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Abstract

In rural Sub-Saharan Africa, the implications of heavy traditional wood fuel dependency and its
negative environmental and social impacts remain a grave concern. The reliance on wood fuel for
cooking and heating prevails and is expected to remain the primary form of energy for many rural
households. As a consequence, the region is witnessing natural resource depletion and has left
households deprived of access to sustainable energy resources. To address this challenge,
development stakeholders have long advocated the introduction of improved cookstoves (ICS). These
solutions had been anticipated to address the challenges of cooking with solid biomass, but despite
their potential benefits, a large number of barriers have stalled their uptake and sustained use. Neither
these barriers nor enabling factors promoting adoption and sustained use are well understood. This is
preventing further improvement of such technologies across the continent and risks the widespread
roll out of unsustainable instruments and investments which may not yield the desired long term

outcomes.

This research was undertaken to identify key barriers and enabling factors to the adoption and
sustained use of ICS in rural Lesotho and similar contexts in Sub-Saharan Africa. Lesotho is a perfect
example of the need to improve the understanding of ICS adoption and long-term use determinants in
an effort to reduce traditional wood fuel use given its prevailing energy-access challenges and
environmental vulnerabilities. The need to address these wood fuel challenges in Lesotho is high,
while literature has largely excluded this nation from its research efforts in this field. The study
findings contribute to the existing body of work by by uncovering the broad range of determinants
and their relative importance for the adoption and long-term use of ICS in Sub-Saharan Africa and the

extent to which regional drivers and barriers are transferrable to the context of Lesotho.

Three separate data-collection methodologies were used, including a literature meta-analysis (n=425),
key-informant interviews (n=17) and a survey of experts (n=30), to understand the various
determinants, perspectives and challenges in the region. The findings demonstrate a substantial gap

between the existing body of work conducted on ICS adoption and the long-term use of these



technologies. Determinants that are essential for the adoption differed from those required to allow the
sustained-use of these technologies at the household level. The variability found among contextual
variables between Sub-Saharan Africa and Lesotho further emphasize the need for well-informed

targeted approaches to stimulate and facilitate the ICS adoption process.

A number of technological, programmatic and policy factors which have received limited attention in
existing ICS literature were found to be important determinants for the adoption and sustained use of
ICS. In particular, policy and programmatic mechanisms should be utilized to address financial
constraints at the household level. The study shows that increased consideration needs to be given to
local household needs and cooking practices and the ICS’ overall user-experience beyond fuel-
efficiencies. In Lesotho specifically, the additional benefits people receive from their traditional
cooking methods are often overlooked and not fully substituted by an ICS, rendering the technology
ineffective as a substitute for traditional wood fuel use. The ambition to fully transition away from
traditional cooking practices should be reconsidered and more emphasis needs to be placed on
introducing context-appropriate and convenient wood fuel-reducing technologies that can become part

of the household’s cookstove and fuel portfolio instead.
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Chapter 1 INTRODUCTION

This chapter provides the contextual background and rationale for this study. It also present the study

aim and objectives, including the questions that this research seeks to answer.

1.1 Rationale for this study

The global dependency on wood fuel is a complex and burning energy-access issue rife with
environmental challenges and social inequalities. Nearly three billion people, mostly in developing
countries, are reliant on wood fuel as their primary source of energy. Sub-Saharan Africa has one of
the lowest electrification rates in the world and as a result, one of the highest dependencies on wood
fuel to meet household energy needs (World Bank, 2020). This wood fuel dependency has been a
pressing issue of concern for numerous decades and while it can be a sustainable source of renewable
energy, it is often cast as damaging to both people and their environments (Fullerton et al., 2008;
Rudel, 2013; Sulaiman et al., 2017). Energy poverty in this part of the world is expected to worsen,
partially due to its rapid growing population, as well as financial and technical limitations when it
comes to connecting households to the grid (IEA, 2014, 2019). Although electrification rates in Africa
marginally overtook its population growth recently, this trend is not visible in all countries and the

lack of energy remains a major constraint, particularly for rural communities (IEA, 2019).

Rural electrification rates fall far behind Sub-Saharan Africa’s national levels and even if connected,
rural households face numerous challenges when it comes to the reliability and affordability of
electricity, especially for cooking (World Bank, 2012, 2020). As a result, the majority of households
in rural areas are mostly reliant on burning biomass, including wood fuel, agricultural waste and dung,
on a three-stone open fire or traditional stove for cooking and heating (Kaygusuz, 2011; Pultti et al.,
2015). Using solid biomass fuels in this manner is very inefficient. It requires large amounts of fuel as
a result thereof and can lead to negative health impacts from household air pollution, (localized)
environmental degradation from wood fuel collection, and wood fuel scarcity (Fullerton et al., 2008;

Putti et al., 2015; Bailis et al., 2017; Sulaiman et al., 2017; WHO, 2019).
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Despite extensive research aimed at assessing and addressing the underlying issues of wood fuel
dependency, few long-term successful innovations have been introduced to help solve the matter
(Leach and Mearns, 2013; Caniato et al., 2017). The lack of alternative energy options and natural
resource depletion stemming from high levels of wood fuel usage in the region leave many rural
households without sufficient energy to prepare their meals (Putti et al., 2015). For many years, the
introduction of Improved Cooking Solutions or Stoves (ICS) and ‘clean’ fuels were considered
promising solutions to tackle or mitigate a number of challenges associated with traditional wood fuel
use. However, the implementation of ICS programmes have largely been unsuccessful as the adoption
and continued use of these technologies remain fairly low (Vahlne and Ahlgren, 2014; World Bank,
2014). In spite of decades of research and numerous development and government programmes aimed
to increase the uptake of clean and improved cooking technologies, there is still limited agreement on
the preferred models and methods for its dissemination as adoption barriers, drivers and suitable
technologies tend to be situation and context specific (Ekouevi, 2013; Palit and Bhattacharyya, 2014;
Vigolo et al., 2018). Instead of turning away from fuel-efficient and improved cookstoves after its
previous failures, a closer look at the complexities of these technologies and household adoption
barriers is warranted, especially given the fact that there are often limited alternative solutions.
Special importance needs to be placed on understanding the variables leading to, and influencing, the
initial uptake and the long-term primary use of improved cookstoves. The latter, the sustained use of
ICS, has particularly received limited attention in research and programmatic efforts. Without the

long-term primary use of ICS technologies, the envisioned wood fuel reductions will not materialize.

Measurements in assessing drivers and barriers for the initial adoption as well as the continued use of
improved stoves have been largely inconsistent or even excluded in assessing the success of ICS
programmes. This is mainly because of the fact that indicators vary widely based on the objectives of
different ICS programmes e.g. increasing food security or reducing household air pollution and
greenhouse gas (GHG) emissions (Ruiz-Mercado et al., 2011; Barbieri et al., 2017). To date, ICS
programme interventions have mostly followed a top-down approach, addressing energy-access

challenges without fully factoring in context-specific needs and the benefits people obtain from their
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current cooking practices (Urmee and Gyamfi, 2014; Khandelwal et al., 2017). This resulted in a
number of unsuccessful programmes due to an incomplete understanding of the broad range of factors
determining the adoption of ICS technologies, why households are not making the step towards the

long-term use of improved cookstoves, and how these factors differ in various contexts.

To change course, well-informed and concerted efforts are needed based on a thorough understanding
of the current dynamics of wood fuel dependency and context-specific needs and solutions. Filling in
the research gap on variables that drive the adoption process of improved cookstoves, both for the
initial uptake as well as its long-term use, could help advance the outcomes of ICS interventions,
design better programmes and technologies and ultimately, hopefully, reduce challenges in cooking
energy access and related health and environmental concerns for rural wood fuel-dependent
households. For this research, the focus lies on identifying such context-specific drivers and barriers
for Lesotho, a country overlooked in ICS research despite its severe challenges surrounding wood fuel
dependency. These factors are first determined in the regional context of Sub-Saharan Africa and are

then narrowed further down to rural communities in Lesotho specifically.

Lesotho is a landlocked country in southern Africa, suffering from severe environmental degradation
caused by a number of man-made impacts including overgrazing, over-cultivation, forest conversion
and firewood collection (Mwangi, 2008; Qalabane and Chakela, 2014; FAO, 2015). Rural
electrification rates in the nation are still low and mostly unaffordable for the majority of the
population, leaving the country with very few remaining forest resources and high levels of wood fuel
dependency for its energy needs (World Bank, 2017a; Mpholo et al., 2018a). The majority of
Lesotho’s rural household energy consumption is taken up by cooking, while the uptake of ICS in this
region has been very low (Kapfudzaruwa et al., 2017). Addressing these wood fuel dependency
challenges can have important multiplier effects that encompass improved food security, sustainable
management of natural resources, small-scale employment generation, improved health outcomes for
end users, and increased resilience in the face of climate change impacts and environmental

challenges.
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This research aims to shed light and provide detail on a small part of this complex issue, specifically
related to the adoption of ICS technologies, to help inform and guide interventions as part of tackling
the global wood fuel and energy poverty challenge. The study is partially developed in support of
potential efforts by the United Nations World Food Programme Lesotho (WFP) to introduce
alternative household cooking energy technologies in rural and vulnerable households. WFP’s
interventions seek to improve food security and introduce safer and more secure cooking energy
access options and mitigate the harmful health and environmental impacts of traditional wood fuel
use. With this, it is hoped that the study will provide beneficial insights to improve and expand efforts
to increase the application of improved and clean cookstoves for biomass and firewood dependent
households in rural Lesotho. There is a particular ambition that the outcomes captured in this study
will increase the effectiveness of existing and future ICS programmes and contribute to the
transformation of rural household energy use in Lesotho in line with its National Climate Change

Policy (2017), the Lesotho Energy Policy (2015) and the Nationally Determined Contribution (2017).

1.2 Aim

This research aims to identify context-specific determinants of the adoption and sustained use of
improved cooking energy technologies by rural households in Lesotho and to explore existing

knowledge, policy and programmatic gaps and potential solutions in the current ICS landscape.

1.3 Objectives and research questions

The main objectives of this study are to:

1) Understand the primary enabling factors and barriers to the adoption and long-term use of ICS in
rural development contexts in Sub-Saharan Africa.
Research question 1.1: Which enabling factors and barriers are identified in the literature as main
determinants for the adoption and sustained use of ICS in rural households in Sub-Saharan

Africa?
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2)

3)

4)

Research question 1.2: Which policy, programmatic and regulatory barriers and enabling factors
have been identified in support of the adoption and continued use of improved cookstoves for

rural households in Sub-Saharan Africa?

Contextualize the current use, benefits and challenges of wood fuel energy and traditional cooking
methods in rural households in Lesotho.

Research question 2.1: In what manner and for which purposes is biomass or wood fuel currently
used in rural households in Lesotho?

Research question 2.2: What are the current challenges experienced by rural households in

Lesotho with their biomass and firewood cooking fuel use and cooking methods?

Understand the context-specific determinants of the adoption and sustained use of ICS in rural
households in Lesotho.

Research question 3.1: Which prevailing barriers and enabling factors are identified that prevent
or support the uptake and long-term use of ICS in rural households in Lesotho?

Research question 3.2: Which ICS models have been introduced in Lesotho and have failed or

succeeded to achieve adoption and sustained use?

Identify and analyse the effectiveness of existing policies, ICS programmes and private sector
models aimed at increasing the adoption and sustained use of improved cookstove technologies
in Lesotho.

Research question 4.1: Which ICS policies, ICS dissemination models, financial schemes and
regulations are in place that support or hinder the adoption and long-term use of improved and
clean cooking solutions at household level in rural Lesotho?

Research question 4.2: How well do these existing policies, ICS programmes, private sector
models and regulations help overcome existing barriers and align with the needs of households

to drive the adoption and continued use of ICS?
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Chapter 2 LITERATURE REVIEW

The section includes a detailed literature review covering the research objectives and questions to be
answered. It also provides additional background to the context and setting for the study in Lesotho,

including an explanation of the relevance of this study in this particular region.

2.1 The dynamics of wood fuel challenges

Wood fuel is described as the use of biomass energy in the form of firewood or processed wood
including charcoal, wood chips, pellets and saw dust. The first serious concerns about the
sustainability of wood fuel and its impacts emerged in the 1970’s on the heels of the 73°-74’ oil crisis.
New research described a looming wood fuel crisis by a predicted increased demand that would
outpace the regrowth of natural resources at an alarming rate (Eckholm, 1975). This wood fuel gap
projected disastrous impacts on the environment and the many people around the world dependent on
it for their energy consumption. Anticipated shortages spearheaded research to understand the
implications of this theory and to identify potential solutions to deter these ominous outcomes (Arnold
et al., 2006; Leach and Mearns, 2013). As a result, widespread reforestation and wood fuel plantation
programmes as well as fuel-efficient cookstove interventions were introduced as solutions to bring
wood fuel demand and supply into balance, albeit with limited success (Arts et al., 2012). When the
wood fuel crisis failed to materialize as the forecasts were proven to be erroneous, an improved
understanding of wood fuel use and sustainability came to light. Most notably it became known that
wood fuel was not only derived from forests but was mainly extracted from shrublands and savanna
woodlands which regenerate after harvesting (De Wees, 1989; Twine and Holdo, 2016). In addition,
the fact that communities depending on wood fuel adopted coping mechanisms in times of scarcity
was not factored in sufficiently (Dewees, 1989; Trossero, 2002). In line with these findings, the
urgency and interest in the topic tailed off resulting in less research and programmes dedicated to

addressing wood fuel use challenges (Arnold et al., 2006).
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Now almost half a century later, it is evident that deforestation is not the biggest concern linked to
wood fuel dependency, but many social and environmental issues remain, admittedly in a different
form than initially predicted. While an absolute global wood fuel scarcity is unlikely to take place in
the near future, challenges related to the production and management of wood fuel, economic
accessibility, toxic emissions and linked health implications for its users, wood fuel scarcity at village
level and land degradation caused by unsustainable wood fuel extraction are still glaring problems
today (Dewees, 1989; Trossero, 2002; Sola et al., 2017; IEA, 2019). The inclusion of energy as part of
the Sustainable Development Goals (SDGs) and the impacts of clean and improved cooking solutions
as contributor to a number of SDG Goals, including health and environmental protection, brings
renewed interest and active support of delivering access to affordable and clean cooking energy
(United Nations, 2015). In light of this there is a more comprehensive view emerging within the
global research community on wood fuel use, underlining and recognizing its complex and
multifaceted nature as it is deeply integrated in the broader landscape of energy-poverty, population
growth, livelihood challenges, agricultural production, natural resource management and policy

challenges (Dewees, 1989; Matsika, 2012; Leach and Mearns, 2013; Caniato et al., 2017).

2.2 Geographic disparities and environmental threats

Making the already convoluted wood fuel dilemma more complicated is the current climate change
crisis which threatens to exacerbate ongoing environmental challenges with potential implications for
wood fuel supplies. Although wood fuel dependency is not localized to the African continent,
developing countries in the Southern Hemisphere are expected to suffer the most devastation with
countries in Sub-Saharan Africa hit the hardest in the form of extreme weather events, overall
decreased precipitation levels and estimated temperature increases rising far higher than the global
average (Samson et al., 2011; Egoh et al., 2012; FAO, 2018; IEA, 2019). While most of the wood fuel
in Sub-Saharan Africa is collected in resilient woodland savannas and shrublands, the predicted
increased rainfall variability in the region and temperature increases can impact these ecosystems and
their valuable ecosystem services (Flannigan et al., 2000; Lenihan et al., 2006; Zhai et al., 2018).
Elimination and competition among species due to changes in climate and water availability, changes
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in soil-moisture levels affecting plant growth as well as disturbances such as increased wild fires and
droughts can impact the amount of woody biomass available including for wood fuel to meet energy
needs (Flannigan et al., 2000; Scheffer et al., 2005; Kreuzwieser and Gessler, 2010; Allen et al., 2010;

Ostberg et al., 2018).

Adding to these environmental and climatic stresses in Africa are regional annual deforestation rates
that greatly surpass the world average (Kebede et al., 2010; Yalew, 2015; MacDicken, 2015; IEA,
2019). Although agricultural conversion is the main cause of global deforestation, accounting for
some 80% of total forest loss, in Africa, unsustainable wood fuel extraction remains an important
driver of forest and land degradation and constitutes for as much as half thereof (Kissinger et al.,
2012; Jabbour and Hunsberger, 2014; FAO, 2016; Sulaiman et al., 2017). Forest cover loss can also
lead to disruptions in important local ecosystem services; e.g. trees support agriculture through
regulation of water flow, soil stabilization and soil fertility and provide energy necessary to cook and
consume meals in the form of wood fuel or charcoal (Krieger, 2001; FAO, 2016). These changes in
ecosystem services are of particular concern in Sub-Saharan Africa which is characterized by a high
dependency on wood fuel as a response to steep chronic energy insecurity levels (Sulaiman et al.,
2017; IEA, 2019). In the case of Lesotho, which is already one of the least forested countries in the
region with limited agricultural land and a high wood fuel dependency, such stresses further highlight

the need for more sustainable wood fuel usage.

An extensive range of policy measures aimed to increase the sustainability of wood fuel sourcing have
been introduced in the Sub-Saharan African region, often including a complete ban on wood fuel
extraction (FAOQ, 2017a). For example, in Malawi, where the majority of the population is reliant on
charcoal and firewood for household energy consumption, there is a statutory ban on non-commercial
and unsustainable wood fuel extraction (Zulu, 2010). As part of this legislation, many wood fuel
producers remain unsupported and marginalized and these conditions leave little space for active
engagement with producers. It limits motivation for investments in more sustainable production
methods for producers as a result thereof. At the same time Malawi’s energy policy advocates for an

energy transition from wood fuel to electricity even while this has proven to be a difficult feat and
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does not align with local realities on the ground (Openshaw, 1997; Zulu, 2010; IEA, 2019). Given the
continued need for wood fuel for the foreseeable future in this part of the world, these bans have been

proven ineffective in achieving the desired results.

Taking note of the challenges that are linked to the transition of energy use and wood fuel extraction
bans, there has also been an uptake in policy work that addresses the rising needs of wood fuel
products through wood lot creation and afforestation. Granted that a number of these policies have
been successful in supporting the development of sustainable wood fuel products, in many instances
these wood lots are exploited for logging as a more lucrative activity or caused significant
environmental harm to existing eco-systems (Dewees, 1989; Chamshama, 2011; Matsika, 2012). For
example, in a number of Sub-Saharan countries, the fast-growing invasive Eucalyptus species is
widely grown and promoted to prevent soil erosion and meet growing needs for forest products
including charcoal and firewood. Although this species can be cultivated with minimal inputs and
provide a rapid return on investment, its negative environmental aspects, including its high water
consumption and competition for space with indigenous species, have been widely documented
(Chanie et al., 2013; Abebe and Tadesse, 2014). In Ethiopia, where over 90% of all total planted
forests consists of this tree species, concerns have also been raised over this mono-cropping approach
due to the arrival of insect pests that are specifically targeting Eucalyptus seedlings (Gezahgne et al.,
2005; Bekele, 2011; Lemenih and Kassa, 2014; Aylward et al., 2018). Ill-advised policies and
programmes and the lack of effective wood fuel policies, regulatory measures and subsequent forest
tenure insecurity further drives inefficient natural resource management and forest degradation,
adding to the challenges of wood fuel dependency in the region (Bassey, 2008; FAO, 2017a; GIZ
HERA, 2018). While strict bans for wood fuel extraction have not been introduced in Lesotho, and
despite the development of a holistic energy policy framework to support the more sustainable use of
wood fuel and energy access, the lack of wood fuel availability still presents a serious concern for the

majority of its population (LMS, 2015).
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2.3 Energy consumption

Sub-Saharan Africa has access to a wide variety of energy sources, including oil, gas and coal
reserves, powerful river systems to generate hydropower, uranium that can be utilized for nuclear
energy production and a vast potential for solar energy (Kebede et al., 2010). These energy sources,
however, are unevenly available to its inhabitants, especially to those living in rural settings who are
therefore mostly dependent on biomass for cooking. The level of biomass dependency and the share
of wood fuel used in the energy-mix in this region has hardly changed over the past couple of decades
(Leach and Mearns, 2013; IEA, 2019). Currently some 600 million people here lack access to
electricity and around 70% of the population is deprived of clean cooking solutions. Cookstoves or
cooking fuels are deemed ‘clean’ when they meet WHO’s guidelines on emissions. This includes
electricity as well as gas, ethanol, solar power and high performing biomass cookstoves. As access to,
and use of, these technologies and fuels are minimal in Sub-Saharan African, most households remain
reliant on traditional biomass and rudimentary stoves for their energy needs. This in turn is resulting
in high levels of household air pollution and inefficient wood fuel use (WHO, 2014). In spite of
significant progress at the global scale to increase clean energy access, the modernization of the wood
energy sector and electrification in Africa has lagged behind (Kebede et al., 2010; IEA, 2019). With a
45% household electrification rate, the region ranks lowest in the world and has almost 900 million
people dependent on biomass, firewood and charcoal to prepare meals and heat their homes (Hafner et
al., 2018; IEA, 2019). This lack of energy provision is especially delayed in rural communities which
make up some 60% of the total population in Sub-Saharan Africa, leaving only 6% of rural
households with access to clean cooking solutions (World Bank, 2017b; Bos et al., 2018; World Bank,
2018). Similar discrepancies are seen in Lesotho. Here, inadequate electricity infrastructure and lack
of clean cooking solutions result in high wood fuel dependency levels, especially among rural

household (LMS, 2015; Mpholo, 2018).

As demonstrated by the numbers, access to electricity does not always imply access to clean cooking
solutions. According to the 2019 Africa Energy Outlook, electricity access encompasses at a

minimum, sufficient power to run a number of lightbulbs and charge a fan, radio, television or phone,
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but does not include electricity-services aimed to power cooking technologies (IEA, 2019). At the
same time, access to clean cooking solutions means access to, and the primary use of, clean cooking
fuels, including electricity, and stove technologies that can utilize these fuels. Not all households with
access to electricity hold access to electric powered cookstoves, have sufficient and stable electricity
to power cooking, or are unable or unwilling to make such a switch for various economic or cultural
reasons (Madubansi and Shackleton, 2007; IEA, 2019). While numerous investments and policy
changes that support the efforts of electrification up-scaling are anticipated to increase energy-security
across the continent, it is important to note that newly connected households often do not tend to use
electricity to meet their cooking needs. In Lesotho, where only 5,5% of its rural population has access
to electricity, similar constraints have been identified where only a small part of that population would
use electricity to prepare their meals (Mpholo, 2018). Rural populations in Sub-Saharan Arica may
continue to be reliant on wood fuels for a number of household energy requirements, meaning that the
number of households dependent on traditional wood-based fuels are still expected to rise with
growing populations (Twine et al., 2003; Madubansi and Shackleton, 2006; Matsika et al., 2013; IEA,

2014, 2019).

As the impacts of climate change worsen and the population size continues to grow faster than the rate
of electrification and access to clean cooking, the pressure on existing biomass energy services in this
part of the world will grow further. In addition, the region will likely feel the heat of climate change
through the additional demand for cooling and irrigation further adding pressures to local energy
demands (Parkes et al., 2019; Van Ruijven et al., 2019). It is estimated that by the year 2040, the
amount of biomass used in Sub-Saharan Africa will account for half of the global consumption, rising
to 60% if South Africa is excluded (IEA, 2014; Lambe et al., 2015; Caniato et al, 2017; IEA, 2019).
The recent COVID 19 pandemic and its negative economic impacts might further drive firewood use
as households transition from LPG or electricity to more affordable wood fuel to prepare their meals
and warm their home. In Kenya, this trend has already become visible with rural households

switching back to cheaper fuel sources such as firewood and charcoal in the wake of the pandemic
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(Njagi, 2020). Rural households in Lesotho may soon find themselves in a similar situation as the

COVID pandemic is expected to further fuel high levels of biomass dependency (IEA, 2020).

2.4 Wood fuel use at the household level

The bulk of energy needs in rural households is Sub-Saharan Africa, including Lesotho, are attributed
to cooking, heating and lighting of homes (Kebede et al., 2010; IEA, 2019). The use of biomass for
households to meet these energy needs does not only stem from necessity, but wood fuel is at times
also favoured to prepare meals and heat homes. This preference stems from the fact that wood fuel is
available in a wide number of eco-systems, can be free of cost, is often easy to obtain, simple in use
and constitutes as a form of renewable energy due to its regenerative capacities, among other cultural,
climate and location specific reasons (Abbot et al., 1997; Akintan et al., 2018; Jiménez-Escobar and
Martinez, 2019). People may prefer the flavour of food that is cooked on firewood, it can be an
important cultural tradition to prepare meals this way, or firewood collection can even be an important
opportunity to spend time in nature or bond with other community members (Cocks et al., 2012;
Akintan et al., 2018). However, it comes with its own set of challenges and a preference for traditional
wood fuel or biomass use is not supported across communities (Mbaka et al., 2019). Firewood is not
always widely available or easy to obtain and use. Increasing pressures on firewood resources have
resulted in localized natural resource depletion, leaving local households with firewood shortages and
challenges to cook (WFP, 2012; Putti et al., 2015; Caniato et al., 2017). Firewood substitutions, if
available, such as agricultural waste or dung, make it more challenging to maintain high temperatures

for long periods of time, and can result in people skipping meals (Caniato et al., 2017).

One of the most researched complications related to wood fuel use at the household level is the
adverse health impact of burning solid biomass, including firewood, in a three stone open fire or
rudimentary stove, particularly when used indoors. Studies consistently show how the health-
damaging emissions released during the combustion process are extremely harmful to people using
these solid fuels to heat their homes and cook their meals (Naeher et al., 2007; Pope et al., 2015;

WHO, 2016). The resulting high levels of indoor household air pollution are responsible for some 3.8
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million deaths globally per year with people in developing countries and rural households in Sub-
Saharan Africa, the Western Pacific South and East Asia experiencing the highest burden (WHO,
2016). In Sub-Saharan Africa, this form of air pollution is the most serious health risk for women and
girls as the traditional role divide leaves them mostly solely responsible for fuel collection, cooking
and tending the fire (Torres-Duque et al., 2008; Lim et al., 2012). This detrimental health impact is
not the only risk for women and girls when it comes to wood fuel use. While burning these solid
biomass fuels in traditional stoves or open fires poses severe damage to their health, in rural areas, the
burden of collecting wood fuel also often falls on women and girls. Wood fuel collection can take up
to multiple hours a day and can expose them to substantial dangers during this process including
Gender Based Violence (GBV) and wild animal attacks. It also significantly impacts the time
available to them to partake in education or productive work, limiting their development as well as

their potential economic contribution to the household (Bizzarri et al., 2009; Jan and Pervez, 2015).

2.5 Emerging energy technologies

The growing energy demand on the African continent and severe wood fuel related challenges are
creating a push to explore and exploit new energy policies, models, resources and technologies (IEA,
2019). Where on one hand a massive expansion of power systems is needed to be able to produce
sufficient electricity, the lack of access to clean cooking solutions remains a largely separate and
extremely complex concern (IEA, 2019). The principal use of biomass and wood fuel for many rural
households is to cook food, often in combination with traditional cooking methods including the
three-stone open fire or a simple stove (Lambe et al., 2015; Hafner et al., 2018; Mpholo et al., 2018b;
IEA, 2019). Depending on the experience level of the user and external circumstances, including the
moisture content of the wood and combustion ventilation, these cooking technologies offer extremely
limited fuel efficiencies. Most of the wood, biomass or charcoal energy content is lost due to
insufficient combustion or isolation, and fuel efficiency rates can be as low as 10-15% (Ballard-
Tremeer and Jawurek, 1996; Von Schirnding et al., 2002). This is the main reason for large quantities

of firewood or other forms of biomass needed on a daily basis, increasing pressure on natural
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resources and amplifying environmental and household challenges associated with wood fuel

cooking.

Over the decades, technologies have been explored and developed to overcome such gaps and
improve fuel efficiency, or scale up access to clean cooking technologies and fuels. ICS were the first
technologies to be introduced in the seventies in an attempt to reduce wood fuel use, address
environmental concerns, decrease greenhouse gas emissions and improve the health of the end-users
(Urmee and Gyamfi, 2014). A selection of these improved cookstoves still mainly use biomass in the
form of firewood, charcoal or agricultural waste, but are designed to maximise both thermal and fuel
efficiency, reducing the amount of fuel needed and limiting toxic emissions (Urmee and Gyamfi,
2014; Putti et al., 2015). The ICS technologies vary from simple designs with small functional
improvements over traditional cooking methodologies, to more advanced stoves with a higher
improved fuel efficiency (Fig. 1). Whereas improved stoves are designed to reduce the use and
inefficiency of burning solid biomass fuels, clean cooking solutions also fall under this umbrella term

but provide different benefits.

Figure 1. An overview of different improved cookstove technologies implemented in the Sub-

Saharan Africa region (from left to right: the Envirofit rocket stove for firewood, the ACE1 smokeless
biomass stove, the Briketi Ecostove for charcoal or briquettes and the CleanCook Aluminium One-

Burner using ethanol and alcohol).
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Clean cooking solutions focus on low particulate emission technology that aim to reduce, or even
completely eliminate, smoke emissions from burning wood fuels or move away from wood fuel all
together. Thanks to more recent technological advances, clean cooking solutions also include
advanced improved stove designs such as gasifier stoves developed for pellet or briguette use, modern
fuel stoves designed for LPG or electricity, or stoves functioning on renewable energy sources
including biogas, ethanol or solar energy (World Bank, 2014; WHO, 2014). Although the efficiency
and success of ICS and clean fuels vary greatly depending on user accessibility, adoption, training
provided and a number of external factors, improved and clean cookstoves have been recognized as
an important tool to address both energy poverty and reduce a number of negative environmental and
health impacts of traditional wood fuel use. If these solutions are accepted and used correctly, they
can reduce household air pollution, (local) environmental degradation, food insecurity, energy- and
time-poverty as well as provide livelihood diversification opportunities for wood fuel dependent

livelihoods (Hutton et al., 2007; Caniato et al., 2017; Gibbs-Flournoy et al., 2018).

