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Abstract

Tanzanian households depend primarily on wood fuel as a source of energy. However, the consumption
patterns and intensities remain poorly understood. The aim of the present study was therefore to provide a better
understanding of households’ fuel consumption. Stratified random sampling design was used in order to capture fuel
consumption patterns between rural, peri-urban and urban populations and across household wealth categories.
Households in each randomly selected site were stratified into low, medium and high wealth categories. Data was
collected using pre-tested and pilot-tested questionnaires, direct measurements, direct observations, interviews and
focus group discussions. A total of 568 households were sampled: rural (258); peri-urban (177) and urban (133).
This sample was drawn from across all wealth categories: low-198 households (34.9%); medium-255 households
(44.9%) and high-115 households (20.2%). Several hypotheses were found to be true: (1) Socio-economic and
demographic factors have effects on household fuel choice; (2) There is significant household preference to miombo
woodlands as source of wood fuel. Factors which were found to be important in influencing choice of fuel are:
location of household, residence ownership, dwelling category, household income, and education level of household
head; (3) Household survey revealed a sizeable preference towards miombo woodlands as a source of wood fuel.
Household dependency on wood fuel is overwhelming and is likely to remain so for the foreseeable future. Promotion
of improved wood fuel stoves and improved charcoal making kilns, electrification, and promotion of alternative

sources of fuel are shown to alleviate the problem.
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Introduction

An overview of energy (fuel) consumption

Global energy consumption: The pivotal role played by energy
in economic growth and improving livelihood has been highlighted
by many authors (e.g. Alabe [1]; Jamal [2]; Leach and Gowman [3];
TaTEDO [4]; Thomas [5]; UN [6,7]; Panayotou [8]; Attigah and Mayer-
Tasch [9]; OECD [10]; World Economic Forum [11]). Similarly, the
importance of forests to human life has been unequivocally pointed
out (e.g. Zhao et al. [12]; G8 [13]; Malhi and Grace [14]). The most
pervasive challenge associated with energy consumption is how
to access energy on terms that facilitate economic growth while
respecting environmental integrity [15]. Biomass fuel deserves a
special focus in the global energy consumption equation as it (biomass)
accounts for a significant proportion of total energy consumption:
14% globally [16,17], 3% in developed countries, 35% in developing
countries [18,19], 60-95% in the poorest developing countries, 25-60%
in middle-income countries, and <5% in high-income industrialised
countries [20]. The percentage of total wood used for fuel is variable
across the globe [21,22]: Africa and Latin America 90%, Asia 65%,
Europe 25% and North America 10%. Per-capita energy consumption
for 2001 globally was 1,146 kgoe (equivalent to 48,132 MJ) compared
to 476.06 kgoe (Kilogramme of Oil Equivalent) (equivalent to 19,995
M]) in Africa [23]. According to IEA [24] and Timmons [25], biomass
accounts for 10% of world primary energy supply and is the world’s
largest single renewable energy source, since much of the world’s
population uses wood, charcoal, straw, or animal dung as cooking
fuel. In most SSA countries, the wood-based biomass energy sector
employs a significant workforce, providing regular income to tens-if
not hundreds-of thousands of people [26].

Statistics for people relying on biomass fuels are variable: According
to IEA [27] nearly 2.5 billion people rely on biomass for cooking and
heating, and the figure is anticipated to increase to 2.6 billion people by
year 2030. Kandpal and Maheshwari [28] reported that biomass fuels
are used by 50% of the global population as a major, and sometimes,

the only source of domestic energy for cooking and heating. World
Bank [29] estimated the number of poor people depending on forest
resources to be 1.6 billion. The hitherto great dependence on biomass
fuel can arguably be partially attributed to poor access to electrictrity.
According to IEA [27] there is a significant inequality with regard
to electrification status. Globally, 72.8% of overall population have
access to electricity; in urban areas, 91.2% of population have access
to electricity; and in rural areas 56.9% of the population have access
to electricity. For Africa, overall is 34.36%; for urban areas 63.1%; and
rural areas 16.9%. For Sub-Saharan Africa overall it is 22.6%; for urban
51.3%; and rural 7.5% (Figure 11).

Energy consumption is linked to environmental and health
problems. The literature [2,4,30-32] suggest that the current energy
consumption pattern which relies chiefly on fossil fuels (for developed
countries) and on biomass (for developing countries), significantly
erodes environmental sustainability at the local, national and global
levels. According to Toman [15] serious discussion about climate change
invariably involves serious discussion about energy consumption.
Hernoe [33] highlights the main pollutants associated with energy
consumption: CO,, CH, and N,O which have direct greenhouse
effect; CO, NO, and NMVOC which are indirect greenhouse gases;
SO, and particulate matters. The author points out that NO, and
SO, cause acidic rain, while CO and particulates have negative health
effects. Toman [15] emphasizes that any attempt to curb CO, emission
which fails to consider the need for change in energy production and
consumption is likely to be futile.
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According to overwhelmingly available scientific evidence,
devastating impacts of climate change on the world’s economy and
people’s lives are unequivocal [12,34-36]. It is also reported that while
burning of solid fuels for warmth, security and cooking is as old as
humanity, recent work on the epidemiology of respiratory infections
reveals that burning solid fuels in poorly ventilated indoor spaces
causes serious health problems [37]. According to a report by WHO
[38], nearly 1.6 million people, mostly from developing countries, die
annually as a result of indoor air pollution from cooking with solid fuels.
Jack [39] further elaborates: adult women suffer disproportionately
because they do most of the cooking and thus inhale more smoke than
men. Children tend to be near their mothers, so are more likely to
develop diseases in response to a given exposure.

According to Ozer [40], the current and reliable data on wood
fuel consumption and its impact on environment are lacking because
of poor forest cover inventories. Global forests are disappearing faster
than they are being replaced [34,41]. Price [42] categorises the causes of
deforestation into two main groups: non-economic causes - volcanoes,
earthquakes, storms, fire, natural climate change; and economic causes
- market failure, pollution, agricultural activities, anthropogenic
climate change, corruption and common property resources. Globally,
deforestation has become one of the most serious threats to biodiversity
conservation, livelihood systems, ecosystem functions, peoples’ welfare
and sustainable development [43-45].

Mugo and Ong [46] estimated that about 3.5 billion metric
tonnes of carbon accumulate in the atmosphere annually. Woomer
indicated the importance of forests for carbon sequestration: one
hectare of forest can offset between 160-200 metric tonnes of carbon
a year. Deforestation contributes to global warming albeit the reported
actual contribution varies considerably: IPCC [24,46,47] reports that
deforestation accounts for 20-25% of global CO, emission; UK (2006)
reports contribution of 20% of total global CO, emission; Houghton
et al. [48] estimates global contribution to total CO, of 22% while
Nepstad et al. [49] asserts that figures of CO, emission due to tropical
deforestation are underestimated by 50%. Varying statistics are also
noted in the annual global rates of deforestation: FAO [50] estimates a
global deforestation rate at 13.5 million ha/year. Matthews estimates the
rate to be 16 million ha/year. FAO [51] estimates global deforestation
rate at 9.4 million ha/year, while UN [35] asserts that between 1990-
2005, the world has lost 3% of its forest, which is an average decrease of
0.2% per year. FAO [51] estimated that 11.3 million ha were annually
lost due to inter alia, wood fuel consumption; and 90% of the cleared
land was never replanted. Globally, South America has still the highest
percent of forests and woodlands, but also the highest of real decrease
of 4% of its forest over a span of 17 years [21].

Energy consumption in developing countries: In developing
countries, household energy sector has become the focus of increasing
concerns and attention [2,52-54]. In the field of energy, developing
countries are faced with a two-edged sword [53,55-58]: escalating
prices for fossil fuels, and deforestation due to overexploitation of
wood fuels. Arnold et al. [55] argued that while in industrialised
countries wood-based fuels have long been replaced by more efficient
and convenient sorces of fuel, in developing regions, less able to afford
and access alternative sources of fuel, wood has remained the dominant
fuel. Heavy dependence on biomass fuel in developing countries is
causing serious deforestation [59,60], constrains the delivery of social
services, limits opportunities for women, and hampers the achievement
of Millennium Development Goals (MDGs) [4,61]. Wood fuel is the
second major cause of deforestation throughout the developing world,

and is exacerbated by the hitherto increasing population pressure [62].
Nearly two million metric tonnes of wood fuel (firewood and charcoal)
are consumed daily in developing countries [40]. It is estimated that
1.8 billion rural people in developing countries use straws as their
domestic fuel source [63]. It is further reported that 2.5 billion people
in developing countries depend on biomass to meet their energy needs;
and that, in absence of appropriate policies, the number will increase to
over 2.6 billion by 2015 and to 2.7 billion by 2030 because of population
growth [64]. In tropical Africa, deforestation is a widespread
phenomenon and occurs at a rate of between 1.3-3.7 million ha/year
[65]. Resource consumption in developing countries has been the focus
of a considerable number of researches, but the feedback effect of the
resource consumption on the resource availability to both households
and community has been understudied [66].

