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DEDICATION
This study is dedicated to all mothers and childfiewling it difficult to obtain

firewood and charcoal.



ABSTRACT

This study investigated woodfuel accessibility e trural and urban areas of Trans-
Nzoia and West-Pokot Counties, with the aim of mlimg scientific data for
appropriate decision-making in ensuring sustainaueessibility. Across-sectional
research design and multi-stage sampling techniguers applied. Kolongolo and
Kacheliba were selected as rural areas of TransaNawd West-Pokot respectively,
Kitale and Makutano were selected as urban areasst@@nnaires were administered
to 365 households and 50 Small Scale EnterprisddE)Shotels, and 10 key
informants interviewed. Field observations were enawhd captured using digital
camera. Accessibility levels were categorized imery accessible, accessible,
inaccessible and very inaccessible. Linear regrassiruskal-Wallis test, ang-test

of association were used in data analysis. Resulisated that among households,
firewood and charcoal were accessible in Kacheliu#,inaccessible in Kolongolo,
Makutano and Kitale. Among SME hotels, charcoal waaccessible both in
Makutano and Kitale. In general, woodfuel was asitds in Kacheliba, and
inaccessible in Kolongolo, Makutano and Kitale Klmlongolo, 85.6% of households
using firewood were practicing freehold land tendreKitale, 79.1% of households
using charcoal had adopted improved charcoal ctmkeswvith a ceramic lining. In
Kacheliba, 71.4% of households using charcoal vesvare of government policies
governing charcoal production, transportation atidzation. In Makutano, 71.4% of
households using charcoal had a family size of eetw4 and 6 members. Kruskal-
Wallis test indicated a significant difference ioadfuel accessibility levels between
the four study areas(¥sos=46.526, N =405, P = <0.001)’test of association
indicated that firewood and charcoal accessibiditsels have insignificant association
with existing government policies and regulatiombis research concluded that in
West-Pokot County, woodfuel is accessible in ranaas, but inaccessible in urban
areas, while woodfuel is inaccessible in rural artthn areas of Trans-Nzoia County.
Firewood and charcoal accessibility are not affédte existing government policies
and regulations. It recommends efficient enforcemanexisting policies that will
reduce distance travelled, time taken, cost andydtady allocation on firewood and
charcoal among households and SME hotels.
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DEFINITION OF TERMS
Accessibility: is the ability to access and benefit from a patér entity, system or
product.
Charcoal: a black substance consisting of carbon and ashinalat by removing
water and volatile constituents from vegetation antinal substance.

Firewood: wood that is used as fuel

Woodfuel: a wood based energy product
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CHAPTER ONE
INTRODUCTION
1.1 Introduction
This chapter provides the background informationtied research problem
based on the existing literature and explains th@gse of the research, hypotheses

and justifications.

1.2 Background Information

Globally, every nation is concerned about ensuengrgy security to enhance
sustainable development (Aquil, Shadab, Shadmariwarl, 2014; Singh & Singh,
2014). Amongst various energy sources, biomasscedlyewoodfuel is the main
source of primary energy (Anjum, 2012: Aabeyir, @erBallard, Luise & Oduro,
2011). About 3 billion individuals globally deperah woodfuel as their primary
source of energy (AGECC, 2010). Woodfuel contribuféo and 76% of the energy
consumed in the world and developing countriesaetsyely (Aabeyiret al, 2011;
Anjum, 2012). Over 81% of primary energy used fooking and heating in Sub-
Saharan Africa is derived from woodfuel (Marjor#)11; Minang, van Noordwijk,
Freeman, Mbow, de Leeuw & Catacutan, 2015). In dgaiRwanda, Tanzania and
Ethiopia, about 90% of primary energy is deriveohirwoodfuel (Egeru, Kateregga
& Gilber, 2015; FAO, 2001; Saundry, 2009).

In Kenya, woodfuel constitute 70% and about 90 Yrohary energy supply at
national and rural household (Osiolo, 2009). In YARskot and Trans-Nzoia
Counties, woodfuel meets over 90% of household gghdemands especially for
cooking and heating (County Government of West-Bak@13; County Government

of Trans-Nzoia, 2013). However, about 30% and %/dt woodfuel were supplied
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unsustainably by 1980 and by 2000 respectively @@f€, Raskin & Steve, 1984;
Kamfor, 2002). Increasing unsustainable supply eausnsustainable accessibility

that eventually results to inaccessibility (Worldraforestry Centre, 2014).

1.3 Statement of Problem

Though woodfuel is an important resource in WedteP@and Trans-Nzoia, its
accessibility has been declining as forest covetticoes to deplete due to human
activities and deforestation (County GovernmentWést-Pokot, 2013). Woodfuel
inaccessibility is leading to an increase in tirpers in collecting firewood by about
6 hours per day, and increased monthly spendingvoodfuel to about 35% of
households’ monthly income (Arayal, 2002; Ajao, 20IlEgeru et al, 2015).
Inaccessibility has increased the distance covireavoodfuel collection especially
in towns by between 20 and 50 km (Ngetich, Bird€palo, Bett & Freyer, 2009).
Escalation of charcoal prices from Kshs 700 to Ks[8)0 per sack as from 2010 to
2012 has also been experienced in Eldoret (Muma1R0ncreased utilization of
non-preferred wood species with high extractiveteots that cause health problems,
reduced quality of cooked food, and environmentdrddation are other effects
(Ngetichet al, 2009).

Marjorie (2011), and Githiomi, Mugendi and Kung2012) blames inadequate
attention on enacting and implementing sustainall®odfuel production and
utilization policies, at local, national and intational levels as the major reason for
increasing woodfuel inaccessibility. Inadequatergton has been due to scarcity of
scientific data on woodfuel accessibility to aid decision making, leading to

inefficient management of woodfuel sector (Marjp2611).



1.4 Justification

The need to determine woodfuel accessibility idedént counties in Kenya is
important for stakeholders involved in ensuringrggeaccess for all. As a result, the
fundamental opportunity derived from this study was indication of woodfuel
accessibility levels and possible factors affectimgodfuel accessibility in West-
Pokot and Trans-Nzoia counties. This helps in agldinientific information on
woodfuel accessibility debates to enhance betterisbm-making to prevent
unsustainable supply of woodfuel from reaching 3Bian metric tonnes by 2020 as
predicted by Kamfor (2002). Better decisions in dfa@| sector helps in improving
people’s socio-economic status by reducing distasmeered, time and amount of

money spend on woodfuel collection.

1.5 Research Objective
1.5.1 General objective
This study aimed at investigating woodfuel accelsibn the rural and urban

areas of Tran-Nzoia and West-Pokot Counties in deny
1.5.2 Specific objective

1). To determine woodfuel accessibility levels e trural and urban areas of

Trans-Nzoia and West-Pokot Counties.
2). To determine factors affecting woodfuel acdagi in the rural and urban

areas of Trans-Nzoia and West-Pokot Counties.



1.6 Hypothesis
Ho: Woodfuel accessibility levels in the rural andbam areas of Trans-Nzoia and
West-Pokot counties are not significantly different
Ho: There are no factors affecting woodfuel accebsibin rural and urban areas

of Trans-Nzoia and West-Pokot Counties significantl



CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
This chapter reviews relevant literature on the suess of woodfuel
accessibility and factors that may influence woetlaccessibility globally, regionally

and nationally.

2.2 Measures of Woodfuel Accessibility
2.2.1 Physical measures

Reviewed literature indicated that distance, ctilbectime, and trip pattern
were the three major physical measures of woodfoetssibility.
2.2.1.1 Distance

Distance is the simplest physical measure of wagldAccessibility as it
indicates proximity to the resource (Horst & Hovark2009; Kishor & Mitchell,
2011; Ogwuche & Asobo, 2013). Since women and odrildcollect all usable
firewood that is within their reach based on conweece, the resource gets exhausted
with time; forcing them to travel longer distandescollect woodfuel (Ogwuchet
al., 2013). This is because people clear formerlyetetgd lands for woodfuel and
other activities like agricultural activities, asdttlement (Hosier, 1985), leaving few
vegetation for woodfuel.

A study in South Africa (Bembridge & Tarlton, 199@9ing distance to measure
the proximity of firewood indicated that women aclildren travel over 3 km to
access firewood. This was due to high dependencgemeting natural vegetations
for firewood (Aquilet al, 2014; Anjum, 2012). Arayal (2002) also usedatise to

determine the trend of woodfuel accessibility iitiea since 1961 to 2001, the results
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showed a reducing accessibility as the averagerdist for woodfuel collection
increased by 15 km and 10 km in urban and rurasarespectively. In urban areas,
the increase was attributed to overdependence a@mcadl and firewood from
highland regions, while in rural areas was duehe tleclining natural resource
productivity. In addition, the long distances irraluareas were determined by the
availability of dry wood, which eases up collectiaa many people prefer walking
long distance to obtain dried wood (Hoestal, 2009). World Energy Outlook (2006)
and Egerwet al. (2015) also reported an increase in distancegdwdod collection
points in Tanzania and Eastern Uganda.

In Kenya, Kamfor (2002), and Ngetiat al (2009) reported longer distances
travelled to collect firewood and charcoal in Nairand Njoro respectively. This was
due to inadequate tree cover/vegetation in thehbeigrhood to supply adequate
woodfuel products especially in urban areas. O Ilasis, Karekezi, Kimani and
Onguru (2008) reported that charcoal consumedbaruareas are mostly produced in
rural areas, implying that they are transported aveng distances.

On the contrary, Mutua, Ngui and Mwakubo (2010)orégd that Kenyans
cover an average distance of 0.59 km and 6.44 kikirlg for charcoal and firewood
respectively in urban areas. However, such distamspecially on charcoal were
based on purchasers, other than the distance ledvey the supplier to obtain the
product. Githiomiet al (2012) found that the percentage of householdaral areas
obtaining woodfuel from farm trees like woodlotsatered trees on farms and trees
on communal land was increasing, indicating a shdtn natural vegetation and
gazetted forests, hence reducing the average distaravelled for woodfuel
collection. This was supported by Kamfor (2002t t6@% of woodfuels were being

obtained from farms. This indicates a change in rible of on-farm biomass as
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O’keefe (1989) found that though on-farm biomasakandant in rural areas located
in high potential areas, they still experience waetlshortages due to gender roles as
women were not allowed to cut trees for firewoouak, dnly use trimmings and wastes
from other activities.
2.2.1.2 Time

Though the use of time as a measure of accesgitnlivoodfuel was disputed
by Van't Veld, Narain, Gupta, Chopra and Singh @0Mat individuals change their
collection strategy as they collect from privatads, while others start purchasing
from vendors, Dewees (1989), O’keefe (1989), anabd) Koch and Mekonnen
(2012) concurred that time spend in collecting wiaetlcan measure its accessibility.
This is because in the event of woodfuel scardigre is an increase in time of
collection. Hosier (1985) and Dewees (1989) usdditimnal time in firewood
collection as a measure of difficulty in obtainitige resource. They concurred that,
individuals having high levels of accessibility sdeless time collecting large
guantities of woodfuel, hence having low opportyicibsts.

The study by Arayal (2002) indicated that the agerdime of collecting
firewood increased from 1.2 hours to 6.6 hours betw1961 and 2001 in Eritrea.
This increase was as a result of over reliance atmral vegetation for fuelwood,
which were being replaced by woody biomass thath&sped by economic factors,
apart from being cleared for agricultural purpoases settlement due to increased
population. Malmberg (1994) also used time as asoreaof access to firewood in
Zambia; the results indicated that women spend ta®bdwurs 4 minutes collecting a
head load of firewood weighing about 20 kg per dHyis is because they travel a
substantial distance to find firewood vegetatiorhisTvalue was not far from

Tanzanian case where firewood collectors spentusshio collect 25 kg head load of
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firewood (Fleuret & Fleuret, 1978). Contrary, indivals in urban areas spend less
than 30 minutes to find their woodfuel, especialharcoal as they purchase them
from the market (Horstiet al, 2009). People buy woodfuel because it is not
economical to travel longer distances and spenchrtice on collection. In Uganda,
Egeruet al. (2015) reported an increase in firewood collectibne as a result of
firewood scarcity.

In Kenya and Uganda, Mutimba and Barasa (2005), Egetuet al. (2015)
found that people in arid and semi-arid lands (ASAEpend more time collecting
firewood not because of its unavailability, but &ese of preference to particular tree
species. This implied that even if other specieas loa collected with ease, people
continue spending more time searching for prefespaties.

The reviewed literature indicates that woodfuelegibrs in some areas spend
more time collecting firewood as compared to othemesas. However, none of the
study has compared the time spent per kilogramreWwbod collected in different
areas. As a result, it is not clear on whetheratihéitional time spent is as a result of
additional kilogram of firewood collected.
2.2.1.3 Trip pattern

Malmberg (1994) used trip pattern to measure waglddacessibility in Zambia
and Ghana. The results indicated that householtts avi average of 5 members in
Zambia make 5 trips per week, while a househol® ofiembers in Ghana make 4
trips per week. The difference was attributed taiateons in collection trips
depending on favourable collection times. As areaff Zambian data might have
been overestimated by about 15% because the stadycarried out during dry
season, which favours firewood collection, with eihisome is stored for future use

(Malmberg, 1994). However, during rainy season,sebold members concentrate on
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agricultural activities, implying less firewood @mdtion trips. In South Africa,
Bembridgeet al (1990) found that distance to woodfuel collectsmurce determines
trip patterns per week. This was because only smahtities can be carried over
long distances. However, having close proximitywoodfuel source implies that
people will not mind collecting smaller quantitiesore often (Bembridget al,
1990). Egeret al (2015) support that, the frequency of firewootemtion decreases
as the distance increases.

In Kakamega, long distances to collection sitesuced the frequency of
collection from the same site as the focus shiftthe nearby sites (Sikei, Mburu &
Lagat, 2009). Moreover, increased distance chatlgegransportation mechanism.
When collection site becomes too far, people stamsporting woodfuel using
bicycles and animals carts, implying that they y@mough to sustain them for a long
time. The higher the collection trips, the highbe trates of exploitation of the
resource in the nearby hence increasing inaccégsiin future (Mugo & Gathui,
2010). Sikeiet al (2009) argues that families that face difficudtia finding enough
woodfuel have higher collection frequencies.

In Kenya, 16% of the population buy charcoal onadydbasis, and 53% on a
weekly basis (Mutimbat al, 2005). However, the frequency of collecting iiced
varies depending on the season of the year. 8ikal (2009) found that woodfuel
collection frequencies vary from 58%, 32% and 10%adaaily, weekly and monthly
basis respectively. The frequencies are high dudiiygseason as compared to rainy
season where more labour is concentrated on afgniaulactivities while woodfuel
collection receives less attention (Mutindtaal, 2005).

However, based on various controversies on varacdwrs including season,

means of transporting the product, and family siffecting trip patterns, this measure
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was not used in this study. This is because it pexseived as not being a good
measure of accessibility.

2.2.2 Economic measures

According to Kamfor (2002), households collect wiued by themselves,
others purchase on a regular basis, while the s@gplement purchasing and free
collection. As a result, Economic indicators likedgetary allocation on woodfuel,
and total monthly woodfuel expenses incurred by thmily are important for
household fuel use decisions during scarcity (Aketlad, 2012).
2.2.2.1 Budgetary allocation

Based on budgetary allocations, energy budgeterdifbm one location to the
other and from one urban area to the other (Maual, 2010). Heltberg (2003)
found that budgetary allocation on firewood wasdow rural areas than urban areas
because of the opportunity to supplement purchagke khome-grown and self-
collection. However, in cases budgetary allocatimmescalculated regardless of home-
grown or self-collection, higher proportion in rlu@eas is attributed to minimum
cash-earning opportunities (Homst al, 2009). In Nigeria, (Ajao, 2011) found that
some households were spending more than 12% andf3Beir annual income on
charcoal and firewood respectively as a resultigti kharcoal prices.

In Njoro Kenya, woodfuel budgets accounts for assamtial percentage of
household incomes and business costs (Ngetiah, 2009). Though households have
opportunities for increasing their on-farm woodfpebduction through tree planting,
this opportunity reduces land availability for foptbduction leading to fuel and food
crisis. On the same line, Karekegial (2008) attributed higher budgetary allocations
amongst poor urban dwellers to low income levelscampared to their richer

counter-parts. In case of inefficient technolodiles open fire cooking stove with less
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than 10% efficiency, households can spend up to 86%eir monthly income on
cooking fuel (Karekezet al, 2008).

A typical boarding school spends between KShs T0g&@@ KShs 105,000 per
year on firewood, while others spend about 20-30%heir kitchen budgets on
firewood (RETAP, 2009). Averagely, cottage indwesrincluding small kiosks and
brick making industry among others incur betwees8@% of total operation costs on
energy (Kamfor, 2002).

