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ABSTRACT

Household air pollution (HAP) emanating from the burning of dirty fuels is the fifth leading
risk factor for premature death and disability in low and middle-income countries (LMICs).
Additionally, the use of solid fuels such as charcoal and fuelwood continues to exert
excessive pressure on the dwindling forest resources in the LMICs. Adoption of clean-
burning fuels including liquefied petroleum gas (LPG) can reduce the burden of HAP and
pressure on the forest resources. However, Kenya’s adoption of LPG remains below
Africa’s average at about 5%, despite the government exempting LPG from taxation
through the Energy Bill of 2016 to lure more Kenyan households into adopting LPG. This
research assessed the factors affecting the adoption and use of LPG in Gatanga sub-County.
Firstly, the study’s research questions addressed the influence of LPG availability on LPG
adoption in Gatanga sub-county. Secondly, the study sought to find out the factors
influencing LPG use patterns and to assess the potential effects of LPG adoption on the
environment, particularly on forest resources. A correlation research design was employed
to analyze responses to a structured questionnaire completed by 315 respondents selected
through stratified random sampling across six wards of Gatanga sub-county. The
relationships between different variables were tested using Pearson’s correlation analysis
and the Chi-square tests. A paired-samples t-test was used to test for any significant
difference in fuelwood consumption before and after LPG adoption (p< 0.05). The results
show that although 49.5% of households have adopted LPG in Gatanga sub-county, only
10.2% use it as their primary fuel for cooking. The findings also showed that a significant
positive relationship exists between the distance to LPG depots and LPG adoption.
Similarly, the availability of LPG delivery services determines whether a household adopts
LPG. Furthermore, household size and household income also influence the choice of a
household’s primary cooking fuel. The study also found a significant statistical difference
in fuelwood consumption before and after LPG adoption. In conclusion, although close to
half of the households in Gatanga sub-county have adopted LPG, its exclusive use is
limited to a few households. It is therefore recommended that addressing the factors of
LPG availability and affordability is critical for the success of the Kenya Vision 2030
Agenda to achieve 35% exclusive LPG use in Kenya. The study further recommends
scaling up LPG adoption to achieve the long-term goal of 10% forest cover as a gain from
LPG adoption.
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DEFINITION OF TERMS

Fuel Stacking: A phenomenon of using multiple cooking fuel combinations within

the same household.

Biofuels: Any fuel that is derived from biomass—that is, plant or algae material or
animal waste.

Sustainable Development: Development that meets the needs of the present
without compromising the ability of the future generations to meet their own.”
Awareness: Awareness refers to the degree of knowledge and perception about
LPG adoption and use (Lewis & Pattanayak, 2012).

Accessibility: Accessibility of LPG indicates factors impacting a household’s
ability to procure LPG cylinders and stoves when needed. Factors affecting
accessibility include (but are not limited to) distance to rural LPG distribution
centers, delivery mechanism of LPG cylinders, and road connectivity from villages
to local distribution centers (Jain et al., 2014).

Affordability: Affordability refers to the maximum possible capacity of
households to pay for the minimum level of goods and services (Jain et al., 2014).
Adoption: Adoption refers to the initial uptake of LPG (GACC, 2016).

Sustained use: Sustained use shows the degree to which LPG is used and has been

integrated into the daily behavior of users (GACC, 2016).


https://www.britannica.com/science/biomass
https://www.britannica.com/plant/plant
https://www.britannica.com/science/algae
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

This chapter describes and sets the context of this research project. The background
to the research topic, the problem statement, the purpose of the study, and its objectives are
provided in this chapter. The chapter further describes in detail the potential contributions
that liquefied petroleum gas (LPG) adoption would make towards realizing sustainable
development; the study significance, objectives, and theoretical and conceptual
frameworks are also addressed in this chapter.
1.2 Background of the Study

Clean fuel provision remains one of the most severe challenges facing humankind,
even in the wake of modern technology. In the rural areas of the lower and middle-income
countries (LMICs), biofuels such as wood, charcoal, and crop residue are the main fuels
used for domestic cooking and heating (Foell et al., 2011; IEA, 2010). Women and teenage
girls spend a significant amount of their time gathering solid fuels and processing them for
use e.g., chopping firewood (Wickramasinghe, 2011). They also use a considerable amount
of time cleaning kitchen utensils which are often engulfed with soot from solid fuels.
Consequently, girls end up losing valuable time that would otherwise be used productively
doing schoolwork, while on the other hand, older women miss opportunities to take up
commercial and income-generating activities (Shashni & Chander, 2014).

The use of non-clean fuels persists worldwide with the uptake of new clean fuel
technologies progressing at a slow pace (IEA, 2016). Globally, about 3 billion people rely

on biofuels for cooking and heating (Clean Energy Alliance, 2019). About 3.5 million



deaths occur globally every year due to household air pollution (HAP) emanating from the
burning of dirty fuels such as kerosene, firewood, charcoal, and crop residue (Oseni, 2012).
More than 400,000 of these deaths occur in Sub-Saharan Africa where a majority (80%) of
the population relies on dirty fuels (IEA, 2016; Rosenthal et al., 2018). Kenya is heavily
dependent on biofuels, with 68% of the population still relying on non-clean fuels (IEA,
2016).

The IEA has identified Liquefied Petroleum Gas (LPG) as an inevitable fuel choice
for reducing energy-related pollutant emissions (Hsu et al., 2019). LPG is a non-renewable
source of energy extracted from crude oil and natural gas. The hydrocarbon-based fuel is
comprised of propane and butane and is used for heating, cooking, and transport in
developing countries. It is compressed into a liquid for storage in cylinders and can be
easily imported and distributed without requiring complex piped natural gas distribution
systems (Puzzolo et al., 2019). Despite all the potential environmental and economic gains
that LPG adoption presents, LPG adoption is progressing slowly, especially in rural areas
(Adeeyo et al., 2022). Studies have shown that LPG adoption is faced with many barriers
that would need to be addressed to increase LPG uptake (Singh et al., 2017; Kypridemos,
2020; Wassie et al, 2021). According to Adeyemi & Adereleye (2016), energy transition is
faced with various challenges and the promotion of higher levels of education and general
economic development may be effective instruments for encouraging rural households to
substitute traditional fuels with modern energy fuels.

In 2015, the United Nations (UN) the Member States approved the 2030 Agenda
for sustainable development providing a global pathway on an urgent range of sustainable

development imperatives (WLPGA, 2019). Within this Agenda are 17 Sustainable



Development Goals (SDGs) which collectively constitute a global action agenda for all
countries to work on together. LPG is a clean-burning and portable fuel whose adoption as
a primary household fuel is likely to accelerate the realization of all 17 SDGs; either
directly or indirectly (Karimu et al., 2016; The Cooking Alliance, 2019). Using LPG for
clean cooking, which is the most common use of LPG in developing countries, makes
contributions to SDG 7 for affordable and clean energy (Clancy et al., 2013). LPG adoption
calls in developing countries are often prompted by the need for climate change mitigation,
hence contributing to SDG 3 for good health, especially among women and children
(Rosenthal et al., 2018). For long, household energy across Africa has been dominated by
the use of biomass resources which remain a common denominator across the continent
(IEA, 2019). A total of 135 million people in the Democratic Republic of Congo (DRC),
Ethiopia, Ghana, and Tanzania do not have access to clean fuels (WHO, 2019). In all four
countries, deforestation is rife, and the use of biomass contributes immensely to the
pressure on forest resources (NORAD, 2020). Fuelwood remains the primary cooking fuel
for most households in Gatanga sub-county, like most rural areas in Kenya where the
uptake of cleaner fuels such as LPG and electricity remains low (Osano et al., 2020). The
aim of this study, therefore, is to assess the factors affecting LPG adoption in Gatanga sub-

county and deduce the potential contribution of LPG use to sustainability.

1.3 Statement of the Problem

The use of solid fuels for cooking and heating has negatively impacted the
livelihoods, the environment, and the health of many Kenyan communities. Demand for
firewood and charcoal as a source of cooking fuel continues to exert pressure on the

dwindling forest resources in Kenya. Additionally, exposure to indoor air pollution from



the burning of solid fuels in homes has contributed significantly to the burden of death and
illness, more so among women and children. Continued use of solid fuels is one of the main
causes of disparities between girls and boys in rural areas, with girls spending more time
fetching and preparing biofuels for domestic use at the expense of doing their schoolwork.

The role of governments is to establish an enabling environment, improve market
conditions and develop a value chain to enhance the uptake of LPG (Bruce et al., 2017).
Since 2016, the government of Kenya has provided incentives to encourage the adoption
of LPG by availing of subsidized LPG cylinders and exempting LPG from taxation. Under
the Vision 2030, Kenya seeks to upscale the uptake of LPG as a key fuel of choice to reduce
energy-related pollutants to benefit health and climate. However, Kenya’s LPG uptake
remains below Africa's average despite many efforts by the government to encourage the
Kenyan population to adopt LPG as the household fuel of choice. The slow uptake of LPG
may see Kenya lag in realizing her development goals by the year 2030. Additionally,
achieving long-term goals such as gender equality under the SDGs may prove to be an
uphill task if further interventions are not made to improve LPG adoption and use in the

country.

1.4 Purpose of the Study

LPG is a clean fuel, and the government of Kenya has laid out strategies in its
Vision 2030 to see at least 35% of Kenyan households adopt LPG as their primary fuel
(Mbaka, 2021). However, many barriers are preventing its adoption and use, but there are
also several enablers for its adoption and use. Identifying LPG adoption and use factors
will guide towards achieving SDG 7 on affordable and clean energy, SDG 5 on gender

equality, SDG 3 for good health and well-being, and SDG 13 on climate action. The



purpose of this study is to assess the factors affecting the adoption and use of liquefied
petroleum gas in Gatanga sub-county, Kenya.
1.5 Objectives of the Study
1.5.1 Broad Objective
To assess the factors affecting the adoption and use of liquefied petroleum gas in
Gatanga sub-county, Kenya
1.5.2 Specific Objectives
I.  To assess the influence of LPG availability on the adoption of LPG in
Gatanga sub-county.
ii.  Toinvestigate factors affecting patterns of LPG use in Gatanga sub-county.

iii.  To assess the potential effects of LPG adoption on the environment

1.6 Research Questions
The research questions for this study, were as follows:
i.  How does LPG availability influence the adoption of LPG in Gatanga sub-
county?
ii.  What are the factors affecting the patterns of use of LPG in Gatanga sub-
county?
iii.  What are the potential environmental effects of the use of LPG in Gatanga
sub-county?
1.7 Significance of the Study
Over the years, Kenya has implemented various plans and policies to drive
incremental adoption and LPG utilization for heating and cooking in households. A

transformative-scale adoption and utilization of LPG for domestic cooking would present



an opportunity to reduce the country’s energy poverty, reduce air pollution, reduce
deforestation, mitigate erosion, gain carbon credit, and improve the quality of life
(Martinez Gomez et al., 2018). LPG is the most identifiable and highly recommended fuel
for household use, with Kenya setting a target in the Vision 2030 agenda to have at least
35% of the households adopt and use LPG as their primary cooking and heating fuel
(MOEP, 2016). However, there is a need to assess the progress of adoption and use of LPG
in Kenya as this will provide a basis to identify and eliminate barriers to adoption while
enhancing enablers of adoption such as subsidies and VAT -free LPG sales.

The findings of this study will therefore help decision-makers in policy
formulation, review, and reinforcement of available regulations. Therefore, failure to
understand Kenya’s status as far as adoption and use of LPG is concerned will restrain
Kenya’s Vision 2030 and realization of SDGs including SDG 3 for good health, SDG 5 for
gender equality, and SDG 13 for climate action. The burdens of environmental effects
associated with the use of solid fuels include accelerated degradation, depletion of forest
resources, and climate consequences (Ghilardi et al., 2009). Furthermore, this sector is also
not sufficiently explored in Kenya, and this study avails crucial literature materials for
further scholarly work. Additionally, this study provides relevant information to energy-
oriented companies and manufacturing firms in Kenya on the extent to which LPG has
been adopted and their role in potentially improving its uptake.

1.8 Scope of the Study

In this study, LPG adoption and use patterns were analyzed. The study was an

evaluation of the success in expanding the adoption of LPG and an analysis of factors that

should be under consideration in government intervention. The study was carried out in the



rural setting of Gatanga sub-county to assess the factors affecting LPG adoption in the Sub-
County. Gatanga Sub- County was considered due to its vast endowment of natural
resources including natural forests and rivers that form the catchment area of the Ndaka-
ini dam which provides about 80% of the Nairobi metropolitan area with clean water
(Mwangi, 2021). Therefore, protection of these catchment areas is achievable through LPG
adoption, to reduce fuelwood, charcoal consumption, and discourage deforestation. Data
collection was conducted between February and March 2022.
1.9 Delimitations of the Study

In developed countries, LPG is not only used at the household level but is being
adopted for industrial use as well as in the automotive industry. However, this study and
the contents herein focused on the adoption and use of LPG at the household level; seeking
to demystify the factors for and against its adoption and use. The study exclusively targeted
the rural households of Gatanga sub-county.
1.10 Limitations of the Study

As this study was carried out in somewhat remote rural locations of Gatanga Sub-
County, households with no knowledge of the LPG cooking technology were encountered.
This necessitated the researchers at times to play the role of creating awareness, which was
time-consuming. Additionally, reluctance from the respondents to respond to questions
was also encountered. However, this was addressed by seeking consent from the local
administration and research authorities to inspire confidence and honesty.
1.11  Assumptions

The research was designed and implemented based on the assumptions that one, the

respondent would be cooperative and provide reliable and relevant responses to enable the



study to be completed within the set period, and two, the study would assume that the
environmental and economic benefits of LPG adoption and use are widely known in the

rural Gatanga setting.

