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Abstract

Improved cooking stoves (ICS) are intended to reduce indoor air pollution and the inefficient

use of fuel yet there is often reticence to shift permanently to ICS. Drawing on a scoping review,

this article aims to provide a comprehensive overview of factors affecting the acceptability of

ICS. A scoping review was carried out using a systematic search strategy of literature. All arti-

cles identified in three major databases that included Pubmed/Medline, Scopus and Web of

Science underwent screening followed by content analysis to generate major and minor

themes using a structured social level analysis. The analysis identified factors at micro, meso,

and macro-social levels that potentially contribute to an adoption of an improved cooking stove

(ICS). The findings from the review were discussed and refined among a group of experts iden-

tified based on their prior academic or commercial contributions related to ICS. Adoption of

ICS was dependent on functional outputs (e.g. cleanliness, and cooking efficiency) while meet-

ing local social and cultural demands (e.g. cooking large meals, traditional meals, and taste).

Health and cost benefits played an important role in the adoption and sustained use of ICS.

The adoption of ICS was enabled by use among neighbors and other community members.

Sustained use of ICS depended on fuel supply, fuel security and policies promoting its use.

Policies offering subsidies in support of supply-chain garnered institutional trust among com-

munity members and resulted in the sustained use of ICS. In addition to design attributes of

ICS that could meet both scientific and social demands, policies supporting promotion of clean

energy, subsidies and supplies can substantially enhance the adoption of ICS.

Introduction

Household air pollution and its contribution to diseases

About a third of the global population (2.3 billion) uses open fires, kerosene, biomass (wood,

animal dung, and crop waste) or coal for cooking. These fuels can generate harmful household
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air pollution (HAP) [1]. HAP was responsible for an estimated 3.2 million deaths in 2020

related to the development of ischemic heart disease (32%), stroke (23%), lower respiratory

tract infections (21%), chronic obstructive pulmonary diseases (19%) and lung cancer (6%).

The cumulative number of deaths caused by household and ambient air pollution is estimated

6.7 million deaths per year. Children and women are the most vulnerable to HAP [2].

Interventions addressing indoor air pollution

Multiple strategies and methods have been adopted to reduce particulate matter and other pol-

lutants. Besides outdoor air pollution, HAP is a major contributor to morbidities and mortali-

ties in low and middle income countries [3]. Multi-pronged interventions, such as improved

ventilation, separate cooking spaces, and environmentally friendly fuels seek to minimise HAP

[4]. One such intervention is improving cook-stoves.

What is improved cooking stove?

Improved cook-stoves (ICS) bear a wide-spectrum of advances including their sources of fuel.

Broadly, stoves can be categorized into 1. three-stone stoves that uses biomass fuels (for e.g.

charcoal, crop residue, animal dung and wood); 2. biomass stoves produced from local low-

cost materials (e.g. earthen material, and cement); 3. improved biomass stoves using newer

technologies for cleanliness, better combustion and safety; 4. advanced biomass stoves that use

a fan to force emission back into flame for better combustion (e.g. forced air stoves, and gas-

ifier stoves); and 5. clean fuel stoves using clean and efficient fuels such as LPG, biogas, cook-

ing gas, electricity and solar energy [5–8]. Fuel sources can be categorized into biomass

(firewood, crop residue, animal dung, charcoal and various types of pellets), transitional fuel

(kerosene) and more modern, cleaner fuels (electricity, solar energy and liquefied petroleum

gas) [9]. In this article, we refer to ICS as any improvement to an existing stove, for instance

that could be an improvement over a three stone stove, or modified charcoal stoves. ICS is an

important indicator of global development as it is interlinked with clean energy use. Access to

modern energy source for clean cooking is one of the key drivers for achieving the 2030

Agenda for sustainable development goal 7 that aims for universal access to affordable, reliable,

and modern energy services and upgrading of energy technology in developing countries [10].

What are the current literature findings around ICS acceptability?

Despite substantial progress in ICS development, the adoption of ICS remains marginal, par-

ticularly in low- and middle- income countries (LMICs). Two main concepts explain the adop-

tion of energy options namely ‘energy ladder’ and ‘energy stacking’ [11–14]. Energy ladder

explains the use of energy types (traditional to transitional to modern) proportionate to the

income status of the household [15]. This concept suggests that an increase in household

income will lead to a family’s shift to energy sources such as liquid petroleum gas and electric-

ity that are cleaner and more convenient to use. Energy stacking on the other hand suggests

that independent of affordability, households continue to use multiple fuel options as long as

multiple fuel sources generate maximum utility [11, 14, 16]. Fuel stacking is used in both rich

and poorer households and depends on factors such as cash availability and cultural prefer-

ence. Although these two concepts provide a broad, overarching explanation regarding adop-

tion of ICS, a broad spectrum of factors affects the adoption of ICS on a global level. Yet

reviews of the adoption of ICS, particularly referring to the development over the last decades,

are scarce. The main objective of this study was to explore the factors affecting the global

acceptability of ICS.
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Materials and methods

Overview

This study utilized a narrative synthesis of literature, using a scoping review framework out-

lined by Arksey and O’Malley [17] and follows a PRISMA guideline for a scoping review (S1

File). Our review framework incorporates the following steps as a part of the process in knowl-

edge translation in scoping review methodology.

Identifying the key research questions through an iterative review/

discussion

Our initial research question emerged from a randomised controlled trial of novel-design

housing (Star Homes) in rural Mtwara, Tanzania. Improved cook stoves (with ventilation)

were one component within the novel house design [18]. During the evaluation of Star

Homes’ acceptability and feasibility, the use of improved coking stoves was found to be incon-

sistent and heterogeneous. Some households used the new stoves all the time, others never,

and a third group made use of the new stoves sometimes but fell back to using the three stone

option at other times, i.e. stacking. Although social science studies have explored the use,

acceptability and feasibility of novel stoves, the question of what makes a cooking stove prefer-

able remains unanswered. This question is particularly relevant when cost is not the main

driver. We based the research question on iterative discussions among the multi-disciplinary

team that consisted of social scientists, architects, epidemiologists, entomologists, and field

researchers [19, 20]. The overarching research question emerged as ‘What factors affect the

acceptability of improved cooking stoves in sub-Saharan Africa and around the globe?’