Literature indicated that studies on budgetarycalliions have not compared
budgetary allocation of firewood and charcoal ighhpotential areas and ASALSs. In
addition, the available information on cottage istty is very little in Kenya as only
one article under my reach dealt with budgetamycallions in cottage industries.
2.2.2.2 Cost of woodfuel

Cost of woodfuel bought or collected is another smea of woodfuel
accessibility. Higher costs indicate unavailabjlityhile lower costs indicate
availability. By 2010, an average price of one cofdwoodfuel (3 ) was $145
(Brown, 2010). In Kenya, one sack of charcoal weigh35 kg on average was
costing KShs 336 in 2005 (Mutimled al, 2005), and by 2011, a sack of charcoal was
selling at KShs 1,800, KShs 1,300 and KShs 1,8@gitlnunguri, Eldoret and Kisumu
respectively (Mumo, 2011). In 2008, a sack of cbhafrdaving an average weight of
36 kg was selling at USD 5 in urban areas, (Kare&eal., 2008), and the costs were
high as charcoal vendors were to travel long dctarbefore getting the product.
However, the cost of both charcoal and firewoodyvamong town and locations
depending on the proximity to the source (Mwampar2ba7).

The costs determined in literature are based onmtheket value, but not the

amount of money spent by families per month on abelr and/or firewood. This
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implies that the total amount of money spend byskbolds per month on firewood or
charcoal is unknown, leaving a gap in knowledgeumount of money families spend

on woodfuel per month in different areas.

2.3 Factors Affecting Woodfuel Accessibility
2.3.1 Household size

Household size is an important variable in detemgrtype and quantity of
food to be cooked (Ogwuchet al, 2013). In Northwest Pakistan, households with
larger family sizes were experiencing higher cdit@ctrips per month, meaning that
they were more susceptible to woodfuel shortagesk daily price fluctuations as
compared to their counterparts having small fansiges (Inayatullah, 2011). In
addition, larger households in urban areas redbaecoal and firewood accessibility
as it increases family woodfuel budgetary allocatemd monthly expenditure as
larger quantities of woodfuel will be required fowoking and heating (Ogwuclet
al.,, 2013; Inayatullah, 2011). However, Bembridgeal (1990) contradicted that
family size especially with more female membersrease labour availability,
implying a reduction in time for collecting and Bang firewood.

Mugo et al (2010) emphasized that household size affects diued
accessibility indirectly. This is because the lartfee household size, the higher the
energy demand. This high demand calls for higheodfwel collection or purchase
frequencies, resulting to more waste of time anergynon firewood collection. In
addition, Nyembe (2011) supports this argumenttinast households using firewood
are poor, and they spend larger percentage of ittdme on woodfuel in case they

buy.
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Articles reviewed in this section have investigatieel effects of family size on
time taken to collect firewood, total cost of wooelf product incurred by households
and budgetary allocations. However, none of them ihgestigated the effects of
family size on the distance travelled to accesgtbduct.

2.3.2 Land tenure systems

Land tenure is a contract that establishes pedyledan use a resource on a
piece of land for a specified period of time untlee stipulated conditions. This
implies that land tenure determine peoples’ segciiatmanage trees and forests for
woodfuel production and utilization (Waiganjo & Ngju2001). In the absence of
clear land and tree rights, the community lack theentive of managing trees
sustainably, but encourages exploitation of woadiarfor short-term benefits
(Marjorie, 2011).

In Ghana, though integration of trees into agrioalk systems has been a
roadmap for sustainable woodfuel supply, trees@nmunal lands are managed by
chiefs that restrict the size of trees to be hdaedeand limit accessibility of woodlots
in communal lands (Aabeyat al.,2011).

In Kenya, there are four major land tenure systamasyely; public, leasehold,
freehold, and customary land tenures. Customaryréeisystems is where those
affiliated to the group have absolute right to theource, but outsiders are restricted
from accessing the resource by the political autilesr(Waiganjcet al, 2001). Under
freehold tenure, the owner has absolute ownersiipri indefinite period of time, as
compared to leasehold system, where the land ohwipersgghts are granted by
freeholders for a specified period of time. Lasglyblic land tenure involves all lands

owned by the government for its own purposes.
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The type of land tenure system practiced by a Hwmldedetermines the type
and level of financial investments that a houselad make (Mtimbat al, 2005).
As a result, land tenure systems that guarantegetEnm land rights motivates huge
and long-term financial investment as comparedhtisé that only guarantee short-
term land rights. Mandila (2014) found that housdfavith land title deeds are more
likely to adopt agroforestry systems as comparethéir counterparts without title
deeds. This is because though agroforestry sysamghgpractices require large sums
of financial investments; their benefits are readiafter a long time. As a result, those
with land title deeds are sure of future land owhagr and tree rights that motivates
them to adopt agroforestry systems and practices.rdlation to woodfuel
accessibility, adopting agroforestry systems arattres, households with land title
deeds are more accessible to woodfuel as compar#tse with leasehold, public
and customary land tenures. This is because thageament of such trees is entrusted
in the hands of households with 100% accessibi(ityaiganjo et al, 2001).
However, the species, quantity and sizes of tredxetharvested in private lands are
controlled by household heads. These restrictioakermaccessibility much difficult
for the immigrants and landless households. Onadther hand, vegetation under
public lands like gazetted forests in Kenya areustéd in the hands of Kenya Forest
Service (KFS), which has been limiting accessipilitith the aim of ensuring
sustainable supply. On the other hand, Minah@l (2015) argues that land tenure
system has no significant effect on woodfuel adbédgg because accessibility to
private plots is not completely exclusive to langners as neighbours can collect
firewood and graze.

The information in articles reviewed has only magbron explaining the

management and controls of woodfuel trees in famddaand government forests.
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However, little is known about how a particular datenure system will affect
distance travelled and time taken to collect woellfand households and cottage
industry’s costs incurred and budgetary allocatoonwoodfuel. This implies that
further research is required to link land tenurstems with the four measures of
woodfuel accessibility.
2.3.3 Technology advancement

Households using biomass energy conversion andaiiidn technologies with
low efficiency between 5% and 10% require more gyneer unit output, leading to
overexploitation of available vegetation (Faaijp@D Efficient cookstoves with more
than 15% efficiency on the other hand reduce woeldemand per household by
around 50%; hence reducing the burden on treesraamdhly budgetary allocations
(Inayatullah, 2011). Vahlne and Ahigren (2014) s that the purpose of
disseminating ICs is to help households cut orr ttegal energy demand energy to
save forests and spend less on cooking energy.iFhrs line with Rosa, Majorin,
Boisson, Barstow, Johnson, Kirleg al (2014), and Jeuland and Pattanayak (2012)
that urban households adopt ICs to reduce themdipg on cooking energy, while
rural households adopt ICs to reduce the numbégipsf, and number of hours spent
on firewood collection.

On the other hand, Nepal, Nepal, and Grimsrud (Ramé Jeulanét al (2012)
found that most of ICs on the market do not meeiskhold cooking requirements,
while some have poor quality to an extent thatrtlefiect on woodfuel demand is
insignificant. In addition, frequent maintenancel aperation of some ICs increases
household’s monthly budgetary allocation on cookimgergy. Raman, Murali,

Sakthivadivel and Vigneswaran (2013) adds that stmdes without adequate
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regulation of primary and secondary air supply e poor combustion that results
to low efficiency due to poor combustion.

In Kenya, schools that use 3 Lories of wood evergntwill only need one lorry
in case they use ICs other than using open firgestdWalubengo, 2002). This
increases woodfuel accessibility as it reduceseoysoitation of resources leading to
sustainable harvesting. It also reduces the calledrips made by institutions and
budgetary allocation, hence increasing their woebfaccessibility (Inayatullah,
2011). However, traditional inefficient stoves areferred because they require little
investment capital, flexible in terms of size ahde, and easy to use (Bailis, 2009).

From the reviewed literature, it is clear thatdes contradict on the effects of
ICs on energy demand, costs and monthly budgetéiogation on woodfuel. As a
result, further research is required to conclugiwthte the effects of ICs on woodfuel
accessibility.

2.3.4 Land cover changes

Land cover changes resulting from increased pdpualadensity, and
subsequent economic activities affect woodfuel ssibdity in many ways. Economic
activities like shifting cultivation, charcoal busiss, and opening up land for road
construction influence changes in land cover. Ducharcoal production, favoured
tree species are cleared first, leading to theofisess favoured species, or increased
distance before finding preferred species (NduwaguuMunishi, loesch, Hagedorn
& Lulu, 2009). In Uganda, rapid expansion of caaerfing led to difficulties in
woodfuel accessibility (ITDG, 1999). This is becausfter clearing vegetation for
farming, local people were forced to travel furthercollect woodfuel, apart from

increasing the cost of woodfuel.
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The Construction of Morogoro-Dar-es Salaam Highway anzania increased
commercialization of charcoal and timber extracti@ttivities, leading to
deforestation along the highway (Nduwamungu al, 2009). In the short-run,
infrastructure construction improved charcoal anelfood accessibility, but leads its
extinction in the long-run.

Clearing trees for charcoal and firewood is madeddferent arrangements
depending on the region in Kenya (Mugbal, 2010). The cleared trees during land
opening up for crop production are used for chdrpoaduction or fuelwood. For
instance, land was cleared in Narok for wheat fagnieading to availability of
charcoal and firewood. The reason was, at the tfndearing, woodfuel was a by-
product and was being obtained at low prices ofré®. In Kitui, land was cleared for
ranching and squatters were allowed to use suctetatgn for charcoal and
fuelwood. The presence of agricultural residuesrdfiarvesting also increases the
accessibility to biomass energy resources as theyide alternative energy product
(Mugoet al, 2010).

Literature review indicated that only one articledar my reach has indicated
the effects of land cover changes on firewood dradaoal accessibility in Kenya. As
a result, further research is required to eithgureye or disapprove the article’s
content.

2.3.5 Pastoralism

Pastoral communities in Somali never cut trees lmedhey serve as livestock
browsers and edible fruits (PFE, IIRR & DF, 201@)case tree cutting is inevitable,
only branches are cut, leaving the tree to recoMais ensures sustainable supply of
woodfuel products throughout the year. Howevertgrafists’ herds in other areas

destroy the environment due to overgrazing, prengrihe development of savannas
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into scrubland for woodfuel (Nduwamunget al, 2009). Moreover, pastoral
communities like the Turkana in Kenya use fire imking their ecosystem much
suitable for their animals’ food. This is mostlyedsin preventing the growth of
woody plants (Moran, 2006).

Review of literature indicates that there is nmalosive evidence in the
available literature about the effects of pastemalion woodfuel accessibility. As a
result, further research is needed to ascertaingastoralism affects the accessibility
to woodfuel.

2.3.6 Policies and regulatory framework

Most policies managing woodfuel acquisition andizdtion in Sub-Saharan
Africa are based on command and control, focusmgestrictions and enforcement;
creating an environment that does not allow suabdén and responsible sector
(Marjorie, 2011). This is because taxation on fedefor woodfuel in most countries
discourages extraction of firewood and productidnclearcoal from nearby trees
(Marjorie, 2011). In Malawi, woodfuel policies thugh taxations discouraged its use
because taxation made the product more expensivredlternative energy products
(Zulu & Richardson, 2009).

In Kenya, there are various sectorial policies idgalith the development of
woodfuel (Minanget al, 2015). Forest Act 2005 has been instrumentaéaking the
improvement of tree and forest resource managetmgrthe community (Mbuthi,
2009). In addition, the energy Act 2006 develop®diael as an indigenous energy
source with the aim of diversifying energy mix aself-sufficiency in the energy
supply. The current Forest (Charcoal) Rules 20@fbasris charcoal production on a

sustainable basis, apart from improving systemshafrcoal markets by increasing
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efficiency and productivity, leading to improvedvdlihood and environmental
conservation (Gathut al, 2012).

However, the chiefs Act Cap 128 of 1970 revised 988 affected woodfuel
accessibility as fuelwood in private lands werenfbeicontrolled by the chief.
Production and transportation of charcoal was etsdrolled by the Chief. Forest Act
2005 and Agriculture Act 2010 encourage Privatenéas to take part in tree planting.
Though such policies exist, charcoal and firewoestill unaffordable as a result of
corruption in the sector (Mutimbet al, 2005). However, Minangt al (2015) stated
that the regulations in the charcoal sector amyanforced effectively, paving room
for corruption. This is because their implementai®always in short-term as a result
of high implementation costs, and lack of politieall.

The articles in this section have mainly lookedttege means through which
government policies enhance sustainable forestfamas$t resource management in
Kenya. However, they have not explained whetheh gqaticies make firewood and

charcoal more accessible or inaccessible.
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CHAPTER THREE
METHODOLOGY
3.1 Introduction
This section explains study site, research desigmpling, data collection and

analysis techniques.

3.2 Site Description
3.2.1 Description of West-Pokot and Trans-Nzoia Caies
3.2.1.1 West-Pokot

West-Pokot County (Figure 3.1) lies between lagtud) 10N and 30 40N
and longitudes 3450E and 3550E. The County occupies an area of 9,169.4, km
receives an annual rainfall of about 400 mm and@,thm in the lowland and
highland areas respectively. Annual temperaturey fmm 10C to 30C (Huho,
2012). Temperature and rainfall vary as a resudtltitude variation ranging from 400
m to 1500 m above the sea level. The low altitudms include Alale, Kacheliba,
Kongelai, Masol and parts of Sigor. These areapamee to soil erosion due to flash
floods (County Government of West-Pokot, 2013).

The state of road network in the region is poothwi51 km Bitumen surfaces,
349 km gravelled surface and 697 km earth surfaceirism sector is not well
developed despite the presence of various toutistcdons including Nasolot Game
reserve, Kapenguria Museum, beautiful and goodeses) and rich culture that
remain untapped (County Government of West-Pokit 3P

West-pokot County has a population of 512,690, withopulation density of
56 persons per kmand poverty level of 69.7%, with age dependendjo raf

100:122. Major resources in the region include hf@d minerals, solar and wind
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energy, and livestock. Nomadic Pastoralism, Comiakbtisiness and mining are the
main economic activities; while agricultural protiiinclude livestock products and

maize (County Government of West-Pokot, 2013).

WEST POKOT
LIVELIHOOD ZONES

(I:I District Boundaries

[ ] Division Boundaries

Livelihood Zone Types

0 Agro Pastoral

Bl Mixed Farming
Pastoral - all specie

i KIWAWA
e KASEL

““““ Kacheliba e
...... - SUt-IOEatiOr TURKANA 8OUTH

3

— R ONYAD
" wyoda
..... =
o~ S00K .

mmmmmmmmmmm

i Lamu
—_ HELIB.

BARING:

KONGELALSY EHER

Makutano iy - MARAKWET
Town 28 o 10 Kiameters

Figure 3.1: West-Pokot County Map
(Source: County Government of West-Pokot, 2013)

The state of education in the county is poor wiily @18 primary and 34
secondary schools. Teacher to student ratio inigpabhools is at 1:27. In the health
sector, Kapenguria District Hospital is the modiahée health facility, while Doctor
to population ratio is about 1:84,528 (County Gowveent of West-Pokot, 2013).

The study was specifically carried out in Kacheldud-location and Makutano
town. Kacheliba sub-location is located in aridioeg of Pokot North District,
Kacheliba division, Kacheliba constituency and Sdacation. The sub-Location has
a human population of 6,196 and population densﬁtyl.38/krﬁ (Kenya Bureau of

statistics, 2010). Pastoralism is the main econamtwity as the soils are infertile,
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receives an average annual rainfall of about 100, mmgh temperatures of about
30°C, and altitudes of less than 400 mm abovedhdeyel.

Makutano town is located in semi-arid regions ofsiM@okot County, Pokot
East district, Kapenguria division and Kapenguranstituency along the Kenyan
Great North Road. The town is the main businessredgn West-Pokot and has a
human population of about 5,480 and density of 3B&7. The town receives an
annual rainfall of about 1,100 mm, and temperatwebsetween 15°C and 30°C.
Trading is the main economic activity in the tow@o(nty Government of West-
Pokot, 2013).
3.2.1.2 Trans-Nzoia County

Trans-Nzoia County (Figure 3.2) lies between lats 0 38N and 1 18N,
and longitudes 3388 E and 35 23E It covers an area of 2,495.5 kmwith
temperatures ranging from 4D to 30C, and annual average rainfall of 1,296.1 mm
(NEMA, 2009). It has 59.2 km, 135 km, and 306.5 Bitumen, Gravel and Earth
surface roads respectively. The county has a pbpaolaf 818,757 people and a
population density of 328 persons per *kmwith poverty level of 50.2%, and
dependency ratio of 100:99 (Commission on Reverilgec#tion, 2012).

Tourist attraction centres include Kitale Museumouvit Elgon and Saiwa
National Parks. Main economic activities in thgioa include large scale maize,
beans and wheat farming. There are 471, and 120apyiand secondary schools
respectively, with 1:52 teacher student ratio irbljguschools. The most notable
health facilities in the region include Kitale CtyrHospital, Mount Elgon Hospital,
and Cherangany Nursing Home. In public hospitalsctal population ratio is
1:26,000, with Malaria and amoebic dysentery befreymost prevalent diseases in

the region (County Government of Trans-Nzoia, 2013)
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The county has well drained, dark red loam to saodyny soils. However,
there are some areas in the northern parts withféotive soils. The fertile soils have

encouraged agricultural practices in the regionNME2009).



