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Abstract:  

 

More than 40% of the world’s population still relies on traditional biomass for their cooking 

needs. A shift to advanced cookstoves can bring significant health and environmental 

benefits, but only with near exclusive use which requires significant changes in users’ 

behaviours. Since the emergence of the Global Alliance for Clean Cookstoves (now the Clean 

Cooking Alliance) in 2011, more attention has been directed to consumer and demand side 

factors in clean cookstove adoption and efforts to better understand individuals’ behaviours, 

household dynamics and decision making around the adoption of clean cookstoves and fuels 

have increased. This paper presents a review of the academic literature (2013-2020)  and aims 

to identify the most successful interventions of behaviour change techniques in the adoption 

of improved cookstoves as well as the most common barriers to success cited in the literature. 

The study sourced 40 peer reviewed published academic papers from spring 2013 to summer 

2020, and identified the following most commonly used behaviour change techniques in the 

adoption of improved cookstoves:  Shaping Knowledge (n=19), Reward & Threat (n=13), Social 

Support (n=9), Comparisons (n=4), Identity/Self-Belief (n=4), Regulation (n=0), Change in the 

Physical Environment (n=2), Goals & Planning (n=6). Based on these results, we present gaps 

in the literature and  provide policy recommendations to promote the adoption and 

continued use of improved cookstoves. 

 

Keywords: 

Behaviour change techniques; household technology adoption; improved cookstoves; social 

norms; behaviour change.  

 

Common abbreviations applied   

ICS (Improved Cookstove), BC (Behaviour Change), BCT (Behaviour Change Technique), NICE 

(The National Institute for Health and Care Excellence), SUMs (Stove-Use Monitors), 

Community Readiness Model (CRM), Rogers Diffusion of Innovation Theory (RDIT), Quality of 

life (QoL), World Health Organization (WHO). 
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1- Introduction 

 

Approximately 40% -3 billion people- mostly from low and middle income countries still rely 

on traditional biomass (including charcoal, fuelwood, crop residues and dung) to meet their 

cooking and heating needs [1, 2]. The use of traditional biomass is associated with a 

significant negative effect on public health, with an estimated 4.3 million global deaths 

directly associated with indoor air pollution [3]. The damaging respiratory effects of such 

domestic cooking and heating practices are felt disproportionally by women and children, 

whose typical household roles increase their relative exposure to harmful pollutants [4]. 

Indeed, research indicates that indoor air pollution is the single largest environmental risk 

factor for female mortality and the leading cause of death of children under the age of five 

[5]. In addition, indoor air pollution is also the eighth-leading contributor to the overall 

global disease burden causing respiratory and cardiovascular damage as well as tuberculosis 

and cancer[6].  

The environmental effects in terms of deforestation are also significant, as noted by Bailis et 

al.,[7], wood-fuels present society with two important links between local and global 

impacts. First, incomplete combustion releases pollutants that not only damage health but 

also warm the atmosphere. And second, unsustainable harvesting practices drives forests’ 

degradation and climate change. In short, we argue that the importance to accelerate the 

uptake of improve cookstoves (ICS) relies on three key elements; their potential to improve 

users’ health and household’s economic situation whilst decreasing environmental impacts.  

Despite efforts over recent decades on the part of governments and development partners 

to shift people away from traditional biomass for cooking, we are yet to see a large-scale 

transition to cleaner cookstoves and fuels [8, 9]. Indeed, current analyses suggest that 

without a substantial change in policy, the total number of people relying on traditional 

biomass will remain largely unchanged by 2030 [10]. Households that adopt ICS often 

continue to use existing stoves (known as fuel or stove ‘stacking’) to meet diverse cooking 

needs and address deficiencies in stove characteristics [11, 12]. Abandoning ICS and 

reverting to traditional cookstoves undermines key health and other benefits [13]. in this 

context, behaviour change interventions have been found to be effective means to achieve 

changes at individual, community and population levels [8, 14-16]. However, there is a 
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research gap in understanding how user-based and socio-cultural influences on cooking 

practice [17–19] interact with existing services and technologies to influence ICS uptake and 

sustained use [20], [21]. Therefore, this review looks at the sociocultural and behavioural 

dimensions of the adoption and sustained use of ICS, aligning with the call from Sovacool 

[22] for more human centred research methods in the energy arena. 

Shifting our focus to behaviour, from about 2011 onwards, research on behaviour change 

related to ICS adoption increased due to renewed policy attention on the issue of household 

air pollution and inefficient cookstoves, along with the emergence of the Global Alliance for 

Clean Cooking (now renamed the Clean Cooking Alliance). Prior, there was more focus on 

technical efficiency to reduce the environmental effects of inefficient stoves, with less 

attention given to the contextual factors influencing households’ adoption of the 

technologies [8]. By emphasising the importance of demand side factors alongside supply 

side and the enabling environment for ICS, the strategy of the Clean Cooking Alliance 

represented a paradigm shift in how to scale up adoption of ICS [1].  

Years later, in 2014, Goodwin and colleagues published a systematic review of the use of BC 

approaches in cookstove interventions globally. This study found that there was a 

predominance of BC interventions geared towards three behaviour change techniques  

(BCTs), namely:  Reward and Threat, Shaping Knowledge and Social Support [15], with little 

evidence of interventions targeting other BCTs. Given that Goodwin’s review was conducted 

in 2013, we were interested to know whether the uptake of BC approaches has expanded 

over time with the increased funding and policy attention targeting consumer and demand 

side aspects of ICS adoption from 2011 onwards. Thus, the main objective of the review was 

to understand the use of BCTs and behaviour change frameworks for supporting ICS 

adoption between 2013-2020. 

In this sense, our paper is structured as follows. In  chapter 2 we provide a short background 

on behaviour change techniques in the context of ICS interventions, followed by chapter 3, 

where the authors introduce the background and aims of the review. In chapters 4-5 we 

present our research methods and results respectively. In chapter 6, the authors centre on 

the findings of this research to later discuss gaps and limitations of the study. In the 

penultimate chapter, we provide a number of recommendations for ICS implementers and 

researchers considering applying behaviour change frameworks to inform intervention 

design and evaluation. We finally present our conclusions in chapter 9.  
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2. Behaviour change techniques 

 

For the purpose of this review, we define a behaviour change technique (BCT) as the “active 

component within a clean cooking intervention that helps produce behaviour change to 

improvement to human health and /or environmental impact [15]”. Behaviour change 

techniques conceptualised as building blocks of behaviour change interventions are a core 

element of the Behaviour Change Wheel framework, developed by Michie et al., [23] . In 

this framework, capability, opportunity, and motivation interact to generate behaviour in a 

system known as COM-B [23] where these components can be linked to BCTs. Michie et al. 

systematically generated and applied collections or “taxonomies” of BCTs and from there, 

developed a “cross behaviour” taxonomy which includes 93 distinct BCTs [24] . To enhance 

usability and accuracy of the taxonomy, the identified BCTs were organized into 16 groups  

[24].  

Goodwin et al., [15] further simplified this taxonomy to 8 core clusters, providing a more 

manageable framework to report outcomes from their synthesis of the evidence. Goodwin’s 

study sourced 48 studies from the academic and grey literature, 2003 to 2013, and 

identified the following most commonly used BCTs:  Shaping Knowledge [n=47], Reward & 

Threat (n=35), Social Support (n=35), Comparison (n=16), Identify/Self-Belief (n=16), 

Regulation (n=15), Change in the Physical Environment (n=10), Goals & Planning (n=3) (See 

table 1 for definitions of these terms).  It is evident from this review that three most 

commonly used BCTs in the field pre-2013 are Shaping Knowledge, Reward and Threat, and 

Social Support.  Some BCTs with the taxonomy have received little attention as potential 

drivers of change, for example, Goals and Aspirations.  Other recent systematic reviews 

either did not take a BCT framework  [18] or found little evidence of BCT approaches (e.g., 

Barnes 2014 [8] found only 10 studies over a 30-year search period considering behaviour 

change).    