Identifying the initial potential studies based on the discussion

Several review articles were identified that explored the use of ICS [21–29]. This work allowed

us to explore niche areas specifically the adoption of ICS within the past literature including

the updates that could respond to our research question.

Searching literature in major medical databases

Three major medical databases (PubMed/Medline, Scopus, and Web of Science) were used to

search all published literature until April 2024 using a set of terms in combination with Bool-

ean operators. We used the term ‘acceptability’ to refer to a spectrum of agreement to use the

ICS without restricting its initial adoption (S2 File).

Collating of data, synthesizing, and reporting of the findings

Data from all three databases (n = 3405) were collated in Endnote version 21. Duplicates were

removed (n = 725) followed by initial screening of articles by title and abstract (n = 2240)

PRISMA flowchart (Fig 1) [30]. A total of 109 articles were retained for full text content analy-

sis after which 20 articles were removed based on the scope or details of the content and rele-

vance to our research question. Articles were excluded if 1. they were in languages other than

English; 2. briefly mentioned ICS without adequate content on acceptability; 3. reported as

comparative accounts of clean energy sources without adequate details on improved cooking

stoves and 4. improved cooking stoves were assessed for their functionalities (e.g. cooking effi-

ciency, and emission) without details on users’ preference. All articles, regardless of their types

with relevant and adequate content addressing our research questions were included in a full

text analysis.
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All relevant data from the full text search were extracted into Microsoft Excel sheet that had

thematic headings responsive to our research question. Once the data were populated into the

Excel sheet, line by line reading and coding was conducted at NVivo version 14.2, a qualitative

data organization software [31]. Both deductive and inductive coding was applied to create a

final codebook. Based on the final layout of codes and their significance and relevance to our

research question, major and minor themes were synthesized and were layered into macro,

meso, and micro-social analysis frame. Using these layered approaches in social science has been

deemed to offer multitude of perspectives (structural contributions) in a continuum affecting the

research question [32]. The final findings were discussed among the core group of authors.

Discussion among experts and utilizing their feedback

The thematic layout of the findings was prepared in Microsoft Power point and were discussed

among the experts identified from the review. A total of three experts in the field were

Fig 1. Identification of structural factors contributing to the acceptability and adoption of improved cooking stove.

https://doi.org/10.1371/journal.pgph.0004042.g001
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approached via email and appointments were established to discuss the findings. Feedback

and suggestions led to the inclusion of additional, highly relevant literature that was incorpo-

rated into the database. We identified five prominent interrelated themes that broadly ranged

from micro-social to macro-social level and included: 1. Stove’s characteristics; 2. Individual’s

perception and preference; 3. Neighborhood’s adoption; 4. Supply chain feasibility and 5. Pol-

icy (Fig 2).

Results

Characteristics of the studies

A total of 89 studies were included in this review that consisted of nine reviews [21–29] includ-

ing one systematic review in 2014 [22] and two other reviews collected literature as far back

from 1980–2012 [23] and 1980–2011 [24] (S3 File). Almost all studies were conducted in

LMICs, mostly in Asia, Africa and Latin America. A total of 37 studies were conducted in

Africa and that included Ghana, Ethiopia, Nigeria, Tanzania, Uganda, Rwanda, Kenya,

Mozambique, Malawi, South Africa, Cameroon, and Zambia [9, 12, 25, 33–66]. A total of 34

studies were conducted in Asia that included India, Pakistan, Nepal, Indonesia, Bangladesh,

Vietnam, Timor-Leste, China, Cambodia, and a mixed study between Asia, Africa and Amer-

ica [5, 28, 67–97]. Among the 34 studies conducted in Asia, almost half were from India

(n = 16). A total of 12 studies were conducted in Central/Latin America that included Peru,

Fig 2. Identification of structural factors contributing to the acceptability and adoption of improved cooking stove.

https://doi.org/10.1371/journal.pgph.0004042.g002
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Mexico, Colombia, Guatemala, Ecuador, and few were multi-country research [90, 98–108].

Most studies 81%; 72/89 included qualitative components, such as semi-structured interviews,

and observations. Most sources reported studies that specifically explored the acceptability of

the improved cooking stoves, others included acceptability as a component of the implementa-

tion of the improved cooking stoves.

Stoves

Fuel. Studies assessed a wide spectrum of ICS and often made comparisons to traditional

stoves (Fig 3). The most often mentioned ICS, LPG stoves were compared to variants of tradi-

tional stoves (three stone stoves, mud stoves, mud stoves with chimneys, kerosene stoves, clay

stoves, advanced biomass stoves) [23, 24, 26, 33, 35, 36, 40, 48, 53, 55–57, 59, 62, 65–68, 70–72,

75, 79, 80, 82, 84, 87–89, 91, 94, 98, 102, 103, 105–109]. In addition, some studies also com-

pared electric and solar powered stoves [23, 26–28, 45, 49, 52, 58, 59, 75, 81, 84]. Although the

majority of studies made comparisons between ICS and traditional stoves, a large proportion

of households were found to use multiple types of cooking stoves interchangeably (stacking).

While studies conducted in rural households found that most used firewood as the main

fuel for cooking [12, 25, 38, 42, 43, 47, 49, 50, 52–54, 57, 67, 69, 71, 74–76, 78, 79, 82, 84, 88, 92,

95, 99–101, 103, 106, 109], semi-urban and urban households had multiple sources of cooking

stoves with a predilection to use LPGs or cleaner fuels [5, 9, 25, 26, 34, 36, 40, 51, 53, 55, 56, 59,

Fig 3. Word cloud generated from NVivo to demonstrate the prominence of terms within the data table.

https://doi.org/10.1371/journal.pgph.0004042.g003
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62, 63, 68, 70, 82, 87, 94, 98, 102, 103]. In Ghana, LPG use was found to decrease gradually

from 40% in the first week to less than 5% after 9 months, and over 80% of respondents contin-

ued to use their traditional three stone stoves for cooking their main meals [33].