Energy consumption in Sub-Saharan Africa: In Sub-Saharan
Africa (SSA), land degradation due to inter alia, agricultural
activities, firewood extraction and charcoal production, mining,
human settlement, infrastructural and industrial development is
one of the biggest problems threatening the lives of many people
[67]. Chamshama and Nduwayezu [68] assert that in SSA there is a
continued population-poverty-environmental degradation vicious
cycle. While Blay et al. [69] estimate that >90% of moist forests in
SSA has been lost or become degraded, and estimate the deforestation
rate in the region to be between 0.1-10%, [70] claims that patterns of
wood fuel production and consumption in SSA and their consequent
economic and environmental impacts are site specific. According to UN
[35], deforestation, unemployment of youth and gender inequalities
are some of the pervasive obstacles for achieving the MDGs in SSA
and Asia. Malimbwi et al. [71] revealed that in the Southern Africa
Development Community SADC region, households consume 97% of
wood energy, mostly for cooking and heating. Schlag and Zuzarte [72]
reported that 76% of SSA population depend on traditional biomass as
their primary energy source. Reddy [73] and Ramachandra et al. [74]
have argued that in SSA, the percent of households using wood fuel
varies from 86% to 99% in rural areas; and from 26% to 96% in urban
areas. Overall, according to Reddy [73] and Ramachandra et al. [74]
(ibid), 94% of African rural population and 73% of urban population
use wood fuel as their primary source of energy, mainly in the form of
firewood in rural areas and charcoal in urban areas-noting further that
the disparity in energy uses exists between rural and urban and also
between high- and low-income groups.

Forests and energy consumption in Tanzania: Tanzania is
endowed with forest and woodlands resources. Forest resource
statistics in Tanzania have been reported by various sources: FAO [75]
and URT [34] indicated that forest resources amount to 33.5 million
ha. FAO [76] give estimates of 38.5 million ha; Malimbwi [71] estimate
forest resources to be 34 million ha; while FAO [77,78] estimate forest
resources in year 2005 to be 35.257 million ha. According to Monela
and Abdalla [79] conservative estimates indicate that Tanzania has
forests and woodlands occupying a total of 33.5 million hectares of
the land area. NAFORMA field inventory has determined the area
of forest and woodlands of Tanzania mainland to be 48.1 million ha.
This is 42 % larger than earlier projections. NAFORMA is the first ever
ground based national forest inventory in Tanzania mainland and the
differences with earlier estimates shows that ground measurements are
essential for accurate forest inventories. Basing on the 2012 census,
the population of Tanzania mainland is 43.6 million therefore; the
per capita area of forest and woodland is 1.1 ha [80,81]. The author
has reported a deforestation rate (1995-2010) of 372, 816 ha/year
translating to wood deficit of 19.5 million m®. Morgan-Brown [82] has
estimated deforestation rate between 2008 - 2010 at a rate of 2.4%.
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As summarised in Table 1, they comprise of high closed forests,
closed and open miombo woodlands, and coastal mangroves. Out of
33.5 million ha, 12.5 million ha are set aside and gazetted as production
and protection forests and woodlands reserves, of which, 11.9 million ha
are under the central government’s Forestry and Beekeeping Division
and 0.6 million ha are under village council (local governments).
This implies that about 21 million ha of forests and woodlands are
unreserved forest lands under private management by farmers, which
have become to be known as forests on general land. Extensive miombo
woodlands are unique forest ecosystem are available in this huge forest
resource endowment, and are potentially a very useful frontier for
economic development [79].

As for the aspect of forest resources management, Saucer and
Abdalla [83] reported that miombo woodlands in Tanzania are
managed as general land forests, family forests, forest reserve under
government management, and local authority reserves which are under
local district authority. Zahabu et al. [84] further explained that 47%
of Tanzanian forests are under reserve forests, 6% are in National
parks and 47% are unprotected forests in general land. Many people
perceive general land (common pool resource) as an “open access”—
the concept which, according to Quinn et al. [85] is not necessarily true
all the time: “it is now recognised that common pool resources are not
always open access. Instead, common property regimes exist where
there is shared ownership and rules that dictate each resource user’s
access and use of resources”.

Tanzanian energy balance is dominated by biomass-based fuels,
particularly wood fuel (firewood and charcoal) which account for
>90% of primary energy supply, estimated at 1 m* of round wood
capita'year’. Petroleum energy account for 8%, electricity for 1.2%,
while solar and wind account for <1% [30,52,71,86-91]. Approximately
50% of all Tanzanians live in a poor condition while 36% live in abject
poverty; nearly 60% of rural population is poor compared with 39%
of urban population [35]. More than 90% of population have very
low purchasing power, a situation which exacerbates their heavy
dependency on wood fuel [30,71,86,89]. According to Schlag and
Zuzarte [72], 77.8% of Tanzanians depends on traditional biomass
as their primary energy source. Boberg [92] reported that 84% of the
Tanzanian urban population use wood fuel. Other literature [30,71,88]
underscore that nearly 95% of Tanzanian wood products (mainly
from natural forests) are used for energy purposes. Sanga [90] pointed
out that 90% to 100% of total household energy in most of the poor
households in developing countries is used for cooking and heating.

Forest land type, use and legal status Area (1000 ha)

Type
Closed forest 1.1
Miombo woodlands 323
Mangrove 0.1
Total 335
Use
Production forests and woodlands 23.8
Protection forests and woodlands 9.7
Total 33.5
Legal status
Forest and woodland reserve 12.5
Forest and woodland reserve within the national park, etc. 2.0
Unreserved forest and woodland 19.0
Total 335

Source: Monela and Abdalla [79]

Table 1: Tanzanian forests and woodlands.

Tepliz-sembitzky [93] asserts that reliance on traditional biomass
is not only the result of poverty, but it may act as a barrier to poverty
alleviation or may even be a factor contributing to adverse living
conditions. According to Carissa et al. [94], ability of forests to
continue providing Tanzanians with energy is highly compromised by
unsustainable wood fuel consumption. Poor households in Tanzania
spend between 28-34% of their income for cooking and lighting energy
[95,96]. Miombo woodlands which constitute 90% of all forested
land in Tanzania [97] are the main source of energy [32,71,88,98,99]
and constitutes 70% of total urban wood energy requirements [71]
and 95-98% of rural energy consumption with consequent adverse
environmental impact [4,30,85,86,99].

Problem statement and Justification of the study

Problem statement: Rigorous literature search reveals that in
Tanzania, no detailed study has been conducted to establish patterns
and intensities of household energy consumption. This is underpinned
by a number of studies: Sawe asserts that there is inadequate data on
Tanzanian rural energy consumption; little is known about economics
of household energy consumption in developing countries [100,101]
reported that in most of the developing countries the drivers behind
household energy consumption patterns are poorly understood.
Understanding household energy consumption intensities is
paramount in assessing energy efficiency development [100,102,103].
The perceived government apathy in addressing household energy
issues may be attributed to quality and amount of available data on
household energy consumption, because poor quality and unavailability
of baseline data on energy consumption seriously impedes energy
planning and policy-related work [5,86] and environmental protection
[34] insisted that in order to accomplish the MDGs, reliable and timely
relevant information is pre-requisite. The aim of the present study was
therefore to analyse the patterns and intensities of household energy
consumption in miombo woodlands of eastern and southern Tanzania,
using Morogoro and Songea regions as study areas.

Justification of the study

Significance of the study findings: The findings of this study will
contribute to efforts towards development of efficient and modern
energy services and consequently curb environmental problems and
foster improved livelihoods of the poor households. Policy and decision
makers will make use of the findings from this study to devise short-
term, medium-term and long-term strategies for sustainable natural
resource management. The public will also be made more aware of the
situation on the ground and thus facilitate positive changes in their
energy-related behaviour and way of thinking and attitudes; and for
prudent environmental management.

Why focus on the consumption side? : At a conceptual level, both
economic and political emphases of any nation are on consumers as
the ultimate target. While economics deals with the allocation of scarce
resources among consumers’ competing wants [41], people’s welfare is
the central concern of the political systems. Thus placing the consumer
in the focus of interest sounds non-inconsequential as may contribute
to a significant thrust on the side of politicians as far as energy issues
are concerned, and may provide the common perspective for experts
from various disciplines as well as decision makers and the wider
public [100].

Why study the household sector? : The household sector consumes
the greatest proportion of total energy across the globe. It accounts for
25-30% of total energy in developed countries, 30-95% of total energy
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in developing countries, and 50-95% of total energy in Sub-Saharan
Africa [3,104,105]. In Tanzania, the household sector accounts for 80-
91% of total energy consumption in the country [30,86,89,106,107].
Statistics further reveal that in sub-Saharan Africa (SSA) household
cooking alone takes up to 60-80 per-cent of the total national energy
use [108]. In SADC region, households consume 97 per-cent of wood
energy for cooking, heating and cottage industries [109].

