E.1 The whole of its
western boundary borders the Sikhendu -Naitiri road, the 
northern side borders Trans-Nzoia district while the 
southern and eastern side border the Naitiri Tongaren road 
and Kiminini river[a tributary of trans-nzoia river] 
respectively. Naitiri sublocation covers an area of 
36.34 sq. km [Figure 3.1. to 3.4].

3.2 HISTORICAL BACKGROUND

During the colonial days, this area was occupied 
by European farmers. However, after independence, the 
land was subdivided and the local people [mainly from 
the then congested parts of Western Province] were settled

i
in it in 1965. The finance used for the purchase of the 
land was provided by the government and was to be repaid 
in 30 years. The land tenure is freehold though titles 
are obtained only after completion of loan repayment.
Land in this community is owned by the man who is also the 
ead of the household. Traditionally, tree planting is 
considered to be exclusively the responsibility of men.
^ is therefore taboo for a woman to plant a tree for it
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is believed that if she plants her husband will die or 
she will become barren. This belief is dominant among
members of the Luhya communities that originate from

2Kakamega district. The knowledge of the land tenure
and the customs of a community is important since they 
have influence on the current rural problems especially 
the energy shortage problem.

3.3 PHYSICAL CHARACTERISTICS

The sublocation is drained by one major river 
[river kiminini] and two of its tributaries [kabuyefwe 
originating from Mt Elgon and sirende originating from 
the sublocation]. This distribution of water sources is 
important when considering establishment of tree seedling 
nurseries.

The area is underlain by granite rock which forms 
the basement systems. It is overlain with dark brown 
sandy loams that are well drained."^ The types of soils 
and their drainage determines the type of tree species 
that can grow well in any given area.

3-4 VEGETATION
Ojany and Ogendo [1987] classifies the natural 

vegegation of this area as .low tree - high grass 
[scattered tree grass land]. This consists of tall grass 
to 8 ft [1.5 to 2.4m] high. Densely scattered within it 

are small treess 10 to 15 ft [3.0 to 4.6m] high
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although in favrourable areas where there are better 
ground water resources, the trees may grow to 30feet 
[9.1mj. Considerable, though isolated areas support 
forest trees some of which may reach a hight of 90 feet 
[27.4m]. Protected by the corky bark, the trees 
composing this community [of low tree - high grass] are 
broad - leaved and deciduous, being dominated by various 
species of Combretum,[plate 1]. The others are Terminalia 
[plate 2] Faurea, Erythrina tomentosa, Ficus species, 
Ozoroa, Bauhinia and Dombeya. The most predominate 
grasses giving rise to the high grass nature of this 
community belong to the Hyparrhenia and Cymbopogon 
genera with Cymbopogon afronardus predominant in this 
area.5 The above described vegetation is what used to 
exist before 1965 in at least about 3/4 of the sub
location. [The other 1/4 was already being farmed by the 
white settlers]. However, due to the settlement, and the 
increase in population, the natural vegetation has been 
cleared to create land for farming. Below in Plate 3 
are the remains of what used to be tree-high grass 
community. Remains of the overgrazed hyparrhenia grass 
can be seen on the fore-ground of plate 3.

At the time of the survey most of the vegetation 
comprised of agricultural crops and overgrazed unfarmed 
lands as shown in plate 4.
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Knowledge of the types of vegetation that initially 
existed in an area is very useful. when choosing the type 
of tree species to be introduced or propagated in the 
particular area. Scattered in the area are natural 
shrub land, bush varying in density from thicket to 
scattered bush. In valley bottoms and swampy areas and 
along the rivers the natural vegetation can still be seen 
but the grass component has been removed.

With the removing of the indigeneous tree types 
to create room for farming fo 1 lowed the need for people 
to plant trees to meet various needs, most of the trees 
planted are Eucalyptus, Cyprus, Pinus and Grevillea 
plates 5,6,7,8 respectively. The number of indigeneous 
trees planted by the people is insignificant.

3.5 CLIMATE

The area receives between 889mm - 1619mm of rainfall 
per annum. It has a bimodal rainfall pattern receiving
rainfall the whole year round with peaks in May and August.

)iTaking the average of the last ten years 1978-1988, the
May peak is 194.6mm while the August peak is 164.5mm.
The long rains start in February - March, reaching, the
Peak in May and decrease in June. The quantity increases
again from July and reaches' the peak in August and decreases 
to tne minimum as shown in figure 3.6a and 3.6b.

The amount of rainfall and the time of the year when it
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comes is useful in d e t e r m i n i n g  the tree types to 
be planted and when to be planted. This is because some 
trees require high quantities of rainfall to grow well 
while others require very little.

The mean maximum annual temperature is 25.95°C 
while the mean minimum temperature per annum is 11.6°C.
In the last ten years [1978-1987], the hottest month was 
March with an average mean of 20.1°C and the coldest was 
July with average mean of 14.3°C as shown in Figure 3.7.4 
Knowledge of temperature levels and variations are useful 
in tree species selection.

r
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Plate 1: Combretum species is the most common
indigennous tree species of the study 
area. Middle foreground.

Plate 2 Terminalia is the second most common 
indigenious tree species of the study area,
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Plate 3: Remains of the natural vegetation of the
study area.

Plate 4: Current vegetation in the area
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Plate 5: Eucalyptus plantation
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Plate 7: A woodlot of Pinus trees
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3.6 SOCIAL ECONOMIC PROFILE POPULATION

As per the 1979 population census which was the 
first one in this area, the population of the whole 
division was as shown below.6

Table 3.1: Population

Area Population 
[No.of People]

Density 
No./sq.Km

Naitiri/Kamukuywa [sub] 13,130 121
Kibisi/Kabuyefwe [sub] 14,522 167
Naitiri/Location 27,652 142
Ndalu/Kiminini [sub] 9,085 93
Tongaren/Soysambu 12,497 144
Tongaren T.C. 224 350
Ndalu Location 21,458 118

Source: Central Bureau of Statistics , 1979
Population census P. 87

Naitiri sublocation is one of the four sub-
1i

locations of Naitiri location, the other three being 
Kamukuywa, Kibisi and Kabuyefwe. During the 1979 
census, the location had only two sublocations that is 
Naitiri/Kamukuywa with a population of 13,130 and Kibisi/ 
Kabuyefwe with a population of 14,522 people. At the 
tifte of the survey, the two sublocations had been sub
divided into four which are mentioned above.
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The total land area of the sublocation is 3634 ha
all of which is arable. Agriculture is the mainstay of
the area and non-agricultural employment is very scarce
in this area. The majority of the people are engaged
in small scale mixed farming growing both cash and food
crops as well, as keeping livestock. Maize is the main
staple food though it is also a cash crop. The other
cash crops grown include sunflower and coffee [recently
introaucedj . The livestock reared include cattle [both
dairy and draught], goats, sheep and poultry. Milk

7from the dairy cattle is a major source of income.
Population changes in any area have major 

influences on resource utilisation of the particular area. 
For example, the higher the population of an area, the 
faster the depletion of non-renewable resources. The 
type and level of employment on the other hand will 
determine peoples' ability to afford alternative forms 
of energy and will also influence their response to 
development issues.
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CHAPTER FOUR

RESEARCH FINDINGS AND DATA ANALYSIS

The study has come up with a wide range of 
information as regardsthe study problem. This includes 
information on the nature of community characteristics 
and how they are related to the study,what the people 
feel are the community problems and the implications of 
these problems on development programmes. Farming practices 
and the other local economic activities have been examined 
in the light of the study problem.

The level of woodfuel consumption has been esta
blished and the factors that affect it looked into too. 
Established also is the level of wood supply and the 
factors that affect it.

The causes of woodfuel scarcity were examined 
and possible remedies considered. This includes 
examination of the various alternative sources of energy 
as regards suitability, and affordability.i/

Considered too are the energy conservation measures 
practised in the area and the extension services provided 
for the people as regards tree planting.

4.1 Nature of Community Characteristics

Information from the household questionnaire 
indicate that out of the total number of respondents

-  6 1  -
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interviewed 20% of them were heads of households, 75% 
wives, 2.5% sons and 2.5% daughters. This distribution 
is so because most of the men are out of the homes during 
the day in search of income generating activities. It 
was established that 9.8% of the men were working and 
residing elsewhere and, 10.9% not there at all meaning 
that 10.9% of the households are headed by women. This 
was considered since first the gatherers and users of wood 
fuel are mainly women hence if the majority of the 
respondents were men, the information gathered would be less 
accurate; usually, men get involved in woodfuel matters 
when it concerns charcoal production and when it is wood 
for sale. Secondly, in Kenya, land belongs to men since 
it is them who inherit from their fathers therefore 
decisions concerning land utilisation is mainly a man's 
responsibility. When the men who are supposed to make 
these decisions are away most of-the time, i.e. working 
and residing away from home development on the farm may 
lag behind. It is worse in areas where customs prohibit 
women from planting trees, because a wife will be forced 
to wait until when the husband comes home either on leave 
which may be once or more times in a year.

Considering the age of the respondents, most of 
them [70.9%] were between 36 and 60 years and 17.1% 
below 36 years, while 12.2% above 60 years. Those above 
60 years of age tended to be : rigid on.customs and less 
flexible to the idea of women planting trees. Those
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below 36 years of age were very flexible and not bothered 
much with customs while those between 36 and 60 years of 
age seemed to be operating within the above two extremes 
Those who had gone to school had less adherance to 
customary laws as concerns tree planting while those 
who had not gone to school tended to have strongly held 
on the ^customary laws. It was found that 52% of the 
respondents had received primary level education, 16% 
secondary level and none had received high school 
education. The remaining 32% who happened to be the very 
old above 51 years had received no formal education. It 
was generally observed that those who have been to school 
at least to secondary level were very informed and could 
understand the woodfuel problem faster and also the same 
have good stand of wood on their farms. There could be 
other factors like income that were influencing- these 
observed facts but still education., seemed to have 
played a significatnt role. Cultural beliefs have been 
found t,o have a major influence on tree planting hence 
woodfuel production. This infleunce was sought by looking 
at the various tribes that occupy the study area and their 
beliefs as regards tree planting. The results of the 
survey indicated that the following three tribes are 
represented in the study area that is : Luhya [95.1%], 
Masai 1.2% and Luo [3.7%]. The Luhya tribe was further 
broken down to the different communities that it comprised 
°f.Table 4.1 below showsthe details.
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Table 4.1 Luhya Communities

Community type Frequency %

Bukusu 56
Maragoli 11.0
Isukha 6.1
Tachoni 7.3
Tiriki 1.2
Kabras 4.9
Banyala 3.7
Kisa 1.2
Bunyore 2.4
Butsotso 1.2

Source: Field survey

It was observed that the belief prohibiting 
women not to plant trees was dominant among members of

fithe Luhya communities that originated from Kakamega 
district. That is the Maragoli, Isukha, Tiriki, Kabras, 
Kisa, Bunyore and Batsotso , who form 29.2% of the Luhya 
in the study area. These groups still hold firmly on the 
said belief though they cldim that it is not a handicap 
since they, can use their sons or workmen to plant trees 
if there was need for such an activity. The Bukusu who 
form 65% of the Luhya community in this area, do not have
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this kind of belief except for a particular Ficus 
[Mugumo] tree species which cannot be planted by women 
because it is used for witchcraft. From these findings, 
it is clear that customs are not a hindrance to tree 
planting hence they are not a constraint to woodfuel 
production in the study areas.

As regards the observation made in Kakamega 
district by Kenya Woodfuel Development progamme [KWDP] 
that trees belong to the man and they are mainly for sale. 
The study area appeared to have a different arrangement 
where by women seem to have a fair say in tree issues.
That is, a woman can harvest and sell trees or even use for 
fuelwood.

In chapter two, it is mentioned that the bigger 
the family size, the less the per capita consumption of 
v/oodfuel while the smaller the family size, the larger 
the per capita consumption. It is further indicated that
land tenure is a constraint to tree planting. This came

1
out very clearly in the study area whereby most of the plots 
are still in the names of the original owners that is land 
has not been subdivided among the sons so despite the fact 
that the number of housholds per plot have increased from 
one to an average of 2.5 the land still belongs to the 
Parents. This has made it difficult for the sons to plant 
trees because some have been refused by the parents while 
others feel that after planting, when land is subdivided,
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their trees may be given to their brothers/ yet the same 
people continue using the wood that is already there.
These two factors together with population increase have 
contributed significantly to wood resources depletion 
in the study area.

From the survey, the average household size 
was found to be 7.3 people and the average number of house
holds per plot is 2.5. In 1965 [time when the people were 
settled] only one household was settled on a plot but 
over time, sons have moved from their fathers households 
to form their own families and these accounts for the 
increase in the number of households per plot. From the 
1979 census the household size was 8.18 people. This has 
gone down to 7.3 bringing the average number of people 
per plot to 18.2 [decrease in household size is mainly 
due to the new households who are in their early stage 
of having families], hence increasing the density by 122.5%. 
Given that the density in 1979 was 121 people pe sq km and 
1988 it ha<d increased by 122.5%, the density in 1988 is
269.2 people per sq.km.and since the area of the study area 
is not given, it has been worked from the land sizes as 
shown below and estimated to 36.34 sq.mk. given the above 
density, the 1988 population' is estimated at 9,783 people, 
a 63% increase in ten years.
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4.2 Land Sizes and Farming Practices

The land holdings, farming practices and income 
has major influences on the type and number of trees that 
any given individual can plant. These were also looked 
into and the following information was gathered.
According to the survey, the land sizes in the study area 
are grouped in five categories, ie.

Table 4.2 Land size distribution

Ha % No of 

Plots

plots and area 
covered

[ha]

40 1.5 5 200
15 23.2 80 1200
11 31.7 110 1210
8 17.1 59 472
6 26.5 92 552

t
Total 100 346 3634

Source: Field survey

The total land area of the sublocation is 3634. 
All except 1.5% are small holdings of between 6 and 15 ha 
the other 1.5% are over 40 ha each and are under mixed 
farming but at a slightly large scale. The sizes of 
the remaining 98.5% are as in the table above.
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The majority of the people are engaged in small 
scale mixed farming that is growing both cash' and food 
crops as well as keeping livestock. Maize is the main 
staple food though . it is also a cash crop. The other 
cash crops grown include sunflower beans and coffee 
[recently introduced]. The livestock reared include 
cattle [both dairy and draughtj,goats, sheep and poultry.

Maize cobs and stalks together with sunflower stalks 
are alternative sources of energy especially the maize cobs. 
Increased availability of these alternative source has two 
effects on the use and production of wood resources.
First, it reduces pressure on the use of woodfuel and 
second it acts as a constraint to woodfuel production.
Their net effect on wood resources would be zero if the 
two effects were equal but it is not easy to determine 
the magnitufe especially that of the constraint effect.
The other effect can be measured and will be discussed 
later in this chapter by measuring the wood conserved
L fby the use of crop residues.