Tremendous progress has been made in terms of developing improved and clean cookstoves
technologies and fuels to help move away from habitually environmentally taxing and challenging
traditional firewood use for cooking. Yet despite many apparent environmental, climate and health
benefits, the widespread application of these technologies has been fairly limited with only 11% of
African households using clean stoves (Vahlne and Ahlgren, 2014; World Bank, 2014). Decades of
experience and research on ICS dissemination revealed that a lack of sustained use and lower stove
performance outside of laboratory settings has hindered its success (Ruiz-Mercado et al., 2013).
While many ICS technologies prove to be effective in controlled settings, targeted audiences have
either failed to adopt these or were unable to create similar fuel efficiencies in the real world.
Environmental and health related technologies, such as improved cookstoves, attribute their benefits
from its sustained and correct use driven by individual actions and behaviours (Hanna et al., 2016). To
understand if an improved stove or alternative fuel programme can be successful therefore does not

rely merely on the technology alone, but encompasses many household and external characteristics
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that influence both the initial adoption and its long-term and correct use (Vahlne and Ahlgren, 2014;

Hanna et al., 2016; Pailman et al., 2018).

2.6 Technology adoption

It has become apparent that many of the proposed cookstove interventions cannot be seen as stand-
alone solutions in this complex wood fuel landscape. Fuel-efficient or clean stove and fuel
interventions have proven to be largely unsuccessful due to limited uptake and sustained primary use
(Burwen and Levine, 2012; Putti et al., 2015; Hanna et al., 2016; Khandelwal et al., 2017). Many
institutions, development agencies and local governments have tried to increase the use of ICS
technologies for decades but a large number of barriers that stunt the adoption of ICS in developing
countries remain in place (Vigolo et al., 2018). Without people actually willing and starting to use
these stoves, ICS programme and dissemination efforts remain without purpose. Studies that examine
these adoption barriers and enablers often include limited contextual variables and lean heavily on
socio-economic and demographic data, whereas the long-term success of ICS interventions relies on a
number of interlinked factors that both stimulate and facilitate the ICS adoption process (Ruiz-

Mercado et al., 2011; Lewis and Pattanayak, 2012).

Several theoretical models exist that aim to understand the adoption process and the factors that drive
this initial uptake and long-term use or the rejection of a technology. These models are based on the
straightforward concept that beliefs and attitudes heavily influence a person’s behavioural intention
which subsequently influences their actual behaviour (Fishbein and Ajzen, 1975; Ajzen, 1991).
Understanding those personal assumptions and convictions towards new stove technologies are
important to predict and adjust ICS interventions to achieve adoption as without intention no purchase
or use will take place. In addition to these beliefs and attitudes, there are a number of external factors
that influence people’s ability and willingness to adopt and keep using an improved cookstove. The
diffusion of innovations (DOI) theory is a well-known process identifying different sets of product
characteristics as determinants to new technology adoption (Rogers, 2010). This adoption process

follows several steps encompassing the awareness, interest, evaluation, trial and complete adoption of
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a product. The latter of which is addressed as sustained use in this study. Rogers (2010) states that
“unless a product is highly compatible with the users’ needs and resources, it will not be used for the
long-term.”. A major pitfall that has consistently interfered with achieving complete adoption of
improved or clean cookstoves is the lack of understanding of context-specific complexities, product
characteristics and limited focus on last two processes of the diffusion theory i.e. product trial and its
sustained use (Putti et al., 2015; Dickinson et al., 2019). Without achieving initial uptake and long-
term primary use of ICS solutions, the potential benefits in terms of cleaner cooking as well as wood
fuel reductions cannot be obtained. Research shows that a disproportionate focus has been placed on
understanding the initial adoption of ICS technologies compared to its long-term use (Lewis and
Pattanayak, 2012). For ICS to become a realistic solution to the wood fuel problem, in Sub-Saharan
Africa and Lesotho more specifically, it is not only essential to understand the determinants for
households to adopt a fuel-efficient cooking technology, it is pertinent to understand how these

determinants differ between initial adoption and sustained use.

2.7 Determinants of ICS adoption

Improved and clean cooking solutions are mostly designed in laboratory settings in an attempt to
optimise efficiency without fully considering practical realities, user convenience, affordability and
cultural practices (Urmee and Gyamfi, 2014). Noting that wood fuel and traditional cooking methods
are often free or cheap, making a switch that involves costs becomes more challenging and often less
desirable (Terrado and Eitel, 2005; Puzzolo et al., 2016). Many rural households do not have the
financial means to pay for their electricity consumption or alternative technologies and fuels and there
are often some additional practical, social and cultural barriers to overcome to move away from wood
fuel use (Madubansi and Shackleton, 2007; World Bank, 2014; Putti et al., 2015; Pailman et al.,
2018). Costs associated with ICS can become an important barrier for households to use or purchase
such improved stoves or compatible fuels. So far, financial schemes in support of these technologies
have not been able to overcome all limitations for successful adoption and the cost barrier involved
(Palit and Bhattacharyya, 2014). Similarly, improved cookstove programmes and enterprises relying

on a stove or fuels’ technical abilities alone have failed to achieve demand and sustained adoption
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(Ruiz-Mercado et al., 2011; Caniato et al., 2017). Technologically advanced stoves can be unsuitable
for certain areas or cooking habits. Some types of food require short spans of high heat whereas other
dishes need to be able to simmer on low heat for a long time. In areas where people prepare meals
early in the morning, solar powered stoves are rendered useless and traditional pots and pans for
certain dishes, for example the injera bread in Ethiopia, cannot be used on all stoves due to their large
size. This demonstrates just how complex and location specific even the dimensions, type of heat and

the technical abilities of a stove are, and a ‘one stove fit all” solution can never be the answer.

It must also be noted that traditional biomass stoves or a three-stone open fire provide additional
services and benefits to people in rural areas. These benefits can encompass energy to heat their
homes, the protection from insects and the ability to use a variety of fuels depending on the season.
All these additional benefits expected from a stove or cooking methodology can also influence
peoples’ willingness to adopt new cooking technologies if similar benefits cannot be obtained with the
improved cookstove (Barnes et al., 1994; Pailman et al., 2018). Gains in one area can set a household
back in another, and a new technology can prove difficult to meet the same needs traditional fuels and

stoves have provided.

Where the initial uptake of the ICS technologies hinges on one set of barriers and enabling factors
such as awareness, perceived benefits and affordability, the continued and primary use of these stoves
often depend on a distinctively different set of features (Vahlne and Ahlgren, 2014; Hanna et al.,
2016). Even after initial adoption, factors including lack of training on how to maximize and achieve
the potential stove benefits in terms of savings and fuel efficiency, stove repair costs, and changing
fuel prices can result in the ultimate rejection of the technology even after initial adoption was
successful (Ruiz-Mercado et al., 2011; Shankar et al., 2014; Catalan-Vazquez et al., 2018). In areas
where improved cookstoves are utilized, they rarely fully replace traditional cooking technologies and
are supplemented with traditional cooking methods and fuels, a phenomenon described as fuel or
stove stacking (Ruiz-Mercado et al., 2011; World Bank, 2014; Putti et al., 2015; Shankar et al., 2020).
Under this approach, new fuels and technologies can be the primary cooking method, used

sporadically or very rarely and eventually even be phased out completely if they do not meet the
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households needs or become too costly in comparison (Ruiz-Mercado et al., 2011; Hanna et al., 2016;

Puzzolo et al., 2016).

The assumption predating many improved or clean cookstoves initiatives is that with increased
household wealth, time and access to alternative forms of cooking technologies, people would adopt
and continue to use modern fuels and cookstoves (Van der Kroon et al., 2013). While it seems
obvious to assume that the use of wood fuel and traditional cooking methods stems from a lack of
access to modern fuel and stove choices, using wood fuel on an open fire or rudimentary stove obtains
a number of very specific benefits for its users that can be difficult to meet with ICS technologies.
Dismissing wood fuel altogether as a viable form of potential renewable household energy to cook
and heat homes is disregarding the fact that the future for alternative sources of energy for many rural
households are often bleak and likely unaffordable. It could also take away certain important social or
cultural aspects linked to traditional wood fuel cooking practices. Completely moving away from
wood fuel use can therefore be challenging and is not always preferred by households (Akintan et al.,

2018).

It is not unsurprising that the majority of ICS programmes still use wood fuel as their main source of
cooking fuel. However, most of the research and programme interventions by humanitarian and
development agencies remain focused on addressing cooking energy access challenges from an expert
point of view, failing to understand the household perspective. For example, UNHCR led an ICS
programme in refugee camps in Rwanda where stoves were freely distributed among households.
However, in the first year alone, 69% of the disseminated cookstoves were sold off as most
beneficiaries indicated that they did not to see the benefit of the stove, even though the households
were experiencing energy shortages (Gebre Egziabher and Marara, 2016). It is clear that this top-
down approach does not fully allow a solid understanding of the benefits people receive from their
current cooking practices when trying to facilitate a fuel or stove switch at the household level

(Urmee and Gyamfi, 2014; Khandelwal et al., 2017).
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2.8 Institutional and policy barriers

Environmental and energy policies in Sub-Saharan Africa occasionally include the up-scaling of
improved cookstoves, but are often limited or contain no specific policies, regulations or incentives to
help increase the long-term adoption of these technologies (Lambe et al., 2015; LMS, 2015; Pultti et
al., 2015; IEA, 2019). Understanding the determinants to the initial uptake and sustained use are one
part of the equation, whereas the development of enabling policy and programmatic frameworks are
also required. Both have the ability to overcome certain bottlenecks to adoption and can help
households to fully and sustainably obtain the benefits of improved cookstoves, a feat many ICS
programmes have been trying to achieve for so long (Ruiz-Mercado et al., 2011; Pultti et al., 2015).
Where household access to ICS technology is necessary to transition away from rudimentary
cookstoves and reduce traditional wood fuel use, without people actually using these technologies a
push for ICS renders no results. Effective policies tailored to the local economy, markets, traditions,
consumer habits and needs can tackle a number of existing barriers faced by the end-user and provide
an enabling environment to expedite the access and adoption of ICS (WHO, 2020). Many ICS
development programmes are designed to distribute free stoves without sufficient training on using
these stoves or provision of extension services where people can repair the stoves in case they break.
An example of an improved cookstove programme in a rural community in Michoacéan, Mexico
demonstrated the importance of these services and limitations in the sustainability and success of ICS
programmes. The programme led by the Interdisciplinary Group on Appropriate Rural Technology
(GIRA) and the Institute for Ecosystem and Sustainability Research at the National Autonomous
University of Mexico (UNAM) initially saw a high uptake of the distributed stoves. However, after
about four years, the mean lifespan of the improved cookstove, half of the stoves were no longer in
use. The stoves had needed repair or replacement and no services were put in place to facilitate this

for the beneficiary households (Schilmann et al., 2019).

A profound understanding on context-specific determinants is needed to support the adequate
planning and development of policies, programmes and frameworks to enhance and enable the uptake

of ICS for those currently reliant on rudimentary stoves or open fires (Rehfuess et al., 2014; Lambe et
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al., 2015; Vigolo et al., 2018). There should be more efforts dedicated to analyse the reluctance,
resistance and challenges when using improved cookstoves perceived by household decision-makers
or those responsible for meal preparation. This includes identifying and better understanding the
barriers and enabling factors at the household level that influence the adoption and long-term use,
gaps in policy and challenges faced by programme makers and private sector aimed to scale up ICS

dissemination (Caniato et al., 2017; IEA, 2019).

2.9 The case of Lesotho

The Kingdom of Lesotho is one of the many countries in Sub-Saharan Africa where a high level of
wood fuel dependency for cooking and heating and limited access and uptake of improved or clean
cooking solutions have resulted in number of challenges for a major part of its population. Especially
in rural areas concerns are surfacing regarding the sustainability of its chronic wood fuel dependency
(FAO, 2015; CIAT; World Bank, 2018). At least 90% of the energy consumption of rural households
consists of firewood, shrubs, crop residues and animal waste, causing localized depletion of woody
plants (UNDP, 2014). This nation is already one of the least forested in Africa. VVarious estimates of
its forest cover exist, and depending on the definition of forest resources, this ranges between just a
couple of percentage points of Lesotho’s total land cover. Taking only natural or planted forest into
account, with trees that stand at least 5 meters in situ, the current forest cover estimation varies
between 1.4% and 1.6% (Qalabane and Chakela, 2014; World Bank, 2016). Even considering the
most favourable count encompassing government owned tree plantations, indigenous trees, woody
shrubland and private tree lots, the country still has just a small cover of woody vegetation (FAO,
n.d.; Leslie, 1991). Unlike many of the savanna woodlands found in neighbouring countries,
Lesotho’s mountainous terrain consists mostly of grassland which supports very few trees. The
limited patches of natural forest and more abundantly available shrubby woodlands remain a valuable
resource to its rural population depending on this ‘free’ energy to cook and heat their homes. (FAQ,

2015, 2017Db).
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In spite of the great strides made by the Government of Lesotho to increase electrification rates across
the country and shift the dependence on solid biomass use, just over one third of households are
connected to the grid and only 19% of its rural population has access to electricity (World Bank,
2017a). The Rural Electrification Unit (REU) tasked by the Government of Lesotho to expand the
grid to service rural areas is faced with numerous obstacles. The low household purchasing power of
rural households, the nation’s mountainous landscape and scattered villages have resulted in logistical
difficulties and low economic returns which are necessary to support the capital infrastructure for
expansion (Mpholo et al., 2018). Rural zones that do have access to electricity mostly use this for
powering radio, TV and lights and not so much for cooking or heating due to its perceived or actual
higher cost compared to biomass fuels, even if these are purchased (Taele et al., 2012; Mpholo et al.,
2018b). These unbalanced needs and resources result in a heavy reliance on the import of electricity
and some of its fuelwood for household energy consumption (LMS, 2015; Government of Lesotho,

2017).

Ongoing energy challenges are compounded by current climate change trends and human
interference, increasing the vulnerability of Lesotho which has already been facing an increased
frequency of natural disasters and environmental challenges (LMS, 2017a; World Bank Climate
Change Knowledge portal, 2020). Lesotho’s environment is defined by a number of environmental
problems potentially impacting its wood fuel availability further in the form of frail soil formation,
decline in soil quality, biodiversity loss and grassland, shrubland, woodland and wetland decline. This
is caused in part by the combined pressures of climate change impacts, over-cultivation, forest
conversion, overgrazing, urbanization, deforestation and wood fuel extraction (Mwangi, 2008;
Qalabane and Chakela, 2014; FAQ, 2015). The impacts of climate change in Lesotho are expected to
lead to arise in temperature, diminishing rainfalls and chronic drought. These changes could shift the
availability of present forests as woodland may transition to shrubland under drier conditions and
changes in climate can limit plant species distribution (Allen et al., 2010; World Bank Climate
Change Knowledge portal, 2020). Recurrent droughts and changing precipitation patterns also

negatively affect groundwater recharge ability and the growth and regenerative capacity of woodland
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resources (Allen et al., 2010; FAO, 2015; LMS, n.d.; Zhang et al., 2018). These anticipated impacts
together with the widespread over-harvesting of wood fuel and grazing by livestock that cuts regrowth
at an early stage, cause wood fuel to become increasingly scarce. In addition, many woodlands in
Lesotho are publicly or privately reserved, making wood fuel accessibility limited while biomass fuels
(fuel wood, shrubs, crop residue and animal dung) count for some 66% of the total energy consumed

in Lesotho (FAOQ, 2015; LMS, 2015, 2017a).

To combat a number of threats related to energy poverty, environmental degradation and climate
change impacts, Lesotho rolled out the National Climate Change Policy (2017), the Lesotho Energy
Policy (2015) and the National Climate Change Implementation Strategy (2017) aimed to build
climate change resilience, protect its fragile environments, harness the potential of renewable energy
sources and facilitate the substitution of wood fuels (LMS, 2015, 2017a, 2017¢). Fortunately, Lesotho
harbours an abundance of renewable energy potential in the form of solar, hydropower and wind, and
the exploitation of this will play a significant role to achieve the policy objectives. Increased
electrification in the country through renewable energy sources will tremendously benefit its
economic development, inhabitants and environment but will not immediately address the cooking
energy needs, particularly for rural population’s needs (Twine et al., 2003; Madubansi and

Shackleton, 2006; Matsika et al., 2013; IEA, 2014).

To tackle energy poverty across the board and its negative environmental and social impacts, energy
access must go beyond electrification through renewable energy sources and explore potential
solutions for cooking and heating for rural households dependent on traditional cooking methods and
fuels. In an effort to overcome these obstacles, the policies include an intensified focus on wood fuel-
based energy management, increased use of and access to sustainable bio-energy resources and
interventions aimed to reduce the pressure on natural resources through wood fuel substitution and the

promotion of energy efficient, improved and clean cook stoves (LMS, 2015).

The promotion of improved and clean stoves has been at the forefront of efforts to address the

challenges of cooking and heating with solid biomass in Lesotho. The Lesotho Nationally Determined
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Contribution (NDC) under the United Nations Framework Convention on Climate Change to reduce
GHG emissions and identify climate change priorities of the country include: 1) the dissemination of
efficient cookstoves with a penetration rate of 30% by 2030, 2) the endeavour to progressively replace
firewood use with LPG for heating by 10% by the year 2030 and 3), to disseminate clean cookstoves
to reach 15% of the non-electrified population by 2030. (Danish Energy Management & Esbensen,
2017; LMS, 2017b). Currently, manufacturers and distributors of ICS in Lesotho are few and include
Fairtrade International (FLO), Atmosfair and ACE (Danish Energy Management & Esbensen, 2017).
Not surprisingly, and in line with global results, the national ICS adoption rate has been slow,
especially within rural populations (Kapfudzaruwa et al., 2017). While the dilemma of wood fuel
dependency and its challenges cannot be solved with a one-stop solution, understanding how some
tried and failed solutions may benefit from a new perspective in the broader context of the problem,

can potentially contribute to effectively tackling a part of the equation.

Decades of promoting ICS in rural areas in an attempt to minimize or move away from traditional
wood fuel energy use has proven a difficult feat, and a gap in understanding situation-specific factors
that influence a household’s decision making is slowing down adoption rates. For Lesotho, to achieve
the ambitions set forth for increased and sustained use of improved cookstoves, switch to cleaner
forms of fuel or change the currently mostly unsustainable traditional wood fuel use dependency, it
needs to align policies, ICS programmes, technologies and private sector models with local
households needs and abilities to overcome existing barriers. This research aims to fill in the
knowledge gap on such context-specific determinants for cookstove adoption and the long-term use
for rural households in Lesotho to reduce the country’s rural household energy poverty and

environmental pressures stemming from high levels of wood fuel dependence.
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Chapter 3 METHODOLOGY

This chapter presents an overview of the study setting, research methodology and design, data

collection process, ethical considerations and analysis followed for this research.

3.1 Study setting

The study is set in the Kingdom of Lesotho and specifically focusses on rural villages in the lowlands
of the country that are dependent on biomass fuel and traditional cooking methods. The area of
interest encompasses the six lowland districts of Berea, Leribe, Maseru, Mafeteng, Mohale’s Hoek
and Quthing (LMS, 2015; WFP Lesotho, 2015). These districts, located at a level of some 1500-1800
meters above sea level, are part of the major agricultural zones causing the indigenous grasslands,
forest patches and shrubby woodlands of these regions to be heavily fragmented as a result thereof.
The focus on these districts comes as a result of the high dependency on biomass fuel, mostly wood
fuel, its limited and dwindling natural resources, low levels of household electrification and the
presence of cookstove interventions in parts of these districts. These zones also fall under WFP’s

operations and could potentially be part of future household energy access activities.

Although Lesotho saw a decline in poverty over the past 15 years due to economic investments,
improvements in education and increases in income, the poverty levels in these rural zones where
some 85% of the population lives only decreased marginally from 61.3% to 60.7% (WFP, 2018;
World Bank, 2019). Here, the majority of the population still faces high levels of unemployment,
poverty and inequality. This makes switching or supplementing cookstoves or cooking fuels more
challenging as traditional alternatives, such as the three-stone open fire and use of solid biomass fuels,
are largely free. Villages in these districts are largely homogenous in terms of geographical
similarities, climate, livelihoods, poverty and income levels, energy use and socio-cultural
characteristics. Most households in these districts are depending on wood, cow dung, maize straws
and in very small areas some electricity and gas for household energy consumption. Paraffin is used at

times for lighting. Livelihoods focus mainly on animal farming and maize productions well as the
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production and sales of livestock, other vegetables and firewood. Remittances from family members
in South Africa and casual labour are also an substantial part of household incomes, which

considering the COVID19 pandemic were impinged (Finmark Trust, 2020).

3.2 Study design and data collection

The principal goal of this study is to assess which enabling factors and barriers are in place for the
adoption and sustained use of improved cookstoves for rural households in Sub-Saharan Africa and
particularly in Lesotho. To provide answers to the research questions proposed under the individual
research objectives, this study relies on a mix of methods and combines semi-quantitative and
qualitative research tools. To identify the most influential variables to the adoption and sustained use
of improved cooking technologies, these factors are examined through a systematic literature review,

key-informant interviews and a survey of experts.

First, a literature review encompassing the current use of wood fuel and associated challenges
experienced by rural households in Lesotho and ICS adoption theory was carried out followed by an
in-depth meta-analysis of relevant literature on ICS adoption and sustained use obstacles and
incentives in Sub-Saharan Africa. This provided inputs to research question 1 and partially research
guestion 2 and 4 through a qualitative and semi-quantitative research synthesis. The aim of this
systematic literature review was to provide academic knowledge on the topic and identify key drivers
and barriers to the uptake and use of ICS at household level. Drivers and adoption barriers derived
from this analysis that have proven to be significant in previous studies were incorporated in the
interview questions for the key informants as well as the survey design for experts to help understand

if similar significance among variables could be found for rural households in Lesotho.

Second, key-informant interviews were conducted via phone, Zoom and Skype to help finalize and
conceivably add to the list of identified enabling factors and adoption barriers derived from the
systematic literature review. All interviews took place between October 2020 and November 2020

and were recorded with permission of the participants. The interviews lasted between 25 minutes and
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two hours and were transcribed in full. The interviews followed a semi-structured predetermined
outline which focussed on the research objectives and the themes and variables derived from the
meta-analysis and literature review. This approach allowed for data collection goals to be set while
ensuring flexibility for the conversations to change direction where needed (Vaughn and Turner,
2016). Primary questions were kept to a minimum and included 5 items. To allow more in-depth
exploration of topics or issues within the informants’ expertise, a limited number of secondary
questions were added resulting in a cumulative item score of 10 or 12 questions (Kumar, 1989).
Depending on the key informants’ knowledge and field, the interview guide was adapted to extract the
most relevant and reliable information (Annex I1). This provided inputs to research question 1-4 at a

qualitative level and detail and nuance to the outcomes of the literature meta-analysis.

The interviews aimed to derive information on enabling factors and barriers to the adoption and
sustained use of improved cookstoves in rural households in developing countries and incentives or
gaps in ICS policy and programmes based on the individuals’ knowledge, experiences and beliefs. In
addition, the interviews with key informants in Lesotho included a focus on extracting contextual
knowledge on the importance of each of these variables, investigated social norms and cultural values,
and aimed to improve the understanding of behaviours, challenges and viewpoints towards ICS
interventions and wood fuel issues. It also set out to understand ICS successes and failures in Lesotho
or similar settings, and challenges and best practices concerning existing ICS policies and
programmes. This qualitative research method collected information from an expert group of persons
by drawing from their experience and opinions. To this end, the outcomes of the key-informant
interview provided insightful information to narrow down the variables to be included in the semi-
quantitative research methodology in line with other similar studies (Agbokey et al., 2019; Prah et al.,

2019).

Third, the combined findings from the literature review and the qualitative exploratory research
helped finalize the design of the online survey and ensured informed and relevant categories and
guestions were proposed. The survey was conducted among Lesotho-based ICS experts, relevant

private sector, development agencies working on ICS and policy makers to help answer research
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question 2-4. This method provided a semi-quantitative analysis of the barriers and enabling factors to
the adoption and sustained use for ICS and compatible fuels in rural Lesotho. The survey data helped
to understand if and how identified drivers and barriers of previous ICS adoption research were
transferrable to households in rural Lesotho, including the comparative importance of these variables

despite differences in context.

Key decision-factors in choosing the most appropriate survey data collection tool included the current
challenges due to the COVID19 pandemic to conduct in-person survey collection, the speed of data
collection and ease of data transformation. Based on this background, the survey was carried out via a
web-based questionnaire program: surveyplanet.com. This program offers software to create and
evaluate surveys online and can easily be distributed to targeted respondents via e-mail. The
advantage of this online surveying methodology is the reduced social pressure associated with a face-
to-face survey collection method and can therefore mitigate false responses and circumvent

movement restrictions.

A total of ten questions were developed based on the variables extracted from the meta-analysis and
themes derived from the key-informant interviews to allow comparable outcomes and standardized
results. Answers were collected using multiple choice at the nominal level and the Likert scale, which
measures attitudes at an ordinal level. The Likert scale is the most widely used and accepted method
to assess attitudes and beliefs for the purpose of research. This method uses different measuring points
ranging from high to low based on which the participant indicates the extent to which they agree or
disagree with a series statements provided in the survey (Likert, 1932). For this research, a 5-point
Likert scale was used as it limited the response choices and possible misunderstanding of the choices
provided and provides a neutral option given its uneven numbering. For the Likert scale measured
guestions, respondents were given choices on a continuum such as strongly disagree to strongly agree.
These answers were coded from 1-5, with strongly agree, very high and very important receiving a 5
score and strongly disagree, very low and not at all important receiving the lowest score of 1. For the
multiple choice questions respondents were able to provide additional inputs if their answer was not

incorporated in the survey. This allowed the inclusion of variables that did not, or not strongly,
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emerged from the literature meta-analysis and interviews. These answered were recorded separately

and presented in the results section.

3.3 Sample size and sampling procedure

The key informants were selected at a global and local level consisting of individuals with specific
expertise and experience with ICS in Sub-Saharan Africa or Lesotho. The selection for the key-
informant interviews included a wide range of informants from different backgrounds to ensure that a
sufficient broad perspective and different points of views were captured in the data collection. Firstly,
appropriate groups were identified based on the members of the Safe Access to Fuel and Energy
Global Working Group hosted by the Clean Cooking Alliance as well as with the support of WFP
Lesotho. From this list, candidates were selected and approached for interviews. Using the
snowballing effect, more than the initially planned 15 candidates were identified through further
recommendations from these original selected informants. A total of 17 informants were included in
the final study in line with the recommended sampling size for key-informant interviews (Kumar,
1989; Gilchrist, 1992). Four of the key-informants were experts on the issue in Lesotho, whereas the
remaining thirteen participants had extensive knowledge on the subject matter in the region of Sub-
Saharan Africa. Participants for the interview were screened and selected based on their knowledge
and expertise and encompassed individuals from UN agencies (4), International NGO’s (4), technical
improved cookstove experts (2), ICS policy and decisionmakers (2), energy related interventions and
ICS researchers (2), and manufacturers (3). Each of the candidates interviewed had a broad range
knowledge on ICS implementation strategies or technology design and were able to provide informed
perspectives on the determinants to the adoption and sustained use of improved cookstoves in rural

households in developing countries.

For the semi-quantitative data collection, an online expert survey was conducted among Lesotho-
based informants and ICS experts. To obtain sufficient respondents, similarly to the key-informant
interviews, candidates were selected from a number of different groups with the support of WFP

Lesotho and based on recommendations from key informants. The participants of the survey
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encompassed experts from local NGO’s, relevant ministry departments, humanitarian and
development agencies, field monitors working on ICS programmes and relevant private sector. The
snowballing method was utilized to obtain a significant sample by requesting respondents to
recommend appropriate candidates to extend the survey invitation too. Initial respondents were
appointed via e-mail and directed to the online survey location. Here they were asked to complete the
survey, received background information to the purpose of the survey and provided consent to have
their data used for the stated purpose anonymously. While there was limited understanding of the
magnitude of ICS experts and policy and programme makers in Lesotho, the research had aimed and
managed to obtain 30 respondents to fill in the online survey. This allowed for a comprehensive

perspective on the topic while ensuring the quality of the respondents.

3.4 Ethics

Data collection for both the key-informant interviews and the survey was informed by a sound
understanding of cultural, religious and social sensitivities, values and traditions obtained through
literature review and discussion with the World Food Programme Lesotho office. The data collection
was conducted in adherence of the WFP SAFE Handbook to exclude unnecessary sensitive topics and
ensure the confidentiality of the participants as well as the subjects in the study by warranting the
anonymity of both groups (WFP, 2012). During the data collection and interviews, the principles of
‘Do no Harm’ were utilized, and will maintain compliant with these principles for the future
dissemination of the study findings (Sim and Waterfield, 2019). An ethical clearance (protocol
number HA2002) was obtained from the University of Witwatersrand human subjects research ethics
committee prior to the data collection via key-informant interviews and survey methods. The
participants of the study for the key-informant interview received a participant information document
and consent form to explain the purpose of the research, provide information about the voluntary
nature of the study and their rights. It also functioned to obtain their consent to be included in the
study anonymously and to have the interview recorded for transcribing purposes (Annex I). The
consent forms were signed and returned via email or signed per procurationem after providing oral

consent during the interview.
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For the online survey, participants received a participant information document explaining the
purpose of the research, their rights, how the data would be utilized and a link to the online survey.
The respondents’ consent was obtained on the first two pages of the online survey indicating their
approval to partake in the exercise and have their provided information used anonymously for the
purposes of this research (Annex I). Confidentiality was ensured at all times during data collection
and names and addresses were not collected on the survey. While names, profession and organization
were collected for the key-informant interviews, this personal information provided during the
interviews and any personal information disclosed during the online survey, was not shared in the

research itself.

3.5 Data analysis

First, the literature meta-analysis was performed among the most relevant published scientific studies
addressing the barriers and enabling factors for the adoption and sustained use of improved
cookstoves. Peer reviewed publications were scoped using Google Scholar, JSTOR and the
ScienceDirect databases and identified via key word searches encompassing; clean cooking
technologies; improved cooking technologies; adoption barriers to clean OR improved cooking
technologies; drivers of adoption of clean OR improved cooking technologies; drivers of and barriers
to sustained improved cookstove use; adoption of clean OR improved cooking technologies in
Lesotho; improved OR clean cookstove policies; improved OR clean cookstoves programmes; and,
technology acceptance and adoption theory models. Using a statistical approach to combine the
findings from numerous studies provided a higher statistical power and a more robust result. The
studies identified through the keyword search function using Boolean operators, were evaluated
against a set of inclusion and exclusion criteria and eliminated or included by logical reasoning
following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analysis) model
(Moher et al., 2009). After the complete literature search a total of 425 papers were identified (Fig. 2).
All selected studies were gathered into the Zotero reference manager and duplicates were eliminated,
resulting in 159 records for further screening. Each record was assessed on predetermined criteria

which encompassed a title and abstract search where any records that did not consider the use or
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adoption of ICS in Sub-Saharan Africa were excluded for the study. This resulted in a total of 64

studies to be eligible for a full-text review (Appendix A). To be included in the quantitative synthesis

for the final study, the studies selected were then screened against the following criteria: 1) considers

the adoption or use of ICS as an outcome, 2) includes at minimum three determinants from the socio-

economic, demographic, market, geographic, or institutional domain, 3) uses household as the unit of

measurement, 4) is conducted in Sub-Saharan Africa and 5), uses a statistical analysis indicating if the

variables had a significant or insignificant positive or negative relation to the adoption or sustained

use of ICS (Lewis and Pattanayak, 2012).

