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Abstract: This study examines the adoption of clean cooking technologies in developing countries with a focus on the 

ACE-1 advanced biomass stove (ABS). Marginalized communities in rural environments are often exposed to high 

levels of Household Air Pollution (HAP) due to the common use of traditional cookstoves. The United Nations (UN) 

has recognized the adoption of clean cooking technology like the ABS as a key driver and high-impact opportunity in 

the context of the 2030 Agenda for Sustainable Development. Nonetheless, the context for adoption is complex. 

Adoption depends on numerous variables, that can enable or hinder the uptake of modern cookstoves. This study is 

based on the assumption, that adoption starts with the decision-making process and acquisition of the stove. Based on a 

field study in rural Cambodia, this research focuses on users at the initial stage of adoption. By means of questionnaire-

based interviews, this study identifies how variables related to ‘fuel and technology’ and ‘household and setting’ affect 

the likeliness of adoption and what opportunities can be identified to facilitate the process of adoption. The study finds, 

that ABS-suitable biomass fuels are available and accessible in rural Cambodia. Besides, the production of renewable 

biomass fuels like pellets is growing, which provides opportunities for collaboration with stove distributors. The study 

confirms the common practice of stove stacking and points out the strong market presence of Liquefied Petroleum Gas 

(LPG) stoves. Market activities need to consider these factors and highlight the competitive advantages of AB, namely 

fuel efficiency and cost savings. Finally, the impact of social influence and peer relations should be further researched 

and taken into consideration for sales and marketing activities.  
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pellets. The study confirms the common practice of stove stacking and highlights the strong market presence of 

Liquefied Petroleum Gas (LPG) stoves. LPG is often perceived as the cheaper and more convenient alternative, 

considering the high initial investment for an ABS. In order to shift the user mindset, market activities need to highlight 

fuel efficiency and cost savings as the main competitive advantages. Supporting materials that help to visualize fuel 

savings and fuel expenditure over longer periods of time are suggested to convey this message during the sales pitch. 

Finally, the impact of social influence and peer relations should be further researched and taken into consideration. 
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community members and active stove users as brand ambassadors. Besides, the nature of sales interventions should be 

reconsidered. The ABS is a high-technology product, that might be difficult to be grasped by rural households in the 

initial sales pitch. Opinion leaders and sample stoves to facilitate a trial phase in the village, could help to build trust 

and confidence in the product, which has potential to positively affect the initial uptake and long-term use of the stoves. 
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1.  Introduction  
 

1.1  Energy access and clean cooking solutions  
 

The access to modern energy services and in particular clean cooking is considered one of the key drivers 

for achieving the 2030 Agenda for Sustainable Development (Global Alliance for Clean Cookstoves 

(GACC), 2016). Sustainable Development Goal (SDG) 7 aims for universal access to affordable, reliable 

and modern energy services and to upgrade energy technology in developing countries (UN, 2017). 

Currently the access to clean cooking solutions in developing countries is often not a given. 2.3 billion 

people worldwide continue to rely on coal, kerosene or solid biomass for cooking on traditional cookstoves 

and open fires (IEA, 2017a). However, it is not only the lack of access to energy in developing countries 

but health risks and increasing resource consumption, that are pushing the need for clean and sustainable 

cooking technology. The combustion of coal and biomass contributes to rising greenhouse gas emissions 

and environmental degradation. It also exposes people to high levels of Household Air Pollution (HAP). 

HAP is a leading cause of premature deaths and a number of chronic and acute health effects (IEA, 2017a; 

World Health Organization (WHO), 2017).  

 

Improved cookstoves (ICS) are solid-fuel based stoves with improved technological features for better 

efficiency, cleanliness and safety compared to traditional stoves (World Bank Group (WBG), 2018). The 

two leading stove types are advanced biomass stoves (ABS) and clean fuel stoves. ABS commonly use fan- 

and/or gasification technology. While they are suitable for various types of local biomass, the high initial 

investment is often a problem for disadvantaged households. Liquefied Petroleum Gas (LPG) has started to 

become a commonly accessible clean fuel alternative (Puzzolo et al., 2016). However, it is commonly 

associated with the risk of explosion. Clean cookstoves need to be made accessible for marginalized 

populations and help them to reduce the risk  of negative health impacts while cooking. Besides, aspects of 

gender equality and poverty alleviation can also be tackled by improved cooking technology. Women are 

often burdened by the process of fire wood collection and inefficient cooking practices. ICS are an 

opportunity to redirect this time to alternative activities in order to generate income or gain new skills (IEA, 

2017b). Expanding the access and encouraging the use of clean cooking solutions can help to achieve the 

nexus of improved energy access, direct health benefits and reduced air pollution (Ekouevi, 2013).  

 

The universal adoption of clean cooking solutions has been recognized as an immediate impact opportunity 

by the UN and WBG (Sustainable Energy for All (SE4All), 2017), underlining the current importance of 

the issue. Nonetheless, the Energy Progress Report on SDG 7 reveals the lack in progress, stating that 2.3 

billion people will continue to use traditional cooking methods in 2030 if the current trajectory continues 

(GACC, 2018). One of the strategic focus points to strengthen adoption of modern cookstoves is to enhance 

the demand by understanding and motivating consumers and fostering innovative distribution models to 

reach remote areas (SE4All, 2017). However, the environment to do so is challenging and complex. 

Adoption of clean cooking solutions takes place in a “dynamic system with strong interactions between the 

user, the technology, the fuels and the larger socio-economic and ecological contexts” (Ruiz-Mercado et al., 
2011). There are many different variables that can enable or prevent adoption. These variables have been 

explored in the wider context of decision-making for innovation (Rogers, 1995) as well as within the more 

specific context of improved cookstoves (Rehfuess et al., 2014). A global review of cookstove programs 

shows that engagement of local stakeholders and their needs and culture are important factors for success 

(Urmee and Gyamfi, 2014). Given the complexity, more research is needed to contribute to the evidence 

base of what enables adoption and to create opportunities that increase the demand and continuous use of 

cookstoves like ABS.  
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1.2 Clean cooking solutions in rural Cambodia  
 

Cambodia has been undergoing a vast economic transition and achieved lower-middle income status in 2015 

(WBG, 2017). According to the World Wild Life Fund For Nature (WWF, 2016), Cambodia has also an 

opportunity to become a leader in clean and renewable electricity by means of renewable energy sources. 

Off-grid energy solutions like clean cooking technology for marginalized populations form part of this 

agenda. The urban-rural divide plays a major role in achieving equal access to clean cooking. While 

Cambodia has one of the smallest but fastest-growing urban populations in East Asia (WBG, 2015), its rural 

population accounts for almost 79% (WBG, 2018). Rural households are largely exposed to negative health 

impacts from cooking, as the majority relies on solid biomass stoves. Almost all of these households (98%) 

use wood for cooking, which is closely associated with 14,729 premature annual deaths due to HAP 

(Climate and Clean Air Coalition, 2016). ABS help households to cook healthier and more economically, 

which can contribute to an overall improvement of their living situation in rural Cambodia. 

 

1.2.1 ACE Energy Solutions - Cambodia 
 

ACE Energy Solutions - Cambodia (ACE) is the commissioner of this study and distributes the ACE-1 

advanced biomass stove to rural communities in Cambodia. The ACE-1 is a solar-powered solid fuel stove 

that burns a wide range of biomass. The ACE-1 uses forced-air gasifier technology that allows for a more 

complete fuel combustion in order to achieve lower emissions and reduced fuel consumption (GACC, 2016). 

ACE has commenced business operations in Cambodia in 2015 and currently operates in the provinces of 

Kandal and Battambang. The ACE-1 is manufactured by African Clean Energy Pty. Ltd. in Lesotho. The 

company has additional sales outlets in Lesotho and Uganda. 

 

1.3 Review of literature   
  

In this sub-chapter I present a literature review of current and past studies on cookstove-related issues in the 

context of Cambodia. Research in the field of clean cooking is limited in scope and number. Table 1 provides 

an overview of the available studies. 

 
Commission Year  Scope  

WBG  2018 Assessment of the accessibility and availability of modern 

cooking solutions; Use of multi-tier framework  

SNV 2015c Study on consumer acceptability and the willingness-to-pay; 15 

households; Sample stove: Envirofit PCS-1 

SNV  2015b Study to measure the impact of the ACE-1 stove and biogas on 

PM2.5 kitchen air pollution (KAP) and personal exposure (PE)  

to model health outcomes 

SNV  2015a Identification and assessment of enablers and barriers for the 

purchase of ABS with a specific focus on health messaging in 

Kampong Chhnang province; Sample stove: ACE-1 

SNV  

 

2014b Study on consumer acceptability and the willingness-to-pay; 16 

households; Sample stove: BioLite HomeStove  

SNV  2014a Assessment of the target market and commercial market 

potential for ABS in relation to available stove alternatives; 313 

respondents; Sample stove: Phillips HD 4012 

GERES 2009 Analysis of the dissemination efforts of the Traditional Lao 

Stove (TLS) and the New Lao Stove (NLS)  and assessment of 
the socio-economic impacts for distributors and users 

Table 1: Overview of cookstove studies in Cambodia  
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The Energy Access Diagnostics Report (WBG, 2018) is the most recent and comprehensive attempt to 

layout the accessibility and availability of modern cooking solutions in Cambodia. The study uses a multi-

tier framework (MTF) to map the use of cookstoves in urban and rural settings and assesses the barriers that 

prevent households from moving up to the next tier. The study does not represent ABS sufficiently, since 

they do not account for their own stove category in the results. The consumer acceptability studies by the 

SNV (2014b, 2015c) provide valuable but very stove-specific insights into the user market of Cambodia. 

Nonetheless, they can be useful to put the results of this study into context. The Group for the Environment, 

Renewable Energy and Solidarity (GERES, 2009) and their study was the first of its kind looking at positive 

impacts from improved cookstove dissemination. While this study has some value in the sense of framing 

the socio-economic impacts of cookstoves, the results are outdated and focus mainly on traditional stoves. 