Figure 3.2: Trans-Nzoia County map

(Source: County Government of Trans-Nzoia, 2013)
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Kolongolo sub-location and Kitale town were the @fie research sites in
Trans-Nzoia County. Kolongolo sub-Location is lashtin Kwanza district,
Kolongolo location, Kwanza Constituency and Keiyard: The sub-location has a
total population of 10,393, and population densit8.3/knf. Agricultural activities
especially maize farming is the main economic agtiyCounty Government of
Trans-Nzoia, 2013).

Kitale town is made up of Matisi, Tuwani, Bidii apért of Hospital wards.
The town is located at the boundary of three dittyinamely Kwanza, Cherangany,
and Saboti. The town is the largest urban centrdrems-Nzoia and forms the
County’s headquarter. The total population is ad@®)015, and population density of
200.1/knf. Trading/business is the main economic activitpy@ty Government of
Trans-Nzoia, 2013).

Kitale town and Kolongolo sub-location receives amual rainfall of about
1,200 mm, and temperatures of between 10°C and, Z0fcChave well drained loamy

soil that support agricultural activities (Countp¥&@rnment of Trans-Nzoia, 2013).

3.3 Research Design

The study employed a cross-sectional researclymdisat entailed collecting
data from a representative subset at one spedfitt pn time, without manipulating
the study environment. The design best suits thidyshecause it involved comparing
different population groups at a single point mei

The research also employed qualitative and quivet research approaches.
Quantitative research involved collection of nuroafidata on weight of firewood and

charcoal using a spring balance machine, distarmeelted, time taken to collect
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firewood, budgetary allocation, and cost incurrednmodfuel purchase. Qualitative
research approach on the other hand involved tmieof data inform of texts like

factors affecting accessibility levels.

3.4. Sampling and Sample Size

The study employed multistage sampling technigB&atified random
sampling technique was used to categorize the n&@sg@pulation into urban and
rural areas to ensure representation of both amdlurban population. Convenience
sampling technique was used to select Kolongolo lKadheliba sub-locations to
represent Trans-Nzoia and West-Pokot rural aregeeatively. In Urban areas Kitale
and Makutano were selected based on purposeful lsantpchnique, based on the
fact that the two provided needed information ttegtresented urban areas. Kitale is
the largest town, and headquarter of Trans-NzoianGo while in West-Pokot
Makutano is the largest town and has overtaken Kgyréa in terms of population
and business activities (County Government of ViRestet, 2013).

The sample size in the two sub-locations and towas determined based on
Israel (2012) sampling table (Appendix ). Sampiees were selected at £10%
precision and 95% Confidence Level. Out of 2003setwlds in Kolongolo sub-
location, and 935 in Kacheliba (Kenya Bureau oftiStas 2010), 95 and 91
households were selected respectively based oensgtt sampling, where after
selecting a starting point randomly; every othef h@usehold was included in the
sample. Out of 1325 households in Kitale town af8 Gouseholds in Makutano
town, 91 and 88 households were selected respBctie selection was based on
the systematic random sampling just as in ruralsbbald survey. Simple random

sampling was used in selecting 25 Small Scale Brises (SMEs) hotels in each
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county. The SME hotels under consideration wersdahwaving a minimum of 10 and

a maximum of 20 employees, and located in urbasaisare

3.5 Data Collection
3.5.1 Questionnaires

Two sets of questionnaires namely household, an& $btels questionnaires
(Appendices Il and Ill) were developed and adméreti to households and SME
hotels respectively. These were used to gathernrdton concerning the distance
travelled to collect firewood, time taken to cotléicewood, and monthly expenditure
on charcoal and firewood. The questionnaires akhieged information about the
factors associated with household’s woodfuel adoiisg levels.

Two enumerators with K.C.S.E certificate in eacte gKolongolo, Kitale,
Kacheliba and Makutano) were selected with the bélpe area assistant chief. They
were trained on data collection and allocated mtdeassist in data collection.

Questionnaires were selected because they wergvegtacheap, quick and
convenient in dealing with a large geographicahdMatasha, Woodsong, Macqueen,
Guest & Namey, 2005). Questionnaires contained bp#n ended and closed ended
guestions. The open ended questions allowed paatits to express their perceptions,
while closed ended questions ensured easier cagid@nalysis.

3.5.2 Interviews

The researcher carried out face-to-face interviewslO key informants from
Lake Victoria Basin Development Authority and Keridalley Development
Authority, NEMA and KFS officials to supplement amfation obtained through
guestionnaires. Information collected included camnta about distance travelled to

collect woodfuel, time taken to collect woodfuebahe amount spent by individuals
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in these two regions. Other information was th@mments on factors affecting
woodfuel accessibility.

Interview information was very essential in claiify short answers given in
questionnaires. The interviews were open-endedsand-structured (Appendix V)
to allow participants express their concerns djpamt giving satisfactory answers.
3.5.3 Field observation

The researcher carried out direct field observatidn identify cooking
technologies and types of woodfuel used in theysardas. This was carried out in
some randomly selected households and small sctdepeses that the questionnaires
were administered. Field observation data wasctt inform of photographs taken
by the digital camera. However, before taking phptilne field observer obtained

permission from the household owner.

3.6 Dry Weight of Woodfuel

The dry weight of woodfuel consumed by a househp&d month was
determined by subtracting the Moisture Content (Mo€ woodfuel from the wet
weight (equation 1);

Dw = (100% — M.C%) * WW.......cceveeenn... (1)

Where:
Dw = Dry Weight of woodfuel collected
M.C = Moisture Content

Ww= Wet weight of woodfuel
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The M.C of woodfuel was determined based on LaboyaTest in Wood
Science Lab Il at the University of Eldoret. TheQwvas calculated based on wet-
weight basis (equation 2).

Ww-Dw

M.C = (o) K100 s )

Where: initials were as defined in equation 1

3.7 Distance and Time per Kilogram of Firewood
The formula in equation 3 was used to calculastadce/kg of firewood
collected by households.
Distance per kg of firewood collected@¥x H X D) + M ............. 3)
Where
N = number of trips per month
H = number of head-loads per trip
D = distance travelled to collect one head-load (km)
M = Dry weight of firewood collected per month (kg)
On the other hand, equation 4 was used to calcuiate/kg of firewood
collected by households.
Time (hours)/kg of firewood collectedN X H X T) = M .................. 4
Where
N = number of trips per month
H = number of head-loads per trip
T= time taken to collect one head-load of fire@oo

M = Dry weight of firewood collected per month (kg)
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3.8 Unit Cost, Monthly Expenditure, and Budgetary Alocation
The average monthly expenditure, unit cost per laundyetary allocation on

firewood were calculated based equation 5, 6 and 7.

(ol U O & b R (5)

COSH/KG =(@E) + M. (6)

Budgetary allocation & = f........ccceeeeiiiiiiiiiiiiieeeeeeeeeeeeeeeee (7
Where

ac= average monthly expenditure on firewood
N = number of head-loads per month
Hm = number of head-loads based on the Market weigh
c = average cost per market head-load based on theethaalkie
M = Dry weight of firewood collected per month (kg)
i= household’s head monthly income
The average monthly/daily expenditure, cost/kg andgetary allocation on

charcoal were calculated based on equation 8, d@mespectively;

e PR (8)
COSHKG @C) + M. 9
Budgetary allocationar = [ ...............ooiiiiiiiieees (20)

ac = average cost of charcoal incurred by the housgbeidnonth/day
N = number of charcoal sacks consumed per month/day
c = average cost of charcoal per sack based on theeinzakie

i= household’s head monthly income/ SME hotel daitghen cost
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3.9 Accessibility Levels
The accessibility levels of firewood and charcoakdd on distance, time,
monthly/daily expenditure/ cost/kg and budgetatpcation were determined based
on the grading outlined in table 3.1.

Table 3.1: Accessibility Grading

/Accessibility |(Grade |Cost of |Cost of cost/kg of|Cost of  [cost/kg of |km/kg |hrs/kg |Budgetary
level firewood (firewood in ffirewood |charcoal |charcoal allocation
inrural |urban areas|(KShs) |(KShs) (KShs) (%)
areas (KShs)
(KShs)
Very 1 <450 <500 <5 <1000 <7 <0.1 <0.1 <5
accessible
Accessible |2 450-900 | 500-1000 | 5-10 1000-2000 7-14 0.1-0.3 003145-10
Inaccessible [3 900-1350| 1000-1500{ 10-15 2000-30p0 14-21 0.3{0.30.5|10-15
Very 4 >1350 [>1500 >15 >3000 >21 >0.5 P05 P15
inaccessible

Average accessibility levels were determined agatdd in equation 11
Ca = (CuHC +Co+ Gt Co)/Neiiiee e (11)
Where:
Cal = average accessibility level
Cq = accessibility level based on distance (km/kg)
C: = accessibility level based on time (hours/kg)
C. = accessibility level based on monthly/daily exgieure on woodfuel
Cc = accessibility level based on cost/kg of woetifu
Cy, = accessibility level based on budgetary allocatio
n = number of individual measures of accessibiliged in determining
average accessibility level.
After getting the average accessibility value, fin@l accessibility level was

graded as indicated in Table 3.2.
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Table 3.2: Final Accessibility Level Grading

Accessibility level Average accessibility value Aessibility grading
Very accessible 0-15 1

Accessible 15-25 2

Inaccessible 2.5-35 3

Very inaccessible >3.5 4

3.10 Data Analysis
3.10.1 Predictors of average woodfuel accessibilitlgvel
Multiple linear regression was used to model théatienship between

accessibility level (dependant variable), and tlstadce/kg, Time/kg, monthly/daily
expenditure on woodfuel, cost/kg and budgetarycation on woodfuel (independent
variables). This was to determine independent kbagathat significantly predict the
accessibility level. It was hypothesised that:

Ho: B1= B2 =P3s=PBa=Ps =0~ Ca=Po

Ha: Bi# B2 # Ba# Ba# Pst O~ Ca = Po + P2Xat B2Xi + PaXet BaXc + BsXp

Where:

Caj is average accessibility level

Bo -regression constant

B1.B2 B3, Ba, Ps,= regression coefficients of distance/kg, timetkgnthly/daily

expenditure, cost/kg and budgetary allocation ondfiael respectively.

Xd, Xi, Xe, X, @and X%, are distance/kg, time/kg, monthly/daily expendfu

cost/kg and budgetary allocation on woodfuel respely.

Multiple linear regressions were used in testitagistical significance of each
independent variable. This determined whether thadsrdized or unstandardized
coefficients are equal to zero. Variables with pseaabove 0.05 at 95% confidence

level were considered insignificant in predictingosfuel accessibility.
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3.10.2 Average woodfuel accessibility levels
It was hypothesized that:
Ho: Urt = Urw=Uut=Uuw
Hi: Urt# Urw ZUut ZUuw
Where:

Ur: and U;= the mean ranks of woodfuel accessibility levelsural areas and

urban areas of Trans-Nzoia respectively.

Urw and U,, = the mean ranks of woodfuel accessibility levelsural areas

and urban areas of West-Pokot respectively.

Kruskal-Wallis test was used in determining thensgigant differences in
accessibility levels among the rural and urbansamdarrans-Nzoia and West-Pokot.
v* values with P-values above 0.05 at 95% confidéswsl meant that the differences
were insignificant.

In case of significant difference, pair-wise analysvere carried out using
Mann-WhitneyU test to determine the exact locations that expeeesignificant
difference in accessibility levels. The groupingiable was the location (Kolongolo,
Kacheliba, Kitale and Makutano). The test variablese the accessibility levels.
3.10.3 Factors influencing accessibility levels IWest-Pokot and Trans-Nzoia

Chi-square test of association was used to determinether firewood and
charcoal accessibility is associated with familgeshumber of customer, type of
cookstove technology, land tenure system, and govent policies. Chi-square test
of association determines whether variables arermt#mt or independent. We fail to
reject the null hypothesis in case chi-square &aarice is significant at a p value

greater than 0.05.
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CHAPTER FOUR
RESULTS

4.1 Introduction

This section presents quantitative and qualitatilsa collected through

guestionnaires, interviews and observations.

4.2 General Information
4.2.1 The demographic information

Table 4.1 indicate demographic information frora study sites.

Table 4.1: Demographic Information from the Study Aeas

Kacheliba Kolongolo Makutano Kitale

Gender Male 40.66% 40.00% 51.28% 49.45%

Female 59.34% 60.00% 48.72% 50.55%
Economic Crop Farming 25.27% 52.63% 12.82% 19.78%
activities Pastoralism 45.05% 0.00% 0.00% 0.00%

Trade 13.19% 12.63% 25.64% 21.98%

Formerly 9.90% 22.21% 17.95% 18.68%

employed

Employed 6.59% 12.63% 37.18% 37.36%

informally

Others 0.00% 0.00% 6.41% 2.20%
Income Levels| <Kshs 5,000 40.66% 29.47% 29.49% 8.9

Kshs(5,000- 35.16% 26.47% 28.21% 29.67%

10,000)

Kshs(10,000- 14.28% 16.84% 19.23% 17.58%

15,000)

Kshs(15,000- 4.40% 15.79% 8.97% 14.29%

20,000)

Kshs(2(,00¢- 2.20% 7.37% 5.13% 5.49%

25,000)

>Kshs 25,000 3.30% 4.21% 8.97% 10.99%
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Table 42 indicates thaypes of woodfuel and other types, characteristiog

average costs of fuels used by different househplt® study areas.

Table 4.2: Types, Cost and Characteristics of Woodgl Used

Kacheliba Kolongolo Makutano Kitale
Types of Charcoal 1.10% 6.32% 57.69% 68.13%
woodfuel
Firewood 91.21% 71.58% 5.49% 5.13%
Both 4.40% 15.79% 8.97% 14.29%
Mode of Self-collection 91.21% 49.47% 5.13% 5.49%
firewood
Collection
Purchase 2.20% 6.32% 75.64% 80.22%
Both 6.50% 44.21% 19.23% 14.21%
Mode Purchase 100% 100% 100% 100%
charcoal Self-Collection 0% 0% 0% 0%
collection
Other types o| Agricultural 3.30% 90.53% 33.33% 61.54Y
fuels used. residues
Saw Dust 0.00% 23.16% 17.95% 9.89%
Paraffin 0.00% 13.16% 69.23% 68.13%
Gas 0.00% 3.16% 7.69% 9.89%
Cow dung 0.00% 1.05% 0.00% 0.00%
Solar 0.00% 2.11% 0.00% 0.00%
None 96.70% 4.21% 12.82% 5.49%
M.C (wet | Firewood 13.57% 18.44% 13.72% 14.65%
basis)
charcoal 5.03% 4.78% 3.94% 3.96%
Average mass Firewood based 6 (kg) 8 (kg) 8.5 (kg) 10 (kg)
(kg) on market size
Charcoal 50 (kg) 50 (kg) 50 (kg) 50 (kg)
Prices (KShs) Firewood 30 50 50 70
based on|
market sizes
Prices (KShs)| Charcoal (350-600) (650-1100) (500-1000) 600-120
based on|
market sizes
SME hotels’| <5000 4% 8%
Average 5000-10000 20% 32%
kitchen  cost|"10000-15000 48% 44%
(KShs) >15000 28% 16%

0)
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4.3 Firewood Accessibility Level
4.3.1. Distance pekilogram of firewood collected
From Figure 4.1, firewood collectors in Kitacoverthe longesidistance of
0.39 km per g of firewood collected. Firewood collectors incheliba on the othe

hand cover thehortest distance of 0. km per kg of firewood collectec

0.45
0.4 -
0.35 -
0.3 -
0.25
0.2 -
0.15 -
0.1-
0.05
0 . . . .
Kachelibé  Kolongolo  Makutano Kitale

[ —
e
e

Distance (km)/kg of firewood

Area

Figure 4.1: Distance/lg of Firewood Collected in Tran-Nzoia and Wes-Pokot
Interviewees and field observation indicated th#ensive farming led t
clearance of nearby vegetation for agriculturalppges in Trar-Nzoia. Some
households in rural areas had establishe-farm trees, where they undertake prur
and pollarding dung the planting season and store the trimmingsfifewood as
indicated in plate 1. However, this was not enotglsustain the family for a ye
because only trimmings were used as the rest dfd¢leewas left foother economice
purposes. Householdsithout onfarm trees claimed that the available land -

inadequate to accommodate trees and food crops #sult, the main sources
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firewood were along wetlands or rivers, while otherere traveling to West-Pokot
around Karenger and Kanyarkwat to obtain firewaodnf natural vegetation.

In Kitale, the town is surrounded by large trackgovate and government
agricultural lands like Kitale prison farm, leavingo vegetation for firewood
collection near the town. This makes people covagér distances to Kitalale in
KARI farm, and Kipsongo to collect firewood as caangd to distances travelled in
rural areas. Though KFS allowed people to colleetMood from Kitale forest, people

prefer getting firewood for free at far distancenfrthe town.

Plate 1: Firewood from Agroforestry Systems in Kolagolo
(Source: Author 2016)
In West-Pokot, Interview and observation resultidated that people in rural

areas travel less than 7 km to collect a head ¢ddatewood weighing about 15 kg.
However, longer distances were attributed to pesfee of quality firewood in terms
of species (acacia) and size. In this regard, thamgall twigs as indicated in plate 2
were available, people preferred walking longertagises in search of sizable
firewood as indicated in plate 3. From personaleolstion, firewood collection in
Kacheliba was being accompanied by other activitles herding especially during

dry season. This was because at this time, younmgmue with large herds of cattle
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in search of pasture, leaving women and childrénrigewith only a few cattle. As a
result, while herding, women and children colleWood to a distance that they will
herd.

