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Abstract: A lack of access to clean energy and use of traditional cooking systems have severe negative
effects on health, especially among women and children, and on the environment. Despite increasing
attention toward this topic, few studies have explored the factors influencing consumers’ adoption of
improved cooking stoves (ICS). This systematic literature review (n = 81) aims to identify the main
drivers and barriers to clean cooking from a consumer perspective. In addition, it aims to define
how consumers perceive ICS with respect to traditional stoves. Thematic analysis revealed seven
factors that may act as drivers or barriers to ICS adoption: economic factors; socio-demographics;
fuel availability; attitude toward technology; awareness of the risks of traditional cookstoves and
the benefits of ICS; location; and social and cultural influences. Perceptions focused on four topics:
convenience and uses, aesthetics, health-related impacts, and environmental impacts. This review
contributes to understanding of consumer behavior with regards to ICS. The findings suggest
that availability and affordability of technology are not enough to enhance ICS adoption. Rather,
policy makers and managers should approach customers with a less technical and a more personalized
approach that takes due consideration of a local context and its social and cultural dynamics.

Keywords: clean cooking; energy poverty; consumer behavior; purchase intention; improved cooking
stoves; health; environment; sustainability; social norms; culture

1. Introduction

Almost three billion people in the world lack access to energy infrastructure and use biomass solid
fuels such as wood, charcoal, crop residues or dung for cooking [1]. Besides being highly inefficient,
these traditional, open-fire cooking methods produce toxic particulates that cause household air
pollution and contribute to around 4 million premature deaths per year [2], especially among women
and children [3]. In fact, because of social and cultural norms, in certain countries women spend
most of their time in the home with children, so these two groups are more liable than men to
breathe in the unhealthy smoke [4]. Severe impacts on health are not the only effects of the use of
traditional cookstoves. For example, the emissions produced by the combustion of solid fuels also
have a negative impact on the environment and contribute to global climate change, and intense use of
firewood for cooking purposes substantially increases deforestation [5]. This situation is not evenly
distributed across the world. Rather, energy poverty, described by Bonan et al. (2017) (p. 492) as the
“lack, scarcity or difficulty in accessing modern energy services by households,” in particular affects
rural areas in developing countries in Africa, Asia, and South America [6]. For its high social and
environmental implications, clean cooking thus represents a central issue attracting increasing interest
from scholars, public institutions, firms, and organizations.
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In recent decades, global institutions, international development agencies, local governments
and the private sector have worked to promote the diffusion and adoption of cleaner cooking
solutions [7]. Since access to energy infrastructure and modern cooking alternatives is still limited in
several countries, biomass remains the most practical fuel for the near future. Within this scenario,
improved cookstoves (ICS) could represent an intermediate step on the energy ladder toward cleaner
and more sustainable solutions [8]. Improved cookstoves or improved cooking stoves are devices
that burn biomass, but are designed “to maximize thermal and fuel efficiency, operate safely and
minimize emissions harmful to human health” [5] (p. 626), thus improving the sustainability of
cooking processes. The term ‘improved cookstove’ refers to a range of different cooking technologies
that may have different degrees of performance and cost [9]. The design of cookstoves also varies
according to location and the type of fuel available: for example some ICS are designed to burn
only one type of fuel, while others can burn a variety of fuels [5]. Despite several ICS programs
operating worldwide, the adoption and sustained use of ICS remains low among households [10–12].
An increasing number of scholars has addressed this topic from a variety of perspectives, focusing
for example on stoves’ technical characteristics and performance, on fuel availability or public policy
interventions. Some empirical studies have also explored the factors influencing the adoption of
ICS. However, to increase the diffusion of more sustainable cooking behavior among households
in developing countries, there is a need to improve understanding of consumers’ cooking choices,
in particular with regards to the factors affecting the use of ICS. This study aims to address this
knowledge gap by conducting a systematic literature review about the determinants of ICS adoption
from a consumer behavior perspective. A systematic literature review is a type of secondary data
analysis that represents a transparent and reproducible methodology “that locates existing studies,
selects and evaluates contributions, analyses and synthesizes data, and reports the evidence in such a
way that allows reasonably clean conclusions to be reached” (Denyer and Tranfield, 2009, p. 671) [13].

Some systematic literature reviews on clean cooking from the demand-side perspective have
already been published. For example, Lewis and Pattanayak (2012) analyzed 32 papers to identify the
determinants of fuel and stove choice [14], while Puzzolo et al. (2016) reviewed 44 studies focusing
on the adoption of clean fuels [15]. Recently, Bonan et al. (2017) conducted a review to identity the
barriers to and drivers of the adoption of different types of clean fuels and their impact on economic
development and poverty reduction; however they did not adopt a systematic approach [6]. Despite the
importance of these contributions, there is a need to provide a more comprehensive analysis of the
factors affecting the adoption of ICS and the distinctive traits of ICS versus traditional stoves from
a consumer perspective. Specifically, by adopting a systematic approach, this study addresses the
following research questions:

(1) What are the drivers and barriers that influence consumers’ adoption of ICS?
(2) How do consumers perceive ICS in comparison with traditional cooking stoves?

The findings of this review will contribute to systematizing knowledge about consumer behavior
in this specific context and have practical managerial and policy implications for supporting the
adoption of more sustainable cooking behaviors. The remainder of the paper is organized as follows.
First, Section 2 describes the methodology employed in the study, explaining how the materials were
collected, selected and analyzed. Section 3 then presents the descriptive results of the analysis and the
main themes that emerge from the literature review. Section 4 provides discussion and implications,
while Section 5 presents the limitations of the study and proposes future research directions.