 

3- Background and aims of this review 

 

Given that the majority of studies show that implementors have failed to adequately 

identify, investigate and address behaviours associated with the continued use of polluting 
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stoves in tandem with using cleaner cooking devices [13, 25], this literature review had two 

main aims. First, to identify BCTs that are used in interventions aiming to support ICS 

adoption in the literature 2013-2020. And second, to understand the extent to which 

behaviour change frameworks and models are used to better understand ICS adoption. It 

should be noted that there is no standard duration or intensity of use that defines 

“adoption” of improved cookstoves. In this sense, we agree with Brakema et al., [26] when 

they refer to Thakur’s et al., work [27] and claim that “generating new evidence on 

implementation is useful, but only provided that implementation strategies and processes 

are reported in detail, adoption rates and stove-stacking are systematically and objectively 

assessed, and follow-up time is 4 years or more... Although this can be challenging, this 

should be the norm for future implementation studies [26]”.  

In addition, this work seeks to establish if and how Michie’s National Institute for Health and 

Care Excellence [NICE] recognised health behaviour framework [28] has been applied in the 

field.  Michie’s behaviour change taxonomy identifies 93 BCTs, which have been statistically 

factored to reveal 16 core components, whilst Goodwin et al., [15] has further simplified this 

taxonomy to 8 core clusters, providing a more manageable framework to report outcomes 

from their synthesis of the evidence. The table below provides a more detailed explanation 

to each of the clusters developed by Goodwin and colleagues [15].  

 

Behavioural Change Techniques 

Theme Explanation 

Reward and 

threat 

This technique could come in the form of reward, value exchange 

or incentive; such as coupons, voucher or discounts. This could also 

entail negative reinforcement, punishment, sanctions and 

emotional consequences, such as fear and appeal. This theme 

makes the adoption of behaviours attractive to the users but 

makes the failure to adopt practices threatening.  

Shaping 

knowledge 

This technique could entail instructions, education, the 

replacements of habits, training, reinforcement practices and 

public relations. Through this means people should understand 

what cleaner cooking behaviours are and how to perform them. In 
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addition, this theme should also enable users to know where to 

acquire the technologies and materials needed to use ICS.  

Changing the 

physical 

environment 

This approach entails not only practices related to environmental 

restructuring and logistics to deliver and access to services, but 

also defaults.  

Social support This technique includes the involvement of communities of 

practice, co-creation of messengers and outreach workers in order 

to disseminate values to support the adoption of new routines and 

habits. In other words, this theme should Involve providing 

resources and facilitating influence. Moreover, social support could 

also come in the form of social norms (i.e. social influence and 

social pressure) 

Goals, framing 

and monitoring 

This technique focuses in themes around users’ intentions and 

ambitions. It considers action planning as well, along with 

commitment contracts, feedback monitoring and self-monitoring. 

Comparisons This BCT includes evaluations such as those involving pros and cons 

and comparing future outcomes. In may as well include themes 

related with modelling and social comparisons  

identity and 

belief 

This technique gathers elements at the individual level that could 

boost behaviour change such as but not limited to: mental 

rehearsal and self-talk, self-efficacy, self-affirmation and health 

belief mode. Under this theme, audiences are targeted according 

to their actual or aspirational roles. In this sense, gender and other 

roles may help determining how we perceive ourselves, how we 

are perceived, and how we are expected to think and act.  

Regulation. This approach tackles themes around restrictions and standards  

 

Table 1: source authors. However, the concepts above mentioned where built upon the works of Goodwin et 

al., [15] and Lindgren [29].  
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4 Methodology   

We conducted a literature review since we agree with [30–33] that this method enhances 

evidence for policy analysis by providing a comprehensive, unbiased and replicable 

summary of the state of knowledge. In addition, this approach ought to improve 

transparency about implemented methods and allow research designs to be replicated [30]. 

For this paper, we used the search terms  applied by Goodwin et al, [15] which in turn, had 

been generated from earlier systematic reviews within the cookstove sector. However, 

unlike Goodwin et al, [15], we only considered peer-reviewed academic papers; omitting 

studies from grey literature. The reason for this was time and funding constraints. The 

search terms reflected the fuels, stoves and household management practices in relation to 

the sector, and a wide range of BCT terms ranging from very broad (i.e. behaviour change 

and intervention) to very specific (i.e. habit, trigger and messenger) derived from a wide 

range of academic disciplines (e.g. health psychology and behavioural economics).  Due to 

time and budget constraints we limited our search to the ScienceDirect Database. 

Our inclusion criteria considered: 1] date, the study must have been conducted within our 

timeframe (2013-2020); 2] the studies must have been published in English; and; 3] the 

studies must have considered a behavioural change intervention from the above list 

(rewards and threat, shaping knowledge, changing the physical environment, social support, 

goals, planning and monitoring, regulation and comparisons, Identity and belief).  

 

4.1 Search syntax applied 

 

This search process yielded 66,004 results for post 2013-2020 literature. To reduce results 

to a more relevant yield a number of strategies were applied including a shorter syntax 

focusing on broader terms e.g. (stove OR cookstove) OR (cook* AND fuel) OR (cook AND 

technol*) AND (behav* AND chang*).   This yielded 28,102 results from 2013-2020.  An 

initial screen of these indicated many papers were not relevant.  

To further improve the search applicability, we carried out a refined search limiting the 

syntax to Title, Abstract and Key Words, which yielded 62 results post 2013.  A total number 

of 40 relevant papers were identified. From our results, for instance, we found five of these 

papers were systematic reviews [8,10,29,34], one theoretical paper [35]; and one a 
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synthesis of debates within the sector [36]. The remaining were experimental in design 

and/or took an intervention pre- and post- evaluation approach. 

   

5. Results 

 

5.1 Behaviour change frameworks and models identified in the review   

 

In this section we present a number of frameworks used to design and evaluate behaviour 

change strategies in ICS interventions.  

 

1- Community Readiness Model (CRM): Clark et al., [35] integrated the CR model 

proposed by Edwards et al.,[37], Kakefuda et al., [38] and Stallones et al., [38] into a 

proposed community-engagement research framework - also integrating methods 

from environmental epidemiology --to augment and measure health-related 

cookstove interventions. The CR model combines community-engaged research to 

augment typical health-related cookstove interventions with the systematic 

evaluation of enablers and barriers of stove use in order to promote and accurately 

measure changes in behaviour [15]. The model includes three main stages: 1. 

Identify enablers and barriers to cookstove adoption in the community, and based 

on this, prepare promotional material to encourage ICS usage; 2. Characterize 

individual stove usage during an ICS intervention; and 3. Evaluate the health impacts 

of the intervention using a randomized controlled trial.  The proposed model has yet 

to be tested in the cookstove sector and holds most promise for epidemiologic 

cookstove research and for measuring community-level strategies [13,35]. 

 

2- Household Decision Framework:  Van der Kroon et al., [39] argue that household 

choices are not made in a vacuum, but instead are shaped by the environment in 

which people operate. This is referred to as the ‘household decision environment’, 

following a decision framework developed by Bruntrup and Heidhues [40], but 

modified in this study to account for household fuel choices. Within this household 

decision environment, a distinction is made between external and internal factors: (i) 
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the decision context reflecting a household’s external (e.g. natural, institutional, 

economic, political etc.) environment, shaping the boundaries within which it has to 

function (e.g. natural resource availability, consumer and labour markets, 

government policies); and (ii) the household opportunities that represent the 

characteristics and factor endowment of the household (e.g. education, family size 

and gender roles).  Not surprisingly, both the internal (e.g. education, family size and 

gender roles) and external (e.g. climate and seasonality and even institutional and 

economic ones) decision environment –and the interactions – are found to play a 

significant role in choice behaviour. Furthermore, at the household level, Bensch and 

Peters [41] found that in Burkina Faso, financial constraints are also a significant 

barrier to the adoption of these technologies, given that in many rural communities 

there is a  lack of both; liquidity for payments and initial credit to afford an ICS.  