The SNV (2014a) provides valuable but narrow insights into the motivations and barriers to change to a 

new stove. It also outlines the competitive advantage of an ABS (ACE-1) compared to other stove 

alternatives. The second study has a strong focus on health messaging as a purchase driver. However, it uses 

a qualitative approach that largely relies on the perspectives and implementation skills of the sales agents 

(SNV, 2015a). The third study solely focuses on the measurement and modelling of health impacts from 

household pollution exposure (SNV, 2015b). 

 

In addition to the literature review, conversations with ACE in preparation of this study have revealed a lack 

of market knowledge caused by the only recent entry into the Cambodian market. Although ACE has sales 

operations in Lesotho and Uganda, the market knowledge and sales experience from those countries is not 

fully applicable to the local context of Cambodia. Enablers and barriers for the uptake and use of cookstoves 

are mostly contextual (Hartinger et al., 2015), which makes it difficult to apply knowledge and experience 

to a different local context. A first example for these context-specific variables is the availability of 

appropriate fuel types. While ACE considers the abundance of solid biomass such as charcoal or coconuts 

a valuable business opportunity in Cambodia, the prevalence of clean fuel stoves, like LPG stoves, has been 

recognized as a potential threat. A second example is the nature of stove interventions or demonstrations. 

In the Sub-Saharan context these demonstrations are mostly held in groups, which underlines the relevance 

of the social context and peer relations in the decision-making process. However, in Cambodia cookstoves 

are mainly shown and sold to individual households. 

 

1.3.1 Implications for this study  
 

In the context of the above literature review two issues can be recognized: firstly, the presence of market 

competitors and secondly, a lack of market knowledge. Although WBG (2018) reinforces the universal 

importance of clean cooking solutions in Cambodia, their policy implications provide a rather one-sided 

view in favor of LPG stoves. They strongly promote the health benefits and dissemination of LPG stoves, 

suggesting to push for stronger market penetration and to draw on ABS only where LPG is not available. 

Besides, the lacking presence of ABS in the research sample indicates a very low dissemination rate of ABS, 

compared to LPG stoves. According to the SNV (2014), LPG stoves and ABS compete in the same market 

space. Nonetheless, LPG stoves carry an inherent risk of explosion. ABS have two significant competitive 

advantages: firstly, the fuel cost saving relative to using LPG; and secondly, no risk of explosion (SNV, 

2014). Despite the growth in interest and relevance around clean stoves and fuels, scientific market 

knowledge is  limited. Previously discussed studies are either outdated or irrelevant in the context of the 

ongoing advancement of stove technology (GERES, 2009); or cover only a narrow market perspective with 

limited evidence (SNV, 2014 and 2015).  

 

1.4 Problem statement  
 

While Cambodia shows a growing trend in the use of clean stoves and fuels in urban areas, the majority of 

rural households still uses cookstoves that put their health at risk and cause negative socio-economic and 

environmental impacts in their immediate surroundings. In order to make clean and efficient cookstoves 

like the ACE-1 widely accessible in rural settlements, promoters need to gain a better understanding of the 

user market. This includes the enabling environment for acceptance and adoption of ABS. This knowledge 

is particularly valuable in the light of the growing competition from LPG stoves.  



4 

 

Recent scientific evidence confirms, that key barriers for the growing uptake of cookstoves  “do not operate 

independently but rather as an interplay of a variety of factors and need to be explored in depth at the 

household level […]” (Ray et al., 2017). User- and household perspectives are important for the adoption 

and long-term success of stove programs. Since households in low-income settings do not represent a 

homogenous markets, it is important to invest in research about the different aspects of their purchasing 

behavior (GACC, 2011).  

 

Adoption provides a useful theoretical framework to examine, what enables and hinders the uptake and 

adoption of products. Rehfuess et al. (2014) reviewed 57 studies of improved solid fuel stoves to develop a 

framework of enablers and barriers, that will be used to interpret the findings of this research. To the 

researcher best knowledge the framework has only been applied in the context of clean household fuels 

(Puzzolo et al., 2016). Studies around adoption are commonly based on data of households, that used the 

stove for a certain period of time. Instead, this study focuses on data from the moment of decision-making 

and purchase of the stove. This approach provides a new angle to the subject of adoption. It puts the focus 

on the initial acceptance stage of adoption, as per definition by Hartinger et al. (2015). It can provide 

information on the likeliness of adoption at a very early stage. A main limitation is that data does not allow 

to conclude on user behavior beyond the stage of decision-making and purchasing.  

 

1.4.1 Research aim and objectives 
 

This study aims to identify how different variables in the environment of the user affect the likeliness for 

adoption of ABS in emerging markets. The study uses the example of the ACE-1 in rural Cambodia.  

 

The study focuses on variables from two different areas: 1. fuel and technology characteristics and 2. 

household and setting characteristics. These areas or domains are based on the theoretical framework of 

enabling and limiting factors for adoption (Rehfuess et al., 2014). The study is placed in the context of the 

sales intervention, which is the meeting place between the stove promoter and potential users. The 

intervention is designed to demonstrate the stove, generate interest and eventually make a sale. With this 

focus I hope to provide insights that can help promoters of ABS to design and implement these interventions 

and identify opportunities for improvement. Finally, the study aims to contribute to current scientific 

literature around the subject of adoption and sustained use of clean cookstoves. 

 

The study has the following research objectives (with reference to the relevant research question (RQ): 

 

1. Describe the user market based on demographic and socio-economic factors (cf. RQ 1) 

2. Define fuel and technology characteristics of the ACE-1 and discuss their implications for adoption  

(cf. RQ 2) 

3. Define household and setting characteristics of the users and discuss their implications for adoption  

(cf. RQ 3) 

 
1.4.2 Research questions  
 

The following research questions are aimed to be answered by the study: 
 

1. How are ACE-1 users characterized in demographic and socio-economic terms?  

2. How do fuel availability and fuel use; fuel savings and fuel expenditure and stove design affect the 

likeliness of adoption of the ACE-1?  

3. How does the socio-economic status and access to education of stove users relate to adoption? 
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2. Background 
  

2.1 Relevant organizations   
 

In this sub-chapter I provide an overview of how clean cooking contributes to the attainment of the global 

sustainable development agenda and which organizations play a key role in driving this process, globally 

and in Cambodia.  

 

Sustainable Energy for All (SE4All) and the Global Alliance for Clean Cookstoves (GACC) are the two 

global UN initiatives and driving forces to advance the positive impact of clean cooking under SDG 7 and 

beyond. According to the GACC (2016a), clean cooking can “directly deliver gains across 10 of the SDGs 

and contribute to an enabling environment for achieving the entire Agenda 2030”. In the context of this 

study, reduced emissions and HAP through clean technology (SDG 3, SDG 7, SDG 11, SDG 13) and 
efficient fuel use (SDG 1, SDG 15) are the most relevant areas. A more detailed description of the relevant 

SDGs is shown in Table 1. 

 
SDG 1: No Poverty  “Clean cooking is part of basic services necessary to lead a healthy 

and productive life and saves households time and money.” 

SDG 3: Good Health and Well-

being 

“Reducing some emissions from cooking decreases the burden of 

disease associated with household air pollution and improves well-

being, especially for women and children.” 

SDG 7: Affordable and Clean 

Energy  

“Clean cooking is essential to addressing energy poverty and ensuring 

sustainable energy security for billions of people.” 

SDG 11: Sustainable Cities and 

Communities  

“Clean cooking addresses household and ambient air pollution, 

resource efficiency, and climate vulnerability.” 

SDG 13: Climate Action  “Up to 25% of black carbon emissions come from burning solid fuels 

for household energy needs. Clean cooking solutions address the most 

basic needs of the poor, while also delivering climate benefits.” 

SDG 15: Life on Land  “Up to 34% of woodfuel harvested is unsustainable, contributing to 

forest degradation, deforestation, and climate change.” 

Table 1: Clean cooking and the SDGs (Based on GACC, 2016a) 

 

A local initiative that works for the development of the clean cookstove market in Cambodia is Advanced 

Clean Cooking Solutions (ACCS), initiated by SNV Cambodia1. The organization aims to gather market 

knowledge and support the development of market structures for stove distribution. It also leads the Stove 

Auction, a market mechanism that aggregates suppliers of ABS (gasifier stoves) and facilitates the sale of 

their stoves to local distributors and retailers (SNV Cambodia, 2017). Suppliers import their stoves to the 

auction at their own cost and buyers can bid on varying volumes and prices. Buyers also receive a financial 

incentive upon sales to end-consumers. Eligible stoves are selected according to a range of criteria 

determined by the SNV. The ACE-1 is a premium level stove, which means that fuel savings are 20% or 
higher compared to Traditional Lao Stove (TLS) (ibid, 2017). The auction has been established as a trial in 

2016 and is running till the end of 2018.  

 

  

                                                 
1 SNV has conducted multiple studies on the acceptability and health impacts of ABS in Cambodia, cf. Chapter 1.3. 
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2.2 Typology of cookstoves  
 

In this sub-chapter I describe the different stove technologies that are available in Cambodia, highlighting 

the ACE-1 and its benefits compared to other market competitors.  

 

Studies and typologies of clean cooking solutions commonly base their classification on the parameters of 

technology or fuel type (WBG, 2018; GACC, 2016b). WBG (2018) suggests to distinguish between 

traditional cookstoves, improved (biomass) cookstoves (ICS), advanced biomass cookstoves (ABS) and 

clean fuel cookstoves. Stoves can also be classified according to their potential benefits for the environment 

and user health. Traditional fuelwood cooking are responsible for high fuel wood consumption and HAP, 

which can be mitigated through the use of ICS (Troncoso et al., 2007). While fuel-efficient cookstoves in 

the earlier stages were mainly designed to save fuel and reduce pressure on forest resources, advanced 

combustion cookstoves additionally minimize emissions like carbon monoxide and black carbon and reduce 

pollution significantly (Ekouevi et al., 2014). Table 2 shows an appropriate classification for cookstoves in 

Cambodia.  