2. Methodology

In the context of sustainability studies, the systematic literature review approach has been adopted
with regards to various research topics including the circular economy [16,17], logistics service
providers and supply chain management [18,19], sustainable innovation [20,21], and sustainable
consumption [22].
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From a methodological perspective, a systematic literature review involves several steps [13] [16]:

(1) research question formulation and definition establish the focus of the literature review
(as described in Section 1);

(2) location of documents as materials for review (Section 2.1);
(3) article selection and evaluation via the application of selection criteria to identify documents

relevant to the scope of the study (Section 2.2);
(4) analysis and synthesis, which involves evaluation and comparison of the selected articles to make

associations and rearrange “knowledge that is not apparent from reading the individual studies
in isolation” [11] (p. 685) (Section 2.3).

2.1. Locating Studies

Material collection was carried out through Scopus and Web of Science (WoS), which are regarded
among the most comprehensive and authoritative scientific databases [16]. After reading several
publications on the general topic and based on the authors’ experience, three main terms were selected
as search criteria to be employed in both databases:

(1) “clean cooking” OR
(2) “improved cook* stove*” OR
(3) “improved cookstove*.”

In the WoS Core Collection, which includes SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH,
and ESCI, the field chosen to search was “Topic” (covering Title, Author Keywords, Abstract,
Keyword Plus®.), while in Scopus the chosen field was “Title, Author Keywords, Abstract”. For both
databases, the results were limited to document types “Article” and “Review”. As recommended in
the literature, only journal articles were selected, which improves the rigor and quality of a literature
review [23–25]. Finally, only manuscripts written in English were selected as English is generally
considered the international academic language [16]. No chronological restriction was employed.
Overall, WoS returned 340 results and Scopus 386, giving a total of 726 documents.

2.2. Study Selection and Evaluation

Of the total 726 documents, 275 overlapped between the two databases. After deleting duplicates,
the authors screened 451 abstracts to begin material selection. As the focus of this research is
consumer behavior, 335 articles concerning strictly environmental issues (e.g., CO2 emissions),
engineering/technical aspects (e.g., stove or fuel performance), or health-related problems (e.g.,
pre-term delivery among pregnant women) were excluded, thus reducing the data set to 116 documents.
After reading the full text of each article, 35 were excluded because they were not relevant for this
research, which focuses on the drivers and barriers to ICS adoption and on consumers’ perceptions
about clean cooking. The final data set thus consisted of 81 papers (Figure 1).
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Figure 1. Flow diagram.

2.3. Analysis and Synthesis

Following Merli et al. (2018), the full text of articles was analyzed in several steps [16]. First,
the researchers established analytical categories adapted from Siva et al.: year, publication, type of
article, methodology adopted (Table 1) [26]. Second, two of the researchers independently analyzed
and classified each article based on these categories, and later discussed ambiguous cases to avoid
any misinterpretation. Third, thematic analysis was conducted with the support of NVivo 11 Plus to
explore and identify the main drivers and barriers to ICS adoption and the perceptions of consumers
regarding clean cooking options versus traditional cookstoves. Following Orzes et al. (2018), the coding
process employed a deductive–inductive approach; that is, the main categories (i.e., drivers, barriers
and perceptions) were identified a priori by the researchers (deductive approach), whereas the specific
themes within each category emerged during the coding process (inductive approach) [23].
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Table 1. Analytical categories.

Category Description of Category

Year The year in which the article was published
Publication The name of the journal in which the article was published

Type Type of article (empirical paper, literature review or conceptual paper)
Methodology The methodology adopted in the study (qualitative, quantitative or mixed-method)

3. Findings

3.1. Distribution and Evolution of the Topic

Based on the analytical categories previously defined, it is possible to depict how this research
topic has developed in the last decades. Even if the first paper on clean cooking relevant for this review
was published back in 1984 [27], database analysis shows that academic interest on clean cooking has
been growing only since 2012. About two-thirds (72.84%) of the records were published in the last four
years and a half (between January 2014 and May 2018), with a sharp increase of publications since
2016 (Figure 2).
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Figure 2. Distribution of articles over time.

With regard to the distribution of articles across sources, the analysis show that clean cooking
from a consumer behavior perspective has been addressed in a variety of journals belonging to
different subject areas, mainly Energy, Environmental Science, Medicine, Social Sciences, and Economics.
Energy Policy is the journal with the highest number of articles published on this topic, followed by
International Journal of Environmental Research and Public Health and by Energy for Sustainable
Development (Figure 3). Unexpectedly, even though this research topic concerns consumer behavior,
only one article was published in a journal belonging to the business, management and accounting
subject area, specifically to the marketing category.

In terms of article type, the majority of the reviewed papers are empirical studies (80.25%),
followed by literature reviews (14.81%) and conceptual papers (4.94%). From a methodological
perspective, 32.1% of empirical studies adopt a qualitative approach, 51.85% adopt a quantitative
approach, and 16.05% use a mixed-method approach (combining both qualitative and quantitative
methodologies).

As expected, since energy poverty and clean cooking affect in particular developing and emerging
countries, all the reviewed studies address specific cities, regions or countries in Africa, Asia,
Central and South America.
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3.2. Thematic Analysis

3.2.1. Drivers and Barriers to Improved Cooking Stoves (ICS) Adoption

Thematic analysis revealed seven main variables that may affect choice of a cooking system:
economic factors; socio-demographics; fuel availability; attitude toward technology; awareness of
the risks of traditional cooking stoves and the benefits of ICS; location; and social and cultural
influences. The effect of each of these variables on ICS adoption may differ according to context. Thus,
each variable is presented here with an emphasis on its role as a driver or a barrier to ICS depending
on the studies considered in the literature review.

Economic Factors

Economic factors represent a major element influencing ICS adoption. Since energy poverty and
limited clean cooking is largely a concern of developing and emerging countries [28], income seems to
have a major role in consumer behavior. There is general agreement that household income represents
a driver for the adoption of ICS [10,15,28–39]. Higher-income households adopt sustainable cooking
systems more frequently than do lower-income households. A higher level of income influences
the alternative fuels used and offers more possibilities for families to adopt improved cooking
systems [30,33,38,40,41]. For example, Lee (2013) found a direct relationship between income and
non-solid fuel (e.g., electricity) consumption [28]. Low income is, therefore, considered a barrier
because switching to ICS incurs further financial difficulties for households [42].