Identification

Eligibility Screening

Included

Literature search total n =425
Google Scholar total n = 138

Istor total # = 136
ScienceDirect total 7 = 140

# of additional records identified

through other sources n = 2

# of records after duplicates removed n = 159

4

# of records screened based on
title and abstract n = 159

Records excluded n= 95 for
not being related to the use
or adoption of ICS in SSA

L J

# of records included n = 64

Records excluded n = 40 for
not matching criteria:

- Considers the adoption

full-text review for eligibility

n=uad

and/or use ICSs as an
optcome

- Includes at minimuom
three determinants from

L 4

the socioeconomic,
phvsiographic, market, or
institutional domains

- Uses household as the
unit of measurement

# of studies included in

quantitative synthesis (meta-

analysis) n = 24

- Is conducted in Sub-
Saharan Africa

- Uses a statistical analysis

Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) flow

diagram through the different phases of the systematic review for ICS adoption and sustained use

determinants (Moher et al., 2009).
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Data synthesis was conducted for a total of 24 studies on both the barriers and enabling factors of ICS
adoption and the sustained use. None of the studies identified addressed the specific determinants for
Lesotho. This lack of existing context-specific research further underlined the importance of this
study and allowed the results to be utilized as regional determinants. These regional determinants
verified through the key-informant interviews and Lesotho-specific experts in the form of the online

survey to answer the research questions proposed.

From the final number of 24 studies, a broad number of internally homogenous factors were
determined to allow the results of the different studies to be standardized and grouped where relevant
(Lipsey and Wilson, 2001; Tewari, 2014). Each of these factors were further categorized under
broader thematic topics that included Financial, Technological, Market, Cultural, Knowledge, Socio-
economic or Demographic related items. For each of the studies it was assessed if a variable identified
as part of the predetermined groups was included in the research and if this variable was found to
have a statistically positive or negative influence on the adoption or sustained use of ICS. These
results were summarized using Excel with the sole purpose to categorize and further analyse the
collected data (Appendix B). A vote-counting exercise for the individual variables identified in the
studies was conducted to extract the general relationship for each variable, the proportion of studies
that identified a significant positive of negative effect for each variable and the percentage of the
studies that mention each variable to identify the most referenced determinants (Lewis and
Pattanayak, 2012). The total scores were visualized in a series of graphs included in the results

section.

Second, for the key-informant interviews, a combined deductive and inductive approach was taken for
the qualitative data analysis, merging theory-driven and data-driven coding and categorization of the
interview transcripts (Fereday and Muir-Cochrane, 2006). After the data preparation, data analysis
included assessing the most common themes that emerged in the interviews, identifying differences in
responses and extracting of noticeable responses and linkages that provided relevant information to
the research questions (Davis, 2019). These main ideas from the interviews were noted to understand

recurring ideas and perceptions. Together with the information derived from the literature meta-
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analysis, relevant themes were identified to provide a broad idea of the key categories under which

further coding could take place.

Using the open access data analysis programme QDA miner, an emergent coding technique was used
to identify all barriers and enablers factors mentioned in the interview transcripts for the adoption and
sustained use of ICS. Where responses did not align with any of the predetermined categories, other
structures were identified to map relations within the existing categories, new categories where added,
or answers were excluded if not deemed relevant. Exclusion categories were developed at the onset of
the data preparation to have a standardized approach in eliminating responses from different questions
where needed (Vaughn and Turner, 2016). These exclusion criteria consisted of any comments
unrelated to determinants of ICS or related fuels and challenges regarding electrification of rural areas

as this does not fall under the scope of this study.

The QDA Miner coding process allows words and text passages to be assigned codes reflecting
particular concepts which accumulated in a total of 231 separate variables under various categories
(Lewis and Maas, 2007). These derived variables were used to finalize organizing the categories and
codes resulting in a total of 136 codes, categorized among eight separate themes in the subsections:1)
Barriers to adoption of ICS, 2) Enablers to the adoption of ICS, 3) Barriers to the sustained use of ICS
and 4) Enablers to the sustained use of ICS (Appendix C). For each code, a vote count and frequency
percentage was provided indicating how often the variable was mentioned across the interview
transcripts, as well as a vote count and percentage for the number of cases each variable recurred in.

These results are discussed in Chapter 5.

Lastly, for the expert-survey as an initial step the responses were scanned for missing data. There
were no incomplete questionnaires detected and all thirty survey responses were included in the final
study. Questions that required reverse scoring were adjusted to ensure that all variables are measured
with the same directionality in terms of barriers and enabling factors and are comparable. Descriptive
statistics were calculated for the Likert scale responses for the identified variables to provide initial

information about the sample. These included a frequency distribution, percentage frequency
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distribution and the central tendency using the mode and median for the ordinal data. The results
derived from the nominal data were presented in a pie-chart. The data collected through the Likert
scale required additional data preparation to allow the data to be visualized in a diverging stacked bar
chart to present the distribution of the answers provided. This included the divide of neutral answers
(3) for the negative/low and the positive/high side of the chart to show the spread of reactions ranging

from very low to very high or strongly disagree to strongly agree.

Based on the survey outcomes, the trends and the importance of each item was categorized. The
relative importance of the variables was derived from the numbers of answers, or Likert item scores,
each variable received. This method allowed for the ranking of the different identified variables
contributing to, or hindering, the adoption and sustained use of ICS and its perceived importance
within the total set of variables. Ranking these variables could provide important information for
policy and decisionmakers in terms of assigning priority to help overcome certain barriers, include

enabling factors or adjust targeting strategies.

The data were then compared to the results from the meta-analysis and key-informant interviews
allowing the identification of the key barriers and enabling factors for households in Lesotho. The
comparison helped to understand if the three datasets supported similar determinants to ICS adoption
and long-term use as well as the importance of each of these factors across Sub-Saharan African
contexts and rural households in Lesotho. This also permitted the discovery of discrepancies between
the determinants of the different datasets. The findings from the data-analysis for all three data-

collection methods are synthesized and discussed in Chapter 5.

3.6 Study limitations

As the study aimed to understand the determinants for the adoption and sustained use for improved
cookstoves in an effort to reduce or substitute wood fuel in rural households in Lesotho, the current
methodology provided a specific outline of existing literature and experts understanding of these

enabling factors and barriers. Unfortunately, the COVID19 pandemic did not allow field work to
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undertake a quantitative survey and collect information directly from rural households in Lesotho.
This type of direct data collection would help identify adoption barriers and enabling factors in more
detail among targeted households and test the outcomes of this study. It must be noted that while the
key-informant interviews and expert surveys provided expert knowledge on the subject and data that
could not be obtained via other methods, the literature meta-analysis did not find any research
conducted in Lesotho on this topic, and just four of the key-informants were experts on the topic in
Lesotho. In addition, the findings collected through the interviews could be biased by the informant’s
personal beliefs or through interviewer bias. The use of an online data collection tool for the survey
also limited respondents to those with access the internet online, although it was expected that the
majority of subject matter experts could be reached online and no feedback was received on such
technical issues. The study does not include the predicted economic decline, loss of incomes, market
failures and so forth due to the COVID19 pandemic which might alter the prominence of certain
variables including financial access. Further research is required to understand if identified
influencing factors truly predict the adoption and long-term use of wood fuel dependent households in
rural Lesotho. Ultimately, where the outcomes of this study help inform policy and decisionmakers to
successfully design and regulate ICS efforts, the true importance of each of the determinants and the

anticipated adoption behaviour can only be validated through longitudinal monitoring and research.
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Chapter 4 RESULTS

This chapter presents the results from the literature meta-analysis, key-informant interviews and the
survey conducted among experts. The results describe identified determinants, encompassing enabling
factors and barriers, for improved cookstove adoption and sustained use for rural households in Sub-

Saharan Africa. These results are further defined for rural households in Lesotho specifically.

4.1 Literature meta-analysis

The literature meta-analysis set out to identify and evaluate the inclusion of primary barriers and
enabling factors pertaining to the drivers and hindering factors that influence the success of ICS in
rural households in Sub-Saharan Africa. The results from the literature analysis are quantified, and for
each variable the statistically significant positive, negative or insignificant relationship towards

adoption and long-term use is presented.

4.1.1 Variable identification, categorization and magnitude

A total of 24 studies were included in the final data set that focused on initial adoption and sustained
use determinants. None of the literature reviewed included such research for the country of Lesotho,
hence the results were utilized as a proxy based on regionally identified trends among similar rural

groups in the Sub-Saharan African region.

An overall number of 51 determining factors for the adoption and sustained use of ICS were identified
through the literature meta-analysis which were grouped under Financial, Knowledge, Market,
Cultural, Technological, Demographic or Socio-economic categories. For the purpose of context,
income was classified under Financial factors, whilst Socio-economic factors focussed on age, assets,
education and the gender and decision-making power of the head of the household. A total of 11
separate variables were identified as barriers to the adoption of ICS, 7 variables for the barriers to the

sustained use of ICS, 21 variables considered the enabling factors for ICS adoption and 8 variables
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recognized the enabling factors for the sustained use. The grouping of individual variables as
demonstrated in Fig. 3-6 presents the findings per category for the barriers and enablers for ICS
uptake and its sustained use in Sub-Saharan Africa. Barriers and enabling factors for long-term stove
use were noticeably less often considered in the studies consulted compared to the determinants of

ICS adoption.

Across the identified barriers and enablers for the adoption and sustained use of ICS, Financial,
Demographic, Socio-economic and Technological factors most often emerged as having a strong
influence on the uptake and long-term use of the stoves. Barriers to the adoption of ICS most often
identified Financial and Technological factors as hindering the ICS uptake (Fig.3). Correspondingly,
Socio-economic, Financial as well as Technological factors clearly stood out among the selected
studies as enabling factors for the adoption of ICS (Fig.5). There were no categories that stood out
substantially with respect to sustained ICS use barriers, however, Technological and Demographic
factors were mentioned slightly more frequent (Fig.4). Similarly, few enabling factors to the sustained
use of ICS appeared to be included in the studies. Despite limited entries, Technological factors

visibly surfaced as being the most influential in aiding the long-term use of ICS (Fig. 6).

Barriers to ICS adoption

Financial barriers
Technological barriers
Knowledge barriers
Demographic barriers

Market barriers

Cultural barriers

o
(&)

10 15 20 25

Number of counts in selected studies.

Figure 3. Total variable count in selected studies per category for the barriers to ICS adoption (n=24).
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Barriers to sustained ICS use

Technological barriers IEE——————————
Demographic barriers  I———
Market barriers  I—————
Financial barriers I
Knowledge barriers
Cultural barriers  —

0 5 10 15 20 25

Number of counts in selected studies.

Figure 4. Total variable count in selected studies per category for the barriers to the sustained use of

ICS (n=24).

Enablers for ICS adoption

Socio-economic enablers I
Financial enablers I ——
Technological enablers I
Cultural enablers EE——
Knowledge enablers
Market enablers IEE——————
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Number of counts in selected studies.

Figure 5. Total variable count in selected studies per category for the enabling factors for the

adoption of ICS (n=24).
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Enablers for sustained ICS use

Technological enablers
Market enablerrs
Knowlegde enablers

Cultural enablers

Financial enablers

o
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Number of counts in selected studies.
Figure 6. Total variable count in selected studies per category for the enabling factors for the

sustained use of ICS (n=24).

Considering all categories and subsections, 12 individual variables were mentioned in more than 5 of
the 24 selected studies as presented in Figure 7. High income, the price of the stove and the level of
education of the head of the household were most often mentioned as either an enabling factor or
barrier for the adoption and use of improved cookstoves. All three factors were included in over 40%
percent of all studies selected as part of the literature meta-analysis. The positive or negative direction
of the relationship, whether it is a barrier or enabling factor, depended on where on the continuum the
particular factor fell e.g., if the price of the stove is high or low and was not always unidirectional, as

is further detailed in section 4.1.2.
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Variables with highest frequency across studies

Adoption enabler: High income

Adoption barrier: Price of stove

Adoption enabler: Education level HH

Adoption enabler: High fuel efficiency / fuel savings

Sustained use enabler: Stove quality (less breakage) / durability
Adoption enabler: Female headed households

Adoption enabler: Reduced cooking time

Adoption enabler: Awareness raising and stove demonstrations
Adoption enabler: Increased access to stoves / fuel in market
Sustained use barrier: Household size

Adoption barrier: Unavailability of firewood / low quality

Adoption barrier: Low income

0% 10% 20% 30% 40% 50% 60%
Percentage of studies that mention the variable.
Figure 7. Frequencies of barriers and enabling factors for the adoption and sustained use of ICS

reported in at least five papers included in the literature meta-analysis (n=24).

4.1.2 Direction and significance of ICS adoption and sustained use determinants

For each of the variables the direction of its relationship was evaluated, indicating a positive or
negative influence on the adoption and sustained use of ICS as well as its significance with a p-value
< 0.1. The number of studies and the relationship to adoption and sustained use of improved
cookstoves are quantified in stacked bar charts in Figure 8-11, adapted from the 2012 Lewis and

Pattanayak meta-analysis (Lewis and Pattanayak, 2012).

The price of the stove was most often significant and negatively related to adoption of ICS when
considering potential adoption barriers (Fig. 8). Here, an inverse relationship is seen where an
increment in the stove price results in a negative outcome on the adoption rate of ICS at the household
level. Only one positive insignificant relationship was found in a study where stoves were subsidized
and price therefore had less impact at the household level (Pakravan and MacCarty, 2020). This
variable is also linked to the effects we see for low income levels as it alters the affordability of the
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stove relative to its price. Other more notable negative relationships to the adoption of ICS included
low income, high fuel price, limited perceived benefits and a lack of fit with household cooking

practices.

The availability of firewood showed both negative as well as positive significant relationships to ICS
adoption and was dependent on the fuel choice that accompanied the stove. Here, an increase in
adoption was seen for any increase in firewood collection time or when the ICS would switch away
from fuelwood to an alternative fuel (Jagger and Jumbe, 2016). At the same time, the unavailability of
firewood, or good quality firewood, acted as a barrier to the adoption of ICS when people had adapted
to using other forms of biomass instead of firewood. This barrier was also prominent if the proposed
ICS continued to utilize firewood or biomass instead of an ICS option which would provide a fuel

change (Massawe et al., 2014; Van der Kroon et al., 2014).

Adoption Barriers ICS

Financial Barrier

High alternative fuel price ‘ ‘

Price of stove ‘ ‘ ‘

Low income ‘ l

Knowledge Barrier

Limited perceived benefits
Limited choice

Technological Barrier

Low fuel efficiency |

Does not fit cooking practices ‘

Unavailability of firewood ‘ ‘

Requires fuel processing

Demographic Barrier

Woman's age J

8 -7 6 5 4 3 -2 1|1 2 3 4

Negative Negative Positive Positive

Insignificant Significant Significant Insignificant

Figure 8. Number of positive or negative relationships recorded in the literature for ICS adoption

barriers per factor (n=24).

Enabling factors to the adoption of ICS were the most researched determinants to ICS use,

represented in 20 variables across all categories (Fig. 9). The majority of studies demonstrated a
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strong focus on Financial factors as measures of followed by Technological, Socio-economic,

Demographic and Knowledge related factors.

While there was an overall robust positive significant relationship between increased Financial and
Socio-economic levels and ICS adoption, depending on the context, this also resulted in few
negative significant outcomes. One such negative relationship was found in a study where
increased household income led to a negative effect on household ICS adoption. This outcome was
explained as potentially stemming from the households’ increased access to more modern cooking
fuels and solutions such as LPG or electricity diminishing the need for a biomass-based ICS
(Muneer, 2003). Considering the definition adopted within this study, these results could still be
interpreted as following a positive relationship where advanced cookstoves that utilize LPG,
continue to fall under the ICS umbrella (Putti et al., 2015). Similar somewhat unexpected negative
relations were found for increased socio-economic levels. Whilst in most instances increased
education levels of the head of the household would demonstrate a positive relationship with ICS
adoption, in few studies higher levels of education actually resulted in a negative relationship and

households were less likely to adopt an ICS (Orr et al., 2015).

Technological factors scored high as a potential enabler to ICS adoption. Positive significant
relationships were found for a number of technological aspects of the stove including its fuel
efficiency, reduced cooking time and the perceived benefits. In addition, the importance of
awareness creation and stove demonstrations proved to hold a significant positive effect on ICS

adoption for rural households (Tigabu, 2017).

Lastly, the results also emphasized an important gender aspect where a higher age of the woman in
the household, a woman’s decision making power and being a female-headed household were

found to have a significant positive relation with the adoption of ICS.
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Adoption Enablers ICS

Financial Enabler
High income | | | |
Wealth/assets |
Increased stove affordability

Market Enabler

More ICS/Fuel choice

Increased access to ICS/fuel

Cultural Enabler

Fits traditional cooking practices

Time spent collecting fuel

Higher household fuelwood consumption

Distance to fuelwood collection |
Women decision-making power

Knowledge Enabler

Awareness raising and stove demonstration

Aware of environmental impacts/benefits

Technological Enabler

High fuel efficiency/fuel savings

Reduced cooking time

|

|
|
|
]

]
|

Reduced smoke

| ]

Perceived significant benefits
Demographic Enabler
Age of woman in household |
Female headed household |
Socio-economic Enabler
Having a separate kitchen |
Education level household | |

4 3 2 1|1 2 3 4 5 6 7 8 9 10 11

Negative Negative Positive Positive

Insignificant Significant Significant Insignificant

Figure 9. Number of positive or negative relationships recorded in the literature for ICS adoption

enablers per factor (n=24).

There were few sustained use barriers recognized in the papers consulted as a majority of the studies
focused on initial adoption. Longitudinal studies measuring sustained ICS use were lacking. The
studies that did include sustained use and dis-adoption of ICS solutions included only the high
operational cost of ICS, lack of access and/or availability to the fuel required for the ICS and
household size as significant and negatively related to its sustained use (Fig. 10). In contrast,
household size was found to be a significant positive influence for ICS sustained use in the case of a
biogas powered ICS study in Uganda. Here it was speculated that biogas fuelled ICS are likely not the

best fit for smaller households as it requires significant labour (Lwiza et al., 2017).
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Sustained Use Barriers ICS

Financial Barrier

High operational costs/fuel costs

Market Barrier
Lack of access/availability to fuel

Lack of spare parts/repair options

Cultural Barrier

Lack of suitability to cook staple dishes

Knowledge Barrier

Does not meet expectations

Technological Barrier

Low stove durability ‘

Demographic Barrier

Household size ‘ ‘ ‘
8 -7 6 5 4 3 -2 1|1 2 3 4

Negative Negative Positive Positive

Insignificant Significant Significant Insignificant

Figure 10. Number of positive or negative relationships recorded in the literature for ICS

sustained use barriers per factor (n=24).

Research on the enabling factors for the sustained use of ICS was also relatively uncommon. A
limited number of studies did include longitudinal monitoring and were able to identify few factors
that can help prevent dis-adoption of ICS and contribute to its long-term use (Fig. 11). Stove
quality and durability was most often recorded in the studies as facilitating long-term ICS use as
this directly prevents discontinuation of the stove due to damage and break-down. The longer the
life-span of the stove, the longer people were able to utilize the technology without having to
purchase a new one which is often hindered by financial factors as seen as part of the ICS adoption

barriers.

Although a small number of factors demonstrated a significant relationship, the affordability of ICS
compatible fuel, access to repair and maintenance centres for the stove, the ability of the technology
to prepare staple dishes, as well as continued awareness raising and follow-up with the households

also demonstrated to be a significant and positive influence on the sustained use of ICS technologies

(Lwiza et al., 2017; Tigabu, 2017).
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Sustained Use Enablers ICS

Financial Enabler
Affordable fuel

Market Enabler
Repair, maintenance and sales access

Cultural Enabler

Suitability to cook staple dishes

Knowledge Enabler
Awareness raising and follow-up

Meet expectations

Technological Enabler
Stove quality durability

High performance benefits

Easy to use

4 3 -2 1|1 2 3 4 5 6

Negative Negative Positive Positive

Insignificant Significant Significant Insignificant

Figure 11. Number of positive or negative relationships recorded in the literature for ICS

sustained use enablers per factor (n=24).

4.2 Key-informant interviews

All seventeen interviewed participants demonstrated a high level of knowledge on the concept of ICS
development, implementation of ICS programmes and adoption. Four informants provided expert
knowledge on the topic specifically related to Lesotho and thirteen informants were able to share their
experience and knowledge regarding ICS adoption and sustained use determinants in similar contexts
in the Sub-Saharan African region. Information and quotes provided regarding Lesotho specifically,
has been captured in bold throughout the results section. The Informants often provided multiple
responses that pertained to a certain category. These responses were therefore grouped under

Financial, Technological, Market, Cultural, Knowledge, Socio-economic or Demographic categories.

There was strong consensus regarding a number of determinants although discrepancies were also
observed amongst key-informants interviewed. Overall agreement was found that the adoption of ICS
has been very slow and numerous issues were mentioned that caused this slow progress. There was a
divide among experts in Lesotho if the uptake of stoves was slow as it was hard to identify given the

limited number of ICS solutions introduced in the country. The reason for a relative slow uptake
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might therefore not been as a result from household apprehension, but lack of access to ICS

technologies as a whole.

A number of informants mentioned that cooking energy access as part of the energy discussion had
received limited attention, but a slow transition was noticeable and cooking energy issues were slowly
gaining recognition. Although some participants indicated the importance of affordability and
adapting biomass stoves to become more suitable for rural households, other informants shared that if
the product is good enough, price is less of an issue than it is made out to be. Besides misalignment on
the most suitable payment and pricing methods of ICS, there were also noticeable differences between
the type of fuels that should be supported and promoted among rural households, distribution
methods, differences in the interpretation of rural households needs and means as well as the role of
the government versus the household in the ICS and fuel decision-making process. In Lesotho, there
was generally more support to continue the focus on fuel-efficient and clean biomass stoves as
suggested by the informants. Despite these different viewpoints, clear trends were noticeable when

analysing the data as can be seen in Figure 12.

Technology, Finance, Programme and Knowledge categories are considered to be the most influential
factors persuading and hindering the adoption and use of ICS. While not highlighted in the literature
meta-analysis, programmatic and policy approaches related to ICS were mentioned frequently as both
a barrier as well as a necessary means to support the adoption and sustained use of improved
cookstoves. For Lesotho specifically, Technology, Finance, Market and Knowledge barriers were
highlighted as primary hindering factors to the uptake of ICS. Not only were there few ICS options
available, the majority of households would not be able to afford the majority of technologies.
Interestingly, some of the ICS interventions in Lesotho had addressed these financial issues by
offering payment models instead of requiring households to pay all costs up-front. The barriers and

enablers are discussed separately in the sections below.
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Figure 12. Frequency distribution of coded items extracted from the key-informant interview per

category; AB (Adoption Barriers), AE (Adoption Enablers), SUB (Sustained Use Barriers) and SUE

(Sustained use enablers) (n=17).

4.2.1 Adoption barriers

Similar to the literature meta-analysis results, technological issues as well as financial barriers were
most often recorded as hindering factors to ICS adoption. Greatest emphasis was placed on the stoves’
technological aspects (30.9%) followed by programmatic issues (18.2%) and financial factors
(15,7%). The failure of ICS to meet local rural household needs, inability of ICS to replace all
benefits of traditional stoves and incorrect targeting of stove and fuel interventions were the most

frequent mentioned items to negatively influence adoption (Table 1).

There was general agreement among participants about the main culprits that hindered the adoption of
ICS both regionally as well as among informants with knowledge of Lesotho. This focused on
shortcomings in the stove affordability, lack of fit between the technology and the user, marginal

benefits for households and issues surrounding programmatic approaches and lacking enabling
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policies. The primary importance placed on technological aspects as main barriers to adoption
uncovered a number of factors that could contribute to regional low adoption rates. A particular issue
of concern reported was the unrealistic ideologic expectation that one stove will be able to replace and
provide significant benefits to rural households who currently use a multifunctional traditional three-
stone fire. It was mentioned that people normally cook multiple dishes which requires different levels
of heat as well as the use of multiple pots in different sizes, all attributes and needs that can be
challenging to accommodate in just one improved stove. In addition, the traditional three-stone fire is
said to provide heating, lighting and functions as an insect repellent and often one stove design cannot
substitute all these functions. Given the cold winters in the mountainous country of Lesotho, the loss

of such additional benefits in the form of heating was emphasized as a barrier to ICS adoption.

Actual fuel savings in households were said to be often limited in reality compared to laboratory
testing. This was suggested to be linked to the lack of training or the level of difficulty in correctly
using the stove. There were also some noteworthy differences among experts when it came to the
preferred type of ICS, fuel choice, targeting of households as well as the level of significance given to
some of the other identified barriers to adoption. For example, a number of informants mentioned the
importance of an ICS to fit cultural cooking practices and the challenges that occur when attempting
to change the stove type and fuel source away from preferred traditional cooking methods. However,

contrasting views were also shared:

“I think people overestimate cultural barriers. We know that LPG and electricity as a fuel for
cooking works for every single dish in the world. There is not a single household that does not want
to cook on gas or electricity. | acknowledge it's difficult to get people to switch 100% to one single
cooking fuel or stove, but it's clear that electricity and LPG meet 99% of cooking needs so | don't

buy this ‘well but they like the taste of firewood for their Ugali’.”

“Most people in the Lesotho mountain areas are still keeping the traditional way of living. In this
type of context, it is difficult to convince a herder who is attached to traditional ways to adapt to

modern ways maybe by using a fuel efficient stove. These traditional ways still dominate people in
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the rural context. Closer to the lowlands people and urban areas people have had more access to
modern cooking practices and prefer new ways of cooking. They understand the value of saving

fuel as well as the impacts of deforestation and climate change.”

Other conflicting opinions centred around the lack of enabling policies as a key barrier to ICS
adoption. Some deemed this a requirement but others, albeit fewer informants, considered this to be
less of a concern. Lastly, the importance of the fuel when it comes to the adoption of ICS was often
highlighted as an imperative part of the equation for successful ICS uptake. The lack of focus on the
ICS compatible fuel source was regarded as a considerable barrier to household adoption by those

who mentioned this issue:

“Besides the stove technology, the fuel is much more important. People ignore the elephant in the
room because it is the fuel that runs to stoves. If you only look at the ICS, it does not work. You need
to understand the fuel supply chain, you need to know where the firewood will continue to come

from, how to make it sustainable and that people have access to it.”

Table 1. Most frequent coded items and description emerging from key-informant interview transcript

analysis for the adoption barriers to ICS for rural households (n=17).

Adoption Barriers | Explanations provided #
Financial

Lack of affordability | “In Kenya they develop very efficient rocket stoves, but these metal stoves are 50-60 USD | 22

and upward which is expensive for many rural families. The trade-off between improved

performance, affordability and usability is challenging.”

“Affordability is a big issue. What is an appropriate price that is affordable for households

and would lead them to spend their limited funds on that? Especially when their

alternatives, such as the three stone fire, are very inexpensive.”

Additional costs “When people use firewood, they usually collect it for free. Whenever you introduce a | 19
compared to new technology, you introduce this with a cost. So, you compete no cost with cost.”
firewood collection

Lack of financial “The benefits, such as time savings that they could achieve by reducing firewood collection | 10
benefits compared to | or cooking, apparently do not add up to them, or it's not enough for them to spend money
investment required on a cookstove as it is not linked to a monetary value. That is really where the cracks lie for
rural populations.”

Technology
Inability to replace “Firewood use on a three-stone open fire has additional uses apart from cooking. This 27
all aspects of includes space heating, which normally happens when people are cooking, or it functions
traditional cooking as an insect repellent when adding green firewood and pepper on the stove. Switching to

another fuel with an ICS would have people lose these benefits unless addressed”
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“Another problem. Many live in huts in Lesotho. In mid-winter it is critical to have
fire inside as it is freezing outside.”

Fails to meet
household cooking
needs

“Some societies need stoves that produces a consistent low heat to simmer a dish for a long
time. Some societies require high heat. The stove needs to match the staple dishes and
when they cannot cook their staple dishes on the stove, it doesn’t work.”

“The technology needs to address the main cooking events. If people have a large family
and are cooking rice and beans, when you give a stove that can only cook sauces for three
people, which is the case for most rocket stoves, people will not use it. Households do not
cook just one thing and one cookstove is never enough.”

39

Marginal benefits

“The savings we talk about are usually not significant enough for the household to be
observed. When we say 10% or 20%, it is hard for them to see that saving”.

22

Requires additional
work

“It is pertinent to understand the incentive for people. To change the way people cook for
thousands of years with a stove that is making their cooking preparation more difficult,
they will not make that choice unless it is going to bring visible benefits in their lives.”
“Earlier designs had a small feeding chamber to enhance efficiency, not realizing that
women could not use the stove without chopping firewood into tiny pieces. They did not
figure out that there was a woman and the lack of an axe at the end of it. If women have to
chop firewood to a specific size it is too much additional work for few benefits”.

20

Programme

Incorrect targeting

“We need to target a stove design at the most common or energy intensive cooking
practices not just because it is the most efficient.”

“It is nice thought to give everybody an advanced stove and modern fuel, of course that is
the ultimate goal. Right now, this is reaching people who might not be in the greatest need.
We need to focus on rural households with the highest level of household air pollution and
furthest from the grid. For many, advanced stoves and fuels are not going to be affordable.”

26

Lack of local context
and assessment

“There have been a lot of designs that were not liked by the communities. And that is
because there's a lot of ICS design that was not done with communities.”

20

Policy

Lack of government
support or interest

“In Lesotho there is a very dynamic political environment. When decisionmakers do not
see any value in terms of supporting their political interests, it becomes a challenge for
such an intervention to be supported and become successful.”

15

Lack of enabling
policy

“What's interesting to me is that governments around East Africa and some governments in
Southern Africa are starting to ban charcoal. The problem is that it is not a complete policy.
They are not backing it up with an alternative.”

18

4.2.2 Sustained use barriers

An overview of the barriers to the continued and long-term use of ICS are provided in Table 2.