 
Stove type  Technology Fuel type2  Local examples  

Three-stone stove 

 

A pot balanced on three 

stones over an open 

fire; Most traditional 

method of cooking  

Charcoal, Wood  Info not available  

Traditional biomass 

stove 

A stove produced with 

local low-cost materials 

Wood, Charcoal   Traditional Kampong 

Chhnang stove, 

Traditional Lao stove 

(TLS), Cement stove 

Improved biomass 

stove  

Uses newer technology 

for better efficiency, 

cleanliness and safety 

Wood, Charcoal  Neang Kangrey stove 

(NKS), New Lao stove 

(NLS) 

Advanced biomass 

stove (ABS) 

Uses a fan to force 

emission back into 

flame for better 

combustion 

Biomass, Pellets, Wood  ACE-1, Mimi Moto  

Clean fuel stove  Uses clean and efficient 

fuels  

LPG, Biogas, Cooking 

gas,  Electricity 

Info not available  

Table 2: Overview of cookstove types in Cambodia (Based on WBG, 2018; GACC, 2016b) 

 

2.2.1 ACE-1 advanced biomass stove  
 

The ACE-1 is a forced-air gasifier cookstove made from stainless steel. It burns a wide range of solid 
biomass including the following: rice husk pellets, corn cobs, sticks and twigs, dry coconut shell, charcoal, 

leaves, logs and bamboo. The stove is powered by a built-in battery, which can be charged with electricity 

or the included solar panel. At full charge the stove can be used for over 20 hours of cooking and produces 

5kW worth of energy. Besides, the battery provides power to charge a mobile device or run LED lighting 

through the USB output of the stove. SNV (2014) summarizes the main advantages of the ACE-1 as 

providing a higher cooking efficiency, reduced smoke by 90% and the reduction of fuels costs of more than 

50%. These advantages are particularly relevant when comparing the ACE-1 to the NLS. The high cooking 

temperature, generated through the gasification process, also allows to burn biomass fuels that are usually 

not suitable for traditional stoves. The ACE-1 is safe to handle since the outside temperature of the stove 

does not become hot enough to cause injury. Compared to LPG stoves, safety presents a major opportunity 

for marketing messages (ibid, 2014). A major challenge is the initial cost between $98 (cash payment) and 

$100-108 (instalment plan). 

                                                 
2 Other fuel types that are not considered in this classification are: Briquettes, Ethanol/Alcohol, Kerosene and 

Solar (Based on GACC, 2016).  
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2.2.2 LPG stoves and other competitors  
 

As pointed out in the introduction, LPG stoves are commonly discussed as the main competitor for ABS. 

While this has been already known for urban areas, rural areas seem to catch up on the trend. According to 

the National Institute of Statistics (NIS, 2013), the use of firewood as the main cooking fuel is in decline, 

with rural households seeming to switch to fuels like charcoal and LPG. Nonetheless, firewood is still the 

most common source of cooking with 85% of households in rural Cambodia (NIS, 2016)3. Health benefits 

are among the most promoted advantages of LPG stoves. Other more practical benefits are the speed and 

ease of cooking or time savings (SNV, 2014). The WBG (2018) suggests to increase the market penetratio 

of LPG stoves and only draw on ABS, where LPG is not available. Based on this, the role of LPG stoves 

will have to be taken into particular consideration in this study. There are also other models of ABS available 

in Cambodia. Besides the ACE-1, the Stove Auction sells the following biomass stoves: Mimi Moto, Prime 

Fuelwood, 3G Small and Kuniokoa (Table 3).  

 
Model  Specifications Lifetime  

(UN Foundation, 2018) 

Suggested retail price 

(UN Foundation, 2018) 

Mimi Moto Forced-air gasifier stove; Two 

removable burning chambers; 

Solar panel; Additionally 

available: Compact Lantern 

5 years  40-65 USD 

Prime 

Fuelwood 

Natural draft top-lit updraft 

(TLUD) gasifier stove; 

Material: Stainless steel, 

galvanized iron 

5 years  25-45 USD  

3G Small  Natural draft, side feed, semi-

gasifier cookstove; Material: 

Stainless steel 

Info not available Info not available 

Kuniokoa  Natural draft rocket stove; 

Material: Stainless steel 

3 years  Info not available 

Table 3: Overview of ABS competitors in Cambodia (Based on SNV, 2017) 

 

 

 

 

 

 

                                                 
3 Cf. Appendix A1 for statistics on fuel use for cooking.  

The stove uses a fan-driven technology, which enables 

the gasification process. The fan blows oxygen into the 

chamber through holes at both the bottom and the top, 

which drives the fire to  increase in temperature until it 

reaches approximately 1000°C. The biomass starts to 

gasify, floating up to the top and meeting more oxygen 

in order to combust completely. Figure 1 illustrates the 

gasification process responsible for the high output heat 

and a better cooking efficiency. 

 

 
 

Fig. 1: Illustration of the combustion process (ACE, 2018) 
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The ACE-1 and Mimi Moto stoves are classified as premium stoves, while all other models fall under 

standard stoves (SNV, 2017). The Mimi Moto is the closest equivalent to the ACE-1. Other than the ACE-

1, it is equipped with two removable burning chambers – a big one with a high power flame for large pots 

and a small one for low power simmering (ibid, 2017). It also comes with a solar panel for off-grid power 

and can be bundled with a lantern, which has an USB output to charge phones and other devices. The Energy 

Access Diagnostics Report (WBG, 2018) identified the Mimi Moto as the only ABS example, used in one 

household among a sample of 3300 households.  

 

2.3 Fuel and stove stacking  
 

Fuel and stove stacking describes the multiple use of fuels and stoves. It is a common phenomenon in 

Cambodia and has implications for the stove market. The discussion around fuel and stove is important, 

since the multiple use of stoves can prevent users from the sustained use of one specific stove technology. 

A modern biomass cookstove often does not immediately replace previously used stoves. New stoves often 

complement old stoves and coexist on a long-term basis (Ruiz-Mercado et al., 2011). This can include the 

combination of different fuel types (e.g. biomass and LPG) or different stove technologies (e.g. ABS and 

LPG stoves). Households usually have a primary stove, supplemented by a secondary and tertiary stove. 

The multi-use of stoves also changes with household incomes and cooking needs (Adler, 2010). Stove 

stacking can be motivated by different tasks of cooking (e.g. boiling, frying) and other uses than cooking 

(e.g. heating, gathering) (Ruiz-Mercado & Masera, 2015). In Cambodia multiple stove use can reflect 

household aspirations to use higher performing solutions (WBG, 2018). The most common combination of 

stove types in rural Cambodia is the mix of improved biomass stoves and clean fuel stoves. Around a third 

(30.4%) use clean fuels in combination with biomass fuels (ibid, 2018).  
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3.  Theoretical framework  
 

3.1  Adoption, acceptance and decision-making  
 

In this sub-chapter, I define adoption and acceptance in the context of new technology and innovation and 

its applicability for ICS. Moreover, I problematize the role of demographic and socio-economic factors in 

the process of decision-making in order to provide the overall framework for this research.  

 

Adoption is often discussed in the context of new technology and innovation, such as a product or service. 

It describes the decision to “continue full-scale use of an innovation” (Rogers, 1995). ABS are high-

technology products that feature innovative design and functionality. Adoption completes the Innovation 
Development Process by Rogers (1995), which he describes as the “[...] development and commercialization 

of an innovation, the diffusion and adoption of the innovation by users, and its consequences“ (p.159). Only 
if adoption can take place, the development and commercialization of an innovation is considered successful 

and can lead to long-term use. Adoption in the context of cookstoves is mostly ambiguous and based on 

different scales of reference. It can be used interchangeably with terms like sustained adoption or in other 

cases refers to both initial use and sustained adoption (GACC, 2015). Stanistreet et al. (2014) describes 

adoption as the acquisition and initial use of the stove of less than one year and sustained use as the 

continuous use for more than one year after acquisition. While the period of initial use cannot be assessed 

within the scope of this study, the acquisition stage is an important reference point to understand adoption 

up to the point of decision-making. Stove users in this study are interviewed shortly after they have made 

the decision to acquire a stove. The acquisition and initial acceptance (or precontemplation phase) define 

the starting point for adoption (Hartinger et al., 2015). It also describes the agreed purchase of the stove, its 

construction or installation and its very first uses by the household members (Ruiz-Mercado et al., 2011).  

 

The households in this study are interviewed during the precontemplation phase. In order to understand, 

how this phase integrates with the wider theory of adoption, the Innovation-Decision Process (Rogers, 1995) 

is used at this point. The model shows, how the user decision to buy a product functions as the trigger for 

adoption (Figure 1). The stages of knowledge, persuasion and decision frame the part of the adoption 

process, that this study is looking at. Besides, it also illustrates that the user and the context they are placed 

in take a central role in defining the environment for adoption. Prior conditions related to the potential user 

(previous practice, felt need/problems), the product (innovativeness) and the context (norms of the social 

system) are all likely to affect the adoption process. The knowledge stage, where an individual gains an 

understanding of the product and reduces uncertainty, is shaped by socio-economic characteristics, 

personality variables and communication behavior. During the persuasion stage, the decision-maker forms 

a favorable or unfavorable attitude towards the product. This stage is influenced by their perception of 

certain product characteristics.  

 Fig. 1.: Five Stages of the Innovation-Decision Process (Rogers, 1995) 
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3.2 Enablers and barriers of adoption 
 

The above discussion shows the wide range of factors that can have an effect on decision-making and 

essentially adoption. Ruiz-Mercado et al. (2011) emphasize the systemic perspective of adoption, stating it 

takes place in a “dynamic system with strong interactions between the user, the technology, the fuels and 

the larger socio- economic and ecological contexts”. In this sub-chapter I define enablers and barriers from 

this systemic context and narrow it down to a framework of variables that I use in this study.  

 

3.2.1 Existing studies and frameworks   
 

For the purpose of this study, enablers and barriers are defined as factors that motivate or prevent adoption. 