As regards livestock, cattle were found to be a 
major component of the livestock kept. These are 
Potential sources of the dung that can be used in biogs 
production Currently cowdung is used by the relatively 
Poor people of the area, as farm manure, while the 
relativeiy well to do use commercial fertilizers for their
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farm inputs hence the dung produced on their farms is not 
used. It is these same well to do people who have more 
animals and fair incomes that can finance biogas units.
On average 3.2 cattle are kept per household but 
considering only those who had cattle, it is an average 
of 3.5 cattle per household. The number of cattle and 
other livestock is relevant in that alternative sources 
of energy like biogas can only operate on a minimum 
quantity of dung from a minimum number of animals.
26.8% of the households were found to own more than 4 
cattle hence qualify for biogas units on the grounds of 
raw material availability only. At the time of the 
survey, no zerograzing unit existed [it is recommended 
for effecient operation of biogas units]. Range grazing 
[where animals are released in grazing land to graze on 
their own with or without a herdsman] was the only 
observed form of feeding the livestock.

The sublocation average land size per household 
is 42 hk cut of this only 49.1% is cultivated but the 
remaining 50.9% is uncropped. The uncropped land is 
left either for grazing or just as bush. This fact rules 
out shortage of land for tree planting as a reason for 
lack of woodfuel for domestic use.

4•3 Employment and Income Levels

Agriculture is the mainstay of the study area. It 
^as employed 65.9% of the men and 97.6% of the women
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13.4% of the men and 2.4% of the women are in formal 
employment mainly as teachers. 8.5% of the men are 
engaged in business of mainly retail shops, hotels and 
bars.

The average household annual income of the study 
area ranged between Kshs.2,200/- and 45,900/- with an 
average of Ksh.14,880/- per household. This gives a per 
capita annual income of between Khs. 301/- and 6,288/- 
averaging to Ksh. 2,038/- while the monthly per capita
income ranges from Kshs. 25/- to 524/- with an average

*

of Ksh. 170/-.
As will be discussed later in this chapter, income 

has a major influence on consumption^. and supply of wood- 
fuel. That is, the higher the income, the higher the wood- 
fuel consumption and also the higher the income, the 
higher the supply.

The agricultural sector is known to have low and 
seasonal incomes. It was observed that the people who 
were in,formal employment had relatively higher number oft

trees than those who did not have any family member in 
formal employment. This tends to bring out the fact that 
incomes from agriculture alone are not high. The incomes 
aPpear high because the people are paid for the produce 
°nce in a year but when distributed over the year, it is 
Very little.
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An enquiry into the adequacy of food supply 
revealed that 43.9% of households do not have enough food 
for the whole year round, and have to buy food for an 
average of four months every year. The reason given was 
that enough maize is produced by the majority of the 
families but because of the low incomes the maize is sold 
for cash income so as to pay fees for the children and 
other expenditures. The selling of maize occurs mainly 
in January/February when schools are opening. It is 
around the same time that the tree planting occurs. This 
was seen as a hinderance to tree planting since it costs 
some money to plant trees. As regards food, during the 
onset of short rains July -August when tree planting could 
also be done, there is a food shortage so any money 
available is likely to be used for buying food and not 
tree seedlings or seed.

4.4 Community Problems

It is mentioned in chapter two that peoples'f
priorities as regards their problems determines their 
response to development projects or projects designed 
to solve community problems. Peoples views on what 
they consider the most serious community problems were 
sought and the findings were as show in the table 4.3 
telow:-
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Table 4.3: Community Problems in General

Problem
Priority [1] 
[Frequency]%

Priority[2] 
[Frequency]%

Water 31.7 11.0
Firewood 20.7 3.7
Nursery school 1.2 1.2
Hails;tones 1.2 -

Poverty 4.9 8.5
Health facilities 7.4 1.2
Marketing of farm produce 12.2 3.7
Roads 6.1 17.1
Disunity 2.4 1.2
Roadgrazing 1.2 -

Lack of shopping centre 1.2 3.7
herdsmen 1.2 4.8
Vegetables [dry season] 4.9 2.4

j

No problem 3.7 41.5
Total 100. 100

Source: Field Survey
In summary, the most serious problems affecting 

the people of this area are shown in table 4.4. below
. i•̂4 Summary' of Community problems_____________________________

Problem Priority 1 Problem Priority 2

watrer 31.7% Road 17.1%
Firewood 20.7% water 11.0%
Marketing of 
Agri. productts 12.2% Others 30.4%
Others 34.4% No problem 41.5%

_ Total 100. 100.
Source: Field survey
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A close look at this table reveals that the 
people have very many problems and different people had 
their own different problem priorities. This implies 
that any efforts to solve any particular problem would 
meet with a weak support since peoples' priorities are 
too diversified. Table 4.4 summarises these problems 
in an attempt to bring out the problems that are affecting 
the majority of the people and the order of the serious
ness of these problems. In this table, water is leading 
as the most serious problem followed by fuelwood ana 
marketing of agricultural products, all the other problems 
summed together form 34.4% of peoples' views as regards 
their seriousness. As second priority, roads come out 
as the most serious followed by water. Other problems 
summed together came to 30.4% while 41.5% of the people 
felt that they did not have a second priority problem.

A closer look into these problems and from 
peoples' comments, it was noted that the major cause of 
water shortage was low capacity of the pump. All the 
homes in this sublocation have had water taps since 1972 
but there is rD water in this taps. The laying of pipes 
for provision of water in this area was done by the 
government in 1971/72. The project provided water for 
only two years and since then only 6.1% of the homes 
receive tap water. The others get their water from 
various sources. 29.3% get water from the river 40.2% 
from wells and 24.4% have dug up borehols in their own 
home s.
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Given that water has the highest attention as regards 
community problems suggest that development projects 
should try to solve the water problem of this area before 
embarking on other problems like woodfuel shortage and 
marketing of produce. However, if it becomes necessary 
to start with the second or even third priorities, in 
national interests or due to a major constraint in solving 
the first priority problems first an explanation to the 
community as to the reasons of the action taken can help 
in getting support and cooperation. Beside this, shortage 
of water greatly retards tree planting efforts. Consi
dering that raising of tree seedlings in the nursery will 
require watering for a minimum of two months explains the 
importance of water in tree planting hence wood fuel 
production.

Considering the distance covered when going to 
fetch water, about 92.7% cover less than 1 km while the 
remaining 7.3 go for more than a km. Though the per
centage o(f households that fetch water from far is small, 
it is still a significant problem when considering the 
many hours that are spent on fetching water which would 
otherwise be spent on other income generating activities 
like farming, which would in turn improve income hence 
woodfuel supply or the time would be spent directly on 
tree planting.
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As regards the second most serious problem which 
was identified as fuelwood shortage the fact that the 
community has already identified this as a serious 
problem implies that efforts to solve the woodfuel 
shortage will receive a fair cooperation from the people. 
The third problem which is marketing of produce affects 
income levels hence wood proauction. Focusing on second 
priority problems poor roads came out as an outstanding 
problem. Repair of these roads will facilitate easy and 
faster transportation of farm produce and even transpor
tation of the tree seedlings from the nurseries to the 
planting sites.

Another community characteristic that was looked 
at is religion. Churches are known to have influence on 
development projects. The influence may be positive or 
negative depending on the type of project, and also type 
of denomination. For example, in Kakamega, it was observed 
that the area dominated by the Anglican Church had more 
flexible Attitudes as regards women planting trees as 
compared -to another area dominated by the Friends Church.

Below is table 4.5 showing the findings of the 
nature of the church and distribution of people in the 
various denominations:-
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Table 4.5 Types of Denominations
Type of church Frequency %

Friends 29.2
Catholic 28.1
Salvation Army 15.8
P.A.G 14.6
Church of God 3.7
Anglican 3.7
S.D.A.[Seventh Day Adventist] 1.2
None 3.7

100

Source: Field survey

In this area, members of some denominations feel 
they are more superior than the others. This has bred 
disunity in the community and it came out clear that 
except for a few members the majority are not ready to 
unite in community projects. Some churches would want to 
see the others falling apart and failing.

Finally, a community that works together 
displays a spirit of unity which can effect fast develop
ment. An examination into the level of unity among the 
people of the study area by looking into their involvement 
in social organisations other than church revealed that 
only 44% of the people were involved in two types of 
activities, that is money contributions and marketing of
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produce. The other 56% were not involved in these kind 
of activities. Most of them claimed that the low level 
unity was due to mistrust of one another. This is an 
attitude, that developed in people after some group 
resources were mismanaged by the officials. This displays 
a weakness that can retard development efforts especially 
where communal efforts are required.

4.5 ENERGY CONSUMPTION

The survey established that there are various 
sources of domestic energy in the study area. These 
includes fuelwood, maize cobs, charcoal, maize stalks, 
sunflower stalks, tree barks, sisal leaves, liquid 
petroleum gas and kerosene. Some of these are shown 
in plates 9-14 below. All expect kerosene provide energy 
for cooking, heating water ana warming houses. Kerosene 
mainly provides energy for lighting and only 1% of the 
households use it for cooking and heating water.

4*5.1 Fuelwood

The findings show that only 2% of the people use 
only firewood for cooking, heating and warming the whole 
Year round. It was observed that the 2% who use fire- 
Wood exclusively are the people who have eucalyptus 
Plantations that were left by the white settlers. 97.5% 
jot the people, however, use fuelwood in an average of
19 7 .aays in a year [about 54% of the time in a year] with

k  i
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a daily per capita consumption of 2.2 kg. This gives an 
annual per capita woodfuel consumption of 433.4 kg. If 
woodfuel is to be used the whole year round at the given 
average rate of 2.2kg per capita per day, then the annual 
consumption would be 803 k.g per capita. The difference 
between what would be consumed in the absence of crop 
residues and what is currently being consumed gives an 
indication of the woodfuel deficit. It cannot, however, be 
equated to the domestic demand deficit because consumption 
has many variables as shown in chapter two but for the 
purpose of this study, consumption will be considered as 
a close estimate of demand and it is the consumption level 
which will be used in the projections. As a general 
pattern of consumption it was observed that woodfuel is 
used only when there is no maize cobs. This is the period 
starting from around mid-May to mid-October. The main 
reason for this pattern of consumption was that from 
November to April, there is alot of work that is maize 
harvesting , [November and December ] land preparation/ 
[January and February] planting[March and April] hence there 
is no"time to search for fuedwood and also that the maize 
cobs are readily available. This seems to agree with the 
suggestion in chapter two that consumption level of wood- 
fuel depends on availability of free-labour to search for 
woodfuel and also on the availability of suitable 
substitutes.



Plate 9: Freshly cut and split wood for f i r e w o o d

plate 10: Fuelwood stored outside the house

S I h H S l
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Plate 11: Maize cobs and firewood left to dry
in the sun
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Plate 13: Children coming from collecting
maize stalks for cooking

Plate 14: Tree bark drying in the sun
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4.5.2 CROP RESIDUES

Maize stalks and sunflower stalks are some of the 
crop residues used but these are mainly used for lighting 
fires. Though there are some households that use them 
for cooking and heating, the level of consumption of these 
two crop residues is not significant - when compared to 
the other sources of energy. Maize cobs as a source of 
energy, however, is considered a major substitute of 
fuelwood and is used by 0.5% of the households the whole 
year round and 97.5% of the households for about 5.6 
months or 168 days [46% of the time in a year]. The per 
capita daily consumption of maize cobs was found to be an 
average of 2.23 kg. This comes to an annual per capita 
consumption of 374.64 kg. of maize cobs. Looking at the 
per capita daily consumption of fuelwood [2.20kg] and 
maize cobs [2.23kg], one sees a value ratio of almost 
1:1 suggesting that maize cobs are a suitable substitute 
to woodfuel. It was found that the amount of maize cobs 
available depends on the maize harvest of the particular 
year in question and that the more the maize cobs 
available, the less the fuelwood used on annual basis.

Other Sources of Energy for Cooking

Other sources of cooking energy are gas and
J. rosene but are used by only 1% of tne households in 
k°th cases and used only on special occasions like during
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weddings, funerals or some other functions when extra 
cooking is required. Charcoal is also used at a rate 
of 0.36 of a bag [12.6 kg] per capita per year but it is 
mainly used for warming during the cold season and also 
for straightening [Ironing clothes].

4.5.4 Lighting

All the people of these area use kerosene for 
lighting at a rate of about 8.82 litres per capita per 
year. The kerosene is obtained from a distance ranging 
from 0.5 km to 50km. Table 4.6 below shows the 
distribution of households as regards the nearest source 
of kerosene.

Kerosene____ Table 4.6: Distance to Source of
Kerosene for Households _______

Distance Ranqe km Freguencey %
< 5 18.3

> 5  < 1 0 20.7
>10 < ; 15 7.3
>15 < . 20 9.8
>20 < 25 1.2
>25 < 30 12.2
>30 < 35 0.0
>35 < 40 23.2

__>40 7.3
Source: Field survey
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kerosene is a potential substitute to woodfuel. From 
these findings, only about 18.3% of the people travel 
less than 5km to it . The rest travel more than 5km 
to get it and there is even 30.5% of the people who 
travel over 35km. to get kerosene. The long distance 
can be a disincentive to anybody wanting to use kerosene 
for other uses like cooking. Currently most of the users 
buy in 5 or 10 litre containers once in a month so they 
do not find it very costly but if they were to use more 
quantities of kerosene, it would be too expensive.
Since they would have to buy it more than once a month.

4.6 FACTORS THAT AFFECT CONSUMPTION OF FUKLWOOD

There are four major and two minor factors that 
affect domestic fuelwooa consumption in the study area. 
The major onfes include income, family size, supply and 
availability of suitable substitutes while the minor 
ones are ceremonies [e.g. funerals and weddings] and 
competition f,or labour. Table 4.7 below shows the per 
capita daily consumption [kg] and annual income, family 
size and wood supply relationships:-
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Table 4.7: Village Consumption, income, family size 
and supply____________________________________________

Village
Per Capita[kg] 
Daily Consum
ption

Annual
Per
capita
income
Kshs

Family
size

Supply No 
of trees

Lungai 2.01 1,747.00 21.6 463
Shihilila 2.55 2,557.00 13.5 560
Sirende 2.64 3,587.00 16.4 1169
Sango 1.78 775.00 32.5 120
Nanjala 2.37 1,457.00 15.3 308
Wabukhonyi 1.81 2,646.00 15.2 466
Makhanga A 2.56 3,364.00 11.0 452
Makhanga B 1.87 1,228.00 19.3 252

Source: Field survey

4.6.1 Incomej Household Size.and Supply

Questions on income tend to be sensitive and though 
it was difficult to get the exact income earned, approxi
mate income for' the households was estimated from the peoples' 
formal employment and agricultural produce.

The per capita annual income was compared to the 
Per capita woodfuel consumption to establish the type 
°f relationship and the level of dependence of woodfuel 
c°nsumption on the income of the people. Initially,
Scatter diagrams were drawn from all the three relation
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ships to give the general tendency^ or type of relation
ships.,that is whether directly or inversely related.
For the first relationship, consumption was the dependent 
while income was the independent variable. In the second 
and even third relationships consumption still remains 
the dependent while household size and supply are the 
independent variables respectively. The scatter-grams 
are as shown in figure 4.1, 4.2 and 4.3.

From the scatter-grams the following relationships 
have emerged. Figure 4.1: shows that the higher the 
per capita income, the higher the per capita consumption 
of woodfuel. Figure 4.2 on the other hand shows that as 
the family size increases, the per capita consumption of 
woodfuel drops and figure 4.3 show that the higher the 
supply level the higher the per capita consumption.
After establishing the type of relationships, it was 
found necessary to find out the level of dependence of 
woodfuel consumption on the three woodfuel consumption

J
on the three given variables.