The urban/rural divide for cooking fuel did not apply invariably. For example in some rural

areas of Peru, the predominant fuel for cooking was LPG (66%) followed by wood (29%) and

the remaining 5% were coal, natural gas and electricity [105]. By contrast, some urban areas in

Rwanda used biomass as a predominant (80.3%) source of fuel [66]. A comparative three

country-study found that in rural households, women were more likely to burn locally avail-

able biomass, such as cow, sheep, and alpaca dung and firewood in Peru; firewood, and crop

residue in Kenya; and firewood, dung, crop residue and coal in Nepal [90]. Studies from India

[69, 71, 73, 79, 80, 82, 109], Pakistan [78, 97], Bangladesh [72, 88, 89], and Nepal [91, 92],

reported predominant use of firewood or biomass fuels, although the urban-rural divide in

terms of fuel choice was increasing over the years, including the use of multiple fuel types [67,

86, 87, 95]. The stacking of fuel types including transitioning to cleaner fuel was also reported

from China [75], Indonesia [5, 94] and Cambodia [5]. There was a general trend to adopt

cleaner fuels globally. For instance, in Guatemala, 50.1% of urban households and 93.4% of

rural households use wood for cooking, but households were gradually adopting LPG as a

main source of fuel [107].

Number of burner and size. A single burner LPG was generally considered inadequate to

prepare meals for multiple family members [33]. A mismatch between large pots and small

burners resulted in poor cooking efficiency. Particularly, when large amounts of food required

prolonged and frequent stirring, an LPG stove was considered to have major constraints and

thus often resorted to biomass fuels [29, 35, 39, 102]. ICS meeting demands for cooking large

and traditional dishes were more acceptable [24, 65, 90]. Some studies recommended commu-

nity involvement in designing community-tailored cook stoves [24]. Some LPGs with multiple

burners seemingly met the demands for large number of dishes including the traditional food

[63]. Cooking of large traditional food items, such as Injera in Ethiopia, Ugali or Makande in

east Africa was challenging on ICS (e.g. LPGs or electric stoves), especially when preparing

food for large groups during festivals [29, 39, 42, 49, 50, 73, 83, 89, 92, 93, 98, 101, 106]. In

rural households, traditional stoves (e.g. with wide potholders) were better suited to cook ani-

mal feeds further contributing to the preference for traditional stoves [91]. Traditional stoves

(e.g. three stone stoves and biomass fuels) were also used to warm the house during winter

months, heating water for bathing, and drinking [46, 62, 92]; including to deter insects, and

pests by the smoke produced [77]. Using a traditional stove was also considered by some to be

an outward sign of respecting traditions and culture [109]. Durability of the stove, stability of

the potholders within the stove, and portability were other factors for the adoption of novel

stoves [50, 58, 64, 69, 86].

A small stove entrance for wood or other biomass was found to make the ICS unpopular

among potential users in Cambodia [5]. Portability of the stove including its stability, fuelwood

inlet size, stove holding attribute, size meeting demands for large family sizes also affected the

preference and adoption of the ICS [38].

Specific types of ICS where top loading fuelwood were unpopular because they required fre-

quent handling of the pots in exchange of fuel insertion and required frequent repairs [69].

Solar cookers were perceived to cook only limited amount of food items and operate under the

solar light only and fail on cloudy days [52].

Kitchen architecture. The available space made a major impact on type of stoves used

[38, 55, 68, 97]. In urban houses without outdoor kitchens for burning firewood, an ICS was

deemed essential. Even in rural households, cooking in a separate kitchen and transporting

food to the main house were considered difficult, especially during the rainy season or when
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members felt exhausted. This also motivated them to use ICS within the main house [55]. Hav-

ing a space for kitchen inside the main house was likely to increase the adoption of ICS and

cleaner fuels [97]. The use of ICS could also be affected by the indoor characteristics of the

kitchen such as those with indoor separate kitchen, indoor with attached kitchen, indoor with

no separate kitchen area. Traditional stoves have an additional space requirement and require

the engagement of several family members, especially in rural households. The prolonged

cooking time required for traditional stoves offered women and family members socialize

around the cooking area, allocating a time and space for engagement not so different from the

modern ‘kitchen island’ increasingly essential for suburban homes in high income countries

(HICs) [41, 43, 72, 77, 99]. Lack of a clean energy supply chain was found to make a major

impact on adoption of ICS [75]. Some studies interpreted the use of LPG as a sign of women

empowerment as it meant reducing the time required for the maintenance of traditional stoves

[57].

Perception and preference of stove users

Socio-demographics of end users. Households headed by women (AOR 1.96; 95% CI

1.24–3.10), private house ownership (AOR 4.58; 95% CI 3.89–6.19), separate cooking location

(AOR 1.84; 95% CI 1.49–2.78), and fuel purchasing capacity (AOR 2.13; 95% CI 1.64–2.76)

predicted the adoption of ICS [12, 34, 41]. A lower educational level of the household head

(AOR 0.31; 95% CI 0.23–0.42) predicted a lower chance of adopting an ICS [5, 25, 34, 41, 56,

68, 84, 97]. The role of decision makers in the adoption of the ICS was an important factor.

For instance, women in the kitchen had to seek a decision from a male household head, a

mother-in-law, or village authorities. Such decision-making dynamics affected the adoption of

ICS [67]. Adopting cleaner fuel translated into belonging to a higher social class in India and

thus motivated household members to adopt its use [80, 91, 92, 107]. Using firewood also

implied the responsibility trickled down to other family members including children, who

would have to collect firewood instead of studying [36].