There are several systematic reviews of barriers and enablers of cookstove adoption in low- and middle-

income countries in Asia, Africa and Latin America. For example, Rehfuess et al. (2014) reviewed 57 

studies to develop a universal framework of enabling and limiting variables for large-scale uptake of 

improved solid fuel stoves. The framework was applied to 44 studies for clean household fuels by Puzzolo 
et al. (2015). Lewis and Pattanayak (2012) earlier examined 32 studies and identified factors positively 

associated with adoption of ICS and clean fuels. Case studies from Peru (Hartinger et al., 2015) Guatemala 

(Bielecki and Wingenbach, 2014), Mexico (Troncoso et al., 2007; Pine et al., 2011) and Kenya (Tigabu, 

2017) provide further evidence of relevant variables and can help to put findings of this study into context.  

 

I consider the framework of domains for enabling and limiting factors by Rehfuess et al. (2014) as the most 

comprehensive and useful model to frame this study. Developed in the context of ICS, the framework is 

applicable to the ACE-1 (ABS). It classifies drivers and barriers of adoption according to seven domains on 

three different levels (Figure 2). The factors within these domains may be different for short-term adoption 

and long-term sustained use and further change with the socio-economic status, the urban-rural setting or 

gender-related factors (ibid, 2014). Although the domains should be assessed holistically in order to draw 

reliable conclusions on  adoption (Rehfuess et al., 2014; Puzzolo et al., 2014), the scope and design of this 

study limits the use of the framework to a choice of two domains. Since data is collected from households 

during the sales intervention, variables at the intervention level (D1) and household and community level 

(D2) are selected for this research.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Domains D1-D7 of enabling and limiting factors for adoption (Rehfuess et al., 2014) 
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3.2.2 Domain 1: Fuel and technology characteristics 
 

Based on the first domain by Rehfuess et al. (2014), this study examines fuel requirements, fuel savings and 

general design requirements. Their relevance is further discussed in the following.   

 

The fuel requirements of  ABS need to match the availability and accessibility of fuel types in the area of 

stove dissemination. If fuels are restricted to a certain type and size or fuel or processing adds extra time 

and work, adoption might be discouraged (Rehfuess et al., 2014). A potential barrier is the willingness to 

buy new fuel types, such as biomass pellets. Among others, pellets are the recommended fuel type for the 

ACE-1. While they are associated with cost savings, ease of use and cleanliness, skepticism about the fuel 

quality and preference for traditional fuels prevail in Cambodia (SNV, 2014). Fuel savings as well as fuel 

expenditure are closely linked to fuel requirements. Whether perceived or measured, they are an incentive 

to adopt ICS (Rehfuess et al., 2014). Fuel savings can result in reduced household expenditure, when using 

paid fuels, or can mean less fuel collection time, when using free fuels. Savings in expenditure due to fuel 

reductions are perceived to drive the decision-making for the ACE-1 in Cambodia (SNV, 2015). However, 
time savings are not valued in the same way. Poor rural communities often do not value the opportunity 

costs of time spent on fuel collection much, as labor and fuel are usually abundant (Rehfuess et al., 2018). 

In fact, adoption can take place more likely, if households purchase rather than collect solid fuels due to the 

greater perceived value of monetary savings. Although the time to buy and collect fuel was commonly found 

to be low for Cambodia (SNV, 2014), households that have to invest time and resources in the sourcing of 

solid fuels were likely to be more convinced by stove value than those who could easily find fuels.  

 

Design and functionality are important to encourage adoption and long-term use of modern biomass 

cookstoves. According to Rehfuess et al. (2014), specific design problems like a small size of stove entrance 

require modifications, which in turn can limit the stove effectiveness and prompt the reversion to previously 

used stoves. Nonetheless, modern design can work as an incentive. The stove compatibility with local 

cooking practices is an important factor for sustained use and adoption (Ruiz-Mercado et al., 2011). Design 

requirements can further vary with factors like household energy needs or culture. A study from Guatemala 

found, that the fuel-efficient stove design undermined its important function as a heat- and light source and 

social gathering point for families (Bielecki and Wingenbach, 2013). Consumers without available 

electricity in Cambodia found the ACE-1 more valuable due to its functional features such as the phone 

charging port, light or solar panel (SNV, 2015). Durability and low costs for cleaning and stove maintenance 

are further critical requirements. Especially costs can be a disincentive if high (Rehfuess et al., 2014). 

Robustness was found to be a distinct competitive advantages of ABS over LPG stoves in Cambodia (SNV, 

2015).  

 

3.2.3 Domain 2: Household and setting characteristics   
 

Based on the second domain by Rehfuess et al. (2014), this study examines the socio-economic status, 

education, demographics and the multiple fuel and stove use of households. Their relevance is further 

discussed in the following.   

 

A high socio-economic status with regards to income, household assets or expenditure is widely found to 

drive adoption (Rehfuess et al., 2014, Lewis and Pattanayak, 2012). Other important socio-economic 

variables include sex, age, marital status and highest level of education of head of household (Global 

Alliance for Clean Cookstoves, 2016), however their relevance often appears to be contextual. Rehfuess et 

al. (2014) finds inconsistent results for demographics, particularly for sex and age of the head of the 

household. A study from rural Mexico points out, that age and the educational level do not affect adoption 

(Troncoso et al., 2007), while Lewis and Pattanayak (2012) find an overall positive correlation between 

education and adoption. Family size is another variable with mixed results. While a larger family size can 

be a barrier to adoption (Rehfuess et al., 2014), other studies found the impact of household size and 

composition to be unclear (Lewis and Pattanayak, 2012).  
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Evidence for the above variables and their relevance for adoption in Cambodia is limited to the income. 

According to the SNV (2015), a lack of disposable income is commonly perceived as barrier to the sales 

and adoption of ICS. Modern and higher priced stoves are likely to be more popular with upper and middle 

class households, while lower class households are restricted by price and have a tendency to use traditional 

stoves (GERES, 2009). The Technology Adoption Lifecycle (TALC) further supports the hypothesis that 

early adopters have a higher socio-economic status than other user types. At the same time, early adopters 

do not differ from later adopters in age, variables like education, literacy, social status […] (Rogers, 1995).   

 

Multiple fuel and stove use has been previously discussed in the context of fuel and stove stacking4 and has 

a two-fold effect on adoption. On the one hand, the multiple use of fuels and stoves enables uptake of 

additional technology; on the other hand, it is an impediment to the exclusive use of ICS (Rehfuess et al., 

2014). The geographical household setting also affects the use of clean fuels. Urban locations are positively 

associated with adoption (Rehfuess et al., 2014; Lewis and Pattanayak, 2012). Significant differences 

prevail between types of fuels used in in urban and peri-urban Cambodia, mainly due to higher living 

standards in urban settings (GERES, 2009). Nevertheless, this consideration is irrelevant in this study, as 

the research focuses on rural settings.  

 

3.2.4 Selected variables for this study  
 

In the context of the above discussion, the following set of variables is selected for this study: 
 

Domain Variable  

Domain 1: Fuel and technology characteristics Fuel availability and fuel use; Fuel and stove 

stacking5; Fuel savings and expenditure; Stove 

design requirements 

Domain 2: Household and setting characteristics Socio-economic status; Education 

Table 1: Relevant variables by domain (Based on Rehfuess et al., 2014)  

 

  

                                                 
4 Cf. Chapter 2.3 for explanation on fuel and stove stacking. 
5 Multiple stove and fuel use, as in Rehfuess et al. (2014) has been moved for the purpose of the analysis from Domain 

2 to Domain 1 due to the better fit in the context of fuel availability and fuel use.  
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4.  Methods  
  

4.1 Research design  
 

This study aims to analyze the user market of ABS and provide indications for the likeliness of adoption 

based on socio-demographic and socio-economic data points. Primary data was collected from rural 

households in Kandal province from 15. March to 30. June  2018. Previous market research with help of 

user surveys suggest the same method for this project. Data collections efforts resulted in a sample of 208 

valid surveys. Contrary to my initial idea to survey only rural households, the proximity of Kandal and 

Phnom Penh required me to consider households in both rural and peri-urban settings. While a scientific 

classification of ‘Rural’ and ‘Peri-urban’ is not available from reviewed literature, the Global Alliance for 

Clean Cookstoves (GACC, 2016ar) defines them as follows: Rural – “away from the city”; Peri-

urban/suburban – “near a city”. This definition was also used by the sales agents to record the spatial setting 

of the respondents. All surveyed households are referred to as rural households in the report.  

 

 

 

 

 

 

 
Fig. 1: Map of the  provinces of 

Cambodia indicating the study area 

of Kandal (Based on NIS, 2013)  

 

4.2. Research sample   
 

A sample is a selection from the population, which refers to all cases or research subjects in a study (Robson 

and McCartan, 2016). The population of this study are all households (HH) in Cambodia that decide to buy 

the ACE-1 cookstove. The sample is defined as the HH, that took part in the sales interventions in Kandal 

province and decided to buy the stove. To determine the sample, I used convenience sampling, a non-

probability method choosing “the nearest and most convenient persons [households] to act as respondents” 

(ibid, 2016). Although convenience sampling is widely accepted for dissertation work, it undermines the 
possibility to make generalizations about the population. Nevertheless, the theoretical framework of this 

study helps to interpret the narrow data sample by drawing on the wider theories and concepts from other 

studies. Convenience sampling also limits the distribution of the sample to a small area. However, due to 

the limited time and travel capacity as well as my dependency on local sales agents as interviewers, the use 

of alternative sampling methods, such as random sampling or purposive sampling, was not an option. Table 

1 provides details of the research sample and relevant household statistics.  

  



14 

 

Parameter  Figure  

HH total Cambodia (rural) 3.261.000 (2.565.000)6 

HH total Kandal province  302.753 

HH surveys total (valid7) 585 (229)  

HH buyers = Sample size 208 

HH non-buyers 21 

Table 1: Research sample and relevant household statistics 

 

4.3 Research method   
 

The method for this study is a questionnaire-based survey. Surveys allow for the structured and standardized 

collection of small amounts of data from a relatively large number of individuals (Robson and McCartan, 

2016). The surveys are conducted in the form of  face-to-face interviews, which allow for a good control of 

the question order and response situation, as well as a good quality of recorded responses and a low response 

bias (ibid, 2016).  