1.12 Theoretical Framework

A theory is a bridge between previous experiences and lessons for understanding
future behavior, and formulating policies (Fouquet, 2016). The current study adopted two
crucial theories, the first one is the theory of sustainability which is concerned with
sustainable development and the second one is the energy ladder model which is concerned

with the theoretical foundation of the energy transition.

1.12.1 Sustainable Development Theory

The development of humanity over the last few decades has resulted in climate
change, natural disasters, and political and socio-economic instability (Gorlach et al.,
2014). Unsustainable activities such as over-exploitation and degradation of natural
resources and pollution of the ecosystems have negatively impacted the environment,
putting future generations in jeopardy. This has contributed to the rationale for efficient
management of natural resources to reduce pressure on available resources while also
reducing negative environmental impacts.

In 1987, the Brundtland Commission published its report linking the topics of
economic development and environmental sustainability. The report provided the most
widely accepted definition of sustainable development; “development that meets the needs
of the present without compromising the ability of the future generations to meet their own”
(United Nations General Assembly, 1987). Elaborating further on the concept of

sustainable development, Porter & van Linde (1999) argued that pollution is a sign of



inefficient resource use. They surmised that a win-win position can be attained for both the
environment and the economy through improvements that reduce pollution in production.
Furthermore, sustainable development requires that humanity adopt lifestyles that are
within the earth’s ecological capacity.

In the energy sector, the use of clean fuel has been emphasized, both in policy and
advocacy. In the UN’s Sustainable Development Goals of 2015 (SDGs), SDG 7 aims at
the provision of affordable and clean energy for all. This goal is aimed at reducing
dependence on biofuels and other unclean fuels such as charcoal, firewood, kerosene,
ethanol, and coal. The provision of clean energy will reduce the negative environmental

impacts of pollution, climate change, deforestation, and ecosystem loss.

1.12.2 The Energy Ladder Model

The energy ladder model is formed as a link between access to a household’s fuel
of choice and economic growth. According to this theory, household income is the main
major determinant of household fuel adoption through a linear hierarchical model that
combines household fuel types with improving economic status (Lasisi, 2021). Horst &
Horovka (2008) arranged hierarchically from low quality, low technology, and high
emission to top quality, higher technology, and low emission with increasing income
(Figure 1.1). The hierarchical ordering shows that as households' income increases, the
households rise a step higher on the energy ladder and switch to a higher quality non-solid

fuel, replacing low-quality and solid fuels.
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Figure 1.1: The Energy Ladder Model — Illustration of Fuel Shift. Source: Horst &

Horovka (2008)

Fuel switching occurs in three distinct phases (Figure 1.2) whereby households

move from the use of i) biomass fuel such as dung, and wood to ii) fuels such as coal,

kerosene, and charcoal, and then to iii) modern fuels such as LPG, electricity, and other

renewable fuels sources (Andadari et al., 2014). According to Hosier & Dowel (1987), the

energy transition ladder can be presented in five steps to differentiate between gathered

and purchased fuel. Studies have however faulted the energy transition ladder since the
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factors influencing the choice of cooking fuel may differ across different households
(Megbowon et al., 2018; Denis et al., 2017). According to these studies, fuel choice for
households is not only a function of household economic status but also other factors such
as cultural and technical. Other scholars have agreed that household income is the major
factor that positively influences the choice of household cooking fuel (Desalu et al., 2014;

Astuti, 2017).

Sophisticated Fuels
LPG
Electricity

Natural Gas
Biogas

Transition Fuels
Kerosne
Coal

Charcoal

Solid Fuels
Wood

Crop Residue
Animal Dung

Figure 1.2: The Energy Ladder Model Illustrating Fuel Transition. Source: (Buba et al.,
2017)

The theory of the energy ladder model has been acknowledged in this study
alongside the theory of sustainable development and other factors of LPG availability,

affordability, and accessibility. The study used the energy ladder model to assess the
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influence of LPG affordability, and accessibility on fuel choice and fuel use patterns in
Gatanga sub-county.
1.13 Conceptual Framework

A conceptual framework is a paradigm wherein each concept plays an essential
function. It indicates the key elements, constructs, or variables, and posits relationships
amongst them (Mite and Huberman, 1994). The figure below shows the conceptual
framework that guided this study. Under this conceptual framework, this study assessed
the influence of distance to LPG depots and the availability of door-to-door delivery
services on LPG adoption in the sub-county. Secondly, this study investigated the factors
influencing the patterns of LPG use in the study area. Lastly, the study assessed the
potential environmental effects of LPG adoption and use in Gatanga sub-county by
comparing daily amounts of fuelwood that was consumed before LPG adoption and after
its adoption. Additionally, legal and policy frameworks including the Vision 2030 Agenda

and the Energy Bill of 2016 were the main intervening factors.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

The chapter reviews relevant literature on the subject under study as has been
previously presented by various scholars, authors, and researchers. This review draws from
various sources which are closely related to the purpose and the objectives of this study.
This chapter reviews the literature on the adoption of LPG as an affordable and clean fuel,
typical use patterns and implications of its use on climate and forest ecosystems, and the
future of clean cooking.

The following keywords and terms were used to search the literature: energy
transition, energy substitution, LPG transition, socio-technical transition, system
dynamics, energy models, household cooking, residential energy, domestic energy,
transition strategies, sustainability studies, transformational strategies, transition pathways,
household fuel choice, impact evaluation, program evaluation, and government policy
intervention. These search terms allowed the researcher to access books and scholarly peer-
reviewed articles relevant to the topic of study. The literature review built on the work of

scholars about household cooking fuel transition in developing countries.

2.2 Affordable and Clean Fuel

The need to transition from the reliance on polluting solid fuels and kerosene as
household fuels of choice has led to the development of the concept of clean fuel. For any
fuel to be considered affordable and clean, it must burn cleanly and simply, be widely
available, and have inexpensive devices with almost no emission of particulate matter

(Permadi et al., 2017). Community-wide use of clean fuels is required if air quality is to
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consistently achieve the WHO final emission rate target for particulate matter (PMz2s)
(Shen et al., 2017; WHO, 2016). In the transition towards a universal use of clean fuels,
countries are seeking to invest in strategies that will address the energy needs of their varied
populations over time, involving a portfolio of energy carriers and technologies to meet
cooking and other household requirements (United Nations, Department of Economic and
Social Affairs, Population Division, 2015).

LPG is used as fuel for thousands of applications, in commercial business, industry,
transportation, farming, power generation, cooking, heating, and recreational purposes
(Dhanabhakyam and Sumathi, 2014). It is a mixture of hydrocarbon gases. Among the
existing liquid and gaseous fuel options, LPG can make an important contribution, with
the potential to deliver substantial benefits for health, climate, the environment, and
development (Karimu et al., 2016). In Indonesia, replacing the traditional fuel (paraffin)
with LPG has reduced infant mortality and the incidence of low birth weight (Imelda,
2020). As a gas, LPG can easily be burned efficiently and has a high energy value for its
carbon content (O’Sullivan & Douglas, 2007), making it a relatively low carbon alternative
to conventional fossil alternatives. It can be used in simple cooking stoves cleanly and
efficiently with a combustion efficiency of about 45-60% depending on the stove used with
low pollutant formation (Smith et al., 2005; MacCarty et al., 2010). A study by Budya &
Yasir (2011) shows that one liter of kerosene delivers the same energy as 0.39kg of LPG.
Additionally, LPG cookstoves heat quickly while providing the user with control over the
desired level of cooking power, so users can benefit from time savings through faster and

more efficient cooking experiences (Wickramasinghe, 2011).


https://link.springer.com/article/10.1007/s11625-021-01069-9#ref-CR22
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2.3 Potential Contributions of LPG to Sustainability

LPG has been identified as an efficiently combusting fuel suitable for household
cooking and heating, having no residual effects on humanity and the environment (Mbaka,
2021). Its adoption varies worldwide with most developed countries adopting it as their
primary household fuel while developing countries especially in the Sub-Saharan region
are still experiencing low uptake of this clean cooking technology (Adeeyo et al., 2022).
LPG adoption as a clean fuel provides an opportunity to achieve sustainable development,
that is, environmental stability and economic development communities (Osano et al.,
2020). First, LPG adoption means less time spent fetching and preparing dirty fuels, thus
ample time for other activities such as economic advancement, education, and agriculture.
Second, LPG use translates to less pressure on natural resources through reduced
deforestation, reduced air pollution, and reduced degradation (Karimu et al., 2016). Third,
LPG advances SDG 5 for gender equality through the employment of women in the sector,
as well as by reducing the burdens of cooking with solid fuels which fall unfairly on women

and partially on children (Kariuki & Balla, 2012).

2.4 Influence of LPG Availability on LPG Adoption

Availability and distance to LPG refilling stations have been reported as some of
the main factors hindering LPG adoption and use (Oteh et al., 2015; Srinivasan & Carattini,
2016). The availability of LPG for rural households is an even bigger barrier considering
that most rural households are located far from retail shops and filling stations where there
is limited transportation (Dalaba et al., 2018). Furthermore, rural filling stations and LPG
retailers have reported shortages of LPG due to poor accessibility in these areas resulting

in inconsistent availability of refilled cylinders (Anderson & Markides, 2007; Oduro et al.,
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2012). According to Bouzarovski et al. (2017), the availability of cheaper and more readily
available biomass may result in low uptake of LPG among low-income households.
Elsewnhere, studies have shown that supply-related issues are important determinants of
fuel stacking (Alem et al., 2016; Choumert-Nkolo et al., 2019). Additionally, in most
households, cooking decisions are made based on fuel availability and other supply-related
factors (Rehfuess et al., 2010; Shupler et al., 2019).
2.5 Factors Affecting Patterns of LPG Use

A study on the adoption, use, and impact of LPG in rural India by Gould &
Urpelainen (2018) revealed that only 4% of households reported not using any solid fuels
(firewood, dung, agricultural residue, coal, or kerosene). The prevalence of cooking with
firewood was high (83%) and dung (68%) in comparison with LPG (22%) and electricity
(1%). About 58% of households used both firewood and dung in cooking and heating.
Similarly, primary fuel use was dominated by firewood and chips at 63%. The study
implies that LPG was a secondary fuel choice in 41% of households owning LPG. Gould
& Urpelainen (2018) further investigate specific dishes cooked in LPG-owning
households. LPG is used to cook about 90% and 40% of the dishes in primary LPG and
secondary LPG using households, respectively. Elsewhere, despite the deep penetration of
LPG cooking technologies in Latin America, fuel stacking still occurs in rural areas (Gould
& Urpelainen 2018). Several factors are responsible for household fuel choices across
Africa. According to Adeyemi & Adereyele (2016), households with many members prefer
fuelwood to LPG and other cleaner fuels. Ahiekpor et al. (2015) reported that low-income

households of Ghana tend to adopt more fuelwood as compared to high-income earners.
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Similarly, according to Baek et al. (2020), household income and economic status influence

fuel choice among Kenyan households.

2.5.1 The LPG Market and Prices

Charcoal, Kerosene, and firewood still dominate the Kenyan cooking fuel market.
These fuels are major contributors to respiratory diseases, carbon emissions, and
deforestation. The current market for LPG in Kenya is underdeveloped, with 5-7% of
households using LPG as a primary cooking fuel (EPRA, 2019). However, LPG
penetration remains higher in urban areas at about 21%, with only 1% of rural households
using LPG as a primary fuel (EPRA, 2019). Nairobi and its surrounding areas account for
close to 60% of the LPG market in Kenya where LPG penetration is 40% (EPRA, 2019).
According to Dalberg (2018), the existence of a large consumer segment provides an
untapped market for LPG. However, the high prices of LPG compared to other fuels is a
key barrier that makes LPG affordability unachievable. Therefore, achieving higher rates
of LPG adoption will require a significant lowering of prices to compete with other low-
cost unsustainable fuel sources such as charcoal, firewood, crop residue, kerosene, and cow
dung.
2.5.2 LPG Distribution Models

There mainly exist two LPG distribution models that also inform the choice to adopt
LPG as household fuel for cooking. These models are the Consumer Controlled Cylinder
Model (CCCM) and the Branded Cylinder Recirculation Model (BCRM) (Puzzolo et al.,
2019). In Kenya, the Consumer Controlled Cylinder Model (CCCM) is the most common
LPG distribution system whereby the consumer owns the cylinder and is fully responsible

for maintaining the cylinder (Puzzolo et al., 2019). The consumer can also refill their
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cylinders at any refilling station. In the Branded Cylinder Recirculation Model (BCRM)
the LPG marketing company owns the cylinder and is fully responsible for maintaining the
cylinder and can only refill the cylinder only at authorized stations of the marketing
company. The consumer pays a deposit beforehand, to obtain the first cylinder from an
authorized dealer, which is typically set below the cost of the cylinder, and the purchase
price of the LPG it contains. Empty cylinders are exchanged for a full cylinder of the same
brand for the refill price. The main disadvantage of the CCCM is a decline in cylinder
safety, leading to an increased risk of explosion accidents. Additionally, the CCCM is
susceptible to illegal market LPG activities by unscrupulous refilling businesses
disregarding safety (Puzzolo et al., 2019). On the other hand, the BCRM is often associated
with higher-end consumer cost cylinders and refilling and the exclusion of small

enterprises from the LPG business.