Makutano town was surrounded by natural vegetagspecially along
Makutano-Kishaunet road. This reduced the distareeelled to collect firewood.
However, just like in rural areas of West-Pokoerth were individuals that prefer
walking long distances to Kishaunet or Kong'elaidbtain dried up, and sizable

firewood; increasing the distance travelled foedipod collection.

Plate 2: Less Preferred Firewood in Kacheliba

(Source: Author 2016)
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Plate 3: Preferred Firewood Quality in Kacheliba
(Source: Author 2016)
4.3.2 Time per kilogram of firewood
Figure 4.2 indicate that while firewood collectansMakutano recorded the
highest number of hours of 0.38 per kg of firewandlected, firewood collectors in

Kacheliba recorded the lowest number of hours (h@drs) per kg of firewood

collected.
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Figure 4.2: Time/kg of Firewood in Trans-Nzoia and/Vest-Pokot
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Interviewees and personal observation indicatatftrewood collectors in the
rural areas of Trans-Nzoia spent about 3 to 8 hqens day fetching firewood
regardless of their quality in terms of speciesjstooe content and size because the
resource is scarce. In addition, most of the tinas wasted on the road walking or
riding to firewood collection site in rural are&towever, due to very long distances,
individuals in urban areas (Kitale) were using moyoles and bicycles which
eventually reduce the total time spent on the road.

In West-Pokot, time (hrs/kg) of firewood collectéd Kacheliba was low
because quality firewood was readily available @sgared to Kolongolo, Kitale and
Makutano. This was because most households in Kheahare pastoralists, and
always engage in vegetation preservation for lodstfeeds. As a result, though
people in rural and urban areas of West-Pokot mexdegetting quality firewood; it
was readily available in the rural areas than baarareas. As a result, more time was
wasted traveling a considerable distance to and thee collection site in urban areas.
However, those travelling shorter distances in mrageas were finding it difficult to
obtain a head load of firewood, and spent more t@mnée collection site fetching
quality firewood as compared to Kacheliba.

4.3.3 Household monthly expenditure on firewood

Figure 4.5 indicate that among the four study sréf@e average household’s

monthly expenditure on firewood was comparativelyhhin Kitale (KShs 1577.5),

and Low in Kacheliba (KShs 898.5).
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Figure 4.3: Households’ Monthly Expenditure on Firavood

Interviewees indicated that total monthly expenditon firewood in Trans-
Nzoia was comparatively lower in rural than in Urbareas. This was because
firewood in rural areas was readily available imiaf trimmings from on-farm trees
as compared to urban areas. In Kitale, higher nipmrtkpenditure was attributed to
higher prices of firewood (KShs 70) per bundle wéwood weighing 10 kg on
average as compared to Kolongolo (KShs 50) per leunidfirewood weighing 8 kg.
In addition, the distance to firewood collectioteswas shorter in rural areas than
urban areas. Observation added that people in aneds were using improved
firewood cookstove (chepkube) in plate 4 than ibawr areas. This implied that
people in rural areas use less firewood than urhesas, translating to lower
expenditure. However, the results contradicted somerviewees’ results that,
average family sizes in rural areas were largen tithan areas. This implied that the

total amount of firewood consumed in rural housdbabas higher than urban areas.
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This could have translated to higher monthly exjtengl on firewood in rural than

urban areas.

Plate 4: Improved Firewood Cookstove
(Source: Author 2016)

In West-Pokot, the trend was attributed to the labdity of firewood in rural
areas than urban areas. This implied that therdistéo firewood collection sites in
Kacheliba is shorter than the distance in Makutamm. This resulted to differences
in the prices of firewood as it was cheap in ranaa (KShs 30 per 6 kg bundle) as
compared to urban areas (KShs 50 per 8.5 kg bundi@yever, the household's
monthly expenditure on firewood in Kacheliba was mery low because many
households use open fire cookstove and have léagdty sizes that consume more

firewood, translating to higher costs.

4.3.4 Cost per kilogram of firewood collected
Figure 4.4 indicate that the cost per kg of firedaollected was relatively

low in Kacheliba (KShs 5.79), and high in KitaleSKs 8.2).
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Figure 4.4: Cost/kg of Firewood in Trans-Nzoia andVest-Pokot

This trend was attributed to higher cost of firedao Kitale, and Lower cost
of firewood in Kacheliba. This was as a result ohder distances to firewood
collection sites in Kitale than Kacheliba. Intewees added that the cost of firewood
was higher in the rural and urban areas of Trar@aNthan West-Pokot because
firewood was readily available in West-Pokot thaans-Nzoia.
4.3.5 Household’s budgetary allocation on firewood

From Figure 4.5, monthly budgetary allocation omewviood based on
household’s head monthly income was high in Katlkel(32%), and low in

Makutano (15.9%).
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Figure 4.5: Household’'s Monthly Budgetary Allocation on Firewood

In Trans-Nzoia, interviewees reported that budged¢iocation on firewood in
urban areas was higher than rural areas becalse obst of firewood in rural areas.
However, the results contradicted some interviewulte that expected higher
budgetary allocation in rural areas than urbansabsause of low income levels in
rural areas.

In West-Pokot, budgetary allocation was high irahareas (Kacheliba) than
urban areas because of lower levels of income rial mreas as compared to urban
areas. As indicated in Table 4.2, 40.7% of respotzdi@ Kacheliba earn <Kshs 5,000
per month, as compared to 29.5% in Makutano.

4.3.6 Firewood accessibility levels in Trans-Nzoiand West-Pokot

Table 4.3 indicate the average firewood accestilgivels in the rural and
urban areas of Trans-Nzoia and West-Pokot Coubtised on distance/kg, time/kg,
monthly household expenditure, cost/kg and monthlygigetary allocation. The

grading was based on the information in Table 8d. Bable 3.2.
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Table 4.3: Firewood Accessibility Grading in TransNzoia and West-Pokot

Study site |Accessibility levels based on the individual variales |Average |Accessibility [Accessibility|
Distance/kg [Time/kg [Monthly Cost /kg |Budget [accessibility|Grade Level
expenditure allocation [value
Kacheliba 2 2 2 2 4 2.4 2 Accessible|
Kolongolo (3 3 3 2 4 3 3 Inaccessible
Makutano 3 3 3 2 4 3 3 Inaccessible
Kitale 3 2 3 2 4 2.8 3 Inaccessible

Table 4.3 indicates that firewood is accessibléacheliba (Grade 2), and
inaccessible in Kolongolo, Makutano, and Kitaled@s 3).

Kruskal-Wallis test indicated that the mean raonksirewood accessibility
levels between Kacheliba, Kolongolo, Makutano andalK were statistically
significant k2(3,95)=36.625, N =249, P = <0.001). Therefore, reject thié hypothesis
that firewood accessibility levels in the rural antban areas of Trans-Nzoia and
West-Pokot Counties are not significantly different

Table 4.4 indicates Pair-wise analysis resultsdaseMann-WhitneyJ test.
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Table 4.4: Pair-Wise Analysis of Firewood Accessiliy Levels

Area Kolongolo Makutano Kitale

Kacheliba [Manr-Whitney U; osi= Manr-Whitney Uy g5 Manr-Whitney U ¢s57=762.500,
6633.0(, N=181, p=<.0C1 {875.(0C, N=127, p=<.0C1 N=123, p=<.001

Kolongolo Manr-Whitney ; g5 Manr-Whitney U, 957=1205.500,

1378.50, N=126, p=.189  |N=122, p=.164

Makutano Manr-Whitney U, ¢57564.500,
N=68, p=885

From Table 4.4, firewood was more accessible inh€tba than Kolongolo,

Makutano, and Kitale. This was because the aveaagessibility levels of firewood
for Kacheliba sub-location from Table 4.3 are digantly lower than the average
accessibility levels of firewood in Kolongolo, Makmo and Kitale. The lower
accessibility grade in Kacheliba was attributedskmrter distances/kg of firewood
collected, shorter time (hours)/kg of firewood ectied and low monthly expenditure
on firewood as compared to other areas.
4.3.7 Predictors of firewood accessibility levels
4.3.7.1 Predictors of firewood accessibility leveis Kacheliba

The model summary information indicated that thgression model fits the
available data well. The multiple correlation cazént (R) = 0.804, showed that the
model is good in predicting firewood accessibiliigvel (dependant variable).
Coefficient of determination @R = 0.647, indicated that the independent variables
explain about 64.7% of dependant variable varighilThe regression ANOVA
indicated that firewood accessibility level in Katba can be predicted by
distance/kg, time/kg, monthly expenditure, costégd budgetary allocation fgs) =
31.141, P = <0.001]. Table 4.5 indicates that cosgkan insignificant predictor of

firewood accessibility levels in Kacheliba.
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Table 4.5: Coefficients Table for Firewood Predictos in Kacheliba

Unstandardized Coefficier |Standardized Coefficier

Model B Std. Error Beta t Sig.

1 |(Constant) 8.791 13.827 .636 527
Distance/kg of firewood .960 174 476 5.511 .<001
Time/kg of firewood .566 .184 .262 3.083 .003
Monthly expenditure .000 .000 2563 3.850 .<001
Cost/kg of firewood -1.197 2.387 -.033 -.501 .617
Budgetary allocation .005 .001 341 5.171 .<001

Therefore, Table 4.6 indicates the constants aafficents after listwise
elimination of cost/kg of firewood from the variabist. The resultant R and R
values are .804 and .646 respectively, whiled=39.204, P=<.001.

Table 4.6: Significant Predictors of Firewood Accesbility Levels in Kacheliba

Unstandardized Coefficient Standardized Coefficien
Model B Std. Error Beta T Sig.
2 |(Constant) 1.860 .068 27.1871 .<001
Distance/kg of firewood 976§ 471 484  5.71§ .<001
Time (hrs)/kg of firewood .561 .183 2569 3.074 .003
monthly Expenditure .000 .00Q 254 3.87§ .<001
Budgetary allocation .005 .001] .340 5.174 .<001
a. Dependent Variable: average accessibility lendirewood

Based on the regression constant and coefficiantsble 4.6, equation 9 can
predict household’s firewood accessibility leveKiacheliba.
Caika = 1.860 + 0.976X+ 0.561X% + 0.000X% + 0.005% ......eevvvvvvvnennnnnn. (9)
Where:

Caka = firewood accessibility level in kacheliba

Xa, Xi, Xe, @and X%, = distance/kg, time/kg, monthly expenditure, anddetary

allocation on firewood in Kacheliba respectively.
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4.3.7.2 Predictors of firewood accessibility levels Kolongolo

The regression model statistics indicated R valu@.856 indicating that the
model provides a good level of prediction, and=F0.733 indicated that the
independent variables explain about 73.3% of vditipin dependant variable.

The regression F-ratio indicate that the predigéoiables significantly predict
the firewood accessibility levels in Kolongolodbsy= 57.603, P = <0.001]. However,
distance/kg of firewood collected, and cost/kgicgwWood are insignificant predictors
of firewood accessibility in Kolongolo (Table 4.7).

Table 4.7: Coefficients Table for Firewood Predictos in Kolongolo

Unstandardized Coefficienty Standardized Coefficients
Model B Std. Error Beta t Sig.
1 |(Constant) 1.644 .071 23.097 .<001
Distance/kg of firewood 460 .261 240 1.766 .081
Time/kg of firewood .866 .285 411 3.037 .003
Monthly cost of Firewood .000 .000 .362 5.89§ .<001
Budgetary allocation .004 .001 257 4.223 .<001
a. Dependent Variable: average accessibility lendirewood

Therefore, Table 4.8 indicates the constants aatficents after listwise
elimination of distance/Kg and cost/kg of firewdodm the variable list. The
resultant R and Rvalues are .850 and .723 respectively, whijed=73.921,
P=<.001

Table 4.8: Significant Predictors of Firewood Accesbility Levels in Kolongolo

Unstandardized Coefficient{ Standardized Coefficien

Model B Std. Error Beta t Sig.

2 |(Constant) 1.643 .072 22.784 .<001]
Time/kg of firewooc 1.32] 124 .62€| 10.65: .<001
Monthly expenditur .00C .00C .37C)  5.96: .<001
Budgetary allocation .004 .001 239 3.934 .<001
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From Table 4.8, the general form of equation talmtehousehold’s firewood
accessibility level can be written as indicate@guation 10.

Cako = 1.646 + 1.321%+ 0.000% + 0.004X%.............. (10)
Where:

Caiko = firewood accessibility level in kolongolo

Xi, Xe, @and X, = time/kg, monthly expenditure, and budgetarpadtion on
firewood in Kolongolo respectively.
4.3.7.3 Predictors of firewood accessibility leveis Makutano

From the regression model summary information, .B68, and R= .446. R
value implied that the developed model of firewaadessibility level in Makutano
was of high quality. Rvalue indicated that the independent variablesagéxgd about
44.6% of variability in dependant variable.

The regression F-ratio indicate that the distargze/ime/kg, monthly
expenditure, cost/kg and budgetary allocation aest Ipredictors of firewood
accessibility levels in Makutano {frs) =22.899, P = <0.001]. However, time/kg and
monthly expenditure are insignificant predictors ffewood accessibility in
Kolongolo (Table 4.9).

Table 4.9: Coefficients Table for Firewood Predictos in Makutano

Unstandardized Coefficient Standardized Coefficien
Model B Std. Error Beta t Sig.
1 |(Constant) 1.684 .147 11.461 .<001
Distance/kg Kg of firewood 1.244 .355 .400 3.508 .003
Time/kg of firewood .468 .284 196 1.650 .121
Monthly cost of Firewood 9.914E-§ .000 150 .942 .362
Budgetary allocation .010 .004 466 2.613 .020
a. Dependent Variable: average accessibility lendirewood
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Table 4.10 indicates the constants and coefficieftés listwise elimination of
time/kg and monthly expenditure from the varialige The resultant R and®Ralues
are .916 and .839 respectively, whileds=41.837, P=<.001

Table 4.10: Significant Predictors of Firewood Accssibility Levels in Makutano

Unstandardized Coefficient{ Standardized Coefficien
Model B Std. Error Beta t Sig.
2 |(Constant) 1.834 107 17.13¢ <001
Distance/kg of firewood 1.373 .341 4411 4.024 <001
Budgetary allocation .014 .002 643 5.864 .<001

a. Dependent Variable: average accessibility lendirewood

From Table 4.10, the general form of equation &mt household’s firewood

accessibility level in Makutano can be writtenrdicated in equation 11.
Cama = 1.843 + 1.373%+ 0.014% ....oovviviiriieieeenn, (11)
Where:

Cama = firewood accessibility level in Makutano
X4, and X%, = distance/kg, and budgetary allocation on firedvan Makutano
respectively.
4.3.7.4 Predictors of firewood accessibility leveis Kitale

Regression model statistics indicated R-value 28, and R -value of .530. R
value indicated that firewood accessibility leveddrl in Kitale was of good quality.
R? value indicated that the independent variablesainxgd about 53.0% of variability
in dependant variable.

Regression ANOVA indicate that distance/kg, time/fikgpnthly expenditure,
cost/kg, and budgetary allocation are good prediatbfirewood accessibility level in

Kitale [F490573.671, P = 0.033]. However, distance/kg, cost/kgntnly expenditure
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and budgetary allocation are not significant prexig of firewood accessibility level
in Kitale (Table 4.11).

Table 4.11: Coefficients Table for Firewood Predicirs in Kitale

Unstandardized Coefficier | Standardized Coefficier

Model B Std. Erro Bete t Sig.

1 |(Constant) 2.236 .252 8.866 .000
Distance/kg of firewood -1.291 .808 -.608 -1.598 134
Time/kg of firewood 2.829 1.177 913 2.404 .032
Monthly expenditure .000 .000 .178 .869 .400
Budgetary allocation .004 .002 428 2.098 .056

a. Dependent Variable: average accessibility lendirewood

Table 4.12 indicates that eliminating distancefiast/kg, monthly
expenditure and budgetary allocation listwise fitbwn list of variables, time/kg of
firewood also becomes an insignificant predictofirgfivood accessibility in Kitale.
The resultant R and’Ralues are .441 and .195 respectively, whiled=3.868,
P=.067.

Table 4.12: Time/kg as a Predictor of Firewood Acasibility Levels in Kitale

Unstandardized Coefficien{ Standardized Coefficien
Model B Std. Erro Bete t Sig.
2 |(Constant) 2.487 207 12.004  .00Q
Time/kg of firewood 1.368 .695 441 1.967 .067

a. Dependent Variable: average accessibility lendirewood

Time/kg of firewood is an insignificant predictdrforewood accessibility in

Kitale because is significantly correlated withtdisce/kg of firewood (Table 4.13).