In addition, the price of ICS has been found to affect the decision to switch to more sustainable
cooking systems [37,43,44]. The price of clean technologies is often a prohibitive factor and a primary
reason for non-adoption. It is generally very high relative to the household’s purchasing power,
especially in lower-income communities [15,43,45–50]. In this regard, a recent study conducted in
rural Tanzania by Kulindwa et al. (2018) found that an increase in the price of ICS reduces its adoption
by 17%, even though the demand for ICS increases when it is supplied on credit [44]. Conversely,
Maré and Annegarn (2017) found that availability of credit is not relevant in influencing purchasing
behavior [51]. Despite some exceptions, it can be argued on the basis of the literature analysis that
financial constraints deriving from low income, limited or no access to credit, high price and low
affordability of ICS represent a barrier to the diffusion of sustainable and efficient cooking stoves,
facilitating the maintenance of the status quo in terms of traditional cooking systems [7,40,42,50,52–54].
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Socio-Demographics

Socio-demographics (e.g., gender, age, education, household composition) have been extensively
explored in studies concerning ICS adoption, and their importance in consumer behavior is widely
recognized. However, there is no general agreement about how these variables affect ICS adoption.
For example, with regards to gender, several studies [47,55–58] emphasize that women are more likely
to use ICS than men, but often they do not have the sufficient authority and economic power within the
household to impose their decision on men [6,8]. Van der Kroon et al. (2014) explain that ICS adoption
is generally more favorable to women because they are the primary users and beneficiaries of cooking
innovations and because, in some societies, the kitchen is considered the domain of women [8].

The role of gender may also vary depending on whether the household is male headed or female
headed. For example, in a study conducted in India by Brooks et al. (2016) the use of ICS was positively
related to female-headed households [29]. Similarly, Mamuye et al. (2018) found that in Ethiopia,
women were more likely to adopt ICS in female-headed households than were married women of
male-headed families [59]. Conversely, Mohapatra and Simon (2017) found a direct negative effect of
female headship on ICS adoption [3].

Education seems to play a major role in increasing modern fuel consumption and at
the same time reducing biomass use [60]. There is general agreement that more highly
educated people tend to adopt ICS more frequently than do less-educated people, both men and
women [3,15,29,30,32,35,37,38,45,47,52,57,61–68]. For example, a recent study by Jan et al. (2017)
demonstrates a significant effect of primary or secondary education level on the adoption of ICS in
Pakistan compared with no education [10]. Exceptionally, Troncoso et al. (2007) found that education
is not a key element of ICS adoption in rural Mexico [61], where women seem likely to become the
early adopters if they have an open mind and not necessarily if they have many years of formal
education. In line with these results, Kulindwa et al. (2018) found no significant effect of education on
ICS adoption in rural Tanzania [44].

With regards to the role of age, different perspectives have emerged among scholars. Some studies
have found that younger individuals are more likely to use sustainable cooking systems than are older
individuals. For example, Muneer and Mohamed (2003) identified a significant negative effect of
a married woman’s age on her household’s innovativeness in terms of ICS adoption [47]. In other
words, the older the woman, the greater her intention to stick to traditional cooking systems. Similarly,
it has been found that the age of the main cook acts as a barrier to the use of sustainable clean
cooking systems. This negative effect of age may be caused by younger persons tending to experiment
more than older persons [41] and the fact that it is more difficult to change long-developed cooking
behaviors [69]. In addition, Mohapatra and Simon (2017) found a significant indirect negative effect of
the male household head’s age on adoption via a reduction in women’s intra-household influence [3].
According to these studies, the younger the individual, the higher their propensity to adopt ICS.
Conversely, other studies maintain that older age may increase ICS adoption. For example, in northern
India, Brooks et al. (2016) found that older and female heads of households are associated with higher
use of ICS than younger and male heads [29]. These findings are corroborated by a recent study
conducted in rural Tanzania [44].

Household composition also emerged as a factor affecting the use of ICS. In particular, household
size (i.e., the number of family members living in the same house) has sometimes been found to
influence the decision on whether to adopt sustainable cooking options. Family size can vary
greatly in developing and emerging countries. For example, Miah et al. (2009) distinguished
between very small (composed of 3–4 individuals), small (5–6 individuals), medium (7–8 individuals),
large (9–10 individuals) and very large households (11–12 individuals) [33]. Some scholars have
found that household size may have a negative effect on ICS adoption because sustainable stoves
are perceived as too small for large families’ cooking needs [4,29,35]. In addition, as explained by
Mohapatra and Simon (2017) “larger households may be more traditional and, hence, less inclined to
adopt modern technologies” [3] (p. 1281). Specifically, in rural India, earlier generations were more
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likely to live together as “joint families” than new generations, who tend to live in smaller independent
households [3]. In addition, in a study conducted among ICS adopters and non-adopters, Pine et al.
(2011) found that the average non-adopter household size was larger and included more children
on average (3.7) than adopter households, which had an average of 3.0 children per household [34].
Recent research conducted by Van der Kroon et al. (2014) also showed that a larger number of adults
means abundant labor available for the fuel collection necessary for traditional stoves, thus reducing
the intention to adopt ICS [8]. Similarly, Jagger and Jumbe (2016) found that willingness to adopt ICS
in Malawi was lower among households with a large labor force for fuel collection [70]. However,
other studies find that larger families are more likely to adopt ICS [31,37,71]. In this regard, Onyeneke
et al. (2017) state that cooking for a large family group usually requires more time and fuelwood,
so large households tend to adopt more efficient cooking technologies than small households [31].
In addition, some scholars suggest that the number of children may represent a driver for the adoption
of ICS [29], while others have found that the decision to adopt ICS is not influenced by household
size [59] or the number of children in the household [3].