Time and cooking efficiency. Major reasons for adopting ICS was the reduced time

required and convenience of cooking particularly with LPG stoves [22, 26, 29, 33, 35, 36, 39,

42, 50, 53, 58, 60, 62, 64, 65, 69, 71, 79–81, 86, 89, 91, 92, 95, 101, 102, 104–106, 108]. House-

holds noted a reduction in cooking time by approximately 40 minutes when LPG stoves were

introduced [86]. The ICS saved resources, such as time needed to gather firewood, allowed

multi-task when cooking, reduced production of smoke, increased harmony between the

household members by reducing the risks of burns and other fire hazards [12, 35, 65]. It is eas-

ily overlooked that the fire and fuel of traditional stoves need constant attention, a factor that

is frequently overlooked in assessments of cooking practice [36]. The durability of the stove,

reduction in cooking time, decreased consumption of fuelwood, and reduced smoke produc-

tion were key features that supported the preference for and adoption of ICS [38, 58, 64, 71,

74, 86]. The speed of cooking was appreciated in India, as it allowed more time for other activi-

ties, including income generation [70].

Cost of fuel. The main barrier to the use of the LPG stove was the availability and cost of

LPG refills. For instance, the cost was found to restrain its widespread use, reserving its use for

cooking food during busy hours, preparing tea, boiling water or milk for immediate use [82].

This was a major constraint in rural households who lacked adequate cash flow [23, 25, 29, 33,

44, 45, 53, 57, 105]. Community-based subsidies such as credit, and installment plans were

used to promote the adoption of ICS [24]. Living in rural areas meant having poor access to

the newer technology and hence favored traditional stoves [25, 73, 106]. Perceived cheap prices

of cookstove (AOR 2.48; 95% CI 1.91–3.21), perceived fuel-saving benefits (AOR 1.63; 95% CI
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1.18–2.24), and longer durability of cookstove technology (AOR 1.71; 95% CI 1.30–2.26)

played a significant role in the adoption of ICS within the investigated households [34]. Finan-

cial constraints were the main barrier in many households [12, 25, 46, 62, 63, 67, 83, 84, 86, 87,

92]. The low or no cost of firewood was one of the barriers to adopting cleaner fuels [67, 71,

80, 109]. Saving money and fuel, as well as increasing household incomes increased the

chances of switching to ICS [5, 23, 39, 47, 48]. On average, households reported a 40% reduc-

tion in wood fuel consumption after switching to clean energy such as LPG, nonetheless, the

varying cost per country, access and subsidy-policy can affect it [83]. The reduced fuel con-

sumption associated with ICS and increased awareness of ICS facilitated the adoption [37, 95].

Health benefits. Smoke from biomass including the health impacts, such as cough, itchy

eyes, fire related injuries and discomfort were some of the reasons why users adopted LPG

stoves [9, 22, 29, 33, 49, 50, 57, 63, 66, 67, 78, 80, 90–92, 95, 98, 99, 101, 104–106]. A review

reported that around 78% of the households reported a subjective decrease in eye issues such

as irritation after the switch to ICS [83]. A study in India further identified the cost of illness

from smoke emissions as a major incentive to adopt ICS [69]. Perceived health benefits of

cook stoves (AOR 1.76; 95% CI 1.15–2.70) influenced adopting ICS [34, 37]. In contrast, lack

of awareness on what household air pollution is and how it affected health were found to be a

major barrier to adopting cleaner fuels [37, 41, 66, 67]. The low back pain when collecting fire-

wood for traditional stove triggered some respondents to switch to ICS [101]. In contrast, the

perception that smoke can cure food [smoke was perceived to maintain hygiene], deter insects

and other pests tended to support the continued use of traditional stoves [77].

Clean cooking. Cleanliness afforded by LPG stove was a prominent reason why respon-

dents switched from traditional biomass fuels [29, 33, 36, 40, 44, 55, 61, 63, 64, 89, 100, 104,

106, 108]. One specific example was that LPG stoves did not stain pots and pans unlike the

soot from traditional stoves [59, 99]. In addition, users of traditional stoves often had to

remove the char from pots and pans before cooking. The walls and ceilings of rooms used for

traditional cooking with open fire turned black, the air was smoky and increased the indoor

temperature [9, 36, 61, 67, 79, 99]. Clean fuel combined with convenient use, easy to light,

attractive design, and multiple options (e.g. options for charging) motivated users to adopt the

new ICS [5, 47]. However, some respondents preferred outdoor cooking, and others avoided

ICS because of lack of familiarity [60, 69]. There was a limited awareness on solar cookers but

the perception that such cookers were unaffordable, difficult to store, and require constant sun

shine will make their introduction cumbersome [52].

Taste of food. Those who preferred food cooked on traditional stoves reported that the

taste of food prepared on firewood stoves tasted better than food cooked on ICS [12, 22, 33, 69,

72, 80, 86, 92, 98, 100, 102]. The food cooked on LPG stoves was perceived to be ‘smelly’ due to

the exposure of the gas, and was perceived to be ‘unnatural’ [26, 88, 96, 102, 103], or even

impure and contaminated [96]. For instance in India Chapatis was perceived to be tastier

when cooked in firewood [73]. Several studies reported that end users strongly perceived the

food cooked in firewood as smoky and did not taste as good as food prepared on an LPG stove

[35, 36, 68]. Overall, there was no consensus whether ICS prepared food was more or less tasty

than food prepared on a traditional stove [23].

Conformity

Influence from neighborhoods, family members, and friends had a major impact on the uptake

of ICS [29, 40, 50, 61, 108, 109]. In an interventional study to explore the adoption of LPG,

rumors and misconceptions negatively affected the adoption [35]. Optimistic previous social

interaction (AOR 1.81; 95% CI 1.46–2.26), traditionally suitable (AOR 1.58; 95% CI 1.28–
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1.95), and live demonstrations (AOR 2.47; 95% CI 1.98–3.07) all had a positive influence on

adoption of the ICS [34]. More than income, conformity with social norms was found to influ-

ence the use of the type of cooking stoves. Some of these social behaviors (energy selection)

were to a large degree dependent on culture, and social trust [68]. The opinions of family

members, neighbors, and friends including public communication increased the adoption of

the ICS [68, 69]. Individualized one to one training increased ICS adoption compared to

group-based training [51]. Connection to a network of ICS users promoted the early and sus-

tained adoption of ICS [51].