 

The interviews were part of the sales interventions at the homes of interested families. During the 

intervention the head of household or member with apparent decision-making power are identified and 

addressed as a respondent. They are commonly the ones that provide their identification documents for the 

sales contract. One of the sales agents takes the role of the interviewer. Depending on the agents’ occupation 

with other sales duties, the interviewer is appointed in consultation with the whole team. Interviewers 

introduce the survey and ask the potential respondent to partake. Upon informed consent they complete the 

survey in the presence of the respondent. While the double function of sales agent and interviewer saves 

cost and resources, the use of different interviewers may influence the consistency and standard of the 

interview process. Factors like skills, experience, personality or degree of involvement can have major 

effects on the responses of the interviewees (Robson and McCartan, 2016). The role of the researcher is to 

address these factors during the preparation and conduction of the interviews.  

 

A first challenge was the varying level of English among the different sales agents. Although the interviews 

were held in their mother tongue Khmer, I had to introduce and explain the survey in English to them. 

Hence, it was crucial to assure that every sales agent understands the meaning and role of the questions. In 

order to standardize the interview process, I held a meeting to introduce the final survey, give detailed 

instructions on the interview procedure and provide space for questions and concerns. When the language 

barrier was an issue, I asked team members with a good level of English to give further explanations to their 

colleagues in Khmer. Additionally, all questions were translated into Khmer in order to help the sales agents 

during their interviews. A second challenge was the willingness of the sales agents to execute the survey. 

Although the survey is designed as an integral part of the sales process, sales agents tended to submit surveys 

incomplete or not at all. Reasons for that include insufficient time and the limited understanding of the 

survey’s purpose. To prevent a lack of motivation or alienation from the data collection, I supervised large 

parts of the data collection process and provided tips on how to conduct surveys in a time-efficient manner.  

 
Data was collected with Device Magic, a mobile software and data collection app, that allows to collect 

real-time data in remote locations with no Internet connection. Since the app is also used to create virtual 

sales contracts, sales agents are familiar with the user surface. Nevertheless, an introduction to the new 

survey was required to familiarize the agents with the survey structure and questions.  

  

                                                 
6 Figures for HH total Cambodia (rural) and HH total Kandal province based on NIS (2014)  
7 Cf. Chapter 4.3.1 for further details on survey validation. 
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4.3.1 Survey design 
 

The survey was developed from a previous survey, that ACE conducted to gain insights on the energy 

expenses and fuel use of households. To collect additional data points, an extended version of the survey 

was created. The new survey covers three main sections: energy expenses, family-related information and 

income-related information. The surveys also asks for a range of demographic data. The survey contains a 

set of fixed questions with pre-specified and standardized response alternatives. Table 2 explains the type 

of data that the survey covers. A detailed outline of the questions can be found in Appendix A2.  

 

Section Type of data 

Energy expenses  Electricity, Types of used cookstoves, Types of fuel use (paid/free); 

Time/travel distance for fuel collection; Perceived energy expenses; Actual 

energy expenses per fuel type; Savings 

Family Number of children; Marital status; Household situation; Educational 

attainment  

Income  Amount; Occupation; Regularity; Number of earners  

Demographics  Sex; Age; Household size 

Other  Brand awareness; Brand recognition; Decision-making; Most important 

motivation to buy stove   

Table 2: Structure of survey and types of collected data variables 

 

The survey is considered valid, when all sections (energy expenses, family, income) are completed. Some 

sections contain sensitive questions (e.g. income-related questions8), that respondents may not be 

comfortable answering. During the interview process each section is introduced with a brief explanation of 

the content and respondents are given the possibility to withdraw from the section or even the entire survey. 

Additionally, each respondent is requested to give written consent to the anonymous use of data for research 

purposes. Only surveys with a valid signature were used for the analysis.  

 

Limitations in the survey design mainly relate to the use of language. One issue is the direct translation of 

questions from English into Khmer, which bears the risk that sensitive questions (e.g. income-related 

questions) are culturally inappropriate to ask. Another issue is the formulation and wording of questions to 

prevent biased responses. In order to avoid these pitfalls, I held a meeting with the sales staff to better 

understand the cultural and ethical boundaries of certain questions and to discuss and rephrase them if 

necessary. 

 

4.3.2 Pilot survey  
 

A pilot of the extended survey was conducted from 27. February to 7. March 2018 with a sample of 23 

households. The pilot phase provided valuable insights into the appropriate structure, length and integration 

of the survey. It also revealed additional response alternatives, that were required for various questions. 
However, the main implication of the pilot was the change of the research focus. While my original idea 

was to compare the demographic and socio-economic profiles of buying and non-buying households, the 

pilot revealed challenges in obtaining data from the group that refrains from buying the stove. Interviewing 

these household proved difficult, as the sales agents were pressed for time to pursue the next sales 

opportunity. Besides, some respondents were unsure about the role of the questions and become suspicious, 

which in return may have implications for the credibility of ACE and the sales process. Nonetheless, 21 

surveys were conducted with non-buyers over the entire research period. However, I decided to disregard 

them in the present analysis due to the described difficulties in obtaining a greater sample (cf. Table 1).   

  

                                                 
8 Respondent are only asked to provide an indication of their income by assigning themselves to the most appropriate 

income bracket in order to protect their privacy.    
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4.4 Data analysis  
 
The data of this study is analysed with help of the Excel data tool kit. During the data collection, Device 

Magic instantly imports data points into Google Sheets, which are later copied into Excel. In order to create 

clean and consistent data sheets for the following analysis, I did an initial clean-up to remove all invalid 

fields, e.g. by cross-checking if energy expenses also had a value in the assigned cost column. To explore 

the data set, I first applied frequency distribution in order to understand the frequency and relevance of 

single variables. Based on the theoretical framework these variables included among others demographic 

and socio-economic data points (RQ 1 and RQ 3) as well as data on fuel- and stove use, fuel availability 

and fuel expenditure (RQ 2). In order to dive deeper into the subject, I explored the relationships between 

different variables, using Pivot tables/cross-tabulation. These analyses are particularly relevant to 

understand behavioural patterns, from which the likeliness for adoption with reference to existing theory 

and hypotheses can be derived (RQ 2 and RQ3). Examples for these relationships include among other the 

use of free fuel per income bracket in order to understand, if free fuel is only used by people with a low 

level of income; or the comparison of actual energy expenses and perceived energy expenses. All results 

are presented in form of text, contingency tables, bar- and pie-charts. The percentages shown in pie-chart 

figures are always rounded. I also support my analysis with references to national statistics (NIS 2013; NIS 

2016).  
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5.  Results    
 

In this chapter I present the results to answer the following research questions: 

 

1. How are ACE-1 users characterized in demographic and socio-economic terms?  

2. How do fuel availability and fuel use; fuel savings and fuel expenditure and stove design affect the 

likeliness of adoption of the ACE-1?  

3. How do the socio-economic status and access to education of stove users relate to adoption? 

 

5.1 The ACE-1 user segment   
 

This sub-chapter aims to answer the first research question by identifying demographic and socio-economic 

characteristics of ACE-1 users. It also provides other household data, such as ACE brand recognition and -
awareness as well as the main motivation to buy an ACE-1. These data points are presented at this point as 

they inform the context for the second and third research question.  All numbers relate to the sample N=208. 

The sample consists of 62.5% female (f) and 36.54% male (m) respondents (Fig. 1). The majority of 

respondents is between 30-40 years (f=22.12%; m=13.94%) and 45-59 years old (f=28.85%; m=15.38%) 

(Fig. 2). Regarding the spatial setting, the sample is almost equally divided among the rural (43.27%) and 

peri-urban (56.73%) areas of Kandal province (Fig. 3). Almost all respondents are married (94.23%) and 

live with their husband or wife (94.04% based on the married population) (Fig. 4). The most common family 

size ranges from 3-5 members (55.56%), followed by 6-8 members (32.58%) (Fig. 5).9  

 

 Fig. 1: Sex of respondents               Fig. 2: Age of respondents   

 

 

 

  

 

 

 
 

Source: Survey (2018)                Source: Survey (2018)           

  

Fig. 3: Spatial setting               Fig. 4: Marital status 

 

 

 

 

 

 

 
 
 

Source: Survey (2018)                Source: Survey (2018)           

 
Fig. 5: Family size   

 

 

 

 

           

 

                                                 
9 Cf. Appendix A3 for summary of statistics.  
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Statements about the disposable income are limited to income brackets because of privacy concerns 

regarding the nature of income-related questions. Respondents were asked for an approximate estimate per 

household and numbers can only give an indication of the income level. Results show that almost one third 

(28.85%) indicates a disposable household income of more than $361/month. The second largest income 

group is $201-288/month with 26.44%, followed by $125-200 (18.75%) and $289-360 (15.38%) (Fig. 6). 

 
Fig. 6: Income brackets  

  
Source: Survey (2018) 

 

Brand recognition and -awareness are indicators for the familiarity with the ACE-1. More than one quarter 

of households (26%) recognized the ACE-1 during the intervention (Fig. 7). Before households are selected 

for a stove demonstration, the sales teams distribute flyers to attract interest and select interested families. 

The so-called flyer loops along with word-of-mouth promotion among family/friends are two main reasons 

for the respondents’ awareness of the stove (Fig. 8). The sales teams often revisit villages to sell stoves to 

households that have gained trust in the product due to the above reasons.    

 
Fig. 7: Brand recognition                       Fig. 8: Brand awareness   

 

 

 
 

 

 

 
 

Source: Survey (2018)       Source: Survey (2018) 

 

Source: Survey (2018)         Source: Survey (2018) 

 

Motivations to buy the ACE-1 can provide information about the reasons why households decide for an 

ABS. They also  show to what extent the decision relates to the stove technology, other stove benefits or 

previously used stoves. Figure 9 shows that the major motivation are money and fuel savings with 38.46%. 