These barriers for the sustained use of ICS focussed heavily on the technical aspects, such as the

compatibility of the stove with the user and the household needs. Financial barriers were mentioned

less frequently although continued access and affordability of the fuel is mentioned as an issue. If the

ICS requires a more expensive fuel type, this can lead to people returning to less expensive fuels, such

as firewood, if the costs cannot be managed or the benefits do not continue to outweigh these costs.

Market related issues are secondary to technological barriers and predominantly concern the lack of

access to stove repair and maintenance options. This is in particular the case for ICS projects in the

development and humanitarian field. Here, the stoves are often provided for free or heavily
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subsidized, but little consideration is given to the maintenance and repair of the product in case it

breaks or gets damaged.

“Humanitarian agencies make a lot of mistakes by thinking that communities magically are fixing
their own stoves or start producing their own stoves. This is not reality. You need to invest in a private

sector for maintenance and after sales.”

If the community lacks the skills to repair these themselves, and there is no private sector in the
picture providing after sales, people can no longer use their stoves. No matter how successful the
initial adoption was. The purchase of a new stove will then be hindered by the same initial financial
barriers if a second stove is no longer provided for free or subsidized. Similar concerns were
expressed regarding the sustainability of the fuel supply given that certain stoves can only use one
type of fuel e.g., bio-mass pellets or ethanol. If the fuel-supply is disrupted, despite a households’
intention, people are forced to return to traditional methods to continue to prepare meals for their
families. A number of programmatic issues surfaced that link to market and technology challenges
such as supply chain disruptions and lack of repair options. For Lesotho specifically, there was
mention of the remoteness of many of the villages and the importance of durability and ICS

technology supply chain reach to reach across valleys and mountains.

“The remoteness is definitely a big challenge in Lesotho. That is again why the quality of the stove
comes into play because if you have to replace the stove or maintain it every one or two years then

it gets inexpensive very, very fast.”

Mainly, there is a broad consensus around the lack of long-term programmatic vision and planning for
ICS interventions as well as monitoring and follow-up to learn if people are continuing to use the

stove and if not, where the issue lies.

61



“Very often the intervention starts as a project and when the project ends there is no continued

supply, or prices change, or subsidy ends. The design of the intervention is not very systemic, people

have not thought of about all actors and functions within this market system and supply chain needs. ”

“After sales and monitoring is a key weakness in this industry. As a supplier of ICS to humanitarian

organizations, there is hardly any follow-up or feedback. If you buy rice from a supermarket nobody

comes to your home to see how you cook it and if you ate it. But now we do not know if there are

problems and if the stoves are used.”

Table 2. Most frequent coded items and description emerging from key-informant interview transcript

analysis for the barriers to the sustained use of ICS for rural households (n=17).

policies

Sustained Use Explanations provided #
Barriers
Financial

High operational “If you change from firewood to a different fuel type, and if you collect firewood yourself 6
costs and then have to purchase charcoal or kerosene or LPG you know it is a big ask. When you

have to do that 365 days a year it quickly adds up and becomes quite a bit of money.”

Technology

No maintenance or “We had an ICS project without repair centres. After two years, of the 800 households 41
repair options some 200 were no longer using the stove. They told us this was because there were no

options to repair broken stoves.”
Lack of training “In Lesotho, we discovered that people were not understanding how to use the stoves 12

and they ended up saying ‘No this kind of technology is taking long’.”

Market
No sustainable fuel “The challenge is how to maintain it, because there has to be a fuel supply chain.” 9
supply
Programme

Lack of long-term “Tt is not just about short-term savings of bio-mass, you have to think about the medium 13
vision and long term. It is a complex nonlinear and dynamic system. You have to look at long-

term implications.”

“If you do not have a long-term vision the program is going to fail. In Burundi we had the

technology, we had the adoption rates and people walked three kilometres to buy a stove.

But there wasn’t a clear distribution strategy and long-term vision.”
Lack of monitoring “Monitoring makes a lot of difference. Immediately you can address people's questions. 11
and follow-up This is important as lots of things can happen that could lead to people stop using a stove.”

Policy

Lack of enabling “There's absolutely no proper policy for the private sector, including social enterprises to 12

have access to raw materials where they could import with no tariffs and taxes and duties.
Nobody, nobody in the cook stoves market is profitable.”

“I think policy can really drive cooking energy changes but I think there's been not enough
attention to making this a priority.”
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4.2.3 Adoption enablers

As enabling factors for the adoption of improved stoves, Technology (36.2%), Knowledge (22%),
Affordability (13.8%) and Programme related factors (12.7%) were most often mentioned as being
able to positively influence their uptake (Table 3). The ICS fit with local household needs was
mentioned by 14 out of 17 informants as a vital element to allow for successful adoption. If the stove
is unable to meet a households’ needs, if e.g., they cannot cook with their own size and shape pots or
pans, not have enough power for the most common prepared dishes, or is very inconvenient in use,
people have little interest in the stove. The usability in this sense deemed to be more important than
the actual savings obtained from the stove as these savings are at times hard to identify by households
who are mainly dependent on wood fuel. The ICS should also provide immediate visible benefits,
which are not only in the form of fuel savings, but could also be through reduced smoke, faster or
easier cooking than the current traditional method used. Different aspects pertaining to the knowledge
about ICS, the benefits and the use of the stove were also identified as key influencing factors to
enable adoption. However, there were some critical differences among informants when it came to the
importance and necessity of user training. While on one hand a number of experts said it was
indispensable for the cook to receive user training as it allows them to maximize the benefits of the
stove and get comfortable with a new style of cooking, others explained such level of training for this
product should not be required. Even within the context of Lesotho, the perceived need for training
varied greatly. Where on one hand, due to the remoteness of the villages, this was deemed essential

and on the other hand experts considered it a failed product if extensive training would be necessary.

”If you need to train people how to use it, it means that you have failed. You don't need to make a
course for people to use a washing machine because then there's something wrong with your

product.”

“Training, especially in rural places is very, very important. In rural places you need to have more
intensive training to show them one how it is operated and how they can get the benefits. Only

when they operate it in a proper way, they will get the benefits mentioned.”
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The importance of communications campaigns in terms of awareness creation and marketing,
including market assessments to ensure the products meets the needs of the target audience, were
discussed as central issues and necessary to create demand. Further unpacking this issue, another area
of disagreement was uncovered. Where the majority of participants identified a market-based
approach as an enabling factor to the adoption of ICS, some indicated that such a strategy would

achieve the opposite outcome, especially for last mile households due to their low purchasing power.

“I'm slightly nervous about the trend as it is not at all clear to me that pure private sector delivery of
cookstoves is the way to go. I've not seen evidence that people have the finances and income stability

to really keep up with private sector payment needs in humanitarian interventions. ”

“Market based solutions are always the best. People will look for means or ways of getting whatever
they think is important in their lives. What makes you think they will not see the importance of a stove

and buy it.”

Lastly, the debate about locally versus foreign produced cookstoves was also highlighted. Participants
acknowledged that it is a challenge for people outside of Africa to understand Africa and its
population’s needs. It was observed that the need for local context and understanding is an important
part of the equation to deliver a successful intervention. While in certain circumstances there was a
preference for locally made products, as this can help establish trust, support the feedback loop
between customer and manufacturer to address local needs, reduce additional transport costs and the
environmental footprint of the stove, questions about the potential lack of quality were also
mentioned. Some participants cited the investment in ramped up local production supported by the
government and donors, the development of context specific solutions and the development of
selection criteria for stoves as ways to address these challenges to enhance local production and help
overcome certain adoption barriers. For Lesotho, local production and a variety of products and fuel
sources that match income levels and cooking methods was the preferred approach. The remoteness of

the villages was again reiterated as a reason for the need for local production.
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Table 3. Most frequent coded items and description emerging from key-informant interview transcript

analysis identifying enabling factors to the adoption of ICS among rural households (n=17).

Adoption Enablers | Explanations provided | #
Financial
Auvailability of “The main thing is that it has to be affordable. I have seen all those firewood stoves that are | 15
affordable stoves super nice, efficient and clean but that are 40 or 50 or 100 USD. People are not going to
spend this kind of money.”
Competitive with or “When people have to buy the stove and fuel, versus they keep the same stove and maybe 11
cheaper than other spend another hour looking for fuelwood, given the lack of price competitiveness, you are
fuel options not going to see huge uptake.”
Technology
Fits local households | “If we did not spend four months studying local cooking practices, there was no way we 40
needs and cooking could have designed a stove that was going to be adopted in Haiti. Having done this, this
practices ICS is the best stove in the history of Haiti because we went through this painful process to
try to understand what people want and need.”
User friendly “When you talk about rural households, | say convenience is one of the major 19
technology priorities compared to other things.”
User training “If people do not get training to understand the functionality of the stove, they're not going | 16
to use it. In Uganda we saw our stoves not being used because they did not receive
training.”
Demonstratable “The market has been flooded with devices that basically do not provide enough 12
immediate benefits improvements compared to the methods that people already use. It is difficult to produce a
stove that really gives evidence of clear improvements and benefits compared to the
method that they normally use.”
Appropriate local “One size does not fit all because every geographical location is different in terms of 11
stove selection or available resources, opportunities, challenges within the system and the government. So
local production altogether it has to be contextualized and localized.”
“In some regions you have cheaper options to provide electricity for cooking, but it
might not be reliable. In other areas electricity will become too expensive. You need a
number of solutions fitting the context, for example where income is low and
electricity costs high an improved biomass stove and wonder bag would still be the
best option”.
Knowledge
Marketing and “Private sector companies spend billions of dollars studying the market for an 8-year-old 25
communications to versus an 11-year-old for a certain product because if people do not buy their products,
create demand they’re out of business like this. The problem in this industry is, that we are not
accountable to anybody.”
Expectation “There is no one solution or technology that's going to address all the needs of the 10
management households, and the expectations need to be realistic. Multiple solutions need to address the
problem instead of just one which needs to be communicated to the household.”
Market
Market driven Households can get attracted to a new technology and have expectations. When they start 13
approach to use it and do not find what they were expecting, that can be a factor for them to be
discouraged.’
Programme
Improved feedback “There is the issue of reputational risk, failures are not always properly documented and 10
from lessons learned | shared because of this dependence on donor funding. If it is not shared what went wrong it
cannot be fixed.”
Development of “The issue of adoption is not that much of a problem if we understand who the user 10
context specific is. This context specific understanding is what has been extremely missing in this
solutions and industry.”
selection criteria

4.2 .4 Sustained use enablers

There were relative fewer respondents who mentioned the enabling factors for the sustained use of

ICS compared to adoption enablers. However, each enabler that was provided was mentioned

frequently, providing a strong overall consensus. The most frequently mentioned sustained use
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enablers are provided in Table 4. Most recurring enabling factor were related to Technology (18.6%)
Policy opportunities (18.3%) and Programme approaches (14.9%). While Policy related factors were
less often mentioned as a determinant to the adoption of ICS, effective and supporting policy was
cited most frequently as a sustained use enabler. In particular, the importance of government decision
in coordinating and supporting the fuel choice and establish supporting policies were deemed essential

to achieve long-term ICS success.

Not surprisingly, the affordability of stoves and fuels were mentioned by a great number of
respondents, and all respondents from Lesotho. Potential financial enablers to long-term ICS use
included fuel subsidies to reduce its operational cost, and warranty provisions and financing
mechanisms to replace damaged or broken stoves. The importance of monitoring, follow-up and
feedback into the ICS intervention or product design were also frequently mentioned as currently
lacking. These considerations were shared for the region, as well as within the Lesotho-specific
context. Integrating monitoring and evaluation into programme design was considered vital to its the
long-term success as it can allow timely interventions and changes to the stove design, financing
mechanisms or targeting strategy where needed. A greater understanding of the optimal technology
mix and support of stove and fuel stacking also came to the forefront in numerous interviews.
Explaining the complementarity of certain ICS solutions and supporting this mix of different stoves to
meet their household needs was mentioned to facilitate the long-term use of a mix of technologies,

including ICS, together with traditional cooking methods.

“It is a problem that we are expecting that we can fully substitute their traditional stove with one tiny
stove and that is why it is very much in order for people to be able to stack stoves when changing from

low tier stoves to more improved stoves.”

“Do not expect people to just jump from firewood to electricity without this stacking transition in
between. Maybe they cook on a higher tier technology in the afternoon but a low tier technology in
the evening because that will heat their house. We should appreciate it that they are able to

manoeuvre their own life to be able to survive with whatever they have and make their lives
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comfortable. We should not feel that we are failing and that these people are lagging behind. These

people have every right to be combining technologies.”

Emphasis was also placed on the need for improved context specific fuel and stove selection to meet
specific local household needs, better fit the local economic and political landscape and ensure
sustainability in the fuel(s) supply chain. While many respondents focused on moving towards
‘cleaner’ fuels such as LPG and electricity, considerations of biomass as a potential clean, renewable
and locally available fuel was also expressed. Given that LPG is a fossil fuel with its own challenges,
and electricity specifically in Sub-Saharan Africa is often derived from the burning of coal, the
concept of addressing LPG or electricity as a ‘cleaner’ fuel was at times disputed. These fuels are
stated to burn clean at the household level but the complete value chain does not always ensure these
are truly clean solutions. The interest for cleaner biomass solutions was especially highlighted for
families furthest removed from the grid, such as in the case of the majority of the rural population in
Lesotho, and where realistically alternative fuel options could become challenging as supply chain
issues were expected. Besides the need for clean burning biomass technologies, the necessity to pair
cooking interventions and cooking fuel interventions with sustainable resource management was
considered important. The lack of wood fuel in Lesotho was considered a great concern and
sustainable natural resource management as part of biomass cooking interventions considered a
necessity. Some respondents supported the shift in focus towards cleaner biomass fuels and stove
solutions given its ability to tackle many supply chain and affordability issues. Combining these two

approaches was said to address environmental concerns related to unsustainable firewood use.

“I think if we can burn biomass cleanly and efficiently then it is a great renewable fuel source that
is local and inexpensive. If we can just get the technologies to be designed and used in a way that we

are able to do that, then biomass continues to be a good resource for these families.”

“At some point LPG might be seen as a bad alternative where biomass can be utilized in a clean and

renewable way. It strikes me that the support in sustainable resource management for firewood are
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relatively few and far in between. Humanitarian and development agencies have rarely truly

connected the dots between the environment and sustainable wood fuel management.”

Enabling factors to help overcome the lack of long-term affordability was said to require income

generating activities alongside cooking interventions, subsidy of both stoves and fuels to reduce the

costs at the household level and tax incentives and private sector support to help lower the cost of

fuels and stoves. The latter would also provide private sector incentives and sustainability. These

regional views were reiterated for Lesotho. Lastly, ensuring that repair and maintenance centres are

established were expressed to be paramount to prevent people from dis-adopting the ICS after

breakage occurs. Efficient and timely maintenance was stated to extent the durability of the stove,

prolonging the time between stove purchases and reducing the overall costs of ICS cooking for

households.

Table 4. Most frequent coded items and description emerging from key-informant interview transcript

analysis identifying enabling factors for the sustained use of ICS among rural households (n=17).

Sustained Use Enablers | Explanations provided [ #
Financial
Income generation “You need to link this with livelihood opportunities, besides just the cooking aspect 10
through ICS for them to be ready and able to transition to some other fuel type.”
Stove and fuel subsidy “The other key issue is making sure that the government provides subsidies where free aid | 15
or market-based approaches cannot be sustained. It is not only about vulnerable people;
fuel efficient stoves are required for all members in society whether you are rich or poor.”
Technology
Support stove/fuel “Evaluations and literature effectively judge the success of cooking interventions based on | 20
stacking whether the stove is being used for 100% of cooking tasks. | do not think that it needs to be
the case to be a successful stove for that family. I guess when it is becoming part of the
overall more sustainable cooking solution for that household then that is a good thing.”
Repair and maintenance | “I think you will have a lasting presence in the community where spare parts are available. | 16
access In Kenya they have a good model where they are training car repair shops to fix the stoves
and provide them with a set of spare parts so they are leveraging existing resources in the
community. | think that is interesting in a powerful model for the longevity of ICS use.”
Experience value over “It comes down to whether people believe ICS make a genuinely positive difference over 14
time time. If we can speed up their cooking, save money, make food taste better. This will lead
to people carrying on using ICS and not returning to traditional methods.”
User training “It is really important to get one-0n-one training just to increase people's comfort level with | 12
the technology. Training is a huge aspect of successful long-term adoption”
Address loss of “The whole household can be looked at as an energy system. Now, energy services are 12
additional benefits from | provided by the three-stone fire for lighting, heating, water heating. But if we had different
traditional cooking devices for each of those that provide those services more optimally then we can start
really displacing the open fire effectively.”
Market sustainability
Focus on sustainable “Development organizations should not be part of the supply chain but create conditions so | 21
supply chain when they exit, the market and supply are sustained.”
“The challenge is how to maintain it, because there has to be a continued supply chain.”
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Programme

ethanol and cheaper. So that you can get into the supply chain at a cheap enough price to
have a sustainable, accessible and affordable supply.”

Monitoring and “Long-term monitoring is needed to know how much it is used and how much they 24
programme design replace traditional technologies. Understand the lifespan e.g., how many years before
feedback 50% is not usable anymore? Then you know the real impacts of the fuel savings and
sustained use.”
Improved community “There is a need to have an approach similar to water and sanitation where after decades 15
consultation and stove they were able to trigger behaviour change by using the community and be cognizant of
selection criteria certain stigmas and using that to your advantage. A similar thing should be used for ICS,
with the difference that this would focus on the households not just the community.
Context specific stove “Speaking about rural households is already too broad, it really is dependent on the context. | 15
and fuel selection Even if we talk about Sub-Saharan Africa it is still a very big continent and | don't think a
rule that applies to Uganda applies to Tanzania in the same way.”
Policy
Policy alignment “We had the government tell us that their mandate says to invest in high technology and 15
ICS is not enough. It is the decisionmakers that say they are not interested in supporting it.”
“There is a lot of attention in regards to the electric grid, which is still very challenging, but
a lot of people have a good understanding of this. No one is looking at cooking on such
level. It is all little programs everywhere, but no one has done it with a vision from A-Z.”
Government support and | “I think that the energy of choice will have to be a government policy to decide on. When it | 20
decision on fuel is clear that firewood is not sustainable, it needs to be addressed and it should be either
completely financed by the government or by development money. At least initially.”
Tax incentives and “If they focus on developing a fuel market and targeted subsidies or removal of taxes for 17
private sector support this fuel, that can encourage the producers to commit to the fuel market and produce more

4.3 Expert survey

The results section below features an overview of local cookstove and fuel choice, rural household
adoption rates for different ICS solutions, cooking fuel and stove challenges experienced by these
households and the relative importance of the most commonly mentioned barriers and enablers from
section 4.1 and 4.2 and its applicability for rural households in Lesotho. A total of 30 respondents

from Lesotho completed the survey and all results are directly applicable to the local context.

4.3.1 Local challenges

The majority of expert respondents indicated that rural households in the lowlands of Lesotho use
firewood (56.7%) or other forms of bio-mass (16.7%) to prepare meals on either a traditional stove
(33.3%) or three-stone open fire (40%). Very few answers were given for other cooking options such
as electricity, kerosene or charcoal. Of more modern fuels, LPG was the most mentioned cooking fuel
and stove technology (13.3%) and additional options were given indicating that households use a mix
of fuels such as straw, animal dung, firewood and crop residue depending on the altitude and
availability. Alternative cooking methodologies not included in the questionnaire were also provided

and included an open shielded fire and bucket with holes using a three-legged pot. Households access
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their primary cooking fuel mainly through free collection (in the case of biomass and firewood) or

purchase via individual firewood sellers or at the market.

Respondents recognized a number of challenges for the main cooking methods and cooking fuel(s)

used at the household level (Fig. 13). The most commonly mentioned challenges were, firstly, the lack

of access to sufficient wood fuel to prepare meals, secondly, localized environmental degradation, and

thirdly, health concerns due to emissions of polluting cooking techniques practiced. Answers provided

outside the list of challenges included the time-consuming practice of firewood collection particularly

for women, as well as the high environmental cost as shrubs and forests are not restored, making

firewood use unsustainable.
Challenges related to cooking with woodfuel

4.2% 2.8%

8.3%
Insufficent woodfuel

Localized environmental degradation 40.3%
Health concerns due to emissions 13.9%
High cost of woodfuel

@ Other please specify

Low quality of woodfuel

30.6%

Figure 13. Most frequent mentioned challenges related to household wood fuel use in rural Lesotho

(n=30).

According to the respondents, the adoption and sustained use of traditional biomass ICS, ethanol,
LPG or gasifier stoves which are and generally considered ‘cleaner’ ICS, and electric cooking
solutions ICS are relatively low in Lesotho (Fig. 14). On the Likert scale, which ranges from 1 to 5,
the adoption and sustained use of traditional biomass ICS received a mode value of 2. The adoption
and sustained use of this technology was therefore considered to be low and not successful by the

majority of experts. For ‘cleaner’ ICS solutions, the mode score was 3, indicating that the adoption
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and sustained use was considered neither low nor high. Comparatively, more experts indicated the
adoption and sustained use of ‘cleaner’ ICS high (4) or very high (5) compared to traditional biomass-
driven ICS solutions. This could indicate that higher quality or cleaner ICS are somewhat preferred by

rural households.

Perceived adoption and use of ICS in Lesotho

Sustained use of 'cleaner ICS I
Adoption of 'cleaner’ ICS ]
Sustained use of biomass ICS [ | |
Initial adoption of biomass ICS I
-25 =20 -15 -10 -3 0 5 10 15 20
® Strongly disagree Disagree Neutral Agree W Strongly agree
Figure 14. Response count for the perceived adoption rate and sustained use of ICS technologies

(n=30).
4.3.2 Barriers to the adoption and sustained use of ICS

The survey results found that the main barriers to the adoption and sustained use of ICS, as perceived
by the expert respondents, encompassed financial shortcomings as well as lack of access to repair and
maintenance options. Statements related to these issues received the highest scores, indicating that
respondents strongly agreed with these factors as potential barriers. The lack of sufficient benefits
obtained from ICS or the low quality of stoves available to households received some of the lowest
scores. Based on these results, the performance and quality of locally available stoves do not seem to
be hindering factors for rural households in Lesotho. All survey results considering barriers for ICS

adoption and sustained use are discussed separately in the sections below.

A total of 13 different barriers for the adoption of ICS in rural households were presented to the

respondents and rated from strongly agree (1) to strongly disagree (5) (Fig. 15). The low quality of
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stoves and limited benefits of the stove perceived by the household received the most negative, or
strongly disagree (1) votes. Factors related to cost, including ‘high initial purchasing costs’, ‘lack of
access to financing mechanisms’ and ‘high fuel costs’ received the most positive votes indicating that
people agreed (4) or strongly agreed (5) that these factors were primary hindrances for rural

households to adopt ICS technologies.

ICS Adoption barriers

Low quality of stoves available ]
Loss of additional benefits of traditional cooking [ ] ]
People prefer traditional cooking methods [ ] ]
Limited benefits of stove [ ] [ |
Not convenient in use [ | ]
No incentive to change/no problems cumrent method [ |
Stoves not available on markets [ | I
Limited knowledge/awareness of ICS [ | I
Lack of financing mechanisms to purchase stove 1 ]
No interest to switch fuels | | ]
Additional costs compared to free firewood/biomass | ]
High fuel costs [ | I
High initial purchasing costs [ | ]
-30 -20 -10 0 10 20 30

B Strongly disagree Disagree Neutral Agree W Strongly agree

Figure 15. Response count for the perceived adoption barriers to ICS technologies (n=30).

A large number of variables received mixed responses where the experts both agreed and disagreed
with the factor as a potential barrier. The median and mode of the expert survey response scores
provided more clarity on the general consensus (Fig. 16). All three factors which received the most
‘Strongly Agree’ votes i.e., the high stove purchasing cost, high fuel costs and lack of financing
mechanisms, also received the highest median score of 4 (Agree). The loss of additional benefits from
the use of the traditional cooking methods, the preference for traditional cooking methods, the lack of

availability of stoves on the market, the lack of incentive to change current cooking methods, limited
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knowledge and awareness of ICS solutions and additional costs compared to using free biomass

received more split results with median and mode values of 3 (Do not agree / Do not disagree).

A couple of factors were not seen as potential barriers in Lesotho as most respondents tended to either
‘Strongly disagree’ of ‘Disagree’ with the statement. The lowest most recurring value in the dataset
was for ‘Limited benefits of the stove” with a mode of 1 (Strongly disagree). The results for ‘Not
convenient in use’ and ‘No interest to switch fuels’ had the second lowest mode with 2 (Disagree)
being the most recurring answer. Low median scores of 2 were also found for ‘Low quality of stoves
available’, ‘Limited benefits of the stove’ and ‘Not convenient in use’, signifying that these factors are
of the least concern when it comes to ICS adoption in rural Lesotho according to the experts
guestioned.

Adoption barrier response scores

Limited benefits of stove

Not convenient in use

No interest to switch fuels
Low quality of stoves

Loss of additional benefits
People prefer traditional methods
No incentive to change

Stoves not available

Limited knowledge/awareness
Additional costs

Lack of financing mechanisms

High fuel costs

High initial purchasing costs

o

1 2

w
S
vl

= Median = Mode

Figure 16. Median and mode of expert survey response scores for the perceived adoption barriers to

ICS (n=30).

To measure potential barriers to the sustained use of ICS a total of 10 factors derived from the

literature meta-analysis and key-informant interviews were presented to the expert survey respondents
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(Fig. 17). The only overlap found between adoption barriers and sustained use barriers was the cost of
fuel required for the ICS. ‘High fuel costs in the case of a non-biomass ICS’ and the ‘Lack of training
on ICS use’ received the most ‘Strongly agree’ (5) responses. This was followed by ‘No repair and
maintenance options’ and ‘Does not fit cultural cooking practices’ with most Agree (4) responses.
Quite a few factors received relatively few ‘Strongly disagree’ (1) scores indicating that these factors

were not seen as principal barriers to the sustained use of ICS by the experts.

Sustained use barriers

Does not meet expectations of fiuel savings

Poor quality stoves

I
Does not provide sufficient benefits ] B
[
Lack of sustainability in stove/fuel access [ ]

Does not fit cultural cooking practices

Lack of stove warranty I
[ ||
[

Not convenient in use
Lack of training on ICS use [ ] ]
No repair or maintenance options | i
High fuel costs (in case of non-biomass stove) [ | I

30 -25 20 -1 -10 -5 0 5 10 1 20 25

H Strongly disagree Disagree Neutral Agree B Sirongly agree

Figure 17. Response count for the perceived barriers to the sustained use of ICS technologies (n=30).

The median and mode scores in Figure 18 further unpack the responses for the potential sustained use
barriers. High fuel costs with a mode value of 5 (Strongly agree) and ‘No repair or maintenance
options’ with a mode of 4 (Agree) were the only two factors that respondents overall agreed with. The
lowest scoring factor with a mode of 1 (Strongly disagree) and median of 2 (Disagree) was ‘Does not
meet expectations of fuel savings’, followed by ‘Does not provide sufficient benefits” with a mode

value of 1 and median of 2.5.
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Other factors that were not considered barriers by the expert respondents for the sustained use of ICS
at the household level included the ‘Lack of stove warranty’ and ‘Poor quality of stoves’ marking a
median and mode of 2 (Disagree). There was limited clarity on the potential influence of several
factors presented in the survey, including the sustainability of stove and fuel access, the fit with local
cooking practices, the lack of ICS convenience, and interestingly, the lack of training. Lack of training
was mentioned frequently during the key-informant interviews as a barrier to long-term ICS use. Most
survey respondents however allocated these factors a score of 3 where they neither agreed nor
disagreed if limited or lack of training could be potential barrier for the sustained use ICS in rural
households. Similarly, as seen in the response scores to adoption barriers, these more neutral
responses received for identifying potential barriers to the sustained use of ICS could have resulted

from lower confidence levels, or limited knowledge by respondents in scoring these factors.

Sustained use barrier response scores

Does not meet expectations

Does not provide sufficient benefits

Poor quality stoves

Lack of stove warranty

Lack of sustainability in stove/fuel access
Does not fit cultural cooking practices
Not convenient in use

Lack of training on ICS use

No repair or maintenance options

“W”‘

High fuel costs
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Figure 18. Median and mode of expert survey response scores for the perceived barriers to sustained

ICS use (n=30).

In the comment section, experts echoed some of the identified barriers and expanded on a number of

current issues that hinder the adoption and sustained use in rural Lesotho. One such barrier was the
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absence of well-defined delivery and financing models and lack of education regarding the subject.
The limited access to ICS stoves in the market was repeated to be a barrier in Lesotho and the reason
increased market access is required to help ICS adoption. At the same time, others mentioned that
rural households are aware of different types of ICS and these are available in the market. However,
the key barrier was deemed to be the inability for poor households to sustain the cost of re-filling the

fuel required for the stove.

4.3.3 Enablers to the adoption and sustained use of ICS

Strong agreement was found among respondents concerning enabling factors to help the adoption and
sustained use of ICS. The majority of factors were aimed to overcome financial barriers, either related
to the initial high costs of purchasing a stove, as well as the upkeep costs. Several technological
aspects were also prominently featured in the results, particularly the need for ICS to be easy in its
use, demonstrate immediate and substantial benefits and the ability to prepare local staple dishes.
There were also a number of enablers related to the access and sustainability of ICS and compatible
fuels on the market. Further, a number of programmatic factors such as provision of training,
establishment of repair and maintenance systems and monitoring, follow-up and feedback to help
improve the stove design or the implementation model were mentioned. The results for enabling

factors for adoption and sustained use of ICS are discussed separately in the section below.

A total of 14 potential enabling factors for the adoption of ICS in rural households were presented in
the survey (Fig. 19). Most respondents agreed or strongly agreed with the majority of adoption
enablers presented as potentially positively influencing the uptake of ICS among rural households.
The highest scores were allocated to factors relating to the household fit of the stove, household
cooking practices and technological aspects of the ICS itself. These technological aspects included the
need for high quality stoves, the ability of stoves to prepare the majority of local staple dishes and the
ease and convenience of the stove when used. There was a high level of agreement amongst

respondents regarding which factors could be considered enabling factors for the adoption of ICS for
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rural households in Lesotho. This was further demonstrated by the high median and mode scores for

the majority of variables (Fig. 20).

Adoption enablers

Affordable lower quality stoves |
High quality stoves

Access to household financing mechanisms

Stove should demonstrate substantial and immediate benefits

Provide user training for stoves

Marketmg/communications campaign about stove benefits
Fuel should be subsidized (in case of non biomass stove) |
Stove should be subsidized
Stoves should be locally produced
Stoves should be more available in local markets
Stove should use biomass |

Stove should be able to cook the majority of local dishes

Stove should not require extra work

Stove should be user friendly / simple to use
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Figure 19. Response count for enabling factors for the adoption of ICS technologies (n=30).