Further, Cundale et al., [42], Khandelwal et.al. [43] Puzzolo et.al., [18] found that 

some financial household characteristics have proven influential in the adoption of 

cleaner fuels and technologies, such as home ownership, which is likely to reflect 

socioeconomic status, and a willingness to invest in home improvements. Another 

attribute, within the household and setting characteristics, is the presence of a 

kitchen, as the lack of it, denotates space limitations to purchasing a built-in stove 

[34]. Given that there are gender-specific preferences in relation to stove attributes 

and that women are mostly involved in activities such as stove construction and 

installation, this framework, thus, appears to have been helpful in exploring gender 

household differences in decision making as well.   

 

3- Rogers Diffusion of Innovation Theory (RDIT) Rogers Diffusion of Innovation Theory 

seeks to explain how, why, and at what rate new ideas and technology spread. 

Diffusion is the process through which an innovation is communicated through 

certain channels over-time among the members of a social system [44]. Rogers 

proposes that four main elements influence the spread of a new idea: the innovation 

itself, communication channels, time, and a social system and that this process relies 

heavily on human capital [44]. The innovation must, in these circumstances, needs to 

be widely adopted in order to self-sustain. Within the rate of adoption, there is a 

point at which an innovation reaches critical mass.  Beltramo el al., [45] tested 

https://en.wikipedia.org/wiki/Idea
https://en.wikipedia.org/wiki/Technology
https://en.wikipedia.org/wiki/Communication_channel
https://en.wikipedia.org/wiki/Human_capital
https://en.wikipedia.org/wiki/Critical_mass_(sociodynamics)
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Rogers [44] theory of peer effects that posits that peer effects are stronger for those 

that are geographically and socially close, share ideas and as a result, influence the 

purchase and use of ICS [44]. Moreover, the study, using an RCT design, found that 

peer use of cookstoves had no impact on purchasing ICSs, but did lead to improve 

users’ knowledge.   

 

PSI PERFoRM and Bubbles framework PSI (Population Services International) has developed 

two frameworks for evaluating behaviour change and health impacts from the perspective 

of social marketing, i.e., the Performance Framework for Social Marketing (PERForM) and 

the PSI Behaviour Change Framework (integrated in Fig 2 below) [46]. PERForM describes a 

set of theoretical pathways through which social marketing interventions can potentially 

influence behaviours that have health-related consequences. PSI Behaviour Change 

Framework categorizes behavioural determinants into 16 summary constructs, or ‘bubbles’ 

as shown in Fig 2.   These constructs can be thought of as either Opportunity, Ability, or 

Motivation (OAM) determinants, a framework that has significant traction in BC theory, 

initially introduced by Rothschild [47]. We found one paper using this social marketing 

framework to explore ICS interventions in India [19]. Lewis et al., [19] approached social 

marketing as a mean to understand household behaviours and to design campaigns to 

change biomass use fuel. Their results indicate that there is no one-size-fits-all approach to 

boost improved cookstove adoption, but instead, they suggest approaching users testing 

different messages, pricing models and different stove types before scaling-up. However, 

the FOAM framework (Fig 2) is substituted for a ‘marketing mix’ of 4 dimensions:  1. 

promotion, 2. product, 3. price and 4. place.   

Whilst there is no doubt a social marketing approach can help us understand the challenges 

to sustained adoption of ICS, it’s missing the wider individual, social and structural analysis 

(i.e. the roles played by institutions and governance).  
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Figure 2: PERFoRM and Bubbles Framework, Phase 3. 

Source:  Adapted from the Performance Framework for Social Marketing ([PERForM) and the PSI Behavior 

Change Framework [46] 

 

AirFOAM FOAM is defined as Focus on Opportunity, Ability and Motivation and is a 

framework used to understand consumer purchasing behaviours  . Air FOAM builds on 

SaniFOAM framework designed to analyse sanitation programs. For Coombes and Devine 

[48], SaniFoam as an analytical tool aiming to answer three key questions: (1) does the 

individual have the chance to perform the behaviour; (2) is the individual capable of 

performing it and; (3) does the individual want to perform it.  

AirForam, is helpful to our approach since has parallels with BC theory, but its application in 

the cookstove sector has been rather limited and not very successful. For instance,  

Namagembe et al., [49] used it primarily in focus groups in peri-urban Uganda to inform the 

design of interventions, rather than as a framework for evaluating outcomes.  By exploring 
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factors, particularly motivations and barriers associated with behaviour (e.g. for mothers 

acquiring and using an ICS related to opportunity factors such as availability and access, 

knowledge, product attributes and social norms) they were able to identify communities’ 

preferred communication channels and trusted sources of information [49]. It was most 

successfully applied to develop community sales approaches, including training community 

sales agents to target mothers, in particular, using a range of promotional methods, including 

cooking demos.  Ultimately, the ICS were not well adopted: “The barriers to its purchase and 

consistent use were difficult to overcome, even with the behaviour change interventions, and 

thus the (ICS) did not become a meaningful part of most households’ cooking patterns [49]”. 

Strengths of the method appear to be in its ease of use by program managers in the sanitation 

context (i.e. an easy to understand framework] and to inform the design of mixed methods 

research. To a certain extent, SaniFOAM introduces psychological factors, but also important 

behavioural determinants [e.g. normative and self-regulation factors, are not considered.) 

 

1- Goodwin’s BC Framework:  This framework captures elements of the above models 

(SaniFOAM and PSI), but has the advantage of being theoretically driven by a NICE 

recognised model of health behaviours [23], (see Fig 3 below).  It also has the 

advantage of having been applied systematically and rigorously in an evaluation of 48 

studies in the field and is proven to be robust and pertinent to the BC framework for 

this sector.  What is missing from this model; however, is the interaction between 

BCTs and the individual determinants of behaviour, that is how do personal 

characteristics interact with motivational behaviour driven by ‘Reward and Threat’ 

drivers, for example, via the propensity of an extrovert individual to exhibit risky and 

pioneering behaviour. 
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Figure 3 Goodwin et al., Behaviour Change Framework,  

Source: Goodwin et al., [15; page 51] 

 

5.2 Geographic context: 

 

 

Country/region Number of interventions 

India [19, 50–52] 4 

Kenya [20, 39, 53–56] 7 

Zambia [20] 1 

Central America [57, 58] 2 

Peru [59] 1 

Bangladesh [60,61] 2 

Southern Spain [62] 1 
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Table 2. number of studies found by geographic context 

 

5.3 Urban-rural context 

 

Most of the intervention studies were carried out in a rural context for which we found 25 

interventions. Whilst for the peri-urban context, we detected nine interventions. For the 

rest of the studies, the location of the interventions was either unavailable or unclear. 

 

5.4 Methods cited 

 

Most research undertook a mixed methods approach (Quantitative + Qualitative, n=12), 

Qualitative only (n=10), Quantitative only (n=2) with sensor monitoring (n=4), plus one 

choice experiment, and one social network analysis. We found only two longitudinal studies  

therefore, we suggest the need for more robust experimental design i.e. more randomized  

control trials, (RCTs) since we found only one in our analysis [49, 51]. Therefore, we suggest 

the need for more robust experimental design i.e. more randomized  control trials, (RCTs) 

since we found only one in our analysis [64]. 