These factors play an important role when discussing fuel expenditure10. Other motivations are the need for 

a new stove (18.27%), safe cooking without gas (15.87%), a convincing demonstration of the stove (9.13%) 

and smoke-free cooking (8.65%). 

  

                                                 
10 Cf. Chapter 5.2.2 for fuel savings and expenditure.  
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Fig. 9: Motivations to buy stove 

 
Source: Survey (2018) 

 

Decision-making is another important variable that is often discussed in the gender-related context. Among 

the surveyed respondents, more than three quarters (75.48%) stated that they have to consult with other 

family members to jointly agree on the buying decision11. Findings by the SNV (2014a) indicate that 

household purchasing decisions are made by women in 55% of cases. However, this present study cannot 

give a fully informed perspective on gender-related aspects. During the research it was often unclear, if 

gender refers to the surveyed person or the provided identification document, which was different in some 

cases. 

 

5.2 Domain 1: Fuel and technology characteristics   
 

This sub-chapter aims to answer the second research question, how fuel availability and fuel use (5.2.1); 

fuel savings and fuel expenditure (5.2.3) and stove design (5.2.4) increase the likeliness of adoption. The 

variables refer to Dimension 1: Fuel and technology characteristics by Rehfuess et al. (2014). The issue of 

fuel and stove stacking (5.2.2), originally in Dimension 2: Household and setting characteristics is also 

discussed in this chapter due to its relevance for discussing fuel use.  

 

5.2.1 Fuel availability and use   
 

The availability of fuels that match the fuel requirements of the stove is important to enable adoption 

(Rehfuess et al., 2014). Ideally, the required fuel types are widely available; easily accessible (in spatial and 

financial terms); and/or are already used with current stoves. The ACE-1 is an ABS, that burns various types 

of solid biomass including wood pellets, rice husk pellets, corn cobs, sticks and twigs, dry coconut shell, 

charcoal, leaves, logs and bamboo. While the availability of primary fuels like firewood is not a major issue 
for rural households (WBG, 2018), little is known about the availability of other solid biomass fuels. Current 

studies only provide data for firewood and charcoal use (WBG, 2018; CSES, 2014; CIPS, 2013). An 

important prerequisite to assessing the availability of solid biomass fuels is the classification of fuels by 

expenditure, namely paid and unpaid/free fuels. Paid fuels include solid biomass fuels but also other fuel 

types. Electricity (ELC), LPG, wood and charcoal are considered in this study. In contrast, free fuels are 

only solid biomass fuels. Table 1 gives an overview of the share of paid and free fuel users. 

  

                                                 
11 Cf. Appendix A4 for statistics on decision-making.  
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Table 1: Users of paid fuels, paid biomass fuels and free biomass fuels  

Fuel type   Yes % (#) No % (#) Total % (#) 

All paid fuels  

- incl. ELC as single- use fuel 99.52% (207) 0.48% (1) 100.00% (208) 

- excl. ELC as single-use fuel 86.06% (179) 13.53% (28) 100.00% (208)                                               

Paid biomass fuels  29.95% (62) 70.05% (144) 100.00% (207) 

Free biomass fuels   61.06% (127) 38.94% (81) 100.00% (208) 

Source: Survey (2018) 

 

Paid fuels are shown including and excluding ELC as a single-use fuel. Single-use fuel means that the fuel 

was mentioned as the only paid fuel type by the respondents. While LPG, wood and charcoal were 

mentioned as single-use fuels for the purpose of cooking, single-use ELC is not used for cooking but 

charging electronics/lighting. It shows up under fuel use, because the research set up did only allow to ask 

for energy expenses altogether, rather than separating cooking fuels from other energy types. Consequently, 

a careful use of numbers is required when analyzing energy expenses for cooking. Electricity is always 

considered when discussing fuel mixes and otherwise only considered where explicitly mentioned.  
 

Wood, charcoal, LPG and ELC are the most common paid fuels and are used in different combinations 

among 86.06% of households. Bamboo, pellets, briquettes or other biomass were given as response options 

but were not found to be relevant among respondents. Nearly a third (29.95%) mention the use of solid 

biomass in form of wood (f=47, 22.49%) and/or charcoal (f=23, 11.00%). The preference of wood over 

charcoal is in accordance with other studies (cf. 35.7% wood and 3.0 charcoal for ICS users (WBG, 2018)). 

Wood is a suitable fuel for ABS, however its size can be a possible limitation for the use of the stove. 

Traditional biomass stoves (e.g. NLS or TLS) have bigger entrances than the ACE-1 to place firewood. 

Wood is usually sold in large pieces, that do not fit smaller stove entrances and thus need to be processed 

for use. According to Rehfuess et al. (2014), restrictions in size or extra time and work caused by fuel 

processing can discourage adoption.  

 

Free biomass fuels are used by more than half of all households (61.06%). Chopped wood with 92.13% and 

wood pieces with 89,76% are the most common free fuels (Table 2). They are usually easier to process or 

already come in the appropriate size for ABS. Sticks and twigs are useful to ignite the flame and used by 

77.17% of households. Other fuels, including coconut shell, corn cobs/husk or coconut husk are highly 

suitable for ABS and abundant in rural Cambodia. Their lack of use can be explained by the fact that 

traditional biomass stoves do not heat up sufficiently with these types of fuels. Rice husk is another abundant 

resource due to the common agricultural practice of rice farming. In order to be used as fuel however, rice 

husk needs to be pressed into pellets and would ultimately be a commercial fuel.  

 
Table 2: Types of free fuels used by HH 

Type of free fuel  Mentioned (f) Mentioned (%) 

Wood pieces  114 89.76% 

Chopped wood  117 92.13% 

Sticks and twigs  98 77.17% 

Bamboo  23 18.11% 

Cow dung  4 3.15% 

Coconut shell  10 7.87% 

Coconut husk  3 2.36% 

Corn cobs/husk 4 3.15% 

Rice husk  2 1.57% 
Source: Survey (2018) 
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Spatial accessibility, in particular time and distance travelled for fuel collection, is an important factor for 

the usage of free fuels. The less time/distance households spend collecting/travelling, the closer they are 

located to free fuel sources. During the interventions, sales agents were always able to find free fuels (e.g. 

wood pieces, sticks and twigs, coconut shell and bagasse12) within close vicinity (<20m), used to 

demonstrate the suitability of various local fuel types. The average time and distance identified in this study 

are 3.44 hours/month and 3.56 km/month (cf. 2.5 hours/month for firewood (SNV, 2014a)). Both results 

are significantly lower than the average fuel collection time of 15.6 hours/week of ICS users, found by 

WBG (2018).  

 

Overall, the above results show that suitable biomass fuels are available, both as paid and unpaid fuels. The 

high share of free biomass users and the comparably low collection time shows that free biomass is widely 

and conveniently accessible for the majority of rural households. The variety of suitable free fuels also 

indicates a certain flexibility in their fuel choice. Common fuel types like firewood (paid) and chopped 

wood/wood pieces (unpaid) are the most popular choices, while alternative fuel types (e.g. coconut, corn) 

are available but uncommon in use due to e.g. technical specifics of traditional stoves. While the overall 

picture suggests a high likeliness of adoption, the high share of users of paid fuel other than wood and 

charcoal indicates that other types of fuels are relevant and potentially compete with biomass fuels. 

 

5.2.2 Fuel and stove stacking  
 

The relevance of fuel- and stove stacking in the context of adoption is ambiguous, as it can enable uptake 

of additional technology or prevent the exclusive use of advanced stoves (Rehfuess et al., 2014). Fuel-/stove 

stacking is a common phenomenon in Cambodia and critical in the context of alternative stove models. Free 

biomass fuel is only used exclusively by a minority of households (12.98%). Paid biomass fuels (wood, 

charcoal) do not occur as single-use fuels at all. Instead, they are primarily used in combination with LPG 

and/or ELC (Table 3). The three most common combinations are wood, LPG and ELC (33.87%); charcoal, 

LPG and ELC (19.35%) and wood and LPG with 16.13%.  

 
Table 3: Paid biomass fuels in fuel mix used by HH 

Paid fuels bio  Mentioned (f) Mentioned (%) 

Wood only  0 0.00% 

Wood + 1 fuel (ELC) 8 12.90% 

Wood + 1 fuel (LPG) 10 16.13% 

Wood + 2 fuels (LPG, ELC) 21 33.87% 

Charcoal only  0 0.00% 

Charcoal + 1 fuel (LPG) 3 4.84% 

Charcoal + 2fuel (LPG, ELC) 12 19.35% 

Wood + Charcoal only  0 0.00% 

Wood + Charcoal +1 fuel 5 8.06% 

Wood + Charcoal + 2 fuels  3 4.84% 

Source: Survey (2018) 

 

LPG fuel is used in the majority of paid biomass fuel mixes, mentioned 168 times in total (cf. wood f=47, 

charcoal f=23). Figure 10 shows the different stove types and their number of mentions in this study. The 

prevailing stoves among households are LPG stoves, mentioned 189 times (43.95% of all mentioned stoves), 

followed by the LOV13 with 166 times (38.60%). Interestingly, the use of LPG stoves is mentioned more 

than the use of LPG fuel (189 compared to 168 times), which suggests that some households use differently 

sized LPG stoves together. Only 19.23% of all household do not use LPG at all.  

 

 

                                                 
12 Bagasse is the leftover biomass of sugar cane after it has been processed.  
13 LOV refers both types of Lao stoves (NLS, TLS) 
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The most common LPG size by far is 200ml (LPG200, 73.54% of all used LPG stoves), which has important 

implications for fuel expenditure.14 

 
Fig. 10: Use of stove types 

 
Source: Survey (2018) 

 

Table 4 shows the number of household using multiple stoves. Half of all respondents use 2 stoves (49.04%), 

followed by 1 stove (24.52%) and 3 stoves (21.63%). These results differ from the WBG report (2018), 

which finds that more than 60% of households use only one type of stove. The most common types are ICS 

and traditional stoves. Clean fuel stoves (incl. LPG) are used in combination with an ICS or a traditional 

stove by respectively 17.9% and 9.4% of rural households (ibid, 2018).  