Using simple regression analysis, the level 
°f the dependence of woodfuel consumption on the three 
independent variables was established. Using the 
regression formula of:-



O
AI

LY
 

PE
R 

CA
PI

TA
 

CO
N

SU
M

PT
IO

N
 

O
F 

W
O

O
fc

fu
E-

l-
FIGURE £-1 INCOME . CONSUMPTION RELATIONSHIP



FIGURE 4.2 FAMILY SIZE.' CONSUMPTION RELATIONSHIP



PER CAPUA DAILY CONSUMPTION OF WOOOFUEL ( KG)
-39-

r* t*
—i cn  vjd —* Ln o ' < i

FIG
U

R
E 

4.3 
CO

N
SU

M
PTIO

N
 : 

S
U

P
P

LY 
R

E
LA

TIO
N

S
H

IP



Y a +

90

Y is 
a is 
b is

bx^ where by
The dependent variable
The y intercept : ] „j Regression
The regression slope ] coefficients

x The independent variable and a and b
are calculated from two normal equations

i]

ii]

1  * - na + b ^

X K II a ^ x  + b ^~x2

]
|which works 
jout to:-

b %  XY - n XY

^  X 2 - n[X]2

a Y - bX

n = / Number of observations

For the first variable income, the following was 
established from the above formulae and table 4.8

Y = a + bx

Y 1.65 + 0.00002532X.
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Table 4.8: Calculations on consumption and income

Obs X[Ksh.] Y [kg] X2 Y2 XY

1 1,747 2.01 3052009 4.0401 3511.47
2 2,557 2.55 6538249 6.5025 6520.35
3 3,587 2.64 12866569 6.9696 9469.68
4 775 1.78 600625 3.1684 1379.50
5 1,457 2.37 2122849 5.6169 3453.09
6 2,646 1.81 7001316 3.2761 4789.26
7 3,364 2.56 11316469 6.5536 8611.84
8 1,228 1.87 1507984 3.4969 2296.36

8 17,361 17.59 45,016,197 39.6241 40031.55

Source: Authors calculat
V = 2170.125

Y = 2.19875

b = 0.0002532
a i

4 1.65

Y — 1.65 + 0.0002532X
That is when X = 0, Y= 1.65 as relates to the 
relationship, this indicates that even, without any 
income, there is a woodfuel consumption of 1 .65kg per 
CaPita per day and that this consumption increases with 
every increase in income at the rate of 0.0002532 kg per 
aPita per day for every increase of 1 kshs. in income.
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Table 4.9 ; Consumption/Family Size
Obs [n] X [No j Y[kq] X2 Y2 XY
1 21.6 2.01 466.56 4.0401 43.416
2 13.5 2.55 182.25 6.5025 34.425
3 16.4 2.64 268.96 6.9696 43.396
4 32.5 1.78 1056.25 3.1684 57.850
5 15.3 2.37 234.09 5.6169 36.261
6 15.2 1.81 231.04 3.2761 27.512
7 11.0 2.56 121.00 6.5536 28.160
8 19.3 1.87 372.49 3.4969 36.091

8 144.8 17.59 2932.64 39.6241 307.011

n = 8

X = 18.1

Y « = 2.199
b = -0.3658
a = 2.86

Y
1i

= 2.86 0.03658X
b = XY - nXY = - 11.4042

X2 - nx2 311.76
b = - 0.03658
a = Y - bx = 2.861098

Y
=  2 . 86  -

^  2.86
0.03658X
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Thus for every increase in family size by one person, 
there is a per capita decrease in daily consumption of 
fuelwood by 0.03658 kg. since there cannot be a family 
of zero people, the coefficient which i'n this case 
is equal to 2.86 does not have any meaning. The 
equation is operational from when X=1 i.e. where we have 
one person living and cooking alone Table 4.9 has the 
details.

Supply of fuelwood was considered in terms of 
the trees available per household. This was taken so 
since households that have alot of trees are unlikely to 
suffer fuelwood shortage as compared to those without.
Even when trees are cut for other purposes, the branches 
and tips are still left for cooking. When used for 
fencing and house construction, they still end up in the 
kitchen since when fence posts get old and fall or when 
a house gets old and its demolished, in most cases the 
wood will be used for cooking. In chapter one, it has 
been indicated that only 2% of the total wood produced 
in Kenya is 'used as poles and posts, 4% in industry and 
94% for cooking therefore 2% is insignificant when 
compared to 94%. As regards use of wood in industry 
the study established that only 1% of the households 
were using wood for firing bricks hence the quantities 
°f wood or number of trees used in industry are also 
■insignificant compared to that used for domestic purposes.
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A comparison of level of supply and level of 
consumption revealed that the two variables have a 
directly proportional relationship whereby the higher the 
supply of wood, the higher the per capita consumption of 
the same as shown in figure 4.3 and table 4.10 below.
This implies that for every increase in supply by one 
tree, the consumption increases by 0.00076 kg. per 
capita per day. And that even in the absence of any 
trees, where the household has none there still be a 
per capita consumption of 1.8kg per day as shown in the 
calculation - below. This level of consumption could be 
from neighbours.
Table 4.10; Consumption/supply

obs x [No] Y [kg] X2 Y2 XY
1 463 2.01 214369 4.0401 930.63
2 560 2.55 313600 6.5025 1428.00
3 1169 2.64 1366561 6.9696 3086.16
4 120 1.78 14400 3.1684 213.60
5 '308 2.37 94864 5.6169 729.96
6 466 1.81 217156 3.2761 843.46
7 452 2.56 204304 6.5536 1157.12
8 252 1.87 63504 3.4969 471.24

8 3790 17.59 2488758 39.6241 8860.17
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n — 8

X = 473.75

Y = 2.19875
b = 0.0076
a = 1.84

Y = 1.84 + 0.00076X
b = 526.9076

693245.6 0.00076

a = Y - bx 1.8387

4.6.2 Availability of suitable substitutes

Availability of other suitable substitutes of 
energy for cooking reduces the quantity of wood used for 
cooking and heating. For this particular area, the 
quantity of crop residues [mainly maize cobs] and tree 
barks reduces the use of fuelwood to a minimal level.
And their absence increases the use of the same. Use of 
other substitutes like gas and eletricity would have 
the same effects and though they are superior sources of 
energy, their exorbitant- prices minimises the use of 
these sources. From the survey, an increase in 1kg of 
maize cobs reduces wood consumption by 1kg. hence 
xncreasing maize cob supply will reduce woodfuel consump 
tion by the same quantity.
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4.6.3 MINOR FACTORS

Funerals, weddings and circumcision ceremonies 
were named as some of the events that add to the domestic 
consumption or demand of woodfuel. It was estimated 
that about 2000 kg. of wood is used for any given funeral- 
about 800kg. for a wedding and about 1500kg for 
circumsicion. In addition to this is the competiti^ for 
labour. Searching for fuelwood requires time, the length 
of time for any given household will depend on the level 
of availability of the wood. During the seasons when 
there are a lot of agricultural activities like planting 
weeding and harvesting, there is very little time 
available to look for fuelwood therefore., consumption 
is very minimal if any at all. But during the other 
seasons when there is less competition for laoour, there 
is more time to search for fuelwood hence consumption 
also goes high due to the increased availability of wood.

4.7 SUPPLY OF FUELWOOD

As mentioned in chapter two the bulk of the 
domestic woodfuel supply in rural areas of Kenya is still 
obtained on a non-commercial basis. The study area 
displays the same observation. Information obtained 
shows that the majority [58.5%j obtain fuelwood from 
their own farms while 9.8% buy all their fuelwood. Of 
the remaining 31.7%, 12.2% get their wood both from their



97

own farms and buying. 11% obtain from their farms and 
borrowing from neighbours while 7.3% buy and borrow from 
neighbours. In summary, those who buy at least some 
fuelwood are 29.3% and they buy at fifty cents per kg. 
while those who do not buy at all are 70.7%. Studies 
done earlier have estabilished that the higher the 
commercialisation of woodfuel, the higher the incentive 
for woodfuel production. But as long as wood can still 
be obtained on non-commercial basis many people will not 
oe motivated to plant trees for voodfueLproduction. Those 
who have will not plant more because people in the 
community will just be collecting from his farm without 
cash payments and those who do not have may not be 
encouraged to plant because it does not cost them any
thing to obtain it.

The number of trees available per household were 
counted in an attempt to get the general level of supply 
of fuelwood in the study area. The height, Diameter at

IBreast Height [DBH] for exotic trees were measured, 
volume calculated and converted into kgs by using the 
formular lm3 of [air dry] wood is equal to 714kg 
[Chavangi and Zimmerman 1987 pg. 45] Z For indigenous 
trees, a sample or whole trees [mature and young] were 
Measured and the weights for each recorded.



4.7.1 Indigenous Trees

Out of the total number of trees counted, three 
quarters of the indigenous trees were found to be mature 
and weighed an average of [1500kg] while one quarter were 
found to be young to medium age and weighed an average of 
300kg [0.3 tons [. The average number of trees per head
were 13.6 which is equivalent to 10.2 mature [15.3 tons] 
and 3.4 young [1.02 tons] giving a total of 11.22 tons of 
standing wood per head. The main species in this category 
are Terminalia and Combretum. A technical report from the

, 3National Academy of Sciences [1980] has established that 
the annual growth or yield of Terminalia species per tree 
is 7.375 kg. Since annual growth of the Combretum species 
is not available and they have the same growth habits, the 
same figure 7.375 kg. per tree is taken as the estimate 
for the Combretum species. From the above figure of
13.6 indigenous trees per head the stock per head from
indigenous trees is 11.22 tones [11220 kg] and annual/
supply [yields] per head is 100.3 kg.

V

4-7.2 EXOTIC TREES

The exotic trees in the study area are mainly 
Eucalyptus, and Cyprus. The others include pinus and 
grevillea. These trees fell into three categories of Big 
medium and small using age as the criterion where small 
tefers to trees between one and ten years, medium is from
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11 to 20 years while big is from 21 yeas and above. After 
taking the total household count, 1/4 of the trees were 
placed in the category of small, 1/4 in large and h in 
medium. The area was found to have a total of 200.1 
trees per household or 27.5 trees per head. Using the 
formular above, the corresponding weights were calculated 
from the measurements taken.

The distribution of the tree sizes per head are:- 
Large - 6.9 trees
Medium - 13.7 trees
Small - 6.9 trees

4.7.3 Exotic Wood Stock and Yields Per Head

The big tree were found to have an
average height of 53.22 metres

I I diameter of 0.9 metres &
If radius of 0.45 metres

Volume =
1' = 3.14 x 0.45 x = 0. 45 x 53. 22 M 3

O.
= 16.92 m 3

Weight = 16.92 x 714 kg. 
= 12,080.88

12,081 kg or 12.08 tons
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ii] Medium trees had 
Height of 
Diameter of 
Radius of

Volume =

Weight per tree

an average
13.5 metres
0.39 metres
0.195 metres

= 3.14 x 0.195 x
2

= 0.8059398 m 3 
= 0.8059398 x 714 
= 575.44 kg.

iii] Small trees average:
Height
Diameter
Radius

3.6 metres 
0.06 " 
0.03 "

Volume =

Weight per tree
I

= 3.14 x 0.03 x 0
2

= 0.0050868 m 3

= 0.0050868 x 714
= 3.63 kg.

• . The total wood stock per head is
6.9 X 12,081 kg 83358.9 kg

13.7 X 575.44 kg. = 7883.5 kg
6.9 X 3.63 kg 25.1

91267.5 kg
'- 'N

0.195 x 13.5

kg.

.03 x 3.6

kg.

91.3 tons
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using the annual yields of Eucalyptus grandis and saligna, 
the annual yields of the trees were also calculated. 
According to a technical report from National Academy 
of Sciences. The annual yields during the first 10 years 
is 0.0593333m3 per tree. After ten years annual yields 
in volume decrease to 0.0019642 m 3 per tree.

The annual yield per head is: Each individual
has 6.9 trees below 10 years and 20.6 trees above 10 years 

6.9 x 0.0593333 = 0.4093997m3
20.6 x 0.0019642 = 0.0404625m3

Total = 0.4498622m3
Weight = 0.4498622 x 714kg

= 321.2 kg.

The total annual yield of wood per head is:- 
From indigenous trees = 100.3 kg.

exotic trees = 321.2 kg

Total 421.5 kg.
J

This is 421.5 kg. of air dry wood.

Earlier in this chapter it was established that 
currently the consumption is 433.4 kg. per capita per 
year and the supply is 421.5 kg. per capita per annum. 
Since the consumption is higher than sustainable supply, 
the difference of 11.9 kg. per capita per year is drawn 
ftom standing stock. In addition to this it can 
generally be said that there is a supply deficit of
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369.6 kg per capita per annum. This is the wood that 
would be used for cooking if crop residues were not 
being used. In this case it is assumed that wood is 
a more preferred fuel for cooking than crop residues.

4.7.4 Supply of Alternative Sources of Energy

As indicated under consumption maize cobs are 
a major substitute of fuelwood as regards energy for 
cooking. The survey revealed that the quantity of maize 
cobs available per family or household depends on the 
size of land under the maize crop. The bigger the 
land size cropped the more the cobs. The families 
which plant few maize acreages end up with very little 
cobs and at times they tend to get maize cobs from 
neighbours.

An enquiry into the source of cobs for households 
cooking showed that 70% of the households obtain all the 
cobs they use from their own farms. These who obtaini

4

from their own farms and borrow some from their neighbours 
were found to be 22%. For every 1 bag of shelled maize, 
there are two bags of maize cobs. The average quantity 
of shelled maize per household was found to be 50.45, 90kg 
bags which produced 100.9 bags of cobs. This gives an 
annual supply of 13.83 bags of maize cobs per capita. I 
bag of maize cobs is 25kg. hence the total quantity 
availabe per capita per annum is 345.8kg.
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Since use of maize cobs is quite acceptable in study
area, an increase in maize acreage may be indirect 
way of reducing pressure on the wood resou(ces* Thls maY 
prove a very profitable move since it will^ave a number 
of positive effects to the community. One, there will be 
an increase in maize production hence incoit0 an<̂  f°°d an<̂  
two, it will conserve the environment. The other effects 
though indirect would be an increase in tre0 planting aue 
to the increased income and increased food Since it was 
mentioned earlier in this chapter that this two have 
influence on wood production. Despite thes0 9ood effects, 
the same could still act as a constraint to tree planting 
as it is mentioned earlier that increased a ^ i i ^ i ^ t y  
of suitable substitutes can have negative ef̂ ects on wooa 
production for fuelwood. But the ash is left in the farm 
since it has minerals that are useful to plants.

The households were requested to coit'inent on 
the current availability of fuelwood as compared to the 
time when they first came to the scheme. T h iee different 
answers were obtained 70.7% of the household5 felt that 
the current level was lower, 24.4% felt it i5 more an(i 
4*9% felt there was no difference at all. A further 
follow up on these answers showed that the 70<^ w^° feft 
the quantity of fuelwood had decreased are tPose who 
initially had large forests of indigeneous t£ees on their 
farms, while the 24.4% who felt it was more £re those
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Plate 15 A traditional granary for storing 
maize and cobs , [after shelling]
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Plate 17: A three stone fireplace: Natural
stone used.