Information and role of the media. News and media messages were found to have a

major impact on the adoption and sustained use of fuel for cooking [93]. For example, sensa-

tionalized reports of LPG explosion, safety concerns and associated risks were likely to trigger

undue fear leading to hesitation in using LPG stoves [29, 59, 68, 79, 88, 102, 106, 108]. Simi-

larly, not receiving adequate information about LPG could also prevent users from under-

standing the benefits of LPG [24, 40, 79, 88, 93, 95]. Constructive and positive information

dissemination about the cleaner energy and ICS, including training were likely to promote the

acceptability [24, 26, 66]. Information on the impact of clean energy use, environmental

impacts (deforestation), were likely to promote the use of clean energy and ICS [26, 28, 66, 96].

Supply-chain feasibility

Supplies. The limited availability of LPG required travel to refill the cylinders, the direct

and indirect costs associated with travel, and safety concerns were likely to discourage the

adoption of ICS [22–26, 40, 42, 45, 47, 48, 50, 53, 56, 63, 71, 87, 94, 97, 98, 101, 103, 106]. Easy

availability of cookstove (AOR 1.81; 95% CI 1.5–12.17) made adoption more likely [34, 39]. In

India, The Pradhan Mantri Ujjwala Yojana (PMUY) distributed over 80 million new LPG

stoves across the country between 2016 and 2019 and well over 100 million new LPG stoves in

2023 [110]. Under this continuing national subsidy-scheme, consumers pay for the stove and

the cylinder deposit and reduced the upfront cost. This has increased the access of LPG to over

95% of households [70]. In Nepal, availability was found to be compromised by limited energy

infrastructure, including poor and intermittent access to LPG refills, and affected the adoption

and use [76]. A study from Uganda highlighted the feasibility and benefit of building the ICS

locally through the provision of training to community members, and use of locally available

resources which could resolve the supply and dependence issues [43]. Lack of coordination,

poor regulation, and insufficient market development were found to affect the supply of ICS

negatively [34].

Regulation of fuel supply (market lock-in) in Indonesia, had an effect on the purchase and

adoption of fuel for cooking [68]. Complex refilling processes, running out of gas, and delivery

difficulties affected the preference and adoption of ICS [70]. Long distance travel requirements

to a market where an ICS was available was a barrier to adopt the stove [37, 40, 98]. The short-

ages of LPG cylinders, incomplete filling of the cylinder, frequent price increases and cylinder

leakages were listed as major disincentives against the adoption of LPG [40]. Adequate access

to forest resources nearby and alternative fuel sources (e.g. dung,) also prevented adopting ICS

[12, 37, 41, 43, 72, 85, 92].

Stacking. Some studies demonstrated that the users wanted to stack alternative fuels as a

back-up [33, 62, 74, 92, 94]. But stacking was also a barrier to the long-term adoption of ICS

[23]. The reviewed studies indicated that stoves were stacked for four main reasons: 1) time

saving from parallel cooking on multiple stoves, 2) inability of the primary cookstove to cook

all dishes, 3) housing arrangements that preclude use of certain fuel types and lastly 4) avail-

ability and cost [55, 82]. Lack of fuel, or the expectation of fuel shortages motivated stacking in

PLOS GLOBAL PUBLIC HEALTH A scoping review on acceptability of improved cook stoves

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004042 January 7, 2025 10 / 21

https://doi.org/10.1371/journal.pgph.0004042


anticipation [5, 9, 71]. Livestock and land holding also motivated users to stack fuel sources as

alternate energy sources for cooking [38]. Bigger family size demanding large quantities of

food meant that respondents stacked multiple stoves for security [69].

Policy

Free LPG packages and subsidy transfer attracted people to use it in preference to kerosene as

their main cooking fuel. Government backed subsidies, the community’s trust in fuel policy,

and institutional reputation affected fuel choices [24, 28, 59, 68, 69, 91]. Government’s initia-

tives on cleaner energy, including the dissemination of information related to the benefits of

clean energy was demonstrated to make a major impact on adoption of ICS in rural China

[75]. India’s PMUY offers another example on how a government subsidy scheme enhanced

the use of cleaner fuel (LPG) increasing the nationwide access [70, 110]. A lack of interaction

between implementers and users, lack of financial subsidies for ICS acquisition, and the

absence of policies in support of ICS market development negatively affected the adoption of

ICS [104]. Government-led information, communication, and education initiatives to high-

light the role of the household in indoor air pollution related ill-health was effective in promot-

ing the use of ICS in Nepal [76].

Energy policy to support LPG use in Indonesia, which entailed free starter packages fol-

lowed by subsidized supply of LPG at a lower price than kerosene, was found to promote the

use of LPG. The transition to LPG was driven by Indonesia’s fuel subsidy policies (Zero-kero

Programme achieved a fivefold increase in domestic LPG consumption) [94]. Associated with

the transitional policy, the use of firewood was halved over the same period. Inadequate insti-

tutional support and technical assistance had a negative effect on the implementation of energy

infrastructure transition [46].

Policy awareness on how fuelwood contributes to deforestation and indoor air pollution

played a critical role in the advocacy for cleaner energy use in cooking [77]. Joint efforts by the

government and major stakeholders such as WHO, USAID, and NGOs promoting smokeless

energy (stove) was deemed critical for success [77].

Discussion

The adoption of ICS was contingent upon their ability to meet functional requirements, such

as efficiency and cleanliness, while also aligning with social and cultural expectations. The

health and economic benefits associated with ICS had a significant role in their uptake. The

adoption of ICS within a community was further influenced by their use among neighbors and

other community members. Effective supply chain management and the implementation of

supportive policies were found critical to ensure the sustained utilization of ICS. Adoption was

likely to be higher when policies provided subsidies including uninterrupted supply chain and

was likely to promote institutional trust.