Table 4.13: Correlation Analysis in Kitale
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Time/kg Monthly expenditure ost/ke Budgetary allocatiol
Distance/kg Pearson Correlatic .866" 142 2 .098
Sig. (=-tailed] <.0C1 57¢ . .69¢
N 18 18 18 18
Time/kg Pearson Correlatic 1 127 2 .07¢
Sig. (-tailed) .61F . .76t
N 18 18 18 18
Monthly  |PearsorCorrelatior 127 1 2 221
expenditur€ gig (2-tailed) 615 . 224
N 18 33 32 32
Cost/kg Pearson Correlatit 2 2 2 2
Sig. (2-tailed) . . .
N 18 32 32 32
f*. Correlation is significant at the 0.01 level-tailed).
A. Cannot be computed becausleast one of the variables is constant.

4.4. Charcoal Accessibility Levels in Tran-Nzoia and WestPokot Counties

4.4.1 Household monthly expenditure on charco

Figure 4.6 indicate that charcoal expenditure m fibur study areasere in

the order of Kitale > Kolongolo > Makutano > Kacleli

Monthly Expenditure (KShs)

[ E———

Kachelibs

Kolongolo

Area

Makutano

Kitale

Figure 4.6: Household’'s Monthly Expenditure on Chacoal
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Interviewees stated that charcoal was more expengivurban areas as
compared to rural areas of Trans-Nzoia. This wasalee charcoal distributed in
urban areas is either transported from the ruesdsaof Trans-Nzoia, or imported from
other Counties including West-Pokot, Marakwet andk@ina Counties. However,
interviewees added that the prices in different Setwld differed based on the
quantity of charcoal purchased by the householés Was because households that
purchase charcoal in tins costing between KShsa(8560) both in rural and urban
areas of Trans-Nzoia incurred higher costs as cozdpt those buying charcoal in
sacks.

Interview results indicated that monthly expenditon charcoal in rural and
urban areas is almost the same. This was becamsghttthe cost of charcoal in rural
areas was cheap, the consumption of charcoal wgsds a result of low efficient
charcoal stoves, and large family sizes as comparedban areas. In addition, most
charcoal in rural areas is purchased in termaefdosting between KShs (25 and 45),
which were more expensive as compared to purchasirsgicks as in most urban
households.

4.4.2 Cost per kilogram of charcoal
Figure 4.7 indicate that cost (KShs)/kg of chakeass in the order of Kitale >

kolongolo > Makutano > Kacheliba.
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Figure 4.7: Cost per kg of Charcoal among Househotd

In Trans-Nzoia, Table 4.2 indicates that the pofceharcoal was between
KShs (650 and 1100) and KShs (600 and 1200) pé&risdtolongolo and Kitale
respectively. In West-Pokot, charcoal was betwéghs (350 and 600) and KShs
(500 and 1000) per sack in Kacheliba and Makutaspectively. Interviewees
attributed higher cost of charcoal in the urbamsm@ Trans-Nzoia to longer
distances that charcoal is transported.

4.4.3 Household’s budgetary allocation on charcoal

Figure 4.7 indicate that based on household’'s imeawthly income, monthly

budgetary allocation on charcoal was in the ordd€acheliba < Kolongolo < Kitale

< Makutano.
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Figure 4.8: Household’'s Budgetary Allocation on Checoal

Interviewess stated that budgetarry allocation lbar@oal is low in the rural
areas of Trans-Nzoia and West-Pokot than urbarsaiiéas is because charcoal was
considered as fuel for the rich, implying that orish individuals with high income
levels use charcoal in rural areas. This was eeel@nn Table 4.2 that 1.1%, 6.3%,
57.7%, and 68.1% of households in Kacheliba, Kgtdm, Makutano and Kitale
respectively use only charcoal. This contradictetérviewee results that though
charcoal is cheap in rural areas, budgetary allmtaay be the same because of low
income levels in rural areas. In addition, inefitieharcoal cookstove technologies in
rural areas leads to higher consumption of chareaaing monthly expenditure on
charcoal and eventually raising budgetary allocatio

However, budgetary allocation on charcoal was I{&fh7%) in Makutano as
compared to Kitale (21.9%) because of differenaesncome levels. Table 4.2

indicate that the highest percentage of househedti$ (29.5%) in Makutano were
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earning < KShs 5,000, as compared to 29.7% of holddteads that were earning
between KShs 5,000 and KShs 10,000 per month adeKit
4.4.4 Household's charcoal accessibility levels

Table 4.14 indicate the average charcoal accesgilevels in the rural and
urban areas of Trans-Nzoia and West-Pokot Coub#iesd on monthly household
expenditure, cost/kg, and monthly budgetary aliocafThe grading was based on the
information in Table 3.1 and Table 3.2.

Table 4.14: Charcoal Accessibility Grading in TransNzoia and West-Pokot

Study site |Accessibility levels based on the individual Average Accessibility Accessibility
variables accessibility |Grade Level
Monthly Cost/kg | Budgetary value
expenditure allocation
Kacheliba| 2 2 3 2.3 2 Accessible
Kolongolo| 2 3 4 3 3 Inaccessible
Makutano| 2 3 4 3 3 Inaccessible
Kitale 3 3 4 3.3 3 Inaccessible

Table 4.14 indicates that charcoal was accessilf@cheliba (Grade 2), and
inaccessible in Kolongolo, Makutano, and Kitaled@e 3).

Kruskal-Wallis test indicated that the mean rawokscharcoal accessibility
levels between Kacheliba, Kolongolo, Makutano andalK were statistically
significant 5(2(3,95)213.023, N =190, P = 0.004). We therefore reject thd n
hypothesis that charcoal accessibility levels ia tbhral and urban areas of Trans-
Nzoia and West-Pokot are significantly different.

The results of pair-wise analysis to identify thea@ locations that exhibit
significant differences in accessibility levels édson Mann-WhitneyJ test are as

indicated in Table 4.15.
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Table 4.15: Pair-Wise Analysis of Charcoal Accesdiiiy Levels

Area Kolongolo Makutano Kitale
Kacheliba |[Mann-Whitney U, g5y  [Mann-Whitney U, o, Mann-Whitney U ¢57119.000 N=93,
=34.500, N=31, p=.017|=1120.500, N=80, p=.009  (p=.002
Kolongolo Mann-Whitney Mann-Whitney U, ¢57929.500,
Uwes=723.000, N=97, p=.14|N=110, p=.404
Makutano Mann-Whitney U, ¢5=2856.000,
N=159, p=.210

From Table 4.15, charcoal is more accessible inhKllga than Kolongolo,
Makutano, and Kitale. This was because the avesiagessibility grades as indicated
in Table 4.14 are significantly lower in Kachelit/&an in Kolongolo, Makutano and
Kitale. This was attributed to low monthly expendé, cost/kg of charcoal and low
budgetary allocation in Kacheliba.

4.4.5 Predictors of charcoal accessibility levels
4.4.5.1 Predictors of charcoal accessibility levels Kacheliba

The regression model statistics indicated a welkfjression model based on
the available data, with R= 0.954 antR®.911. The resultant R showed that
charcoal accessibility can adequately be predioyeitie model, while Rindicated
that about 91.1% of variations in the dependartiée can be explained by
independent variables.

Regression F-ratio indicated that charcoal acciisgilevel in Kacheliba can
significantly be predicted by monthly expenditwest/kg, and Budgetary allocation
as [Rsos= 10.217, P = 0.044]. However, cost/kg of charcoa am insignificant

predictor of charcoal accessibility level in Kaghal(Table 4.16).
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Table 4.16: Coefficients Table for Charcoal Prediairs in Kacheliba

Unstandardized Coefficientg Standardized Coefficien
Model B Std. Error Beta t Sig.
1 (Constant) 2.957 .804 3.67 .035
Monthly expenditure .001 .000 .628 3.513 .039
Cost/kg of charcoal -.171 .064 -523 -2.671 .076
Budgetary allocation .021 .006 .728 3.808 .032

Table 4.17 indicates the constants and coefficiait¢s listwise elimination of
cost/kg from the variable list. The resultant R &dalues are .836 and .699
respectively, while fz9574.641, P=.041

Table 4.17: Significant Predictors of Charcoal Accssibility Levels in Makutano

UnstandardizeCoefficients| Standardized Coefficier
Model B Std. Erro Bete t Sig.
2 |(Constant) .953 462 2.065 .108
Monthly expenditure .001 .020 734 2.648 .007
Budgetary allocation .015 .008 517 1.867 .013

a. Dependent Variable: average accessibility lemeCharcoal

From Table 4.17, charcoal accessibility in Kacreelian be predicted by
equation 12.
Calka =0.953 + 0.01X+ 0.015X% ...evvvvvvvviniiiiieeeeeennnn (12)
Where:
Caxa = charcoal accessibility level in Kacheliba
Xe, @and %, = monthly expenditure and budgetary allocatiorcloarcoal in Kacheliba
respectively.
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4.4.5.2 Predictors of charcoal accessibility leveis Kolongolo

The regression model summary indicates that theesegpn model fits the
data well. R = 0.888 indicating that the model jileg a good level of prediction, and
R? = 0.788 indicating that the independent variakbgsiain about 78.8% of
variability in the dependant variable.

Regression F-ratio indicate that the predictoralaés significantly predict the
charcoal accessibility levels in Kolongolodbs= 24.773, P = <.001]. However,
cost/kg of charcoal was an insignificant prediadbrcharcoal accessibility level in
Kacheliba (Table 4.18).

Table 4.18: Coefficients Table for Charcoal Prediairs in Kolongolo

Unstandardized Coefficients | Standardized Coefficien
Model B Std. Error Beta t Sig.
1 |(Constant) 1.134 .603 1.884 .079
Monthly expenditure .000 .000 .632 4594 .000
Cost per kg of charcc .031 .03t 111 871 .394
Budgetary allocation .019 .008 300 2.552 .019
a. Dependent Variable: average accessibility lemeCharcoal

Table 4.19 indicates the constants and coefficiait¢s listwise elimination of
cost/kg from the variable list. The resultant R &dalues are .883 and .780
respectively, while ,95=37.207, P=<.001

Table 4.19: Significant Predictors of Firewood Accssibility Levels in Makutano

Unstandardized Coefficient{ Standardized Coefficients
Model B Std. Error Beta t Sig.
2 |(Constant) 1.637 172 9.503 <.001
Monthly expenditur .00C .00C .69t 5.95¢ <.001
Budgetary allocation .020 .008 .306 2.629 .01

a. Dependent Variable: average accessibility lemeCharcoal
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From Table 19, household charcoal accessibility Kinlongolo can be
predicted by equation 13.

Caiko = 1.637+ 0.00X+ .020% e eevvvvvnnneeieeiiiinineieeeenennenne (13)
Where:

Caiko = charcoal accessibility level in kolongolo

Xe, and X%, = monthly expenditure and budgetary allocationcbarcoal in

Kolongolo respectively.
4.4.5.3 Predictors of charcoal accessibility levels Makutano

Regression statistics in the model summary inditttat R = .862, andR
=.732. R indicates that the developed model of firedvaccessibility level in
Makutano was good.%Ralue indicates that the independent variable&é@xpbout
74.3% of variability in dependant variable.

Regression F-ratio indicated that monthly expemejtaost/kg, and Budgetary
allocation can significantly predict charcoal astietity level in Makutano [ es=
66.585, P = <0.001]. As a result, based on the reigresonstant and coefficients in
Table 4.20, the prediction equation for charcoateasibility can be written as
indicated in equation 14.

Table 4.20: Coefficients Table for Charcoal Prediairs in Makutano

Unstandardized Coefficier |Standardized Coefficier

Model B Std. Error Beta t Sig.

1 (Constant .87¢ 213 4.10¢| <.001
Monthly expenditure .002 .000 .621 9.321 <.001
Cost/lg of charcos .061 .01z 315 4.587| <.001
Budgetary allocation .010 .002 .396 6.324 <.001
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Caima = .874 + .002X+ 0.061% + 0.010% .....vvvvvveveeeeeeeinineneenee. (14)
Where:

Cama= charcoal accessibility level in Makutano

Xe, Xc and >, = monthly expenditure, cost/kg and budgetarycalfion on

charcoal in Makutano respectively.
4.4.5.4 Predictors of charcoal accessibility leveis Kitale

From the regression model summary, R = .791, & B26. The R value
Indicated that the model fits the available datdl,vemd 62.6% of variations in the
dependant variable are explained by independerghlas.

The regression F-ratio indicated that the modeh witlependent variables is
significantly different from the model without inglendent variables [fys7=45.214, P
= <.001]. With coefficients from Table 4.20, equatidhcan predict charcoal
accessibility in Kitale.

Table 4.21: Coefficients Table for Charcoal Prediairs in Kitale

Unstandardized Coefficienty Standardized Coefficien
Model B Std. Error Beta t Sig.
1 (Constant) 1.266 .248 5.097 <.001]
Monthly expenditure .001 .000 487 6.932 <.001
Cost/kg .0446 .012 .255 3.714 <.001
Budgetary allocation .012 .002 448 6.429 <.001
Caki = 1.266 + 0.001X+ 0.046% + 0.012X% ......cvvvvvveveenneennnn.. (15)
Where:

Caki = charcoal accessibility level in Kitale
Xe, Xe, @and X, = monthly expenditure, cost/kg and budgetarycallion on

charcoal in Kitale respectively.
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4.5 Charcoal Accessibility Levels among Small Scalenterprise Hotels
4.5.1 Daily expenditure and cost/kg of charcoal anmy SME hotels
Figure 4.9 indicate that SME hotels in Makutanaumiow daily expenditure

on charcoal than SME hotels in Kitale.
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Figure 4.9: Daily Expenditure by SME Hotels on Chacoal

Interviewees indicated that daily expenditure omrcbal is high in Trans-
Nzoia (Kitale) because the cost of charcoal was lig compared to West-Pokot
(Makutano). In addition, the human population ofaé was higher than Makutano,
implying that the expected number of customersiial& was higher as compared to
Makutano. This meant that SME hotels in Kitale bumpre charcoal per day,
translating to higher daily expenditure as compai@®ESME hotels in Makutano.

Interview results indicated that SME hotels in Wiesekot and Trans-Nzoia obtain
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their charcoal from vendors that ussually give aists, meaning they both buy at
lower prices of between KShs (400 and 800) as cosdp® the market price.

4.5.2 Daily budgetary allocation
Figure 4.10 indicate that the cost/kg of char@oalirred by SME hotels, and
the daily budgetary allocation on charcoal by SMEels in Makutano were lower

than Kitale.
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Figure 4.10: Budgetary allocation among SME Hotels
On budgetary allocation, the trend was explained thg higher daily
expenditure on charcoal by SME hotels in Kitaled daigh cost/kg of charcoal in
Kitale as compared to Makutano.
4.5.3 SME hotels’ charcoal accessibility levels ifrans-Nzoia and West-Pokot
Table 4.22 indicate the average charcoal accesgilevels in the rural and
urban areas of Trans-Nzoia and West-Pokot Coub#issd on daily SME hotels’
expenditure, cost/kg, and daily budgetary allocatithe grading was based on the

information in Table 3.1 and Table 3.2.
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Table 4.22: Charcoal Accessibility Grading among SM hotels

Study site | Accessibility levels based on the indidiial variables|Average  |Accessibility |Accessibility
Daily expenditure|Cost/kg |Budgetary allocation |accessibility|Grade Level
value
Makutano | 2 3 4 3 3 Inaccessibl¢
Kitale 2 3 4 3 3 Inaccessible

Table 4.22 indicates that charcoal was inaccessaifnleng the SME hotels in
Makutano, and Kitale (Grade 3).

Mann-Whitney U test indicate that the mean ranksharcoal accessibility
levels between SME hotels in Makutano and Kitale sratistically insignificant
[Mann-Whitney U =278.000, N =50, P = 0.431). We dfiere fail to reject the null
hypothesis that charcoal accessibility levels am&ME hotels in Makutano and
Kitale are not significantly different. This is @ltuted to equal accessibility grades as
indicated in Table 4.15 based on daily expenditamed budgetary allocation on
charcoal by SME hotels in the two areas.

4.5.4 Predictors of charcoal accessibility levelsvaong SME Hotels
4.5.4.1 Predictors of charcoal accessibility amorfgME hotels in Makutano

Model Summary among SMESs’ in Makutano indicate & fiteregression
model based on the available data with R =0.862R&rw0.742. R showed that the
model was of high quality in predicting charcoategsibility among SME hotels in
Makutano while Rindicated that the independent variables expladua74.2% of
variability in dependant variable.

Regression F-ratio indicate that the differencewben the model with
independent variables and the model without indéeehvariables was statistically
significant [Rz95=19.202, P = <.001]. However cost/kg of charcoahignaignificant

predictor of charcoal accessibility among SME hotelMakutano (Table 4.23).
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Table 4.23: Charcoal Predictor Coefficients among 8E Hotels in Makutano

Unstandardized Coefficier | Standardized Coefficier

Model B Std. Error Beta t Sig.

1 |(Constant) 2.167 766 2.831 .010
Daily expenditure .001 .000 763 5.817 <.001
Cost/kg of Charcoal -.021 .050 -.051 -.415 .682
Budgetary allocatio .019 .014 .190 1.368 .187

a. Dependent Variable: Average level of Accesdibili

Table 4.24 indicates the constants and coefficieftés listwise elimination of
cost/kg from the variable list. The resultant R &id/alues are .860 and .740
respectively, while ,95=29.895, P=<.001. However, budgetary allocation tsano
significant predictor of charcoal accessibilitydéyamong SME hotels in Makutano,
West-Pokot County.