 
Table 4: Number of stoves by HH  

Multiple stoves Count  Count of Number of different stoves 

1 51 24.52% 

2 102 49.04% 

3 45 21.63% 

4 10 4.81% 
Source: Survey (2018) 

 

Overall, the common use of multiple fuels and stoves, especially in combination with LPG technology, 

confirms that the exclusive use of the ACE-1 is unlikely. According to SNV (2014a), there is also a certain 

degree of inertia that prevents users of TLS, NLS and LPG200 from changing stoves. The same study also 

finds, that the ease of use of the current stove is the main reason for households not wanting to change their 

stove. Indeed, in this study only 2.40% of households gave “Easy to light” as their main motivation to buy 

the ACE-1. This indicates that the comfort of use is not relevant enough to switch to a new stove or was not 

perceived during the demonstration. 18.27% decided to buy the stove because they need a new stove, 

suggesting that switching to an ACE-1 is more likely, when previously used stoves need to be replaced (Fig. 

10 in 5.1).  

 

5.2.3 Fuel savings and expenditure  
 

Fuel savings as in fuel collection time and/or household expenditure are context-specific in their potential 

to incentivize adoption. Adoption is more likely to take place if financial incentives are created for stove 

users. Households that purchase rather than collect solid fuels are more likely to adopt, reflecting the greater 

perceived value of monetary savings compared to time savings. This is because the opportunity costs of fuel 

collection time are often less relevant in poor rural communities, where labour and fuel is abundant 

(Rehfuess et al., 2014). Conversely, this means that “less affluent households are more likely to obtain 

cooking fuel by collecting” (WBG, 2018).  

                                                 
14 Cf. Chapter 5.2.3 
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However, Figure 11 shows, that free fuel is collected by the majority of households across almost all income 

brackets. 

 
Fig. 11: Use of free fuel per income bracket 

 
Source: Survey (2018) 

 

The relationship between actual and perceived fuel expenditure is another factor that informs the context of 

adoption. A common assumption of stove distributors is that households are unaware of their monthly 

energy expenditure and do not consider the financial long-term benefits of fuel-savings. This particularly 

applies to users of LPG. The high initial cost of the ACE-1, compared to LPG stoves, is often used as an 

argument by households to refrain from buying the stove. It is common in Cambodia to buy gas cartridges 

on demand (e.g. daily) and mostly second-hand (refilled) for as low as $0.25/cartridge, which keeps people 

from having to make big investments but also from noticing added-up fuel costs over longer periods of time. 

Table 5 compares perceived expenditure and averages of monthly expenses15.  

 
Table 5: Average monthly energy expenses/perceived expenditure bracket 

Perceived expenditure  # (HH) % (HH) Average monthly energy expenses 

Less than $5  12 5.77%                                                            $9.65  

$5-10 66 31.73%                                                          $22.87  

$11-20 66 31.73%                                                          $25.28  

More than $20 52 25.00%                                                          $31.45  

Don't know  12 5.77%                                                          $33.25  
Source: Survey (2018) 

 

While the average household energy expenditure is $ 25.62/month, the majority of households claims to 

have lower monthly expenses between $5-10 (31.73%) or $11-20 (31.73%). Only a quarter (25.00%) thinks 

they spend more than $20/month. When comparing actual and perceived expenses, results inform the above 

hypothesis, that households are often unaware of their spending on energy/fuels. The actual average 

expenditure of more than two thirds (69.23%) of households is significantly higher than the perceived 

expenditure (applicable for brackets $5-10; $11-20 and < $20). During the interviews the respondents often 

had difficulties to make an informed estimate of their expenses, which confirms the low awareness level.  

 

Although perceived and actual expenditure widely differs among the surveyed households, money- and fuel 

savings are an important factor in the decision-making for the ACE-1 (cf. Fig. 9 in 5.1). 38.46% of all 

households state money- and fuel saving as their most important reason for buying the stove, indicating a 

certain level of awareness of financial benefits. This result is consistent with previous research, suggesting 

reduced fuels costs as the “most interesting benefit” when switching to ABS (SNV, 2014a).  

                                                 
15 ELC is considered in this figure. 
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Money- and fuel savings as the main buying motivation potentially indicate the current use of expensive 

fuels, like LPG, and link back to multiple fuel and stove use. Looking at the stove mix of respondents that 

buy the stove out of money and fuel saving motivations, over half uses an LPG200 stove, either together 

with LOV (35%) or LOV and rice cooker (25%) (Fig. 12).  

 
Fig. 12: Stove mix by HH with motivation to save money and fuel  

 
Source: Survey (2018) 

 

5.2.4 Stove design   
 

The stove design needs to be appropriate for local cooking and use in order to enable adoption. Design 

problems, such as a small stove entrance, can encourage the user to return to formerly used stoves (Rehfuess 

et al., 2014). As previously discussed, the ACE-1 has a rather small stove entrance that requires user to 

process wood fuel to appropriate size16.  

 

Nevertheless, the ACE-1 has additional features, which provide added value and could encourage 

households to buy. The stove has a USB outlet to charge mobile devices or to plug in the included light or 

solar panel. Due to the lack of electricity access, sales interventions in Lesotho and Uganda have shown that 

especially the phone charging port and light support the buying decision. An earlier study from Cambodia 

confirms that consumers without electricity appreciate the mentioned features (SNV, 2015a). However, in 

the surveyed sample all households have access to at least one source of electricity. The three most common 

types of electricity use are as follows: charging phone (68,75%), lighting (68,79%) and charging other 

electronics (51.44%)17. These numbers could mean a potential interest in the additional electricity outlets 

that come with the stove and might positively affect the buying decision. Moreover, the interventions have 

shown that the charging port is a widely appreciated feature, as families often have more than one mobile 
device. 

 

5.3 Domain 2: Household and setting characteristics  
 

This sub-chapter aims to answer the third research question, how the socio-economic status (5.3.1) and 

access to education (5.3.2) relate to adoption. These variables refer to Dimension 2: Household and setting 

characteristics by Rehfuess et al. (2014).  

  

                                                 
16 Cf. Chapter 5.2.1 
17 Cf. Appendix A5 for types of electricity use.  

0.00%

5.00%

10.00%

15.00%

20.00%

25.00%

30.00%

35.00%

40.00%

Saving money and fuel

LOV

LOV,LPG20

LOV,LPG20,KETT

LOV,LPG200

LOV,LPG200,KETT

LOV,LPG200,KETT,RICE

LOV,LPG200,LPG20

LOV,LPG200,LPG5

LOV,LPG200,RICE

LOV,LPG21

LOV,LPG5



25 

 

5.3.1 Socio-economic status  
 

A higher socio-economic status with regards to income, expenditure and household assets is a strong 

attribute for adoption (Rehfuess et al., 2014, Lewis and Pattanayak, 2012). While expenditure has been 

previously discussed18, this sub-chapter takes a closer look at how household size and the source and 

consistency of income link to adoption.   

 

Compared to the average rural household income/month of 1.155.00 Riel or $248 (NIS, 2014), almost half 

of all households (44.23%) are situated in brackets with an above-average monthly income (cf. Fig. 6 in 

5.1). Besides, the annual trend (2009-2014) indicates that average rural income will continue to grow. Both 

findings suggest a higher socio-economic status of almost half of all ACE-1 users and imply growth 

potential across the entire user segment. Nevertheless, certain limitations apply when analyzing household 

income. Size and composition of households can affect the economic well-being. Larger households tend 

to have a lower living standard than smaller households, considering equal income (NIS, 2014). According 

to Rehfuess et al. (2014), a larger household size can also act as a barrier to adoption, “possibly due to the 
low value assigned to time and labour used to collect firewood […]”. The average household size in this 

study is 5.2 persons (cf. 5.0 persons (SNV, 2014a), 4.6 persons (NIS, 2013)). Figure 13 shows that the 

majority of households have an average size with either 4 members, 5 members or 6 members (total share 

60.19%). Larger-sized households (8-17 members) only account for 11.17%, suggesting that household size 

should only be a minor consideration in the context of this study.   

 
Fig. 13: Household size19 

 
Source: Survey (2018) 

 

According to the NIS (2014), the composition of households (number of adults and children) may also affect 

economic well-being. A high number of (earning) adults can be an indicator for higher income. The average 

number of income earners in this study is 2.5 person per household (cf. 2.2 persons (SNV, 2014a)). While 

a correlation analysis could provide insights into how the number of earners is related to income brackets, 

the limited data (income is only a categorical variable) does not allow for such analysis. However, Figure 

14 shows that the average number of earners is higher with rising income.  

 
Fig. 14: Average number of earners/income bracket20 

 
Source: Survey (2018)  

  

                                                 
18 Cf. Chapter 5.2.2 
19 The responses “0” and “1” (total 2) are not considered in this figure. 
20 Responses for “Don’t want to answer” are not shown in Figure 13. 
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Besides the amount of income, variables like the source and consistency of income can give further insights 

into the socio-economic stability of households. Since ACE largely targets rural populations, a majority of 

people is assumed to work in agriculture. This could mean that disposable income is seasonal and may affect 

the ability to spend money during certain times of the year. However, results show that more than half of 

all households (63.94%) perceive their income as regular (Fig. 15). Seasonality plays a role for only 15.87% 

of all households. However, when only looking at respondents with agriculture as their main source of 

income, 51.35% confirm that seasonality indeed affects their income.  

 
Fig. 15: Income consistency           Fig. 16: Number of income sources   
 

 

 

 

 

 

 

 
Source: Survey (2018)         Source: Survey (2018)  

 

In the context of socio-economic stability it is positive to note that all households have some source of 

income. More than half of the respondents have one source of income (74.52%),  22.60% have two sources 

of income and 2.88% have three sources of income (Fig. 16). Working in agriculture and running a shop are 

the most common types of occupation for households with one source of income, followed by running a 

restaurant and working in factories (mainly garment) (Fig. 17). When asked about their ability to save 

money, the majority of households (72.12%) stated yes. Home improvement/building materials were the 

most desired area for saving. This area is also most relevant for the households, that are currently unable to 

save (27.88%), but hoping to save in the future21.  