2.6 Potential Effects of LPG Use on the Environment

Promoting access to cleaner cooking fuels and devices, specifically, LPG would
contribute to reducing global air pollution while also promoting climate co-benefits,
achieving both environmental and development goals (IEA, 2016). LPG cookstoves have
efficiencies of 45-60%, thus emitting fewer Green House Gases (GHG) as compared to
other fuel types (ESMAP, 2006; Laan et al., 2010). Afrane & Ntiamoah, (2011) compared
LPG, charcoal, and biogas in Ghana and found that LPG performed the same as biogas and

had the lowest overall global warming emissions among the three fuels.
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Stove-fuel combinations

Figure 2.1: Climate impact of stove/fuel combinations estimated using Global Warming
Commitment (GWC) over a 100-year horizon. Source: Grieshop et al (2011)

Legend

W-Tr-U: woodstove (traditional) — unvented
W-Im-U: woodstove(improved)-unvented
W-Im-V: wood stove (improved) — vented
W-Pat-V: wood ‘Patsari’ stove — vented
W-Gas-U: wood Karve ‘Gasifier’ stove — unvented
W-Fan-U: Wood Phillips Fan’ stove — unvented
Char-U: charcoal stove unvented

Coal-U: coal stove — unvented

Coal-V: coal stove — vented

Ker-U: kerosene wick stove — unvented

LPG-U: LPG stove — unvented

The Grieshop et al. (2011) study (Figure 2.1) shows wide variation in the overall

GWC of the different fuel and stove types. The emissions from the climate active pollutants
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are presented based on estimated annual fuel usage per stove; adjusted for the efficiencies
of the various fuel/stove combinations. The highest contributions come from charcoal,
although fully renewable, and from coal. The other fossil fuels, LPG, and kerosene, have
lower contributions to warming than most wood-burning stoves when 50% renewability is
assumed.

Many African governments, Kenya, are concerned about the depletion of forest
resources resulting from massive deforestation activities in search of firewood and
charcoal. Wood fuel and charcoal are the major forms of biomass energy used in Kenya
for household cooking activities. Firewood meets over 64.5% of household energy needs
while charcoal meets 7%. (Weismann et al., 2014). Charcoal is the dominant fuel in
Kenyan urban households providing domestic energy for 82% of urban households
(Ministry of Environments and Natural Resources, 2016). Because of increased
urbanization, charcoal will continue to receive considerable economic importance
(Githiomi, 2012). Charcoal, which is widely used as a cooking fuel, especially in urban
areas of Sub-Saharan Africa, is produced by slow burning of wood under low oxygen
conditions and consumes far more forest resources per meal than using fuelwood directly
(Zulu & Richardson, 2013). Because of rapidly increasing lower middle income (LMIC)
populations and accompanying urbanization, charcoal-driven forest degradation is a
fundamental problem in many Sub-Saharan African countries (Chidumayo & Gumbo,
2013; Ahrends et al., 2010). Figure 2.2 illustrates the alarming increase in charcoal

production in the African continent (G1Z, 2014)
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Figure 2.2: Charcoal production trends in African sub-regions up to 2015 (in tonnes), with
constituent countries listed below

With a rapidly increasing LMIC population, the amount of charcoal and fuelwood
consumed in Africa is expected to rise further if alternative clean and affordable cooking
fuels are not made more easily available (Orimoogunje & Asifat, 2015). In a set of studies
of villages in the Himalayan region of India, Nautiyal & Kaechele (2008), found out that
because of governments action encouraging LPG use, fuelwood use decreased from 475
kg per capita per year between 1980 and 1985 to 46 kg per capita per year between 2000
and 2005. This suggests that LPG can play an important part in forest preservation in low-
income countries. Elsewhere, Senegal’s increased reliance on LPG as a household fuel of
choice in the 1970s resulted in the avoided consumption of about 700000 m? of wood per

year (Laan et al., 2010).
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2.7 The Future of Clean Cooking Fuels

About three billion of the world’s population (40%) lack access to clean cooking
technologies and therefore rely on solid fuels and kerosene for domestic burning and
heating (Van Leeuwen et al., 2017). Sub-saharan Africa’s population is projected to double
in the next 30 years, which would mean more reliance on biomass fuels (Lindgren, 2020).
Many African governments have set their goals for increased or exclusive LPG use with
Kenya setting her LPG penetration target at 36% by 2030 (World Bank, 2017). Elsewhere,
both Angola and Gabon, which have relatively high levels of LPG usage at 54% and 62%
respectively are seeking to achieve universal LPG access by 2025 (Van Leeuwen et al.,
2017). Rwanda targets to reduce biomass fuel by 40% by 2024 through LPG promotion
(WHO, 2016).

In developed countries such as the Netherlands, the USA, and the UK, the
development, and expansion of BioLPG production for use in burning and heating are in
their initial stages (Johnson, 2019). Although BioLPG is not sufficiently explored, it is a
potential source of renewable LPG (Martinez Gomez et al., 2018). BioLPG in the LMICs
is still unachievable at a large scale but is being used at the household level (Johnson,
2019). At the current rate of transition from biomass to clean fuels, the sustainable
development goal (SDG7) on clean energy may remain unattainable by 2030, and even by
2050 for the LMICs (Pachauri et al., 2021). Pachauri et al. (2021) further report that this
scenario would hinder progress on other SDGs, including those on health for all, gender

equality, climate action, and land.
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2.8 Research Gap

There exist several gaps in research on this subject. First, there is limited
information on the adoption of LPG in the rural areas of Kenya. Additionally, there is no
adequate information regarding the attitudes and perceptions of rural communities towards
the use of LPG and their willingness to adopt the technology. Finally, most of the LPG
used in Kenya is extracted from non-renewable sources such as crude oil and natural gas.
There’s little information on the development and adoption of renewable LPG in Kenya.
According to Johnson (2019), BioLPG is a potential successor to LPG since it is a
renewable fuel source produced through the hydrogenation of animal and plant oils, much
of those being wastes (Johnson, 2015). BioLPG is chemically like conventional LPG and
utilizes the same system, storage, infrastructure, and household equipment. BioLPG could
be substituted in all applications of LPG, from cooking and heating to transport and
industries (Kallio et al., 2014). BioLPG was first produced in Europe and has become a
highly preferred fuel in countries such as the UK, Netherlands, and the US (Johnson, 2019).
However, low-income countries are not producing or importing BioLPG, therefore future
production of BioLPG for cooking purposes is highly recommended for uptake in

developing countries.
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Introduction
This chapter explains and defends the instruments and techniques that were used to
collect primary data for the study. It describes the research design that was used, the
location of the study, the target population, sampling techniques, and research instruments.
The chapter also discusses data collection procedures, data processing, analysis, and legal

and ethical issues that were considered during data collection.

3.2 Research Design

To determine the relationship between independent and dependent variables, a
mixed methods research design was employed for this study. The mixed methods research
design is a procedure for collecting, analyzing, and mixing both quantitative and qualitative
research and methods in a single study to understand a research problem (Creswell, 2012).
In the study, both qualitative and quantitative data were explored to better understand the
research problem. Quantifiable data was collected from participants and analyzed using
both descriptive and inferential statistics. Similarly, qualitative data consisting of text was
collected from respondents, described, and analyzed subjectively. Using this research
design, the effects of numerous factors on LPG adoption and use patterns were determined.
Additionally, the potential effects of LPG use on the environment were assessed using
quantifiable data.
3.3 Research Site

The research site details the area where the study is conducted as well as the

research population in that area. This study was conducted in Gatanga sub-county,



26

Murang’a County, Kenya. Gatanga sub-county was purposely selected due to its rural
population and its vast endowment of natural resources. As result, the sub-county is home
to the Ndakai-ini dam which supplies 80% of Nairobi metropolitan dwellers with clean
water (Mwangi, 2021). Therefore, deforestation through cutting down trees for fuelwood
provision and charcoal burning threatens the catchment areas associated with the dam. The
sub-county covers an area of 532.3 km? and borders Gatundu North sub-county to the
South, Kinangop sub-county to the West, Thika West sub-county to the East, and Kandara
Sub- County to the North. Gatanga Sub- County is located between latitudes 00° 45° and
01°015° South and longitudes 36°45° and 37°25° East. There are 6 administrative wards
in the sub-county with a total population of 187, 989, and a total of 56,430 households

(KNBS,2019).

3.4 Target Population

This research targeted the rural households of Gatanga sub-county. The sub county
is made up of 6 wards namely, Kariara, Gatanga, Kihumbuini, Mugumo-ini
Kakuzi/Mitubiri, and Ithanga. Gatanga sub-county has a population of 187,989 and 56,430

households (Kenya National Bureau of Statistics, 2019).

3.5 Study Sample

3.5.1 Sampling Procedure

A given number of samples are selected to represent the population, such that any
statement made about the sample is also true of the population (Orodho & Kombo, 2004).
In this research, a stratified sampling technique was used to sample the target population.

The target population was divided into strata according to the six administrative wards of
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Gatanga Sub county: Kariara, Gatanga, Kihumbuini, Mugumo-ini Kakuzi/Mitubiri, and
Ithanga.

3.5.2 Study Sample Size

Gatanga Sub county has a total of 56,430 households in the 6 administrative wards.
To determine the sample size, the following formula was adopted from Yamane (1973)
with a 95% confidence interval assumed at p=0.05. This formula is suitable to determine
the sample size when the target population is above 10,000.

Thus,

TTHNGe)?
Where;
n = sample size required
N = population size
e = required sampling error (A 95% confidence level or 0.05 precision level, is assumed)

Substitute numbers in the formula,

~ 56430
"= 1+ 56430(0.05)2

n =397,
The 397 samples were allocated proportionally in the six strata.

Thus;

13011

Gatanga Ward n=———— ; =01

"~ 1+13011(0.05)2

4328
n=———5
1+4328(0.05)

Mugumoini Ward



Ithanga Ward

Kariara Ward

Kihumbuini Ward

Kakuzi Mitubiri Ward

6040

n=——————=
1+6040(0.05)?

n=————
1+14209(0.05)2

14209

8012

n=

~ 1+8012(0.05)2

10830

n=

T 1+10830(0.05)2

28

n=44

n= 99

n= 56

n=75

Households in each stratum were selected randomly, and each household was given an

equal chance of being selected.

Table 3.1: Sample Size

Strata/Ward Households Samples
Gatanga 13011 91
Mugumoini 4328 32
Ithanga 6040 44
Kariara 14209 99
Kihumbuini 8012 56
Kakuzi/Mitubiri 10830 75
TOTAL 56430 397

3.6 Data Collection

3.6.1 Data Collection Instruments

The study employed questionnaires to collect data from all the selected

respondents. According to Orodho, (2009), questionnaires are advantageous in that they

take less time, and energy, and are less expensive to administer to residents distributed over
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an extensive location. Additionally, questionnaires allow respondents freedom of
expression and allow them to make suggestions while maintaining anonymity.

Trained research assistants administered semi-structured questionnaires. This
ensured the quality of the data collected since it allowed those respondents that could not
read and write to be assisted in completing their questionnaires. Section A of the
questionnaire contained questions on demographic data while sections B and C contained

data on the extent of LPG adoption and other fuel use characteristics.

3.6.2 Pilot Testing of Research Questionnaire

The research carried out a pilot study before the actual data collection, where forty
(40) respondents were drawn from Gituamba ward in Gatundu North Sub- County,
Kiambu. This represented 10% of the intended sample size. The area was considered since
it has the same demographic characteristics, weather patterns, and culture as the study area.
The pilot questionnaire helped in improving the final questionnaire in terms of validity and
duration of administration.

3.6.3 Instrument Reliability

Instrument reliability is a test of the consistency of the instrument when used in
other studies. This test is done to ensure that it would result in the collection of the same
data in repeat operations. The data collected with the questionnaire during the pilot study
was measured using Cronbach Alpha a coefficient. Mugenda & Mugenda (2003)
recommend that a reliable instrument should have a Cronbach Alpha a coefficient value
of at least 0.7. The piloted data produced a Cronbach Alpha coefficient of 0.8 which was

acceptable.
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3.6.4 Instrument Validity
Content validity was used whereby the validity of the instrument was tested by
discussing their content with other colleagues, and further scrutiny was provided by my

university supervisors as recommended by Mugenda & Mugenda, (2003).

3.7 Data Processing and Analysis

The study employed a household survey using a questionnaire as the instrument of
data collection. A survey using an in-person questionnaire of participants ensured the
presence of the same questions in the same order for each respondent. The survey
questionnaire helped in collecting data from all willing participants in the sample. The
questionnaires were exhaustively checked to ensure data quality. Data analysis for the
study employed both quantitative and qualitative methods.

To address the study objectives, qualitative data were coded and entered into the
Statistical Package for Social Sciences (SPSS) version 26. Descriptive statistics (frequencies
and percentages) were used to show patterns in responses across the various issues as raised
through the study objectives. Findings from qualitative data were grouped and presented using
tables, graphs, and charts.

Quantitative data analysis was performed on the data using, correlational analysis, chi-square
tests, and paired sample t-tests. A Chi-square test was performed to test relationships
between distance to LPG depots and the rate of LPG adoption; relationships between LPG
delivery services and the rate of LPG adoption; and the relationship between household
income and fuel choice. Pearson's correlation analysis was conducted to test for
relationships between the distance to LPG depots and the years of LPG use in households;

for relationships between household income and the amount of LPG consumed, and
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relationships between household size and fuel consumption. A paired sample t-test was

used to determine differences in firewood consumption before and after LPG adoption.