Why study in Miombo woodland? : The Miombo woodlands that
constitute >90% of total forest area in Tanzania are chief sources of
firewood (fuel wood) and charcoal. The hardwoods from natural forests
produce a heavier and more concentrated fuel than most fast growing
softwood species [71,83,99,110]. An extensive body of literature
[18,99,111,112] underlines that people prefer using natural forests
(hardwood) to plantation forests (which are mainly softwood), as wood
fuel for several reasons. Lusambo [99] found that some people prefer
natural forests because they collect it free of charge, while others assert
that, unlike softwood, hardwood is denser and thus it burns for a longer
period. Demirbas [113] puts forward that the salient factors that affect
the suitability of wood for fuel include moisture content (the higher
the moisture content, the lower the energy value), extractives (the
more the extractives, the higher the energy value) and ash content (the
energy value increases inversely with ash content). The author (ibid)
underlines that in light of the above-mentioned factors, hardwood is
preferred as source of fuel to softwood. Nonetheless, he cautions that if
one singles out extractive content, then softwood performs better than
hardwood. Demirbas [18] explains that the net energy available from
biomass when it is converted ranges from about 8 MJ kg for green
wood, to 20 MJ kg™ for air dried, implicitly supporting the concept that
energy value of wood increases as moisture content decreases.

According to Kofman, firewood from hardwood has a higher
heating value per m® due to higher density. He further points out that
the amount of dry matter per m? varies with plant species and ranges
between 340-590 kg dry matter/m’ solid (for hardwood species) and
350-480 kg dry matter/m’ solid (for softwood species). The findings
further revealed that hardwoods generally have natural moisture
content of between 40 and 50%, while softwoods have moisture content
of between 50 and 60%. The author comments that on a dry-weight-for-
weight basis, both hardwood and softwood are good fuel sources. Kelly
and Tom assert that hardwoods are preferred as sources of fuel, because
they have high net energy value attributable to lower moisture content
and higher density. According to the authors, the net energy value for

hardwood ranges from 10.8 to 12.7 MJ kg while that of soft wood is
from 5.7 to 10.4 MJ kg'. During their study, Mansilla et al. [112] found
that if assessed on a volume basis [which is the mostly used criterion
by households Lusambo [99], hardwood is a better source of fuel wood
than softwood. The study also revealed that even among hardwoods,
natural hardwoods have, on average, higher energy value than exotic
hardwoods (Table 2). But if assessed on a weight basis, there is no
significant difference in terms of the magnitude of their energy values.

FAO [114] points out that a study of traditional charcoal-making
practices throughout the developing world indicates clearly that the
preferred forest type for charcoal-making is dry, well stocked savanna
forest rather than dense, humid rainforest. Savanna forests are preferred
for a number of reasons: the wood is usually dense, slow-growing and
highly lignified, which gives a good charcoal yield when carbonised.
The terrain is usually easy, which simplifies harvesting. A short wet
season, and a correspondingly long dry season, makes it possible that
the charcoal-making operation can continue most of the year and fuel-
wood dries out quickly with minimum loss through insect attack and
fungal decay. According to the author, the classic charcoal production
areas of Africa, South America and Asia are nearly all savanna type
forests.

On the other hand, in a wet humid climate the fuel-wood is mostly
of low to medium density, not highly lignified and commonly prone to
rapid decay and attack by insects. The rainy season is longer and more
severe and, in some areas, there may be two rainy seasons per year
which makes it very difficult to dry the fuel wood before carbonisation.
Instead, the firewood usually rots or is destroyed by insects before it
dries sufficiently for optimum carbonisation. Therefore, when making
charcoal in humid tropical rainforest it is necessary to carbonise the
wood at higher initial moisture content than is typical in savanna-type
forest. This avoids the wood deterioration as it is left to dry only a few
weeks before carbonation. Consequently, the yield is lower because
more wood is must be burnt in the kiln to dry out the wood before
carbonisation can start.

Why Morogoro and Ruvuma Regions? : It sounds unreasonable to
select the study area for research using a random sampling technique;
one should make use of the available information that might quite
logically guide the choices [115]. In Tanzania, there are seventeen
regions with Miombo woodlands [116,117]. Selection of Morogoro and
Ruvuma as study regions was guided by Carissa et al. [94] who carried
out a deskwork study (based on an extensive literature review) to

Species ?;,l; Extractive (%) Ll(g/?)m Cel(l;ol)ose HoIoc(;I)I)ulose I(Jkegr;:t}; Em(ell\;l%); kvs;a)lue En;zll\;% r:llsa)lue
W1 0.46 1.8 27.5 456 73.8 370 19.49 7,217
W2 0.36 41 26.4 39.6 72.5 490 20.05 9,825
W3 0.57 3.1 22.7 38.8 76.5 440 19.66 8,650
W4 0.34 5.1 20.0 43.3 76.5 710 18.97 13,469
W5 0.62 6.1 19.4 38.5 81.1 470 19.58 9,203
W6 0.80 3.9 26.9 48.5 76.1 590 19.83 11,700
w7 1.18 7.9 18.8 39.6 68.1 660 18.96 12,514
w8 1.96 8.2 255 394 69.8 560 18.69 10,466
W9 1.97 8.0 21.0 39.9 69.3 580 17.46 10,127
W10 3.64 9.8 229 411 67.9 790 19.13 15,128

Key:

WH1: Pinus radiata (softwood);

W 3: Acacia dealbata (exotic hardwood);
WS5: Nothofagus obliqua (native hardwood);
W 7: Lithraea caustica (native hardwood);
W 9: Co~ptocarya alba (native hardwood);

W 2: Acacia melanoxylon (exotic hardwood)
W4: Eucalyptus globulus (exotic hardwood)
W 6: Nothofagus glauca (native hardwood)
W 8: Quillaja saponaria (native hardwood)
W 10: Acacia caven (native hardwood)

Table 2: Comparison of wood energy values.
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identify the regions within the country where critical ecosystem services
for human well-being are stressed, signalling the need for immediate
attention. The ecosystems functions covered were biodiversity, energy
resources, water, and food and fibre production. It was envisaged
that the findings of the study would inform and guide the selection of
potential areas where a more detailed local-scale integrated assessment
of the links between ecosystem services and human well-being can be
carried out. The study established that Morogoro is a priority region
for ecosystems-related researches, because it is stressed in all the four
ecosystem services. It also established that Ruvuma Region has serious
data gaps in all the above-mentioned ecosystem services. The present
study therefore considered these two regions as research-priority areas.

Conceptual framework

Figure 1 shows a conceptual framework showing the salient
factors affecting household energy consumption with consequent
environmental impacts. This conceptual framework was used to
determine the study variables. Thorough literature review from
other previous authors, review of various consumption theories and
reseacher’s personal Tanzanian experience were used to determine the
study variables. Consequently, a total of 63 variables were captured in
this study. In order to meticulously address the objectives of this study,
the focus of the study was on four key issues: choice of energy options,
energy consumption, energy expenditure (cost implications), and
environmental impact of household energy consumption. According
to Linda [118], the conceptual framework acts as a basis for discussing
the relationships between different groups, individuals or issues and
can always be progressively revisited as further information becomes
available.

The understanding of household energy consumption in
developing countries is mainly built on the concept of fuel substitution,
commonly known as the energy ladder hypothesis [20,119-124]. The
hypothesis postulates that as household socio-economic status rises,
the household in question abandons lower-level energy source(s) and
switches to modern ones. Another hypothesis that tries to describe
the household energy consumption is the “inverted-U hypothesis”
[125]. This hypothesis postulates that household energy consumption
varies proportionally with per capita income up to a certain level after
which it starts decreasing, thereby making an inverted-U shape graph.
Energy consumption is also explained by a popularly used poverty-
environment hypothesis which claims that poor people rely heavily on
biomass fuels and thus causing forest degradation and deforestation;
and that addressing poverty issues is the key for sustainable forest
resources management [126]. When modelling household energy
consumption, distinction should be made between direct energy use
and indirect energy use. Direct energy use refers to the consumption of
energy carriers purchased by the household itself (fuels and equipment)
in order to cater for energy services. Indirect energy use refers to the
energy used during various stages of production (and distribution) of
commodities, also referred to as ‘embodied energy’ or ‘grey energy’
[100]. The present study strives to address households” direct energy
use.

Various studies have pointed out factors affecting household
energy consumption [3,4,30]: current disposable income, household
size, household type, fuel accessibility, fuel affordability, fuel reliability,
fuel flexibility, low-pollution, climatic conditions, effective household
size, dwelling type and ownership, household power relation; tradition

and customs, stock of liquid assets (wealth); future income expectation,
urban-rural location differences, and level of consumer indebtedness.