Table 4.24: Charcoal Predictors among SME Hotels iMakutano

Unstandardized Coefficienty Standardized Coefficients
Model B Std. Error Beta t Sig.
2 |(Constant) 1.86( .193 9.624 <.001
Daily expenditur .001 .00cC 762 5.93( <.001
Budgetary allocation .017 .013 171 1.331 .198

a. Dependent Variable: Average level of Accesdibili

Table 4.25 indicates that daily expenditure igjaiicant predictor of

charcoal accessibility among SME hotels in Makutarte resultant R and’Ralues
are .874 and .718 respectively, whilg 5=56.056, P=<.001.

Table 25: Significant Predictors of Charcoal Accesskility in Makutano (SMES)

Unstandardized Coefficient{ Standardized Coefficientg
Model B Std. Error Beta t Sig.
3  |(Constant) 2.008 161 12.50§ <.001
Daily expenditure .001] .000 .847 7.487 <.001

a. Dependent Variable: Average level of Accesdibili
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Based on the constant and coefficients in Tabl®,4e2uation 16 predicts
charcoal accessibility levels among SME hotels.

Caki =2.008+ 0.001X......ccvvveieeeeniniine e, (16)
Where:

Caki = charcoal accessibility level among SME hotelMakutano

Xe =daily expenditure on charcoal.
4.5.4.2 Predictors of charcoal accessibility amorfgME hotels in Kitale

The model summary information indicated that thgreesion model fits the
data well. R of 0.871 indicated that the model es a good level of prediction, and
R? of 0.758 indicate that the independent variabigsaén about 75.8% of variability
of dependant variable.

The regression F-ratio indicated that the diffeeerietween model with
independent variables and the model without inddpenvariables was statistically
significant [Rs05~=21.980, P = <.001]. However, cost/kg of charcoal i a
insignificant predictor of charcoal accessibilisn@ng SME hotels in Kitale (Table
26).

Table 4.26: Charcoal Predictors’ Coefficients amon@ME Hotels in Kitale

Unstandardized Coeﬁicient{ Standardized Coefficients
Model B Std. Error Beta t Sig.
1 |(Constant) 1.244 248 | 5014 <001
Daily expenditure .001 .000 618 5239  <.001
budgetary allocation | .040 012 392 3.324 .003

a. Dependent Variable: Average level of Accesdibili ‘ ‘

Table 27 indicates variables that are significaatlctors of charcoal
accessibility among SME hotels in Kitale. The remul R and Rvalues are .870 and

.756 respectively, whileEes=34.127, P=<.001.
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Table 4.27: Charcoal Predictors’ Coefficients amon@ME Hotels in Kitale

Unstandardized Coefficier | Standardized Coefficier

Model B Std. Error Beta t Sig.

1 |(Constant) 1.244 .248 5.014 <.001
Daily expenditure .001 .000 .618 5.239 <.001
Budgetary allocatior| .040Q .012 .392 3.324 .003

a. Dependent Variable: Average level of Accesdibili

From Table 4.27, equation 17 predicts charcoal ssiiity levels among

SME hotels in Kitale.

Cai =1.244 + 0.001X+ 0.040% ...cvvvvvviiveiiiiiniiee e (17)

Where:

Caki = charcoal accessibility level among SME hotelKitale

Xe and X% =daily expenditure, and budgetary allocation on roba

respectively.

4.6 Woodfuel Accessibility Levels
Table 4.28 indicate the average woodfuel acceggil@hels in the rural and

urban areas of Trans-Nzoia and West-Pokot Couriites grading was based on the

information in Tables 3.2.

Table 4.28: Woodfuel Accessibility Grading in TransNzoia and West-Pokot

Area Firewood Charcoal Charcoal| Average Accessibility | Accessibility
(Households)| (Households)| (SMEs) | Accessibility | grading Level
Value
Kacheliba | 2.4 23 - 2.35 2 Accessible
Kolongolo | 3 3 - 3.00 3 Inaccessible
Makutano | 3 3 3 3.00 3 Inaccessible
Kitale 2.8 3.3 3 3.03 3 Inaccessible

From Table 4.28, woodfuel is accessible in Kaclaelbut inaccessible in

Kolongolo, Makutano and Kitale.
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Kruskal-Wallis test indicated that the mean ranksvoodfuel accessibility
levels between Kacheliba, Kolongolo, Makutano andal& were statistically
significant Q2(3,95)246.526, N =405, P = <0.001). We therefore rejdwt tull
hypothesis that woodfuel accessibility levels ie tlural and urban areas of Trans-
Nzoia and West-Pokot are not significantly differen

The results of pair-wise analysis to identify thea@ locations that exhibit
significant differences in accessibility levels édson Mann-WhitneyJ test are as
indicated in Table 4.29.

Table 4.29: Pair-Wise Analysis for Woodfuel AccesBility Levels

Area Kolongolo Makutano Kitale
Kacheliba |Mann-Whitney Y, 9572425, Mann-Whitney U, 95=2812.000,|Mann-Whitney
N= 186,p=<.001 N=194, p=<.001 U1.95=2827.500=207, p=<.001
Kolongolo Mann-Whitney U ¢574853.500,| Mann-Whitney U ¢575062.500,
N=198, p=921 N=211, p=.288
Mann-Whitney U, os1=
Makutano 35479.500, N=219, p=.234

From Table 4.29, woodfuel is more accessible inh&diba than Kolongolo,
Makutano, and Kitale. This is because the averagessibility levels of woodfuel for
Kacheliba sub-location from Table 4.28 are sigaifity lower than the average

accessibility levels of woodfuel in Kolongolo, Makno and Kitale.

4.6 Factors Affecting Woodfuel Accessibility
4.6.1 Factors affecting firewood and charcoal accgiility in Kolongolo
Table 4.30 indicate information about responsecer@ages on different

factors affecting firewood and charcoal accessybili Kolongolo.
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Table 4.30: Factors Affecting Firewood and Charcoafccessibility in Kolongolo

Factor Response (%)
Firewood Charcoal
Land Tenure Customary 0.0 0.0
Freehold 85.6 60.7
Leasehold 14.4 39.3
Public 0.0 0.0
Government Policies Yes 17.8 92.9
No 82.2 7.1
Cookstove Technology Open-Fire 53.3 0.0
Improved firewood 46.7 0.0
Ordinary metallic 0.0 39.1
Improved metallic 0.0 4.3
Improved with inner lining 0.0 56.5
Number of people (1-3) members 23.3 35.7
eating the meal (4-6)members 53.3 42.9
7-9)members 17.8 14.3
>9members 5.6

4.6.1.1 Firewood

Chi-square test of association indicated signifieessociation between monthly
expenditure on firewood with family sizg?(= 64.272, N= 90, P = <.001), and land
tenure systemyf = 16.113 N= 90, P = 0.002) (Appendix V). Signifitassociation
was also evidenced between monthly budgetary dltocand land tenure systenf (
= 8.533, N= 90, P = .034). This was because an iser@afamily size increases
monthly expenditure on firewood in rural areas loseaof large quantities of
firewood required to cook large quantities of foodHowever, the analysis
contradicted interview results that distance tiaeehnd time taken is influenced by
family size in terms of providing enough labour fiolewood collection.

Land tenure influenced monthly expenditure and ketaly allocation because

individuals with privately owned land have adoptedfarm tree, and more income
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generating avenues due to various investmentseim farms; hence spent less on
firewood and had higher income levels.

On the other hand, government regulation and cowkstechnology had no
significant association with any measure of fired@ecessibility. This was attributed
to the fact that government policies were rarelgezienced in rural areas because of
small scale collection and transportation of firedo As a result, government
regulations like Agricultural Act 2010 were yet tee felt in realizing firewood
accessibility.

Insignificant association between cookstove and amgasure of firewood
accessibility was against interviewees’ opinioret tis adopted to reduce household
expenditure on firewood, reduce distance and toreotlect firewood.
4.6.1.2 Charcoal

Chi-square test of association indicate a signiticassociation between
monthly expenditure on charcoal and family sigé ¥ 13.350, N= 24, P = .029)
(Appendix VI).This was because the larger the famslize, the higher the
consumption rate of charcoal; translating to highenthly expenditure.

Land tenure had no significant association becaws® of the respondent
produces his/her charcoal as 100% of charcoal uset#solongolo purchase the
product. Interviewees indicated that most regufetimcluding Energy Act 2006 and
Charcoal Rules 2009 were not affecting charcoaloatsumption, but at production
and supply level.

Insignificant association between charcoal accéggiband cookstove
technology was due to poor workmanships in manufagi and usage. For instance,
observation indicated that users were inexperieneél issues like closing the

primary air inlet, and when to add charcoal.



71
4.6.2 Factors affecting firewood and charcoal acceibility in Kitale
Table 4.31 indicate information about response grdeges on different
factors affecting firewood and charcoal accessybiti Kitale.

Table 4.31: Factors Affecting Firewood and CharcoaRAccessibility in Kitale

Factor Response (%)
Firewooc Charcoe
Land Tenure Customar 0.C 0
Freehol 35.t 33.7
Leasehold 64.5 61.6
Public 0.0 4.7
Government Policies Yes 35.2 67.0
No 64.8 23.0
Cookstove Open-Fire 60.0 0.0
Technology Improved firewool 20.C 0.C
Ordinary metalli 20.C 20.¢
Improved metalli 0.C 0.C
Improved with inner lining 0.0 79.1
Family Size (1-3) members 22.6 47.7
(4-6)members 67.7 47.7
>6members 9.7 4.7

4.6.2.1Firewood

Chi-square test of association showed that landuréen government
regulations, cookstove technology and family siad ho significant association with
distance, time, monthly costs and budgetary allooabn firewood in Kitale. This
was because people were buying firewood at sinmlaces; implying similar
budgetary allocation depending on their monthlyome, and walk similar distance as
there were no firewood plantations in private farfiewever, those with few trees on

their farms harvest inadequate firewood to sugtarfamily for a long time.
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There were also no policies governing transpomatd firewood in small
scale, which most households do. This implied thartest Act 2005 that aimed at
increasing the usability of forest products to kheal community is insignificantly
contributing to firewood accessibility.

In addition, the effects of family size were indigrant to firewood
accessibility. This was because households witHlenfamilies use firewood when
cooking hard to cook foods like a mixture of beansl maize, while larger families
always use firewood regardless of type of food ¢peimoked. In addition, the quantity
of firewood consumed depends on the number of neaiked per day, rather than
family size. This was because some families coalepwhile others more than thrice.
Larger family sizes were also complimenting selfexiion and purchase, resulting in
lower expenditure on firewood than smaller famitiest depend on the purchase.
4.6.2.2 Charcoal

Household's charcoal accessibility based on the thipnexpenditure on
charcoal was significantly related to the familyesi® = 44.752, N=86, p= <.001),
and Land tenurexf = 17.578, N=86= 0.007). This was because of highergy
demand among larger families. The association bmiwand tenure and monthly
expenditure can be attributed to family sizes. Muis because individuals either in
private lands in towns were rich and had largerilfasize inform of house helps,
relatives and children.

Insignificant association of cookstove technologghwcharcoal accessibility
was as a result of poor workmanship and inadecgkdils. As a result, though 79.1%
of respondents were using ICs, their monthly exparel was almost equal to those
having ordinary stoves. Government rules and reiguisa were also not affecting

charcoal accessibility at a household level, byratiuction and supply level.
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Table 4.32 indicated information about responsecgrgnges on different

factors affecting firewood and charcoal accessybili Kacheliba.

Table 4.32: Factors Affecting Firewood and CharcoaRlccessibility in Kacheliba

Factor Response (%)
Firewooc Charcoe
Land Tenure Customar 79.1 16.7
Freehol 17.€ 50.C
Leasehold 3.3 33.3
Public 0.0 0.0
Government Policies Yes 71.4 71.4
No 28.6 28.6
Cookstove Technology| Open-Fire 73.6 0.0
Improved firewool 26.4 0.C
Ordinary metalli 0.C 33.8
Improvedmetallic 0.C 16.7
Improved with inner lining 0.0 50.0
Family Size (1-3) members 5.5 16.7
(4-6)members 46.2 66.7
7-9)members 36.3 16.7
>9member 12.1

4.6.3.1 Firewood

Chi-square test of association indicated signifiassociated between monthly

expenditure on firewood and family siz¢ € 17.717, N= 91, P = 0.037) and land

tenure systemyf = 41.017, N= 91, P = 0.001). On the other hand,s&bald’s

monthly budgetary allocation was related to cookstiechnology;¢ = 9.406, N= 91,

P = 0.023).These results concurred with interviesa@t an increase in family size

increases energy demand.
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Firewood collection in rural areas of West-Pokotsweot restricted by land
tenure as people can collect firewood beyond clemsl. This ensured that the cost of
firewood was low as compared to areas with privatels where individuals were
restricted from collecting in other people’s lanoidess authorized.

In Kacheliba, people use ICs not because they w@arsave money, reduce
distance or time for firewood collection. Instedldey aim at reducing the cooking
time so that they can engage in other income géngractivities. This was because
the cookstoves adopted in Kacheliba indicated atep¥ can keep food warm for
long; hence reducing the time needed to warm foarhse needed.

Analysis contradicted interviewees’ results thatgés families collect and
exhaust firewood from their farms faster, forcilgm to move far and spent more
time collecting enough firewood. In addition, gawaent regulations had no
significant association with household’s accessybito firewood because the
management of vegetation in most rural areas wakeruclan elders, but not

governments.

Plate 5: Improved Firewood Cookstove

(Source: Author 2016)
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4.6.3.2 Charcoal

Chi-square test of association indicated that k@mdire, cookstove technology,
government rules and regulations and family siz i@ significant association with
monthly household expenditure and budgetary allocabn charcoal in Kacheliba.
This was because land tenure was not an issuechéiitoal because almost everyone
using charcoal buys from vendors. However, commlama ownership in general led
to lower cost of charcoal because due to lower obgproduction resulting from
availability of trees in communal lands.

Most of the cookstoves were poorly used becauseahbwas still cheap and
available. In addition, family size may not afféioe cost and budgetary allocation on
firewood because larger families were rarely usingrcoal due to higher costs.

4.6.4 Factors affecting firewood and charcoal accsibility in Makutano
Table 4.33 indicate information about responseqregages on different

factors affecting firewood and charcoal accessybili Makutano.
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Table 4.33: Factors Affecting Firewood and Charcoalccessibility in Makutano

Factor Response (%)
Firewooc Charcosg
Land Tenure Customar 0.C 0.C
Freehol 37.1 28.4
Leasehold 62.9 71.6
Public 0.0 0.0
Government Policies Yes 20.5 83.3
No 79.5 16.7
Cookstove Technology| Open-Fire 60.0 0.0
Improved firewool 76.5 0.C
Ordinary metalli 20.€ 18.7
Improved metalli 2.¢ 0.C
Improved with inner lining 0.0 81.3
Family Size (2-3) members 22.9 54.1
(4-6)members 71.4 41.8
>6members 5.7 4.1

4.6.4.1 Firewood

Chi-square test of association showed insignificassociation between
household firewood accessibility and land tenuamkstove technology, government
rules and regulations and family size. This wasabee regardless of land ownership
system, individuals buy firewood at similar pricemplying similar budgetary
allocation depending on their monthly income, aradkvwsimilar distance and time to
collect firewood. Insignificant association betwedinewood accessibility and
cookstove technology was attributed to poor workshgmand experienced usage.
4.6.4.2 Charcoal

Chi-square test of association indicated that mgrgkpenditure on charcoal
was significantly associated with family sizé £35.584, N =73, P= <.001). This was
because an increase in family size increases emEgynd. However, this increase

was non-linear because households with more thaerfbers opt to buy charcoal in
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sacks, implying lower cost as compared to thosaniguin tins, leading to lower
expenditure per month.

There were no significant association between l@milire and household’s
charcoal accessibility level. This was because 1@d%harcoal users were buying
charcoal. Insignificant association between chdrcoaokstove and charcoal
accessibility level was due to poor standards,iaadequate technological knowhow
among users to enable them gain advantages of wegbr@pokstoves.

Government policies and regulations were also etdted to household’s
charcoal accessibility levels, despite Table 4r&Bciating that 83.3% of respondents
were at least restricted from charcoal productioamsportation or utilization. This
was because charcoal regulations like CharcoalsR2089 and water quality Act only
controls charcoal production, an activity not ereghly many charcoal users as 100%
of charcoal users buy charcoal. In addition, moven@ermits and certificate of
origin among other movement requirements are oppli@d on large transportation
of charcoal, implying that it restricts charcoappliers not consumers at household
levels. However, Energy Act 2006 encourages adomifdCs at household level on a
voluntary basis.