Fuel Availability

Some studies suggest that fuel availability plays a key role in ICS adoption [70,72,73]. For example,
the findings of research conducted in Malawi by Jagger and Jumbe (2016) indicate a higher interest
in ICS adoption when households have their own forest resources (and, therefore, are interested in
conserving them) or use a high proportion of crop residues as fuel (probably because of fuelwood
scarcity or lack of access among the lowest-income households) [70]. Conversely, the intention to
adopt ICS decreases when households have free access to free fuelwood (e.g., when located near to a
forest) [59]. Other studies did not find a significant relationship between fuel availability and intention
to adopt ICS [14,74], According to research conducted in rural Mexico, difficult access to firewood is
not a driver of ICS adoption, even though ICS could more than halve the requirement for firewood [74].

Attitude Toward Technology

Technology access is often inadequate in developing countries, especially in rural areas [42,61],
thus reducing the ability to move from traditional cooking methods to more sustainable options.
Sometimes, lack of knowledge about the availability of alternate technologies, rather than lack
of availability of ICS for purchasing in a certain area, represents a barrier to ICS adoption [9,75].
Regardless of the availability of new cooking technologies, several studies on ICS have focused on
technology adoption, showing that consumers’ attitudes toward new technologies and innovation in
general may affect their decision to purchase ICS [39,76]. Specifically, consumers’ resistance toward
new technology is associated with a lower intention to adopt new cooking systems. For example,
Rehman et al. (2012) found that one of the reasons for not switching to new ICS was reluctance to try
an alternative technology [9]. Urmee and Gyamfi (2014) argue that programs aimed at the adoption
of ICS fail when customers are afraid of using new technologies [5]. Similarly, Goswami et al. (2017)
report that trust in a new technology increases the probability of switching to ICS [77]. A positive
attitude toward technology is usually associated with higher social class; for example, an interesting
study conducted in India found that lower social classes are more likely to reject traditional technology
than elites [39].

Awareness of the Risks of Traditional Cooking Stoves and the Benefits of ICS

Awareness of the risks associated with traditional cooking stoves also emerged as a factor
influencing the adoption of more sustainable cooking systems. These risks relate mainly to health and
environmental outcomes. In this regard, Poddar and Chakrabarti, (2016) found that an increase in
awareness about the negative health and environmental impacts of traditional stoves determines the
choice of more sustainable fuels to reduce such a negative effect [66]. Similarly, Jagger and Jumbe (2016)
maintain that awareness of the negative effects on deforestation and forest degradation of biomass
reliance increased the probability of ICS adoption among households in Malawi [70]. The results of
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two studies conducted in India indicate low awareness and knowledge among households of the
health risks associated with traditional cookstoves, and suggest this acts as barrier to the adoption
of liquefied petroleum gas (LPG) stoves [78,79]. Maré and Annegarn (2017) conducted a study in
South Africa about the willingness to pay for ICS and found that safety awareness campaigns could
significantly increase the demand for more efficient and safer stoves [51]. In general, studies agree
that greater awareness of the negative outcomes of traditional cooking may play a positive role in
the decisions of household to adopt ICS [10,70,73,80–82]. Nevertheless, some studies raise concerns
about the significance of the effect of awareness of health risks for the adoption of ICS. For example,
participants in a study conducted in Uganda were aware that ICS produces less smoke, but they did
not consider the related health benefits as an important factor in the decision to buy a new stove [49].
Furthermore, a study conducted in India shows that advertisements emphasizing smoke reduction
and health-related benefits of ICS did not significantly influence purchase decisions, even though they
increased customers’ awareness about the dangers of indoor smoke [64]. Hanna et al. (2016) also found
that households’ willingness to pay for the health improvements derived from a reduction in indoor
air pollution is still low [83].

The benefits derived from cookstove characteristics also influence decisions to adopt ICS.
In particular, health-related benefits of the use of ICS (e.g., reduced smoke) positively affect the
decision to adopt more sustainable cooking systems [43]. In addition, a qualitative study of ICS
purchasers conducted in rural Kenya showed that efficiency in terms of fuel used and time saved,
together with flexibility in the size of cooking pans, influenced the adoption of ICS [43]. Loo et al. (2016)
conducted interviews and focus groups to understand how the characteristics of cookstoves affect ICS
adoption [84]. In general, the findings were that features such as efficiency, ease of use, appearance,
safety and reduced smoke were the reasons why households prefer ICS to the traditional fire [84].
In general, users are more likely to adopt ICS when they achieve economic savings; for example from
reduced fuel collection time and reduced cooking frequency because ICS make it possible to combine
different types of cooking activities [85–87]. Furthermore, Maré and Annegarn (2017) emphasize a
preference for larger stoves (enabling cooking of two dishes simultaneously) [51]. With regard to
barriers to the adoption of new cooking systems, it could be argued that poor design of ICS is a barrier
if considered inappropriate in terms of size and instability [73,81]. In addition, mechanical problems
or the constant need for repairs discourage the use of ICS [72,87]. Finally, for certain types of clean
cooking technologies, such as LPG, households may have some safety concerns that discourage them
from buying ICS, as emerged in a study conducted in Peru [88].

Location: Urban Versus Rural

Location has a significant effect on the type of cooking fuel adopted and differences are particularly
evident between urban and rural areas [89,90]. Households located in rural areas are less interested
in adopting cleaner fuels because of the easier access to alternative biomass sources that are cheaper,
whereas in urban and suburban areas the rate of ICS adoption is considerably higher [14,37,91].
Nguyen (2017) found that in urban areas women are more likely to adopt ICS because they face
the problem of firewood scarcity [92]. Some studies demonstrate that rural location is a barrier to a
household switching to cleaner and more sustainable fuels, which are usually more expensive than
biomass fuels, and for this reason, traditional stoves are still widely used [14,50,66]. For example,
Kapfudzaruwa et al. (2017) conducted a study among consumers in South Africa, Senegal, Mali,
Malawi and Mozambique and found that, in general, rural households are less aware and capable of
affording ICS than are urban consumers [50].