Adoption enabler response scores

Access to high quality stoves

Access to household financing mechanisms
Stove should demonstrate substantial immediate benefits
Provide user training for stoves
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Stoves should be more available in local markets
Stove must cook the majority of local dishes
Stove should be user friendly / simple to use
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Figure 20. Median and mode of expert survey response scores for potential ICS adoption enablers

(n=30).
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A total of nine potential enabling factors for the sustained use of ICS solutions in rural households
were presented in the survey. Respondents agreed or strongly agreed with all factors and few

respondents mentioned to disagree or strongly disagree with any of the statements (Fig. 21).

Sustained use enablers

More choice on market for different stoves [ |
Support/promote the concept of stove and fuel stacking [ |
Sustainability in stove and fuel supply chain [ |

Improved monitoring and follow-up

Meets local cooking practices
Addressing losses of traditional cooking benefits [ |

Access to repair and maintenance for stove [ |

|
]
]
|
Improved expectation management of stove benefits [ | I
|
]
]
]

Stove and firel subsidies
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m Strongly disagree Disagree Neutral Agree B Strongly agree

Figure 21. Response count for the perceived enabling factors for the sustained use of ICS

technologies (n=30).

The enabling factor ‘Access to repair and maintenance’ received the majority of ‘Strongly Agree’ (5)
responses and had a median and mode of 5 (Fig. 22). The second most important enabling factor
considered by experts was ‘Addressing losses of traditional cooking benefits’ with a mode of 5 and a
median score of 4.5. Only ‘Improved expectation management’ and ‘Sustainability in stove and fuel
supply chain’ had a score of 4 (Agree) as the most frequent answer provided, were all other factors
received a mode score of 5. Some of these factors were reiterated in the comment section of the
survey underlining the necessity for marketing and awareness creation and sensitization campaigns
for ICS solutions among local communities, including through demonstrations which can help explain

the use and benefits.
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Sustained use enabler response scores

Access to repair and maintenance for stove
Addressing losses of traditional cooking benefits
More choice on market for different stoves
Support the concept of stove and fuel stacking
Improved monitoring and follow-up

Meets local cooking practices

Stove and fuel subsidies

Improved expectation management of stove benefits

Sustainability in stove and fuel supply chain
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Figure 22. Median and mode of expert survey response scores for the potential enablers for sustained

ICS use (n=30).

Additional comments provided by the experts mentioned access to finance, instalment payment
options, affordable maintenance and repair opportunities, and subsidy to reduce the cost of fuels to
allow poor rural households in Lesotho to realistically continue to use ICS. Government validation or
endorsement was also highlighted as a potential enabler to help establish trust around ICS use. In
addition, the need for clarity and transparency regarding the stove types available and benefits that the
consumer can expect was highlighted as lack of correct and trustworthy information has led to

confusion and spoiled the market.
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Chapter 5 DISCUSSION

This study set out to examine the barriers and enablers for the adoption and long-term use of ICS
among rural households in Lesotho to support the transition away from traditional and unsustainable
wood fuel use. Data were collected to first assess the primary determinants for ICS uptake and
sustained use in Sub-Saharan Africa more broadly, through a detailed analysis of the literature and
key-informant interviews. The main trends that were observed from this data collection exercise were
further assessed to test the local relevance and relative importance of these factors for rural

households in the lowlands of Lesotho.

To compare the unique challenges faced by rural communities in Lesotho within the Sub-Saharan
African context, the local wood fuel landscape and associated challenges are first discussed in section

5.1 to answer research questions 2.1, 2.2 and 3.2:

e Research question 2.1: In what manner and for which purposes is biomass or wood fuel
currently used in rural households in Lesotho?

e Research question 2.2: What are the current challenges experienced by rural households in
Lesotho with their biomass and firewood cooking fuel use and cooking methods?

e Research question 3.2: Which ICS models have been introduced in Lesotho and have failed or

succeeded to achieve adoption and sustained use?

Then, an overview of the primary determinants of the adoption and sustained use across

methodologies in section 5.2 answers research questions 1.1 and 1.2:

e Research question 1.1: Which enabling factors and barriers are identified in the literature as
main determinants for the adoption and sustained use of ICS in rural households in Sub-
Saharan Africa?

e Research question 1.2: Which policy, programmatic and regulatory barriers and enabling
factors have been identified in support of the adoption and continued use of improved

cookstoves for rural households in Sub-Saharan Africa?
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The subsequent sections under 5.3 are structured to explore the barriers and enablers for the adoption
and sustained use of ICS in Sub-Saharan Africa and Lesotho respectively. Local findings are

compared with regional determinants and existing literature to reveal potential differentiating factors
and implications to provide further detail to research question 1.1 and 1.2 as well as answers research

guestions 3.1 and 4.1:

o Research question 3.1: Which prevailing barriers and enabling factors are identified that
prevent or support the uptake and long-term use of ICS in rural households in Lesotho?

e Research question 4.1: Which ICS policies, ICS dissemination models, financial schemes and
regulations are in place that support or hinder the adoption and long-term use of improved and

clean cooking solutions at household level in rural Lesotho?

The discussion further incorporates the perceived effectiveness of existing policies and ICS
programmes in Lesotho based on the identified adoption barriers and makes recommendations to

inform and guide future ICS interventions, technologies and policies to answer research question 4.2:

e Research question 4.2: How well do these existing policies, ICS programmes, private sector
models and regulations help overcome existing barriers and align with the needs of

households to drive the adoption and continued use of ICS?

5.1 Wood fuel use and challenges in Lesotho

The issues surrounding wood fuel use in terms of lack of access, time-poverty, food insecurity,
household-air pollution, and environmental degradation have been well documented over the past
couple of decades (\Von Schirnding et al., 2002; Torres-Dugue et al., 2008; Kissinger et al., 2012; Jan
and Pervez, 2015; Pope et al., 2015; Caniato et al., 2017; IEA, 2019). Despite these well-observed
challenges, and a growing body of research, many developing nations and their communities continue
to struggle with high levels of wood fuel dependency and accompanying difficulties. This concern
was strongly reiterated by the key-informants for Sub-Saharan Africa as a result of the region’s low

electrification rates, lack of sustainability and affordability of electricity and alternative fuel sources

81



for many rural households on top of low levels of ICS adoption. As increased efforts towards
expansion of the grid in the region are intended to reduce this wood fuel dependency, key-informants

also brought nuance to this vision for remote rural communities in Sub-Saharan Africa and Lesotho.

The high costs of the required infrastructure and supply chain challenges are expected to delay
reaching the most remote households. The costs associated with electric cooking or modern cooking
fuels were also seen as a financial constraint reemphasizing that increased electricity or alternative
fuel access does not equal a transition away from traditional wood fuel use. Similar obstacles were
found in the study of Madubansi and Shackleton (2007) in South Africa, a country further ahead in
terms of rural electrification than Lesotho. Here it was demonstrated that households did not fully
switch to electric cooking when connected to the grid. This was in part due to issues of affordability
given that cooking takes up the bulk of most rural household energy needs. Considering Lesotho’s
low rural electrification rates as observed in the World Bank indicators (2017a) and high levels of
rural poverty (World Bank, 2019) it was therefore not surprising that this study found that the
majority of rural households in Lesotho are still mostly reliant on traditional wood fuel (56.7%) and
other forms of biomass (16.7%) for cooking and heating their homes. The survey conducted amongst
ICS experts, manufacturers, implementers and policy-makers in Lesotho showed a general consensus
on the current cooking practices of rural households in the lowlands of Lesotho and the challenges

associated with these traditions.

This high wood fuel dependency in Lesotho has been documented in the studies of Mwangi (2008)
and Qalabane and Chakela (2014) as a contributor to local environmental degradation. It also seems to
place a high strain on rural household’s energy access as the expert study found insufficient wood fuel
(40.3%) to be the most pressing wood fuel use related concern, followed by local environmental
degradation (30.6%) as seen in other regions. The country’s predominant grassland landscape already
naturally limits the amount of wood available compared to other countries in the region consisting of
savannas, woodlands, rain forests, bushlands and thickets. When pairing these results with the
regional climate change projections, population growth, high levels of over-grazing, and the

challenges experienced by the Rural Electrification Unit to extend the grid, sustainable rural
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household energy access in Lesotho might become even more challenging (LMS, 2017a; Mpholo et

al., 2018; World Bank, 2018; World Bank Climate Change Knowledge portal, 2020).

In response, the NDC of Lesotho aims to increase the use of ICS (LMS, 2017b). This study showed
that the adoption rate of such technologies is perceived to be low and the majority of rural households
continue to cook on three-stone open fires (40%) or traditional stoves (33.3%). While this could be a
result of the limited current scope of ICS interventions in the country, other ICS barriers determined
in the experiences of the global south may also be applicable in the context of Lesotho. Despite the
few ICS interventions in the country, a number of barriers were identified to the adoption and
sustained use of these stoves, including technology, market and knowledge constraints that could
explain the limited success of the majority of these interventions. Models that were deemed more
successful offered high quality products with long-term durability, reduced loss of additional benefits
such as heating, and added new benefits including electricity generation. The high cost of these
particular stoves did not seem to deter the consumer. Given the financial barriers mentioned in
Lesotho, it is likely that these stoves would not meet the needs of all rural households and a mix of

solutions is likely needed to reach the majority of the rural population.

Achieving the targets and commitments set forth in the NDC might become an uphill task if no efforts
are made to examine and factor in the challenges of ICS adoption before embarking upon new
interventions by various stakeholders involved. One important aspect of consideration is the fuel of
choice for the clean and improved stoves that are defined in policy and strategy documents proposing
ICS solutions. The study findings indicate that changes in wood fuel availability, as is expected in
Lesotho, can both positively or negatively influence ICS adoption, based on the fuel choice of the
ICS. Most commonly, if firewood becomes increasingly scarce, a move away from biomass is more
likely to increase the success of ICS adoption unless supply chain challenges are tackled (Massawe et
al., 2014; Van der Kroon et al., 2014; Jagger and Jumbe, 2016). Further research among rural
households is necessary to accurately inform stove and fuel decisions as part of these government

commitments.
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Despite the importance of context specificity in attempting to address these energy-access concerns
and enhance the uptake of ICS solutions, such as presented in the studies of Lewis and Pattanayak
(2012), Kersten et al (2017) and Pailman et al (2018), very few studies focussed on the wood fuel
challenge in Lesotho, and none considered context-specific factors that determined local ICS uptake.
There has been limited agreement in the sector how to best address energy-access issues particularly
for cooking, including which stove and fuel is best suited for different audiences and circumstance
(Ekouevi, 2013; Palit and Bhattacharyya, 2014; Vigolo et al., 2018). This study both agrees with these
results and further refines the determinants for ICS adoption and sustained use for Sub-Saharan Africa

and Lesotho.

5.2 Overview of primary determinants to ICS adoption and use across methodologies

The key findings for each of the data collection methodologies presented in Chapter 4 have been
synthesized and ranked in Table 5 in support of the discussion. It became evident that while various
studies have analysed the possible deterrents to, and catalysts for the successful adoption of improved
and clean cooking solutions by assessing the influence of different variables, of these studies, few
have focused on the complete range of potential determinants (Ruiz-Mercado et al., 2011; Burwen
and Levine, 2012; Pultti et al., 2015; Luthra et al., 2015a; Khandelwal et al., 2017; Kapfudzaruwa et
al., 2017; Caniato et al., 2017; Vigolo et al., 2018). The findings of this study revealed ICS adoption
and sustained use to be much more complex than often considered in the majority of ICS literature.
For example, the review of Rehfuess et all (2014) identified 31 factors across 57 studies, the literature
meta-analysis in this study encompassed a total of 51 factors influencing ICS uptake and use across
24 studies. More so, the key-informant interviews captured 231 different factors, highlighting many

disparities in existing ICS adoption studies.

The relative importance of the identified barriers and enablers where also not always consistent with
existing literature and across the data-collection methods. For example, the literature-analysis placed
more importance on financial barriers and enablers whilst key-informants positioned technology to be
the most influential in the adoption and sustained use of ICS. The key-informant interviews and

expert surveys also identified the importance of policy and programmatic aspects when it comes to
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ICS adoption and its long-term use, categories which were largely missing in the literature included in
the meta-analysis. At the same time, while a large number of determinants identified by the meta-
analysis and key-informant interviews were supported in Lesotho, certain factors were deemed
comparatively less or more important in the local context. In particular, it was found that financial
constraints, different technological aspects and market limitations were more prominent in Lesotho
than in the Sub-Saharan Africa context. These outcomes underline the contextual differences when it
comes to ICS adoption and sustained use. The following sections take a closer look at these context-
specific barriers and enabling factors for Lesotho and if, and how, they diverge from regionally

observed trends.

85



Table 5. Overview of key barriers and enablers for ICS in Sub-Saharan Africa and Lesotho derived

from meta-analysis, key-informant interviews and survey results.

Literature meta-analysis (SSA)

| Key-informant interviews (SSA-Lesotho)

| Expert survey ( Lesotho)

Adoption barriers

1. Financial:
- Stove price

- Low income
- Fuel price

1. Technology:

- No fit with local cooking practices

- Limited benefits

- Fails to replace all aspects of traditional stove

1. Financial:

- High stove purchasing costs

- High fuel costs

- Lack of financing mechanisms

2. Technology

- No fit with local cooking practices
- No firewood available

- Low fuel-efficiency

- Requires wood processing

2. Programme:
-Incorrect targeting
-Lack of context assessment

N/A

- Operational costs

- No access to maintenance / repair
- Lack of user training

3. Knowledge: 3. Financial: N/A
- Limited perceived benefits - Lack of stove affordability

- Additional fuel costs
4. Demographic 4. Policy N/A
- Woman’s age - Lack of government support or interest

- Lack of enabling policies

Sustained use barriers

1. Financial: 1. Technology 1. Financial:

- High fuel costs

2. Market:
- Lack of access to fuel

2. Programme:
-Lack of long-term vision
-Lack of monitoring / follow-up

2. Technology
- No access to maintenance / repair

3. Technology
- Low stove durability

3. Policy
- Lack of enabling policies

N/A

Adoption enablers

1. Financial / Socio-economic:
- High income / wealth
- Affordable stoves

1. Technology

- Fit with local cooking practices / needs
- User friendly

- Clear benefits

- Locally produced

1. Technology

- High quality stoves

- User training

- Immediate benefits

- Fit with local cooking practices
- Easy to use

2. Technology

- High fuel-efficiency

- Reduced cooking time

- Requires no wood processing

2. Knowledge:
- Marketing and communications campaigns
- User training

2. Financial:
- Financing mechanisms
- Stove and fuel subsidy

3. Demographic
- Female-headed household

3. Financial:
- Lower priced stoves

3. Market:
- Locally produced
- Increased availability in market

4. Knowledge:
- Awareness raising

4. Programme:
- Feedback from lessons learned
- Context-specific stove and fuel selection

4. Knowledge:
- Marketing and communications

Sustained use enablers

1. Technology:

- Stove quality and durability

- Easy to use

- Can cook staple dishes

- Access to repair and maintenance

1. Technology

- Supporting stove / fuel stacking

- Address loss of additional benefits
- User training

- Access to repair and maintenance

1. Technology:

- Access to repair and maintenance
- Address loss of additional
benefits

- Support stove / fuel stacking

- Meet local cooking practices

2. Knowledge:
- Awareness raising
- Meets expectations

2. Policy / financial:

- Government support and decisions on fuel use
-Tax incentives and private sector support

- Policy alignment

- Stove and fuel subsidy

2. Market
- More choice on market
- Sustainability in stove / fuel

supply

- Sustainability in stove and ICS supply-chain

3. Financial: 3. Programme: 3. Programme / knowledge:

- Affordable fuel - Monitoring and inclusion of feedback - Improved monitoring / follow-up
- Improved community consultations - Expectation management of ICS
- Context-specific stove and fuel selection benefits

N/A 4. Market: 4. Financial / Policy:

- Stove and fuel subsidy
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5.3 ICS Adoption determinants

Adoption barriers and enablers are better understood than sustained use determinants. This premise is
based on the exhaustive list of challenges and potential solutions described by key-informants as well
as the number of studies conducted that cover this subject identified through the meta-analysis.
Sustained use determinants received comparatively little attention in the interviews and literature
research. Both data collection methods found similar trends regarding the prioritization of financial
and technological factors as primary adoption determinants often highlighted in ICS adoption research
(Urmee and Gyamfi, 2014; Vigolo et al., 2018). Despite this overlap in results, the data also signalled
a significant gap in the level of detail provided to these factors. A number of categories that were
prominent in the key-informant interviews were absent in the literature analysed. As such, the key-
informant interviews uncovered a number of factors that had not yet been well-studied and provides
more nuance to the more well-known variables. For example, the importance placed on programmatic

determinants as well as knowledge as a primary enabling factor was not found in the meta-analysis.

Enabling factors were, surprisingly, considerably less often mentioned than potential barriers and
there was more agreement among informants about the barriers that were driving low adoption rates,
and disagreement on which enabling factors could provide solutions to overcome these obstacles. This
could indicate that although adoption barriers are firmly understood there is lack of knowledge or
conflicting information on how to address these issues. These findings could give some practical
guidance on new areas of focus when it comes to ICS interventions and address part of the limitations
in ICS research mentioned in the paper of Lewis and Pattanayak (2012). The main adoption

determinants for Sub-Saharan Africa and Lesotho from the study are discussed in more detail below.

5.3.1 Financial determinants of ICS adoption

Financial and socio-economic constraints are a very well-researched barrier to ICS adoption (Lewis
and Pattanayak, 2012; Rehfuess et al., 2014; Luthra et al., 2015a; Vigolo et al., 2018). In line with
these findings, the results of the meta-analysis further define these barriers into low household

income, high stove prices and additional fuel costs compared to free firewood as the main barriers to
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adoption of ICS in Sub-Saharan Africa. Similar trends were found globally in the systematic review
of Lewis and Pattanayak (2012) highlighting both the fuel price and income as key determinants to
ICS adoption. The focus on financial constraints as a key barrier adoption is unsurprising as these
technologies are predominantly targeted at poor households in developing countries who seldom
purchase their fuel or cooking instruments (Akbar and World Bank., 2011). The results of this study
indicate that the majority of rural households in Lesotho freely collect firewood or other forms of
biomass and cook on a three-stone fire or traditional stove. This could help the explain why financial
barriers are the only factors mentioned by experts that hinder the adoption of ICS in Lesotho.
Surprisingly, technological barriers were considered the primary adoption barriers for Sub-Saharan
Africa according to key-informants. The focus on financial barriers solely could be in response to the
upfront investment costs for ICS and the high levels of poverty in the region. These costs can become
a considerable hurdle for poor families, a phenomenon demonstrated in several other country-specific
studies such as in Burkina Faso (Bensch et al., 2015), Peru (Williams et al., 2020) and Uganda
(Levine and Cotterman, 2012). The identified need for increased access to financing mechanisms as
well as stove and fuel subsidies to reduce the costs for rural households in Lesotho is in line with
these findings. As such, it is very likely that without addressing financial barriers in Lesotho rural
households will struggle with ICS adoption, but removing financial limitations alone are not the key

to adoption success.

These financial factors are often part of a sub-set of determinants and cannot be seen as stand-alone
barriers to ICS adoption. When financial barriers are taken away, ICS interventions still fail to see
high levels of adoption. For example in the case of Rwanda, free distribution of ICS did not result in
high adoption rates (Gebre Egziabher and Marara, 2016). This is a recurrent a pattern in humanitarian
ICS programmes (Himel et al., 2019). The conclusion from the expert survey that the sole barriers to
ICS adoption in Lesotho are hinging on financial constraints might therefore be incomplete or perhaps
even over-simplistic as financial schemes for ICS in other poor settings have not been able to
overcome adoption challenges (Palit and Bhattacharyya, 2014). This becomes more evident as the
enabling factors mentioned in the survey encompass a wider range of categories. Here, technological
aspects, including the ease-of-use and fit with local household needs as well as the perceived added
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value through demonstrable benefits are the most frequently mentioned enablers. These findings seem
to imply that while financial barriers are certainly an obstacle that requires appropriate measures to
facilitate adoption, these economic constrains should be seen as part of a trade-off between
affordability, performance and usability. The importance of such considerations are reflected in
technology acceptance literature where other variables are often considered equally or more important
than the technology cost alone (Davis, 1985; Porter and Donthu, 2006). Both perceived-usefulness
and perceived ease-of-use are notable determinants of the widely accepted Technology Acceptance
Model (TAM) by Davis (1985). As could be expected, the introduction of lower quality but affordable

stoves were therefore not seen as a solution to overcome financial adoption barriers.

More in-depth research is required to understand the broader range of ICS adoption barriers for rural
households. Nevertheless, based on locally identified enabling factors and regional trends it seems
evident that solely addressing the financial hurdles surrounding ICS and its fuel costs in Lesotho
might increase the access to, and uptake of, this technology only if other important barriers from the
household perspective are addressed as well. The opportunity cost of ICS efficiency and usability
seems to be one of the more challenging aspects of the equation although the evidence suggests that
the careful balance of these trade-offs could even be more important than the more well-researched

financial barriers.

5.3.2 Technological determinants for ICS adoption

Technological constraints to the adoption of ICS were emphasized in both the meta-analysis and key-
informant interviews, underscoring the challenge of this mainly laboratory-developed technology and
its real-world compatibility. Key-informants even considered such technological aspects to be both
the primary barrier as well as key enabling factor to ICS adoption. The expert survey respondents only
recognized technological factors as enablers to ICS adoption and did not mention these to be barriers.
This was an unexpected result based on the outcomes of the meta-analysis and key-informant
interviews. The results indicate that most determinants fall on a continuum where the lack of certain
aspects are deemed to be a barrier and improving these aspects could be considered an enabler. The

fact that experts in Lesotho considered technological aspects solely to be an enabler, rather than both a
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potential barrier and enabler as found in literature review and key-informant interviews, could be
attributed to limitations of survey scope or methodology used. The neutral scores given by expert
respondent in Lesotho for the potential technological barriers to ICS adoption could also be a result of
low respondent confidence levels or lack of knowledge on the topic. In this case, the lack of identified
technological barriers could be the result of a response bias as people are more likely to select a
neutral option when presented the choice instead of their opinion. Given the importance placed on
technology as a key barrier to ICS adoption in the region by key-informants, the lack of clarity in

expert responses regarding technological barriers in Lesotho would benefit from further research.

ICS solutions are often designed with the highest levels of efficiency in mind, and field testing of
stoves predominantly focus on performance, leaving room for error when it comes the ease-of-use or
addressing households needs (Jetter et al., 2012; Lombardi et al., 2017; Pakravan and MacCarty,
2020). As a result, the stove can become too complex, require too much work or just not suitable for
the context-specific cooking practices regardless of potential fuel efficiencies. In contrast, the meta-
analysis found low fuel-savings to be one of the barriers to ICS adoption in Sub-Saharan Africa as this
contributes to limited perceived benefits. Similar outcomes have been presented in a number of
studies including in Tanzania and Uganda (Adkins et al., 2010). Here it was reported that even while
the ICS user was cognizant of the fuel savings due to its high efficiency, the adoption of the stove was
dependent on a combination of factors, including usability. This illustrates that high fuel savings are
not so much less important than stove usability, as high fuel savings are imperative for any ICS to
achieve impact, but it emphasizes the need to address numerous technological aspects that consider
household convenience and compatibility. The fact that lack of convenience in ICS use was
mentioned as a primary barrier to adoption in Lesotho is therefore not unexpected and should warrant

the focus of ICS technology designers.

Introducing any solutions aimed at improved cooking that requires additional work can exacerbate the
already heavy work burden carried by women in Sub-Saharan Africa. In many developing countries,
including in Lesotho, the majority of cooking-related tasks, and with this the responsibility of using

the ICS, falls on the women in the household (Qalabane and Chakela, 2014; Putti et al., 2015). At the
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same time, women in this region already carry a disproportionate heavy workload, a well-studied
phenomenon as per the World Bank report on gender and time-poverty in Sub-Saharan Africa
(Wodon and Blackden, 2006). It is not surprising that the key-informants most often mention
additional wood preparation requirements for ICS use and limited comparative benefits as barriers to
ICS adoption, well surpassing its financial limitations. Women often value other ICS characteristics
over fuel efficiency (Subramaniam, 2000; Urmee and Gyamfi, 2014). Key-informants mentioned
technological barriers twice as often as potential financial constraints, again establishing the

importance of looking beyond cost as a barrier to ICS adoption.

Durable high quality stoves, high fuel savings, easy use and the ability of ICS to prepare local dishes
were recognized as essential enabling factors for ICS adoption in the region, and in particular in
Lesotho. This could indicate that locally available stoves are of high quality and efficiency but come
at a premium price that remains beyond the means of the majority of rural households. The notion that
both key-informants and experts mentioned the benefit of locally produced stoves to increase ICS
adoption rates could further be explained by the perceived failure of ICS to align with local rural
household needs. This could also imply that the majority of stoves are currently sourced or
manufactured abroad and do not come with warranties, repair or replacements. If these stoves are
produced locally, perhaps it would resolve part of the market sustainability challenges. However,
although locally produced stoves might be better in addressing local needs, they have been heavily
criticized due to the often low quality of the product. Field tests have however demonstrated that the
potential wood fuel savings from locally well-built biomass stoves can actually exceed fuel savings
from more expensive and commercial stoves (Adkins et al., 2010; Putti et al., 2015). If the intended
impact of an ICS is to reduce environmental degradation or GHG, the total carbon footprint of
imported stoves also warrant further understanding. The discussion on locally produced versus
internationally procured stoves should therefore not only depend on local capacity and cost, but the
ability of either stove to produce a quality and locally appropriate stove as well as the extent to which

it meets the ICS intervention objectives.
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5.3.3 Knowledge determinants of ICS adoption

The impact of knowledge on ICS technology and its potential benefits was considered both a barrier
(in Sub-Saharan African context) and enabler (in both Lesotho and Sub-Saharan Africa) of ICS
adoption. Limited knowledge of ICS technologies was not seen as a hindering factor in Lesotho, but
in contrast, increased user training and marketing and communication campaigns to raise awareness
on the benefits of ICS were considered locally enabling factors. The lack of perceived interest of rural
households to switch stoves was also considered a barrier by the majority of experts and could be an
implication of limited awareness and knowledge of ICS technologies. Increasing communication
efforts to emphasize the benefits of ICS could be necessary but challenging. Research on effective
marketing and communication surrounding ICS interventions have provided mixed outcomes
regarding which messaging is most effective in enhancing ICS adoption and use. A study in Malawi
by Jagger and Jumber (2016) found a significant positive relation between a households’ knowledge
on the environmental impacts of traditional wood fuel use and the adoption of ICS in one region, but
not in another. A focus on local environmental benefits in ICS communications and marketing to
drive adoption is likely dependent on other external factors such as the level of wood fuel scarcity.
The results from the meta-analysis show that in some cases the lack of wood fuel can drive ICS
adoption, particularly if this means a switch away from biomass, and in other cases it actually hinders
adoption. Health benefits of ICS and other health related technologies are often not considered an
enabling factor given that health-related messaging has proven to be largely ineffective (Bishop et al.,

2014; Shankar et al., 2014).

To drive ICS adoption, marketing campaigns should focus on what is locally considered one of the
most important benefits of the technology (Shankar et al., 2014). Per experts’ perception, the ease-of-
use, ability to cook local dishes and immediate benefits such as fuel and time savings are considered
high priority in Lesotho. These findings align with the study by Pailman et al. (2018) conducted in
South Africa, Mozambique, Malawi and Zambia which found fuel-savings to be one of the key
perceived benefits in ICS use. They also found significant differences among perceived ICS benefits,

further driving home the point of the importance of local context considerations. The need for
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increased knowledge on the messaging of marketing and communication campaigns therefore needs
to be assessed within the context of Lesotho. The current state of heavy environmental degradation in
Lesotho and the challenges experienced by households to obtain sufficient wood fuel to meet their
household energy needs could also pique interest for ICS adoption. However, the effect of such

messaging did not lie within the scope of this study and would warrant further research.

Understanding how to operate the stove, and the consistent and correct use of ICS, is an important
facet to obtain the fuel-savings to benefit the household and support the mitigation of localized
environmental degradation. Although it was expressed that stoves should be simple in use, it is likely
that a number of ICS still require training for the user to maximize the stove’s efficiency potential.
Such user trainings have proven to be effective for a number of different ICS technologies including
in Uganda for biomass stoves (Namagembe et al., 2015) and Sudan and India for LPG stoves (Bates,
2009). Failing to do so can lead to reduced efficiency or even dangerous situations. For example, in
Indonesia’s massive energy-initiative to convert households to LPG use, initial accidents where
blamed on lack of sufficient user training (Budya and Yasir Arofat, 2011; Puzzolo et al., 2016). The
importance of getting it right the first time was pointed out in the key-informant interviews. It is likely
more difficult to achieve adoption with an ICS product if the household’s first experience was a poor

one.

5.3.4 Household demographic determinants for ICS adoption

The meta-analysis presented a skewed focus on household demographics compared to other variables
mentioned in the key-informant interviews. In most cases, the size of the household seemed to
negatively correlate with ICS adoption. Research has demonstrated that fuel expenses for larger
households negatively affects the uptake of some ICS solution (Pandey and Chaubal, 2011) and
capacity limitations of ICS cannot always meet the needs of larger households (Gitau et al., 2019).
This implies that it is not so much the household size that is the limitation but different targeting
strategies and potentially fuel and stove selection that do not meet larger household needs are the key
issue of concern here. Other factors that could contribute to this negative relationship between

household size and ICS adoption are not yet well explored and could help further improve the uptake
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among larger households. For example, where the unavailability of fuel wood can influence ICS
adoption rates as seen in the study of Massawe (2014), larger households might not be as adversely
affected by wood fuel shortages as they have more labour available to collect wood. The need for
fuelwood pre-processing as a barrier identified in this study was also highlighted in studies in Ethiopia
and Tanzania (Massawe et al., 2014; Adane et al., 2020). Such barriers could be a bigger
inconvenience for larger households that require more fuel and would warrant more attention when it

comes to targeting larger households.