Mud build three- stonefife place with 
firewood and maize cobs for cooking.
The survey was done during a transition 
month, Sept/Oct. when both firewood and 
maize cobs are used for cooking.
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who found very few or no trees at all on their farms so 
they were encouraged to plant some immediately and the 
4.9% who felt there is no difference are those who have 
been using and planting trees steadily over the last 
23 years since 1965!

Reasons for the fuelwood being less or same or 
[which are also factors affecting supply] more varied 
from household to household and below is a table showing 
this variations.

4.11; Reasons for Fuel Being Less
Reason Frequency %

Farming 39.7
Discrete planting of trees 3.4
Domestic consumption 41.4
Lack of awareness 1.7
Increase in population 6.9
Presence of Ants [eat tree seedlings] 1.7
Brick burning 1.7
Lack of fences [planted tree destroyed
by animals]. 1.7
Laziness of individuals to plant more 1.7
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As more forests and bushes are cut down to give 
way to farming without a matching replanting of the same, 
the supply diminishes. The use of fuelwood is continous,
i.e.on daily basis while tree planting can only be done 
during the rainy season and a lot of the people do not 
even plant on seasonal or even annual basis. They plant 
after two, three , four or even more years. This 
discrete form of planting trees has negative effects 
on the quantity o-f wood supplied. Use of fuelwood for 
cooking is an obvious depletor of trees and bushes and 
the rate of consumption of woodfuel will determine the 
rate of depletion of the supply. Together with this is 
the population. Increase in population without a 
matching increase in supply will definately reduce the 
supply level and the other factors that affect the 
supply level in the area are, lack of awareness as 
regards the dangers of depleting wood resources, presence 
of ants which eat the tree seedlings that are planted, 
brick burning especially by non-farmers who have no land 
of their own/to plant more and laziness by some people 
who do not want to take the trouble of raising or looking 
for tree seedlings to plant.

90% of the 24.4% of households who indicated 
that woodfuel has increased over time gave the reasons 
°f this increase as adequate planting and replanting
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of trees and regeneration of cut trees for example 
Eucalyptus. And of the 4.9 % that felt there 
has been no change gave the reasons of indigenious 
forests regrowth and replanting being equal to cutting.

The 70.7% who felt the fuelwood level was 
diminishing were asked to suggest ways of rectifying the 
situation and below is a table of the answers.

4.12; Proposed Means of Increasing Woodfuel Supply
Remedy Frequency %

1. Seedlings should be availed 43.9
2 Land tenure [sons should be given

their own land] 4.9
3 Family Planning [reduce family

sizes hence -population] 1.2
4. Kill ants [get a permanent

solu tion to get rid of ants] 4.9
5 Create awareness [in tree planting] 6.1
6 Fence [people should,, fence their

plots ahd guard animals] 3.6
Plant regenerating type of trees 1.2

8 Buy firewood from out [from those
who have plenty ] 1.2

9 Avail tree seeds 1.2
Do not know 31.8

---  Total 100.00
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rTom the peoples point of view availability of tree 
seedlings is the most appropriate way of increasing wood- 
fuel supply. The other mentioned problems exist but 
this appears to be the most serious.

Another factor that was found to affect the supply 
of woodfuel is income. That is, the higher the income 
of a household, the higher the supply of fuel wood and 
a further analysis using the simple regression analysis 
shows the following.

This seeks to determine how supply is affected
by change in income. As shown in figure 4.4, these two 
variables are directly proportional.

Table 4.13: Supply/ Income calculations________________
obs . X [shs . ] Y[No . ] X2 Y 2 XY
1 1747 463 3053009 214369 808861
2 2557 560 6538249 313600 1431920
3 3587 1169 12866569 1366561 4193203
4 i  755

i
120 600625 14400 93000

5 1457 308 2122849 94864 448756
6 2646 466 7001316 217156 1233036
7 3364 452 11316496 204304 1520528
8 1228 252 1507984 63504 309456

. __8__ 17,361 3790
•

45,016,197 2488758 10 , 038,760
Source: Authors calculations.
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X = 2170.125

Y = 473.75
b = 0.247115 0.25
a - - 62.52

Y = - 62.52 + 0.247115X
b = 10,038760.0 - 8,224,773.6

45,016,197.0 -•37,675,540.

= 1813987 0.247115
7340657

a = 473.75 - 536. 27 = - 62

This means arry increase in income of 1 ksh. increases the 
supply by 0.25 of a tree and that is when there is no 
income at all, there is a deficit of 62.52 trees this 
could mean the people are borrowing from neighbours.

The Seedlings AvailabilityJi
Trees and shrubs are mainly planted from tree 

seedlings, seeds and cuttings may also be used. From the 
research findings 43.9% of the households felt that 
Provision of tree seedlings will solve the problem of fuel- 
wood depletion The supply of tree seedlings for 
Planting in the study area was looked into to determine 
1<:s adequacy.
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It was found that, there is only one locational 
chief's tree nursery which is located at the Chief's 
centre and is supposed to serve four sublocations with 
tree seedlings. The capacity of the nursery at the time 
of the survey was 100,000 tree seedlings. Beside this, 
there were other two private nurseries with capacities 
of 10,000 and 5,000 tree seedlings. The major type of 
tree seedlings raised in these nurseries ./as Eucalyptus 
Cypress, Grevillea, Jacaranda and a few indigenious species.

In order to establish the adequancy of supply, the 
demand and source of seedlings was also looked into and it 
was found that 78.1% of households do not get enough 
seedlings for planting while 20.7% get enough. 24% of the 
households raised their own seedlings, 68.1% buy from the 
nurseries and 6.1% raise some and buy some from the 
nurseries while 2.4% do not plant any trees hence are not 
bothered about tree seedlings.

Tlje distance to the nearest tree nursery was 
looked into and it was found to vary between H km to 12km 
with an average of 6.2km and it was observed that, generally, 
the people who are closer to the tree nurseries have more 
Planted trees than those far away. Asked whether ever 
visited by extension officers to advice on tree planting, 
91.5% of the households said they have never been visited 
while 8.5 had been visited. This implies that tree
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nurseries in this area are too few and of very low 
capacity and also that the people do not receive 
adequate extension services.

Energy Conservation

Energy conservation is one way of reducing the 
first depletion of fuelwood by using efficiently what is 
available. A search into the level of energy conservation 
in the study area revealed that the use of improved 
cooking stoves had not reached this area. All the people 
were using the open three stone fire place: Plate 17 and 
13. However, there were traditional methods of conser
ving fuelwood and these are: pulling firewood out of the 
fire place after cooking [26.8%] t h e  households putting 
off the fire with water [39.0%], putting the burning 
firewood under ash [13.4%] and 20.7% just leave the wood 
to burn down to ashes. Beside this pre-cooking conserva
tion measures are also observed by some of the people that 
is 25.6% of the household soak maize and beans before

f
cooking while 74.4 ooil them without soaking. When asked 
why they do no soak, they claimed that soaking gives the 
food [maize and beans] a bad taste.

When asked what bothers them most when cooking, 
67.1% claimed than smoke is a big bother especially when 
using maize cobs for cooking, 20.7% had problemswith both 
smoke, heat and wind, 1.2% were bothered oy heat and 11% 
had no problem at all when cooking.
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Those who use maize and sunflower stalks for cooking 
indicated that they are very much bothered by the feeding 
frequency since they have to keep adding the stalks to the 
fire.

The f i n d i n g s  on none use of energy 
conserving cooking stoves exposes the tact that a large 
quantity of wood is wasted. Studies done on woodfuel 
conservation found that the efficiency of the three stones 
is 10-13% as compared to the improved woodstove which has 
an efficiency of 29 to 35%. Meaning 19 to 22% of wood 
could be saved if the improved wood stoves could be put 
into use. The findings on smoke as a bother suggests that 
wood is a more superior fuel and also that a maize cob 
smokeless stove should be designed. The issue of heat 
and wind being a bother when cooking reflects a problem 
in the designs of kitchens. Poor kitchen designs results 
in holding of smoke. This may make those cooking to stay 
outside the kitchen when cooking hence it will take longer 
to cook and use more fuelwood.

SUMMARY
In summary the research findings indicate that 

the major factors that affect woodfuel supply and demand 
in the srudy area are: the education level of the people
land tenure, income level, water availability and unity.
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In addition to the above the research findings 
indicate that currently there is about 50% energy 
involution in the study area whereby about H of the total 
domestic energy required is obtained from crop residues.
It is further noted that there are about nine factors chat 
affect wooafuel consumption and these are income, house
hold size, supply level of woodfuel and availability of 
suitable substitutes, Lwhich for this case is maize cobs], 
home industries like brickmaking and brewing and also 
cultural ceremonies which for this area are: circumcision, 
weddings and funerals. As concerns the first four factors 
indicated above which affect mainly the household daily 
consumption, the formular given below summaries their 
effects on consumption. This is:-

Cn =
I [i] 
1 [i]

Fif] 
F [f] +

Sts]
Sr 1 [s] SS

where Cn is annual per capita consumption in
n years time from the base year t

ii
Ctis annual per capita consumption in the base year t.

I is change in income while [i] is income coefficient.

F is change in family size while If] is the
family size coefficient.

S is change in supply while [s] supply coefficinet.

SS is change in suitable substitute measured in wood
equivalent .
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Note: Daily consumption ratio of maize cobs to wood
is 1:1 for the study area.

As concerns woodfuel supply the study has found 
that the level of woodfuel commercialisation is still 
very low at 29.3% since 70.7% of the people obtain all 
the woodfuel they use without any cash payments. It has 
also come out clear that the current supply of woodfuel 
is less by 42% and that the major cause of depletion is 
land clearance for agriculture and population growth.
The major factors that affect woodfuel supply is income 
and tree seedlings availability for planting.

Finally, the findings show that energy conser
vation efforts have not had any significant effect in the 
study area since no single household has the energy 
saving cooking stoves. Some people have heard about the 
cooking stoves but have not been able to obtain any 
mainly because the stoves are not available in the study 
area. The improved charcoal stoves which have spread

i
imainly in th urban centres of Kenya are of minimal use 

in the study area since use of charcoal in this area is 
very limited.
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CHAPTER FIVE

5.0 FUTURE PROJECTIONS AND RECOMMENDATIONS

Energy is not only an essential input in the 
production process of the economy but also a direct 
requirement in peoples' daily lives. It is generated 
mainly from woodfuel, petroleum and electricity. In 
Kenya, the main source of energy particularly for house
hold consumption, heating and cooking has been woodfuel. 
Since independence, however, the government has embarked on 
a rigorous rural electrification programme to supplement 
dwindling supplies of woodfuel and improve peoples' lives 
through opening up opportunities for commercial, industrial 
and social activities and also for lighting. The consump
tion of woodfuel in the past has resulted in the depletion 
of the vegetable cover leading to soil erosion and 
desertification, threatening to impoverish the people.
Since eletricity is a relatively expensive source of 
energy for domestic'use, efforts are being directed -coward 
the development and exploitation of renewable sources of 
energy such as solar, wind, biogas, and afforestation and 
^he employment of energy efficient kilns and cooking stoves.

The agencies tha-c have ueen implimenting these 
Programmes of increasing woodfuel production, finding 
alcernatives and conserving what is there already, have not. 
®en very successful because of not knowing the magnitude



-119

of the problem they are addressing poor policy support 
from the government, and lack of accurate knowledge of 
the factors that determine woodfuel production, 
consumption and conservation.

The levels of woodfuel production and consumption 
in other countries and some parts of Kenya and the factors 
that affect both were looked at in detail and the 
information obtained used asa guide in establishing the 
situation in the study area, The study has established 
the woodfuel supply-demand balance in the study area and 
projected the likely future trend that it will take, the 
current shortcomings of the policy as regards woodfuel 
production and conservation and the community charact
eristics that affect the same. Policy reccmmaidation to rectif 
the situation and requirements for effective implemaitation of 
policy have been made.
5.1 Problem identified
5.1.1 The woodfuel Demand and Supply balance in

Naitiri Sublocation
\
iAs indicated on page 3 of Chapter ONe, the 

current national woodfuel demand deficit is 9.8 tonnes. 
This was considered too broad to be useful at a local 
level hence necessitated the study to establish the sub- 
locational deficit for the purpose of planning and 
implementation of woodfuel production, utilisation and 
conservation projects.
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The study established that the current domestic 
woodfuel consumpiton in the study area is 433.4kg and 
the sustainable supply 421.5 kg. per capita. This leaves 
a supply decifit of 11.9 kgs per capita. Beside this 
there is also consumption by non-domestic activities which 
is considered later in this chapter. It was noted that in 
about 168 days of the year, maize cobs are used for cooking 
and heating. This is about 46% of the time in a year. Also, 
maize cobs have a consumption ration of 1:1 with woodfuel 
therefore, they have been considered suitable enough to be 
considered as an appropriate substitute to woodfuel. There
fore in calculating the woodfuel demand, this fact has been 
taken into consideration. It appears that as wood becomes 
more valuable, and maize cob production increases, cobs 
will be used more times in a year than what is indicated 
in the findings.

5.1.LI. Projected woodfuel Demand for Naitiri Sublocation 
to the year 2008.

. If

With the increase in population, there will be a 
definite increase in consumption of woodfuel. The per 
capita consumption of woodfuel may increase or decrease 
depending on the changes which will occur in the factors 
that affect consumption. These factors are income, family 
sd2e, supply of wood and the availability of suitable
substitutes.
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5.1.1.2 Population

The population growth rate as calculated by 
Central Bureau of Statistics [CBS] for Bungoma district 
to the year 2000 is 3.98% p.a. This is the rate that 
has been adopted in projecting the population of the study 
area. Given that no other rate was available for 
projecting beyond the year 2000, the same rate has been 
used to project the population to the year 2008. Using 
this rate, the population of the study area wili rave increased 
.'from 9783 in 1988 to 11,891 [21.3] by the ̂ ear 1993. in 1998, it 
will have increased to 15,446 [47.7%]. Ten years from now 
that is 2003 the population will have increased to 17,559 
[79.5%] and by the year 2008, the population will be 
more than double the current level, i.e. it will have 
increased to 21,331 [118.0%], [table 5.1]. This means 
that without even considering the current deficit, the 
woodfuel production will have to be tripled and if the 
deficit is included , the current production should
! fincrease by a!bout 5 times by the year 2008 if supply and 
demand have to balance.

5.1.1.3 Income
According to the current development plan of 

1988-1993, it is expected that the National per capita 
income will grow at 1.6% to the year 2000. Since the 
Per capita income growth is not given for the district, 
the national per capita income growth rate has been
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used in the projection of the per capita income of the 
study area. At the time of the survey, the per capita 
annual income was Kshs.2,038, this is projected to 
increase to Kshs.,2,206 in 1993, Kshs.2,389 in 1998, 
Ksh.2,586 in the year 2003 and Kshs.. 2,799 in the year 
2008 as indicated in table 5.1, and from calculations 
using the formular derived in Chapter Four, the 
consumption will increase by 15.5 kg., 32.4kg, 50.6kg and
70.3 kg. respectively. Therefore income will increase 
the per capita domestic consumption by 3.6%, 7.5% 11.7% 
and 16.2% respectively. This calls for increased efforts 
in wood production to avoid environmental degradation.