Table 3.2: Summary of Data Analysis Techniques

Objective

Independent Variable

Dependent
Variable

Statistical Test

1.To assess the influence
of LPG availability on
the adoption of LPG in
Gatanga sub-county

Distance to LPG depot

LPG adoption

Chi-square test

LPG delivery Services

LPG adoption

Chi-square test

effects of LPG on the
environmental

e Before LPG adoption
e After LPG adoption

environmental
impact

2.To investigate factors Distance to LPG depot | Years of LPG Pearson’s
affecting patterns of use correlation
LPG use in Gatanga analysis
sub-county Household size Annual LPG Pearson’s
consumption correlation
analysis
Household size Daily firewood | Pearson’s
consumption correlation
analysis
Household income Annual LPG Pearson’s
consumption correlation
analysis
Household income Household Chi-square test
primary fuel
Household size Household Chi-square test
primary fuel
3.To assess the potential | Wood Consumption Potential Paired t-test

3.8 Legal and Ethical Considerations

As a legal prerequisite, the researcher sought an introductory letter from African Nazarene

University before seeking permission to conduct the research from the Murang’a County

Government. Further, the researcher obtained a research permit from the Ministry of

Education and the National Council for Science Technology and Innovation (NACOSTI)

in Nairobi to be allowed to carry out the study.
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An explanation was given to the respondent about the study and that the study was
intended for academic purposes only. Caution was exercised while administering
questionnaires and this ensured trust between the respondents and the research assistants.
Additionally, the respondents were reassured of the confidentiality and anonymity of the
Information they give concerning their households. Consent, which is the predominant
principle of ethics in data collection, was upheld during data collection. Consequently, the
study emphasized respect for the participants who were given the freedom to refuse or
accept to be interviewed or withdraw from the interview. The study, therefore, complied
with the national policy guidelines on basic ethical principles concerning the protection of

participants.
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CHAPTER FOUR

RESULTS AND ANALYSIS

4.1 Introduction

The fourth chapter of the study provides the presentation and interpretation of the
findings derived from the research work. The introduction section is about what the chapter
entails. The second section presents the demographic characteristics of the respondents
while the third section presents the results of the three research questions in the study. The
fourth section entails the findings and attempts to answer the three research questions that

the study investigated.

4.2 General Findings

This section presents the demographic characteristics of the households in Gatanga
sub-county. The demographic characteristics sought from the respondents in this study
included the size of households, age of the household head, education level of the
household heads, income of households, and the occupation of the household head. The

response rate is also presented in this section.

4.2.1 Response Rate

Response rate refers to the rate of completion and return, which is the product of
dividing the number of people who returned the questionnaire by the total number of people
in the targeted sample size. A structured questionnaire was used to collect primary data for
the current research from a sample of 397 households in Gatanga sub-county. The response

rate for all the six different wards (strata) of the sub-county is presented in table 4.1.
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Table 4.1: Response Rate

Response Frequency Percentage
Responded 315 79

Not Responded 82 21

Total 397 100

The study targeted 397 respondents. However, out of the targeted respondent, 315
questionnaires were completed and returned, giving an overall response rate of 79%.
According to Mugenda and Mugenda (2003), a response rate of 50% is acceptable while a
response rate exceeding 70% is sufficient for analysis and reporting. Therefore, the
response rate for this study was adequate and representative and conforms to Mugenda and

Mugenda (2003).

4.2.2 Respondents Regions

<A

m Kariara = Kakuzi ® Mugumoini = Gatanga = Ithanga = Kihumbuini

Figure 4.1: Respondents' Regions: proportion of respondents who responded from each
ward.



35

The highest percentage of respondents came from Kariara ward (30%), whereas the

lowest percentage came from Mugumoini and Ithanga wards (9%) (Fig. 4.1).

4.2.3 Household Sizes

Frequency

20

1 2 3 4 5 6 7 8 8 10 M1 12 13 15

Number of people in a household

Figure 4.2: Graph: Household Size

The average household size of households in Gatanga Sub- County was 5 members

per household. Figure 4.2 shows that the household size in the sub-county ranged from

fifteen (15) members to one (1) member.
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4.2.4 Age of Household Heads
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Figure 4.3: Age of household heads

Most household heads in Gatanga sub-county (34) are aged between 41 and 50
years (average age = 48.9 years), while a minority of household heads (0.3%) are aged

between 81 and 90 years.
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4.2.5 Education Level of Household Heads
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Figure 4.4: Education Level of Household Head

As shown in Figure 4.4, most household heads in Gatanga sub-county (47%) have
completed secondary school education, while 1% of household heads did not attend any

form of school.
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4.2.6 Occupation of the Household Heads
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Figure 4.5: Occupation of the Household Head

Figure 4.5 shows that most farmers in Gatanga sub-county (54%) of household

heads are farmers, whereas the minority (7%) are formally employed/salaried.

4.2.7 Monthly Income of Household

Figure 4.6 indicates that most households in the study area are low-income
households. Around half (52.7%) of households in Gatanga sub-county earn below Kenya
Shillings (KES) 15,000 monthly, whereas only 2.2% of the households earn above KES

45,001 per month.
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Figure 4.6: Graph: Household Monthly Income (KES)
4.2.8 Rates of LPG adoption in Gatanga Sub- County

The respondents were asked if they had LPG cylinders in their households. Their
responses show that 49.5% of households in Gatanga Sub- County have not adopted the
use of liquefied petroleum gas (LPG), while 50.5% have adopted the use of LPG. Table
4.3 presents the finding of LPG adoption per each specific ward in Gatanga sub-county.
First, In Kariara ward, about 72.6% of households have adopted the use of LPG, while only
27.4% are yet to adopt the use of LPG in their households. In Ithanga ward, 33.3% of the
households have adopted the use of LPG while 64.3% have not yet adopted LPG.



Table 4.2: LPG Adoption Per Ward

40

RESPONSE
WARD YES NO
N % N %
Kariara 69 72.6 26 27.4
Kakuzi-Mitubiri 22 42.3 30 57.7
Mugumoini 10 35.7 18 64.3
Gatanga 30 44.1 38 55.9
Ithanga 10 33.3 20 66.7
Kihumbuini 15 35.7 27 64.3

4.2.9 Fuel Use Patterns

The findings as shown in Figure 4.14 indicate that 81.3% of households in Gatanga

sub-county use firewood as their primary fuel for cooking and heating, 10.2% use LPG as

their primary fuel for cooking and heating, 8.3% use charcoal as their primary fuel, while

0.3% use electricity as their primary fuel of choice for cooking and heating.
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Figure 4.7: Fuel Use Patterns in Gatanga Sub- County

Table 4.3 shows fuel use patterns in the various wards of Gatanga sub-county. The
majority (83%; n=256) of households in Gatanga sub-county use firewood as the primary
fuel. Electricity is the least used cooking fuel in Gatanga sub-county, where 0.3% of
households use electricity as their primary cooking fuel. Furthermore, LPG is mostly used
as a primary fuel in Kariara ward (14.7% of households), whereas in Kihumbuini ward,

LPG use only constitutes 3.3% of the household cooking fuel.
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Table 4.3: Fuel Use Patterns Per Ward. Fuels with the highest percentage of use per ward
are highlighted in grey.

SOURCE OF FUEL
WARD LPG Firewood Charcoal Electricity
N % N % N % N %

Kariara 14 147 |79 83 2 2.1 0 0
Kakuzi-Mitubiri | 4 7.7 42 80.8 5 9.6 1 1.9
Mugumoini 3 10.7 | 24 85.7 1 3.6 0 0
Gatanga 9 13.2 |51 75 8 11.8 0 0
Ithanga 1 33 25 83.3 4 13.3 0 0
Kihumbuini 1 2.4 2.4 35 6 14.3 0 0

4.2.10 Availability of LPG Delivery services

The respondents were asked to state whether they have a door-to-door LPG delivery
in their area. The findings show that 49.4% of households in Gatanga sub-county have
access to door-to-door LPG delivery services while 50.6% do not have access to door-to-

door LPG delivery services.

4.2.11 Number of Years of LPG Use

This question targeted households that already had LPG. It sought to find out for
how many years a household has been using LPG since its adoption. Results in Figure 4.8
show that most households (45%) adopted LPG as a cooking fuel between 6 and 10 years

ago, while only a few households (3%) adopted LPG more than 21 years ago.
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Figure 4.8: Years of LPG Use
4.2.12 Reasons for not Adopting LPG

This question targeted those households without LPG. The question sought to
investigate the reasons these households have not adopted the use of LPG. The findings
presented in Figure 4.17 indicate that 44.3% of households have not adopted LPG due to
the expensive cost of installation, 36.7% have not adopted LPG due to LPG unavailability
and long distances to LPG depots, 10.8% have not adopted LPG due to the high cost of
refill, 5.7% do not know about LPG, and 2.5% are not interested in LPG and due to safety

reasons and cultural beliefs.
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Figure 4.9: Reasons for Not Adopting LPG

4.3 Assessing The Influence of LPG Availability on Adoption of LPG as a Cooking

Fuel

4.3.1 Influence of Distance to LPG Depot on LPG Adoption

The respondents were asked the approximate distance to market centers where they
purchase and refill their LPG cylinders. A chi-square test was carried out to test if there
was any statistically significant relationship between the rate of LPG adoption in Gatanga
sub-county and the distance to LPG depots. This relationship was found to be significant
X2 (3, N=315) = 95.03, P=.001 at the p < 0.05 level (Table 4.4). Therefore, the adoption of
LPG in Gatanga sub-county is influenced by the distance to market centers where LPG
depots and retailers are located. Additionally, households nearest to LPG depots are more

likely to adopt and use LPG compared to households further from LPG depots.
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Table 4.4: Influence of Distance to LPG Depots on LPG adoption

Chi-Square Tests

Value df Asymptotic Significance (2-sided)
Pearson Chi-Square 95.037¢ 3 .001
Likelihood Ratio  114.503 3 .000

N of Valid Cases 315

4.3.2 Influence of Delivery Services on LPG Adoption

A chi-square test for independence was conducted to establish if there was any
relationship between the availability of LPG delivery services and LPG adoption in
Gatanga sub-county. In this case, at p< 0.5, the test was significant X? (1, N=315) = 221.99,
p= 0.001. Therefore, there was a significant relationship between the availability of
delivery services and the rate of LPG adoption in Gatanga sub-county. These test results
indicate that households with access to LPG delivery services are more likely to adopt LPG

compared to households without access to LPG delivery services.
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Table 4.5: Influence of LPG Delivery Services on LPG Adoption

Chi-Square Tests
Asymptotic

Significance Exact Sig. (2- Exact Sig. (1-

Value df (2-sided) sided) sided)
Pearson Chi-Square  225.3642 1 .001
Continuity 221.988 1 .000
Correction®
Likelihood Ratio 265.850 1 .000
Fisher's Exact Test .000 .000
N of Valid Cases 315

4.4 Investigating the Factors Affecting Patterns of LPG Use in Gatanga Sub- County

4.4.1 Influence of Distance to LPG Depot on Years of LPG Use

Pearson’s correlation analysis was conducted to test whether there was any
significant relationship between the distance to LPG depots and the number of years a
household has been using LPG. Results of the test show that there exists a negative
correlation between the distance to LPG depots and the number of years a household has
been using LPG (r = -0.161; p = 0.044) at the level of p< 0.05. According to the results of
this test, households nearest to LPG depots have used LPG for more years than households

located further from LPG depots.
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Figure 4.10: Scatter Diagram Showing the Influence of Distance to LPG Depot on Years
of LPG Use

Table 4.6: Influence of Distance to LPG Depot on Years of LPG use

Years of One way distance

LPG use to LPG Depot
Years of LPG use Pearson Correlation 1 -.161"
Sig. (2-tailed) .044
N 156 156
One way distance to Pearson Correlation -.161" 1
LPG Depot Sig. (2-tailed) .044

N 156 156
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4.4.2 Household Size and Annual Consumption of LPG

A correlation analysis was done to test the natural relationship between household
size and annual LPG consumption. The test shown in Table 4.7 shows a weak negative
relationship between annual LPG consumption and household size (r = - 0.042; p = 0.602)
at the level of p<0.05. The test findings reveal that, although large households consume
less LPG, there is no significant relationship between household size and LPG

consumption.
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Figure 4.11: Scatter Plot of the Relationship Between Household Size and Annual
Consumption of LPG
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Table 4.7: Household Size and Annual Consumption of LPG

Annual

Household  consumption

size of LPG

Household size Pearson 1 -.042

Correlation

Sig. (2-tailed) .602

N 314 154
Annual consumption of Pearson -.042 1
LPG Correlation

Sig. (2-tailed) .602

N 154 154

4.4.3 Household Size and Daily Firewood Consumption

Pearson’s correlation test was conducted to find out whether there was a significant
relationship between household size and the daily firewood consumption at the household
level in the sub-county. The test shown in Table 4.8 revealed a statistically significant
relationship (r = 0.25; p = 0.001), implying that household wood consumption increased

with an increasing number of household members.
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Figure 4.12: Correlation Between Household Size and Daily Firewood Consumption

Table 4.8: Relationship Between Household Size and Daily Firewood Consumption

Daily
Household firewood
size consumption
Household size Pearson 1 624
Correlation
Sig. (2-tailed) .001
N 314 314
Daily firewood Pearson .624 1
consumption Correlation
Sig. (2-tailed) .000
N 314 314
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4.4.4 Influence of household Income on Annual Consumption of LPG

Table 4.9 show the relationship between household income and annual
consumption of LPG at the household level. The test found a significant relationship
between the amount of LPG consumed annually and household income (r= 0.385; p =
0.001). The finding implies that households with higher income consumed more LPG
annually as compared to those with lower income.