 

5.5 Use of BCTs cited 

 

Rewards (e.g. financial incentives and subsidies), Shaping Knowledge (health messaging 

particularly and workshops) and social support are all commonly use BCTs in the post-2013 

Indonesia [63] 1 

Uganda [45,49,64–67] 5 

Burkina Faso [41] 1 

Rwanda [68] 1 

Nigeria [69] 1 

Malawi [42,70] 2 

Ghana [71,72] 2 

Senegal [73] 1 

USA [74] 1 

Not defined [8,10,15,18,29,35,36] 7 
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academic literature. See Table 2 below for the number of papers reporting each of these 

approaches. 

 

BCT Descriptor # of 

interventions 

Percentage 

Reward and 

Threat 

Fuel cost/stove cost incentives/cash 

buy back offers/rent to own option 

13 32% 

Shaping 

Knowledge 

Health information; environmental 

impact information; demos 

19 47% 

Changing the 

physical 

environment 

Includes more user-centred design of 

cookstoves, changes to structural 

elements within households  such as 

but not limited to kitchens, chimneys 

and hoods. 

2 5% 

Social Support Cooking demonstrations 9 23% 

Goals, planning 

and monitoring 

Re-name Goals 

and Aspirations. 

Time reduction; ICS that can also 

charge mobile phone; taste 

preferences 

6 16% 

Comparisons  Neighbourhood-friends purchase 

impact on adoption 

4 11% 
 

Identity and Belief Agency based empowerment training 

in ICS programmes 

4 11% 

Regulation Legislative frameworks 0 0% 

 

Table 3. Use of Behaviour Change Techniques (BCTs) in Academic literature (2013-2020) 

 

5.6 The main barriers to adoption of ICS cited in the review  

  

Although the focus of our study is on behaviour change techniques, we considered 

important to briefly describe the three most common barriers mentioned in the literature 
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regarding the adoption of ICS as part of our results. Given that further understanding 

consumers’ barriers, is key for the implementation of behaviour change interventions in the 

adoption of clean cooking practices [15]. In our research, the most cited barriers were the 

following.  

We found fourteen studies [10,69,71,75,34,36,42,51,53,59–61] that cited availability of fuel, 

weather patterns and price fluctuation as key barriers of the sustained use of ICS. In our 

research, six studies [41,42, 59, 68, 74,76] mentioned that costs incurred due to 

maintenance  and hardship to repair the devices were key barriers in the maintained use of 

ICS. We also found that for Puzzolo et al., [34] Van der Kroon et al. and Treiber et al., [53] 

larger family sizes appear to be another barrier to adoption. Rehfuess et al., [9] explains that 

this could happen due the low value assigned to time and labour used to collect firewood 

and the need to prepare food for more household members. 

 

6.  Findings  

 

Table 4, below, presents the papers included in this review  along with the behaviour 

change activity implemented. As illustrated below, Rewards and threats, Shaping Knowledge 

and Social Support are all common interventions used the post-2013 academic literature.  

 

Title Author(s) Behaviour Change Determinant/Activity 
Reward and Threat  

Building a consumer market for 
ethanol-methanol cooking fuel in 
Lagos, Nigeria, 

Ozier et al. 
[69] 

The households in the experimental sample were given an ICS for 
free during the study duration. Participants also received two fuel 
canisters filled with the blended ethanol-methanol. After testing 
the devices, participants mentioned that in the future, they were 
willing to make investments and even buy a invest  stove for the 
minimum price of 42 USD or more.  

The impact of the household 
decision environment on fuel 
choice behaviour  

Van der 
Kroon et al., 
[39] 

Specific choice attributes are explored based on incentives and 
fuel cost/stove cost 

Oorja in India: assessing large-scale 
commercial distribtution of 
advanced biomass stoves to 
households 

Thurber et 
al., [51] 

Adoption of ICS is driven in part by cost savings.  

Understanding consumer 
preference and willingness to pay 
for improved cookstoves in 
Bangladesh 

Rosenbaum, 
Derby and 
Dutta [61] 

Incorporating desired stove attributes and financing options are 
essential for people to sufficiently value a stove 

Piloting improved cook stoves in 
India 

Lewis et 
al.,[19] 

Price is not the only factor determining choice; however, users 
could be nudged to adopt ICS if financial incentives are offered  
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Consumer knowledge, information 
sources used and predisposition 
towards adoption of wood pellets 
in domestic heating systems 

Garcia 
Maroto, [62] 

Economic factors are a key determinant of choice in relation to 
sustainable fuels. The existence of subsidies for purchase was most 
important to the decision-making process 

Household Air Pollution Exposure 
and Associations with Household 
Characteristics among Biomass 
Cookstove Users In Puno, Peru 

Fandino Del 
Rio et al., 
[59] 

Potential users received vouchers to collect free fuel from 
distributors.  

Adoption of improved biomass 
stoves and stove/fuel stacking in 
the REACCTING intervention study 
in Northern Ghana 

Dickinson et 
al., [71] 

Participants in the research project were given improved 
cookstoves for free. This, in turn, eliminated many initial adoption 
barriers, in particular,  those related to availability, awareness, and 
affordability.  

Implementation and scale-up of a 
biomass pellet and improved 
cookstove enterprise in Rwanda 

Jagger and 
Das [68] 

Providing a range of services such as free delivery, training, repairs, 
and replacement of stoves, encourages maintained use of ICS as 
well as initial uptake.  

Clean and Improved Cooking in 
Sub-Suharan Africa 

Srilata et al., 
[10] 

The focus of this study is almost entirely on financial incentives 
and better cookstoves design. They found, for instance, that 
providing  incentives for fuel-efficient technologies helps migrating 
households to more efficient and cleaner technologies.  

Promoting LPG usage during 
pregnancy: A pilot study in rural 
Maharashtra, India, 

Pillarisettiet 
al,. [75] 

Pregnant woman seemed to be a receptive population to free fuel. 
Making fuel and technologies affordable and available in rural 
areas may help increase usage.  

Beyond buying: The application of 
service design methodology to 
understand adoption of clean 
cookstoves in Kenya and Zambia 

Jürisoo et 
al., [20] 

All participants indicated that the cookstove traders acted as 
financial enablers to make the cookstove affordable 

Shaping knowledge 
Perception, culture, and science: A 
framework to identify in-home 
heating options to improve indoor 
air quality in the Navajo Nation 

Champion et 
al., [74] 

The researchers found that a critical element to advance the 
adoption of ICS is that related to educational initiatives; same that 
ought to explain the benefits of ICS and the health implications of 
each heating alternative.  

Piloting improved cook stoves in 
India 

Lewis et al., 
[19] 

Behaviour change promotion that combined door to door 
personalized demos with information pamphlets were effective 
means to increase ICS adoption.  

Oorja in India: assessing large-scale 
commercial distribtution of 
advanced biomass stoves to 
households 

Thurber et 
al., [51] 

Adoption was significantly influenced by health orientated 
messaging campaigns.  

Factors associated with sustained 
use of improved solid fuel 
cookstoves: A case study from 
Kenya 

Tigabu [54] The role of ‘word of mouth communication’, has been key factor in 
adoption and maintained use of ICS since it creates awareness 
within the community. This, along with the implementation of 
awareness campaigns, field trials and demonstrations increased 
the likelihood of improved cookstoves being used regularly. 

Diffusion of non-trad cookstoves 
across Western Honduras:  a social 
network analysis 

Ramirez et 
al., [57] 

Driving diffusion of knowledge via word of mouth and identifies 
whom, in social groups, is most effective as sources of information. 
In addition, the paper explores gender patterns (man to man more 
effective) 

Understanding consumer 
preference and willingness to pay 
for improved cookstoves in 
Bangladesh 

Rosenbaum, 
Derby and 
Dutta [61] 

Targeting user education was a critical aspect for the adoption of 
ICS. 