4.6.5 Factors affecting charcoal accessibility amgnSMESs in Trans-Nzoia

Table 4.34 indicate information about response geeges on different

factors affecting firewood and charcoal acces$jbdimong the SME hotels in Trans-

Nzoia and West-Pokot.
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Table 4.34: Factors Affecting Charcoal Accessibilit among SMEs

Factor Response (%
Trans-Nzoie Wes-pokot
Cookstowv Ordinary metalli 40 84
Improved stove 60 16
Number of customers <60 56.0 32.0
61-120 32.0 40.0
>120 12.0 28.0

Chi-square test of association indicated a sigaifi@ssociation between daily
expenditure on charcoal and budgetary allocatioth wumber of customers and
cookstove technologies among the SME hotels in sFidapia and West-Pokot as
summarized in Table 4.35.

Table 4.35: Chi-square analysis on Factors Affectoncharcoal accessibility

Pearson Chi-Squareg N |df| Exact Sig. (2-sided
Cost and cookstove technology in ~ 1.21¢ 25 3 .00C
Cost and number of customers in T.N 17.151 25 3 .000
Budget and number of customers in 2.23¢ 25 2 .00z
Budget and cookstove technology in T. 4,954 25 2 .000
Cost and cookstove technology in W.P 3.256 24| 3 002
Cost and number of customers in \ 5.15% 24 3 .00C
Budget and number of customers in W. 2.438| 24 2 .002
Budget and cookstove technology in W 2.054| 24 2 .000

T.N = Trans-Nzoia
W.P = West-Pokot

Significant association between the number of auets with daily
expenditure and budgetary allocation was becauwstatger the number of customers
mean larger quantities and that increases energyani@ Higher energy demand

meant large higher daily expenditure.
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However, whether the number of customers increasgediary allocation of
charcoal based on total kitchen costs remainedeancIThis was because on one
hand, some respondents argued that an increasestoneer number implies higher
total kitchen expenditure per day as a result ofdased quantity and variety of food
and charcoal to be purchased, implying that the mit increase in charcoal
expenditure is proportional to the increase inlthilghen expenditure. On the other
hand, it was argued that cooking a variety of fom@sins some take long to cook than
others, and some of those foods are just cookezmiall quantities, implying that
when carefully evaluated, the rate of increasehir@oal expenditure is higher than
the rate of increase in total kitchen costs. Therlaugment means the higher the
number of customers’ increases budgetary allocatiorcharcoal, while the former
argument means an increase in the number of customas no effect on budgetary
allocation on charcoal.

A significant association between cookstove teabgiels with daily
expenditure and budgetary allocation on charcoaglied that SME hotels that were
using ICs were likely to be very accessible toWived. Interviewees interpreted that
SME hotels using ICs use less charcoal because stoebks are standardized and
meet the required standards. In addition, users kaowledge on using them as they

know when to open and close primary air entrance.
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CHAPTER FIVE
DISCUSSION
5.1 Introduction
This section interprets the research findings atates them with the findings

of other studies in woodfuel as reviewed in litarat

5.2 Woodfuel Accessibility Levels
5.2.1 Firewood accessibility levels

Firewood was accessible in Kacheliba, and inacokessin Kolongolo,
Makutano, and Kitale. This was due to relativelw Idistance/kg, time (hours)/kg,
monthly expenditure (KShs), and Cost (KShs)/kg asnmared to Kolongolo,
Makutano, and Kitale. However, household’s monthuggetary allocation was high.

Shorter distances and time per kg of firewood ct#ld in Kacheliba were
attributed to availability of firewood from natureégetation. This was because most
natural vegetations were preserved for livestodd$ePFE et al. (2010) noted that
pastoralism discourage cutting down of trees bexthesy serve as livestock browsers
and edible fruits, and in case cutting is inevigaldnly branches are cut, leaving the
tree to recover. However, Nduwamungual. (2009) and Moran (2006) stated that
pastoralism involves destruction of natural vedetest through overgrazing and
burning.

However, the distances and time were not very dbexause people preferred
walking considerable distances, and spending tetehing quality firewood in terms
of size, moisture content and species. Since gua@wood is not readily available
in Makutano as compared to Kacheliba, people in Wehko walk longer distances,

spent more time travelling and fetching qualityeWood. This concurred with
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Bembridgeet al (1990), Arayal (2002), Horsdt al (2009), and Egeret al (2015)
that women and children walk longer distance amshdpmore time fetching firewood
because of overdependence on the dwindling natwggétation and in search of
quality firewood.

In Trans-Nzoia, people walk considerable distarares spend more time on
the road, and at firewood collection site due tewiood scarcity. This was as a result
of intensive agricultural activities that have tedhe clearance of natural vegetations
that are preferred for firewood. Hosier (1985), Wdmunguet al (2009), ITDG
(1999), and Muget al (2010) also noted that clearance of formerly v&igel lands
for agricultural, infrastructure, and settlementgmses lengthen firewood collection
distance and time.

Though some farmers in the rural areas have adaptddrm tree planting,
inadequate land to accommodate trees and food dmapshindered many from
adopting the practice. These concurred with Githietmal (2012), Kamfor (2002),
O’keefe (1989) and Egeret al (2015) that some households obtain firewood from
on-farm trees in form of trimmings. In additionagequate supply of firewood from
on-farm trees due to food crop plantation prefeeeconcurred with Ngeticlet al.
(2009).

In Kitale, there were no firewood collection vedetas except beautification
trees that are not meant for firewood. This wae afsted by Kamfor (2002), Ngetich
et al (2009) and Malmberg (1994) that urban areas éxpes inadequate tree cover
for firewood, leading to a prolonged distance aalfection time. However, time/kg
of firewood collected was an insignificant prediotd firewood accessibility in Kitale
due to large variations resulting from differentang of transport involved. This was

in line with Ngetichet al (2009) and Sikiet al (2009) that an increase in distance
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causes a change in the transportation means akepesapbicycles and motorcycles to
reduce the total time taken for firewood collectidie findings that time is not the
best predictor of firewood accessibility concurreith Van't Veld et al (2006) that
individuals change their collection strategy ineca$ an increase in time required for
firewood collection.

Monthly expenditure on firewood and cost/kg of Wed was low in
Kacheliba because firewood was readily availableweler, larger family sizes
increases energy demand leading to higher housshwldnthly expenditure. High
cost/kg and monthly expenditure on firewood in Kmjolo, Makutano and Kitale
were as a result of high firewood prices due to sharcity of the product. The
differences in firewood prices in the four studgas concurred with Mwampamba
(2007) that the cost of firewood differ from loeats depending on the proximity to
the source. In addition, higher monthly expenditasea result of larger family sizes
especially in rural areas was also noted by Vaklnal (2014), Inayatullah (2011),
and Ogwuchet al (2013).

Budgetary allocation on firewood based on housésdidad income was high
in Kacheliba as compared to Kolongolo, Makutano Kitdle. This was explained by
low levels of income in Kacheliba as compared teeotareas. Low income levels in
Kacheliba are as a result of low education leveldequate technical skills along with
limited job opportunities (County Government of WEskot, 2013). High Budgetary
allocation on firewood in Kacheliba disagreed wikltberg (2003) that budgetary
allocation on firewood was low in rural than urbareas due to lower cost of
firewood. However, attribution of higher budgetafiocations on low-income levels
was supported by Horgt al (2009), Nyembe (2011), and Kareketial. (2009).

Variations in budgetary allocation on firewood ine®¥#-Pokot and Trans-Nzoia
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counties are in line with Mwampamba (2007), Muéial (2010), and Ajao (2011)
that budgetary allocation on firewood varies betwaed among urban and rural.
5.2.2 Charcoal accessibility levels

Charcoal was accessible in Kacheliba, and inaddessn Kolongolo,
Makutano, and Kitale. This was because of low mignéxpenditure on charcoal,
Cost (KShs)/kg on charcoal consumed, and monthiygétary allocation among
households as compared to Kolongolo, Makutano Kaiadke.

Monthly expenditure on charcoal and cost/kg of cbar in Kacheliba and
Makutano were low than in Kitale and Kolongolo hesa of low charcoal prices.
This was in line with Mumo (2011) that charcoalces in high potential areas are
high than in ASALS due to availability of firewoad ASALs. In addition, it agreed
with Mwampamba (2007) that the costs of charcog} f@m one region to the other.

Monthly expenditure on charcoal and cost/kg of cbal were high in Trans-
Nzoia especially in urban areas because most ofcti@coal consumed were
imported from neighbouring counties like Pokot, Kama and Marakwet. This
implied that the prices of charcoal in Trans-Nzeiare high because of longer
distances that vendors travel. This concurred Wirekeziet al (2008) that costs of
charcoal were high in areas where vendors travedo distances before getting the
product.

Budgetary allocation was low in rural than urbaeaar because only high
income earning households were using charcoal. ddrigradicted Horset al (2009)
that budgetary allocation should be higher in rar@las as compared to urban areas
due to low income levels in rural areas. In Kitahégh budgetary allocation on
charcoal was due to high charcoal prices, in Malutaudgetary allocation were due

to low income levels. The variations in budgetdigaation in different regions was
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also noted and explained by Muteiaal (2010) levels of income vary from region to
region, leading to variations in household energgdets. In Makutano, the results
concurred with Kamfor (2002), Karekezi al (2008), and Nyembe (2011) in Kenya
and Ajao (2011) in Nigeria that many householdsnsparger proportions of their
income in charcoal because they have lower incogneld. In Kitale, budgetary
allocation on firewood was high due to high chafrquéces. This was in agreement
with Karekezi et al (2008) that the higher the charcoal prices thghdn the
proportions of budgetary allocation.

Among the SME hotels, daily expenditure, cost/kgcbfrcoal, and daily
budgetary allocation on charcoal was high in Kitélen Makutano. This was due to
high cost of charcoal and larger number of expeaastomers in Kitale. These
concurred with Ogwuchet al (2013), Inayatullah (2011), and Mug® al (2010)
that larger number of people expected to eat thal nmereases energy demand,

translating to higher household expenditure onaer

5.3 Factors Affecting Woodfuel Accessibility
5.3.1 Family size/number of customers
Family size had no influence on the distance/kg @ma/kg of firewood

collected in the rural and urban areas of Transi&Naad West-Pokot, but influenced
household monthly expenditure on firewood in Kaidseland Kolongolo. This was
because an increase in family size increases holgsehergy demand, translating to
higher expenditures on firewood per month. Howetleis was contradicted by the
results in urban areas of Trans-Nzoia that housshohonthly expenditure was not
influenced by family size. This was because thentjtyeof firewood used depends on

the number of times the family cook, the type abdccooked, and ability of lager
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families to supplement self-collection and purcha@rewood due to availability of
labour to fetch firewood.

On the other hand, family size/number of custonticsates the household
and SME hotel's expenditure on charcoal KolongbMakutano and Kitale. This was
because the increase in family size/number of custs increases energy demand,
resulting in higher consumption per day as a resuibhcreased quantity and variety
of food cooked. This was not in line with the resuh Kacheliba where monthly
expenditure on charcoal was not related to fam#g.sThis was attributed to the fact
that larger family sizes rarely use charcoal begausias expensive as compared to
firewood.

The results that monthly and daily expenditure sewfood and charcoal
increases with an increase in family size/numbercugtomers were in line with
Ogwucheet al (2013), Inayatullah (2011), and Mugbal (2010). On the other hand,
the results in the urban areas of Trans-Nzoiadhancrease in family size increases
the availability of labour to collect firewood cameed with Bembridget al (1990).

Family size in rural and urban areas of Trans-Nzwid West-Pokot had no
influence on the budgetary allocation on firewood &harcoal. This was because
though the family size may be large, the averageséloold’s income may be higher
resulting to low budgetary allocation and vice @erShe results are in disagreement
with Nyembe (2011) that family size influences hetusld budgetary allocation on
firewood because family sizes increase daily exjperedon firewood. On the other
hand, the number of customers influenced SME Hhotalsigetary allocation on
charcoal in Trans-Nzoia and West-Pokot. This wasbse an increase in the number
of customers increases daily expenditure on chireeaulting to an increase in

budgetary allocation on charcoal, and the reverseie.
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5.3.2 Land tenure

Land tenure in the study areas was not influentiegdistance and time per
kg of firewood collected. However, it was influengi household’s expenditure on
firewood in the rural areas of Trans-Nzoia and \ARsot. In the rural areas of
Trans-Nzoia, freehold land tenure system was emgig adoption of agroforestry
systems due to tree rights as explained by Man@@il4), enabling families to
supplement on-farm collected firewood and purchaSexvood; hence reducing
monthly expenditure on firewood. This also concdrréth Mutimbaet al (2005)
that the type of investment made on a particulecgiof land was dictated by the land
tenure system.

In Kacheliba, communal land tenure system was atigwpeople to collect
firewood beyond clan land boundaries, resultingpimer expenditure on firewood per
month because people can collect firewood for firedividuals under freehold tenure
were not allowed to collect firewood in other pedgplland for free in case they don’t
have enough in their lands; hence increasing mpmkpenditure on firewood. This
concurred with Aabeyiet al. (2011) that land tenure systems dictates the pehsin
will access the resource in a particular piece aofdl The results in Kacheliba
concurred with Minangt al (2015) that land tenure has no effect becausghheurs
enter each other’s plots to obtain natural res@urce

Land tenure influences household’s monthly expeneli on charcoal in
Kitale, but not in Kolongolo, Kacheliba and MakutarMonthly expenditure on
charcoal was influenced by land tenure system ital&i because individuals
practicing freehold tenure system were believebeaich and live with relatives and

house helps. This concurred with Mugbal (2010) and Inayatullah (2011) that an
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increase in monthly expenditure on charcoal is asgesult of increased energy
demand.

On budgetary allocation, land tenure system imiteel household’s budgetary
allocation on firewood in the rural areas of Tr&dmaia only. This was because in
Kolongolo, individuals with freehold land tenuresssms diversify their sources of
income because of land rights as explained by Wiggat al (2001); hence
increasing their income base and lowering budgetbogation.

5.3.3 Cookstove technology

The adopted cookstove technology was not influendistance, time, and
household’s expenditure on firewood and charcoath@ rural and urban areas of
Trans-Nzoia and West-Pokot. This was in disagre¢émdth Vahilneet al. (2014),
Rosaet al (2014), and Jeulanet al. (2012) that ICs are disseminated and adopted
with the aim of reducing energy demand; hence mmyttdown household’s
expenditure on firewood and charcoal. In this rdgtre results concurred with Nepal
et al (2010), that most ICs on the market are consttuetithout putting in place
appropriate measures to reduce households’ enezgyand. In addition, there is
inadequate knowledge on their users, like whenpenahe primary air entrance and
the quantity of charcoal and firewood required yo@t time (Ramaret al, 2013).

The results indicated that cookstove technologieeng the SME hotels were
influencing daily expenditure on charcoal. This g that SME hotels that were
using ICs spent less on charcoal per day as comhgareheir counterparts. This
concurred with Walubengo (2002) that adopting €l ltottage industries to reduce

expenditure on the cooking energy.
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5.3.4 Government policies and regulations

Existing government policies and regulations weo¢ influencing firewood
and charcoal accessibility at a household levelis Mias because charcoal and
firewood transportation permits are only issuedcase of transportation of larger
guantities of firewood and charcoal, but not snedale transportation as many
households engage. This contradicted Marjorie (R0add Zuluet al (2009) that
most regulations and policies encourage taxation fioewood and charcoal
production, making the product more expensive. tiditeon, the policies like
Charcoal Rules 2009, Agricultural Act 2010, anddsbrAct 2005 as explained by
Mbuthi (2009), and Gathwet al (2012) that are instrumental in ensuring sustdea
accessibility of firewood through sustainable hatigy, are yet to be felt in rural and
urban areas of Trans-Nzoia and West-Pokot. Howether,results concurred with
Minang et al (2015) that most policies are not applied effexdyi because they are

not enforced for a long time after their enactment.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS
6.1 Conclusions
6.1.1 Woodfuel accessibility

In West-Pokot County, woodfuel is accessible iralrareas, and inaccessible
in urban areas. In Trans-Nzoia County, woodfueinaccessible both in rural and
urban areas.

6.1.2 Factors affecting firewood and charcoal accsibility among households

Distance and time per kg of firewood collectedhia rural and urban areas of
Trans-Nzoia and West-pokot are neither influencgdamnd tenure system, family
size, cookstove technologies, nor government msiand regulations.

Family size and land tenure systems influences é¢fmid expenditure on
firewood in rural areas of Trans-Nzoia and WestdRolBudgetary allocation on
firewood in rural areas of Trans-Nzoia is influeddey land tenure system, while
budgetary allocations in rural areas of West-Pohu influenced by cookstove
technology.

Monthly expenditure on charcoal is influenced bynily size in the rural and
urban areas of Trans-Nzoia and urban areas of Rtdgit. Land tenure on the other
hand influences household monthly expenditure caradal in the urban areas of
Trans-Nzoia. Government policies have no influemeany measure of charcoal and
firewood accessibility among households.

Among SME hotels, daily expenditure and budgetdpcation on charcoal in
Trans-Nzoia and West-Pokot are influenced by thee tgf cookstove technology

adopted, and the average number of customers per da
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6.2 Recommendations

1. Agriculture and forest extension officers shouldi@ate people in Trans-Nzoia
on agroforestry practices and technologies to ivgnewvoodfuel accessibility
by reducing distance, time, monthly expenditure bodgetary allocation on
woodfuel.