Table 4.9: Influence of household Income on Annual Consumption of LPG

Annual Household

consumption of monthly

LPG income
Annual consumption of Pearson Correlation 1 .385
LPG Sig. (2-tailed) .001
N 154 154
Household monthly Pearson Correlation .385 1
income Sig. (2-tailed) .000
N 154 314

4.4.5 Influence of Household Income on Household Fuel Choice

A chi-square test was carried out to test if there was any statistically significant
relationship between household income and household fuel choice in Gatanga Sub-
County. The test was statistically significant at the significance level, p< 0.05, X? (9, N
=315) = 48.378; P=0.001 (Table 4.10). The presence of this significant relationship

between household income and fuel choice indicates that households with lower income
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are more likely to use biomass fuel types such as firewood and charcoal. On the other hand,
higher-income households are more likely to adopt clean fuels such as LPG and electricity.

Table 4.10: Income and Fuel choice Crosstabulation

Fuel choice
Firewood  Charcoal Electricity LPG Total (n)
Income < 15000 145 15 0 5 165
(KES)  15001-25000 81 11 0 13 105
25001-45000 27 0 1 10 38
>45000 3 0 0 4 7
Total (n) 256 26 1 32 315

Table 4.11: Chi-Square Test of the Influence of Household Income on Fuel Choice

Asymptotic Significance (2-

Value df sided)
Pearson Chi- 48.378% 9 .001
Square
Likelihood Ratio 41.410 9 .000
N of Valid Cases 315

4.4.6 Influence of Household Size on Household Fuel Choice
A Chi-square test was performed on SPSS to test if there was any statistically
significant relationship between household size and household fuel choices. The test found

a significant positive relationship at a significant level of p< 0.05, X? (9, N=315) = 34.667;
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p=0.00. The presence of a positive relationship implies that large households are less likely
to adopt the use of clean fuels such as LPG and electricity as their primary fuels as
compared to smaller households who are more likely to adopt LPG and electricity as their
primary fuels.

Table 4.12: Chi-Square Test for Relationship Between Household Size and Fuel Choice

Value df Asymptotic Significance (2-sided)
Pearson Chi- 34.667% 9 .000
Square
Likelihood Ratio 41.331 9 .000
N of Valid Cases 315

4.5 Assessing the Potential Effects of LPG Adoption on the Environment

45.1 Comparing Firewood Consumption Before and After LPG Adoption

A Paired samples t-test was used to determine whether the adoption of LPG had
any effect on daily firewood consumption by households at the significance level o= 0.05.
According to the paired samples t-test, the p-value associated with t=-31.441 and degrees
of freedom, (n-1) =157 is 0.001 (Table 4.13), at p < 0.05 significance level. There is
therefore sufficient evidence to conclude that the means of the daily firewood consumed
by households before and after LPG adoption were not equal and that LPG adoption
positively affected the amount of firewood consumed in households in Gatanga sub-county

(firewood consumption decreased with increasing adoption of LPG).
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Table 4.13: A Paired Samples t-test Comparing Firewood Consumption Before and After

LPG Adoption
Paired Samples Test
Paired Differences t df Sig.
Mea Std. Std. 95% (2-
n Deviati | Erro | Lower = Upper tailed)
on r
Mea
n
Wood - | 9.345 | 743 - - - 15 .001
consumption | 23.3 24.84 | 21.906 | 31.44 7
before LPG 75 3 1
adopting -
Wood
consumption
after LPG
adoption
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CHAPTER FIVE

DISCUSSION, SUMMARY, CONCLUSION AND RECOMMENDATIONS
5.1 Introduction

This chapter discusses the conclusions obtained from the findings of this study on
LPG adoption and patterns of use by households in Gatanga sub-county. Discussions of
the findings are done objectively to address the research questions and the overall objective
of the study. Towards the end of the section, a summary of the researcher’s conclusions is
made, and recommendations proposed.
5.2 Discussion of General Findings
5.2.1 Transition From Traditional Fuels to LPG

The findings of this study show that the largest transition of households from
traditional fuels to LPG use in Gatanga sub-county occurred between 6 to 10 years ago
when about 45% of households transitioned from the use of dirty and polluting fuels to
LPG. This surge in LPG adoption was a result of the government of Kenya (GoK)
anchoring the transition to LPG through subsidies on LPG prices that mostly targeted low-
income households. (Mbaka, 2021). The Kenyan policy framework addressed the key
challenges related to the supply and affordability of LPG for the poor by exempting the
commodity from the 16% value-added tax (VAT). Similarly, Brazil’s policy framework
aimed at addressing key challenges related to distribution, affordability, and supply led to
a 95% transition from traditional fuels to LPG between 1960 and the early 1970s. These
scenarios confirm the assertion by Destyanto et al. (2017) that the government is a
facilitator, simulator, and coordinator of LPG adoption programs through policy

implementation.
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5.2.2 Patterns of Fuel Use

The use of LPG as a primary fuel is not widespread within the rural setting of
Gatanga sub-county. Only 10.2% of households in the sub-county (n=32) reported using
LPG as a primary cooking fuel whereas the majority (81.3%) used firewood. The low LPG
usage as a primary fuel in rural settings is well documented in other studies (Lewis and
Pattanayak, 2012; Ifegbesan et al., 2016; Wiedinmyer et al., 2017). Other studies have
reported that reasons for low LPG use as a primary fuel include the opportunity cost of
freely available biomass in the rural setting and relative poverty (Puzzolo et al., 2019;
Ronzi et al.,, 2019). According to Pye et al. (2020), people living in rural areas are
significantly more likely to report LPG as being expensive and difficult to obtain.
Addressing these barriers will encourage more exclusive use of LPG for clean cooking
which is necessary to maximize the gains in forest conservation and environmental
management.
5.2.3 Challenges of LPG Adoption in Gatanga Sub- County

About 55% of households without LPG gave reasons related to affordability as their
main challenges towards LPG adoption. Such reasons included the expensive costs of
buying LPG cylinders and the prohibitive cost of LPG refills. About 42% of households
without LPG gave reasons related to the accessibility of LPG within their locality, these
reasons included unavailability of LPG due to remoteness and distance to LPG suppliers
and depots and unawareness of LPG as modern fuel. These findings agree with Kumar et
al, (2020) who while studying the impact of affordability, accessibility, and awareness on
LPG adoption in rural poor households of India found out that LPG adoption is associated

with the 3A’s (Affordability, Accessibility, and Awareness). Kumar et al, (2020) further
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elaborate those respondents who attended awareness campaigns on clean cooking are 11.8

times more likely to adopt LPG than those who did not attend any clean cooking campaign.

5.3 Assessing The Influence of LPG Availability on Adoption of LPG as a Cooking
Fuel

5.3.1 Influence of Distance to LPG Depot on LPG Adoption

The findings show that households near market centers where LPG depots and
retailers are located have highly adopted LPG. However, households further away from
LPG depots and retailers exhibit lower LPG adoption of LPG. These findings agree with
Gould et al. (2020) who studied LPG adoption among various Indian villages with different
distances to LPG depots. In the study, Gould et al. (2020) observed less proportion of LPG
owning households in more remote villages relative to villages nearer to LPG depots.
Similarly, Danlami et al. (2015) note that LPG adoption in most Nigerian households is
highly dependent on LPG accessibility. According to Dalaba et al. (2018), availability and
distance to LPG depots and filling stations are bigger barriers for rural households in
Northern Ghana. Elsewhere, similar studies have shown that availability and distance to
LPG depots and filling stations as factors that hinder LPG adoption and use (Oteh et al.,
2015; Srinivasan and Corattini, 2016). However, among urban households of Northern
Ghana, LPG depots and filling stations are readily available, and therefore, distance to
those depots and filling stations do not present any hindrances to LPG adoption (Dalaba et
al., 2018).
5.3.2 Influence of Delivery Services on LPG Adoption

The study shows that LPG delivery services in Gatanga Sub- County influence the

rate of adoption and use patterns. Households are more likely to adopt and use LPG when
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there is a door-to-door LPG delivery service in their locality. A study in Ghana shows that
LPG door-to-door delivery systems have significantly increased sustained use of LPG and
other clean cookstoves (Carrion et al., 2018). Similarly, Ndunguru & Lema (2020) found
that various strategies including LPG home delivery services have created an enabling
environment for the adoption and usage of LPG by households. Elsewhere, Akter & Pratap
(2022) reported that doorstep delivery of LPG cylinders in the rural areas of Bihar, India,
increased between 2015 and 2018. In the same period, LPG adoption increased
substantially.

The delivery of LPG refills has also been used by retailers and distributors as a
strategic marketing initiative (Siringi, 2013). In a study in India, Siringi, (2013) reported
that timely refill supply from the distributor has improved the rate of LPG adoption and its
sustained use. However, households that did not have access to timely delivery services
did not adopt LPG, or those that had adopted LPG and did not have home delivery services
did not sustain LPG use. Finally, LPG adoption and its sustained use have been seen as a
mechanism to save time for fuel collection, however, this is dependent on the availability
of delivery services.

5.4 Investigating the Factors Affecting Patterns of LPG Use in Gatanga Sub- County
5.4.1 Relationship between Household Size and LPG Use

Overall, the amount of LPG consumed by households in Gatanga sub-county is not
determined by household size. Therefore, household LPG consumption may be influenced
by other factors such as income and social-economic status. Other studies agree with the
findings of this study that show no statistically significant association between household

size and LPG use. Gould et al. (2020) noted that household size does not necessarily
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explain the exclusive use of any fuel. According to Gould et al. (2020), household size may
play a key part in cooking fuel choice. For instance, larger households require more
cooking in terms of frequency and quantity, therefore needing more cooking fuel, which
may be expensive. In another instance, a large household may have several income-earning
adults, who would contribute to the regular purchase of clean fuels (LPG). Further, Gould
et al. (2020) therefore note that some larger households are more likely to cook with solid
fuels while others are more likely to use a clean cooking fuel.

The finding contradicts several reports by other scholars (Pope et al., 2018;
Mudombi, et al., 2018; Pye et al.,2020). According to a report by Pope et al. (2018)
household demographic characteristics, especially household size, level of education, and
socio-economic status influence household decisions to adopt and exclusively use LPG.
Similarly, Pye et al. (2020) also reported that the number of people resident in a household
determines LPG use patterns, as either a primary or secondary fuel. Household size further
influences the decision to either or not adopt LPG. Other qualitative studies conducted in
Peru (Hollanda et al., 2017; Williams et al., 2020) and Mozambique (Mudombi, et al.,
2018) have also reported that large households often refill more, and they may therefore
find these frequent refills expensive as compared to smaller households. A study in China

(Carter et al., 2019) associated household size with clean fuel adoption and exclusive use.

5.4.2 Influence of Household Income on Annual Consumption of LPG

This study reveals that households with higher income consumed more LPG as
compared to households with lower income. Similarly, households with higher income
have a higher likelihood of adopting LPG as their primary fuel or using it exclusively. This

study, therefore, concludes that LPG affordability is a function of household income. The
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findings agree with Shupler et al. (2020) who found a seasonal difference in LPG
consumption in Kenyan households. During the hot season between January to February,
there’s usually lower income in Kenya. However, incomes are higher in the cooler months
of June and July. LPG consumption was an average of 0.25 kg/capita/month between
January and February compared to 1.21 kg/capita/ month, when household incomes had
improved (Shupler et al., 2020).

These findings further confirm the findings of similar studies in Peru and other
countries that LPG affordability is a critical determinant of transition decisions (Kayode et
al., 2015; Kumar, 2017; Pollard et al., 2019). The results are also in agreement with a study
by Amoah (2019) who deduces that income and the relative price of fuel are significant
determinants of fuel choice. According to Yadama (2013), energy-poor households in rural
community’s experience frequent shocks which impact their incomes, this presents

constraints on the adoption of LPG for such households (Ali, 2007; Yadama, 2013).

5.4.3 Influence of Household Income on Household Fuel Choice

The findings of this study indicate that households with lower income are more
likely to use biomass fuel such as firewood and charcoal as their primary fuel, and therefore
less likely to adopt cleaner fuel types such as LPG and electricity. However, higher-income
households are less likely to use biomass fuels as their primary fuel but are more likely to
use clean fuels such as LPG and electricity as their primary fuel. These results provide
empirical evidence for the energy ladder model by proving household income is the main
determinant of household fuel choice (Horst & Horovka, 2008). These findings are also in
agreement with Danlami et al. (2017), who reported income to have a positive influence

on the adoption of LPG and electricity as their main cooking fuel. A similar study in Kenya
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confirms the energy ladder hypothesis (Baek et al., 2020). Further studies on this matter
have termed household income and economic status as the most important factors
influencing fuel choice, such that increased levels of income result in a decline in the share
of biomass fuels in the total household energy consumption (Wuyuan et al., 2008; Osiolo,
2009). Elsewnhere, a study in Ghana to assess the determinants of urban household cooking
fuel choice deduced that households in the low-income category tend to adopt more
firewood, while high-income earners tend to use LPG and electricity (Ahiekpor et al.,
2015).
5.4.4 Influence of Household Size on Household Fuel Choice

The findings show that the type of fuel of choice in a household is statistically
significantly associated with the total family size of the household. Consequently,
households’ choice of firewood as the primary cooking fuel increases with an increase in
the household size. This finding is consistent with other findings that have reported that
the initial increasing trend in firewood preference as the primary fuel is a result of the
availability of an abundant supply of labor to collect firewood and prepare dung since the
amount of energy needed for large households is quite high so it may be too expensive to
purchase and use gas (Rahul et al., 2020; Wassie et al, 2021). Similarly, the findings of the
current study confirm with Adeyemi & Adereyele (2016) who deduced that larger
households would prefer to use firewood since it is comparatively cheaper to use firewood
to cook for many people. Elsewhere, Alem et al. (2016) noted that larger households with

many females tend to take advantage of the low opportunity cost of firewood collection.
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5.5 Assessing the Potential Effects of LPG Adoption on the Environment

5.5.1 Comparing Environmental Impacts of Wood Consumption Before and After
LPG Adoption

Based on the findings of the study, a reduction in fuelwood consumption occurred
in most households that adopted LPG. Consequently, there was a significant decline in the
general household demand for fuelwood and biomass, which therefore resulted in fewer
trees cut to provide firewood. Forests were thus spared from the menace of deforestation
as the demand for firewood was not as high as it was before households had adopted LPG.
These findings agree with several other reports such as WRI, (2018) which noted that since
more than 90% of rural communities in Cameroon cook primarily with fuelwood,
Cameroon lost 2.8% of her forest cover between 2001 and 2016. Similarly, Kypridemos,
(2020) reported that increasing LPG users in Cameroon would contribute to mitigating the
effects of climate change because less fuelwood and biomass would be used for cooking,
contributing to forest protection. Transition to LPG can also contribute to deforestation
mitigation, by reducing the demand for wood from non-renewable forests for firewood
production, in turn positively impacting climate through reduction of CO, emissions (Singh
et al., 2017).