The impact of the household 
decision environment on fuel 
choice behaviour 

Van der 
Kroon et al., 
[39] 

Environmental and health messages both are considered key 
drivers that influenced consumer decisions to adopt ICS.   
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Factors influencing the acquisition 
and correct and consistent use of 
top-lit updraft cookstove in Uganda 

Namagembe 
et al., [49] 

Cooking demonstrations made a difference to correct usage, and 
therefore, indirectly, sustained usage.  Strategy of engaging VHTs 
as both information sources, and agents, played a role in raising 
community awareness of health risks of traditional stoves 

Using objective measures of stove 
use and indoor air quality to 
evaluate a cookstove intervention 
in rural Uganda 

Hankey et 
al., [66] 

Users received information on how to use ICS and the benefits of 
such technologies. However, in this study, the researchers were 
unavailable to examine long-term stove use patterns. 

Stoves or sugar? Willingness to 
adopt improved cookstoves in 
Malawi 

Jagger and 
Jumbe [70] 

Users received a tutorial along with a fact sheet indicating 
operating procedures and care maintenance procedures of ICS. 
Such means encourage further adoption of ICS 

A health intervention or a kitchen 
appliance? Household costs and 
benefits of a cleaner burning 
biomass-fuelled cookstove in 
Malawi 

Cundale et 
al., [42] 

Training consisted of initial demonstrations at community level 
and subsequent advice offered during schedule three-monthly 
household visits 

Consumer knowledge, information 
sources used and predisposition 
towards adoption of wood pellets 
in domestic heating systems 

Garcia 
Maroto and 
Garcia [62] 

Most respondents knew very little about pellets, due to lack of 
information.  Friends were the principal source of information 
followed by family members, thus, considered key elements in 
informing users about benefits of ICS 

Household air pollution exposure 
and associations with household 
characteristics among biomass 
cookstove users in Puno, Peru 

Fandino Del 
Rio et al., 
[59] 

Before receiving an LPG stove, potential users attended 
community meetings and participated in cooking demonstration. 
In addition, they received  behavioural messages based on 
formative research to promote exclusive LPG stove use. As part of 
the cooking demonstration, participants also received safety 
information and training on how to correctly operate and maintain 
the LPG stove.  

Clean cooking for all? A critical 
review of behaviour, stakeholder 
engagement, and adoption for the 
global diffusion of improved 
cookstoves 

Samantha 
Lindgren 
[29] 

Educational initiatives, as opposed to training or simple 
information provision, as part of a behaviour change strategy 
could further advance adoption and maintained use of ICS. On the 
other hand, simply sharing information about health, often called 
“health education,” has been insufficient for changing behaviours 
across public health domain.  

Adoption of improved biomass 
stoves and stove/fuel stacking in 
the REACCTING intervention study 
in Northern Ghana 

Dickinson et 
al., [71] 

Following the survey, the researchers held small meetings (with 8–
16 households) during which they demonstrated how to use 
cookstoves to further encourage maintain use.  

Prevalent degradation and patterns 
of use, maintenance, repair, and 
access to post-acquisition services 
for biomass stoves in Peru 

Gould et al.,  
[76] 

Most sessions focused on stove use, care and stove repair. In this 
sense, training was regularly accessed and appears to lead to 
higher levels of adoption. However, Gould and team suggest that 
further information needs to be provided  about the provision of 
repair services and replacement of stove parts. 

Promoting LPG usage during 
pregnancy: A pilot study in rural 
Maharashtra, India, 

Pillarisettiet 
al,.[75] 

Targeting users with health messages may have proved to be 
highly effective for the adoption of ICS.  

Implementation and scale-up of a 
biomass pellet and improved 
cookstove enterprise in Rwanda 

Jagger and 
Das [68] 

Providing new sources of  information is an important driver of 
adoption.  Moreover, their research shows that customers require 
a high level of training to use pellets to advance adoption of ICS.   

Beyond buying: The application of 
service design methodology to 
understand adoption of clean 
cookstoves in Kenya and Zambia 

Jürisoo et 
al., [20] 

Most of the participants (around 95%) attended training programs. 
Given that  attendees seldom had advance information on the 
products to be displayed they expressed a strong appreciation for 
the cookstove demonstrations 

Changes to the physical environment 
Understanding consumer 
preference and willingness to pay 

Rosenbaum, 
Derby and 
Dutta [61] 

Participants in this study felt that the improved stoves trials were 
not big enough (in terms of physical size and firepower) to cook 
meals. Suggesting in turn, that models did not meet consumer 
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for improved cookstoves in 
Bangladesh  
 

needs sufficiently to replace traditional stoves. The researchers 
suggests simple households’ modifications or altering the stove 
design without sacrificing its performance.  
 

Household air pollution exposure 
and associations with household 
characteristics among biomass 
cookstove users in Puno, Peru 

Fandino Del 
Rio et al., 
[59] 

The researchers found that in the kitchen area concentrations of 
HAP were twice as high in households with natural roof material as 
opposed to households with corrugated metal roofs 

Social Support 
Factors influencing the acquisition 
and correct and consistent use of 
top-lit updraft cookstove in Uganda 

Namagembe 
et al., [49] 

Community engagement as part of the adoption process is key for 
initial uptake and sustained usage  

Perception, culture, and science: A 
framework to identify in-home 
heating options to improve indoor 
air quality in the Navajo Nation 

Champion et 
al., [74] 

Participation of stakeholders in workshops, as well as the 
integration of Navajos leaders as part of the adoption process 
greatly influenced in the uptake of ICS 

Using objective measures of stove 
use and indoor air quality to 
evaluate a cookstove intervention 
in rural Uganda 

Hankey et 
al., [66] 

Monthly meetings with women's empowerment groups were 
established in each village. Other forms of social support were 
established by a group of students named the “Clean Air Team”. 
This group was in charge of participating in several lectures about 
indoor air pollution and taught participants how to properly use 
the Ugastove. 

Stoves or sugar? Willingness to 
adopt improved cookstoves in 
Malawi 

Jagger and 
Jumbe [70] 

Peer effects statistically increased the odds of stove adoption in 
both studied areas and for the pooled sample. This suggests that 
peer effects or focusing on leaders and other respected 
community members play a key role in ICS adoption in Malawi. 

Does Peer Use Influence Adoption 
of Efficient Cookstoves? Evidence 
from a Randomized Control Trial in 
Uganda 

Beltramo et 
al.,[45] 

Their study shows that if a prominent member of the community 
has the efficient stove predicts 17–22 percentage points higher 
odds of strongly favouring the stove.  

Factors associated with sustained 
use of improved solid fuel 
cookstoves: A case study from 
Kenya 

Tigabu [54] Promoters working with local influential individuals leverage their 
role as opinion leaders. By doing so, they improved the reputation 
of cookstoves and thus its adoption 

The intensive margin of technology 
adoption – Experimental evidence 
on improved cooking stoves in 
rural Senegal 

Bensch and 
Peters [41] 

The researchers found that to advance ICS adoption programs 
should be designed in close cooperation with local stakeholders 
and/or community leaders. 

The impact of the household 
decision environment on fuel 
choice behaviour 

Van der 
Kroon et al., 
[39] 

found social networks to be most effective for supporting 
behaviour change when there are reciprocal relationships between 
individuals 

Goals/planning/monitoring 
The impact of the household 
decision environment on fuel 
choice behaviour 

van der 
Kroon et al., 
[39] 

Time reductions played a key role in the adoption of ICS. In other 
words, the researchers found that the positive valuation of 
cooking time reduction, indicates among other things, significant 
opportunity costs of time  

Piloting improved cook stoves in 
India 

Lewis et al., 
[19] 

The researchers found that households indicated that within the 
ICS attributes, these must include reduced time spent cooking. 
Thus, time savings was a critical driver for the use of ICS. 
Particularly for those who have already purchased an ICS.  