Objectives of the study
The specific objectives of the study were to:
a. Analyse patterns of households’ energy consumption;
b. Analyse factors influencing households’ energy (fuel) choice;

c. Investigate households’ preferences to woodfuel from natural
forests.

Hypotheses of the study
This study puts forward the following main hypotheses a priori:

a. Household socio-economic and demographic factors have
effect on fuel choice

b. Households have significant preference for miombo

woodlands/natural forest wood fuel
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Figure 1: Conceptual framework for wood fuel consumption in Tanzania.
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Methodology
Study sites

This study was conducted in 2009 with households around and
within the eastern and southern miombo woodlands in Tanzania:
Morogoro and Songea districts in Morogoro and Ruvuma regions
respectively (Figure 2). Each district was sub-divided into three strata:
rural, peri-urban and urban areas; and sample households were drawn
from each stratum.

In Morogoro Region, the annual rainfall ranges from 600 mm in
lowlands to 1200 mm on the highland plateau. However, there are
areas which experience exceptional droughts (with less than 600 mm
of rainfall). The mean annual temperatures vary with altitude from the
valley bottom to the mountain top: between 18°C on the mountains
to 30°C in river valleys. In most parts of the region, the average
temperatures are almost uniform at 25°C. The economy of the region
is dominated by agriculture (80-90% of the region’s labour force) and
allied activities. The major activities include: (i) small scale farming;
(ii) cattle production; (iii) plantations and estates (sisal, sugar); (iv)
traditional fishing; and (v) some mining activities.

In Ruvuma Region, rainfall starts in December and ends in April.
Total average annual rainfall is over 1,200 mm and the amount varies
between districts. For instance, Mbinga district has an annual average
rainfall of 1,800 mm while Tunduru District receives an average
rainfall of 918 mm. The cold period is between June and August
with temperatures of approximately 11°C while the average annual
temperature is approximately 22°C. The relative humidity ranges
between 90% in March and 37% in October. The Ruvuma region is
mainly agrarian where 87% of its population reside in rural areas and
are actively engaged in land-based production. The major economic
activities of the region are agricultural farming, livestock rearing,
lumbering, fishing, bee keeping, mining and trading.

Study design

The design of the present study is a descriptive and analytic
cross-sectional survey. It is a descriptive study because it sets out to
rigorously describe household energy consumption patterns. It is an
analytic study because it entailed testing a priori hypotheses related to
household energy consumption in the study area. It is a one-time cross-
sectional study; it cannot therefore gauge the temporal variations or
trends in the data collected.

Sample design

The sample design for the present study entailed nine steps (Figure
3). The overall objective was to have a study sample which is sufficient
and representative of the target population.

The target populations for this study were households in Morogoro
and Songea districts. The sampling frame was in three types depending
on the sampling phase. During sampling of villages in rural areas and
wards in peri-urban and urban areas, the sampling frame was the
list of villages bordering the selected forests and list of wards in the
municipalities respectively. During sampling of hamlets in rural areas
and streets in peri-urban and urban areas, the sampling frame was the
list of all hamlets in the selected villages and list of all streets in the
selected wards respectively. When sampling households for the study,
the sampling frames that were used are the updated lists of households
registers in the sampled hamlets and streets. All chairpersons and
executive officers in the selected study sites were asked to update lists
of households in their respective areas by excluding households which

no longer existed and/or adding those ones which were missing in their
lists.

Stratified random sampling design was used in the present study.
Stratification was carried out at two levels: (a) stratification of study
sites in the study districts into rural, peri-urban and urban areas, and
(b) stratification of respondents into wealth categories: low, medium
and high. Figure 4 presents the approach used by the present study to
stratify the study sites into rural, peri-urban and urban. Rural areas in
the context of the present study refer to communities bordering the
forests. Urban areas refer to the community residing fairly in the centre
of municipality. Peri-urban areas refer to the areas geographically
located within the municipality, but lying on its periphery.

Rural area sample selection: The first step was to get the list of
all forests in each district, from respective District Forest Catchment
Offices. The forests were then stratified into miombo woodlands and
non-miombo forests. Where applicable, miombo woodlands were
further grouped (stratified) into protective and productive miombo
woodlands. One forest (miombo woodland) was randomly selected

ME 35 E 40 E

58

0§

TANZANTA

Scale: 1: 7,000,0000
40mm a 4000000
4000 ] 4m0 Kms

ME BE HWE

Figure 2: Map of Tanzania showing the study sites.

Figure 3: Steps in sample design in the present study (adapted from Shisana
et al. [152]).

J Ecosyst Ecogr

Global Climate Change

ISSN:2157-7625 JEE, an open access journal



Citation: Lusambo LP (2016) Household Energy Consumption Patterns in Tanzania. J Ecosys Ecograph S5: 007. doi:10.4172/2157-7625.S5-007

Page 7 of 20

Urban
Peri-urban

Urban
Peri-urban Rural

Urban
Urban

Feri-urban M unicipality

Figure 4: Stratification of study sites in rural, peri-urban and urban.

from each miombo woodlands stratum (Tables 3 and 4). Villages
bordering the selected forests were operationally designated as rural
areas. Out of villages bordering a selected forest, one village was
randomly selected. Hamlet(s) were then randomly selected from each
selected village. With the aid of village governments (through FGD),
households in the selected hamlets were stratified into low-income,
medium income and high-income. Finally, respondent households

were randomly selected from each stratum using a random number
table. Random selection of woodlands (forests), villages, and hamlets
was made possible through the use of the playing cards method: the
names of forests; villages or hamlets were written on the lower parts
of the cards, the cards were then thoroughly mixed together, and the
desired sample size randomly selected from the pool of the cards. Table
4 shows the number of respondent households sampled in rural areas
of the study area.

Urban area sample selection: The municipalities in each district
were operationally designated as urban areas. The list of all wards in
the municipality (urban area) was sought. The wards which are within
the municipality, but are located on the periphery (i.e. bordering
the municipality), were excluded from the list. One ward was then
randomly selected from the remaining list. Subsequently, one street
(equivalent to hamlet in rural areas) was randomly selected from the
list of the ward’s streets. Households in the selected street were, as in
the case of rural areas, stratified into wealth categories: low, medium,
and high. Respondent households were then randomly selected from
each stratum. A random number table was used to select respondent

SIN Forest Name Area (ha) Ownership Vegetation type Total volume (m®ha)
1 Miovu/Mwalazi General Land 8350 Village government Low-land rainforest 93.6
2 Shikurufumi Forest Reserve 260 Central government Sub-montane forest 750
3 Uluguru North Forest Reserve 8356 Central government Sub-montane forest 675
4 Uluguru South Forest Reserve 17292 Central government Montane forest 313.67
5 Nguru ya Ndege Forest Reserve 3614 Local government Miombo-rainforest 101.91
6 Ruvu Forest Reserve 3093 Central government Miombo-rainforest 244.2
7 Vigoregore Forest Reserve 920.7 Central government Miombo-rainforest 85.8
8 Mkungwe Forest Reserve 1966.8 Central government Miombo-rainforest 40.1
9 Pangawe East Forest Reserve 768 Local government Miombo woodlands 116.58
10 Pangawe West Forest Reserve 184 Central government Miombo woodlands 110.7
11 Dindili Forest Reserve 1006.9 Central government Miombo woodlands 37.7
12 Mindu Forest Reserve 2285 Central government Miombo woodlands 14.6
13 Kimboza Forest Reserve 386 Central government Miombo woodlands 231.6
14 Lubaranzi Forest Reserve 28500 Village &Local govt Miombo woodlands 53.8
15 Kilengwe Forest Reserve 995 Local government Miombo woodlands 127
16 Kitulangalo Forest Reserve 2638 Central government Miombo woodlands 59.6
17 Mkulanzi Forest Reserve 68627 Central government Miombo woodlands 172
Stratification of miombo wood lands
Productive miombo woodlands Protective miombo woodlands

1 Kilengwe Forest Reserve Mindu Forest Reserve

2 Kimboza Forest Reserve Dindili Forest Reserve

3 Lubaranzi Forest Reserve

4 Kitulangalo Forest Reserve

5 Mkulanzi Forest Reserve

6 Pangawe East Forest Reserve

7 Pangawe West Forest Reserve

Randomly selected woodland
1 Kitulangalo Forest Reserve Dindili Forest Reserve
Surrounding villages

1 Gwata Fulwe

2 Maseyu Mikese

3 Lubungo

Randomly selected village
1 Maseyu Fulwe
Randomly selected hamlets
1 Kitulangalo Dindili
2 Ng’ambala Ulundo
*Note: Useful information n of the forests was obtained from Malimbwi et al. [150]