A study in Tanzania shows that substituting 250,000 tons of fuelwood, and biomass
fuels with 80,556 tons of LPG could save 10,000 ha of forests per year (Alem and
Ruhinduka, 2020). Therefore, since Tanzania currently consumes about 145,000 tons of
LPG per year, close to 18,000 ha of forest are potentially protected from deforestation
annually. Consumption of fuelwood and other biomass fuels will continue to increase,

especially in Sub-saharan Africa. However, there are clear pieces of evidence showing that
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substituting fractions of household biomass fuels with cleaner fuels such as LPG would
contribute positively to forest protection, and in turn, reduce the effects of climate change.
5.6 Summary of Main Findings

The study sought to assess the factors affecting the adoption and use of LPG in
Gatanga Sub- County, Murang’a County. Specifically, the study sought to assess the
influence of availability factors on LPG adoption in Gatanga Sub- County; investigate
factors affecting LPG use patterns in Gatanga Sub-county and compare the potential
environmental impact of the use of LPG versus the use of biofuel, particularly the use of
fuelwood in Gatanga Sub-county.

On the factors of availability affecting the extent of LPG adoption, the study
established that distance from villages to market centers where they refill or purchase their
LPG cylinders influences the rate of LPG adoption. The study also found that households
are more likely to adopt LPG when there is a door-to-door LPG delivery service in their
area. Therefore, most of the households that have adopted LPG in Gatanga sub-county are
located near LPG depots or have access to door-to-door LPG delivery services.

Concerning the pattern of LPG use in the Sub- County, the study found that
household income influences whether a household uses LPG as a primary or a secondary
fuel. The study also found that household income influences the pattern of LPG use in
Gatanga. Households with higher income are more likely to use LPG exclusively, whereas
households with lower income are likely to practice fuel stacking, by partially adopting
LPG.

Based on the results of the comparison of fuelwood consumption use before and

after LPG adoption, LPG adoption would reduce the need for fuelwood in households thus
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alleviating pressure on the environment through reduced tree cutting. It is therefore
imperative that LPG, as a clean fuel, can potentially be used to curtail the menace of
deforestation in Kenya. This reduction in overreliance on fuelwood by households would
accelerate the growth of the national forest acreage towards the attainment of the 10%
forest cover, a long-term development goal for Kenya.

5.7 Conclusion

First, the rate of LPG adoption is influenced by distance to LPG depots/retailers
and the availability of LPG delivery services within a locality. Secondly, the study
established that LPG use patterns are influenced by household income, the size of the
household, and the distance to the LPG depot. Lastly, the study established that scaling up
LPG adoption will have a positive contribution toward environmental conservation by
reducing deforestation. Protecting forests is critical for Kenya to achieve the global goal of
10% forest cover and sustainable development goal 13 (SDG 13) on climate action.

The study immensely contributes to literature and knowledge that would help other
researchers and scholars in related studies. The study provides significant information to
energy-oriented firms on the extent of LPG adoption in rural areas. This study provides
information to the firms on the various barriers to be addressed and enablers that could be
addressed. Therefore, through the information presented by this study, energy firms and
dealers can devise measures to upscale LPG adoption and encourage its exclusive use.

5.8 Recommendations
Based on the results, discussions, and conclusion of the study, the following

recommendations were made for improvement.



65

On the first objective, the study found that distance to LPG depots and access to
door-to-door LPG delivery services influence the rate of LPG adoption. The study,
therefore, recommends availing of depots and suppliers in remote villages, as it will help
to reduce the distance traveled to purchase and refill an LPG cylinder. The study also calls
for LPG suppliers to avail door-to-door LPG delivery services as a strategy to enhance
LPG adoption and thus increase their customer base.

On the second objective, the study found that most households with lower income
have not yet adopted LPG. Large households tend to use firewood and charcoal as their
primary fuel. This is also mainly due to the comparatively higher costs of purchasing
cleaner fuels such as LPG and electricity. The study, therefore, calls for the amendment of
the Kenya Finance Bill of 2021 that includes LPG for VAT taxation, consequently
increasing the price of LPG products to limits that the rural poor cannot afford.

Lastly, in the quest to achieve the 10% forest cover, the government of Kenya
should encourage LPG adoption in rural areas. LPG has the potential to alleviate the
overreliance on firewood and charcoal as the household cooking fuels of choice, therefore
providing gains in curtailing deforestation. The government further needs to re-introduce
subsidies on LPG purchases and refills by zero-rating LPG and exempting it from VAT

taxation. This way, the rural poor would be able to adopt LPG and sustain its use.

5.9 Areas of Further Research

The study was only conducted in Gatanga Sub- County, which concentrated on
LPG consumers only. Therefore, the views of LPG distributors and suppliers were
considered. The study also concentrated on LPG use as a household cooking fuel.

However, LPG has also been adopted in the manufacturing and automotive industries.
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Further studies are also proposed to assess the potential contribution of LPG use to health
and gender equality. A further study is also proposed to assess how the use of LPG
contributes to GHG emissions and to compare emissions from LPG used for cooking with

corresponding emissions from the use of fuelwood and charcoal.



67

REFERENCES

Adeeyo, R.O., Edokpayi, J.N., Volenzo, T.E., Odiyo, J.O., & Piketh, S.J. (2022).
Determinants of Solid Fuel Use and Emission Risks among Households: Insights
from Limpopo, South Africa. Toxics, 10, 67. https://doi.org/10.3390/
toxics10020067

Adeyemi, P. A., & Adereleye, A. (2016). Determinants of household choice of cooking
energy in Ondo State, Nigeria. Journal of Economics and Sustainable
Development, 7(9), 131-142. http://www.iiste.org

Afrane, G., & Ntiamoah, A. (2011). Comparative life cycle assessment of charcoal, biogas,
and LPG as cooking fuels in Ghana. Journal of Industrial Ecology, 14(4):539-549.

Ahrends, A., Burgess, N., Milledge S, et al. (2010). Predictable waves of sequential forest
degradation and biodiversity loss spreading from an African city. PNAS,
107:14556-14561.

Akter, S., & Pratap, C. (2022). Impact of clean cooking fuel adoption on women’s welfare
in India: the mediating role of women’s autonomy. Sustainability Science 17:243—
257 https://doi.org/10.1007/s11625-021-01069-9.

Alem, Y., & Ruhinduka, R. D. (2020). Saving Africa’s tropical forests through energy
transition: A randomized controlled trial in Tanzania (Ruhr Economic Paper No.
885). RWI - Leibniz-Institut fur Wirtschaftsforschung, Ruhr-University Bochum,
TU Dortmund University, University of Duisburg-Essen.
https://econpapers.repec.org/paper/zbwrwirep/885.htm12(115003).

Alem, Y., Beyene, A. D., Kbhlin, G. & Mekonnen, A. (2016). Modeling household cooking

fuel choice: a panel multinomial logit approach. Energy Econ. 59, 129-137


http://www.iiste.org/
https://doi.org/10.1007/s11625-021-01069-9
https://econpapers.repec.org/paper/zbwrwirep/885.htm12(115003)

68

Ali, 1. (2007). Inequality and the imperative for inclusive growth in Asia. Asian Dev. Reyv,
24, 1.

Amoah, S. T. (2019). Determinants of household’s choice of cooking energy in a global
south city. Energy and Buildings, 196, 103-111.
https://doi.org/10.1016/j.enbuild.2019.05.026.

Andadari, R. K., Mulder, P., & Rietveld, P. (2014). Energy poverty reduction by fuel switching.
Impact evaluation of the LPG conversion program in Indonesia. Energy Policy, 66,
436-449. https://doi.org/10.1016/j.enpol.2013.11.021

Anderson, J. & C. Markides (2007). “Strategic innovation at the base of the pyramid.” MIT
Sloan management review 49(1): 83.

Astuti, S. P. (2017). An analysis of household transition to modern fuel under Indonesia’s
energy conversion programme [Doctoral thesis, University of Birmingham].
https://etheses.bham.ac.uk/id/eprint/7192/.

Austin K. F., & Mejia M. T. (2017). Household air pollution as a silent killer: women’s
status and solid fuel use in developing nations. Popul. Environ, 39, 1-25.
https://doi:10.1007/s11111-017-0269-z.

Baek, Y. J.,Jung, T. Y., & Kang, S. J. (2020). Analysis of Residential Lighting Fuel Choice
in Kenya: Application of Multinomial Probability Models. Frontiers in Energy

Research, 8. https://www.frontiersin.org/article/10.3389/fenrg.2020.00070

Bonjour, S., Adair-Rohani, H., Wolf J., Bruce, N. G., Mehta, S., Priiss-Ustin, A., & Smith,
K.R. (2015). Solid fuel use for household cooking: Country and regional estimates
for 1980-2010. Environ. Health Perspect, 12, 784-790.

https://doi:10.1289/ehp.1205987.


https://doi.org/10.1016/j.enbuild.2019.05.026
https://doi.org/10.1016/j.enpol.2013.11.021
https://etheses.bham.ac.uk/id/eprint/7192/
about:blank
https://www.frontiersin.org/article/10.3389/fenrg.2020.00070
about:blank

69

Bouzarovski et al. (2017). Multiple transformations: theorizing energy vulnerability as a
socio-spatial phenomenon. Geografiska Annaler: Series B, Human Geography,
99(1): p. 20-41.

Bruce, N.G., Aunan, K. & Rehfuess. (2017). Liquefied Petroleum Gas as a Clean Cooking
Fuel for Developing Countries: Implications for Climate, Forests, and
Affordability. KW Development Bank.

Buba, A., Abdu, M., Adamu, I., Jibir, A., & Usman, Y. I. (2017). Socio-economic
determinants of households’ fuel consumption in Nigeria. International Journal of
Research—Granthaalayah, 5(10), 348-360.
https://doi.org/10.5281/zen0do.1046324

Budya, H., & Yasir A. M. (2011). Providing cleaner energy access in Indonesia through
the megaproject of kerosene conversion to LPG. Energy Policy, 39(12), 7575—
7586. https://doi.org/10.1016/j.enpol.2011.02.061

Carrion, D., Dwommoh, R., Tawiah, T., Agyei, O., Agbokey, F., Twumasi, M., Mujtaba,
M., Jack, D., & Asante, K. P. (2018). Enhancing LPG adoption in Ghana (ELAG):
A factorial cluster-randomized controlled trial to Enhance LPG Adoption &
Sustained use. BMC Public Health, 18(1), 689. https://doi.org/10.1186/s12889-
018-5622-3.

Carter et al. (2019). Household transitions to clean energy in a multiprovincial cohort study
in China. Nature Sustainability, 3 42-50.

Chidumayo, E., & Gumbo, D. (2013). The environmental impacts of charcoal production

in tropical ecosystems of the world: A synthesis Energy for Sus Dev, 71:86-94.


https://doi.org/10.1016/j.enpol.2011.02.061
https://doi.org/10.1186/s12889-018-5622-3
https://doi.org/10.1186/s12889-018-5622-3

70

Choumert-Nkolo, J., Combes, M, P. & Le Roux, L. (2019). Stacking up the ladder: a panel
data analysis of Tanzanian household energy choices. World Dev. 115, 222-235.

Clancy, J., Mohlakoana, N. & Matinga, M. N. (2013). Energy Poverty: have we got the
measure of it? Birmingham, Paper presented at UKDSA Annual meeting,
University of Birmingham, 16 November.

Clean Cooking Alliance Tanzania. (2019). https://www.cleancookingalliance.org/country-
685 profiles/41-tanzania.html.

Coelho, S. T., Sanches-Pereira, A., Tudeschini, L. G., & Goldemberg, J. (2018). The
energy transition history of fuelwood replacement for liquefied petroleum gas in
Brazilian households from 1920 to 2016. Energy Policy, 123, 41-52.
https://doi.org/10.1016/j.enpol.2018.08.041

Creswell, J. (2012). Educational research: Planning, conducting, and evaluating
guantitative and qualitative research (4thed.). Upper Saddle River, NJ: Pearson
Education.