The Effect of Marketing Messages, 
Liquidity Constraints, and 
Household Bargaining on 
Willingness to Pay for a Non-
traditional Cook-stove 

Beltramo et 
al., [64] 

Goals can be  used as an approach to target men e.g. the fact that 
ICS that can also charge a mobile phone appeals to men. Thus, ICS 
may be more likely to be adopted if these have additional features. 
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Using unobtrusive sensors to 
measure and minimize Hawthorne 
effects: Evidence from cookstoves 

Simmns et 
al., [67] 

Participants increased fuel-efficient stove use 53% when they were 
monitored and reduced three-stone fire use 29% when observers 
are present. 

Using objective measures of stove 
use and indoor air quality to 
evaluate a cookstove intervention 
in rural Uganda 

Hankey et 
al., [66] 

Monitoring practices induced to higher adoption rates. However, is 
worth noting that the population in this study was subject to 
biases as users were pre-screened and interested in using the 
Ugastove; therefore, short-term adoption rates may be higher 
than in the general population. 
Comparisons 

Assessment of cookstove stacking 
in Northern Ghana using surveys 
and stove use monitors 

Piedrahita et 
al., [71] 

Two stoves were selected for the intervention, a locally made 
rocket stove (Gyapa) and the Philips HD4012 LS gasifier  stove. 

Adoption of improved biomass 
stoves and stove/fuel stacking in 
the REACCTING intervention study 
in Northern Ghana 

Dickinson et 
al., [72] 

Gyapa stoves were seen as a reasonably good substitute for three 
stone fire (TSF) in the preparation of certain dishes such as soup 
and rice 

Piloting improved cook stoves in 
India 

Lewis et al., 
[19] 

When offered a choice, electric stove was preferred over improved 
biomass-burning options. 

Effects of USB port access on 
advanced cookstove adoption 
 

Wilson, et 
al., [50] 

In India, users were more likely to adopt ICS if these were USB-
enabled cookstoves. The chances for adoption were 3.5X times 
higher for  identical cookstoves with disabled USB ports. 

Identity and belief 
Diffusion of non-trad cookstoves 
across Western Honduras:  a social 
network analysis 

Ramirez et 
al., [57] 

Communication between women at a local level might play a more 
critical role in adoption than information diffusion across regional 
scale. Whilst males, play a leading role in diffusion over long 
distances 

Agency-based empowerment 
training enhances sales capacity of 
female energy entrepreneurs in 
Kenya 

Shankar et 
al., [56] 

Fostering  individual agency can significantly improve capacity to 
engage effectively within the cookstove sector, with greatest 
strides in women 

Reducing energy poverty through 
increasing choice of fuels and 
stoves in Kenya:   complementing 
the multiple fuel model. 

Treiber et 
al., [53]  

Social status is connected to fuel choice; use of charcoal indicates 
a richer family and the chosen method when cooking for guests 

The impact of the household 
decision environment on fuel 
choice behaviour 

Van der 
Kroon [39] 

Men are more aware of status attached to improved stoves, thus 
researchers indicate that targeting men in improved stove 
marketing strategies may improve adoption rates  
Regulation 

 
 
Table 4: papers included in this review presenting behaviour change determinant (2013-2020) 
 

6.1 Reward and threat 

 

Financial incentives, fuel costs and availability are consistently reported to be core drivers 

for sustained adoption of improved cookstoves [10, 39, 51, 61, 19 , 62, 59, 71, 68, 69, 75, 

20]. Subsidies to help households buy improved stoves were particularly important in 

poorer rural communities that traditionally use foraged fuelwood, charcoal and indigenous 

low-cost cookstoves [41,62, 67,77]. Research, moreover, indicates that providing credit to 

low-income communities and fuel free of charge to ease users’ financial burdens may 



22 | P a g e  
 

increase the chances for users not only to adopt these technologies but also to encourage 

future purchases. Other programmes’ Incentives included delivering cookstoves free of 

charge to poorer users [10, 67]. In terms of efficacy of Reward and Threat as a BCT, the 

provision of financial support to users does not always translate into sustained and 

substantial adoption of improved stoves [72] . indeed, Dickinson et al, found that providing 

stoves free of charge did not lead to long term usage despite initial enthusiasm by stove 

users [72]. 

 

6.2 Shaping knowledge 

Our results showed that shaping knowledge is the most popular intervention [74,19, 51, 54, 

57,61, 39,49, 66,  70, 42,  62,  59,  29,  71, 76,  75, 68, 20]. For instance, shaping knowledge 

through marketing messages in rural Uganda ‘the stove can improve health’ or ‘stove can 

save time and money’ [64], consistently increased willingness to purchase them. Similar 

results were obtained in Oorja, India where the adoption of ICS was significantly influenced 

by health orientated messaging marketing and awareness via word of mouth or practical 

demonstrations [51]. A similar experience was obtained in Rwanda were cookstoves users 

were more likely to adopt ICS if they received information and proper training on how to 

use pellets efficiently and effectively [68].  There are other forms of shaping users’ 

knowledge. For instance, Lindgren [29] suggest informing users of the correct use of stoves 

through means such as flipbooks and interactive posters advance adoption and sustained 

use. Thakur and colleagues [78] further support this claim and adds that the deployment of 

educational films works as an illustrative method to show potential users proper use of ICS 

before distribution, this approach may also ease in the understanding of its benefits in 

terms health.  Other studies, for example, Namagembe et al.,  [49] indicate that cooking 

demonstrations among community members made a difference regarding correct usage, 

and therefore, indirectly, sustained usage. In the same study, agents played a key role in 

raising community awareness about the health risks of traditional stoves. Indeed, Goodwin 

et al., [15] in its own review stress the importance of training programs as key element to 

advance adoption, since with them, users can learn how to fix stoves according to 

manufactures instructions and be trained to adopt new fuel sources. Finally, the impact of 

health and environmental messaging is a frequently used shaping knowledge technique as 

noted by van der Kroon et al., [39] and Shankar et al.  [56].  
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6.3 Changes to the physical environment 

 

Studies revealed that there is a need to better understand housing ownership, homes’ 

design and their impact on cooking and health, since these elements, along with household 

assets are found to be enablers of adoption [67, 79]. An explanation is provided by Rehfuess  

et al, [34] , whom suggest that home ownership is an enabler of adoption since it reflects 

socioeconomic status and also, willingness to invest in home improvements. Indeed, 

evidence provided by  Clark et al., [35]suggests that households’ upgrades, (e.g. physical 

changes in households) in some cases, may positively impact reducing indoor air pollution. 

This is further corroborated by a study conducted in Peru, where researchers found 

that  efforts ought to continue focusing on promoting clean fuels in tandem with household 

modifications [59]. Moreover, interventions in this area could also involve structural 

changes to the outside environment in addition to re-setting environmental defaults so that 

behaviours last longer due to either sympathetic cues and triggers [15]. For instance, 

programme implementers could also provide spaces or rooms to install pipes or improved 

stoves.  The design of the cookstove itself could result in behavioural cues that support 

adoption, where more human-centred designs ensure that ICS are a natural fit for users 

[20].  

 

6.4 Social support 
 

Research has made clear that individual and collective energy decisions have a solid social 

element [80]. In fact, studies indicate that under certain circumstances and in particular 

cases, peer influences are even more powerful than cost or considerations such as 

convenience or effectiveness [81]. Indeed, in our study we found nine studies highlighting 

the relevance of social support to further advance cookstoves adoption [49, 74, 66, 70, 54, 

45, 41, 39]. For instance, Van der Kroon et al., indicates that social networks are more 

effective for supporting behaviour change when there are reciprocal relationships between 

individuals [39]. Whilst  in Kenya and The Navajo Nation, USA, the reputation of new 

technologies is positively influenced by favourable opinions among community members, 

especially, from leaders’ opinions which need to actively participate in the intervention 

process [74]. Word of mouth communication through influential people – i.e. leaders and 
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government officials, teachers, housewives and businesspeople – was one of the most 

effective approaches In Bangladesh and Sub-Saharan Africa [35,61].  