5.1.1.4 Supply of Wood Resources:

It is indicated in the 1988-1993 development 
plan that the forest sector is expected to grow at a rate 
of -8% p.a. Since the growth rate of the various sections 
of the forest sector are not given and the previous 
year's growth fate was 6.9% the growth rate of 8% 
is considered- realistic and has been used in 
the projection of the supply of woodfuel. In Chapter 
four, supply was considered in terms of the number of 
trees that are available per person and the supply 
calculated from the annual yields. It had been 
established in Chapter Four that the more the number 
of trees hence supply, the higher the consumption. At 
the time of the survey, the number of trees per head
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were 27.5, using the given rate, this number is expected 
to grow to 40.4 in 1993, 59.4 in 1998, 87.2 in 2003 and
128.2 in the year 2008. Calculations using the formular 
developed in Chapter four shows that this expected 
increase in woodfuel supply will increase consumption 
by 3.6kg, 8.9kg 16.6kg and 27.93 respectively. This 
too, will require an increase in woodfuel production.

5.1.1.5 Suitable Substitute

In the study area, maize cobs are a suitable' 
substitute for wood. The level of supply of this source 
of cooking and heating energy depends on the level of 
maize production. In the current, plan, the maize yields 
[production] is expectd to increase by 1.04%. For every 
bag of shelled maize harvested, the cob production will 
be twice,therefore, the cob availability will increase by 
2.08% per annum. The cob utilisation at the time of study 
was 375 kg per capita p.a. The projected figures are 
416 kg. in 1993; 461 kg. in 1998, 511 kg in 2003 and 
566kg in the year 2008. Increase of suitable stubstitute 
will decrease woodfuel consumption by a similar amount
i.e. cob use to wood use has a ratio of 1:1 in the study 
area. This will contribute in conserving woodfuel. The 
actual increase will be 41 kg., 86 kg, 136kg and 191 kg. 
respectively. [Tables 5.1 and 5.2],
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5.1.1.6 Family Size

It is the government's wish that the family size 
may decrease with time. During the 1979 population census, 
the household size of the study area was found to be 8.18. 
Nine years later 1988, the average family size was found 
to have decreased from 8.18 to 7.3. This is a decrease 
of 1.3% p.a. Since the development plan has not given 
the expected change in family size, 1.3% has been used 
to project the future average family size in the study 
area to the year 2008. The family size is expected to 
decrease to 6.8 inl993, 6.4 in 1998, 5.9 in 
2003 and 5.6 in the year 2008. As the family sizes 
decreases, the per capita consumption will increase 
this too will require efforts to increase the woodfuel 
production.

All the above given factors are summarised in 
section 5.1.1.7 to give the net effect on consumption by 
the year 2008 which is shown in table 5.3 and this will

i
be, 4972.9 tonnes in 1998, 5788.5 in 1998, 6730.4 in 2003 
and finally'7749.6 in 2008.
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From the rates indicated above, below are the expected 
future changes in the various factors that affect 
consumption

Table 5.1 - Changes and factors affecting consumption

Year Popu
lation

Income
per
capita 
p. a .

Family
size
no.

Supply 
No. of 
trees 
per head

Suitable
substitute
[cobs]
kg.

1988 9,783 2,038 7.3 27.5 375

1993 11,891 2,206 6.8 40.4 416

1998 15,446 2,389 6.4 59.4 416

2003 17,559 2,586 5.9 87.2 511

2008 21,331 2,799 5.6 128.2 566

ii
Source: Field survey and authors calculations.

Using the formular derived in chapter Four that is:-

n = C,
I [i 
I [i]

F[f]
F [f]

S [s 
S [s] ss

Where Cn = Annual per capita consumption of woodfuel 
in n years time from base year t 

Ct = Annual per capita consumption of woodfuel
in the base year.
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I = Change in income
[i] = Income coefficient, [on daily consumption]

F = Change in family size

[f] = Family size coefficient, [on
daily consumption]

S
[s]

SS

= Change in supply 
= Supply coefficient, [on daily 

consumption]

= Change in suitable substitute measured 
in wood equivalent.

Note: Consumption ratio of cobs to wood is
1:1 for the study area.

i
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THE PER CAPITA ANNUAL WOOD CONSUMPTION 
CHANGES ARE AS BELOW:

Table 5.X
1993 1998 2003 2008

1]
Change in 
income Kshs. 168 351 548 761

Consumption 
Change in kg. 15.5 32.4 50.6 80.3

2]
Change in 
Family size - 0.5 -0.9 -1.4 -1.7

Consumption 
change kg. + 6.7 + 12.0 + 18.7 + 22.7

3]
Change in tree 
supply [nos] 12.9 31.9 59.7 100.7

Consumption 
change [kg] 3.6 8.9 16.6 27.93

\
4]
Change in 
Suitable 
Substitute [kg] 41 86 136 191

Change in 
Consumption[kg] 41 86 136 191

In the formular:
C = C_ I rn t [

[i] = 0.0002532 kg
[f] = 0.03658 kg
[s] = 0.00076 kg
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5.1.1.7 PROJECTED PER CAPITA DOMESTIC 
ANNUAL WOOD CONSUMPTION

C
1993 = 433.4 + 15.5 + 6.7 + 3.6 - 41kg.

= 418.2 kg.

C1998 = 433.4 + 32.4 + 12.0 + 8.9 - 86 kg.
= 400.7 kg

C2003 = 433.4 + 50.6 + 18.7 + 16.6 - 136 kg
= 383.3 kg.

C2008 = 433.4 + 70.3 + 22.7 + 27.93 - 191 kg
= 363.3 kg.

Projected Domestic Consumption of Woodfuel to tfie 2008: 
Table 5.3
Year Projected

Population
No.

Projected per 
capita
consumption kg

Total
Consumption

tonnes
1988 9,783 433.4 4239.9
1993 11,891 418.2 4972.8
1998 14,446 400.7 5788.5
2003 •17,559 388.3 6730.4
2008 21,331 363.3 7749.6

Source: Authors calculations

The per capita consumption in 20 years rime will have 
dropped by 16.2% due to the changes in the factors that 
affect consumption. While the total consumption will 
increase by 82.8%. This increase is due to the change 
** population which will have increased by 118%.
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Beside domestic consumption, there were other activities 
liKe circumcision ceremonies, weddings, funerals, brick
making and brewing which add to consumption.

5.1.1.9 Circumcision

Boys are taken for circumcision at the age of 
between 10 -14 years. Using the district statistics, it
was found that 36,2 95 of the total population belongs to this age 
in Bungoma district. This forms a proportion of 7.2% of the total

population. For purposes of calculation, it is assumed 
that the circumcision is done at the age of 12H years. The 
proportion of 7.2% is for an interval of 5 years there
fore on annual basis, 1.44% of the population undergo 
this ceremony. It is possiole that with time, the 
proportion of this age group to the total population will 
increase but also given that the family sizes are 
decreasing by 1.3%, there is a possibility of the two 
effects cancelling out hence the proportion of this age 
group to the overall population is not expected to changei

imuch. Using the projected population of the study area, 
the number of those undergoing this ceremony every year 
was calculated. Using the per capita consumption of 
1500 kg. [from the survey] the demand for woodfuel for 
this purpose was calculated and given as shown in table
5.4. Thar is 211.5 tonnes in 1988, which is projected 
to 256.5t in 1993, 312.Ot in 1998, 379.5t in 2003 and 
460.5t in 2008.
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5.1.1.9 Weddings

From the survey, it was found that about 8 
weddings are carried out in the study area per year and 
each wedding uses about 800 kg. The increase in the 
number of weddings is also projected using the population 
growth rate which is about 4%. Projections for woodfuel 
demand for this purpose are as shown in table 5.6

5.1.1.10 Funerals:

The study found that funerals consume about 
2000kg of wood per capita. Information on the death 
rate of the people in the area and even the district was 
not available, therefore, the national death rate was 
used to calculate the percentage of people who die every 
year and the future projections. In 1948, the deaths 
per every population of 1,000 people was 25 persons, 
this decreased to 20 persons in 1962, 17 persons in 1969 
and 14 persons in 1979. The decrease in death rate 
between 1948 and 1962 was 1.4%. Between 1962 and 1969

i

it was 2.1% p.a. and between 1969 and 1979 it was 
1.8% p.a. The average of these three rates,that is 1.8% 
has been used in projecting the current and future death 
rate in the study area. In 1988, the crude death is 
estimated at 12 persons per every 1,000 people. There
fore, the number of deaths in 1988 to 2008 in the study 
area is as below in table 5.4
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Table 5.4: Future woodfuel Demand for Funerals

Year Population Proportions 
per every 
1000

Actual
numbers

Wood
consump
tion
[tonnes]

1988 9783 12 117.4 234.5

1993 11,891 11 130.8 261.6
1998 14,446 10 144.5 189.0
2003 17,559 9 158.0 316.0
2008 21,331 8 170.7 341.4

5.1.1.11 Brick Making
During the survey, it was found that about 1351 households had permanent houses out of this, about 13 of 

them were build using blocks. This leaves about 108 brick 
houses. Given that these houses have been construced in 
27 years that is since 1965, it can be assumed that the 
construction has been done at the rare of 4.7 houses in 
one year. It/was also noted that the houses took between 
15,000 bricks and 22,000 bricks per unit with an average 
of 15,000 bricks per unit. This implies that the annual 
brick consumption is 89,300. From a study done in Tanzania 
by Nkonoki it was fcurd that to fire 25,000 bricks, it takes 
35 cubic metres of wood. This is equivalent to 25 tonnes. 
The number of households had increased by 150% between 
1965 and 1988. This gives an annual household increase
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of 6.5%. Since information on the future increase of 
households in the study area is not available, it was 
assumed that it will increase at the rate of 6.5% p.a. and 
that the proportion of households building brick houses 
will increase in proportion to the increase in household 
numbers, i.e. since the annual construction in 1988 was 
estimated at 4.7 houses by 1989, the annual construction 
will have increased by 6.5%.

Table 5.5: Projections for wood requirements for brick firing

Year No of 
households

Annual brick 
house cons
truction

Brick
require
ment

Wood 
require
ment [tonnes]

1988 865 4.7 89,300 89.3
1993 1185 6.1 115,900 115.9
1998 1624 8.8 167,200 167.2
200 3 2225 12.1 229,000 229.9
2008 3,0 4 8 16.6 315,400 315.4

Source: Field survey and authors calculations
Note: 25,000 bricks use 25 tonnes of wood.

5.1.1.12 Brewing

Brewing of alcohol from maize flour has been 
j-dentified as a heavy consumer of wood fuel elsewhere in
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the world. In Kenya, local brews are illegal so it 
was not possible to get information of how mucn alcohol 
is brewed and how much wood is consumed in the process.
Since asking for such information would have hindered 
obtaining of the rest of the information for the study, 
it was deliberately avoided, out an attempt has been 
made to estimate the amont of woodfuel used on brewing.

From the survey, it was found that 18.1% of the 
population are Catholics. The Catholic Church does not 
prohibit drinking of alcohol hence most of the Catholics 
take this brew. It was also found that 3.7% of the 
population do not belong to any church and it is likely that 
most of this 3.7% also take this local brew. There are 
other people who go to the other churches yet they drink, 
therefore the percentage of Catholics who do not take the 
brew can be covered with this 3.7% and the others from the 
other churches. It was therefore assumed that 28% of 
the population take the local brew at a rate of 4 litres 
per day for two days in a week. It was also noted in an 
earlier study by- Nkonoki in Tanzania that 1 cubic metre 
of wood is used in brewing 400 litres of the local brew 
and it is known from a formular given earlier that 1 cubic 
metre of wood is equal to 714 kg. of air dry wood. It is 
also assumed that local brew consumption will increase 
with the population therefore, consumption increase 
rate used is that of the population also estimated at 4%.
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Projections of these are shown in table 5.6 below:- 
Table 5.6: Non-Domestic Wooclfuel consumption 
Projection [tonnes]_______ ________________________i

Year Circum-
sicion

Weddings Funerals Brick
making

Alco
hol

Tocal
consump
tion

1988 211.5 6.4 234.8 89.3 2034.1 2566.1
1993 256.5 7.98 261.6 115.9 2474.8 3116.8
1998 312.0 9.9 289.0 167.2 3010.7 3788.8
2003 379.5 12.4 316.0 229.9 3662.6 4600.4
2008 460.5 15.4 341.4 315.4 4456.0 5588.7

Source Field survey and authors calculai.:ions

The information in this table together with that 
of the domestic consumption give an estimate of the wood- 
fuel demand and how it is expected to change with time.

5.11.13 WOODFUEL SUPPLY

From the survey it was observed that trees are 
planted after between 2 and 6 years with an average of 5 
years. The numbers planted range between 50 and 400 
trees with an average of 120 trees imainly exotic trees] 
per plot. There are 346 pious in the sublocation. This 
means that a total of 8304 trees are planted every year. 
Table 5.5 below shows the changes in wood supply to the 
years 2008.
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Table 5.7 Woodfuel Supply Projections

Year No of trees Wt in tons. Tons.
+ve Current 
Supply

1993 41520 [5yrs] 1759.0 1759.0 5882.5
1998 83040 [<10yrs] 3518 3518.0 7641.5
2003 83040

41520
[>10yrs]
[5yrs]

116.5] 
17590.oj 1875.5 5999.0

2008 83040
83040

[>15yrs]
[5yrs]

116.5] 
3518.oj 3634.5 7758

Source: Field survey and authors calculations

Table 5.8
Projected Woodfuel Supply and Demand to the year 
2008 [Tonnes]

Year 1988 1993 1998 2003 2008
Demand 6806.1 8089.6 9576.5 11330.7 13338.8

Supply
[Annual
Yield]

4223.5 5882.5 7841.5 5999.0 7758.0

Supply
Shortfall 2582.6 2207.1 1735 5331.8 5580.8

There is a supply shortfall decrease of 21.2% to 
the year 1998. From.1998, the supply will decrease and 
deficit increase mainly because tree growth decreases by
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97% when a tree reaches 10 years its growth decreases from 
0.0593333 m 3 per year to 0.0019642 m3 per year. By the 
year 2008, the deficit will be 42% of the total demand if 
nothing is done to alter the situation.

5.1.2 Policy Shortcomings:

As it can be seen in the table below, woodfuel 
provides 93.4% of the total energy required in Kenya and 
by 1993 it is projected that 93.9% of the energy demand 
in Kenya will be obtained from wood resources. This shows 
the increasing importance of woodfuel in this country.

Table 5.9 Projected National Energy Demand by Fuel 
Type to the Year 1993[Million Tonnes of Oil Equivalent]

Energy Source 1988 1990 1993

Woodfuel 27.80 30.30 35.30
Petroleum Fuels 1.70 1.81 1.90

iElectricity 0.20 0.23 0.28
Coal 0.08 0.09 0.10
Total 29.78 32.43 37.58

Source: 1983-1993 Development Plan
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In the 1984-1988 development plan which addressed 
the woodfuel problem more seriously when compared to the 
previous development plans, the policy statements made as 
regards woodfule are too broad and vague to effect fast 
implementation of woodfuel programmes.