Dalaba et al., (2018). Liquified Petroleum Gas (LPG) Supply and Demand for Cooking in
Northern Ghana. EcoHealth 15, 716-728, 2018 https://doi.org/10.1007/s10393-
018-1351-4.

Dalberg. (2018). Scaling up clean cooking in urban Kenya with LPG & Bio-ethanol — A
market and policy analysis. https://www.dalberg.com/our-ideas/cleaning-cooking-
urban-kenya-lpg-and-bio-ethanol

Danlami, A. H., Applanaidu, S.-D., & Islam, R. (2017). From biomass cooking fuel source
to modern alternative for Bauchi State households: A preliminary analysis.

Biofuels, 8(3), 323-331. https://doi.org/10.1080/17597269.2016.1226724


https://www.cleancookingalliance.org/country-685%20profiles/41-tanzania.html
https://www.cleancookingalliance.org/country-685%20profiles/41-tanzania.html
https://doi.org/10.1016/j.enpol.2018.08.041
https://doi.org/10.1007/s10393-018-1351-4
https://doi.org/10.1007/s10393-018-1351-4
https://www.dalberg.com/our-ideas/cleaning-cooking-urban-kenya-lpg-and-bio-ethanol
https://www.dalberg.com/our-ideas/cleaning-cooking-urban-kenya-lpg-and-bio-ethanol

71

Denis, Y., Nwokoye, E., Urom, C., & Ozoh, J. (2017). Socio-Economic determinants of energy
consumption in Nigeria: Evidence from household data (SSRN Scholarly Paper ID
3305689). Social Science Research Network.
https://papers.ssrn.com/abstract=3305689.

Destyanto, A. R., Silalahi, T. D., & Hidayatno, A. (2017). Exploration of government
policy structure which support and block energy transition process in Indonesia
using system dynamics model. IOP Conference Series: Earth and Environmental
Science, 94, 012155. https://doi.org/10.1088/1755-1315/94/1/012155

Dhanabhakyam, M., & Sumathi, T. (2014). A Study on Customers Attitude and
Satisfaction towards HP LPG in Household, Coimbatore.

ESMAP. Energy Sector Reform and the Pattern of the Poor. (2006). Energy Use and
Supply, a Four Country Study: Botswana, Ghana, Honduras, and Senegal. Energy
Sector Management Assistance Program (ESMAP).

Fouquet, R. (2016). ‘Historical energy transitions: Speed, prices, and system
transformation,” Energy Research & Social Science, 13 (2016), 202-15.

Foell, W., Pachauri, S., Spreng, D., & Zerriffi, H. (2011). Household cooking fuels and
technologies in developing economies. Energy Policy 39, 7487-7496.

GACC. (2016). How do we define and measure adoption? Available from:
http://cleancookstoves.org/about/news/02-18-2016-how-do-we-define-
andmeasure adoption.html

Ghilardi, A., Guerrero, G., Masera, & Omar R., 2009. A GIS-based methodology for
highlighting fuelwood supply/demand imbalances at the local level: a case study

for Central Mexico. Biomass and Bioenergy, 33 (6), 957-972


https://papers.ssrn.com/abstract=3305689
http://cleancookstoves.org/about/news/02-18-2016-how-do-we-define-andmeasure
http://cleancookstoves.org/about/news/02-18-2016-how-do-we-define-andmeasure

72

Githiomi, J.K, Mugendi, D.N, & Kung’u, J.B. (2012). Household tree planting and its
related constraints in meeting woodfuel production in Kiambu, Thika and Maragwa
Districts of Central Kenya. Journal of Horticulture and Forestry 4(7):120-125.

GlZ. (2014.). Multiple-Household Fuel Use — a balanced choice between firewood,
charcoal, and LPG. Eschborn: Germany.

GLPGP. (2015). Five Essential Principles for Rapid and Sustainable LPG Market
Development. New  York: Global LPG  Partnership.  Available
at: http://glpgp.org/resources.

GLPGP. (2017). LPG Equipment Safety Guidelines for End-Users New York: Global LPG
Partnership. Available at: http://glpgp.org/resources.

Gould, C. F., Hou, X., Richmond, J., Sharma, A., & Urpelainen, J. (2020). Jointly modeling
the adoption and use of clean cooking fuels in rural India. Environmental Research
Communications, 2(8), 085004. https://doi.org/10.1088/2515-7620/abaca9.

Gould, C. F., Schlesinger, S. B., Molina, E., Bejarano, M. L., Valarezo, A., & Jack, D. W.
(2020). Household fuel mixes in peri-urban and rural Ecuador: Explaining the
context of LPG, patterns of continued firewood use, and the challenges of induction
cooking. Energy Policy, 136, 111053. https://doi.org/10.1016/j.enpol.2019.111053

Gould, C.F., & Urpelainen, J. (2018). LPG as a clean cooking fuel: Adoption, use, and
impact in rural India. Energy Policy, 122, 395-408.

Grieshop, A., Marshall, J., & Kandlikar, M. (2011). Health and climate benefits of
cookstove replacement options. Energy Policy, 12 (12):7530-7542.

Hollada et al. (2017). Perceptions of Improved Biomass and Liquefied Petroleum Gas

Stoves in Puno, Peru: Implications for Promoting Sustained and Exclusive


http://glpgp.org/resources
http://glpgp.org/resources
https://doi.org/10.1088/2515-7620/abaca9
https://doi.org/10.1016/j.enpol.2019.111053

73

Adoption of Clean Cooking Technologies. Int. J. Environ. Res. Public Health, 14,
182.

Horst, G. H., & Hovorka, A. J. (2008). Reassessing the “energy ladder”: Household energy
use in  Maun, Botswana. Energy Policy, 36(9), 3333-3344.
https://doi.org/10.1016/j.enpol.2008.05.006

Hosier, R. H., & Dowd, J. (1987). Household fuel choice in Zimbabwe: An empirical test
of the energy ladder hypothesis. Resources and Energy, 9(4), 347-361.
http://doi.org/10.1016/0165-0572(87)90003- X

Hsu, E., Gan, M., & Puzzolo, E. (2019). Microfinance for clean cooking. https://doi.org/F-
47414-KEN-1.

IEA. (2010). World Energy Outlook 2010, Paris

IEA. (2016). World Energy Outlook Special Report. Paris: International Energy Agency.

IEA, 2019. Africa Energy Outlook. https://www.iea.org/reports/world-energy-outlook-
2019

Ifegbesan, A.P., Rampedi, I.T., & Annegarn, H.J. (2016). Nigerian households’ cooking
energy use, determinants of choice, and some implications for human health and
environmental sustainability. Habitat Int, 55,17-24.

Imelda. (2020). Cooking that kills: cleaner energy access, indoor air pollution, and health.
Journal of Development Economics, 147, 102548.
https://doi.org/10.1016/j.jdeveco.2020.102548

Intelligent Energy Europe. (2016). Assessment of Sustainable Lignocellulosic Biomass

Potentials from Kenya for export to the European Union 2015 to 2030.


https://doi.org/F-47414-KEN-1
https://doi.org/F-47414-KEN-1
https://doi.org/10.1016/j.jdeveco.2020.102548

74

International Energy Agency. (2016). The world energy outlook 2017. IEA Press, Paris
https://doi.org/10.1787/weo-2016-en.

Jain, A, Agrawal, S, & Ganesan K. (2014) Rationalising subsidies, reaching the
underserved. New Delhi: Council on Energy, Environment and Water.

Johnson, E. (2015). New biofuel debut: Biopropane. Biofuels Bioprod. Biorefin, 9, 627—
629.
Kallio, P., Pasztor, A., Thiel, K., Akhtar, M.K., & Jones, P.R. (2014). An engineered
pathway for the biosynthesis of renewable propane. Nat. Commun, 5, 4-11.
Karimu, A., Mensah, J. T., & Adu, G. (2016). Who Adopts LPG as the Main Cooking Fuel
and Why? Empirical Evidence on Ghana Based on National Survey. World
Development, 85, 43-57. http://dx.doi.org/10.1016/j.worlddev.2016.05.004.

Kariuki, P. & Balla, P. (2012). GVEP’s Experience with Working with Women
Entrepreneurs in East Africa, Nairobi: GVEP.

Kayode, O., Akhavan F. M., & Ford, A. (2015). Analysis of Household Energy
Consumption in Nigeria. https://doi.org/10.13140/RG.2.1.2214.4086

Kumar, P. (2017). Understanding household, network, and organizational drivers of
adoption of cleaner cooking fuels in rural India (Order No. 10616770). Available
from  ProQuest  Dissertations &  Theses  Global. (1950584118).
https://ezp.waldenulibrary.org/.

Kumar, P., Dover, R. E., Diaz-Valdés Iriarte, A., Rao, S., Garakani, R., Hadingham, S.,
Dhand, A., Tabak, R. G., Brownson, R. C., & Yadama, G. N. (2020). Affordability,

Accessibility, and Awareness in the Adoption of Liquefied Petroleum Gas: A Case-


https://doi.org/10.1787/weo-2016-en
http://dx.doi.org/10.1016/j.worlddev.2016.05.004
https://doi.org/10.13140/RG.2.1.2214.4086
https://ezp.waldenulibrary.org/

75

Control  Study in  Rural India.  Sustainability,  12(11), 4790.
https://doi.org/10.3390/su12114790.

Kypridemos, C., Puzzolo, E., Aamaas, B., Hyseni, L., Shupler, M., Aunan, K., & Pope, D.
(n.d.). Health and Climate Impacts of Scaling Adoption of Liquefied Petroleum Gas
(LPG) for Clean Household Cooking in Cameroon: A Modeling Study.
Environmental Health Perspectives, 128(4), 047001.
https://doi.org/10.1289/EHP4899

Laan, T., Beaton, C., & Presta, B. (2010). Strategies for Reforming Fossil-Fuel Subsidies:
Practical lessons from Ghana, France, and Senegal. Geneva.

Lewis and Pattanayak. (2012). Who adopts improved fuels and cookstoves? A systematic
review. Environ Health Perspect 120(5):637—45.

Lindgren, S. A. (2020). Clean cooking for all? A critical review of behavior, stakeholder
engagement, and adoption for the global diffusion of improved cookstoves. Energy
Research & Social Science, 68, 101539. https://doi.org/10.1016/j.erss.2020.101539

MacCarty, N., Still, D., & Ogle, D. (2010). Fuel use and emissions performance of fifty
cooking stoves in the laboratory and related benchmarks of performance. Energy
for Sustainable Development, 14, 161-171.

Martinez Gomez, J., Goldemberg, J., Sagar, A., & Smith, K. R. (2018). Household air
pollution, health, and climate change -~ clearing the air.
http://localhost:8080/xmlui/handle/123456789/3039.

Maxwell, J. A. (2005). Qualitative research design: An interactive approach (2nd Ed.).

SAGE Publications.


https://doi.org/10.3390/su12114790
https://doi.org/10.1289/EHP4899
https://doi.org/10.1016/j.erss.2020.101539
http://localhost:8080/xmlui/handle/123456789/3039

76

Mbaka, C.K. (2021). Spatial variation of household energy consumption across counties in
Kenya, African Geographical Review, DOI:10.1080/19376812.2020.1845217

Ministry of Energy and Petroleum Kenya Petroleum Technical Assistance Project
(KEPTAP). (2016). Final report strategic environmental and social assessment of
the petroleum sector in Kenya.

Ministry of Environment and Natural Resources. (2016). National Forest Programme of
Kenya. MENR, Nairobi, Kenya.

Mudombi et al. (2018). User perceptions about the adoption and use of ethanol fuel and
cookstoves in Maputo, Mozambique. Energy Sustain. Dev, 44, 97-108.

Mugenda, M.O. & Mugenda, G.A. (2003). Research methods: quantitative and qualitative
approaches, Acts press, Nairobi Kenya.
Mwangi, B. M. (2021). Wetland Degradation Status and Conservation Challenges in
Murang’a County, Kenya. International Journal of Ecosystem, 11(1), 8-16.
Nautiyal, S, & Kaechele, H. (2008). Fuel switching from wood to LPG can benefit the
environment. Environmental Impact Assessment Review; 28:523-532.

Ndunguru, E., & Lema, G. (2020). Factors that Affect the Adoption of Liquefied Petroleum
Gas in Kinondoni Municipality, Tanzania. Journal of the Geographical Association
of Tanzania, 40, (1), 120-136.

NORAD. (2020). Study on the potential of increased use of LPG for cooking in the
developing countries.

Oduro, A. R., G. Wak, D. Azongo, C. Debpuur, P. Wontuo, F. Kondayire, P. Welaga, A.
Bawah, A. Nazzar & J. Williams (2012). “Profile of the Navrongo health and
demographic surveillance system.” International journal of epidemiology 41(4):

968-976.



7l

Orimoogunje, O., & Asifat, J. (2015). Journal of Landscape Ecology. 8(1):56-68.

Orodho, A. J., & Kombo, D. K. (2004). Research methods. Nairobi: Kenyatta University,
Institute of Open Learning.

Osano, A., Maghanga, J., Munyeza, C., Chaka, B., Olal, W., & Forbes, P. (2020). Insights
into household fuel use in Kenyan communities. Sustainable Cities and Society, 55,

102039. https://doi.org/10.1016/j.scs.2020.102039

Oseni, M. O. (2012) Improving households’ access to electricity and energy consumption
pattern in Nigeria: renewable energy alternative. Renew SustEnerg
Rev,16(6):3967—-3974. https://doi.org/10.1016/j.rser.2012.0.