Social and Cultural Influences

Several studies have shown that social and cultural variables affect customers’ decisions about
cooking systems. Urmee and Gyamfi (2014) reviewed ICS programs around the world and highlighted
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that the reason for the failure of many such projects might be that none have considered local culture
and social background in the target areas [5].

With regards to social influences, some scholars have found that decisions around households’
cooking fuel choice are usually directly influenced by the type of cooking fuel used by their
peers [70,91]. For example, in a qualitative study conducted in rural Kenya, Person et al. (2012)
found that interpersonal communication (i.e., word-of-mouth) among women is a primary persuasive
tool to adopt ICS [43]. In addition, Martin et al. (2013) explored motivations for purchase and use
of ICS in peri-urban Uganda and found that respondents were positively influenced by the behavior
of their neighbors who already owned and used an ICS [49]. Similarly, participants of a focus group
conducted in India declared that the behavior of their neighbors and relatives would be most influential
in determining their intention to purchase an ICS [57].

It is not only social influences, but also culture that affects cooking choices [82]. As described by
Tigabu (2017), positive reputation in terms of compatibility with the cooking culture of a community
increases the use of ICS [86]. Cooking practices and taste/dietary preference related to the local
culture are involved in decision making about ICS adoption [4,32,77,88]. In particular, some studies
have found that attachment to the particular taste of food cooked on traditional stoves may act as
a barrier to the adoption of LPG stoves [12,39,61,81], highlighting that it is not possible to prepare
certain traditional dishes with ICS [88]. For example, Goswami et al. (2017) explain that the preference
for a traditionally cooked chapatti (a type of unleavened flatbread) creates a bias against the use of
ICS [77]. Hollada et al. (2017) conducted in-depth interviews in Peru and found that when they have
time, people enjoy collecting fuel and cooking, and these tasks are often considered valued social
opportunities [88].

The findings from Rhodes et al.’s (2014) in-depth interviews in Kenya, Peru and Nepal show
that for women it is important to continue to use traditional stoves to maintain traditional food
preparation practices, which are considered relevant components of cultural identity [81]. In this
regard, Khandelwal et al. (2017) describe the traditional Indian chulha stove as an artifact strictly
connected with history and culture [11]. Nguyen et al. (2017) focused on women in Timor-Leste and
identified cultural barriers to behavioral change that may explain why some households had bought or
been given ICS but were not using them [92]. For example, because of cultural issues, some customers
find it more difficult to be patient, to self-train, and to learn how to use a new cooking technology [92].
In addition, in a recent study conducted in Nigeria, Akintan et al. (2018) highlight that “ethnic-specific”
traditional norms and taboos have a relevant influence on fuel choice and cooking habits [93].

Not all studies identify a significant relationship between local culture and ICS adoption.
For example, Thurber et al. (2014) found little evidence that the attachment to the taste of food
cooked on traditional stoves is a significant barrier to adoption of ICS in India and they argue that
“barriers to change in cooking habits bay be overstated” [64] (p. 148). Similarly in Burkina-Faso,
Bensch et al. (2015) did not find evidence that a clear preference for traditional cooking might be
responsible for the underinvestment in ICS [94].

Wang and Bailis (2015) address socio-cultural changes in India and their effect on ICS adoption [39].
In their study, the findings suggest that lower-caste households seem to be abandoning traditional
stoves more readily than higher-caste households for “aspirational” reasons. Specifically, the authors
argue that the lower castes associate the heavy black smoke of traditional stoves with the religious
stigma of them being ‘impure’. For this reason, they want to “disassociate themselves from practices
that are both literally and symbolically dirty, in favor of practices that are both clean and modern,”
thus “actively repositioning themselves on the social and the energy ‘ladder’” [39] (p. 128,135). Table 2
summarizes the main drivers and barriers identified from the selected papers and the general findings
that emerged for each factor.
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Table 2. Factors influencing improved cooking stoves (ICS) adoption.

Drivers and Barriers References General Findings

(1) Economic factors

• Income [10,14,28,30,33,37,42,44,50,59,64] Households with higher income are more likely to adopt ICS than
lower income households.

• ICS price [7,36,39,43–47,49,50,53,61,72,73,95] The price of ICS can be a barrier because it is relatively very high
compared to the purchasing power of lower income communities.

(2) Socio-demographics

• Gender [3,8,55–58,85]

Women are more likely to use ICS than men, but often they lack the
sufficient authority and economic power within the household to
impose their decision. The purchase of ICS is positively related to
female-headed households.

• Age [3,30,35,41,47,59,69]
Younger individuals are more likely to adopt ICS because
they are more open to new technologies and to changing their
cooking behaviors.

• Education [10,14,15,28,29,35,37,40,59–61,66,68,76] Highly educated people tend to adopt ICS more frequently than do
less educated people.

• Household composition [4,8,15,29,33,34,37,40,65,70,71,74,96–98]

Household size has a negative effect on ICS adoption because ICS
are perceived as too small for large families. Abundant labor force
to collect fuel also reduces the intention to adopt ICS, while the
number of children can increase ICS adoption.

(3) Fuel availability [8,39,64,66,68,72,73] The intention to adopt ICS decreases when households have free
access to free fuelwood (e.g., near to the forest).

(4) Attitude toward technology [6,8,9,39,42,49,61,75,77] Consumers’ resistance toward technology is associated with a lower
intention to adopt ICS.

(5) Awareness of risks of
traditional cooking stoves vs.
benefits of ICS

[5,9,27,43–45,49–51,70,72,73,78–82,84,87,88,99]

A low awareness about health and environmental risks associated
to traditional stoves acts as a barrier to the adoption of ICS.
Perceived efficiency, ease of use, and cost savings increase
households’ intention to adopt ICS. Maintenance and repairs costs
represent a barrier to adoption.

(6) Location: urban vs. rural [14,27,37,38,50,89,91] In urban and suburban areas, the rate of ICS’ adoption is higher
than in rural areas because of the scarcity of firewood.