Two broad concepts were described a) the energy ladder that proposes use of energy to be

dependent on economic caliber and b) stacking fuel for security purposes [11]. In practice

both approaches are operating in concerted fashion ultimately promoting adoption of multiple

sources of fuels (Fig 4). Adopting an ICS is a complex social process and operate at multiple

levels from individual to institutional and policy within the context [111, 112]. Nonetheless,

several theories aiming at individual behavioural interventions are limited by their scope as

acceptability and adoption of ICS are inevitably shaped by broader context of social, and policy

structures [111]. In a wider social and political context, acceptability of an improved cook

stove is thus a complex social process echoing the elements of ‘theory of adoption’ and ‘innova-

tion diffusion process’. Both entail development and commercialization of an innovation,
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followed by the diffusion and adoption of the innovation by the users and its consequences

including the critical roles of policy and social support [5, 113]. Five stages of the innovation

decision process involve steps of disseminating knowledge and persuasion to decision making

followed by implementation and confirmation (practiced through reflection on whether or

not to sustain the use) [12, 113]. The decision-making steps when using novel equipment or

technology are also echoed across the discipline. For instance, adoption of a new product in

medical sciences and health care are regulated by WHO’s policy on biomedical products that

are assessed based on their availability, accessibility, appropriateness, and affordability [114,

115].

Cleaner fuels are increasingly used but their adoption depends on the functionality of the

stove, cooking capacity, ease of use based on their designs, the required size for pots and pans,

family or group size to be catered for and traditional food items that are thought to require

firewood [8, 29, 35, 39, 102]. The choice and use of ICS was also dependent on the nature of

kitchen that varied between urban to rural regions.

End-users were the ultimate decision makers of ICS, but their socio-demographic charac-

teristics such as their educational level, economic caliber, and decision-making power at

household level including the role of gender affected the adoption of an ICS [9, 12, 34, 41, 81].

Although women are often responsible for household tasks, including kitchen duties and

cooking, their role in deciding to use ICS was limited, with the decision frequently made by

the male income earner, particularly in the context of cultural patriarchy, and access to finan-

cial resources [67, 77, 83]. This suggests the need to design interventions incorporating gender

and equity issues in LMICs to give women agency in choosing their preferred stove [83, 116].

An individual was likely to choose the type of stove based on the time consumed by the given

stove, the quantity of food required, the specific dish (e.g. traditional dishes), social aspects

(kitchen as a hub for socialization in a house) and finally the cultural demands of a typical

kitchen (taste of food, and alignment with tradition) [41, 43, 72, 77, 99]. The health benefits of

Fig 4. Co-functioning of energy ladder and stack concepts based on the review.

https://doi.org/10.1371/journal.pgph.0004042.g004
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ICS and cleaner energy were increasingly recognized and the transition to cleaner energy

seemed to be driven largely by the health benefits (or health hazards by the firewood) [27].

Household members, neighbors, community members, and wider social circle play a subtle

yet important role in adopting innovative technologies including ICS and cleaner energy. This

aligns with the principles of diffusion theory on how a majority of individuals (for example,

early and late majority) are influenced by the early adopters while others can end up as lag-

gards or non-adopters [113, 117].

The diffusion theory explains how malleable an individual’s decision can be, where con-

structive information and positive feedback promote the adoption [118]. The role of media

in promoting the benefits of ICS, cleaner energy, including health benefits can be supportive

for the adoption and sustained use of new stoves [119]. Negative media coverage has cer-

tainly a disruptive effect on ICS use. This is also where community and public engagement

are found to be critical, as it can leverage the institutional trust and sustain the use of ICS

[120–122].

Government policies regulating supplies and promotion of the energy sources can have

significant impact on the uptake of ICS [123, 124]. Availability, accessibility, and affordabil-

ity are fundamental contributors in adopting a new technology, and thus any impediments

to these critical elements affect the adoption and sustained use of ICS [114, 115]. Policy

engagement on the need of clean energy such as subsidies had a major impact on the adop-

tion and sustained use of LPG stoves [70, 75, 94, 110]. Government’s initiatives on cleaner

energy, had a significant impact on adoption of ICS in rural China [75]. India’s The Pradhan

Mantri Ujjwala Yojana (PMUY) increased the access to LPGs to more than 100 million

households [70, 110] and Indonesia’s ‘Zero-kero Programme’ achieved a fivefold increase in

LPG consumption [94]. Achieving nationwide use and sustainable adoption of LPG relies

on sustained governmental initiatives to ensure accessibility, financial support, and active

engagement with the population [125]. Despite government’s aim to promote cleaner

energy (LPG and electricity), 80% of population in rural Nepal still use solid-biomass fuels,

partly because of the absence of consistent access to LPGs and subsidy scheme by the gov-

ernment [126, 127]. The rural versus urban disparity in use of LPG was apparent in many

countries [23, 55, 57, 87, 105]. For instance, in Peru, the main barrier to adopting LPG was

the availability and access to the LPG in rural villages [103]; and thus requires a focused and

tailored approach in ensuring the access, and subsidies. A recent review echoes how govern-

ment’s policy initiatives are critical to ensure the access, affordability and adoption of LPGs

[116].

As a part of the review, discussions with the experts offered us some practical insights on

how the LPG stoves were utilized in high income countries. For instance, experts highlighted

the supply of piped LPG to the kitchen in Europe in response to the safety issues with use of

LPG cylinders in the past. Experts also referred to cleaner energy alternatives such as electric

cooking as the gold standard for the future. The sustainability of LPG, a fossil fuel, was thought

to require re-consideration for future. Considering these practicalities of energy supply and its

association with environment will be critical for the future of ICS. Designing and modifying

the kitchen’s architecture for better ventilation was considered an immediate and cost-effective

step to optimize the health benefits of ICS to populations in the LMICs.

Strengths and limitations

This was a scoping review exploring the acceptability of improved cook stoves and included lit-

erature from around the globe. By virtue of the topic, and the wide scope, the heterogeneity of

literature spanned across various disciplines (marketing research, implementation, health
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sciences, architecture, and energy science). This review had to integrate a range of inter-disci-

plinary perspectives. As a scoping review, reiterative discussions were held among internal

experts and external experts and their feedback were integrated into the manuscript. By its

nature, the review could not quantify the adoption of ICS globally. The review is limited by the

language restrictions, as we only included English language literature. The term ‘ICS’ used in

this review specifically meant switching of traditional stove to any advanced categories, this

may have generalized the information related to specific stove categories. In addition, because

bulk of the literature reported the LPG stove as the ICS, our analysis on acceptability was

focused on LPG stove and may have generalized the findings. Although this review explored

factors affecting acceptability of ICS operating at various levels, future research could explore

more on how specific types of ICS have varying impacts on adoption and sustained use over

time. While initial adoption and sustained use of ICS are often not delineated in the literature,

in part because these issues often co-exist as explained by the stacking of multiple energy

sources, disentangling factors affecting stacking versus use of specific ICS and type of fuel

could highlight the drivers of ICS and fuel types. In future, policy analysis could further high-

light the impact on acceptability of ICS.