In the current development plan 1988-1993, wood- 
fuel is still acknowledged as the main source of energy in 
Kenya for the next five years. It states that " The 
overall objective for wood energy is to ensure adequate 
supplies through sustained yields while at the same time 
protecting the environemnt. To achieve this objective 
the government will promote the wide spread use of fuel 
efficient jikos and cookstoves by providing information 
advice through extension-services and demonstrations to 
appropriate target groups". t

Looking at the 1984-88 development plan and 
sessional paper number one of 1986, five ministries that 
is Energy, Agriculture, Regional Development,Livestock and 
Environment are cfiven the responsibility of implementing 
the tree planting and wood conservation programmes, the 
Ministry of Energy is supposed to take the lead in 
liaising with the extensionstaff of'the other ministries. 
There are two major problems with this strategy.

i] The Ministry of Energy does not have enough 
staff to implement - the proposed agroforestry programme.
At the time of the study there was only one senior officer for 
every four to five districts. This is too wide an area
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for an individual to cover given the detailed nature 
of tree planting activities.

ii] The other ministries which are supposed 
to assist in the agroforestry extension work have their 
own programmes which they give priority hence agrofore
stry suffers. The staff of the other ministries do not 
have a direct commitment or direct responsibilities to 
the agroforestry programme since at the end of the day 
they will not be asked to account for the progress of the 
programme. Beside this, these particular staff have not 
had formal education in agroforestry and even energy 
conservation hence do not feel confident to handle the 
programme.

New and replanted forests refer to government or 
community land. In Kenya most of the land is free-hold 
hence there is no community land where new forests can be 
planted. This statement excludes the farmers and yet 
they are the owners of land.

To provide wcodfuel and conserve the environment, 
the policy should aim at producing above the level of 
demand other wise the depletion will continue and there 
will be no environmental protection.

The extension staff especialy in the Ministry of 
Energy, Environment, and Regional development are too 
few to provide the required information and advice to the 
appropriate target groups in the rural areas. The plan
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does not say clearly who should do what in the programme 
and this could be the reasons for the slow take off 
that is being experienced in implementing this progra
mme. As regards energy conservation, it was mentioned 
that no single energy saving cooking stove was found 
in the study area, some people have seen it elsewhere 
and others nave heard of it through the mass media but 
chey are not yet in use in the study area mainly because 
of lack of extension and technical staff like Ljiko 
artisans].

5.1.3 The Factors that Accelarate Woodfuel Depletion

The woodfuel consumption and production pattern 
in the study area has been identified as indicated in 
chapter four and earlier in this chapter. The scarcity 
is displayed in the fact that people use maize cobs about 
half of the time in a year and even other crop residues 
like maize stalks, sunflower stalks, tree bark and 
sisal leaves [this can be seen in the plates in 
Chapter four] are used for cooking.

The cause of the woodfuel scarcity was 
identified as mainly the fact that demand exceeds 
production by 38% and the reason for the low production 
identified as lack of tree seed and seedlings for 
planting. As regards the magnitude of this shortage, it 
was found that 78.1% of the households do not get enough
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seedlings for planting. Only 20.7% get enough and that 
30.5% of the households raise their own seedlings. It 
was also found that the distance to the chief's nursery 
which is the only one, is long for the majority of the 
people.

As regards community priorities, it was established 
that in the study area water is the problem priority number 
one, followed by woodfuel and marketing of agricultural 
produce. In response to the water problem, 24.4% of 
people have drilled their own boreholes; and as regards 
woodfuel scarcity, 30.5% of the household have raised 
their own seedlings and 44% of the people have formed 
groups to market agricultural produce and procure 
agricultural inputs for the members.

Efforts to raise seedlings by individuals meet 
with one major constraint which is availabiblity of the 
appropriate tree seeds. The seeds that can be obtained 
in the area are Eucalyptus, Cypress, Combretum and 
Terminalia spfecies all of which except Terminalia are 
not agroforestry species. Even Terminalia which is a mode
rate agroforestry tree is fairly a slow grower when 
compared to other agroforestry tree species.

The alternative energy source for this area 
were also considered and Biogas appears a viable 
alternative for the longrun in the study area and given 
that che raw materials are readily available and even the
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bricks which are required for the construction are 
available at 40 cents each. Earlier in chapter four, 
it was reported that only 26.1% of the people qualify 
for biogas units. [ according to earlier recommendations 
that the minimum number of animals required to run 
unit is 4 cows]. However, observation from Jamhuri 
Energy Centre shows that two cows are adequate to supply 
dung to a biogas unit for a household of between 6 and 8 
people. In this centre, there are two biogas units 
being served by 4 cows and the dung is enough and 
sometimes excess. Therefore, all the people of the study 
area qualify for biogas units since the sublocation average 
of cows per household was 3.2. The constraint in this 
case will be the trained manpower to do the construction 
of the biogas units and finance.

In summary, information on woodfuel demand and 
supply in the study area.is now available at the lowest 
administrative level that is a sublocation and even 
though the survey showed that there are consumption and 
production differences from village to village and even 
among individual households. The variations are not too 
wide. The information gathered is fair enough for planning 
purposes in the study area and the surroundings.

5.2. Policy Recommendations:

In the foregoing discussion, the deficit has 
been identified, the policy shortcomings pointed out and
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the other general but relevant information in the study 
area noted. This section proposes the courses of action 
that should be taken to, reduce if not to balance out the 
deficit, effect fast implentation of programmes through 
reorganization of the institutions and involving the people in 
solving the problems of the area given the coimrunity 
characteristics and the resources available-

2 i Balancing Out the Deficit

To balance out the deficit, various programmes 
to increase wood production will have to be embanked on.
In addition, ways of efficient woodfuel utilisation, 
alternatives and substitutes will have to be sought.

5.2.1.1 Programmes:

The following programmes should be emphasized 
l) Tree planting through Agroforestry
ii) Tree planting in wood lots
iii) Availability of tree seedlings by

i

a) Increasing tree seedling nurseries
b) Encouraging farmers to make their own 

nurseries and collect their own seeds
c) Encouraging direct seeding of tree seeds 

where possible.
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5.2.1.1.1 Tree Planting through Agroforestry

In this chapter, "Agroforestry" is used 
restrictively to denote the systematic intercropping of 
woody perenials [trees and shrub] iwith non-woody food and 
cash crops [as in plate 19 and 20]. Some people refer 
to any crop tree mix as agroforestry however random it 
may be. There are agroforestry systems in which trees 
are added to woody perenial crops, such as shade trees 
in the case of coffee or fodder trees in silvo-pastoral 
systems.

Intercropping of woody perenials [trees and 
shrubs] into farming and pastoral systems brings about 
some ecological and economic advantages despite the 
risk of some detrimental effects on food and other crops. 
The two main advantages can be summarised as:-

i] Because trees and some shrubs grow at a different 
level than annual crops, the same piece of land can be 
made to yield tree products in addition to food and otheri
non-tree commodities. This is particularly important as 
land becomes scarcer and as less and less land can be 
devoted to forestry. It has been estimated that in 
Kenya if the g r o w i n g  deficit of fuelwooa has to 
be reversed, 2-3 millin ha of high-potential agricultural 
land must be brought under "intensive agroforestry" by the 
year 2000.



rcrop of 1 year ole 
Sesbania and Maize

Plate 20: 9 months old Cailiandra
intercropped with maize
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ii] Trees can improve the agricultural and 
human environment by controlling erosion, moderating 
winds, pumping nutrients from the subsoil, adding humus 
[and thus increasing permeability and cation-exchange 
capacity] and green manure, fixing nitrogen providing 
shade, and occasionally by hosting useful predators.

When trees especially large ones are mixed in 
discriminately with annual or other crops, the latter 
are likely to suffer a decline in yield and quality 
if not worse. This decline can occur because of:-

i] Root competition of water
ii] Excessive shade [photosynthetic competition]

iii] Chemical antogonism between plants [allelopathy]
iv] Physical displacement [crowding out]
v] Hosting of harmful organisms [e.g. nematodes 

in tree roots] .

To avoid the above- negative effects in agroforestry
. i ,farming systems, the right agroforestry tree species ror 

the area in qu'esition should be selected. The main 
characteristics of ideal agroforestry trees are:-

i] Deep, narrow rooting: the bulk of the roots
are in deeper soil layers not .reached by crop 
roots.

ii] Light shade [unless the particular crop needs 
deep shade]

iii] Nitrogen fixation
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iv] Nutrient rich leaf litter
v] No chemically antagonistic [allelopathic 

effects
vi] Soil binding roots

vii] Easy to manage [e.g no thorns]
viii] Multipurpose

ix] Reasonably fast growing.

The specific desirable traits of the trees will depend 
on the needs and objectives of the individual farmer.

As mentioned in chapter four,the number of house
holds have increased since 1965 from one to two and a half 
in 1988. Population has also increased. This leads to a 
decrease in the land sizes. Subdivisions have already 
commenced and will increase rapidly in the next five years. 
Due to this increase in land subdivisions hence decrease 
in land sizes, agroforestry is the most appropriate 
farming system that should be adopted. From the type 
of vegetation, climate and soils of che study area 
indicated in chapter three, the following Agroforestry 
tree species stand a high chance of doing well.

i] Sesbania Sesban
ii] Grevillea robusta

iii] Calliandra callothyrsus
iv] Mimosa scabrella
v] Terminalia brownii
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All except Mimosa are already • growing in the area though 
,not in deliberate intercrops where crops and trees are in 
the same plot at the sametime, there are other forms like 
boundary or line planting where one or two rows of trees 
are planted around a plot of crops though more easily 
acceptable to farmers that the direct intercrops, this 
form of arrangement is known to yield lesser wood. A 
third form of arrangement is rotation. [Though this 
is more applicable where there is a lot of land]. In 
rotation, an agroforestry tree species can be left in 
a field for two or three years and when it is harvested, 
crops are grown in the subsequent season.

5.2.1.1.2 TREES PLANTING IN WOODLOTS

Beside agroforestry, trees can also be planted 
as woodlots especially where land is available. As 
mentioned in chapter 4, only half of the land in the 
study area is being farmed, therefore, with enough 
awareness created and seedlings availed, trees can be 
planted as woodlots.-' This would be mainly trees 
that do not do well with food and other crops, e.g. 
Eucalyptus, Cyprus, Pinus and Black wattle trees. These 
are tree species which are already being planted hence 
there will not be any effort required in convincing 
the people about this particular species.
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In Kenya, trials conducted at Muguga in the 1950s 
found that of the Rral yputs spp, Eucalyputs Saliqna

i

[which is the dominant tree in the study area,] was the 
highest yielding species with yields of 24 m 3/ha/yr/
[17 tonnes] at 8 years rotations. Other species yielded 
less than 15m3/ha/yr. [Jacobs, 1981]. Optimum spacing 
for Eucalyptus saligna to obtain these yields is 
2.74 x 2.74 metres [1,329 stems/ha]. High yields tend 
to be confined to stick-sized wood grown on very short 
rotations. In Indonesia, Calliandra has yielded 40m3/ 
ha/yr over rotations of two years. In an Indian 
experiment, Sesbania sesban has yielded 74 tonnes air 
dry in one year [96m3/ha/yr] [Evans 1982] these species 
already exist and do very well in the study area as shown 
in the plates in chapter three hence what is required now 
is technical advice to the farmers on the kind of trees 
and arrangement in order co maximise on the available 
land. It is shown here that sesbania has yielded 96m3 
per ha in a year in Ind^a, this species can be considered 
for annual production of woodfuel [that is planted and 
harversted as an annual crop]. Plate 21 and 22 shows 
a 3 month and one year old Sesbania at Kabete campus 
field station and plate 23 shows a one year old Sesbania 
in the study area.
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Plate 21: 3 months old Sesbania at Kabete
Campus field station

Kabete Field Station
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Plate 23: 1 year old Sesbania in the study area

5.2.1.1.3 AVAILABILITY OF TREE SEEDLINGS BY

i] Increasing tree seedling nurseries and tree seed 
availability , ''

From the survey, 43.9% of the people claimed 
that non-availability of tree seedlings was a major cause
of the low rate of afforestation in the area.

/ ^ '
4

Until recently, farmers seem to have been made 
to believe that they have to get tree seedlings for 
planting from the forest department or from the government. 
Given that some seeds are very difficult to raise^ and also 
0̂r the purpose of raising healthy seedlings and for 

gaining others on nursery techniques^ reasonable number 
l°f government nurseries should be established with the 
14t>ove purposes and after sometime when the farmers have
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picked up the techniques, the whole process can be left 
to the farmers themselves. In Naitiri sublocation five 
areas were identified as suitable for tree nursery 
establishment and even the owners are willing to set aside 
some land for that purpose. These axe in Sango along 
sirende river, shihilila near kiminini river, Wabukhonyi, 
near river Kabuyefwe, Makhanga B near Makhanga shopping 
centre along the kabuyefwe river. Since some of the tree 
species being proposed like Calliandra are new in the 
country and study area the government should take the 
responsibility of availing the 1st and 2nd batches of seed 
but teach the farmer how to obtain seed from the already 
provided seed batches for future seed supply.

5.2.1.1.3 Qn-farm Nurseries:

The capacity of the one Chief's and two private 
nurseries at the time of study was 115,000 tree seedlings 
in total, the Chief's nursery services three other sub-

ilocations. Only 20.7% of the households reported to be 
getting enough seedlings. The remaining 78.1% reported 
inadequate supply. Given that population has increased 
rapidly and the government can no longer supply enough 
for everyone that wants to plant trees and also that to 
meet the deficit, 0.44 million seedlings will be required
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annually for the study area, it is necessary that 
the farmers be encouraged to raise their own tree 
seedlings either by getting seed from the existing trees 
within the sublocation, from outside the sublocation or 
from any of the government institutions that deal with 
tree planting, every farmer should be encouraged to raise 
and plant about 500 tree seedlings every year. This 
can be raised from a small tree nursery of 1 x 1 metres.

From the survey, 30.5% of the households were 
faoundto raise their own tree seedlings for planting.
This should be encouraged for effective cost sharing and 
public or community participation. The average distance 
to the nearest tree nursery was found to range between 
0.5 to 12 km with an average of 6.2km. This is a fact 
that should be used in encouraging on-farm nurseries 
since it will decrease the transportation costs and 
increase a farmers choice of tree seedlings because he 
may plant what he wants.

i
iii] Encouraging direct seeding of tree seeds where
possible.

Some tree seed like for Sesbania Sesban 
germinate very easily such seed can be direct seeded 
directly in the plot it is'to be planted. Other seeds 
like for Eucalyptus can be direct seeded but the seeds 
are too small to be handled individually therefore, they 
have to be raised in nurseries first, before finally 
being planted in the field.
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5.2.1.2 INCREASE EFFICIENCY IN WOODFUEL UTILISATION

Principally, firewood is used in rural areas and 
is collected by women and children. Most rural areas of 
Kenya still use the three stone fire as is the case in 
the study area, all the households surveyed use the 
three stone fire. Although the three stone fire has an 
efficiency as low as 10%, burning wood directly saves 
more energy than first converting it to charcoal because 
about 75% of wood energy is lost in the conversion 
process [E.D.I, 1986].

A search into energy conservation in the study 
area revealed that no single household was using improved 
cooking stoves [both the wood and charcoal stoves]. 
However, there were traditional methods of conserving 
energy this included, pulling firewood out of the 
f i r e p l a c e  a f t e r  cooking. Putting off the 
fire with water, putting the burning wood under ash and 
soaking of some foods like maize and beans before cooking.f
First, these methods of conservation should be streng
thened by providing additional information and advice 
through extension services and demonstration to 
appropriate target groups. [For this particular area, 
the women since they are the ones who do the cooking], 
second, the improved wood stoves should be introduced 
as soon as possible because they will save on wood
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energy, they are cheap enough for the people to afford 
and they conserve energy by 30%.