Understanding household demographics and its impact on adoption can help improve targeting and
communication strategies. The results of the meta-analysis highlighted the gender aspect of cooking
energy technologies. The higher the age of the women in the household, increased women’s decision-
making power and being a female-headed household, increases the chances of adopting ICS
technologies. As reiterated in the key-informant interviews, the task of cooking and wood fuel
collection lies predominantly with women, and while they benefit most from ICS, purchasing
decisions are mostly led by men. The slow adoption of more modern cooking technologies and fuels
remain unchanged if these gender dimensions are not addressed in ICS interventions (Pachauri and
Rao, 2013). These regional trends are also experienced in Lesotho, particularly in rural areas. Here,
the family decision-making power lies predominantly with men and women are often not allowed to
make independent decisions (LCN, 2015). Such factors should be incorporated in ICS programme
approaches, financial mechanisms in support for ICS adoption and communications and marketing

campaigns.

5.3.5 Programme and policy determinants for ICS adoption

Two other areas emerged that could be partially responsible for the low levels of adoption as seen in
Sub-Saharan Africa (IEA, 2019, 2014; Pultti et al., 2015) namely; the key-informants’ account of
programmatic and policy barriers and enablers. The influence of these factors highlights a gap in
research on this topic as the focus has predominantly been on household demographics, financial and

technical factors as supported by the meta-analysis results and the Lewis and Pattanayak (2012) study.
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Firstly, from a programmatic perspective, incorrect targeting and lack of context assessment, in which
the latter plays a significant role in informing the prior, were signalled to be imperative factors in
hindering rural household ICS adoption. Similar failures have been demonstrated in a number of rural
development programmes (Subramaniam, 2000). The results of this study made it evident that one
stove or fuel solution often cannot satisfy all households in different geographic and demographic
contexts. The debate on which type of energy source or cooking method is best for rural households
could be clarified from such a context assessment. As expected, a primary adoption enabler
emphasized in the key-informant interviews was the need for context specific solutions and selection
criteria. Existing studies have often overlooked the heterogeneity of rural households’ ICS preferences
and contexts (Jeuland et al., 2015; Putti et al., 2015; Vigolo et al., 2018; Pailman et al., 2018). In the
absence of informed market or targeting segmentation, rural households in this region could be
mistakenly seen as a homogenous group with similar energy needs and financial constraints. On the
contrary, the potential consumer base for ICS encompasses rural households with great variation in
socio-economic status, fuel access, energy use and cooking techniques on top of different local

climates and wood fuel related challenges (Pultti et al., 2015).

Secondly, a lack of national geographic prioritization also contributes to piecemeal approaches by
various stakeholders and can hinder concerted efforts to reduce the cost of ICS and fuels.
Organizations such as the World Food Programme have in-house corporate tools to identify priority
areas for interventions based on organization-specific objectives (WFP, 2017). These prioritizations
are based on the mandate of WFP, or the respective organization, not the national government. As
such, it is possible to find disparate efforts being made using disparate technologies across the country

(Rehfuess et al., 2014).

Third, government policy can play an important role in increasing access to finance and affordable
stove and fuel solutions for rural households. The current lack of government support in the form of
subsidy and tax incentives as an adoption barrier for ICS is not unsurprising. India is an example of a
successful energy transition from wood fuel to LPG largely due to government efforts and subsidies.

However, these subsidies were mostly given to higher income households (Sharma et al., 2019). A
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similar pattern is seen in Sub-Saharan Africa where the majority of regionally allocated subsidy funds
are received by wealthier households (Rijal, 2007). Several studies have been devoted to the
challenges surrounding energy subsidies. It seems not only difficult for governments to maintain, but
can even become more challenging to phase-out and run the risk that people will return to their
traditional cooking and fuel sources once the subsidy is removed. On the contrary, promising results
have been reported for one-off subsidies such as in the paper of Dupas (2014). Here such an approach
to subsidy for Malaria nets boosted adoption through household learning. In the key-informant
interviews and survey, fuel and stove subsidy were identified as import enabling factors for Sub-
Saharan Africa and Lesotho. In reality long-term subsidies might not address the financial barriers and
energy needs for poor rural households. In least developed countries such as Lesotho, continued
subsidy provision might not be realistic or effective and other financial incentives such as one-off
subsidies, tax exemptions, rural household access to credit, ICS and fuel payment plans and funds for
rural household energy could provide more feasible financial policy opportunities (Luthra et al.,

2015b).

Lastly, lack of government support and enabling policies in Sub-Saharan Africa was the fourth most
mentioned category by key-informants as a potential ICS adoption barrier. This category was
completely missing within the literature meta-analysis, providing interesting avenues for future
research. Governmental institutions and their regulatory abilities can bear a large influence on
technology adoption e.g. through the regulatory measures and incentives they can provide (Hall and
Khan, 2003). These outcomes highlight the need to further explore both programmatic and policy
related factors to turnaround decades of failed attempts to address wood fuel challenges in Sub-
Saharan Africa. Explanations provided for the lack of government interest and policy support were
linked to the complexities surrounding cooking energy access and by the fact that cooking energy for
rural households is not always recognized as a separate challenge from rural electrification (Owen et
al., 2013). The share of government involvement required continues to be a complicated issue and
might necessitate more concerted efforts from the ICS sector to drive government engagement and

action.
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Both state-driven and market-based approaches to cooking energy access and ICS have benefits and
weaknesses which seem to require future attention in ICS research (Rehfuess et al., 2014). Regardless,
my results show that some amount of government involvement is required to stipulate and deliver
supporting policies, regulations and provide oversight. Currently, when the scale-up of ICS is included
in environmental and energy policies in this region, they often fail to include specific policies,
regulations and incentives that support these interventions and the uptake of stoves (Lambe et al.,
2015; LMS, 2015; Pultti et al., 2015; IEA, 2019). The results refine these findings as to why such
issues are conceived to be barriers for ICS adoption. Low consistency in policies and regulations as
highlighted in the key-informant interviews can contribute to fragmented or counter-effective
interventions. For example, Tanzania’s charcoal ban as described in the study of Mabele (2020)
resulted in a price increase without effect on the amount of charcoal produced. At the same time, these
policies undercut efforts from NGO’s focussing on sustainable charcoal production which might have
been able to address some of the environmental challenges the government was trying to mitigate
(Putti et al., 2015; Mabele, 2020). Poorly conceived and incomplete policies can hinder future private
sector investment and unnecessarily raise costs of ICS, increasing the already rampant financial
barriers that households experience. Another limitation for the development of robust enabling
policies is that oftentimes focal ministries in charge of drafting climate change commitments,
environmental or energy policies and financial regulations are not aligned. Implementation of these

policies fall regularly under different ministries altogether (Dougill et al., 2018; England et al., 2018).

In Lesotho, various policies and regulations mention ICS, although a unified strategy and clarity in
implementation is lacking. The Nationally Determined Contributions of Lesotho to the global effort to
reduce GHG (LMS, 2017b) mentions clean cooking solutions through electrification access as part of
the country’s GHG mitigation measures and aims to disseminate efficient cook-stoves and replace
wood fuel with LPG. The National Climate Change Implementation Strategy as part of the National
Climate Change Implementation Strategy (2017-2027) of Lesotho (LMS, 2017a, 2017c¢) includes ICS
to develop and promote renewable sources of energy and increase energy efficiency. Here the focus
lies on the provision of clean and sustainable energy sources, the adoption of biogas and the reduction
of biomass consumption via energy efficient cook stoves. A lack of consistency in identifying
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objectives and the prioritization of ICS solutions and fuel sources make it difficult for technology
providers, manufacturers and development actors to limit the scope of solutions based on the road set
of policies and hence work on different types of solutions with different partners simultaneously. The
suitability of these selected ICS and fuel options did not receive further attention in the policy
documentation in Lesotho while the results of this study stress how important it is that consideration
is given to the local suitability of the stove and fuel choice. If not, over time, this could slow down the
effort to shift from traditional wood fuel based cooking practices and perhaps partially explain why

few ICS solutions are currently available in Lesotho.

5.4 ICS Sustained use determinants

The contribution of ICS to reduce traditional wood fuel use dependency and its related challenges can
only be realized if these products are widely adopted and used continuously. Unfortunately, the study
results showed that sustained use determinants have received considerably less attention compared to
ICS adoption determinants even while the frequency and long-term use of ICS are equally, if not more,
important to achieve the long-term impacts of these stoves (Ruiz-Mercado et al., 2011). This result
provides further evidence for recent calls to increase research on the final stages of the ICS adoption
process, namely the trial phase and long-term adoption, as per Roger’s Diffusion of Innovations theory

(Dickinson et al., 2019; Rogers, 2010).

The determinants of sustained ICS use were examined and compared against adoption determinants for
Sub-Saharan Africa and Lesotho respectively. The results of the study show some well-defined
differences between adoption determinants and the barriers and facilitating factors that enable
households to continue to use their ICS. In the meta-analysis, financial barriers and enablers where
considered the primary determinant for ICS adoption followed by technological factors. For the
sustained use of ICS, there is a shift in which technological aspects are barriers to, and key drivers of
sustained use. In addition, a number of new factors were identified that are perceived to contribute to
the long-term use of ICS, shedding light on more and different programmatic and market factors in
particular. Issues around market sustainability, after-sales follow-up, access to repair and maintenance,

ICS expectation management, and the loss of additional benefits obtained through traditional wood fuel
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and stove use were perceived as new priority areas. Regardless of this shift in focus, financial barriers
are certainly still an important factor in the long-term use of ICS. In Lesotho specifically, high fuel costs
when the stove does not use biomass is determined the main barrier for local rural households. Given
the often limited funds available for ICS interventions, a notion highlighted in our key-informant
interviews, the results of this study provide key-areas of importance for ICS interventions in Lesotho
and similar contexts. It also distinguishes the different aspects that need to be addressed and considered
before and after initial adoption has taken place. The details of these determinants and its contribution

to the existing body of knowledge are discussed in detail in the following sections.

5.4.1 Financial determinants of sustained ICS use

The results indicate that financial barriers remain a dire concern for rural, poor households. Similar to
how the initial purchasing costs of a stove are hindering ICS adoption, the operational costs of buying
fuel for daily use is a limitation to the sustained use of ICS. Even if financial mechanisms can be put
in place to overcome the barrier of the initial purchasing cost, fuel costs remain a great worry. It is
evident that the limited attention provided to long-term use has resulted in a focus of ICS policies and
financial mechanisms that mainly aim to overcome initial adoption barriers (Ruiz-Mercado et al.,

2011).

Efforts to overcome cost barriers for the household thus requires looking beyond such constraints for
the initial adoption alone and include attention to sustained use costs. In line with these results, it was
not unexpected that the need for fuel subsidy was seen as an enabler in both Sub-Saharan Africa as
well as in Lesotho. The need for subsidy has been proven particularly important for rural and remote
households as poor infrastructure can further increase stove or fuel costs (Bates, 2009; Puzzolo et al.,
2016). Similar conditions are faced by the majority of rural households in Lesotho and logistic
challenges to distribute fuels and stoves in the rural countryside were highlighted by a number of key-
informants (WFP, 2018; World Bank, 2019). As touched upon in the discussion on ICS adoption
determinants, it seems unlikely that the Government of Lesotho will be able to invest in long-term
fuel subsidies. Although limited research has been conducted on addressing financial barriers for

sustained ICS use, the paper of Jeuland et al. (2018), shows that the provision of fuel subsidy for
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purchased fuels often still is insufficient to make such a switch an attractive opportunity for the
household. This means that beyond increasing the attention towards more effective financial efforts to
overcome operational cost barriers, it is important to select stoves and fuels that are within the
financial possibilities of the households targeted. To overcome cost barriers, it seems evident that a
long-term vision is needed to understand, plan and inform households of these expenses and develop a
stove and compatible fuel selection that is feasible in the long-term. These issues tie in with the
barriers and enabling factors raised for ICS adoption. In particular this links with the need for
increased context-specific assessment and the inclusion of financial mechanisms to make not only the
stove but also the fuel more obtainable. As such, this is an illustration of the importance that critical

parameters for both adoption and long-term use of ICS technologies should be considered conjointly.

In Lesotho, high fuel costs appear to be the primary barrier for households to continue to use ICS if it
is not biomass-powered. The data shows that the majority of rural households in the lowlands of
Lesotho collect their fuel for free. The financial barrier to purchase an alternative fuel source could be
substantial given the low socio-economic status of the household (World Bank, 2019). At the same
time, the question if ICS stoves for rural households should be bio-mass powered to overcome this
issue was not answered uniformly. One explanation for this could be the diminishing available
national woody biomass and wood fuel imports of the country (Government of Lesotho, 2017; LMS,
2015). This dilemma might provide an opportunity to reduce the need for wood fuel imports and
mitigate wood fuel scarcity as a barrier to ICS adoption. The reality is that wood fuel will remain the
primary source of energy in the foreseeable future for a majority of poor rural households, as is

expected for Lesotho (IEA, 2014; LMS, 2015; FAO, 2017a).

Despite the often notorious reputation of wood fuel as an unsustainable energy resource in many parts
of Sub-Saharan Africa and its potential contribution to deforestation, there is opportunity for biomass-
driven ICS interventions to be combined with sustainable wood fuel management. Key-informants
raised the issue of sustainable wood fuel management as an aspect often lacking in ICS interventions.
Sustainable wood fuel management efforts require appropriate and informed policies and regulations

as the failure of many of such approaches that resulted in logging activities instead of wood fuel

100



management have demonstrated (Dewees, 1989; Chamshama, 2011; Matsika, 2012). When addressed
correctly, this approach could help overcome issues of high alternative fuel costs as well as ensure a

sustainable fuel supply chain, another important factor recognized to enable the sustained use of ICS.

5.4.2 Technological determinants of sustained ICS use

Technological aspects for ICS become more prominent when trying to predict the sustained use
among rural households in comparison to the initial adoption when financial concerns weigh heavier.
This has some concrete implications for ICS design and stove selection targeted at Sub-Saharan
African rural households as well similar households in Lesotho. Where people initially want to
experience an ICS design that fits with traditional cooking practices and is easy to use, for the
sustained use, it seems that the limitations of ICS become more apparent among households. An often
overlooked aspects in ICS literature that was emphasized in the key-informant interviews, is that of
the numerous additional benefits the three-stone open fire brings households. Neglecting to replace
these additional uses and benefits of traditional wood fuel use and cooking practices such as heating,
lighting or insect repellent, can make the primary and continued use of ICS less interesting and
beneficial for households, and may even result in the dis-adoption of ICS. The potential failure as a
result of not addressing the loss of these additional benefits has been documented in a study in India.
Here the introduction of a smokeless ICS was able to significantly reduce household air pollution but
failed to repel insects, and as a result was ultimately unsuccessful (Subramaniam, 2000). The ability
for ICS to overcome and address these missing positive externalities of traditional wood fuel use was

determined an important enabler, especially in Lesotho.

For colder regions, heating is often a major additional benefit of using the three-stone open fire or
traditional stove (Putti et al., 2015). In the lowlands of Lesotho the mean temperature can drop to -3°
in its coldest months (LMS, 2021). The improved thermal efficiency of the ICS results in lower levels
of heat loss that contribute to warming the house, requiring alternative heating solutions (Katakar and
Kongre, 2017). When these positive externalities are not factored into ICS designs, the scope of ICS
utility for a household in Lesotho therefore reduces substantially in comparison to a three-stone fire.
Daioglou et al., (2012) demonstrate that while cooking is the main function of energy use in rural
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households in developing countries, other functions including (water) heating and cooling, are
becoming more important when households increase their income. This shift in energy use is due to
increased access to other appliances and spending power that provide households the opportunity to
meet secondary energy needs in addition to cooking. For space heating in particular, this increase in
demand is still predominantly met using biomass. These findings do not only highlight the need to
address this loss of benefits, but require further research on the relative importance of each of these
benefits within different contexts, climatic conditions and socio-economic groups. If not factored in
sufficiently, any gains from ICS wood fuel savings could be replaced by increases in biomass use for

space heating, or other benefits normally derived from traditional wood fuel use.

When the goal is to replace the three-stone fire or traditional wood fuel, most ICS technologies focus
on just one dimension i.e. the cooking aspect. Nevertheless, this study establishes that the general
perception is that one stove cannot replace all cooking needs and additional uses of the three-stone
open fire or traditional stove. This concept is reiterated by Shankar et al. (2020) who explores the
necessity and phenomenon of stove and fuel stacking. Her study argues the need for stove and fuel
stacking from a household perspective due to the costs, unsustainability in the fuel supply chain and
mismatch between certain ICS technologies and household energy needs. Switching of fuel and stove
use based on seasonal income fluctuations and fuel availability has already been established as
contributing to multiple stove usage (Treiber et al., 2015; Pailman et al., 2018). The importance
placed on the additional benefits obtained from traditional wood fuel use by households e.g. insect
repelling properties in summer and heating in winter, could require a similar approach. An important
consideration in this regard is to adjust what constitutes as the successful adoption of ICS. The focus
might need to shift towards integrating ICS technologies in the day-to-day life of households to ‘clean

up’ their energy use, instead of aiming for a full transition to one ICS or fuel source.

Another major aspect of sustained ICS use links stove technology with programmatic, financial and
market decisions, namely, the access to stove maintenance and repair. Across all data collection
methods this was seen as one of the most important factors influencing the long-term use of ICS. The

lack of access to repair and maintenance options in many ICS interventions was mentioned frequently.
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On the other hand, in the meta-analysis, stove quality and durability came to the forefront as a
sustained use enabler. These findings imply a level of correlation as increased stove quality and
durability might be needed as a result of the lack of repair and maintenance options. When a stove
breaks down quickly or has a short life-span, this can result in additional costs for the household that
were not accounted for. In Uganda, the lack of repair options and access to spare parts was one of the
main causes to dis-adoption of biogas stoves (Lwiza et al., 2017). In turn, it has been established that
lack of maintenance can actually reduce the efficiency of an ICS and with this the benefits perceived
by the households as well as the life-span (Bensch and Peters, 2015). Although high quality stoves
might be able to overcome the need for repair, access to these options are still seen as one of the most

important factors that determine the long-term use of ICS in Lesotho.

5.4.3 Market determinants of sustained ICS use

The study found the sustainability of the fuel supply chain and the importance of fuel availability to
be a largely neglected area of ICS interventions. Continued access to fuel is an integral part of a
household’s ability to use improved stoves. Key-informants mentioned that the focus is instead often
placed on the ICS technology whilst it is the fuel that powers the stove. Even if all other concerns are
addressed and people are willing and able to cook with a new fuel, supply-chain disruptions can
prevent people from doing so. This can lead to either a temporary discontinuation of use, or halt the
use of the fuel altogether (Quinn et al., 2018). In addition, a recent study conducted among rural
households in India demonstrated how a robust fuel-supply chain can increase the demand for ICS
(Pattanayak et al., 2019). This further supports our findings that fuel supply-chain sustainability is
likely an important enabling factor for ICS sustained use and adoption in Lesotho and similar rural
households in the wider Sub-Saharan African region. When ICS interventions are targeted towards
remote and rural populations, this aspect requires special attention and links back to other challenges
raised as part of ICS programmatic choices. The experience with grid connection and electric cooking
demonstrated that unstable energy was one part of the explanation why households did not fully

switch to electricity for cooking (Madubansi and Shackleton, 2006). It is therefore likely to expect
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that supply-chain disruptions for other forms of fuel such as LPG or ethanol will follow a similar

pattern. Programme design should incorporate such risks in their stove and fuel selection.

Even without supply-chain disruptions, poor rural households are hardly ever able to make a complete
switch to more costly modern fuels and instead add this new fuel source to their energy-mix
(Madubansi and Shackleton, 2006; Shankar et al., 2020). This brings us to the second market enabler
expressed for Lesotho; the need for increased choice of stoves and fuels on the market. On one hand
this does not seem uncommon as traditional marketing research informs that increased product choice
allows people to make trade-offs among different product attributes that fits their needs (Chernev,
2011). This aligns with the study findings of the importance of stove and fuel fit with household
cooking practices. On the other hand, too much choice can increase choice difficulty and can prevent
people from purchasing a product all-together (Berger et al., 2007; Chernev, 2011). Given the current
limited options that rural households in Lesotho have to move away from traditional firewood or

biomass use, it is unlikely such choice fatigue would set in.

When the goal is to increase the long-term uptake of ICS and cleaner fuels compared to traditional
wood fuel use, there should be a fall-back option when people temporarily cannot access such fuels,
or when there are supply-chain disruptions. Anticipating this by enabling households to have access to
more than one fuel or stove allows them to be flexible in their fuel choice based on their current
circumstances. It also ensures that whichever fuel is chosen, it still contributes to reducing the harmful
side-effects of traditional wood-fuel use in the region and mitigates household food insecurity by
reducing risk of not being able to cook their food (Caniato et al., 2017). Following this approach
would require improved efforts when it comes to marketing and information dissemination on the
benefits and draw-backs of different fuel and stove solutions, improved financing mechanisms and

investments in private sector and supply-chains.

5.4.4 Programme and policy determinants of sustained ICS use

The lack of enabling policies that support ICS in Lesotho and Sub-Saharan Africa were well-
documented in our findings. One such gap relates directly to the explored market determinants for
ICS adoption and sustained use. Policies not only give direction to government efforts in a certain

104



area, they also encourage or discourage various stakeholders from their involvement as established in
the paper of Brew-Hammond (2010). The current policies of Lesotho regarding ICS and reducing
wood fuel needs are ambitious, despite their limitations in uniformity regarding ICS objectives and
implementation approaches (LMS, 2017a, 2017b, 2017c). As such, the need for increased market
participation in this sector to achieve these goals could be hindered by the lack of enabling policy,
financing investments and incentives for the private sector (Martinot et al., 2002). The need to better
understand how the public sector can achieve and design enabling policies to increase private sector
interest gives new direction for future research as these more detailed workings were beyond the

scope of this study.

As the majority of determinants for ICS adoption and sustained use have proven to be complex, there
were also promising findings that presented more easily to overcome challenges. One such area was
the current lack of monitoring and follow-up after the introduction of ICS technologies or launch of
ICS interventions. This outcome ties in with existing research on longitudinal monitoring and the need
to understand any constraints or challenges that take place during all phases of the adoption process
(Rogers, 2010). Taking into account the more recent advancements in performance-measurement
technologies, addressing this current gap in ICS programme approaches has become much easier and
deserves ICS implementers’ attention (Putti et al., 2015). These technologies cannot only inform if the
ICS provides the fuel-savings as promised, but they also have the ability to confirm if people are
actually using a stove and how often. The introduction of these measures can also further contribute to
a number of other determinants for ICS use and adoption, including improving the fit with local
household needs and cooking practices. It can also deliver new opportunities to understand if user
training was sufficient by assessing ICS fuel-efficiencies, which are often not met as a result of

incorrect use (Puzzolo et al., 2016).

Lastly, the results show a broad consensus regarding the lack of long-term vision for ICS
programmes. If the focus is too narrow and the goal revolves around short-term adoption, it begs the
question if these programmes can actually deliver the results sought i.e. to decrease GHG emissions

and reduce the pressure on biomass resources through fuel substitution and the introduction of ICS
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(LMS, 2015; LMS, 2017b). As this study found notable differences among the determinants for ICS
adoption versus the sustained use, this requires a long-term phased approach that addresses these

changes over time.
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Chapter 6 CONCLUSION

The widespread use of wood fuel to fulfil household energy needs faces an abundance of challenges for
the wellbeing of people and their environments. Rural communities in Sub-Saharan Africa are
especially reliant on traditional wood fuel and inefficient cooking methods for their energy needs. High
levels of poverty and limited access to electricity or other modern or clean fuel sources exacerbate these
problems, driving wood fuel dependence. With prognoses that traditional wood fuel use will only
increase in this region despite gains in rural electrification, solutions that can help mitigate traditional
wood fuel-related challenges or allow a transition towards cleaner and sustainable fuel sources become
critical. For decades, the introduction of improved cookstoves was considered one such promising
solution. Unfortunately, the implementation of this technology has been largely unsuccessful with
limited uptake. Increasingly research is needed to understand what is driving this and bridge the gap

between theory and practice.

In the context of Lesotho, a country with one of the lowest woody biomass resources in the region,
high levels of traditional wood fuel dependence are contributing to localized environmental
degradation and rural household energy poverty. The majority of Lesotho’s rural households’ energy
consumption is taken up by cooking, while the uptake of improved cookstoves in this region has been
very low. Although the country’s energy policy and Nationally Determined Contribution rely partially
on the success of this technology, there has been a glaring lack of research on both the topic of ICS
adoption and its sustained use in Lesotho. This study addresses existing gaps in ICS literature to
improve the success of ICS interventions and mitigate the challenges surrounding high levels of
traditional wood fuel dependency in Sub-Saharan Africa and particularly Lesotho. This research
contributes to the existing body of work by 1) analysing and identifying a broad range of Sub-
Saharan-specific ICS adoption barriers as well as enablers for rural households, 2) exploring and
classifying determinants to the sustained use of ICS within the same framework, and 3) applying these

findings to the context of Lesotho.
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First, | conclude that the research on ICS in Sub-Saharan Africa has mainly concentrated on a limited
set of determinants for ICS adoption with a specific focus on socio-economic, demographic and
financial factors. Much less attention has been given to factors that influence the sustained use of the
technology. Without long-term ICS use, the potential impact of ICS as a mitigation measure to
harmful traditional wood fuel use cannot be attained. The data in this study unveiled a more in-depth
and comprehensive understanding of the different factors that influence initial adoption versus those
that enable the long-term use of ICS technologies. The study concludes that if the focus remains
solely on ICS adoption, the potential of ICS technologies cannot be obtained. While it remains
important to understand and address determinants that allow and entice households to adopt ICS
technologies and reduce their wood fuel use, the long-term primary use of ICS is what creates and
sustains long-term wood fuel reductions. Financial, technology, market and policy factors are
considered main determinants across both initial adoption and sustained ICS use, however, they are
translated and require attention in different ways. Where initial purchasing costs is a key barrier to
initial adoption, fuel costs are a greater concern for its sustained use. Similar differences are found
when it concerns technological barriers as access to repair and maintenance becomes crucial to allow
long-term use but an appropriate fit between cooking practice and matching technological is of far
greater importance for its initial uptake. This research further refined and categorized the relative

importance of these determining factors for Sub-Saharan Africa, and Lesotho specifically.

Second, more attention should be given to the user experience and its technological implications.
Although it was evident that financial barriers remain a dire concern when it comes to ICS uptake and
the transition away from traditional wood fuel use in Sub-Saharan Africa, this study finds that
focussing solely on these issues is unlikely to drastically improve the outcomes. Instead, a number of
often inter-connected technological, programmatic, knowledge, market and policy factors were
recognized as key-determinants for ICS adoption and its sustained use. Where financial factors are
often considered the primary barrier to adoption and sustained ICS use, our findings indicate that the
technological aspects of ICS are more important enabling factors. Technological advancement and

performance of ICS needs to be better balanced with the user context. Marginal benefits do not pique
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the interest of the user if significant additional work is required or the technology is more of a daily
inconvenience than improving their lives. Fuel savings alone often do not provide a monetary value to
rural households who collect fuel for free, hence the perceived value of ICS needs to be met through
convenience. The reluctance of households to switch away from traditional cooking methods is often
attributed to cultural preferences, however such conclusions are not well-supported in our findings.
More likely, poor benefits, additional costs and inconvenient technologies that do not meet rural

household needs and cooking practices are more likely to drive such reluctance.

Third, the results indicate that less focus should be placed on the ideologic idea that one technology or
fuel can replace all aspects of traditional wood fuel use and cooking. In Lesotho specifically, the loss
of additional benefits obtained through traditional wood fuel use, such as heating, requires the
attention of ICS implementors and manufacturers. Improved cookstove technology addresses just one
aspect of traditional wood fuel use. This implies that even if all cooking aspects can be replaced
through ICS, the reliance on traditional wood fuel use for other household energy needs remain. This
understanding also ties in with the need to support stove and fuel stacking to realistically address the
multi-faceted nature of how traditional wood fuel is used. As a consequence, this requires different

programmatic, market and policy approaches within the ICS sector.

Fourth, my findings demonstrate the importance of policy and programme related determinants when
it comes to ICS adoption and its sustained use, an area which has received fairly limited scientific
attention to date. Increased emphasis should be placed on the (unintentional) hinderances of
ineffective programmatic and policy work as well as the opportunities within these areas. The barriers
to adoption and potential enablers are not only found at the household level but at times are created
through incorrect and uninformed targeting, lack of long-term planning, limited or no government
support and the absence of enabling policies and regulatory measures. This can result in market-,
sustainability and supply-chain challenges, additional financial constraints, incoherent and counter
effective regulations and implementation strategies, and an overall mismatch in fuel and stove choice
and its consumer audience. In particular, increased long-term planning and vision, improved national

strategy and enabling policies, monitoring and private sector support are considered key enabling
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factors. Fuel and stove subsidies were frequently identified as potential enablers to overcome greater
financial barriers. However, prior research demonstrated both success as well as potential damaging
and ineffective results when subsidizing fuels and would warrant further research in the context of
Lesotho. An improved contextual understanding is therefore of paramount importance and needs to be

the basis for ICS and rural household energy policy formulation and programmatic approaches.

Lastly, the overarching determinants of ICS adoption and sustained use can differ depending on
context and location specific influences. Where global or regional identified barriers or enabling
factors can provide guidance to ICS manufacturers and implementors to their design and approach,
location specific context is needed to interpret these determinants and its relative importance. The
importance placed on different barriers and enablers in Lesotho at times varied from those seen in
Sub-Saharan Africa. The discussion concerning locally made versus imported ICS remains an area of
dispute among key-informants and within literature. As such, it did not emerge as a clear determinant
for Sub-Saharan Africa. Nevertheless, my results indicated a preference in Lesotho for locally
produced technologies to address a number of issues regarding the product-consumer fit. High quality
stoves, the need for increased choice in fuels and stove in the market and addressing the loss of
additional benefits obtained from traditional wood fuel use were considered more important in
Lesotho compared to regional trends. In contrast, the local barriers for adoption and sustained use
seemed to be much less understood and varied compared to findings for Sub-Saharan Africa. This
illustrates the importance of a context-specific approach towards ICS and the need for a better
understanding of the heterogeneity among rural households in this region, and likely within the
country itself. As such, it is recommended to find a more holistic, long-term, context-specific and
integrated approach to ICS interventions with a different interpretation of the abilities of ICS and its

Success.