Conclusions

This scoping review identified the factors underpinning acceptability of improved cooking

stoves at multiple levels. Adoption of ICS was dependent on its functional outputs (e.g. cleanli-

ness, and efficiency), meeting the local social and cultural standards and expectations (e.g.

cooking large meals, traditional meals, and taste) and the health and cost benefits. The adop-

tion of ICS was influenced by its use/adoption by neighbors, and wider community members.

The continued use of ICS relied on the supply-chain as well as policy regulating and promoting

its use. Policies offering subsidies, facilitating uninterrupted supply-chain promoted institu-

tional trust among community members which ultimately enabled sustained use of ICS. The

findings demonstrate the multitude of factors affecting the adoption of ICS and thus adapting

the cooking context (e.g. kitchen design) with better ventilation may be one of the imminent

solutions to impart health benefits.
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51. Matavel CE, Kächele H, Hafner JM, Rybak C, Uckert G, Hoffmann H, et al. How to increase cookstove

adoption? Exploring cost-effective dissemination techniques in Central Mozambique. Energy

Research and Social Science. 2023; 100. https://doi.org/10.1016/j.erss.2023.103082

52. Mosses JT, Makundi H, Hamza V. Barriers of solar cooking and policy prescription towards its adop-

tion in Tanzania: The case of Southern Unguja and Kilimanjaro regions. Energy for Sustainable Devel-

opment. 2023; 75:72–81. https://doi.org/10.1016/j.esd.2023.04.011

PLOS GLOBAL PUBLIC HEALTH A scoping review on acceptability of improved cook stoves

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004042 January 7, 2025 17 / 21

https://doi.org/10.1186/s12199-020-00851-y
http://www.ncbi.nlm.nih.gov/pubmed/32414323
https://doi.org/10.3390/ijerph16071207
https://doi.org/10.3390/ijerph16071207
http://www.ncbi.nlm.nih.gov/pubmed/30987276
https://doi.org/10.1016/j.esd.2018.06.010
http://www.ncbi.nlm.nih.gov/pubmed/32489234
https://doi.org/10.1016/j.forpol.2023.103096
https://doi.org/10.1016/j.forpol.2023.103096
https://doi.org/10.3389/fenrg.2023.1147545
https://doi.org/10.3389/fenrg.2023.1147545
https://doi.org/10.1016/j.esd.2018.06.009
http://www.ncbi.nlm.nih.gov/pubmed/30918423
https://doi.org/10.1007/s10393-018-1351-4
http://www.ncbi.nlm.nih.gov/pubmed/30109459
http://www.ncbi.nlm.nih.gov/pubmed/22826727
https://doi.org/10.1016/j.rser.2022.112600
https://doi.org/10.1016/j.esd.2018.06.005
https://doi.org/10.1016/j.esd.2018.06.005
http://www.ncbi.nlm.nih.gov/pubmed/30449968
https://doi.org/10.1016/j.erss.2019.101340
https://doi.org/10.1186/s13705-018-0171-2
https://doi.org/10.1186/s13705-018-0171-2
https://doi.org/10.1108/JSOCM-03-2018-0027
https://doi.org/10.1016/j.erss.2020.101754
https://doi.org/10.3390/ijerph13020167
http://www.ncbi.nlm.nih.gov/pubmed/26828505
https://doi.org/10.3390/ijerph10126920
https://doi.org/10.3390/ijerph10126920
http://www.ncbi.nlm.nih.gov/pubmed/24336020
https://doi.org/10.1016/j.erss.2023.103082
https://doi.org/10.1016/j.esd.2023.04.011
https://doi.org/10.1371/journal.pgph.0004042


53. Mudombi S, Nyambane A, von Maltitz GP, Gasparatos A, Johnson FX, Chenene ML, et al. User per-

ceptions about the adoption and use of ethanol fuel and cookstoves in Maputo, Mozambique. Energy

for Sustainable Development. 2018; 44:97–108. https://doi.org/10.1016/j.esd.2018.03.004

54. Mulenga MM, Roos A. Assessing the awareness and adoptability of pellet cookstoves for low-income

households in Lusaka, Zambia. Journal of Energy in Southern Africa. 2021; 32(3):52–61. https://doi.

org/10.17159/2413-3051/2021/v32i3a11463

55. Ochieng CA, Zhang Y, Nyabwa JK, Otieno DI, Spillane C. Household perspectives on cookstove and

fuel stacking: A qualitative study in urban and rural Kenya. Energy for Sustainable Development. 2020;

59:151–9. https://doi.org/10.1016/j.esd.2020.10.002

56. Ozoh OB, Okwor TJ, Adetona O, Akinkugbe AO, Amadi CE, Esezobor C, et al. Cooking Fuels in

Lagos, Nigeria: Factors Associated with Household Choice of Kerosene or Liquefied Petroleum Gas

(LPG). Int J Environ Res Public Health. 2018; 15(4). Epub 20180331. https://doi.org/10.3390/

ijerph15040641 PMID: 29614713
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85. Paramonova K, Mazancová J, Roubı́k H. Dis-adoption of small-scale biogas plants in Vietnam: what is

their fate? Environmental science and pollution research international. 2023; 30(1):2329–39. Epub

20221111. https://doi.org/10.1007/s11356-022-24047-9 PMID: 36369438.