Table 3: Stratification of forest and woodlands resources in Morogoro District*.
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SIN Forest Name Year Area (ha) Ownership Vegetation type
1 Lihanje Foest Reserve 15.09.2000 10565 Local government Miombo woodlands
2 Litenga Forest Reserve (proposed) 4795 Central government Miombo woodlands
3 Songea Fuel wood Forest Reserve 27.01.1956 5180 Central government Miombo woodlands
4 Wino Forest Reserve 26.05.1989 2259 Central government Miombo woodlands
5 Igawisenga Forest Reserve 28.08.1998 36 Central government Miombo woodlands
6 Chabruma Forest Reserve 28.08.1998 193 Central government Miombo woodlands
7 Gumbiro Forest Reserve 13.03.1959 17.4 Local government Miombo woodlands
8 Matogoro (E &W ) Forest Reserve 06.11.1951 3723.2 Central government Miombo woodlands
9 Maposeni Forest Reserve 19.12.1958 173.6 Local government Miombo woodlands
10 Machinjioni Forest Reserve 28.08.1998 236 Central government Miombo woodlands
Randomly selected woodlands
1 Songea Fuel wood Forest Reserve
2 Matogoro (East &West ) Forest Reserve
Villages surrounding the woodlands
Woodland Surrounding villages
1. Luhimba
1 Songea Fuel wood Forest Reserve 2. Mtyangimbole
3. Likalangilo
1. Ndilimalitembo
2 Matogoro (E &W ) Forest Reserve 2. Mpingi
3. Lipaya
Randomly selected Village
Woodland Selected Village
1 Songea Fuel wood Forest Reserve Mtyangimbole
2 Matogoro (E &W ) Forest Reserve Ndilimalitembo
Randomly selected hamlet
Village Hamlet
1 Mtyangimbole Kanisani
2 Ndilimalitembo Ndilimalitembo

*All the forest reserves in the District are productive
Source: Songea District Catchment Forest Office (21.06. 2007)

Table 4: Stratification of forest resources in Songea District*.

Morogoro District

Songea District

Number of natural forests 17 10
Number of miombo woodlands 9 7
. Dindili FR Songea Fuelwood FR
Randomly selected miombo woodlands .
Kitulangalo FR Matogoro FR
Dindili FR = 2 Songea Fuelwood FR= 3

Total villages surrounding selected wood lands

Kitulangalo FR = 3

Matogoro FR= 3

Fulwe (Dindili FR)

Mtyangimbole (Songea FW FR)

Randomly selected village

Maseyu (Kitulangalo FR)

Ndilimalitembo (Matogoro FR)

. X Fulwe =8 Mtyangimbole = 4
Total hamlets in selected village T
Maseyu =5 Ndilimalitembo = 3
Maseyu : Dindili Mtyangimbole : Kanisani
: Ulundo
Randomly selected hamlet , S P
Fulwe : Ng'mbala Ndilimalitembo : Ndilimalitembo
: Kitulangalo
Dindili = 39 Kanisani = 45
. Ulundo = 68 Ndilimalitembo = 59
Total households in selected hamlet
Ng’mbala = 36
Kitulangalo = 45
Dindil = 35 Kanisani =40
Ulund = 58 Ndilimalitembo = 51
Number of randomly sampled households ;
Ng’mbala = 33
Kitulangal = 41
Total sampled households 167 91

Table 5: Sampled households in rural areas of the study area.
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households. Random selection of wards and streets was made possible
through the use of the playing card method. Table 5 presents the
respondent households sampled in rural areas.

Peri-urban area sample selection: All the wards within the
municipalities which are located on the periphery of the municipalities
were designated as peri-urban areas. Selection of peri-urban ward was
purposeful. The selected peri-urban ward had to be in closest proximity
with the selected forest (in relation to other peri-urban wards). The
study “street(s)” within the selected peri-urban ward was randomly
selected using a playing card technique. The households within the
selected street were accordingly stratified into low-wealth category,
medium-wealth category, and high-wealth category; and subsequent
respondent households were randomly selected from each stratum.
Table 6 presents the households sampled in urban areas. While Table 7
presents sampling of households in peri-urban areas of the study area.

Development of research instruments

The main research instruments used in the present study are
questionnaires (for household surveys) and checklists (for Focus Group
Discussion and interview of key informants). Figure 5 presents five
sequential steps involved in questionnaire development: background,
conceptualization, format and data analysis, establishing validity, and
establishing reliability.

Questionnaire construction began by first defining the domain
of information in order to obtain the required information. This
was achieved through an extensive and rigorous search of pertinent
literature. I tried as much as possible, to make the questionnaire:
brief (keeping questions short, and asking one question at a time);
objective (paying attention to neutrality of the words); simple (using
language which is simple in words and phrase); specific (asking precise
questions); and informative (covering all necessary information

needed). All three types of question formats were used: multiple
choice (closed ended) questions, numeric open-ended questions, and
text open-ended questions. Attention was also given to issues such as
opening questions, question flow, and location of sensitive questions.

Data collection

Sample size determination: The sample size for the present study
was computed using formulae 1 and 2 as recommended by Bartlett et
al. [127]:

Morogoro District Songea District
Number of wards 15 9
Randomly selected ward Kihonda Songea Mjini
Number of streets in selected ward 8 5
Randomly Selected street Kilombero C.C.M Street
Total households in selected street 104 59
Randomly selected households 82 51
Total sampled households 82 51

Table 6: Sampled households in urban areas of the study area.

Aspect Morogoro District Songea District
No. of wards 4 4
Selected ward Kingoluwira Mshangano
No. of streets in selected ward 15 5
Randomly selected streets Mahakamani Mshangano
Tambuka reli

No. of households Mahakamani = 86 Mshangano = 74

Tambuka reli = 51

Randomly selected households Mahakamani = 70 Mshangano = 62

Tambuka reli = 45

Total selected households 115 62

Table 7: Sampled households in peri-urban areas of the study area.
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Figure 5: Sequential steps in questionnaire development.
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The computation of sample size for categorical data, according to
Bartlett et al. [127], follows the same way as in continuous data, except
in the computation of ng, which is:

t? x Pa
I'l0 = [Tj (2)

Where: p is the proportion of respondent that will give you
information of interest (the proportion confirming), g viz (1-p) is
the proportion not giving you information of interest (proportion
defective), and p*q is the estimate of variance (which is maximum
when p = 0.50 and q=0.50). The maximum population variance of 0.25
will give the maximum sample size.

Consequently, the formula used to determine sample size (n) from
a population (N) is:

384

384
+ JE—

N

After determining the sample size from a respective target

population, a stratified random sampling techniques (using a random
number table) was used to draw the respondents for the survey. First,
the households were stratified into low, medium and high wealth
categories and their respective percentages (of the total population)
were established. Then, the sampling of respondents across the three
wealth categories was affected using the following formula:

3
1

n n n
Respondents = (—x L)+ (—xM)+(—xH 4
p (N ) (N ) (N ) (4)

Where: n is the required sample size (calculated by equation 3.1),
N is the households’ sampling frame, L is the number of households
in a low wealth category in the sampling frame, M is the number of
households in a medium wealth category in the sampling frame, and H
is the number of households in a high wealth category in the sampling
frame.

After the household had been selected to take part in the survey,
either the husband or wife of the respective household (for a married
couple) was responsible for answering the questionnaire. In the event
both (husband and wife) were present at the time a visit for interview
was made, then a random sampling technique (using playing cards) was
used to determine who should be the respondent. Otherwise, for those
households whose heads were single or at the time of the visit there was
only one of the couple present, the questionnaire was administered to
either single household heads or the available couple member (for the
latter case).

Data collection and analysis

Data was collected using a number of techniques: household
questionnaire survey, focus group discussion, key informant interview,
and resercher’s direct observation. Questionnaires were both pre-tested
and pilot-tested before actual data collection. Data analysis was carried
out using SPSS and Excel statistical computer programmes. Prior
to detailed analysis, data were arranged in such a way as to facilitate
analyses. For example, some data were re-coded so as to fit a particular
analysis (e.g. logistic regression analysis). Household income categories
were collapsed from previous eight categories to three categories.

Descriptive statistical analysis was conducted. The general purpose
of descriptive statistical method is to summarise, organise and simplify
a set of scores [128,129]. In the present study, the central tendency
(average or representative score) for numeric data (interval or ratio)
was determined by mean. The central tendency determination for
discrete variables was a mode. The measure of variability within the
numeric (interval or ratio) data was standard deviation. The categorical
variables were summarised using bar charts and pie charts; whereas
numerical variables were summarised using histograms.

Inferential statistical analysis: Two types of statistical modelling
were carried out in the present study.

a) Modelling factors influencing household choice for cooking
fuels: Binary logistic regression was used to determine the factors
which affect the choice (by households) between firewood and charcoal
as the cooking fuel. The general logistic regression model equation is
given by:

Logit(Y)=a+ B X, + X, + B X;+..+ B, X, (5

Where: logit = In and p is the probability of the study

1-p
event; a is the Y intercept, ﬂs are regression coefficients, and X area
set of predictors.