Furthermore, community sales agents who were trained on household air pollution are key 

players in disseminating the health benefits of ICS [49]. Other strategies include using 

change agents, community leadership, communities of practice, and outreach workers to 

generate cultural acceptance of  ICS [49,54,56,57,72,74].  

 

6.5 Goals/planning/monitoring  

 

Our review indicates that behaviour change goals work well when directed toward 

individual and household goals, aspirations and lifestyle. For instance,  one study suggested 

that men are more interested in ICS if the stove could also charge their mobile phone [64]. 

The ability to charge mobile phones and other small appliances in the home, rather than 

having to walk to the local store or kiosk to charge, has been noted in other studies as 

aspirational, associated with modern living [20,82,83]. Indeed, studies [19,34,41,84] found 

that time savings associated with ICS are key and need better promotion. Furthermore, 

these benefits could be better directed towards individual and household goals and 

aspirations associated with improved quality of life.  For example, targeting how 

opportunities from time saved – say from laborious wood collecting – could be directed 

towards aspirations in the form of other work-related, educational and recreational goals. 

This is illustrated in Malawi’s case, where the importance of the non-health benefits of using 

ICS are ranked as follows. First, women valued the ability of non-traditional cookstoves to 

reduce fuel use the most. The second most valuable attribute is the ability to reduce 

cooking time [42].  

When it comes to monitoring, the use of stove use monitors [SUMs] showed there is a risk 

that after the experiment, individuals may return to their normal routine. For instance, the 

study by Simons et al., [67] , revealed low use of stove after 18 weeks, corroborating the 

fact that there is thin evidence of what we can call sustained use. Moreover, their study 

shows that the Hawthorne Effect1 and the act of surveillance can change later behaviours of 

                                                      
1 “The Hawthorne Effect is the tendency, particularly in social experiments, for people to modify their behaviour because 
they know they are being studied, and so to distort (usually unwittingly) the research findings [85]” 
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those been surveyed [45]. Indeed, Kar and Zerriffi recognize that the entire transition 

process of adopting ICS is rather fragile, not only due to seasonal changes but also because 

of no-cost reversal to solid fuels. Thus, they indicate that long-term monitoring ought to be 

the backbone of any intervention targeting climate/health gain projections [85]. 

 

6.6 Comparisons  

 

Providing a choice of options of ICS and fuels available is central to behavioural change.  In 

our literature review, we found only four studies [19,50,71,72] using this approach to 

further the adoption of ICS, whereas Goodwin et al., [15] found 16 interventions, for many 

of which, these were implemented in tandem with shaping knowledge, reward/threat and 

social support. However, in our own review we found, for instance, that users in Ghana 

perceived that improved stoves were less suitable for cooking a staple dish, Tuo Zaafi (TZ) in 

comparison to traditional stoves [72]. Piedrahita et al., [71] , noted higher rates of use of the 

Gyapa stoves, and lower use rates for the Philips stoves, the authors explain that this 

perhaps occurs since the Gyapa would be mostly used later in the day compared to the 

Philipps. Although, is worth noting that the study shows  a decreasing use of both stoves  

over the year.  

 

6.7 Identity and self-belief 

 

 

We identified four studies [39,53,56,57] targeting identity and belief as a BCT. In this field, 

for instance, we found little evidence of targeted messaging to men and women, but 

interesting differences amongst gender responses suggest that carefully targeted messaging 

has much potential in addressing behavioural change. For instance, an entrepreneurial 

program delivering empowerment training for both men and women found that sales of ICS 

doubled across both gender groups, but delivered greatest strides in relation to women’s 

decision-making – women outsold men by a margin of almost 3:1 [56]. One study sourced in 

our review showed that, social status is connected to fuel choice (e.g., use of charcoal 

indicates a richer family and is the chosen method when cooking for guests) [53]. 
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Furthermore, another study suggests that men are more aware of status attached to 

improved stoves [39]; this suggests that gender needs careful targeting with respect to 

goals/aspirations.  

Furthermore, in the study conducted by Bensch and Peters [41], women repeatedly noted 

that ICS allows them to regulate the temperature more easily, which, in turn, makes it easier 

for them to do other things while cooking. Such activities could include but are not limited 

to household chores and other economic and social activities, including studying. This aligns 

to the point that timesaving is one of the main drivers to the maintained use of ICS.  

 

6.9 Regulations 

 

In our analysis, none of the peer-reviewed academic papers reported regulatory frameworks 

as being drivers for ICS uptake and or/related behavioural change.    

 

7. Discussion and Limitations  
 

Our review found that Reward and Threat, Shaping Knowledge and Social Support were the 

most consistently applied BC approaches. However, these are often used in tandem, thus, 

making it hard to separate the impacts of one strategy over the other. 

 

7.1 BCTs used in ICS interventions post-2013 

 

There are some strong similarities in the patterns of BCTs applied in studies we identified 

and the results of Goodwin et al. The most frequently applied BCT in the studies we 

identified was Shaping Knowledge (47%), which is equal to Goodwin’s et al., findings (47%) 

[15].  Also, in line with Goodwin is the BCT category Reward and Threat which continues to 

be frequently applied in studies published from 2013 onwards. In our study, this BCT was 

applied in 32% of the interventions we reviewed, reflecting the need for financial incentives 

to  encourage people to try a new technology or fuel for the first time. However, we would 

like to note that giving stoves for free will not translate into adoption and maintained use. 

This may be the reason why financial incentives are rarely applied as the only BCT, rather, 
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they are typically combined with community engagement, the support of peers, and the 

provision of locally available after sales support to ensure correct usage of the new cooking 

stoves over time. Regarding the latter, for instance, Kar and Zerriffi [85], propose a new 

inter-disciplinary model CI-CHANGE2 that programme implementers must provide post-sales 

support to help users accept new cooking technologies and fight old habits associated with 

traditional cooking. 

Moreover, the results from our review suggest that identifying and targeting the goals and 

aspirations of other household members than the main cook (e.g. men) can help to build 

legitimacy and support for the new technology. There seems to be a slight increase in the 

use goals and aspirations in ICS interventions since 2013; indeed, our review found that 15% 

of interventions identified applied the BCT Goals and Aspirations,  as compared to 6% in 

Goodwin’s review [15].  

Regarding Identity and self-believe, our results are similar to those from by Goodwin et al., 

[15] at 14% and 11% respectively. However, in this area, we suggest that targeted 

messaging linked to intrinsic motivations --what is meaningful for someone-- are areas that 

future strategies and program implementers could further explore. This type of messaging is 

different to that associated with shaping knowledge in that it has less to do with raising 

awareness and imparting knowledge, and more focused on tapping into deeper motivations, 

attitudes and beliefs which could be shaped by factors such as gender. 

Finally, another result that stands out is the fact that none of the interventions in our review 

engaged with regulations, as compared with 28% in Goodwin’s review [15]. This may be 

explained since we omitted to review grey literature.   

 

7.2 The need to identify the right mix of BCTs  

 

Our review suggests that factors such as financing options and economic incentives have the  

potential to improve quality of life, for instance, users could spend less time cooking and 

collecting fuels. In addition, our results indicate that  peer pressure and social norms (e.g. 

                                                      
2 The Ci-Change model consists in a framework that combines elements of the Transtheoretical Model [health 
behaviour change psychology], Theory of Planned Behaviour (social psychology), and the Unified Theory of 
Acceptance and Use of Technology (information systems research) not only as a mean to identify but also to  
prioritize intervention focus areas regarding technology adoption.  
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the role of word to mouth communication among women and the status aspects attached 

to the adoption of improved cookstoves), as well as how the technology operates in relation 

to baseline stoves,  are all key elements to facilitate ICS adoption. We also know from 

previous systematic reviews, (Goodwin et al.,[15] , Lewis et al., [19]  and Pattanayak et al., 

[86] ) that structural and regulatory factors are also critical to ensuring the long term 

sustainability and scale up of ICS interventions. What seems to be missing from the  ICS 

interventions identified in our review is a sociotechnical or systems approach whereby 

behaviour change levers operating at different levels (from individual to community to 

national) are tapped in a coordinated way. 