Osiolo, H. (2009). Enhancing Household Fuel Choice and Substitution in Kenya.
Infrastructure and Economic Services Division Kenya Institute for Public Policy
Research and Analysis (KIPPRA) Discussion Paper No. 102 20009.

O'Sullivan, K., & Douglas, B. (2007) Energy Policies and Multitopic Household Surveys
Guidelines for Questionnaire Design in Living Standards Measurement Studies.
Washington, DC: World Bank.

Oteh, O, Agwu, N, Nwaogu E, & Nto, C. (2015). Mitigating climate change and
determinants of access to liquified petroluem gas (LPG) among urban households
in Abia State, Nigeria. Journal of Earth Science & Climatic Change 6(5):1

Pachauri, S., Poblete-Cazenave, M., Aktas, A., & Gidden, M. J. (2021). Clean cooking
access may stall under slow post-pandemic recovery and ambitious climate
mitigation without explicit focus. Nature Energy, 6(11), 1009-1010.

https://doi.org/10.1038/s41560-021-00939-x


https://doi.org/10.1016/j.scs.2020.102039
https://doi.org/10.1016/j.rser.2012.03.010
https://doi.org/10.1038/s41560-021-00939-x

78

Permadi et al., (2017). Assessment of emissions of greenhouse gases and air pollutants in
Indonesia and impacts of national policy for elimination of kerosene use in cooking.
Atmospheric Environment, 154, 82-94.

Pollard, S. L., Williams, K. N., O’Brien, C. J., Winiker, A., Puzzolo, E., Kephart, J. L.,
Fandifio-Del-Rio, M., Tarazona-Meza, C., Grigsby, M. R., Chiang, M., &
Checkley, W. (2018). An evaluation of the Fondo de Inclusion Social Energético
program to promote access to liquefied petroleum gas in Peru. Energy for
Sustainable Development, 46, 82—93. https://doi.org/10.1016/j.esd.2018.06.001.

Pope, D., Bruce, N., Higgerson, J., Hyseni, L., Stanistreet, D., MBatchou, B., & Puzzolo,
E. (2018). Household Determinants of Liquified Petroleum Gas (LPG) as a
Cooking Fuel in  SW Cameroon. Ecohealth, 15(4), 729-743.
https://doi.org/10.1007/s10393-018-1367-9

Porter, M. E., & van der Linde, C. (1999). Green and competitive: Ending the stalemate.
Journal of Business Administration and Politics, 215-230.

World Bank. (2017). Progress toward Sustainable Energy. Global Tracking Framework.
Summary Report. Washington, DC: World Bank.

Puzzolo E., Zerriffi, H., Ellison, C., Clemens, H., Stokes, H., Jagger, P., Rosentahl J., &
Petach, H. (2019). Supply considerations for scaling up clean fuels for household
energy in low- and middle-income countries. Submitted for publication to
GeoHealth.

Pye et al. (2020). Drivers of the Adoption and Exclusive Use of Clean Fuel for Cooking in

Sub-Saharan Africa: Learnings and Policy Considerations from Cameroon.


https://doi.org/10.1016/j.esd.2018.06.001
https://doi.org/10.1007/s10393-018-1367-9

79

Environmental Research and Public Health. 17, 5874,
doi:10.3390/ijerph17165874.

Quinn, A. K., Bruce, N., Puzzolo, E., Dickinson, K. L. , Sturke, R. , Jack, D. , et al.
(2018). An analysis of efforts to scale up clean household energy for cooking
around the world. Energy for Sustainable Development, 46, 1-10.

Rehfuess, E. A., Briggs, D. J., Joffe, M. & Best, N. (2010). Bayesian modelling of
household solid fuel use: insights towards designing effective interventions to
promote fuel switching in Africa. Environ. Res. 110, 725-732.

Ronzi, S., Puzzolo, E., Hyseni, L., Higgerson, J., & Stanistreet, D. (2019). Using
photovoice methods as a community based participatory research tool to advance
uptake of clean cooking and improve health: the LPG Adoption in Cameroon
Evaluation studies. Social Science & Medicine, 228. p. 30-40.
https://doi.org/10.1016/j.socscimed.2019.02.044

Rosenthal, J., Quinn, A., Grieshop, A. P., Pillarisetti, A., & Glass, R.l. (2018). Clean
cooking and the SDGs: Integrated analytical approaches to guide energy
interventions for health and environment goals. Energy for Sustainable
Development, 42, 152-159.

Shashni & Chander. (2014). Saving Women’s Time and Energy through Sustainable
Energy Practices in the Hill Areas of the Kullu Valley, Himachal Pradesh: A
Successful Initiative of Community based OrganisationJAGRITI, Kullu.NCWES-
Two Day National Conference on Water, Environment & Society, Kukatpally,

India.


https://doi.org/10.1016/j.socscimed.2019.02.044

80

Shen, G., Jetter J., & Smith, K. (2017). Evaluating the Performance of Liquefied Petroleum
Gas (LPG) Cookstoves. Submitted for publication.

Shupler et al., (2020). Pay-as-you-go LPG supports sustainable clean cooking in Kenyan
informal urban settlements, including during a period of COVID-19 lockdown.
https://doi.org/10.1101/2020.11.20.20235978.

Shupler, M. et al. (2019). Household, community, sub-national and country-level
predictors of primary cooking fuel switching in nine countries from the PURE
study. Environ. Res. Lett. 14, 085006.

Singh et al. (2017). Environmental payoffs of LPG cooking in India. Environ Res Letters.

Siringi, R. (2013). Customer Satisfaction Level in LPG Among Domestic & Non-Domestic
Consumers. International Journal of Humanities, Arts, Medicine and Sciences Vol.
1, Issue 3,55-60.

Smith, K.R., & Rogers, J., Cowlin, S. (2005). Household fuels and ill-health in developing
countries: what improvements can be brought by LP gas? Paris: World LP Gas
Association.

Srinivasan, S, & Carattini, S. (2016). Adding fuel to fire? Social spillovers and spatial
disparities in the adoption of LPG in India. In: Centre for International
Environmental Studies, The Graduate Institute.

Stanistreet, D., Hyseni, L., Puzzolo, E., et al., (2019). Barriers and Facilitators to the
Adoption and Sustained Use of Cleaner Fuels in Southwest Cameroon: Situating
'‘Lay' Knowledge within Evidence-Based Policy and Practice. International journal
of  environmental research and public health, 16(23), 4702

https://doi.org/10.3390/ijerph16234702.


https://doi.org/10.1101/2020.11.20.20235978
https://doi.org/10.3390/ijerph16234702

81

United Nations General Assembly. (1987). Report of the world commission on
environment and development: Our common future. Oslo, Norway: United Nations
General Assembly, Development and International Co-operation: Environment.

United Nations, Department of Economic and Social Affairs, Population Division. (2015).
World Population Prospects: The 2015 Revision, Key Findings and Advance
Tables. Working Paper No. ESA/P/WP.241.

van den Berg, I, C. (2018). Kenya's Strategy to Make Liquefied Petroleum Gas the Nation's
Primary Cooking Fuel. Live Wire;2018/89. World Bank, Washington, DC. ©

World Bank. License:CC BY 3.0 IGO.
https://openknowledge.worldbank.org/handle/10986/30391

van der Plas, R.J., & Abdel-Hamid M.A. (2005). Can the woodfuel supply in sub-Saharan
Africa be sustainable? The case of N’Djaména, Chad. Energy Policy, 33, 297-306.
https://doi:10.1016/j.enpol.2003.08.001.

Van Leeuwen, R., Hyseni, B., & Evans, A. (2017). Increasing the Use of
LiquefiedPetroleum Gas in Cooking in Developing Countries: LiveWire 2017/04.
Washington, DC: World Bank.

Wassie, Y. T., Rannestad, M. M., & Adaramola, M. S. (2021). Determinants of household
energy choices in rural sub-Saharan Africa: An example from southern Ethiopia.

Energy, 221, 119785. https://doi.org/10.1016/j.energy.2021.119785

WHO (2016). Burning Opportunity: Clean Household Energy for Health, Sustainable
Development, and Wellbeing of Women and Children Report. Geneva: World

Health Organization.


https://openknowledge.worldbank.org/handle/10986/30391
about:blank
https://doi.org/10.1016/j.energy.2021.119785

82

Wickramasinghe, A. (2011). Energy access and transition to cleaner cooking fuels and
technologies in Sri Lanka: Issues and policy limitations. Energy Policy, 39(8),
7567-7574. 2017. World Bank. (2017).

Wiedinmyer et al. (2017). Rural-urban di_erences in cooking practices and exposures in
Northern Ghana. Environ. Res. Lett., 12,0650009.

Williams et al. (2020). Exploring fuel choices and the socio-cultural dynamics of liquefied
petroleum gas stove adoption in Peru. Energy Res. Soc. Sci, 66, 101591.

WRI  (World Resources Institute). (2018). Global Forest Watch: Cameroon.

https:// www.globalforestwatch.org/country/CMR.

Wuyuan, P., Zerriffi, H., & Jihua, P. (2008). “Household Level Fuel Switching in Rural
Hubei” Program on Energy and Sustainable Development (PESD), Working Paper
No. 79.

Yadama, G.N. (2013). Fires, Fuel, and the Fate of 3 billion: The State of the Energy
Impoverished; Oxford University Press: Oxford, UK.

Yamane, T. (1973). Statistics: An introductory analysis.

Zulu, L., & Richardson, R. (2013). Charcoal, livelihoods, and poverty reduction: evidence

from sub-Saharan Africa. Energy Sustain Dev, 17(2):127-37.


http://www.globalforestwatch.org/country/CMR

83

APPENDICES

Appendix A: Research Questionnaire

A HOUSEHOLD QUESTIONNAIRE ASSESSING THE ADOPTION AND USE
PATTERNS OF LIQUEFIED PETROLEUM GAS IN GATANGA SUB-COUNTY

The interview should be conducted with the wife of the household head or the female
household head.

Introduction

Good morning/afternoon. My name is -------=-=-=-==-=-mmmmmmmmmmmm oo sent by Africa
Nazarene University to carry out a study in this area on the adoption and use pattern of
LPG cooking technology. We met your village chief the other day and he recommended
we see you to help us with the questions we have about the cooking practices. All the
information given will be treated with confidentiality and be used for the study only. Thank

you very much for welcoming us.

For a household with or without LPG: The following must be filled out before the

interview:

Serial No
Date

Supervisor’s name

Interviewer’s name

Name of respondent (optional)

County

Sub county

Ward

Location Sublocation
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Beginning time

End of interview

SECTION A: Household Characteristics

1) Who is the head of the household?
1= Hushand, 2 = Self, 3 = others (specify)
2) What is the occupation of the head of household?

1 = Farming, 2 = Salaried/Employed, 3 = Businessman /self-employed, 4 = Part time
employed, 5 = others (specify)

3) What is the level of education of the head of household?

1 = None, 2 = Can read & write, 3 = finished Primary School,4 = finished Secondary
school, 5 = finished College, 6 = Other (specify)

4) What is your age? (Approximately)

5) What is your highest level of education?

1 = None, 2 = Can read & write, 3 = finished Primary School, 4 = finished Secondary

school, 5 = finished College, 6 = other (specify)

6) How many people regularly live and eat in the household? Specify numbers.
(Define household to include all the people who take meals regularly from the

same pot)

1 = Older people (>64 years)

2 = Adults (>16 years)

3 = Children (<15 years)

4 = Total number of household members

5 = Total female household members

6 = Total male household members




7)

1=
2 =
3=

4 =
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What is the monthly household income (approximately in Ksh)?
<15000

15001-25000

25001-35000

45001+

SECTION B: FUEL USE CHARACTERISTICS

10.

11.

Do you use gas (LPG) for cooking?

1=Yes, 2= No (If NO skip to 9)

How many years ago did your house begin to use LPG? [YEARS
AGO]

How much did it cost to install the LPG connection? [Ksh]

What is the one-way distance in kilometers your household typically travels to get

LPG? [KM]
How much does your LPG cylinder cost to refill at the local market?
[Ksh]

Is the domestic gas cylinder delivered to your doorstep? 1=Yes, 0=No
Apart from LPG, which other fuel do you use? 1= firewood, 2= Charcoal, 3=

Electricity, 4= other (specify)

What was your household’s average wood consumption per day before LPG
adoption? [KG]

What is your current daily average wood consumption? [KG]

What is your primary cooking fuel? 1= firewood, 2= Charcoal, 3= Electricity, 4=
LPG, 5= other (specify)

How much LPG is consumed annually in your household? [KG]

SECTION C: FOR HOUSEHOLDS WITHOUT GAS (LPG)

1.

Why don't you have LPG?

1= not available or too far from your village

2= Expensive to install
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3= Expensive to refill

4= do not know how to get or whom to ask?
5= other (specify)
2. What is the one-way distance in kilometers from your home to the market?
(KM)

Are you interested in getting LPG? 1=Yes, 0=No

4. What is your primary cooking fuel? 1= firewood, 2= Charcoal, 3= Electricity, 4=
other (specify)
5. What is your current daily average wood consumption? [KG]

6. Apart from LPG, which other fuel do you use? 1= firewood, 2= Charcoal, 3=
Electricity, 4= other (specify)

7. Isthere an LPG delivery service in your area? 1=Yes, 0=No



Appendix B: Work Plan

Month Oct Nov Dec Jan - Feb March March —
2021 2021 2021 2022 2022 April
2022
Week 1121314112 |3|4|1|2|314 213
Activity

Proposal development and
Presentation

Data collection

Pilot testing and equipment validation

Data Collection

Data processing analysis, and
interpretation

Report preparation and presentation
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