The non-parametric chi-squared test was used to analyse the
households’ preferences to woodfuel from natural forests.

Extensive literature review on factors influencing households’ fuel
consumption coupled with personal Tanzanian field experience guided
the selection of variables to be included in the present logistic regression
model. A vast literature has highlighted factors which affect patterns and
levels of household energy consumption. The factors include: age of the
household head [130,131], income, fuel price, price of related appliances,
opportunity cost for firewood collection [131-133], level of urbanisation,
availability of fuel and related appliances, cultural preferences [133],
household size [131,134], house type, tenure type, employment status,
geographical location, number of children, and car ownership [135]
classified the determinants of direct energy consumption by households
into six categories: economic factors (disposable income, consumer
prices, spending pattern, availability of credit), socio-demographic
factors (household size and structure, age, behavioural factors, lifestyle,
attitudes), living situation (per-capita floor space, dwelling type, house
age, standard of insulation), technology (energy efficiency of household
appliance), supplier (efficiency, energy content of energy carrier) and
climatic factors. According to Piet and Boonekamp [136], choices
made by households are not only affected by income and energy
prices, but also by others factors: composition of households, owned
versus rented dwellings, and energy use standards for new dwellings
or appliances. Jiang [137] asserted that the main drivers of energy use
and carbon emissions are demography (population size; composition -
age and gender; distribution - spatial, rural/urban), economic growth,
technology, policy and lifestyle. Abrahamse [138] categorised salient
determinants of energy consumption into two groups: societal factors
(technological developments, economical growth, demographic factors,
institutional factors and cultural factors) and individual-level factors
(awareness, beliefs, values, attitudes and knowledge).

Results
Respondents’ characteristics

The socio-economic characteristics for 568 respondents who took
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part in the present study are summarised and presented in Table 8.
The findings reveal that both household heads and those who are not
household heads participated in answering survey questionnaires.
It is also evident from the findings (Table 8) that the study sample
comprised of both male-headed households and female-headed
households, albeit the former constitutes the majority. Female-headed
households can further be categorised into two groups: those who
are married and those who are not. The study attained a fairly good
gender balance: the number of male respondents was comparable to
that of female respondents. Household income distribution for the
respondents (as recorded in the field) is presented in Table 9. Figure
6 shows the distribution of the collapsed household income categories
(which was used during data analysis).

Prior to actual data collection, the respondents were stratified into
three wealth categories (based on the criteria developed during pilot
study, using focus group discussion): low wealth categories, medium
wealth categories, and high wealth categories. Figure 7 indicates that the
respondents constituted a fairly good representation across the three
wealth category strata. During data collection, household assets were
used as proxy for household wealth. Both animate (cattle, goats, sheep,
pigs and chickens) and inanimate assets (land, motor cars, bicycles,
hand hoes, sickles, machetes, and sprayers) were recorded for each
respondent household and converted into monetary value to reflect the
wealth status of a respective household. Table 10 shows the type and
quantity of asserts owned by the respondents in the study area. Besides,
the study sought to determine wealth ownership equity by gender. The
results (Figure 8) suggest that there is fairly even household wealth
(household assets) ownership.

Household fuel consumption patterns in the study area

The fuel types found in the study area and their possible uses in
brackets are as follows: firewood (cooking, lighting, heating bath water,
and heating space), charcoal (cooking, ironing, heating bath water and
heating space), kerosene (lighting and cooking), electricity (lighting
and cooking), gas (cooking), solar (lighting), petrol (transport and
powering generators for light) and diesel (transport and powering
generators for lighting). The respondents’ stated fuels availability
suggests that: firewood, charcoal and kerosene are readily available;
crop residues and electricity are modestly available; natural gas is very
scarcely available; while LPG and coal are virtually unavailable. Overall,
the majority of households use kerosene (83%), firewood (81%) and
charcoal (58%). Only 14.5% of the households in the study area use
electricity. Crop residues, solar and natural gas are only used by 17%,
0.2% and 0.2% of households respectively (Table 11).

Approximately fifty one percent (51.4%) of households collect
firewood of which 73.6% come from natural forests; 19.5% from
plantation forests, 1.4% from own farms and 5.5% from other places).
The firewood collection is mainly (45.9%) done by women (Figure 9).
This observation is similar to other studies in which women and girls
devote much time and labour to gathering fuel and cooking food for
the family. On average, firewood collectors have to walk (round trip)
relatively long distances in search for firewood: The distant varies from
a minimum of 2 km to maximum 20 km and mean 3.3 km. They thus
spend a considerable amount of time, ranging from 2 hrs to 12 hrs, and
averaging 3 hours.

The time spent in search for firewood depends on the means by
which firewood is transported from the forest: 86.6% of households
transport firewood by head; 7.7% of households use bicycles for
transportation of firewood; and 5.7% use animals as means of

transportation. The estimated average load per trip also depends on
the means of transport and ranges from 15 kg - 300 kg, with mean of
20 kg. The estimated number of trips per week for each household is as
follows: minimum 1, maximum 10, and median 2.

The findings revealed that in the study area, respondents use more
than one fuel type (the fuel mix). As far as cooking and lighting fuels are
concerned, firewood and kerosene are the only stand-alone fuels (i.e.
households can use them without mixing with other fuels), but they
are also generally used together with other fuels. Several observations
can be deduced from this fuel mix (Figure 10): Electricity, which is the

Characteristic N %
Respondents

Household head 307 54
Not household head 261 46
Gender of the household head

Male-headed household 468 824
Female-headed household 100 17.6
Marital status of respondent

Married 433 76.2
Never married 34 6
Widowed 67 11.8
Divorced 18 3.2
Separated 16 2.8
Marital status of female-headed household

Married 36 36
Not married 64 64
Dwelling categories (status)

Concrete/burnt bricks/iron roof 318 56
Concrete/burnt bricks/grass roof 60 10.6
Unburnt bricks/iron roof 18 3.2
Unburnt bricks/grass 9 1.6
Mud-house/iron roof 36 6.3
Mud-house/grass roof 69 121
Other types 58 10.2
Educational level of household head

llliterate 99 17.4
Primary education 382 67.3
Secondary education 63 1.1
Adult education 3 0.5
College education 9 1.6
University education 6 1.1
Others 6 1.1
Main occupation of household head

Employee 44 7.7
Formerly employed 24 4.2
Causal labourer 7 1.2
Artisan 9 1.6
Herder/cultivator 231 40.7
Trade/shop 24 4.2
Petty business 96 16.9
Firewood/charcoal vending 3 0.5
Housework 57 10
Others 73 12.8
Ownership of dwelling

Rented 84 14.8
Owned 484 85.2

Table 8: Socio-economic characteristics of respondents.
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Income month™ (Tshs) N %
<10,000 80 14.2
10,000 — 20,000 86 15.1
21,000 - 30,000 55 9.7
31,000 - 40,000 50 8.8
41,000 - 50,000 55 9.7
51,000 - 60,000 44 7.7
61,000 - 70,000 19 3.3
271,000 179 31.5
Total 568 100
Table 9: Distribution of Household monthly income (exchange rate,,: 1US$=1,255
Tshs).
45
40 319

Percent of respondents

Lowincome (Tshs £ 30,000) Mediumincome (Tshs 31,000- Highincome (Tshs 2 §1,000)
£0,000)

Figure 6: Categories of household monthly income (exchange rate 1US

$=1,255 Tshs).

2007"

High wealth category.

20.20% \

Low wealth categery.
34.90%

Medumwealth category,
44.90%

Figure 7: Wealth categories of respondents as defined during FGD.

modern energy, is hardly used alone — almost always, electricity is used
together with wood fuel (especially charcoal); firewood and kerosene
constitute the modal fuel mix in the study area; some households use
up to five types of fuels (highly diversified). It was also evident that as
household income increases, household fuel mix increases (Figure 10).

Confidence interval for wood fuel consumption patterns: As an
inferential statistic for wood fuel consumption in the study area, the 95%
confidence interval was computed using sample statistics (percentage
of households using firewood, charcoal). The standard formula for
computing a 95% confidence interval for population proportion is well
explained [127,128,139,140]. It is recommended, however, that for a
finite population (small population) the finite population correction
factor (FPCF) should be incorporated in the standard formula in
order to reduce standard error [141-144]. The population is said to
be finite if sample size (n) >5% of population (N). The computations
of confidence intervals in the present study incorporated the finite
population correction factor [145-150]. The computed confidence

intervals for wood fuel (fire wood and charcoal) consumption patterns
in the study area are presented in Table 12 [151,152].

Factors influencing houseolds’ fuel choice

The first hypothesis which was tested in connection with
households’ fuel consumption patterns concerned with the influence
of households’ characteristics on choice of cooking fuel. Since firewood
and charcoal are the major cooking fuel in Tanzania, they were used to
test this hypothesis. Binary Logistic regression analysis was used to test
this hypothesis:

Logit(Y) =h (%] —a+B X, +BX, +tBX, +e (6
—7T

Where: 7 is the probability of the event, « is the Y intercept, /3 s
are regression coefficients, and Xs are a set of predictors.