(7) Social and cultural influences

• Social influences [49,57,70,86,91] Households’ intention to purchase ICS is directly influenced by the
behavior of their peers and neighbors.

• Local culture [4–6,32,39,56,61,62,77,81,82,87,88,92–94]

The cooking practices and dietary preferences related to the local
culture strongly reduce the adoption of ICS. Traditional food
preparation practices are considered important components of
cultural identity.

3.2.2. Perceptions of Traditional Stoves Versus ICS

In addition to identifying the key drivers and barriers to clean cooking adoption, the aim of
this study was to highlight consumers’ perceptions of ICS versus traditional cookstoves. Based on a
thematic analysis, four main categories of perceptions emerged from the literature review: convenience
and uses, aesthetics, health-related impacts, and environmental impacts. The general findings that
emerged with regards to perceptions are summarized in Table 3, and each category is now discussed
in more detail.

Table 3. Perceptions of traditional stoves versus ICS.

Perceptions References General Findings

Convenience and uses [4,29,39,46,57,78,83,84,87,88,92,95–99] Households perceive the convenience of ICS in terms of ease of use
and time savings. ICS do not produce enough warmth and light.

Aesthetics [5,9,49,50,61,75,84,94] ICS are considered as stylish, well-designed and beautiful; they can
be a status symbol.

Health-related impacts [43,78,81,84,96,100,101]

Households generally show low awareness about the risks related
to the use of traditional stoves. However, they associate ICS with
the improvement of health (e.g., reduced coughing, eye pain,
allergy, headache).

Environmental impacts [8,11,36,49,57,65,102,103]
Households generally show low awareness and low concern about
the negative environmental impacts of traditional stoves (e.g.,
deforestation and pollution).

The first category refers to convenience of ICS, mainly in terms of ease of use and time
saving [29,78,84,87,95–97]. For example, according to the results of laboratory tests conducted by
Hanna et al. (2016), it takes less time to boil the same quantity of water with ICS than with traditional
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stoves [83]. In addition, users may need to spend time chopping wood into pieces small enough to fit
into the stove’s firebox [39,46,92]. Some users consider this extra labor unreasonable [92]. However,
households lament the fact that food gets cold faster with ICS than with traditional stoves [88,98].

With regards to possible uses of stoves, the literature shows that traditional stoves meet practical
needs other than just cooking. Bielecki and Wingenbach (2014) describe how in rural Guatemala
community households value stoves as heat and light sources [4]: traditional stoves offer the possibility
for household members to sit around the fire and keep warm, thus responding also to social needs,
while ICS are typically higher up and it is not possible to gather around them [4,98]. Other scholars
suggest that in countries where winters tend to be long and cold some consumers perceive that ICS
does not produce enough warmth to heat a space [57,99].

Aesthetics and attractiveness are also characteristics valued by cookstove users [49,61,75,94],
especially in urban and peri-urban areas and among young consumers exposed to mass media [50].
Aesthetics is among the benefits of ICS according to households in India [9] and in Burkina-Faso [94].
Urmee and Gyamfi (2014) report that in a cookstove project in Zimbabwe, women valued the aesthetics
of ICS and ‘social status’ ahead of fuel savings [5]. After a field evaluation in western Kenya,
women were pleased with the appearance of ICS and found that ICS were stylish, well-designed and
beautiful [84].

With regards to health-related impacts, the use of ICS is associated with a reduction in child
mortality rates and improved health, especially among women and young girls who cook every day
and are more in contact with stoves [100]. However, perceptions of benefits related to the use of ICS
may vary according to the respondent, whose awareness of risks associated with the use of traditional
cookstoves may be low [78,81]. Person et al. (2012) conducted a qualitative study in rural Kenya.
Participants reported that traditional cookstoves emitted a great quantity of smoke that irritated
their eyes, nose, and lungs causing illnesses and related expenses for healthcare [43]. In addition,
ashes dirtied their food and the house. For example, in a study conducted by Cundale et al. (2017),
participants only mentioned perceived health benefits of ICS on 5 occasions out of 109. Such benefits
included a reduction in cough and pneumonia and a reduction in eye pain [96], as found also in other
studies [101]. In a qualitative study conducted in India, Alam et al. (2016) found that women are
generally dissatisfied with traditional stoves and associate them with health problems such as eye
redness and irritation, coughing, allergy-type symptoms, chest pain, and accidental burns for both
women and children [78]. Loo et al. (2016) explored women’s perceptions of ICS after trialing them [84].
Respondents reported that coughing and headaches were either reduced or no longer present after the
use of ICS, and they believed that this was the result of smoke reduction.

Traditional cookstoves have severe negative impacts on the environment in terms of deforestation
and pollution; ICS use less biomass, easing stress on local forests that are a common source of
fuelwood [36,102,103] and reducing the emission of gases that most exacerbate global warming [11].
While these aspects have been recognized in the literature, consumers’ concerns about cookstove
characteristics and their environmental effects in a broad sense (i.e., not limited to indoor air pollution)
emerged in very few studies [49,57]. For example, Martin et al. (2013) report that several village
health volunteers and key informants mentioned environmental sustainability as important cookstove
attributes [49]. Van del Kroon et al. (2014) found that people (men more than women) are aware
of increasing pressures on their natural environment; however, they also comment that the cost of
degrading the environment does not enter consumers’ decision making because of “a poverty-related
short term planning horizon” (p. 246) [8]. Jeuland et al. (2015) also found that environmental risk
awareness is higher regarding the local environment and forests than for outdoor air pollution and/or
climate change [65].

4. Discussion

This review of the literature indicates a growing interest in clean cooking from a consumer
behavior perspective, with a sharp increase in such publications since 2006. Most journals in which



Sustainability 2018, 10, 4322 13 of 21

the selected articles were published fall into the subject area of energy, environment, medicine, social
sciences and economics, while marketing and consumer journals seem to pay still limited attention to
this topic.