2. Law enforcers should put more effort in enforcingrent government policies
and regulations like Charcoal Act 2009, Forest 2006, Agricultural Act
2010, and energy Act 2006 to ensure that theirctlfe effects are felt by
firewood and charcoal users.

3. Energy Regulatory Commission should formulate bettendards of ICs, and
eliminate poorly constructed ICs.

4. Energy and environmental conservation experts teeducate people on how

to use ICs to ensure appropriate usage.

6. 3 Areas of Further Research

This study found no conclusive evidence on whethemumber of customers
expected by SME hotel per day lower or raises d#raccessibility level. This was
because some respondents argued that increasiagithant and variety of food to be
cooked increases the amount of charcoal requiredotik, hence increasing the
amount of cash spent by the hotel translating ¢hdri expenditure on charcoal per
day. However, other respondents argued that inciggale amount and variety of
foods increases SME hotels’ total kitchen costglying that budgetary allocation
will remain the same. As a result, further reseascrecommended to clear out this

confusion.
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In determining factors affecting accessibility Iesvef firewood and charcoal
in households and SME hotels located in West-Pakdt Trans-Nzoia, this research
concentrated only on four factors, namely familgesior number of expected
customers, land tenure systems, cookstove techieslamd government policies and
regulations. As a result, further research is renended to assess the effects of other

factors including availability of substitutes, dadd size among others.
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APPENDICES
Appendix I: Sample Size Determination
Sample Size for +3%, 5%, £7%, and +10% Precisi@vdls where Confidence

Level is 95% and P=.5.

Sample Size (n) for Precision (e) of:
Size of Population
+3% 5% |+7% |+10%

50C A 222 14t 83
60C A 24C 152 86
700 A 255 158 88
800 A 267 163 89
900 A 277 166 90
1,000 A 286 169 91
2,000 714 333 185 95
3,00( 811 358 191 97
4,00¢ 87C 364 194 98
5,00( 90¢ 37C 19¢€ 98
6,000 938 375 197 98
7,000 959 378 198 99
8,000 976 381 199 99
9,000 989 383 200 99
10,000 1,000 | 385 200 99
15,00( 1,03¢  |39C 201 99
20,00( 1,05: |39z 204 10C
25,00( 1,06¢ 394 204 10C
50,000 1,087 | 397 204 100
100,000 1,099 | 398 204 100
>100,000 1,111 | 400 204 100

Source: Israel (2012).
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Appendix II: Household Questionnaire
Dear Respondents,

I’'m a student at The University of Eldoret undkitg Master of Science degree in
Bio-energy and Environment. As part of my coursguireements, am undertaking a
study on ‘Accessibility of Wood Fuel in Trans-Nzoia and W\skot Counti€s Am
administering questionnaires to the local peopl€rahs-Nzoia and West-Pokot
Counties. Please assist by taking your time tdtél questionnaire as truthful as
possible.

SECTION A: PERSONAL DETAILS (Tick where applicable

1. Residence County() West-Pokot () Trans-Nzo
2. Area of residence () Rural area () Urban area
3. Gender () Male () Female

SECTION B: WOOD FUEL PRODUCTS AND ACCESSIBILITY MEA SURES

4. What is the household’'s head main economic activity

() crop farming () pastoralist () Trade

() Employed formerly () employed informally () others (specify...........cccceeeeeeeen.
5. What is the household’s head monthly income?................cccccceeeee. (Kshs)

6. What type of wood fuel you used () charcoal () Firewood () both

7. How do you obtain your wood fuel () collect by yourself () Purchase ()
both

8. If you use firewood, and you collect by yourselfill the table below, if not

leave it blank
Parameter Measure M.c Dry Measure Level of
Mass per unit accessibility
kg

a).Collection trips per month
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b) No of head-loads per trip

¢) No of head loads per trip
based on the market size

d) Average mass of market
size head-load (kg)

e) Average mass of firewood
collected per trip (c*d)kg

f) Average Cost per market
head-load (Kshs) based on
the market value

g) Average cost of firewood
consumed by the family per
month (c*f) Kshs

Average Distance travelled
to collect one head-load
(km)

Average Time taken to
collect one head-load (hrs)

Budgetary Allocation
(g/monthly income)100

9. if you use charcoal or you purchase firewood, pase fill in the table below

Charcoal

Measure

M.c

Dry Mass

Measure
per unit kg

Level of
accessibility

a) No of charcoal Sacks per
month

b) Average mass per sack of
charcoal (kg)

c¢) Total mass of charcoal
consumed per month (a*b) kg

d) Average Cost per sack of
charcoal (Kshs)

e) Average total costs of
charcoal consumed per
household (a*d) Kshs

Budgetary allocation (e/monthly
income)

Firewood
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a) Number of firewood stacks
consumed per month

b) Average mass per stack (kg)

c) Total mass of firewood
consumed per month (a*b)kg

d) Average cost per stack of
firewood (Kshs)

e)Average total cost of firewood
consumed per month (a*d)Kshg

Budgetary Allocation (e/monthly
income)

10. Apart from charcoal and firewood, what are othe forms of energy you use?

SECTION C: FACTORS AFFECTING WOOD FUEL ACCESSIBILIT Y

11. What land tenure system do you practice?

() Customary land tenure () Freehold tenure e@dehold tenure

() Public tenure () Squatter

12. Are you restricted from planting trees for firewood in your piece of land?
(Oyes () No

13. Are you restricted from collecting firewood fran the piece of land?
(O yes () No

14. Are you restricted from planting trees for chacoal production?() Yes () No

15. Are you restricted from cutting trees for charoal production? ()yes () No

17. Amongst the following biomass cookstoves, whicmne do you use for cooking
frequently?
() three stone stove () improved fuelwodd ji () metallic jiko no modifications

() metallic with shape modifications () highinproved like KCJ
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18. Why do you like using the selected cookstove guestion 17

19.Are you aware of rules and regulations governingroduction, transportation
and utilization of charcoal and firewood? () Yes () No

20.1f the answer in 18 is yes, then are you resttied from planting trees in your
piece of land by any regulation or laws? () yes () No

21. Are you restricted from collecting firewood byany regulations or laws?

() yes () No

22. Are you restricted from transporting firewood? () yes () No
23. Are you restricted from producing charcoal? (yes () No
24. Are you restricted from Transporting charcoal? () yes () No

Thank you for taking your time, may God bless you.
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Appendix Ill: Small-Scale Enterprises’ Questionnaire
Dear Respondents,

I’'m a student at the University of Eldoret undkimg a Master of Science degree in
Bio-energy and Environment. As part of my courspurements, | am required to
undertake a research thesis in a relevant fiegdc tarrying out a study on
“Accessibility of Wood Fuel in Trans-Nzoia and WRsitot Counties Am
administering questionnaires to small-scale indesin Trans-Nzoia and West-Pokot
Counties. Please assist by taking your time ahthél questionnaire as truthful as
possible.

SECTION A: INDUSTRY PROFILE_(Tick where applicable

1). Industry County () West-Pokot () Trans-Nzoi
2). Industry classification () Brick making () small scale hotel

SECTION B: WOOD FUEL PRODUCTS AND ACCESSIBILITY

3).What are your kitchen costs per day, or costs pdatch? ...............cccvvvveee. (kg)
4). What type of fuel do you use? () Charcoal () Firewood
5). If the answer in question 4 is firewood, thenilf in the table below, and if both,

provide information for firewood, if you use charcaal, leave it blank

No of firewood stacks consumed per | Measure | M.c Dry Measure Level of
day/batch Mass | per unit kg | accessibility

Average mass per stack (kg)

Average total mass of firewood per
day/batch (kg)

Average cost of firewood per stack
(Kshs)

Total cost of firewood per day/batch
(Kshs)

Average Distance travelled collect
enough firewood for a day/batch (km)
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Average Time taken to collect enough
firewood for a day/batch (hrs)

Budgetary allocation

6). If the answer in question 4 is charcoal or botffill in the table below with

charcoal information.

Parameter Measure M.c Dry Measure Level of
Mass per unit kg | accessibility

No of sacks of charcoal per
day/batch

Average mass per sack (kg)

Average mass of charcoal
consumed per day/batch (kg)

Cost of charcoal per sack (Kshs)

Average cost of charcoal
consumed per day/batch (Kshs)

Budgetary allocation

7). Apart from charcoal and firewood, what are othe forms of energy you use?

SECTION C: FACTORS AFFECTING WOOD FUEL ACCESSIBILIT Y

8). Do you collect charcoal or firewood () yourself () Buy () Both

9). if you collect charcoal or firewood by yourselfthen what is the type of land
tenure system practiced by the community at the swoe of your biomass energy
products? () Customary land tenure () Freehold tenure

() Leasehold tenure () Public tenure  dY&ter

10). What is the average number of customers/dayr aumber of bricks per
batch?............. (Customers/bricks)

11). If the enterprise is a kiosk, then amongst thillowing biomass cookstoves,

which one do you use for cooking frequently?
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() three stone stove () metallic jiko infproved fuelwood jiko
() improved charcoal stove
12). If the enterprise is brick making, then whichbrick making technology is
used? () Traditional Kiln Technologies () Improved Bri¢dln Technology

13). Why do you like using the selected technology 9 or 10?

14). Are you aware of any rules and regulations governig production
Transportation and utilization of charcoal and firewood? () Yes () No
15). If you collect firewood by yourself, and youmanswer in 12 is yes, then are
you restricted from collecting firewood? (yes () No

16). If you collect firewood by yourself, and youranswer in 12 is yes, then are
you restricted from transporting firewood by any regulations or laws? ()yes

() No

17). If you produce charcoal by yourself, and youanswer in 12 is yes, then are
you restricted from producing charcoal by any reguétions or laws?  (yes

() No

18). If you produce and transport charcoal by yourslf, and your answer in 12 is
yes, then are you restricted from transporting chacoal by any regulations or

laws? ()yes () No

Thank you for taking your time, may God bless you.
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Appendix IV: Interview Guide

This interview guide is being used to collect imf@tion concerning woodfuel

accessibility in Trans-Nzoia and West-Pokot Coumntiewill be used in establishing
woodfuel accessibility levels and factors affectamgessibility. The information obtained
in this interview will add value and clarifying mfmation obtained through questionnaires
in the same study areas. The collected informatidahis interview will only be used for

academic purposes and will be treated with highidentiality levels.

1). What is your Name (Optional)
2). What is the name of the organization you wor f
3). What is your position in the organization?
4). How long have you worked in this position?
5). What are the average costs of:

Firewood

Charcoal

6). For households using firewood, what is thel wittance travelled to collect at least a
head load of firewood firewood?
7). For households using firewood, what is thel titge taken to collect at least a head
load of firewood?
8). Please explain why people travel such a distamc spent such time to collect a head
load of firewood?
9). What distance does firewood supplies espediallyrban
10). Assuming that households use only firewoodatvidthe average percentage of main
household’s income is spent on firewood in rurebaf
11). Assuming that households use only firewoocatvidnthe average percentage of main
household’s income is spent on firewood in urbaas?
12). Assuming that households use only firewoocatvidnthe average percentage of main
household’s income is spent on firewood in rurabaf?
13). Give reasons for explaining why families spanth a percentage on firewood?
14). Assuming that households use only charcoadt igthe average percentage of main
household’s income is spent on charcoal in urbeasaper month?
15). Assuming that households use only charcoadi vethe average percentage of main
household’s income is spent on charcoal in ruedsper month?
16). Give reasons why families spent such a peagendn charcoal?
17). For SME hotels, what is the average percerdhgbarcoal costs on total enterprises’
daily Kitchen costs?
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18). Give reasons why charcoal holds such a peageran kitchen costs?
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Appendix V: Chi-square Test of Association (Firewod Accessibility)

Factors Pearson Exact Sig. (P:ﬁirson Exact Sig.
Chi-Square |(2-sided) Square (2-sided)
Kolongolo Kitale
Distance and land tenure 2.643 .453 1.333 1.004
Distance and regulatio 317 .98( 2.88C 467
Distance and cookstove technology 9.007 .125 5.317 .563
Distance andamily size 9.0828 48¢ 9.40¢ 7€
Time and land tenure 2.698 475 2.286 456
Time and regulatior 1.75%¢ .65( .62¢ 1.00¢
Time and cookstove technology 7.187 .292 .865' 1.000
Time and family siz 9.47F 216 12.28¢ .052
Monthly expenditure and land tenure 16.113 .002 13.572 .053
Monthly expenditure and regulatic 947 .82¢ 1.96¢ 737
Monthly expenditure and cookstove technolg 5.791 .395 8.127 .536
Monthly expenditure and family si 24.30¢ <.0C1 8.22¢ .27C
Budgetary allocation and land tenure 8.533 .034 3.308 .619
Budgetary allocation and regulati 4.39¢ 24E 33.44: .344
Budgetary allocation and cookstove technold 7.229 .317 3.071 .988
Budgetary allocation and family s 18.00: .03t 6.657 .35¢
Kacheliba Makutano

Distance ani.and tenur 4.08¢ .70C 1.047 .82C
Distance and regulations 2.660 479 1.053 .818
Distance and cookstove technol: 2.227 .54C 3.68% 12¢
Distance and family size 1.26F 1.000 2.980 .849
Time and Land tenur 5.398 ATE 3.96¢ 274
Time and regulations 1.343 .750 1.989 .783
Time and cookstove technolc 2.28¢ 54z 1.007 .837
Time and family size 6.079 751 2.636 .837
Monthly expenditure and land ten 41.017 .001 3.08t 398
Monthly expenditure and regulations 1.457 722 3.452 .325
Monthly expenditure and cookstove technol 5.54¢ 12¢€ 8.602 547
Monthly expenditure and family size 17.717 .037 10.111 101
Budgetary allocation and land ten 6.76¢€ .33C 2.23¢ .55€
Budgetary allocation and regulations .545 .936 1.782 .687
Budgetary allocation and cookstove techno 9.40¢ .02z 9.15¢ 467
Budgetary allocation and family size 9.171 417 4.386 .662
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Appendix VI: Chi-square Test of Association (Charoal Accessibility)

Factors | Pearson Chi-Square | N | df | Exact Sig. (2-sided)
Kolongolo
Monthly expenditure and Land tenure 7.117| 24 3 .067|
Monthly expenditure and regulations 3.709| 24 3 .308
Monthly expenditure and cookstove technology 6.900| 23 3 .370
Monthly expenditure and family size 13.350| 24 6 .029
Cost/kg and Land tenure 4.200| 24 3 .051
Cost/kg and regulations 273 24 1 .565|
Cost/kg and cookstove technology 8.144| 23 2 .092
Cost/kg and family size 6.825| 24 2 .078|
Budgetary allocation and Land tenure 3.535| 24 3 .383
Budgetary allocation and regulations .878| 24 2 1.000
Budgetary allocation cookstove technology 3.720| 23 3 717
Budgetary allocation family size 5.73C| 24 6 541
Kitale
Monthly expenditure and Land tenure 17.578| 86| 3 .007|
Monthly expenditure and regulations 257| 86 3 .984|
Monthly expenditure and cookstove technology 1.837| 86 3 .648|
Monthly expenditure and family size 44.752| 86 6 <.001
Cost/kg and Land tenure 2.858| 86 4 .499
Cost/kg and regulations 2.975| 86 2 .283|
Cost/kg and cookstove technology 4.017| 86 2 .206|
Cost/kg and family size 3.500| 86 4 .354)
Budgetary allocation and land tenure 1.494E2| 86 3 .390
Budgetary allocation and regulations 75.580| 86 2 .350
Budgetary allocation cookstove technology 73.018| 86 3 .623|
Budgetary allocation family size 1.574E2| 85 6 .161
Kacheliba

Monthly expenditure and Land tenure 3500 7 3 .657
Monthly expenditure and regulations 2917 7 2 429
Monthly expenditure and cookstove technology 4.167 3 .800|
Monthly expenditure and family size 8.25C0 3 .133]

Cost/kg and Land tenure

Cost/kg and regulations

Cost/kg and cookstove technology

Cost/kg and family size

a. No statistics are computed because Accesgilgliel based on co
per Kg of charcoal is a constant.

Budgetary allocation and land tenure 3.208| 7 3 .886|
Budgetary allocation and regulations 1.896°| 7 2 .657
Budgetary allocation and cookstove technology 4.667° 7 3 .600|
Budgetary allocation and family size 3.000°| 6 4 1.009
Makutano
Monthly expenditure and Land tenure 11.298| 73 3 .009
Monthly expenditure and regulations 2.690| 73 2 .481
Monthly expenditure and cookstove technology 1.082| 7 .809
Monthly expenditure and family size 35.584| 73| 6 <.001
Cost/kg and Land tenure .097| 73 2 1.004
Cost/kg and regulations 1.746| 73 2 .455]
Cost/kg and cookstove technology 1.413| 73 2 .545|
Cost/kg and family size 1.023| 73 3 .902
Budgetary allocation and land tenure 3.8758| 73 3 .267)
Budgetary allocation and regulations .90F| 73| 3.804 .804
Budgetary allocation cookstove technology 1.507| 73 3 .667|
Budgetary allocation family size 4.56° 73 6 .498|
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