Hy:B=p=5=.=5=0 (7)

(i.e. household socio-economic and demographic factors have no
effects on fuel choice)

I‘Il . At least one of the :Bs #0 (8)

(i.e. some household socio-economic and demographic factors do
have effects on fuel choice)

Txls):e(:f Households owning Number household
N % Min. Max.
Animate
Cattle 39 6.7 1 250
Sheep 8 14 2 30
Goats 84 14.8 1 37
Pigs 53 9.3 1 18
Chicken 294 51.8 1 180
Ducks 19 3.3 2 15
O:)’,?g; s ,(7‘2')9' 20 35 1 200
Inanimate
Sprayers 6 1 1
Hand hoe 347 61 1 13
Machete 190 33.5 1
Sickle 28 5 1 5
Bicycle 211 37 1 26
Land 343 60.4 0.25 acre 56 acre
Cars 22 3.9 1 3
Motor cycle 5 0.9 1 2

Table 10: Household assets endowment in the study area.

Machetes
Land % Both (male & female)
Hand hoes
Sicldes B Male
Motor cars
O Female

Sprays

100%

Percent of respondents who reported

Figure 8: Household ownership of non-animate assets by gender.
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District Stratum Households Firewood Charcoal Electricity Kerosene | Crop residue = Natural gas Solar
No. of surveyed
Rural 167 87 44 24 74 14 - -
Peri-urban 115 83 71 10.4 87 36 0.9 -
Morogoro
Urban 82 70 92 34 74 1.2 - -
Overall 364 82 64 12 78 18 0.3 -
Rural 91 97 29 1.1 90 21 - -
Peri-urban 62 95 37 3.2 97 21 - 1.6
Songea
Urban 51 31 98 70 80 - - -
Overall 204 80 49 19 90 16 - 0.5
Rural 258 90.3 38.8 1.9 80 16 - -
Peri-urban 177 87 59 7.9 90 30.5 0.6 0.6
Pooled
Urban 133 55 94 48 77 0.8 - -
Overall 568 81 58 14.6 83 17 0.2 0.2

Table 11: Percentage of households using various energy sources in the study area.

Men & children
Children

Men

All members
Men & wormen

Women & children

Firewood collectors

Women

0 10 20 30 40 30

Percent of households

Figure 9: Members of households responsible for firewood collection.

Electricity, charcoal, kerosene, firewood, & crop residues | 02
kerosene, charcoal & cropresidues | 02

Kerosene, charcoal & solar | 02

Electricity, kerosnefizas | 02

Electricity & firewood ) 02

Kernsenennlv,r_ 02

Firewood & cro regdue -I 04

Electricity, firewood &kerosene B 02

Electricity, charcoal & firewood

Electricity & charcoal

Electricity, charcoal, kerosene &firewood
Electricity, charcoal & kerosene

Firewood & charcoal

Firewood kerosene,charcoal cropresidues
Firewood, kerosene & crop residues
Firewood only

Charcoal & kerosens

Firewood, kerosene & charcoal

Firewood & kerosene

] 5 10 15 10 15 30

Percent of sampled households

Figure 10: Households’ fuel consumption portfolios in the study area.
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Figure 11: Households’ wood fuel preference in the study area.
n
N n N FPCP Sample statistic Inferential statistic (95% C.I)
% households using % households using
Firewood Charcoal Firewood Charcoal
1. Morogoro District
1.1 Rural 189 167 0.88 0.342 87 44 85.3—-88.7 41.4-46.6
1.2 Peri-urban 137 115 0.84 0.402 83 71 80.0-86.0 67.7-74.3
1.3 Urban 104 82 0.79 0.462 70 92 65.4-74.6 89.3-94.7
1.4 Overall 430 364 0.85 0.392 82 64 80.0-84.0 61.5-66.5
2. Songea District
2.1Rural 104 91 0.87 0.355 97 29 95.8-98.2 25.7-32.3
2.2 Peri-urban 74 62 0.84 0.405 95 37 92.8-97.2 32.1-41.9
2.3 Urban 59 51 0.86 0.371 31 98 26.3-35.7 96.1-99.9
2.4 Overall 237 204 0.86 0.374 80 49 78.0-82.0 46.4-51.6
3. Pooled sample
3.1 Rural 293 258 0.88 0.346 90.3 38.8 89.1-91.5 36.7-40.9
3.2 Peri-urban 211 177 0.84 0.402 87 59 85.0-89.0 56.1-61.9
3.3 Urban 163 133 0.82 0.430 55 94 51.4-58.6 92.3-95.7
3.4 Overall 667 568 0.85 0.386 81 58 79.8-83.2 56.4-59.6

Table 12: Confidence interval for wood fuel consumption patterns.

The main household cooking and lighting fuels found in the study
area are: firewood, charcoal, kerosene, electricity and crop residues.
Of these fuels, crop residues are used, almost exclusively, in rural and
peri-urban areas. As explained in the previous section, firewood and
charcoal are the principal cooking fuels in the study area. The fuel
choice modelling was therefore conducted for these two fuels. The
candidate variables used and the regression results are presented in
Table 13 and 14 respectively.

The findings indicate that the model with descriptors (PAC: 86.2)
performs better than the null model (PAC: 68.9). The results show
further that the model performance is statistically significant (
(7d.f) = 195.897, p < 0.001). The inferential test for goodness-of-fit, the
Hosmer and Lemeshow (H-L) statistic, indicates that the model fits the
data well ( ¥ 2 (8 d.f) = 9.594, p > 0.05). The descriptive measures of
goodness-of-fit also supports that the model fits the data well (Cox and
Snell R?= 0.437 and Nagelkerke R?*= 0.615). The descriptors which are
statistically significant determinants of fuel choice are: Location (p <
0.001), Residence ownership (p <0.001), Dwelling category (p <0.001),
Household income (p < 0.01) and Education level of household head

(p < 0.05). The results indicate also that the constant parameter of the
model should be included (p < 0.01).

Households’ preferences to woodfuels from natural forests

The second hypothesis to be tested was concerned with the
households’ preference for miombo woodlands/natural forest wood
fuel. The chi-squared (x?) test was used to determine whether the
households’ preference for natural forests (miombo woodland) as a
source of wood fuel is statistically significant.

Respondents were asked to indicate their preferences between
wood fuel from the natural forests (miombo woodlands) and that from
the plantation forests. Results as presented in Figure 10 indicated that
majority of respondents (60% of wood fuel users) prefer wood fuel from
miombo woodlands (natural forests) to that from plantation forests.
Some of the respondents were able to give reasons for their preference
as indicated in Table 15.

In the absence of preference towards any particular source of wood
fuel, the expected response would be:
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Variable Description
Y Household cooking fuel choice (1 = charcoal; 0 = firewood)
X, Gender of household head (1 = female; 0 = male)
X, Household size
X, Residence ownership (1= owned residence; 0 = rented residence)
X, Dwelling category (1= modern house; 0 = traditional house)
X Education level of household head (1= educated; 0 = illiterate)
X Household monthly income category:
6 [1: < Tshs 30,000; 2: Tshs. 31,000 — 60,000; 3: 2Tshs. 61,0000]
X, Location of the household (1 = urban, 0 = non-urban)

Table 13: Description of variables used in the Binary Logistic Regression Model.

Choice of charcoal as cooking fuel
95% C.I of Exp(B)

Predictor B SEB W}a{lg’s df P Exp(B) | Lower = Upper
Constant | -2.738 0.879 | 9.714 1 1 0.0020**  0.065

X, -0.809 | 0.572 1.997 1 0.1580 | 0.445 0.145 1.367
X, -0.107 | 0.073  2.133 1 0.1440  0.899  0.779 @ 1.037
X, -1.780 | 0.481 13.717 1 0.0001*** 0.169 0.066  0.433
X, 1.467 0.410 12.821 1 0.0001*** 4.334 1942 9.673
X 1490 0.696 4.577 1  0.0320* 4.436 1.133 17.364
Xs 0.576 # 0.213 | 7.338 1 1 0.0070**  1.779 1173  2.698
X, 2.892 0479  36.413 1 0.0001*** 18.034 7.049 46.140
Tests: 7(2 df p

Model Evaluation (overall):

Likelihood ratio test 195.897 | 7 0.0001

Goodness-of-fit test

H-L statistic 9.59%4 8 0.295

*Statistically significant at a = 0.05

**Statistically significant at a = 0.01

***Statistically significant at a = 0.001

Notes:

PAC: Null model=68.9; Model with descriptors= 86.2; Cox &Snell R 0.437;
Negelkerke R% 0.615; Sample size used in the analysis (n) = 341

Table 14: Binary Logistic Regression Analysis for household cooking fuel choice.