In this sense, we argue that taking a sociotechnical approach to design ICS interventions 

would ensure the consideration of technical, financial, socio-environmental and behavioural 

dimension [87] . See Table 5, below, for an illustration of this point.  

 

 

Dimension Inclusive of Examples 

Technical Technology and availability Food preparation and ICS 

performance   

Financial Cookstoves’ prices and users’ ability to 

afford  

Capital cost of improved 

cookstoves, time- and cost-

savings  

Socio-

environmental 

Broad social and cost benefits  mitigation of greenhouse gas 

emissions, health improvements 

and deforestation prevention  

Behavioural Consumer and user perceptions and 

behaviours  

Consumer perceptions of all of 

the above, including benefits, 

inconvenience, distrust, 

confusion, and range anxiety 

 

Table 5 An Overview of sociotechnical dimensions to improved cookstoves. Adapted from 

reference  [87] with permission. 
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7.3 Gaps in the literature 

 

We noted several gaps in the literature given the advancements in knowledge related to ICS 

implementation in recent decades. For instance, we noticed that despite the central role of 

women in household cooking systems, there were relatively few interventions designed to 

account for the specific roles and identities of women. There is a need to explore cookstove 

interventions from the perspective of women’s empowerment and inequalities prevalent 

within the structural context of a culture. Similarly, only one study looked at the potential of 

appealing to the identity and interests of men [56].   

Only a handful of studies identified used quantitative monitoring of ICS use to measure 

impact. Given the recent advancements in objective monitoring of cookstove use, it is 

surprising that only a few studies used these monitoring techniques to measure the impact 

of the intervention, though the relatively high cost of the cookstove monitors is likely to be 

a barrier to their use. Moreover, our review found five interventions [8, 10,39,51,74] in the 

BCT category Shaping knowledge that used health messaging as part of their intervention,  

where all studies reported that health messaging played an important role in the success of 

the intervention. However, one review study questioned the efficacy of health education 

means of changing behaviour [29].    

Furthermore, our results indicate that there is a need to explore structural determinants of 

behaviour change in the context of ICS interventions (i.e. state regulations, local 

government administrative capacity, informal governance, discriminatory social relations) 

and opportunities for interventions (e.g. regulatory reform).  The role of government  

incentive schemes and subsidies alongside other BCTs need to be further explored.  

 

7.4 Limitations 

 

Due to time and budget constraints we were unable to consider grey literature and other 

peer review data bases beyond ScienceDirect.  This is an obvious limitation of the study as 

there is a risk that the some BCT categories are underrepresented.  
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8. Recommendations 

 

Our results indicate that finance related issues, remain a key barrier for the widespread 

adoption of ICS [20,36,51,59]. Indeed, research indicates , that poverty could be among the 

largest obstacles for initial cookstove adoption [75]. Therefore, we recommend that at least 

during the initial stages, financial support must be provided so as to encourage potential 

users to adopt technologies and ease liquidity constrains. However, to ensure maintained 

use of ICS we suggest that financial incentives ought to be combined with other mechanisms 

such as after sales tech-support, peer support and community endorsement.  

Based on this, we argue that Social Support and Reward and Threat are underutilised BCTs; 

and a combination of both, could enable initial uptake and long-term adoption of improved 

cookstoves.  Moreover, Ramirez et al,. [57] and Khandewal et al., [43] argue that for 

interventions to be successful, sustained use of advanced cookstoves is essential. A number 

of studies [13,68,71,72,76] suggest that the use of cleaner cooking technologies tends to 

decline over time due to poor maintenance. This highlights the importance of ensuring that 

a post-sales service system is put in place, including repairs, spare parts, and 

troubleshooting.  Ensuring that such service systems, particular advisory and customer 

services are locally embedded is important for the long term sustainability of ICS 

interventions [20, 88]  Evans et al., [89] suggest, for instance, to identify relationships 

between marketing efforts and users behaviours, not only to  understand the nature of 

those associations but also to  design appropriate communication and marketing strategies 

to advance adoption and sustained use.  

A major omission we identified in the BC literature is the gap in identifying structural 

determinants of behaviour change such as regulatory, political and institutional conditions. 

This needs further exploration since satisfying energy needs, whether for cooking or 

heating, is part of households’ everyday activities, where the behaviours of energy users are 

influenced by numerous factors, many of which, operate at different levels (e.g. social, 

structural, cognitive and psychological). Expanding knowledge on this area, and 

demonstrating how ICS interventions can align with existing regulations, or trigger 

regulatory change could help practitioners to think bigger in terms of the longevity and scale 

of their interventions.  
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It’s important to state that any theoretical framework recognizes that the behaviour change 

process is dynamic, and interacts at multiple levels (i.e. individual, household, community, 

and structural) and operates at various stages of change (e.g. intent to change, actual 

behaviour change, sustained behaviour change) [35,90]. None of the interventions 

identified in our review addressed behavioural determinants operating at all levels of 

society (individual, household, community, national). There is a need for sociotechnical 

approaches that consider the multi-level technical, financial, socio-environmental and  

behavioural elements of an energy transition in a coordinated way. 

Furthermore, there is an important need to understand the complexities of gender within 

this framework and to better understand discriminatory and enabling power structures (e.g. 

women as empowered “entrepreneurs”, consumers and decision-makers). As women as a 

social grouping are key to the uptake of ICS, given their central responsibility for cooking 

and managing household energy a broader understanding of gender dynamics could 

facilitate future uptake of advanced cookstoves. Moreover, research should focus on better 

understanding the preferences of pregnant women and women with children since as 

indicated by Pillarisetti and colleagues [75], women with children are more likely to acquire 

and use a cookstove than women without them. We thus, further echo the call from 

Lindgren [29] to further study what the role of children is in the behaviour change 

communication activities and as a potential target audience for future cookstove adoption 

efforts.  

 

9. Conclusions  

 

Our study reviewed peer reviewed, published academic articles from 2013 to 2020. We 

found 40 papers aiming to update the literature in BCT and to suggest improvements in 

designing these techniques. This review found that the most used behavioural change 

techniques are: 1. Shaping Knowledge; 2. Reward and Threat, 3. Social Support and 4- Goals, 

Planning and Monitoring. From the evidence collected, we suggest that a behaviour change 

framework appropriate to the clean cookstove sector should account for the multiple 

psychological, social, physical and structural factors that simultaneously influence 

behaviour. It follows that if policy makers and program implementers want to increase 
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adoption rates, they ought to integrate individual, social, physical and structural 

determinants of BC in the design and implementation of the program.  Moreover and 

similar to SaniFOAM framework [48], our research found that users must have the 

opportunity, ability and motivation to purchase and use the stove and that initial purchase 

and use, does not necessarily translate into long term adoption. 

Furthermore, we found that the academic literature is expanding at a rapid rate, hence it 

will be important to regularly update this review. Align to this point, we identified some 

clear gaps in the literature reviewed, most notably, a lack of focus on gender and women’s 

empowerment; and a dearth of experimental design to evaluate the impact of ICS 

interventions using BCTs. Finally, we raise concerns that training measures should not be 

limited to users, but also stove and fuel suppliers need to be trained for the successful 

implementation of cookstoves programs. That is, prior to the intervention, implementors 

and policy makers need to be aware about local contextual factors such as culture, tradition 

and social norms; with these, interventions could be better designed, target key household 

groups and deliver programs according to users’ needs. Therefore, we strongly believe that 

making clear links between people’s routines, values and behaviours will not only ease the 

adoption and long-term use of ICS but also will pave the way towards a more energy 

efficient future. 
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