It is hoped that this research can contribute to a better understanding of the key determinants to ICS
adoption and its sustained use, the context-specificity of these factors and the importance of

considering such critical parameters for both adoption and long-term use of ICS technologies
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together. Without addressing these major roadblocks, tackling the widespread energy poverty and

localized environmental degradation in Lesotho will be a mammoth task.
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Annex | Participant information and consent forms

1A Participant information sheet key-informant interviews

Animal, Plant and Environmental Sciences I —_— é
University of the Wltwatersrapd WITWATERSRAND,
1 Jan Smuts Ave, Braamfontein JOHANNESBURG

Johannesburg, South Africa
Dear (name of proposed candidate),

My name is Daphné Carliez and | am a Master student in Environmental Sciences at the university of
Witwatersrand in Johannesburg, South Africa. As part of my studies, | am currently working on a research
project that examines the determinants to the adoption and long-term use of improved or clean cookstoves
in rural households in Lesotho under the supervision of Professor Wayne Twine. The aim of this research
project is to help improve the design of improved cookstove (ICS) and alternative fuel programmes in
Lesotho and contribute to the scientific body of knowledge on ICS adoption and long-term use.

As part of this project, and given your expertise in this area, | would like to invite you to take part in an
interview. This one-time interview will involve answering some ten questions about the perceived barriers
and enabling factors to the adoption and long-term use of improved cookstoves in rural households based
on your personal experience. The complete interview will take around 30 minutes of your time. With your
permission, | would also like to record the interview.

Your name will not be recorded outside of this consent form and any information that you provide will be
confidential and not disclosed to other people. This study will be written up as a research report and the
information collected will be used anonymously with no mention of specific persons or organizations if
you prefer so. Your participation is voluntary, and you can choose not to answer any or all of the questions
if you wish. If you agree to participate, | would like to ask you to provide your signature, or provide
consent for me to sign on your behalf, on the consent form to agree with being included in the study
anonymously. If you have any persons in mind who are experts in this subject matter and believe to be
valuable for this research, | would be grateful if you could share their details with me so that I can reach
out to them, or please feel free to forward this invitation letter.

If you have any questions during or afterwards about this research, feel free to contact me on the details
listed below. If you wish to receive a summary of the final report, I will be happy to send it to you. If you
have any concerns or complaints regarding the ethical procedures of this study, you are welcome to contact
the University Human Research Ethics Committee (Non-Medical), telephone +27(0) 11 717 1408, email
hrec-medical.researchoffice@wits.ac.za

Yours sincerely,
Daphné Carliez
2395575@students.wits.ac.za

Supervisor:
Professor Wayne Twine
Wayne.Twine@wits.ac.za
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1B Consent form key-informant interviews

Title of project:

“Determinants of improved cookstove adoption and sustained use to substitute or reduce traditional wood
fuel use in rural Lesotho”

Name of researcher:
Daphné Carliez

Purpose and conditions of research

This interview is part of the research project that examines the determinants to the adoption and long-term
use of improved or clean cookstoves in rural households in Lesotho. The research is conducted by Daphne
Carliez, fulltime MSc student of Environmental Sciences at the University of Witwatersrand in
Johannesburg, South Africa under the supervision of Professor Wayne Twine. The aim of this research
project is to help improve the design of improved cookstove (ICS) and alternative fuel programmes in
Lesotho and contribute to the scientific body of knowledge on ICS adoption and long-term use.

Your name will not be recorded outside of this consent form and any information that you provide will be
confidential and not disclosed to other people. This study will be written up as a research report and the
data collected during the survey will be used anonymously with no mention of specific persons or
organizations if you prefer so.

Your participation is voluntary, and you can choose not to answer any or all of the questions if you wish. If
you agree to participate, | would like to ask you to provide your consent to be included in the study
anonymously.

P , agree to participate in this research project. The research has
been explained to me and | understand what my participation will involve. Please circle the relevant
options below.

I agree that my participation will remain anonymous YES NO

| agree that the researcher may use anonymous quotes

and information provided by myself in her research report YES NO
| agree that the interview may be audio recorded YES NO
.......................................... (signature)
.......................................... (name of participant)
.......................................... (date)
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1C Participant information sheet online expert survey

An_lmal1 Plant and _Enwronmental Sciences UNIVERSITY OF THE
University of the Witwatersrand WITWATERSRAND
1 Jan Smuts Ave, Braamfontein JOHANNESBU RGy

Johannesburg, South Africa
Dear (name of proposed candidate),

My name is Daphné Carliez and | am a Master student in Environmental Sciences at the university of
Witwatersrand in Johannesburg, South Africa. As part of my studies, | am currently working on a research
project that examines the determinants to the adoption and long-term use of improved or clean cookstoves
in rural households in Lesotho under the supervision of Professor Wayne Twine. The aim of this research
project is to help improve the design of improved cookstove (ICS) and alternative fuel programmes in
Lesotho and contribute to the scientific body of knowledge on ICS adoption and long-term use.

As part of this project, and given your expertise in this area, | would like to invite you to take part in an
online survey. This one-time survey will involve answering some ten questions about the perceived
barriers and enabling factors to the adoption and long-term use of improved cookstoves in rural households
based on your personal experience. The full survey will take around 5-7 minutes to complete.

Your name will not be recorded and any information that you provide will be confidential and not
disclosed to other people. This study will be written up as a research report and the data collected during
the survey will be used anonymously with no mention of specific persons or organizations if you prefer so.
Your participation is voluntary, and you can choose not to answer any or all of the questions if you wish. If
you agree to participate, | would like to ask you to provide your consent to be included in the study
anonymously. This can be done on the first page of the survey form.

Please find the link to the survey here: https://s.surveyplanet.com/itpo8jgrX

If you have any persons in mind who are experts in this subject matter and believe to be valuable for this
research, | would be grateful if you could share their details with me so that | can reach out to them, or
please feel free to forward this invitation letter.

If you have any questions during or afterwards about this research, feel free to contact me on the details
listed below. If you wish to receive a summary of the final report, I will be happy to send it to you. If you
have any concerns or complaints regarding the ethical procedures of this study, you are welcome to contact
the University Human Research Ethics Committee (Non-Medical), telephone +27(0) 11 717 1408, email
hrec-medical.researchoffice@wits.ac.za

Yours sincerely,

Daphné Carliez
2395575@students.wits.ac.za

Supervisor:
Professor Wayne Twine
Wayne.Twine@wits.ac.za
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1D Consent online expert survey

This survey consists of 10 questions which will take 5-7 minutes to complete. The survey is part of the
research project that examines the determinants to the adoption and long-term use of improved or clean
cookstoves in rural households in Lesotho. The research is conducted by Daphne Carliez, MSc student of
Environmental Sciences at the University of Witwatersrand in Johannesburg, South Africa under the
supervision of Professor Wayne Twine. The aim of this study is to help improve the design of improved
cookstove (ICS) and alternative fuel programmes in Lesotho and contribute to the scientific body of

knowledge on ICS adoption and long-term use.

Your name will not be recorded and any information that you provide will be confidential and not
disclosed to other people. This study will be written up as a research report and the data collected during
the survey will be used anonymously with no mention of specific persons or organizations. Your
participation is voluntary, and you can choose not to answer any or all of the questions if you wish. If you

agree to participate, |1 would like to ask your consent for your responses to be included in the research.
Page 1

BEGIN

I understand that there is no benefit to me by participating and no penalty to me for declining to participate
in this survey. By taking this survey | acknowledge that my answers can be used anonymously for the

purpose of the research project.*

O YES
O NO

* If selected NO the survey ended and people were thanked for their time. If selected YES, the survey

started.
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Annex Il Interview guide

Purpose of key-informant interview: This data collection tool is intended to inform the research on the
limitations and barriers, as well as opportunities and drivers of the uptake and use of improved cookstove
interventions, and understand the situational context in rural households in developing countries through
interviews with global and local ICS experts and policy and programme-makers. The interviewee is asked
to sign the participant information document prior to the start of the interview via e-mail. If preferred by
the respondent, the document can be signed on his/her behalf via oral confirmation. This can be done after
introductions are provided and once the interviewee is informed on the expectations and his rights. For

this, the following statement is to be read or shared.

Introduction and explanatory statement: “My name is Daphné Carliez and I am a student at the university
of Witwatersrand in Johannesburg South Africa. | am currently working on a study that examines the
determinants to the adoption and long-term use of improved or clean cookstoves in rural households in
Lesotho. Given your expertise in this area | would like to ask you some questions about how the perceived
barriers and enabling factors that hinder or support the adoption as well as the long-term use of fuel-
efficient stoves based on your personal experiences and knowledge in this area. Your name will not be
recorded and any information that you provide will be confidential and not be disclosed to other people.
The outcomes of the study are aimed to help improve the design of cookstove and alternative fuel
programmes in Lesotho and contribute to the scientific body of knowledge on ICS adoption and long-term
use. Based on the interviews and expert surveys, the combined results total results will be included in the
final report and available online but with no mention of specific persons or organizations if you prefer so.
Your participation is voluntary, and you can choose not to answer any or all of the questions if you wish. If
you agree to participate | would like to ask you to provide your signature, or provide consent for me to
sign on your behalf, on the participant information document which states what | just said and that you

agree with being included in the study anonymously.
Guiding interview questions

PARTICIPANT (name or number):

DATE, LOCATION:

OCCUPATION / ORGANIZATION:

YEARS OF ICS EXPERIENCE:
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What is your experience with the adoption and sustained use of ICS in rural households in

developing countries, has this been relatively a fast or slow process?

If answered that is has been slow “ Why do you think the adoption and long-term use of ICS in
rural households in developing countries have been so slow and often unsuccessful?”
(As a sub-question include if they deem ICS to be a viable solution to address environmental health

and energy poverty challenges for wood fuel dependent rural households and why)

What are the main challenges to overcome to increase the adoption of improved cookstoves in
rural households in developing countries?

(Potentially categorize these under technical, economic, cultural, information, social, market, policy
and programmatic barriers and as a sub question ask about these specific categories if not mentioned

in the initial answer)

Which enabling factors can you identify for the adoption of improved cookstoves for rural
households in developing countries?

(As a sub-question ask for any anecdotal evidence of success of the aforementioned suggestions)

Do you see differences in barriers and enabling factors that drive the adoption of ICS versus
its long-term use?
(As a sub-question ask for any anecdotal evidence of these differences from their experience and

how to bridge these different needs if any)

Which policy and programme changes are needed to improve the adoption and long-term use
of improved cookstoves for rural households in developing countries?
(As a sub-question ask for any anecdotal evidence of successful policies and programme

interventions hat have been able to create a more enabling environment for ICS)

Are there specific challenges for rural households that are currently not discussed, or included

in any research or ICS programmes?

Other topics to include in the interview sub-questions depending on the key informant:

Wood fuel and cooking challenges experienced by households that ICS should work on addressing / Markets

/ Needs & Demands / Household demographics influence on ICS adoption / Skills / ICS training /

Infrastructure/ transportation / Marketing ICS / Successful ICS technologies / Social networks/ coordination

for ICS dissemination / Wood fuel based livelihoods / ICS livelihood opportunities
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Annex Il Online expert survey

Q 1. What is the main used cooking method among rural households in the lowlands of Lesotho to

prepare meals? (Please select the most predominantly used method)

(]

OO000000

Three stone open fire (biomass/firewood)
Traditional cookstove (biomass/firewood)
Charcoal stove

Improved cookstove (biomass/firewood)
LPG stove

Electric cookstove

I do not know

Other, please specify

Q2. What is the primary source of energy for cooking and heating among rural households in the

lowlands of Lesotho? (select the most common source of fuel)

Q3.

O

OO0O000000an0

Firewood

Other forms of biomass (grass, agricultural waste)
Biomass briguettes

Animal dung

Charcoal

LPG

Electricity

Kerosene

I do not know

Other, please specify

How do the majority of households in the rural lowlands obtain their fuel? [Select all that apply]

0 I I [ I I O I O I O

Purchase at market

Purchase from individual firewood sellers
Connection via the grid (electricity)

Collect for free

Barter fuel for other items

Provided for free by government

Provided for free by Humanitarian organization
I do not know

Other, please specify
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Q4. What do you perceive as the biggest wood fuel challenges in the rural lowlands of Lesotho, for
those dependent on firewood? [Select all that apply]
O Insufficient wood fuel
Localized environmental degradation
Low quality of wood fuel
Health concerns due to emissions
High cost of wood fuel
I do not know

OO0o00Oo0gaod

Other, please specify

Q5. What is the rate of adoption and use of improved cookstoves or clean cookstoves in rural
households in the lowlands of Lesotho? (please select one)

1 2 3 4 5
Very low  Low Medium  High Very high
Initial adoption of improved biomass stoves O D) O O O
Sustained use of improved biomass stoves O O O O O
Initial adoption of ‘cleaner’ ICS (e.g., ethanol, LPG) O O O O O
Sustained use of ‘cleaner’ ICS (e.g., ethanol, LPG) O @) O O O
Q7. Which of the following statements are key barriers that hinder the adoption of improved
cookstoves (ICS) in rural households in the lowlands of Lesotho? Please rate each statement from
‘strongly disagree’ to ‘strongly agree’.
1 2 3 4 5
Strongly disagree Strongly agre
High initial purchasing costs O O O O O
High fuel costs (in case of non-biomass stove) O O O O
Additional costs if it includes a fuel switch away O O O O O
from firewood/biomass that can be collected for free O @) O O O
No interest to switch fuels O O O @) O
Lack of financing mechanisms to purchase stove @ O @) O O
Limited knowledge/awareness of ICS O O O O O
Stoves not available on markets O O O @) O
No incentive to change (no problems with current cooking () 0 O O O
methods)
Not convenient in use O 0 @) O O
Limited benefits of stove (little savings, does not make it () O O @) O

worth the investment)
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People prefer traditional cooking methods @)
Loss of additional benefits of traditional cooking 0O
(heating, lighting, insect deterrent) o

Low quality of stoves available

Q8. Which of the following factor are key barriers that hinder the sustained use of ICS in rural

households after initial adoption? Please rate each statement from ‘strongly disagree’ to ‘strongly

agree’.*
1

Strongly disagree

High fuel costs (in case of non-biomass stove)

No repair or maintenance options

Lack of training on ICS use

Not convenient in use

Does not fit cultural cooking practices

Lack of stove warranty

Lack of sustainability in stove/fuel access in markets
Poor quality stoves

Does not provide sufficient benefits

ONONONONONONONONON®)

Does not meet expectations of fuel savings

Q9. Which are enabling factors that can help the sustained use of ICS for rural households in

o O

o

CHONONONONONONONS,

O

@)

O ONONOHNONONONONONS,

Lesotho? (Please check the box ranging from strongly disagree to strongly agree)

1

Strongly disagree

Stove and fuel subsidies O
Access to repair and maintenance for stoves
Addressing losses of traditional cooking benefits

simultaneously (such as loss of heating, lightning)

@
O
O
Improved context specific stove and fuel selection (meets O
local cooking practices)

Improved expectation management of stove benefits O
Improved monitoring and follow-up to be able to change O
stove design based on customer feedback O
Sustainability in stove and fuel supply chain (continued O

market access)

O

O ONONONNONOIONG

2

OO0 OOC OO0 OO0

3

O O

4

O O

5

Strongly agree

O OO0 00O CO OO0 O

4

O

OO0 OO OO OO

5

Strongly agree

OO0 OO0 OO0 0O0

O

OO OoOOC O OO0 o
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Support the concept of stove and fuel stacking (clarifying () 0O O O 0O
that one stove/fuel might not meet all HH needs but
improve parts of cooking and reduce fuel needs)

More choice on market for different stoves @) O O @) O

Q10. Please share any barriers or enabling factors for the initial adoption or sustained use of improved

cookstoves for rural households in the lowlands of Lesotho that you would like to add.
Q11. Thank you kindly for participating in this survey. Your contributions are very valuable for this

research. Please feel free to reach out to me with any questions via [ GcNGNGNGNGNGEG o

leave any comments or additional information you would like to share below.
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Appendix A

Overview of the sixty-four studies eligible for full-text review as part of the literature meta-analysis after

initial screening. Based on the full review twenty-four studies qualified to be included in the final analysis

which can be found in Appendix B.

Access to modern energy: a review of barriers,

Paper Year Author(s) Meets Considers Includes at | Uses Is Uses
criteri the minimum household conducted statistica
aY=1l adoption three as the unit in SSA | analysis
N=0 and/or use | determinants of measure

of ICSs

“Clean” Cooking Energy in Uganda—

technologies, impacts, and key barriers and

enablers to market acceleration 2017 | Price 0 1 1 1 1 0

A multi-stakeholder perception analysis

about the adoption, impacts and priority areas

in the Kenyan clean cooking sector 2019 | Karanjeetal. | O 1 1 0 1 0

drivers and impacts 2017 | Bonanetal 0 1 1 1 0 0
Adoption and impacts of clean bioenergy Karanja and
cookstoves in Kenya 2019 | Gasparatos 0 1 1 1 1 0

Adoptions of improved biomass cookstoves by Okuthe and

households: an example from Homabay County | 2014 | Akotzi 0 1 1 1 1 0
Barriers and facilitators to adoption and use of

fuel pellets and improved cookstoves in urban Seguin, Flax

Rwanda 2018 | and Jagger 0 1 1 1 1 0
Barriers and Facilitators to the Adoption and

Sustained Use of Cleaner Fuels in Southwest

Cameroon: Situating ‘Lay’ Knowledge within Stanistreet et

Evidence-Based Policy and Practice 2019 | al. 0 1 1 1 1 0
Barriers and opportunities of biogas

dissemination in Sub-Saharan Africa and

lessons learned from Rwanda, Tanzania, China,

India, and Nepal 2015 | Rupf 0 1 1 1 1 0
Behavioural Attitudes and Preferences in

Cooking Practices with Traditional Open-Fire

Stoves in Peru, Nepal, and Kenya: Implications

for Improved Cookstove Interventions 2014 | Rhodes 0 1 1 1 0 0
Beyond buying: The application of service Jurisoo,

design methodology to understand adoption of Lambe and

clean cookstoves in Kenya and Zambia 2018 | Oshorn 0 1 1 1 1 0
Clean cooking for all? A critical review of

behavior, stakeholder engagement, and adoption

for the global diffusion of improved cookstoves | 2020 | Lindgren 0 1 1 1 1 0
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Clean fuels for resource-poor settings: a
systematic review of barriers and enablers to Puzzolo et
adoption and sustained use 2016 | al.

Determining the Enablers and Barriers for the
Adoption of Clean Cookstoves in the Middle Agbokey et
Belt of Ghana-A Qualitative Study 2019 | al.

Drivers and barriers to clean cooking: A Vigolo,
systematic literature review from a consumer Salakku and
behavior perspective 2018 | Testa

Enablers and barriers to large-scale uptake of Rehfuess et
improved solid fuel stoves: a systematic review | 2013 | al. 1 1 1 1

Factors influencing household uptake of

improved solid fuel stoves in low-and middle-

income countries: A qualitative systematic Stanistreet et

review 2014 | al. 0 1 1 1 0 0
Factors influencing the acquisition and correct

and consistent use of the top-lit updraft Namagembe

cookstove in Uganda 2015 | etal. 0 1 1 1 1 0

Fuel savings, cooking time and user satisfaction
with improved biomass cookstoves: Evidence Gebreegziab
from controlled cooking tests in Ethiopia her

Gender differences in preferences, intra-
household externalities, and low demand for

improved cookstoves 2013 | Mobarak 0 1 1 0 0 0
Household cooking fuel choice and adoption of

improved cookstoves in developing countries: a Malla and

review 2014 | Timilsina 0 1 1 1 0 0
Identifying behavioural drivers of cookstove

use: a household study in Kibera, Nairobi 2015 | Lambe 0 1 1 1 1 0
Implementation and scale-up of a biomass pellet Jagger and

and improved cookstove enterprise in Rwanda 2018 | Das 0 1 1 1 1 0
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Improved cookstoves in Africa: Explaining

Kapfudzaru

adoption patterns 2017 | waetal.
Market barriers to clean cooking fuels in sub- Schlag and
Saharan Africa: a review of literature 2008 | Zuzarte
Market mapping for improved cookstoves:

barriers and opportunities in East Africa 2020 | Stevensetal.
Maximizing the benefits of improved

cookstoves: moving from acquisition to correct Shankar et
and consistent use 2014 | al.

Ruiz-
Patterns of stove use in the context of fuel- mercado and
device stacking: rationale and implications 2015 | Masera
Poverty, gender, and empowerment in sustained
adoption of cleaner cooking systems: Making Kumar and
the case for refined measurement 2016 | Mehta
Reducing energy poverty through increasing
choice of fuels and stoves in Kenya:
Complementing the multiple fuel model 2015 | Treiberetal.
Review of barriers to the dissemination of
decentralized renewable energy systems 2016 | Yaqoot et al

Scaling Up Clean Cooking Solutions: The
Context, Status, Barriers and Key Drivers

Sustained uptake of clean cooking practices in
poor communities: role of social networks

The role of social relations in the adoption of
improved cookstoves

Using formative research to design a behavior
change strategy to increase the use of improved
cookstoves in peri-urban Kampala, Uganda

2019

2017

2013

Ekouevi

Kumar and
Igdalsky

Vulturius
and Wanjiru

Martin et al.

What boosts cookstove uptake?

2016

Matin and
Roe

What impedes efficient adoption of products?
Evidence from randomized sales offers for fuel-
efficient cookstoves in Uganda

2018

Levine et al.

What makes people cook with improved
cookstoves

1994

Barnes et al.

What’s cooking? Unverified assumptions,
overlooking of local needs and pro-solution
biases in the solar cooking literature

2017

lessa et al.

Who adopts improved fuels and cookstoves? A
systematic review

2012

Lewis and
Pattanayak
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Appendix B

Full review twenty-four studies qualified to be included in the final analysis. Variables mentioned only once have been excluded from the final results and

overview to present an overview of the most common factors influencing the adoption and sustained use of ICS and its compatible fuels.

Paper

A stralegy to increase adoption of locally produced, ceramic
eockstoves in rural Kenyan bouseholds

Adoption and kitchen performance test of mproved cook stove
i the Bale Eco-Region of Ethiopia

Adoption of biomass improved cookstoves in a patriarchal
society: an example from Sudan

Adoption of improved bicmass stoves and stovefuel stacking in
the REACCTING intervention study in Northemn Ghana
Adoption of integrated foodk-energy systems: improved
cockstoves and pigean pes in Southern Malawi

Clean fuebsaving technology adoption in urban Ethiopia
Consumers perception an adoption of improved cookstowes: a
case of Kilimmnjaro region, Tanzsnia

Determanants of adoption of miproved baomass stove in rural
hauscholds of Muhazi sector in Rvamagana district

Design for Clean Technology Adoption: Integration af Usage
Contest, User Behaviour, and Technology Performance in
Design

Dis-adoption of Household Beogas technologies i Central
Uganda

Does peer use influence adopticn of ellicient cockstoves”
Evidence from a randomized controlled iral in Uganda
Driving forces for howseholds' adeption of improved cocking
stoves in rural Tanzania

Evaluating the relative strength of produsct-spesific factors in
fuel switching and stove choice decisions in Ethiopia. A discrete
choice model of household prefirences fir clean cooking

altermatives

Facilitators and barriers o improved cookstove adoption: a
community-based crass-sectional study in Northwest Ethiopia
Factors associated with sustained use of improved solid fiel
ooakstoves: A case study from Kenya

Factors miluencing the adoption of bsochar-producing gasafier
coakstoves by households in rural Kenya

Mensuring and increasing adoption rates of cookstoves in a
humanitarian erisis

Reducing energy paverty through increasing choice of fueks and
stoves in Kenya: Complementing the multiple fuel model
Stoves or sugar? Willingness 1o adopt improved coskstoves m
Malawi

Technokogical innevatson and dispersion: Environmental
benefits and the adoption of improved biomass cooksioves m
Tigray, narthem Ethiopia

The impact of the household deczsaon envircament ca fuel
choice behaviour

The intensive margin of technology sdoption-Experimental
evidence on improved cooking stoves in rural Senegal

User perceptions ahout the adoption and 1se of ethanol fuel and
ooakstoves in Maputo, Mozambigue

Why do households forege high retums from technology
adoption’? Evidence from improved cocking stoves in Burkina
Faso

Year  Author(s)

2012 Silk etal
Gizachew and
2018 Tolera
Muneer and
2003 Mohamed
2019 Dickinson et al.
2015 Orr etal.
2013 Beyene and Koch
Masawe, Bengezi
2014 and Kweka

2016 Kanangise et sl

Pakravan and
2020 MacCarty

2017 Lwzza et al.
2015 Belram et al.

Kubndwa, Lokina
2018 and Ahlgren

2021 Takama et al.

2020 Adane et al
2017 Tigabu
2018 Gitaw et al

2016 Wilson et al

2015 Treiber et al.

2016 Jagger snd Jumbe

2017 Gebreegaiabher
Van der Kroon et
2014 al.

2015 Bensch and Peters

2018 Modombi ef al.

2015 Bensch et al.

ical analysis

Statistical analysis (Chi-
sqaare lest)

Hanary logistic
regression.

Regression analysis

Muhinomial logit
regression analysis
Mishinomial bogistic
regressson and [-lest
Survival analysis and
regression analysis
Descriptive analysis, chi-
square test, Kramer's V
Descriptive stalistics,
correlation and
regression analysis

Regression amalysis
Anova

Regression analysis
multinemial bogit and
mixed logit

Discrete choice and
standard logit model

Logistic regression
Regression analysis and
erdered logit regression
ANOVA and chi-square
test

Carrelatson coefficient
and pasred | test
ANOVA and Tukey's
Honest Significant
Difference

Muhilevel models and
regression analysis

Regressson analysis
Mixed Logic model and
Pearsen comrelation

Regression amalysis

ANOVA, Post-hoc test
and descriptive stalistics.

Regression amalysis and
multinominal logit

Country of study

Kenya
Ethiopia
Sudan

Ghana

Malawi

Ethsopia

Tanzania

Rwands

Uganda
Uganda
Uganda

Tanzania

Ethiopia

Ethiopia
Kenya

Kenya

Kenya

Malawi

Ethiopia
Kenya

Senegal

Mosmmbigue

Burkina Faso

L1 Financial 12 Financial 1.3 Fmancal
barrier: High barriers: Price barmer: Low
alternative fuel of stove ncome
price
NS
NS
NS NS
NS
NI Nl
Pl{was
subsidized so
less impuortant)
NS
NS NS
NS
NI
NS NS NS
Nl NI
NS

1. Check all boxes of barriers identified for ICS adoption

I 110 T

L4 Knowledge 1.5 Market 1.6 Cultural 1.7 Technological 18 Technological 19 T
barrier: Limited  barrier: Limited  Barrier barrier: Low fuel  barrier: Fixed
perceived benefits  chaice Reluctanceto elficiency cooking pot holder Eriendly
switch flel
NS
NS

NS NS NS
NS

NS Ps

NS NS

barrer: Not user

barrier: Longer
cooking time

NS

1111
Technalogcal

barier: Not
flexcble for
multiple uses

NS

112 Technological 1.13

barrier
Unavailability of
(good) firewood

NS

IS for ather
cleaner flscls

Nl

NS

114 Demographic 1.15 Demo-

Technological  barrier: Head of  graphic barrier:

barrier: Requires  houschold i ma
fisel processing
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NS
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Paper Year  Author{sh

A stralegy bo increase adoption of lecally produced, ceramic

woakstoves in rural Kenyan households 2012 Sk etal
Adoption and kitchen performance test of mproved cook stove Ciiznchew and
in the Bale Eco-Region of Ethiopia 201% Tolera

Adoption of biomass improved cookstoves in a patriarchal Muneer and
society: an example from Swdan 2003 Mohamed
Adeption of improved biomass stoves and stovefiel stacking in

the REACCTING imervention study in Northern Ghana 2019 Dickinzon et al.
Adoption of inegrated food-energy systems: improved

coakstoves and pigeon pea in Southern Malawi 2015 Orretal

Clean fueksaving technology adoptson in urban Ethiopia 2013 Beyene and Koch
L= perceplion on adeption of imp | coak a Masawe, Bengeei
case of Kilimanjaro region, T i 2014 and Kweka

Determanants of adoption of mproved bsomass stove in raral

howscholds of Muhazi sector in Bwamagana district 2006 Kanangire etal
Design for Clean Technology Adoption: Integration of Usage

Context, User Behaviour. and Technology Performance in Pakravan and
Diesign 2020 MacCarty
Dhs-aduptson of Houschold Brogas technokogies m Central

Uganda 2017 Lwies et al
Does peer use infly doptiom of efficient coak T

Evidence from a randomized controlled trmal in Uganda 2015 Beltramao et al.
Driving foroes for howseholds' adoption of improved cocking Kulindwa, Lokina
stoves in rurl Tanznia 2018 and Ahlgren

Evaluating the relative strength of produc-specific faclors in
Fuel himg and hoice decassons in Ethsopia. A discrete
choice model of household preferences for clean cooking

alternatives 2021 Takama et al

Facilitators and barriers to improved cookstove adoption: a

wommunily-based cross-seclional study in Northwest Ethiopia 2020 Adane et al.

Factors associated with sustamed use of improved solid fuel
eoakstoves: A case study from Kenya 2017 Tigabu
Factors mfluencing the adoption of bsochar-producing gsifier

wookstoves by households m rural Kenya 2018 Ciitaw et al.
I ing and i i doption rates of cook: ma
humanitarian crisis 2016 Wilson et al

Reducing energy peverty through increasing chasce of Ruels and

stoves in Kenya: Complementing the multiple fuel model 2015 Treiber et al.

Stoves or sugar? Willingness 10 adopt improved coskstoves m.

Matawi 2016 Jagger and Jumbe

Technological innovatson and dispersion: Environmental
benefits and the adoprion of improve biomass cockstoves

Tigray, northem Ethiopis 2017 CGebreegriabher
The impact of the household decisivn enviroament on fiel Van der Kroon et
choive behaviour 2014 al.

The intensive mangin of technology sdoption—E xperimental

evidence on improved cooking stoves in nural Senegal 2015 Bensch and Peters
User joas about the adoption and wse of ethanol fuel and

ik in Maputa, M b 2018 Medombi et al.

Why do households forego high retiurms from technology
adoption” Evidence from improved cooking stoves in Burkina

Faso 2015 Bensch et al.