Reasons for households’ preference for miombo woodlands

Category label Code Count rzzr:::;:sf
Catch fire easily 1 25 8.8
High calorific value/burns longer 2 191 67.5
Easily available 3 29 10.2
Produces less smoke 4 32 11.3
Households are traditionally used to 5 5 1.8
Collection from field is easy 6 1 0.4
Total responses 283 100

233 valid cases

Table 15: Reasons for preference to wood fuel from miombo woodlands.

Prefgrence Preference to Indifferent
to miombo g
plantation forests preference
woodlands
Observed frequencies 60% 34% 6%
Expected frequencies 33.33% 33.33% 33.33%

Table 16: The observed frequencies and expected frequencies for chi-squared
test.

o 33.33% of the wood fuel users would indicate preference to
natural forests.

o 33.33% of the wood fuel users would indicate preference to
plantation forests.

o 33.33% of the wood fuel users would indicate indifferent
preference between natural forests and plantation forests.

Table 16 shows the observed and expected frequencies which were
used to for the chi-squared (x?) test.

Using the values in Table 5 and 13, the chi-squared statistic was
then computed as follows:
2 2 2 2
, :Z(fﬂ ~f) _(60-3333)  (34-33337 (6-3333)
f, 33.33 33.33 33.33
The degree of freedom (df) for chi-squared is C-1, where C is the
number of columns in the chi-squared frequency table [127]. For df
= 2 and a = 0.05, the table of critical value for chi-squared indicate
that the critical x* has a value of 5.99. Therefore, the respondents in the
study area showed statistically significant preference between sources
of wood fuel, XZ(Z’ nosz0) = 43.76, p <0.05.

=43.76 (9)

The strength of preference was subsequently determined using

Cramér’s V [128,129]:
2

V= |4 __ (10)

n(df*)

Where ¥ is chi-squared, # is the sample size, V is the effect size, df*
is a smaller of either (R-1) or (C-1): R and C are the number of rows and
columns respectively, in the frequency table. Consequently, the value
of Cramér’s V is:

43.76
V= |——-=029 (11)
520(1)

According to Cohen’s 1988 guidelines [128,129] presented in Table
17, the obtained value of V suggests that the effect size of natural forest
preference is small.

Discussions of Results

The empirical evidence from the present study has revealed several
household fuels: kerosene, firewood, charcoal, grid electricity, crop
residues, natural gas, solar electricity, diesel and petrol. The study
didn’t encounter any household that was using coal and LPG. Of the
above-mentioned fuels, the main ones are kerosene (used by 83% of
the respondents), firewood (used by 81% of the respondents), charcoal
(used by 58% of the respondents) and grid-electricity (used by 14.6%
of the respondents). Firewood and charcoal are the main cooking
fuels in the study area. The households use a fuel mix—empirically
supporting the energy stack model. The majority of the households
(51.4%) collect firewood, mainly from the natural forest (73.6% of
the firewood collectors). About 46 % of respondents reported that
firewood collection is mainly undertaken by women, and nearly 15%
of the respondents posited that firewood collection is the task carried
out by women and children. This is the evidence that women suffer
disproportionately in the event of wood fuel scarcity. When analysed

0.10<V<0.30 Small effect

For df*=1 0.30<V<0.50 Medium effects
V >0.50 Large effect
0.07<V<0.21 Small effect

For df*=2 0.21<V <0.35 Medium effects
V>0.35 Large effect
0.06 <V<0.17 Small effect

For df*=3 0.17<V <0.29 Medium effects
V>0.29 Large effect

Table 17: Standards for interpreting Cramér’s V as proposed by Cohen.
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using the chi-squared (x?) test, the preference of households for natural
forest-wood fuel was found to be statistically significant, }*, , _s,, =
43.76, p <b0.05 and effect size of the preference was small: Cramér’s
V =0.29.

Multiple binary logistic regression analysis was carried out to find
out factors affecting choice of cooking fuels (firewood and charcoal)
in the study area. It was found that the statistically significant factors
are: residence ownership (p < 0.001): households with owned residence
prefer firewood to charcoal, dwelling category (p < 0.001): households
with modern dwellings prefer charcoal to firewood, education of
household head (p < 0.05): the higher the education level of the
household head the more is the preference of charcoal to firewood,
household income (p < 0.01): households with higher income prefer
charcoal to firewood; and location of the household (p < 0.001):
households in urban areas have more preference to charcoal than their
counterparts in non-urban areas.

Households’ dependency on wood fuel as a source of energy in the
study area is overwhelming. Empirical evidence suggests that there are
a number of factors which influence this situation. The main factors
are poor availability of alternative sources of energy and escalating
prices of the available non-wood fuels. The findings of this study
support the energy stacking model, suggesting that while efforts to
avail other sources of fuels alternative to wood fuel to the population in
the study area are highly recommended, existing sources of fuel should
concurrently be increased and used more efficiently. The support
towards the energy stacking model coupled with high household
dependency on wood fuel, is sufficient evidence that biomass fuel in
general and wood fuel in particular will remain the major and in many
cases the only - source of household cooking and/or heating fuel. It is
reasonably plausible to argue that since (according to the findings of
this study) at any point in time a household will use a fuel mix, efforts
targeted at reducing pressure on natural forests should explicitly aim at
reducing the share of wood fuel in household total fuel mix.

Conclusions

This research analysed household energy consumption with
special focus on the consumption patterns. The findings indicated that
majority of the households are dependent on wood fuel as their source
of energy. Speaking with 95% confidence: 79.80 - 83.20% and 56.40
- 59.60% of households in the study area use firewood and charcoal
respectively. The findings suggested that statistically significant factors
affecting household fuel choice are (presented in descending order of
significance): residence ownership, dwelling category, geographical
location of the household, household income and educational level of
household head.

The empirical evidence in the present study is in support of the
energy stacking model - rather than the energy ladder model - of
household fuel consumption. This has practical implications that the
most appropriate strategies for improving household energy services
in the study area should be those targeted at improving the household
fuel mix proportions as opposed to those aimed at exclusively replacing
one type of fuel by another. Thus issues of rural electrification and
provision of alternative fuels to biomass should go in tandem with the
improvement in sustainable natural forest management.

The study has evidently shown that there is a statistically significant
preference of the households for natural forests as sources of wood
fuel. It is unlikely therefore that afforestation programmes in the study
area will have a significant impact on reducing pressure on natural
forests. Consequently, more concerted efforts should be directed

towards improving the sustainable management of the natural forests,
but this doesn’t imply whatsoever that tree planting activities should
be ignored. Ecologically speaking, the loss of natural forests cannot be
compensated by plantation forests because they have different values in
terms of biodiversity and ecosystem functions.

Policy Recommendations

The central government should: (a) Promote, disseminate and
scale-up the uptake of improved firewood and charcoal stoves. The
stoves should be affordable, durable and consider the socio-cultural
aspects of the end-users. The overarching message to end-users should
stress saving fuel expenditure and improving health of the users. It
would be prudent for the government to institute a body responsible for
quality control of the improved stoves. (b) Strive to increase household
accessibility to electricity by electrifying the rural areas and reducing
(subsidising) the connection costs. (c) Promote other alternative
fuels for household cooking and heating purposes such as briquettes
(saw-dust/charcoal dusts), LPG and natural gas. (d) regularly and
consistently provide adequate and well-targeted extension education
services to the community so as to change their habits, way of thinking
and attitudes towards environmental management issues.

Households show a strong preference for natural forests in
comparison to plantation forests as a source of wood fuel. My personal
recommendation is that tree planting (particularly for fuel purposes)
should be carried out in conjunction with education and advice on
suitability of plantation forests and choice of species for wood fuel
uses. Tree species to be planted should be carefully selected to ensure
that their energy output is comparable to the preferred natural forest
species. Field experience, empirical findings and literature all indicate
that the local preference for wood fuel species in the community can
be explained by the physical properties of their wood. It is further
recommended that the regional and district forest officials should make
available improved charcoal production technologies to all charcoal
makers in their respective areas, and put in place by-laws requiring
all charcoal to be produced using improved technologies. The existing
forest management laws and by-laws should be strictly enforced.
Environmental management committees from local communities
surrounding the forest resources should be involved in all steps of
sustainable forest management planning undertaken at regional/
district level.

The local communities under their village leaders are the immediate
managers of the forest resources. They should have both sense of
ownership of forest resources and responsibility for its management.
If the local community is not dedicated towards management of their
surrounding forest resources, no amount of efforts from higher levels
will bring about a sizeable change towards a desired outcome. It is with
this understanding that the following recommendation is tasked to
the village-level leaders: (a) a by-law at village level should be made
to ensure that all wood fuel- using households use improved stoves;
(b) charcoal makers should be monitored by the village leaders and/
or environmental management committees to ensure that all (charcoal
makers) should be required to use improved charcoal production
technology; (c) village leaders should devise a mechanism which will
ensure that households have individual wood lots for fuel purposes.
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