5.2.1.3 Encourage Domestic Fuel Substitution 
where possible.

The above strategy can very easily be applied 
in urban centres where there are more alternatives 
to choose from,for example, there is electricity, bottled 
gas, kerosene, charcoal and most recently some homes 
and institutions use solar.

The rural areas however, have very few choices 
or none at all. At the present level of income and 
technology, the rural areas of Kenya and the people of 
Naitiri sublocation in particular cannot afford most of 
the alternatives that may be offered in the place of fire
wood in fact as it stands now, instead of moving forward 
to better energies like bottled gas or kerosene, they 
are moving backwards to crop residues.

As the woodfuel scarcity increases, crop residues 
particularly maize cobs are fitting in as a possible 
substitute such that increase in th level of maize 
production hence maize cobs will reduce the demand of wood- 
fuel. Though the cobs are not liked as much as wood, 
their use as a source of cooking energy fetches a ratio 
of 1:1 with wood.
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Another close alternative that can be used as

a substitute to wood is kerosene. Because of the size 
of kerosene stoves and the big size of rural families , 
use of kerosene for cooking cannot easily substitute 
for firewood -chough it is a suitable substitute for 
charcoal especially in urban centres among the low 
income earners. Despite this fact use of kerosene even 
in rural areas can be encouraged by

i] Increasing the cost of wood
ii] Reducing prices of kerosene

iii] Reducing distances "tro buying centres.

In the study area, only 1% of the households 
are using kerosene for cooking. This is mainly because 
wood is cheaper for the majority, tne price of kerosene 
is relatively high and it is obtained from fairly far 
buying centres Lan average of about 30 km].

As regards the prices of kerosene, the Governmeit 
in the current development., plan, as a short term 
measure will provide a woodfuel conservation subsidy 
scheme based on reducing the effective price of paraffin 
to encourage its use as an alternative to charcoal and 
wood.

By comparison with other countries in the world, 
the price -royalties charged for the use of wood in 
Kenya are too low considering the opportunity cost of the 
use of these resources in environmental and economic terms.
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The government therefore has planned to review the 
pricing structure for wood resources used in industry 
with a view to bringing prices to levels that reflect 
this opportunity cost. This will in turn increase the 
prices of firewood hence encourage more people to change 
to substitutes. At the same time it may act as an 
incentive for farmers to grow more wood for commercial 
purposes.

Increase in production of maize in the study 
area beside providing cobs for cooking, it will increase 
income and food availability, factors which boost wood 
production.

5.2.1.4 Introduction of Alternative Energy 
Sources to Broaden the Energy Mix

As mentioned earlier in this chapter eletricity 
is a relatively expensive source of energy for domestic 
use. Therefore efforts are being directed toward the 
development and exploitation of renewable sources of

ienergy such'as solar, wind and biogas.

5.2.1.4.1 SOLAR
-------------------- «

Studies which have been done on solar applications 
for Kenya in the national power development plan are very 
pessimistic, whether in form of photo-voltaic cells or 

- heat engines, costs under current technologies



Plate 24: Solar Ui>it
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were assessed as prohibitive. However, some direct 
[non-eiectrical] applications of solar power are 
potentially significant including, applications for 
water heating and crop drying. The later is already 
being utilised directly whereby crops that require 
drying are sun dried directly and stored or marketed.
In urban c.e.n t. r e h e a t e r s  are used for 
heating water especially in the residential areas. Solar 
cells or heat engines do not appear to be viable in the 
study area due to the exorbitant prices e.g. A solar 
unit for lighting four bulbs cost about Kshs. 18,000 
compared to a lantern lamp costing Khs.100/- and using 
kerosene of about Kshs.240/- per year per household.
Given the life of the solar unit of 25 years the cost 
comes to about 720/- per year without the maintenance 
cost. This is three times the cost of using kerosene 
hence though solar light may be brigher hence convenient 
LPlate 24 and 25], it is not economically feasible in 
the study area.

i

5.2.1.4.2 WIND POWER

Windmills have long played a role in satisfying 
the dispersed low power demands of rural development 
Installed in favourable sites, they serve end-uses from 
grinding and pumping to electric generation. In Kenya, 
windmills have been used for unattended water supply 
pumping for over 70 years.
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The economic feasibility of wind mills is 
contingent on a number of factors.

i] Available wind: In general, sites are
considered poor for windmill installation unless their 
average windspeed is 5m/s. Kenya's equatorial location 
does not fall within macro wind patterns, so her wind 
distribution is entirely the product of local land 
features. Information presently available suggests 
that average windspeed of 5m/s may be found in the 
Northern Rift Valley, North-eastern and Central 
Province and on the northern coast. Marginal winds of 
3m/s may be found in the Lake Basin. From this informa
tion, it is clear that the study area is not among the 
areas mentioned therefore, its wind speed [though the 
exact figure is not given] is likely to be below the 
required minimum. Since the most important factor has 
disqualified the study area as regards use of windmills, 
the other factors will just be mentioned and not 
discussed. These ,'are:-

i] Load matching [usually very expensive]
ii] Reliability [reliable machines are also very

expensive]
iii] Service availability [very scarce in Kenya]
iv] Dedication [windmill can only be used for

one purpose,many situations
would require a multipurpose 
engine, e.g. small tractor]
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v] Capital market [reliable ones cost more
than alternative diesel 
engines]

Windmill applications currently feasible are 
restricted to drinking and stock water pumping in windy 
sites where maintenance skills and capital are available. 
Development of inexpensive but reliable machines would 
extend the range of this application to the lake basin 
and coastal regions and might make use of windmills for 
crop irrigation marginally feasible in these areas.

5.2.1.4.3 Bioqas:

Biogas is a medium energy [24mj/m3] combustible 
gas derived from organic materials and composed of 
approximately 60% Methane and 40 percent. Carbon-dioxide. 
Biogas can be burnt for light, heat for cooking or used 
to fuel internal combustion engines.

Biogas* is generated by a biological process 
anaerobic bacterial decompositicn of its organic feedstock. 
The rate limitations of this biological process 
seriously constraints its application. Production of useful 
quantities of biogas requires a large volume permanent 
culture. Such systems produce continuously and are not 
easily regulated. Thus, biogas cannot be produced on 
as needed/where needed basis, but must be produced at fixed 
generation sites and stored. Since it is not generally



1 61

PLATF 3-6,

Plate 27: Biogas burner
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Plate 28: Zero grazing unit
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economical to compress the medium energy gases, gas must 
be stored in large volume leak-proof containers and 
distributed through fixed piping. These considerations 
preclude mobile application and impose heavy costs on 
high demand, intermittent uses.

Nevertheless, biogas has one overwhelmingly 
attractive feature. Its imput material are comparatively 
cheap if water is freely available. The most common 
feedstock for biogas digesters are wet manure and crop 
residue. The fertilizing value of these materials is not 
reduced but enhanced by their passage through the digester. 
At the sametime, the action of the methanogenetic 
bacteria destroys many pathogens and serves as an 
effective sewage treatment. This ability to generate a 
valuable gas while treating and improving the quality of 
manure has prompted interest in biogas throughout the 
world. A simple technology has evolved and more than 
800,000 biogas digesters have been installed, mostly in 
China, Korea , and India. Although there is considerable 
enthusiasm for Biogas in Kenya, fewer than 300 digesters 
have been installed. Most of these are a locally made 
version of the design described below. This system 
generally known as the Indian design, consists of a 
digester tank equipped with a floating metal cover 
constructed to collect and store evolved gas. The 
storage chamber is connected by a pipe to mantle lamps
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or other appliance. In use, a mixture of fresh manure 
or other material and water, is fed through a sub
emerged funnel into one end of the digester tank. The 
addition of this fresh stock displaces digested slurry 
through an outlet at the other end. Passage from inpur 
to output takes several weeks.

A typical family scale digester might have a 
volume of 1.5 cubic metres [plate 26]. A local digester 
would cost about Ksh.3,000. Under good conditions, this 
digester would convert the manure of two cows into 0.75m3 
of gas daily. This amount of gas is sufficient to provide 
five hours of lighting. One hour of cooking [six inch 
burner] [Plate 27], or to fuel a one-horsepower stationary 
engine for half an hour. Storage capacity is limited 
to less than two days production. Even when a system 
of this size is functioning well, its usefulness will be 
quite limited mainly because rural homes cook for between 
4-8 hours in a cj.ay, hence household systems are not likely 
to function well consistently.

Biogas generation is not as easy as the simplicity 
of its equipment might suggest. The temperature and 
chemical sensitivity of the methonogentic bacteria 
require careful management. Digesters must be fed daily 
with material of the proper liquidity, pH, and carbon/ 
nitrogen ratio. A change in feedstock or some other 
biological shock may halt gas production for weeks.
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Gas production rates are strongly dependent upon 
temperature virtually ceasing at temperatures below 50°C. 
Mechanical problems such as sludge and scum build-up and 
corrosion-induced gas leaks plague digesters. Two recent 
surveys in Kenya found that as a result of these problems 
very few [<25%] of the installed systems were actually 
producing useable gas.

while family systems can be economically under 
optimal conditions, capital, labour input, and management 
costs will severely limit their use. In India, where 
conditions are far more favourable, the state supported 
biogas programme has been heavily criticized for sub
sidizing a technology too costly and labour intensive for 
the wealthiest farmers. while this problem could in 
principle be avoided by development of larger, village 
scale biogas plants, taking advantage of the considerable 
economies of scale, dispersed Kenyan settlement patterns 
cannot support such plants. Even the Chinese acknowledge 
that their biogas systems are built primarily for sanitary 
reasons, with gas production as a side benefit.

In the Kenyan context, biogas may prove valuable 
in ideal sites such as large farms, coffee plantations, and 
institutions such as rural schools. However, for the fore
seeable future Kenyan households will not likely find 
biogas plants worthwhile and biogas can be expectd to 
contribute little to the overall energy supply.
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Considering the type of materials required for
r

biogas production all of the households were found to own 
an least two cattle which is the minimum number of animals 
required for dung production, required also is a zero
grazing unit [though not a must] which will facilitate 
easy feeding of the digester and also help in the carbon/ 
nitrogen balance: since there is a lot of nitrogen from 
the urine. Unfortunately for the study area, by the 
time of the survey no single zero-grazing unit existed 
in the study area. Another factor that would affect 
biogas units is availability of water. From the survey, 
the community expressed their number one problem as water 
in a vaila bility therefore, biogas production would 
be greatly hampered by this defficiency.

Beside the raw materials for producing the gas, 
there is also the cost of constructing both the zero
grazing unit [plate 27] about Kshs. 12,000/- and the 
digester/gas holder [plate 29] costing about another 
Kshs. 14,300/- [1,982 prices]. If one did not have the 
animals, that would cost over Kshs.8,000/-. Any 
farmer who can afford this kind of money can as well go 
in for electricity. Given thar electricity is still very 
far from the study area, [30 km], investing in tree 
planting and or changing to kerosene or bottled gas 
would be appropriate in the short-run; but for the long 
term planning, consideration should be given to biogas 
for the study area. Since woodfuel is becoming more
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scarce hence its commercialisation will also increase and 
it has been found that biogas becomes more viable in an 
area where all or most of the energy requirements are 
obtained on commercial oasis. Appendix 2 has the 
detailed cost of. constructing a biogas unit.

5.2.2 Institutional and Implimentation Requirements

It was mentioned earlier in this chapter that 
the Ministry of Energy who are the sole implementors of 
woodfuel programmes are deficient in both research and 
extension manpower. If the woodfuel programmes are to 
be successful:-

i] The Ministry should consider having their own 
extension staff who know and can emphasize the need for 
wood for energy purposes. This is because, the Ministry 
of Livestock staff will emphasize on fooder- for their 
animals, Agriculture on food crops and ocher cash crops 
hence they will not emphasize the need for wood for energy.

i
ii] These extension officers should be positioned at 

the district headquarters to work together with the DDC 
instead of the current regional base.

iii] Information on energy situation in every district 
should be availed so that every district is given 
quantitative targets to meet on annually basis, this will 
make it easy to monitor and evaluate the performance of 
the programmes.
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iv] In implementing of programmes, selective 
concentration should be excercised using the deficit level 
as the criteria for selection that is, the area with the 
highest deficit should be given priority hence efforts 
should be concentrated in it either on annual or project 
basis.

v] If it becomes necessary to use the extension 
services of other ministries, then the particular staff 
should be seconded to the Minstry of Energy as full time 
wood production and efficient wood utilisation promoters.

vi] Given the importance of trees to the environment, 
it may become necessary for the government to set a 
minimum size of land under trees or number of trees that 
every farmer should have at any one time. This will vary 
from district to district depending on consumption habits.

vii] As concerns the study area, given the information 
that culture, socio-economic and land sizes are not a 
hindrance to tree planting and that water shortage is a

i
hindrance and it is recognized by the people as their 
priority number one problem, also given that there are 
pipes laid for water ana every home has a tap, the govern
ment should revive the water project and see to it that 
every home receives water if the tree programmes have to 
succeed. Emphasis should also be put on the fact that 
a small nursery of about lm2 will not take more than 
20 litres of water in a day. A nursery may last for a
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maximum of only two months when dealing with the fast 
growing tree species like Sesbania, Eucalyptus,
Calliandra, etc. that have been proposed hence the people 
can be convinced out of the feeling that there is no 
water for raising tree seedlings.

vii] Another major factor that can affect tree 
planting is lack of unity in the study area. Given that 
these people are newly settled in this area from different 
parts of the country, and it is even proved from the 
survey that there is lack of unity if tree planting 
programmes have to succeed, individual approach should be 
used instead of group approach. For example, in establi
shing tree nurseries, it will be better to deal with 
individual households than groups unless a particular group 
has initiated the project themselves.

ix] To improve on peoples' perception of tree 
planting programmes in the study area, awareness should 
be created for them to know why they are using crop 
residues for cooking since some of them just take it as 
the order of the day, they do not seem to have thought 
about it and this is reflected in some of the questions 
that they were asking during the survey, for example, 
one person asked that "what has the government to do with 
firewood?" Another one commented that "of all things, 
firewood, don't these people have other things to do"?.
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The others were just too amused that anybody would be 
interested in woodfuel and yet all of them are using 
crop residues for cooking for about half of the time in 
a year. Mass media like radio, and films and also 
local Chiefs and suo-Chiefs' meetings should be used to 
emphasize the importance of woodfuel and the likely 
consequences if it gees depleted.

x] The family planning programme should be streng
thened to help in reducing the population growth since 
it is one of the factors that deplete woodfuel.

xi] Finally, children in schools should be encouraged 
to work hard so that in future, they will have good jobs 
and high incomes; the government should work together 
with the parents and teachers so that every student gets 
a fair chance to go througn their education up to the 
highest level possible by providing the necessary school 
facilities. This is suggested because very few people in 
the study area had attained higher education and higher

i
education was found to affect woodfuel production 
positively.