With respect to the first research question regarding factors affecting ICS adoption, there is
general agreement about some drivers. In particular, higher income, urban location, a positive attitude
toward technology, and awareness about health risks seem to enhance the adoption of ICS. Conversely,
low income, together with high perceived price of ICS, rural location, resistance toward new technology,
and low awareness about the negative outcomes of the use of traditional stoves represent a barrier to
the adoption of ICS. In addition, several scholars highlight that women tend to be more likely than are
men to buy ICS, even though they often lack sufficient authority and economic power in the household
to act on their preference. For some other variables, the studies reviewed in this analysis present
contrasting results. For example, with regards to education, many scholars agree that a higher level of
education positively influences the intention to purchase more sustainable cooking systems, although
other scholars have found that an open mind rather than education as such may affect consumers’
choices. In addition, while younger age is mostly associated with a higher propensity to purchase
ICS, some studies found that older age increases the probability of ICS adoption. The effects of family
size and fuel availability on ICS adoption are also unclear. With respect to cookstove characteristics,
poor design of ICS (e.g., in terms of size) may represent a barrier to adoption. Another important theme
that emerged from the analysis concerns social and cultural influences. In particular, households seem
to be greatly affected by the role of their peers (e.g., neighbors) or opinion leaders (e.g., village leaders)
in the adoption of ICS, implying that social norms play a crucial role in shaping consumer behavior
in this context. Culture also affects cooking choices because the stove is often linked to cultural
identity [81], and households value the ability to cook traditional meals and respect their particular
taste. In addition, in certain cultures gathering around a traditional stove provides social interaction
that is not facilitated by ICS.

With regards to the second research question, consumers’ perceptions of the characteristics of
traditional stoves versus ICS develop around four main topics: convenience, aesthetics, health-related
impacts, and environmental impacts. With respect to convenience, ICS are regarded as more efficient
and time saving than traditional stoves, even though they cannot respond as well to other practical
needs such as heating or lighting, and do not serve as a social gathering point. Some studies suggest that
the aesthetics of ICS is important in consumer decisions in that ICS are perceived as more attractive than
traditional stoves, and can be a status symbol [39]. With respect to health-related impacts of traditional
stoves, awareness remains low among households; even lower is awareness about environmental
impacts. Nevertheless, some studies highlight that users are dissatisfied with traditional stoves because
they have several drawbacks, such as causing eye irritation, cough and burns.

The findings of this review suggest several practical implications for ICS producers and policy
makers such as governments, foundations, non-governmental organizations, and international
institutions. From a managerial perspective, it is worth considering that in their decision-making
process, consumers respond to marketing stimuli (e.g., advertising campaigns and price policies)
and other external stimuli (e.g., the political, economic, social or technological context) according
to their personal characteristics. A well-established consumer behavior model classifies the main
variables influencing consumer behavior as cultural, social, personal and psychological variables [104].
The drivers and barriers identified in this systematic literature review, as well as the perceptions that
emerged regarding ICS, can be reconnected to this model. For example, cultural variables include
local culture, tradition in the preparation of certain dishes, and the use of the traditional stove as a
point for social aggregation. Social variables include the influence exerted by community leaders
or neighbors in consumer choices related to cooking systems, as well as the role of family members
in affecting households’ decision making. Personal variables refer mainly to socio-demographics
such as gender, age, education, occupation, and income, while psychological variables concern the
motivations for purchasing ICS, perceptions about ICS versus traditional stoves, and attitudes toward
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technology. Adopting this model of consumer variables helps to focus attention on the identification
of key practical implications for ICS manufacturers and policy makers, as summarized in Table 4.

Table 4. Managerial and policy implications.

Implications for ICS Manufacturers Implications for Policy Makers

• Market segmentation
• Product innovation and adaptation
• Product appeal
• Multiple prices strategies
• Bundle of products and services
• Marketing strategies directed to peer groups
• Pre-sale and after-sale consultancy and support

• Economic incentives and facilitated access to credit
• Communication campaigns to raise people’s awareness

about risks related to traditional stoves vs. benefits of ICS
• Education programs to facilitate learning and increase

sustained usage of ICS
• Community-based initiatives (e.g., with “clean cooking

ambassadors”)
• Fostering collaboration and synergies with other actors

Central role of women

Implications for ICS Manufacturers

Manufacturers should focus on market analysis to segment customers and develop an effective
marketing mix. The literature review has shown that ICS are not successful when their design does not
take into account other important cultural and social needs, even if they are more efficient. In this sense,
preliminary segmentation studies based on cultural variables might help to understand how consumers
differ, for example in terms of needs, perceptions, and willingness to adopt new technologies [76].
It is important to remember that the adoption of new technologies such as ICS, “is a complex social
process that requires critical shifts in culture and behavior” [11] (p. 18). Therefore, before designing
products, firms should understand what the traditional stove represents in the local culture, what are
the traditional foods, and what are the types of usage of stoves in that specific culture.

Product innovation should be based on an analysis of the demand and directed to respond not only
to functional, practical needs (e.g., having a certain number of fires, keeping heat for a certain amount
of time), but also to symbolic needs related to the individuals’ social and psychological sphere. In this
regard, innovation should be focused on making the product more desirable and meeting demand.
This goal is difficult to reach because ICS are used in an inconspicuous (i.e., private) consumption
domain; nonetheless, as shown in previous research [39], ICS can represent status symbols in certain
communities. Thus to achieve this objective, communication activities such as advertising campaigns
or public relations activities are fundamental.

As lack of clean cooking specifically affects low-income countries, affordable prices are needed for
market penetration. Selling to the bottom of the pyramid implies high logistics and marketing costs,
but also creates the opportunity to reach a large number of potential customers in a context where
competition is usually less fierce than in mature markets [105]. To increase revenue and cover costs in
low-income markets, high volumes of sales must be reached. However, recent studies suggest that to
increase margins and be competitive in the long term, manufacturers should instead adopt a multiple
prices approach rather than simply a low-price policy. For example, they could offer basic solutions at
affordable prices to specific market segments with low purchasing power, while also offering other
product lines at higher prices aimed at satisfying the needs of well-off households. Manufacturers
could also pursue a strategy aimed at selling a bundle of products and services rather than single
goods, thus creating “customer-specific or industry-specific ‘solutions’ that are more competitive
than generally available standalone products” (Cusumano et al., 2015, p. 559) [106]. This approach
can also increase perceived customer value and enrich consumer experience [107]. For example,
some solar-powered lights also provide other functionalities, such as the capacity to recharge cell
phones, in their manufacture [108].