86. Pattanayak SK, Jeuland M, Lewis JJ, Usmani F, Brooks N, Bhojvaid V, et al. Experimental evidence

on promotion of electric and improved biomass cookstoves. Proc Natl Acad Sci U S A. 2019; 116

(27):13282–7. Epub 20190522. https://doi.org/10.1073/pnas.1808827116 PMID: 31118284

87. Rao S, Dahal S, Hadingham S, Kumar P. Dissemination Challenges of Liquefied Petroleum Gas in Rural

India: Perspectives from the Field. SUSTAINABILITY. 2020; 12(6). https://doi.org/10.3390/su12062327

88. Rasel SM, Siddique AB, Nayon MFS, Suzon MSM, Amin S, Mim SS, et al. Assessment of the associa-

tion between health problems and cooking fuel type, and barriers towards clean cooking among rural

household people in Bangladesh. BMC Public Health. 2024; 24(1):512. Epub 20240219. https://doi.

org/10.1186/s12889-024-17971-7 PMID: 38369457

89. Raynes-Greenow C, Islam S, Khan J, Tasnim F, Nisha MK, Thornburg J, et al. A Feasibility Study

Assessing Acceptability and Supply Issues of Distributing LPG Cookstoves and Gas Cylinders to

Pregnant Women Living in Rural Bangladesh for Poriborton: The CHANge Trial. Int J Environ Res

Public Health. 2020; 17(3). Epub 20200129. https://doi.org/10.3390/ijerph17030848 PMID: 32013175

PLOS GLOBAL PUBLIC HEALTH A scoping review on acceptability of improved cook stoves

PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004042 January 7, 2025 19 / 21

https://doi.org/10.1088/1748-9326/abd133
https://doi.org/10.1016/j.erss.2021.102181
https://doi.org/10.1016/j.sftr.2024.100152
https://doi.org/10.1108/IJESM-11-2016-0001
https://doi.org/10.1016/j.deveng.2023.100111
https://doi.org/10.1016/j.deveng.2023.100111
https://doi.org/10.1016/j.enpol.2022.113012
https://doi.org/10.1016/j.socscimed.2022.115201
http://www.ncbi.nlm.nih.gov/pubmed/35843127
https://doi.org/10.1016/j.worlddev.2016.11.006
https://doi.org/10.1016/j.worlddev.2016.11.006
https://doi.org/10.1111/j.1600-0668.2005.00367.x
https://doi.org/10.1111/j.1600-0668.2005.00367.x
http://www.ncbi.nlm.nih.gov/pubmed/16108903
https://doi.org/10.1016/j.esd.2017.12.006
https://doi.org/10.1038/s41560-020-00722-4
https://doi.org/10.3389/fenrg.2018.00140
https://doi.org/10.3389/fenrg.2018.00140
https://doi.org/10.3402/gha.v5i0.19016
http://www.ncbi.nlm.nih.gov/pubmed/22989509
https://doi.org/10.1111/napa.12128
https://doi.org/10.1111/napa.12128
https://doi.org/10.1016/j.biombioe.2011.09.020
https://doi.org/10.1007/s11356-022-24047-9
http://www.ncbi.nlm.nih.gov/pubmed/36369438
https://doi.org/10.1073/pnas.1808827116
http://www.ncbi.nlm.nih.gov/pubmed/31118284
https://doi.org/10.3390/su12062327
https://doi.org/10.1186/s12889-024-17971-7
https://doi.org/10.1186/s12889-024-17971-7
http://www.ncbi.nlm.nih.gov/pubmed/38369457
https://doi.org/10.3390/ijerph17030848
http://www.ncbi.nlm.nih.gov/pubmed/32013175
https://doi.org/10.1371/journal.pgph.0004042


90. Rhodes EL, Dreibelbis R, Klasen EM, Naithani N, Baliddawa J, Menya D, et al. Behavioral attitudes

and preferences in cooking practices with traditional open-fire stoves in Peru, Nepal, and Kenya: impli-

cations for improved cookstove interventions. Int J Environ Res Public Health. 2014; 11(10):10310–

26. Epub 20141003. https://doi.org/10.3390/ijerph111010310 PMID: 25286166

91. Robinson BL, Jewitt S, Clifford MJ, Hewitt J. Understanding the current market enablers for Nepal’s

biomass cookstove industry. Development in Practice. 2022; 32(1):52–68. https://doi.org/10.1080/

09614524.2021.1893659

92. Robinson BLZ. Giving All Energy Stakeholders a Voice: Developing a Theoretical Framework for the

Uptake and Sustained Use of Improved/Clean Biomass Energy Technologies. 2021.

PQDT:50726006.

93. Rosenbaum J, Derby E, Dutta K. Understanding consumer preference and willingness to pay for

improved cookstoves in Bangladesh. J Health Commun. 2015; 20 Suppl 1:20–7. https://doi.org/10.

1080/10810730.2014.989345 PMID: 25839200.

94. Thoday K, Benjamin P, Gan M, Puzzolo E. The Mega Conversion Program from Kerosene to LPG in

Indonesia: lessons learned and recommendations for future clean cooking energy expansion. Energy

Sustain Dev. 2018; 46:71–81. Epub 20180611. https://doi.org/10.1016/j.esd.2018.05.011 PMID:

30333687

95. Williams NB, Quilliam RS, Campbell B, Ghatani R, Dickie J. Taboos, toilets and biogas: Socio-techni-

cal pathways to acceptance of a sustainable household technology. ENERGY RESEARCH & SOCIAL

SCIENCE. 2022; 86. https://doi.org/10.1016/j.erss.2021.102448

96. Williams NB, Quilliam RS, Campbell B, Raha D, Baruah DC, Clarke ML, et al. Challenging perceptions

of socio-cultural rejection of a taboo technology: Narratives of imagined transitions to domestic toilet-

linked biogas in India. ENERGY RESEARCH & SOCIAL SCIENCE. 2022; 92. https://doi.org/10.1016/

j.erss.2022.102802

97. Yasmin I, Akram W, Adeel S, Chandio AA. Non-adoption decision of biogas in rural Pakistan: use of

multinomial logit model. Environmental science and pollution research international. 2022; 29

(35):53884–905. Epub 20220316. https://doi.org/10.1007/s11356-022-19539-7 PMID: 35296995.

98. Cabrera-Torres CP, Dı́az-Vásquez MA, Diaz-Manchay RJ, Jean-Louis R, Thompson L, León-Jiménez
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