Statistical analysis

Statistical analysis (Chi-

Country of study

square bt Kenya
Banary logistic

negression. Ethiopia
Regressson analysis Sudan
Muhmomial kil

regnesion analysis Gihana
Buhmomial bogistsc

regressson and 1-lest Malawi
Survival analysis and

regression analysis Ethsopia
Discriptive analysis, chi-

square test, Kramer's V' Tapgania
Descriplve slalisics,

correlatson and

regression analysis Rwands
Regressson analysis Uganda
Ancva Uganda
Regressson analysis Uganda
multinomial bogit and

mixed kogit Tameania
Discrete chosce and

stamalard logit model Ethsapia
Logistsc regressson Ethsopia
Regressson analysis and

ardered logit regression. Kenya
ANOVA and chi-square

best Kenya
Carrelation coefficient

and pamed 1 test Sudan
ANOVA and Tukey's

Honest Signaficant

Difference Kenya
Muhalevel models and

regressson analysis Malawi
Regressson analysis Ethsopia
Mixed Logic model and

Peurson comelation Kesiya
Regressson analysis Senegal
ANOVA, Post-hoc test

sid deseripti tas M k
Regression analysis and
multinominal logn Hurkina Faso

2. Check all boxes for barriers to the sustained use of ICS

2.1 Finaneial 2.2 Cultural 23 Knowledge 2.4 T i 2.5 Technological 2.6 Dk hic 2.7 Market barrser:
barrier: High bamier: Lack of  barrier: Does not barrier: Lack of  barrier: Low stove barrier Iack of access 1o
operational costs ( suitability 10 cook  meet expectations.  spare parts / repair durability Household size  purchase fisel
fued staple drshes options
Ml M1 Ml
NS
NS NS o | Ps
NS
NS
NI
Ml
Ml Ml
L
Ml
Ml Ml M1 11

NS for LPG and
PS fior biomass

142



A stralegy to increase adoption of locally produced, ceramic
cockstoves in rural Kenyan houscholds

Aduption and kitchen perfirmance test of moproved cook stve
i the Bale Eco-Regghon of Ethiopia

Adoption of biamass improved cookstoves in a patrianchal
saciety: an example from Swdan

Adeption of improved biomass stoves and stove/fuel stacking in
the REACCTING intervention study in Noethern Ghana
Adoption of integrated food-energy systems: improved
cockstoves andl pigean pea in Southern Malawi

Clean fucksaving technology adoptson in urban Ethiopia
Comsumers” perception an adoption of improved cookstoves:
case of Kilimanjaro region, Tanzania

Determmants of adoption of mproved bomass stove in rural
househalds of Muhazi sector in Bwamagana district

Design for Clean Technology Adoption: Integration of Usage
‘Context, User Behavaour, and Technology Perft in
Design

Des-adoptson of Household Bsogas technologies m Central
Uganda

Does peer use influence adoption of efficient cookstoves”
Evidence from a randomized controlled trial in Uganda
Drriving fiorces for households' adoption of improved cooking
stoves in rural Tanzania

Evaluating the relative strength of produd-specific factors in

fuel switching and choice deczsions in Ethsopia. A discrete
P el of housshold p for ck king
alternatives

Facilitaiors and barriers to improved cookstove adoption: a
community-hased cross-sectional study in Northwest Ethiopaa
Factors wated with mied use of imp d solid fuel
eoakstoves: A case study from Kenya

Factors miluencang the adoption of bsochar-producing gsafier
oockstoves by households i rural Kenya

Meastring and increasing adoption rates of cookstoves in 3
humanitarian crisis

Reducing energy poverty through increasing chosce of fuels and
stoves in Kenya: Complementing the multiple fuel model
Stovies ar sugar? Willingness 1o adopt improved cookstoves m
Malawi

Technological innovatson and despersion: Environmental
benefits and the adoption of improved biomass cockstoves in
Tagray, northern Ethiopa

The impact of the bousehold deczion envarcnment oo fael
choice behavioar

The intensive margin of lechnology adopton—Experimental
evidence on improved cooking stoves in rural Senegal

User perceptions about the adoption and use of ethanol fuel and
; i bt Meszarmk

Why do households forego hagh returms from technology

adoption? Exsdence from improved cocking stoves in Burkina

Faso

Year  Author(s)

2012 Silk etal
Gizachew and
2018 Tolera
Muneer and
2005 Mohamed
2019 Dickinson et al.
2015 O et al.
2013 Beyene and Koch

Masawe, Bengesi
2014 and Kweka

2016 Kanangire et al.

Pakravan and
2020 MacCarty

2017 Lwres et al.
2015 Beltrame et al.

Kulindwa, Lokina
2018 and Ahlgren

2021 Takama et al.

2020 Adane et al.
2017 Tigabu
2018 CGiitaw et al.

2016 Wilsen et al.

2015 Treiber et al.

2016 Jagger and Jumbe

2017 Gehresgriabher
Van der Kroon et
2014 al

2015 Bensch and Peters

201% Modaombi et al.

2015 Bensch et al.

Stalistical analysis

Statistical analysis (Chi-
square Lest)
Bamary logistic

regresswn,
Regression analysis

Mulimomial kgl
regression analysis
Mubtmomial logistic
regression and t-test
Survival analysis and
regression analysis
Diseriptive analysis, chi-
square test, Kramer's V'
Diseriplove stalisiscs,
carrelatzon and
regression analysis

Regression analysis
Anova

Eogrossion sushysia
emultinamsial bagit and
maxed bogil

Discrete chosoe and
standard logit model

Logistic regressson
Regression analysis and
ardered logil regression.
ANOVY A and chi-sguare
test

Carrelatson coefficient
and pamred 1 Lest
ANOVA and Tukey's
Honest Significant
Difference

Mubilevel models and
regression analysis

Regression analysis
Maxed Logic muodel and
Pearson correlation

Regression analysis

ANOVA, Post-hoc lest
and descriptive stalistics

Regression analysis and
multincminal logs

Country of study

Ethiopia

Sudan

Rwanda

Uganda

Uganda

Uganda

Tanzania

Ethiopia

Ethsapia

Kenya

Sudan

Kenya

Malawi

Ethwpia
Kenya

Senegal

Maozambigue

Burkina Fazo

3. Check all the boxes that identify enabling factors to household adoption

3.1 Fimancial
enabler: High

income *

32 Financial 3.3 Financial
enabler: Wealth  emabler: Already

jnssets * purchase fuel

s

NS {cause they
need it more)

NS

Ps

Ps

Ps

Ps Ps

Ps

Ps

Ps

3.4 Fmancasl 3.5 Market
enabler: moncased enabler Offer

stove affordability  more chosce i ICS access 1o stoves /

(subsidy | finance / fuel
mechanisms)

Pl

Pl

[ s

s

Pl

3.6 Market
enabler: Increased emabler:

Fuel in market

Pl

Ps

Ps

Pl

Pl

s

17: Knowledge 38 Koowledge 3.9 Culural

enabler: Aware of enabler: Fils

3010 Culewrsl
enabler: Time

Awareness mising  environmental traditional cockmg  spent caollecting
and stove mmpacis | benefits  practices fivel
demonstmalions of reduced fuel COnveninoe
use
rs
rs
rs rs
s rs
rs rs
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" P Ps
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3. Check all the boxes that identify enabling factors to

Paper Year  Author{s) St tistical analysis Country of study 311 Culural 3.12 Culral 3,13 Technologeeal 3.14 ENE 3.16 Technologsal 3.17 Socioeconomae 3,18 Sccn- 3.19 Socic- 320 Seci- 321 Socie-
enabler: Higher  enabler: Distance  enabler: High fudd  Technological — Technological — emabler: Perceived  emabler: Having a economic enabler:  economic enabler:  economic enabler:  economic enabler:
fuel wood 1o firewood efficiency / fuel  enabler: Reduced emabler: Reduced significant benefits. separate kitchen( Femak headed  Ageof womanm Women decision-  Education level
comnsumption callection savings cooking time smuke af stove houscholds HH making power  HH

A strategy W increase adoption of locally produced, ceramic Statistical analysis (Chi-

woakstoves in rural Kenyan houscholds 2012 Silk et al sguare lest) Kenya rs Ps

Adoption and kitchen performance test of mproved cock stove Gizachew and Banary logistic

in the Bale Eco-Region of Ethiopia 2018 Tolera regression. Ethiapia s rs rs

Adoption of biomass mmproved cookstoves in a patriarchal Muneer and

society: an example from Sudan 2003 Mohamed Regressson analysis Sudan Ps NS s

Adoption of improved bivemass stoves and stovefisel stscking in M Mol bogit

thee REACCTING intervention study in Northem Ghana 2019 Dickinson et al.  regression analysis Gihana

Adoption of integrated food-energy systems: improved Multmarmial bogistie

coakstoves and pigeon pea in Southern Malawi 2015 Owr et al. regressson and 1-lest Malywi Pl NI ] Pl Ps s NS

Survval analysis and

Clean fuek-saving technology adoption in urban Ethiopia 2013 Beyeneand Koch  regression analysis Ethiopia s rs

Consumers’ perception on adoption of improved cookstoves: a Masawe, Bengesi  Deseriptive analysis, chi-

wave of Kilmanjaro region, Tancania 2014 and Kweka square test, Kramer's V' Tapzania rs Ps rs

Deseriptave stalistics,

Determmnants of adoption of miproved biomass stove in rural carrelatzon and

howscholds of Muhazi sector in Rwamagana district 2016 Kanangireetal  regression analysis Ruands P ps rs

Design for Clean Technology Adoption: Integration of Usage

Context, User Behav and Technology Perfi n Pakravan and

Design 2020 MacCarty Riegressson analysis Uganda rs rs

Dis-addoptson of Household Haogas technologies m Central

Uganda 2017 Lwizs et al. Anava Uganda

Does peer use influence adoption. of elficient cookstoves?

Evidence from a randemized controlled trial in Ugands 2015 Belramo etal.  Regressaon analysis Uganda

Drivng forces for howseholds' adoption of improved coakang Kulindwa. Lokina  mulinomial logit and

stoves in rural Tanzania 2018 and Aklgren maxed bogit Tanzania s rs Ps NI

Evalastios the relatl i ef predieapecifc facisms n

fuel switchg and stove choice decisions in Ethsopia. A discrete

hoi del of b hold p fiar ck king Discrete chosce and

alternatives 2021 Takama et al. standard logit model Ethsopia

Facilitators and barriers to improved cookstove adoption: a

community-based cross-sectional study in Northwest Ethiopsa 2020 Adane et al. Logistic negressson Ethsopia Ps s M Ps rs Ps rs

Factors associated with sustamed use of improved solid foel Reegression analysis and

coakstoves: A case study from Kenya 2017 Tigabu ordered logit regressicn Kenya Nl

Factors miluencmg the adoption of biochar-producing gasifier ANOV A and chi-sguare

woakstoves by households m rural Kenya 2018 Gitaw el al. Rest Kenya Pl

Mezsuring and increasing adoption rates of cookstoves in 3 Carrelation coefficient

humanstarian crisis 2016 Wilsan et al. and pamred © et Sudan

ANOVA and Tukey's

Reducing energy poverly through increasing chose of fueks and Homest Significant

stoves in Kenya: Complementing the multiple fuel model 2015 Treiber et al. Difference Kenya #l

Stoves ar sugar? Willingness 1o adopt improved cookstoves m Mubhalevel models and

Malawa 2016 Jagger and Jumbe  regression analysis Malwi 7] Ps Pl Pl

Technological inncvation and dispersion: Environmental
benefits and the adoption of improved biomass cookstoves in

Tagray, northern Ethiopsa 2017 Gebrosgaiabher  Regression analysis Ethiopia s Ps

The impact of the household decsaon envircament on fael Van der Kroon et Mixed Logic model and

choice behaviour 2014 al. Pearson comrelation Kenya Ps rs

The imtemsive margin of technology adoption-Experimental

evidence on improved cooking stoves in rural Senegal 2015 Bensch and Peters  Regressson analysis Senegal

User perceptions shout the adoption and wse of ethano] fuel and ANOV A, Post-hoc test

coakstoves in Maputo, Moeambigae 2018 Modaombi et al. and deseripti istics M, b Pl

Why do households forego high retirns. from technology

adoption? Evidence from improved cooking stoves in Burkina Regression analysis and

Faso 2015 Bensch et al. mialtinaminal logi Burkina Faso Ps
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A strategy bo increase adoption of locally produced, ceramic
woakstoves in rural Kenyan houscholds

Adeption and kitchen performance test of mproved cock stove
in the Balke Eco-Region of Ethiopia

Adoption of biomass smproved cockstoves n  patriarchal
society: an examle from Sudan

Adoption of improved biomass stoves and stovefuel stacking in
the REACCTING intervention study in Northern Ghana
Adoption of integrated food-energy systems: improved
cockstoves and pigean pea in Southern Malawi

Clean fueksaving technology adoption in urban Ethiopia
Comsumers’ perception on adoption of improved cookstoves:
case of Kalamanjuro region, Tanzania

Determmants of adoption of mproved biomass stove in raral
houscholds of Muhazi sector in Rwamagana district

Diesign for Clean Technology Adoption: Integration of Usage
Context, User Behavx and Technology Perft n
Design

Dusadoption of Howsehold Hrogas technologies m Central
Uganda

Does peer use influence adoption of efficient cockstoves?
Evidence from a randomized controlled trial in Ugands
Eriving foroes for howseholds’ adoption of improved cooking
stoves in rural Tanzania

Evaluating the relati th of product-specific Esctars in
Fuel switchmg and stove choice decssons in Ethsopia. A discrete
o Sl of householed preferences far ch king
alternatives

Facilitators and barriers bo improved cookstove adoption: a
community-based cross-sectsonal study in Northwest Ethiopia
Factors aated with med use of & d solid fuel
wookstoves: A case study from Kemya

Factors mBuencimg the adoption of hiochar-producing gasifier
cockstoves by households in rural Kenya

Measuring and increasing adoption rales of cockstoves ma
humanstarian erisis

Reducing enerzy poverty through increasing chasce of fueks and
stoves in Kenya: Conplementing the multiple fuel model
Stoves or sugar? Willingoess 1o adopt improved cookstoves m
Malkaw
o and d 1
benefits and the adoptian of improved hicenass cookstoves in
Tigray, nocthern Ethipia
The impact of the household decision environment on fael
choice behaviour
The intensive margin of technology adoption-Experimental
evidence on improved coaking stoves in rural Senegal

User perceptions about the adoption and wse of ethanol fuel and
weoakstoves in Maputo, Mozsmbigue

Why do househohds forego high retims. from technology
adoption” Exidence from improved cooking stoves in Burkina
Fasa

Year  Author(s)

2012 Silk et al
Gzachew and
2018 Tolera
Munser and
2003 Mohamed
2019 Dickinson et al.
2015 Orr et al.
2013 Beyene and Koch
Masawe, Bengesi
2014 and Kweka

2016 Kanangire et al.

Pakravan and
2020 MacCarty

2017 Lweza et al.
2015 Beltramo et al.

Kulindwa, Lokina
2018 and Ahlgren

2021 Takama et al.

2020 Adane et al.
2017 Tigabu
2018 Gitau et al

2016 Wilson etal.

2015 Treiber et al.

2016 Jagger and Jumbe

2017 Gebraegriabber
Van der Kroon et
2014 al.

2015 Bensch and Peters

2018 Modombi et al.

2015 Bensch et al.

Statistical analysis

Statistical analysis (Chi-
square lest)
Hanary logistic

regression.
Regression analysis

Muhinomial bogit
regression analysis
Mubtimomial bogistic
regression and 1-test
Survival analysis and
regression analysis
Dieseriptive analysis, chi-
square lest, Kramer's V'
Dieseriptive stabistscs,
carrelation and
regression analysis

Regression analysis
Anava

Regression analysis
multmomial logit and
muxed lagit

Diiscoste cluice: ad
stamslard logit model

Logistic regression
Regression analysis and
ardered logi regression
ANOV A and chi-sguare
Rest

Carrelation coefficient
and pamed © lest
ANOVA and Tukey's
Honest Signaficant
Difference

Muhilevel models and
regression analysis

Regression analysis
Mixed Logic model and
Pearson correlation

Regression analysis

ANOVA, Post-hoc test
and descriplive stalisiics

Regression suslysis and
R ———

Country of study

Ethsopia

Sudan

Cihana

Malawi

Ethsopia

Tanzania

Rvands

Uganda

Uganda

Uganda

Tanzania

Ethiopia

Ethiopia

Kenya

Sudan

Kenya

Malawi

Ethsopia
Kenya

Senegal

Mazambaque

Burkina Faso

4. Check all boxes for enabling factors for sustained use of ICS

4.1 Fimancial 4.2 Culursl

4.5 Tech

.32 Knowledge 4.4 Kr
enabler: enabler: enabler:

Affordable fuel Sustablity 1o cook  Awareness raising  expectations

staple dishes and follow-up
1]
Ps
Ps
Ps
Ps Ps
s
Pl
7]

*classified under financial enabler given the context how more wealth/income removes financial barriers

enabler: Meets

enabler: Steve

4.6 Technali
enabler: High

quality / durability performance

Fl

Fs

benefits

Pl

3]

4.7 Technological - 4.7 Market
ensbler: Easyto  enabler: Repair,

use |/ no fuel mainlenance and

reloading sules access
Pl
Ps
Ps
i}
7]
Fl
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Appendix C

Complete list of items per category extracted during the key-informant interview transcript

analysis.
Count % Codes Cases % Cases
& Adoption barrier HH
&b Fnancial AB
® Lack of affordablity 2 1.8% 13 76.5%
@ Additional cost compared to free firewood fuel 19 1.5% 9 52.9%
@ Lack of subsdy 5 0.4% 5 28.4%
@ High fuel costs 6 0.5% 5 29.5%
@ Lack of financal benefit compared to investment required 10 0.8% 6 35.3%
® Can only afford fuel for certan tasks 3 0.2% 2 11.8%
© Time to collect fuel is more available than money 4 0.3% 4 23.5%
& Technology AB
@ Fails to meet HH cooling needsfpractices 39 3.2% 15 88.2%
@ Marginal benefits 22 1.8% 11 64.7%
@ Requires additional work 20 L6% 8 47.1%
@ Poor usability 10 0.8% 6 35.3%
@ Loss of traditional cooking benefits 8 0.6% 5 29.4%
@ Inablity to replace all aspects of traditional cooking method 27 2.2% 13 76.5%
@ Previous bad experience with ICS 2 0.2% 1 5.9%
@ Does not fit context 8 0.6% 7 41.2%
& Information AB
® Not aware of technology S 0.4% 3 17.6%
@ Do not know how to use stove 4 0.3% 3 17.6%
@ Not aware that current cooking technology i a problem / no desire to switch S 0.4% 5 29.4%
© Limited understanding of benefits 8 0.6% 6 35.3%
® Poor communications and expectation management 6 0.5% 3 17.6%
& Social AB
@ Attached to traditional cooking methods 2 0.2% 2 11.8%
@ Does not match cultural cooking practices E) 0.7% 8 37.1%
® Lack of trust 3 0.2% 2 11.83%
@ Lack off, or slow sodal acceptance 4 0.3% 3 17.6%
@ Do not like the taste 3 0.2% 3 17.6%
@ Purchase decision made by men while women cook 4 0.3% 2 11.8%
@ Reluctance to switch fuel 1 0.1% 1 5.9%
& Market AB
@ Lack of HH access 6 0.5% 4 23.5%
@ Limited or low quality options avaiable for H4 3 0.5% 6 35.3%
@ Limited focus on fuel versus stove 11 0.9% 5 29.4%
@ Lack of market-based approach 4 0.3% 3 17.6%
@ Lack of sustainabiity i products 1 0.1% 1 5.9%
@ Limited manufacturer fiexbility to change design 1 0.1% 1 5.9%
@ Supply chan issues S 0.4% 5 29.4%
& Motivation AB
@ Comfortable with current way of cooking / no incentive 10 0.8% 6 35.3%
@ No fuel challenges S 0.4% 4 23.5%
® No demand - outside push 3 0.2% 3 17.6%
@ Benefits of switch are not a priority 4 0.3% 3 17.6%
& Programme AB
@ Funding challenges 9 0.7% 5 29.4%
@ Incorrect targeting 2% 21% 9 52.9%
@ Lack of local context and assessment 20 1.6% 10 58.8%
@ Lack of ariteria for stove selection 3 0.2% 3 17.6%
@ Lack of standards for ICS 4 0.3% 4 23.5%
@ Lack of expertise among programme designers 3 0.2% 2 11.8%
@ Lack of documentation of falures because of reputational risk 1 0.1% 1 5.9%
@ Lack of folow-up and feedback 9 0.7% 6 35.3%
@ Disonnect between donorr objectives and need 5 0.4% - 23.5%
& Polcy AB
@ Lack of Government support or nterest 15 1.2% o 52.9%
@ Lack of urgency - focus on different energy issues 5 0.4% 3 17.6%
@ Lack of supportive enabing polcy 18 1.5% 9 52.9%
@ Lack of tax Incentives and subsidies 5 0.4% 3 17.6%
@ Policy driven by lobby groups with other interests 2 0.2% 2 11.8%



&b Sustained use barrier HH
& Fnancal SB
@ High operational costs
@ Expensive solutions lead to theft
@ Finandial constraints to replace stove
@ Lack of warranty provided
@ Free distrbution limits percerved value
& Technology SU
® Poor usability from HH perspective
@ No perceived benefits
9 No maintenance or repar options
@ Lack of durabiity
@ Lack of training
@ Lack of quality
@ Poor trade-off between usabiity and efficiency
& Market SU
@ No sustainabilty in stove models
@ Risks with finandng mechanisms
® Foaus on sales not long-term use
@ Linking development actors with private sector
@ No sustainable fuel supply
& Programme SU
@ Lack of long-term vision
@ Short-term funding
@ Lack of scale
@ Lack of accountabilty development sector
@ Lack of monitoring and folow-up
&% Polcy SU
@ Lack of subsidy to sustain fuel use

@ Lack of enabling polices speafically for cooking energy

@ Lack of Government support
&b Enabling factor Adoption HH
& Affordabiity EA
@ Financing mechanisms
® Availabiity of low priced stoves
@ Warranty provision
@ Competitive or cheaper than other fusls
&b Aopropriate technology EA
@ Service for maintenance and repair

@ Fits local households needs and cooking practices

@ Upgraded fud solutions

@ Uiser frendly technology

@ Locally made stoves or local presence

© Demonstratable immediate benefits
&b Knowlegde EA

@ User training

@ Marketing and communications to create demand

©® OQutline benefits and set dear expactations
@ Behaviour change campaigns
@ Estabish trust
&b Market access EA
@ Market driven approach

@ Non market based approach for last mée beneficanes

@ Choice in stove solutions and fuels

® Supply chan improvement
& Motivation EA

@ Limited firewood avallable / high fuel prices
& Programme EA

@ Gender considerations in targeting

@ Improved feedback from lessons learned

@ Long-term funding

@ Improved targeting

@ Nevelopment context specific solutions and selection criteria

& Polcy EA
@ Stove and fuel subsidy and 1ax incentives
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o Enabing factor sustained use HH
& Affordabiity ES
@ Income generation through ICS livelhood development
@ Subsidize stove and fuels
@ Finandng mechanisms to replace stove
© Warranty provided
&b Folow-up ES
@ Repair and maintenance access
® Monitoring and programme / design feedback
& Technology mix ES
@ Support stacking

® Emphasis should be placed on context specific stove and fuel selection

@ Train the user how to use the stove

@ Adress loss of additional benefits from traditional cooking such as heating and lightning
@ Focus on stove development for most cooking intensive practices

& Technology functions
@ Simple n use requiring litte training
@ Requires imited maintenance
@ Qualty stove
@ Long Ifespan
&b User reward €S
© Meet expectations of stove/ fuel
@ Experience value over time
& Market sustainabiity ES
@ Link with carbon credits
© Market based approach where economically viable
@ Focus on sustanability in supply chain
@ Distribution for very low on non income households
&% Programme ES
@ Long-term vision and planning
@ Improve understanding of local context
® Improved community consultations and stove selection criteria
® Support manufacturers with supply chain development
@ Foaus on local production where possble
@ Funding to researched programmes and not just nnovation
@ Linking ICS with sustainable natural resource management
& Policy support ES
© Policy alignment
@ Fuel and stove subsidy
@ Government support and decsion on cooking energy use fuels
® Tax ncentives and private sector support

BA = Barrier Adoption
BS = Barrier Sustained use
EA = Enabler Adoption

SA = Enabler Sustained use
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Appendix D

Complete results from the expert survey analysis per question.

Q1  lunderstand that there is no benefit to me by participating and no penalty to me for declining
to participate in this survey. By taking this survey | acknowledge that my answers can be used

anonymously for the purpose of the research project.

Choice Totals
. Yes 30
No 0

Q2 What is the main used cooking method among rural households in the lowlands of Lesotho to

prepare meals? (Please select the most predominantly used method)

Choice Totals
. Three stone open fire (firewood) 12
Traditional cookstove (biomass/ firewood) 10
Charcoal stove 0
Improved cookstove using biomass 0
LPG stove 4
. Electric cookstove 1
. I do not know 0
3
. Other, please specify

Q3 What is the primary source of energy for cooking and heating among rural households in the

lowlands of Lesotho? (select the most common source of fuel)
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Choice Totals

. Firewood 17
Other forms of Biomass (grass, agricultural waste) 5
Biomass briquettes 0
Charcoal 0
Animal Dung 2
. LPG 1
. Electricity 3
. Kerosene 1
. | do not know 0
Other, please specify 1

Q4 How do the majority of households in the rural lowlands obtain their fuel? [Select all that

apply]
Choice Totals
. Purchase at market 5
Purchase from individual firewood sellers 10
Connection via electricity grid 2
Collect for free 23
Barter fuel for other items 3
. Provided for free by government 1
. Provided for free by Humanitarian agency 0
. | do not know 0
. Other, please specify 1

Q5 What do you perceive as the biggest wood fuel challenges in the rural lowlands of Lesotho,

for those dependent on firewood? [Select all that apply]
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Choice Totals

. Insufficient wood fuel 29
Localized environmental degradation 22
Low quality of wood fuel 2
Health concerns due to emissions 10
High cost of wood fuel 6

. I do not know 0

. Other, please specify 3

Q6 Please rate the level of adoption and sustained use of stoves for rural households in Lesotho

on a scale from very low (1) to very high (5).

Choice Score Average
. Initial adoption of improved biomass cookstoves 68 2.27
Sustained use of improved biomass cookstoves 72 2.4

Adoption of cleaner cookstoves (e.g., Electricity, LPG,

85 2.83
ethanol)
Sustained use of cleaner cookstoves (e.g., Electricity, LPG,

79 2.63
ethanol)

Q7 Which of the following statements are key barriers that hinder the adoption of improved

cookstoves (ICS) in rural households in the lowlands of Lesotho? Please rate each statement from

‘strongly disagree’ to ‘strongly agree’.
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Choice

. High initial purchasing costs
High fuel costs (in case of non-bio-mass stove)
Additional costs if it includes a fuel switch away from
firewood/biomass that can be collected for free
No interest to switch fuels
Lack of financing mechanisms to purchase stove

. Limited knowledge/awareness of ICS

. Stoves not available on markets
No incentive to change (no problems with current cooking
methods)

. Not convenient in use
Limited benefits of stove (little savings, does not make it
worth the investment)

. People prefer traditional cooking methods
Loss of additional benefits of traditional cooking (heating,
lighting, insect deterrent)

Low quality of stoves available

Score

123

110

93

80

120

97

93

84

71

66

93

91

65

Average
4.1

3.67

3.1

2.67

3.23

3.1

2.8

2.37

2.2

3.1

3.03

2.17

Q8 Which of the following factor are key barriers that hinder the sustained use of ICS in rural

households after initial adoption? Please rate each statement from 'strongly disagree' to 'strongly

agree'.

Choice
. High fuel costs (in case of non-biomass stove)
No repair or maintenance options

Lack of training on ICS use

Score

108

98

92

Average
3.6
3.27

3.07
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Choice
Not convenient in use

Does not fit cultural cooking practices

. Lack of stove warranty

. Lack of sustainability in stove/fuel access in markets
. Poor quality stoves

. Does not provide sufficient benefits

Does not meet expectations of fuel savings

Score

74

84

64

71

71

73

69

Average
2.47

2.8

2.13
2.37
2.37
2.43

2.3

Q9 Which are enabling factors that can help adoption of ICS for rural households in Lesotho?

(Please check the box ranging from strongly disagree to strongly agree)

Choice
. Stove should be user friendly / simple to use
Stove should not require extra work
Stove should be able to cook the majority of local dishes
Stove should not use biomass

Stoves should be more available in local markets

. Stoves should be locally produced

. Stove should be subsidized

. Fuel should be subsidized (in case of non-biomass stove)

. Marketing/communications campaign about stove benefits

Provide user training for stoves

Stove should demonstrate substantial and immediate benefits
(fuel savings, cooking time savings)

Access to household financing mechanisms to purchase

stoves/fuel

Score

140

129

136

76

128

126

119

115

123

127

134

132

Average
4.67

4.3

453
2.53
4.27

4.2

3.97
3.83

4.1

4.23

4.47

4.4
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Choice Score Average
High quality stoves 133 4.43

Affordable lower quality stoves 97 3.23

Q10  Which are enabling factors that can help the sustained use of ICS for rural households in

Lesotho? (Please check the box ranging from strongly disagree to strongly agree)

Choice Score Average
. Stove and fuel subsidies 122 4.07
Access to repair and maintenance for stove 131 4.37

Addressing losses of traditional cooking benefits

120 4
simultaneously (such as loss of heating, lightning)
Improved context specific stove and fuel selection (meets

121 4.03
local cooking practices)
Improved expectation management of stove benefits 116 3.87

Improved monitoring and follow-up to be able to change

. 128 4.27
stove design based on customer feedback
Sustainability in stove and fuel supply chain (continued

. 125 4.17
market access)
Support the concept of stove and fuel stacking (clarifying that

. one stove/fuel might not meet all HH needs but improve parts 118 3.93

of cooking and reduce fuel needs)

. More choice on market for different stoves 121 4.03

Q11  Please share any barriers or enabling factors for the initial adoption or sustained use of

improved cookstoves for rural households in the lowlands of Lesotho that you would like to add.
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Date Response

November 26,
2020

None.

November 26,

Fear of change
2020

November 25, ) ) ) ]
absence of a well-defined delivery and financing models for ICS

2020
November 25,
None
2020
November 25, Lack of finances is the main factor. However, adopting new changes also
2020 poses a lot of challenges, many people are resistant to changes.

Q12  Thank you kindly for participating in this survey. Your contributions are very valuable for this

research. Please feel free to reach out to me with any questions via

or leave any comments or additional information you would like to share below.

Date Comment (optional)
November )
I highly love the study.
26,
N 0 For Cooking stoves and method of cooking I felt we should have provided for
ovember
- multiple answers for instance 88.6% of rural house use cowling and 84.2% use
’ firewood. | felt | did not do justice to the question by just choosing one option.
N b I have done my own research over the past years and will have another survey
ovember
’3 with German students end of 2021. | want to have access to your report and
’ comment /review. if possible. my email is [ Gczcz_EINE
November . .
20 Such a great survey! Great questions. Nothing to add.
November You are welcome and good luck with the survey and your studies
18,
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