The literature review revealed that peers can have a strong impact on consumers’ decisions to
adopt ICS. Therefore, manufacturers should consider directing their marketing efforts to peer groups,
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such as household primary cooks, health professionals, or mothers of young children. Peers could act
as referrals, share knowledge, and spread positive word-of-mouth within their social networks.

Finally, manufacturers could collaborate with retailers to organize trials, develop pre-sale
consultancies, and offer after-sale assistance to support customers throughout all phases of the
purchasing and consumption process.

Implications for Policy Makers

Some implications can also be derived for policy makers. In several ICS programs, policy makers
address personal constraints related to low income in order to overcome economic barriers to the
purchase of ICS. Incentives and facilitated access to credit can be useful to enhance ICS adoption among
low-income households in the short term. However, to be effective in the long run, psychological
variables such as motivation for purchasing ICS should be taken into account. Accordingly, incentives
and credit should be supported by specific communication activities to increase awareness about the
health and environmental drawbacks of traditional cooking stoves and motivate consumers to move to
more sustainable solutions [32]. The risk of merely incentive-based adoption of ICS or donor funding
initiatives is that they can easily result in disadoption.

Policy makers should provide customer education programs to facilitate learning, adoption,
and sustained usage of ICS [109]. In the marketing literature, customer education is described as
“a process including a number of educational activities aimed at improving the consumers’ ability
(i.e., attitudes, knowledge or skills) to better purchase, use and appreciate goods and services as well
as protect their rights and interests” (Brunetti et al., 2016, p. 396) [110]. Considering that replacing
traditional stoves with more sustainable cooking systems requires a significant attitude and behavioral
change, customer education initiatives could represent a lever for gradually improving households’
confidence with a new technology and new type of stove usage.

Policy makers should also work at a community level, involving opinion leaders or creating new
figures such as “clean cooking ambassadors”. In the branding literature, a brand ambassador can be a
customer (e.g., a member of a brand community), a celebrity (e.g., a testimonial), or an employee (e.g.,
sales person) [111,112]. Borrowing from this concept, policy makers could identify a clean cooking
“expert” and “enthusiast” (e.g., a customer, celebrity, or professional in a certain field) willing to
share knowledge, best practices, experience, and skills to promote the use of clean cooking systems in
communities. Furthermore, these ambassadors could contribute to creating an attractive positioning
for ICS and encourage households to adopt sustainable cooking solutions [64].

Fostering collaboration between actors in the ICS supply chain should also be a priority for policy
makers. Such collaboration could involve, for example, energy providers, ICS manufacturers, retailers,
health organizations and other associations. Only a joint effort by these organizations will reduce the
divide in the use of clean cooking systems between developed and developing countries.

Finally, both manufacturers and policy makers should reflect about the role of women in
households and society. Women are the primary users of stoves and the ones who suffer most
from the drawbacks of traditional cooking stoves. However, they often do not have the economic
and decisional power to decide about the adoption of ICS [3]. In addition, they might be subject to
cultural pressure to keep up the standards of traditional authentic food. The involvement of women
in customer education programs, communication campaigns, and trials is, therefore, of the utmost
importance to increase adoption and sustained use of ICS.

To conclude, access to and affordability of technology might be the first step toward the diffusion
of ICS; however, to support the widespread adoption and use of ICS it is necessary to approach
customers with a less technical, more culture-specific and personalized approach.

5. Conclusions

Lack of access to clean energy is still a reality in many developing countries and millions of
people, especially women and children, suffer the consequences of the use of biomass solid fuels for
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cooking which also has broader consequences for the global environment [2,12]. Enhancing the use of
more efficient ad safer cooking systems among households is, therefore, an issue of vital importance.
While most published articles about ICS focus on technical aspects such as stove performance and
characteristics, or on the negative effects of indoor air pollution both on peoples’ health and on
the environment, this study adopts a different perspective by putting the customer at the center of
its analysis. Specifically, this research has systematically reviewed the body of literature about ICS
from a consumer perspective. By identifying the main factors affecting ICS adoption and exploring
customers’ perceptions, this review contributes to the understanding of consumer behavior in a still
under-researched field. In addition, the findings provide useful insights and practical implications
that can help policy makers and companies enhance ICS adoption and use among households.

Nevertheless, some limitations should be acknowledged. First, data collection was limited to
peer-reviewed articles present in Scopus and WoS. Even though these databases provide a wide
coverage of the academic literature, future studies could expand the data collection to grey literature
(e.g., via Google Scholar) to include recent conference contributions as well as industry and government
reports. A second limitation is linked to the keywords used. Further research could attempt to add
other keywords to expand the results. Third, even though a rigorous analysis was conducted to
reduce subjectivity in the identification of the themes for drivers and barriers as well as consumers’
perceptions, future studies could work on categorization to identify other sub-themes or higher-order
categories. Further reviews could also analyze in-depth differences between countries in consumer
behavior to identify peculiarities and common patterns in ICS adoption.

From the findings, it is also possible to identify some future research directions for scholars
wishing to improve the understanding of consumers’ choices with regards to cooking systems.
First, the results concerning drivers and barriers could be used to develop different communication
campaigns and test their effectiveness for ICS adoption. Second, future research could investigate
more in depth the social desirability of ICS as a status symbol to identify other variables that could
affect ICS adoption. Finally, it would be important to increase knowledge about customer satisfaction
with the use of different types of ICS to identify the strengths and weaknesses associated with each
technology and how they could be addressed.
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