Summary
In summary, three problems have been identified 

that is the deficit, policy' shortcomings and the negative ' '  

effects of some of the community characteristics as 
regards woodfuel production.
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The courses of action for solving these problems 
have been identified and these include increasing wood- 
production and its efficient utilisation, looking for 
alternative energy sources and substitutes for woodfuel. 
The possible alternatives that is solar, wind and biogas 
have been considered and found not feasible for the 
short run but can be considered for the long term 
purposes. Eleven different policy considerations have been 
suggested for effective implementation of woodfuel 
programmes and the approach that should be used considered 
in the last section of the chapter.
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CHAPTKRE SIX: CONCLUSIONS

Woodfuel is an important source of energy for 
majority of Kenyans especially those residing in the 
rural areas. In the late 1970s it was noticed that this
resource was getting depleted at a high rate. Tree 
planting and wood conservation progarammes were designed 
to try and contain the situation. Ten years later, much 
had not been achieved. From studies done earlier it 
appeared that the woodfuel programmes were failing 
because of lack of knowledge of the magnitude of the 
problem, weak government policy and other information that 
affect woodfuel consumption and production. It was also 
noted that the problem was more critical in the high 
agricultural potential and medium agricultural potential 
areas, and already some studies had been done up to 
sublocational level in some of the high potential 
districts of Kenya.

For the above given reasons, the study set to
1

assess woodfuel demand and supply levels and the factors 
that affect both in a medium agricultural potential area. 
It also set to examine the causes of woodfuel shortage 
which is evidenced by the use of crop residues in the 
area and from the findings of the above.- the study was to 
suggest rhe remedies to the identified problems.
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The work 'chat had been done before by other people 
in other areas gave guidelines on wnat parameters and 
characteristics should be sought. The relevant data was 
collected and analysed and from this, various conclusions 
can be made:-

i] It can be concluded from the supply and demand 
balance that there is a woodfuel deficit in the study 
area and it will grow with time.

ii] The major factors, that affect supply and demand 
of woodfuel in the area are income, family size, 
availability of suitable energy substitutes to woodfuel, 
cultural ceremonies, and home industries.

iii] The major causes of woodfuel depletion are non
availability of tree seedlings and that if seedlings are 
provided, the woodfuel problem will be rectified.

iv] If the policy recommendations can be effected, 
then the woodfuel and even energy problems in the study
area will cease to exist.

}

It was noted that there are some other factors 
that affect woodfuel supply and consumption in the study 
area but information was not available on either how 
they affect or to what magnitude or both. Therefore, 
it is recommended that:-
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i] Further research should be done to find out 
the reason for low level utilisation of land and low 
yields of crops in the study area.

ii] Research should be done to find out ways of 
improving the marketing of agricultural produce to avoid 
exploitation of the farmers by middle men.

iii] Further studies should be done to find out 
how the people of the area can be made to unite since 
lack of unity affects development especially when it comes
to community facilities like schools.

/

iv] For national interest similar studies 
should be carried out in other areas of the country.
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SUMMARY

It has been noted that the two basic problems 
in the study area are lack of water and scarcity of 
woodfuel. Plans have been proposed to address these 
specific problems and as they are implemented, some of 
the other minor problems in the area will be solved.

The study methodology can be applied to other 
areas of medium potential, medium population density, 
especially maize growing areas of the country.

while the strategies proposed for increasing 
the supply of w o o d f u el in the rural areas can be 
applied to other similar areas in the country, social 
cultural differences are important and should not be 
ignored.
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Appendix 1

HOUSEHOLD QUESTIONNAIRE 
DEPARTMENT OF URBAN & REGIONAL PLANNING 

UNIVERSITY OF NAIROBI

Name of Interviewer:
Date:
Beginning of Interview:
End of Interview:
1. Name of respondent
2. Age of respondent
3. Education of respondent
4. What positon does he/she hold in the household: tick

i] Head of household
ii] Wife

iii] Son
ivj Daughter
v] Relative

5. Ethnic group [clan]
i] Luhya ........................

ii] Kikuyu .........................
iii] Kalenjin .......................
iv] Luo ...........................
v] Others [specify] ..........................

6. How many'people live in the homestead?
i] Adults [over 15 years] ................

iii
*

Children [5-14 years] ................
iii] Infants [below 5 years] ..............

7. How many members of the family eat here every 
night?
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8. Does the head of the household live there all the 
time?

i] Yes
ii] No

Eonomic factors
9. What are the main occupations of the head of the 

household?
i] Farmer....................

ii] Shopkeeper ..............
iii] Employee [where].............................
iv] Others, specify ..............................
v] Remarks.......................................

10. Does the head of the household manage any business?
i] Yes...............................

ii] No ...............................

11. If there are grown up children, do they contribute
money to the family budget?

i] Yes ....................................
ii] No ......................................

iii] If,'yes, how often ................ and
approximately how much?...............

FARri BACKGROUND
12. How much land does the family own [in acres].....
13. How many acres does the family cultivate?..........
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14. What are the main crops grown and the acreage?
i]  

iij ..........................................
iii]  
iv]  

15. Approximately how much of each of the crop is 
harvested annually?

i]  
ii]  

iii]  
iv]  .........

16. Does the family harvest enough food crops for the
whole year round?................................
If No, how much and when is extra food bought for 
the family?........................................

17. Do you keep animals? [i] Yes [ii] No
If Yes:

i]
ii]

iii]
iv]
v]

• Type No of 
Animals

Number sold 
annually and 
how much

••
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18 Do you sell animal products?

i] Yes

ii] No

19

i]
ii]

iii]
iv]
v]

Kind of animal type-- 
of products and how 
much

Frequency of 
selling

Price per 
unit

ENERGY DEMAND '
What do you use -for cooking,
Firewood ..................
Charcoal ..................
Paraffin ..................

warming lighting?

Electricity .....
Agricultural waste [eg. stalks, etc]
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2a How much of the above do you use daily, monthly or 
annually?
Firewood [kg] ..........c o s t ......... Kshs. per unit.
Charcoal [debes, bags etc.] ....... cost.......Kshs.
Paraffin [treetop, bottles] cooking... cost.... Kshs.
Gas [cylinders] ............. cost.............  Kshs.
Agricultural [bags of maize cobs or 

acres of sunflower or
maize stalks ..........................

Electricity [monthly payments Kshs

3a Do you buy any or all of the firewood and charcoal
that you use? Yes [ ] No [

If yes, how much of the firewood to you
i] Daily ........ ..........kg

ii] Monthly ......
iii] Annually ..... ...........kg

Have you every cut a whole tree just for firewood or 
charcoal? Yes [ ] No [ ]

l

6. How long did the wood charcoal last ................
7. List the various sources of energy in order of 

availability [firewood, charcoal, eletricity, 
paraffin, agricultural wastes, gas, other, specify.

i]  ...............
ii] ...*.........................

iii]  
iv] .................................
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8. Do you get all the energy that you need for:
Cooking ............ ...................
Lighting ..............................
Warming ................................ When you
need it and enough for the purpose?
Yes [ ] No [ ]

9. Where do you store your firewood ana charcoal?

REMARKS

ENERGY SUPPLY

1. Where do you get the energy that you use for cooking/ 
warming/ lighting?
Firewood ...............................
Charcoal i................ ...............
Agric. wastes ..........................
Paraffin ................................
Gas .................. .................. .
Electricity .............................

2. How far from your farm are the source of the above?

3. Do you experience any shortage of the above
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4. Approximately how. many trees do you have on your 
farm?

i] indigeneous [natural] ....................
indicate species ..........................

ii] Planted .......
indicate species

5. 0± these trees approximately how many are
specifically for:

i] Charcoal ......................................
ii] Firewood ......................................

6a. What do you use the remaining for? Sale, poles, 
construction, etc.

b. If for sale, what is the price per tree?....... Kshs

7. How much of the following do you harvest annually?
Maize cobs [bags] .................................
Maize stalks [acres]..............................

iSunflower stalks [acres]...........................
Any other [specify] ...............................

Is there any of the above energy sources that is 
available in excess on annual basis? Yes [ ] No[ ]

8.
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9. If yes, which one/s and approximately how much 
of each?

i]
ii]

iii]
iv]
v]

10. How
i] 

ii j
iii]

<\̂ L1. What is your general view of fuelwood availability 
these days as compared to old days?

i] No difference ....................................
iij More fuelwood ....................................

iii] Less fuelwood .......................... ..........
ivj No idê a ..........................................

12 What do you think is the reason for the answer above?

Type Quantity

•

do you store you agricultural waste?

13. What do you think can be done to increase the 
supply of fuelwood?...'........................
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TREE SEEDLINGS DEMAND

1. i] Approximately how many trees do you plant
every year? .....................................

ii] Where do you get them from? On farm [ ]
Off farm [ ]

2. Which species do you plant?
i] ............................................

ii]  
iii]  
iv]  

3. Which of these species do you prefer?
i] ..... .......... ............................

ii] .............................................
iii]  .....................................
iv]  

4. What do you like about these particular species?

5a. What do you plant these trees for? [order of
i

importance]

ii] ..........................................
iii]  
iv]  
v]  

b] Do you usually get enough seelings when you want
to plant? Yes [ ] No [ ]
If No, why?.......................................

i
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6. Have you ever been visited by an extension officer
[E.O] advising you on tree planting? Yes [ ]
No [ ]

7. If yes, which kind of advice did you get?

8. How have you utilized the advice given by the E.O.?

9. How far [in km] is the nearest tree nursery from your
farm? ................................................

10.i] Are there any problems or traditions which hinder 
people here from planting trees?
If yes, which ones ..................................

ii] What do you do about them?

11. What according to you is the best way to make people 
plant trees? .........................................

REMARKS
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TREE SEEDLINGS SUPPLY

1. Do you have a tree seedling nursery?
Yes [ ] No [ ]

2 . If No, why ? .......................................
3. If Yes, how many seedlings do you raise annually?

4. Which species do you plant?
i] ..................................................

ii] ..................................................
iii]  

5. Do you sell the seedlings or not Yes [ j N o [ ]
6. If sold: what is the price per seedlings?...... Kshs
7. What problems do you get as regards the raising of 

the seedlings?
i] ..................................................

ii] ..................................................
iii j .................................................

8. What have you done about the problem?................

9. Where dq you get the tree seed for planting?.........

ENERGY CONSERVATION
1. Have you experienced a drop in your crop yields over 

the years? ...........................................
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2. Do you take any measures in preparing to cook e.g.
'githeri'..............................................

3. Do you vOften. cook more than one dish at the same
time? Yes [ ] No [ ]

4. What do you do with left-over charcoal still glowing 
and firewood after the cooking is finished?

i] Put the firewood off with water
ii] Pull the firewood out

iii] Cover with ash
iv] Just leave it there to burn down

5. Do you have any problem with your stone? 
If yes ,what problems?..................

6. What bothers you most in your kitchen while cooking?
i] Heat ...............................

ii] Smoke ..............................
iii] Attending fire......................
iv] No safety ..........................
v] Others [specify]...................

7. i] Have you already seen one of the improved woodi
stoves and/or improved charcoal jikos? ......

ii] What have you heard about them?...............

iii] Who told you about them?.......................
iv] Have you heard of any problems with the new 

stoves?.........................................
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8. Why haven't you got one?

9. If you could buy a transportable metal cladding
woodstove which does not need repairs, costing about 
Ksh.100/- or learn how to build a stationary clay 
sand stove needing occasional repairs and smearing 
[if there are cracks] costing Ksh.20-30, which one 
would you choose? ....................................

10 WATER
Where do you get you water from?
a] Pipe [ ]
b] Well [ ]
c] River [ ]
d] Others [specify]

11. Is there enough water in the dry season?

12. How far is it from your farm/[km. or time hrs]
13. Do you have a water storage tank? ............
14. Observe the housing conditions and note or:

Roofing material.......  i] Type.............
Walling mat ii3 Condition .......
Waling material........  i] Type ............

ii] Condition ......
Flooring material i] Type ............
of the main house ii] Condition ......
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If brick made, quantity of
of bricks used i] ..................

GENERAL

6. Do you belong to any social organization?

7. Which is your religion? .................
8. What are the most serious problems:

i] In your village
iij In your family [list in order of 

seriousness]
i] ....................................

ii] ...... .................... ........
iii] ..........................................
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BIOGAS MATERIALS

Material required for the construction of an average 
family's biogas digester, 9.4M3

CONSTRUCTION MATERIALS

No Item
1. Stones

of
Bricks for bricks digester

2. Cement 
[for bricks digester

3. Sand
4. Ballast
5. PVC pipe
6. Polythene sheet

[gauge 750 or 1,000]
7. Ring wire, reinforced bar

[2 for floor, 1 for collar]

, FITTINGS
The quantity of fittings required varies from site to 
site. The digester builder will advise you accordingly. 
The list below is intended to give you an indication of 
what is required.

8. Polythene or polypropene tube 1" diameter
9. Gl-pipe - BSP Class B 1/2" diameter

Quantity
550' x 4" x 9" or 
550* x 6" x 9"

[2200] 3 x 5 x 9  

13 Bags
15 to 18 bags]
4 tons 
1 tone 
6in. x 6m.

6m. or 1/2 kg.
3 x 3/8in. x 12m

10. Thread seals
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11. Digester connection: 2 x 1" diameter
a. GI double nippe 1
b. Gate/ball valve
12. Underground gas pipeline: 1 X 1" PE to 1"
a. Adaptor 1 X 1" to 1/2"
b. GI reducer socket

13. House installation: 1/2" diameter
a. GI tee 1/2" diameter
b. GI elbow 1/2" diameter
c . GI socket 1/2" diameter
d. GI nipple 1/2" diameter
e . House connectors 1/2" diameter
f. Ball valves for cooker 1/2" diameter
g- Clamps [if necessary] 1/2" diameter
h. Clips [if necessary] 1/2" diameter
i. Water trap[s] 1/2" diameter

14. Gas storage
a. Gas holder made from M.S. sheets 1/8 " thick
b. Guide frame
c . Water trap[s]

[all from a qualified metal workshop]

15. Appliances:
a. cooker[s]
b. Lamp[s]

MS = mild stedl
ND = Nominal Diameter

BSP = British Standard Pipe
PE = Polyethylene or polypropene

Source: Ministry of Energy
[List that is given to builders]
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Appendix 2 Breakdown of the Investiment Costs of a
Biogas Plant

Digester Kshs.
a] Construction material

quarried stone: 550 pieces
at Ksh.1.5 each 825.-
sand, ballast, transport 750.-
12 bags of cement, waterproofing 
additive, transport 1,125.-
inlet and outlet pipe, gas
piping, etc. 1,400.-

b] Labour
excavation work
30 days at Kshs.40 each- masonry 1,200.-
15 days of Kshs. 80 each 1,200.-

6,500.-
Gasholder ]including central
guide frame] 6,50 0.-

Appliances
cooker
lamp

500.-
800.-

1,300.-

14,300.-Grand Total
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The total annual costs involved in the utilizatin of a 
biogas plant can be determined by transforming the 
investment costs into annual capital costs and then 
adding on the annual running costs [operation, 
maintenance and repair].

An owner of a biogas plant will incur total annual costs 
of approx. Kshs.2 , 5 0 0 . and biogas will be substituted 
for fuelwood and charcoal in cooking applications, and 
for kerosene in lighting. The crucial question is, of 
course, whether the annual savings can be expected to 
offset the annual costs.