 

Fig. 17: Types of income based for HH with one income source 

 
Source: Survey (2018)  

 

Overall, factors like an above-average income, a smaller family size and a comparably steady income 

consistency are beneficial for adoption. 

  

                                                 
21 Cf. Appendix A6 for statistics on household savings.  
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5.3.2 Education   
 

The level of education positively corelates with adoption (Rehfuess et al, 2014; Lewis and Pattanayak, 

2012). Rehfuess et al. (2014) finds, that years of schooling or educational attainment (highest degree of 

education) among women and men increase uptake. Besides, the number of children and their access to 

education can be an indicator for economic stability. The average number of children among the surveyed 

population is 3.0 persons per household. The study asked, if household members were solely working or 

also going to school/pursuing a degree. More than half (54.81%) of all households stated both work and 

some attainment of education. The survey however does not differentiate between the educational 

attainment of adults and children, but considers the household as whole. Statistics show, that in rural 

Cambodia the number of people, who are older than 5 years and never attended school, decreased from 

2008-2013 (NIS, 2014). At the same time, the share of people that currently attend school also decreased 

(ibid, 2014).This study considers both past and current education.  

 
Fig. 18: Degree of education per HH  

 
Source: Survey (2018)  

 

Figure 18 shows, that primary school and high school are the most common forms of education among 

households. Attainment of secondary education (university) is rare, which suggests that the generation that 

could be attending university is engaged in work rather than higher education. The NIS (2014) finds, that 

only 1.8% of people aged 25 years and older have qualified beyond secondary level.  

 

Overall, reliable statements about the likeliness for adoption are difficult to obtain from this limited data 

set. A more profound understanding of differences between the educational attainment of adults and children 

is needed to make further statements.  
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6.  Discussion   
 

6.1 Overview of key findings 
 

The study’s aim is to provide insights into the user market of ABS and to investigate how aspects of fuel 

availability and fuel use, fuel savings and expenditure, stove characteristics and socio-economic 

characteristics of users relate to adoption. In this sub-chapter I present a selection of findings, that are 

interesting for further discussion in the broader context of adoption.    

 

1. Suitable biomass fuels for ABS, like the ACE-1, are available as paid and free fuels in rural Cambodia. 

Common paid biomass fuels include wood and charcoal; common free biomass fuels include wood 

pieces, sticks and twigs, coconut and corn. The majority of households (61.06%) collects free biomass 

fuel instead of paying for it.  
 

2. Fuel and stove stacking is a common practice among households in rural Cambodia. More than 75% 

use more than one stove at home. The most common stove types are still traditional stoves (NLS, TLS) 

as well as the LPG 200. The study confirms LPG stoves as the most common clean cooking solution.  

 

3. Findings on fuel savings and expenditure are two-fold. Savings in fuel and money are the most important 

buying reason for the majority of households (38.46%). However, the study identifies discrepancies 

between perceived and actual fuel expenditure. The majority of households (63.46%) believes to spend 

less money on fuel, than what the calculations of their actual expenditure shows.  

 

4. The socio-economic status is high compared to national averages, suggesting a higher likeliness for 

adoption of ABS. Nonetheless, aspects like income consistency or the willingness to pay could have a 

negative effect on adoption. 

 

5. Social influence, although not a focus of this study, has shown as an important factors that has wider 

implications for the promotion and distribution of ABS.  

 

6.1.1 Research limitations  
 

Given the scope and time of this study, certain aspects could not be studied to an extent that fully informs 

the selected variables. Firstly, this study has not lead to a profound understanding of energy expenditure of 

rural households, since the survey only provides a rough idea of the household income. This is due to the 

fact that households were only asked about income brackets in order to protect their privacy around sensitive 

questions. More specific insights would allow stove distributors to calculate the share of the income spent 

on fuel as well as the actual differences between perceived and actual fuel expenditure. This type of 

information can be useful to support the sales pitch with evidence, that current fuel expenditure is not as 

low as people perceive it to be, especially not in the context of LPG. Secondly, the insights on fuel- and 

money savings through the use of ABS are limited. Since households were only surveyed at the point of 

decision-making and acquisition, savings could not be assessed over a period of time. However, this type 

of information would be most relevant to emphasize saving advantage of ABS over other types of stoves. 

Lastly, this study only considered the results of households that decided to buy the stove. It would be 

interesting to obtain additional surveys of households that are hesitant to buying the stove. Understanding 

what discourages them from buying the ACE-1, could be another useful starting point to improve the 

product or sales process.    
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6.2 Opportunities within Domain 1  
 

In this sub-chapter I discuss aspects related to fuel and technology characteristics (Domain 1). Rehfuess et 

al. (2014) have established that fuel and technology characteristics play a central role in adoption.  

 

6.2.1 Renewable biomass fuels  
 

Without the availability and accessibility of suitable biomass fuels, adoption is unlikely to happen. Suitable 

biomass fuels are available in rural Cambodia, both in the form of paid and free fuels. Especially free fuels 

like coconut or corn are often found in close vicinity to rural homes. However, households are often not 

used to these types of fuels, as they do not sufficiently fire traditional stoves and therefore are not considered 

burning material. It is also questionable, to what extent close-by biomass can cover fuel demands for the 

desired long-term use of the stoves. Great potential for large-scale access to biomass fuels lies in the 

manufacturing and distribution of renewable biomass fuels, or processed waste biomass. However, as waste 

biomass usually does not have the density to burn sufficiently, it needs to be shredded and densified into 
pieces (Lotter et al., 2015). Pellets are the most common form of densified waste biomass and are also the 

recommended fuel for ABS like the ACE-1.  

 

Nevertheless, research and investment in renewable biomass fuels has only recently picked up in Cambodia. 

The SNV has initiated a business model pilot on product combination of ABS and renewable biomass fuels 

in 2014 (SNV, 2018). According to their website, they are currently engaged in three collaborations with 

companies producing biomass fuels from coconut, bamboo and rice husk. Table 1 gives an overview of 

these companies and their products.   

 
Company  Type of fuel  Specifications  Year of 

collaboration  

Fast Fire  Coconut shell 

chips  

First commercial market introduction of 

coconut shell chips as cooking fuel  

2017 

Bamboo Pro Bamboo pellets  Pilot production and initial market tests of 

bamboo pellets as cooking fuel  

2017 

Husk Ventures  Rice husk pellets  Social enterprise in upcycling rise husk into 

sustainable fuel products 

2018 

Table 1: Producers of renewable biomass fuels in Cambodia (Based on SNV, 2018) 

 

These recent collaborations show, that the production and distribution of renewable biomass fuels is still a 

novelty in Cambodia. Although wood pieces and locally available fuels are mostly used during the 

interventions, the sales teams occasionally also demonstrate the use of pellets. Observation showed, that 

households are usually curious about this new fuel type. Nonetheless, more insights are needed in order to 

evaluate potential skepticism toward these fuels, as suggested by SNV (2014). Renewable biomass fuels 

need to be financially and spatially accessible for households in order to switch from traditional biomass 

fuels to renewable biomass fuels. The bundling of stoves and suitable fuels is a promising approach to make 

renewable biomass fuels accessible and can create a market advantage. Cost savings through innovative fuel 

production, that are passed on to the customer, could enable market based price competitiveness through 

bundled fuel and stove instalment plans (SNV, 2014).  

 

Besides the renewable biomass fuels that are mentioned above, processed sugar cane residue commonly 

occurs in rural Cambodia. Many households possess a sugarcane juicer machine, that produces a fair amount 

of the so-called bagasse. According to a recent report by GIZ (2017), bagasse can be used in form of 

carbonized or uncarbonized briquettes as well as in an undensified form in gasifier stoves. Evidence from 

the field is currently limited to trials in Haiti, where carbonized bagasse briquettes have been produced as a 

fuel alternative to charcoal, primarily used by urban households (GACC, 2016c). More research is needed 

in order to explore, if bagasse could be used as a sustainable fuel alternative in rural Cambodia.  
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6.2.2 LPG stoves and other stove types  
 

Alternative stove technologies are a major limitation for the adoption of ABS. Although ABS uptake is 

unlikely to be exclusive in the near future, the wide availability of LPG stoves creates a competitive market 

of clean cookstoves in Cambodia. According to the SNV (2014), ABS and LPG200 stoves compete in their 

role as a product upgrade for NLS users in the same market space. The LPG200 is the most common size 

among the LPG stoves. Its popularity can be explained by the cheap and instant fuel supply with reused gas 

cartridges as well as their convenience of use. The danger of explosion, the most common argument against 

the use of LPG, is partially noticed by households but does not seem to outweigh the benefits of LPG usage. 

Only 15.86% of all households in this study state safe cooking without gas as their main motivation to 

switch to an ABS. 

 

While it is a common assumption, that solid fuels users will ultimately transition to clean fuels like LPG, 

the adoption strategy paper by the GACC (2011) has recognized certain impediments for this trend. One is 

the projected population growth, that is “expected to outstrip the current pace of progress in moving people 
to cleaner fuels” (ibid, 2011). In the light of the latest study by the WBG (2018), the market situation for 

ABS distributors in Cambodia is not becoming easier. The study pushes for the exclusive use of clean fuels 

like LPG as well as a reduction in fuel stacking. Although ABS are mentioned as an opportunity in regions 

where LPG stoves are unavailable, the high stove price and reluctance to accept an unknown technology are 

identified as barriers. At the same time, the report recommendations regarding ABS should be put into 

critical perspective, considering that the study sample involved only one out of 3300 households that is 

actively using an ABS.  

 

Despite the above, WBG (2018) recognizes affordability as a major obstacle in promoting the use of clean 

fuel stoves. Although LPG users in this study commonly believe that LPG is a cheap alternative, the WBG 

finds that “households that use a clean fuel stove tend to spend a larger share of their monthly expenditure 

on cooking fuel, particularly LPG, than households that use other biomass stoves” (ibid, 2018). In order to 

make use of this opportunity, promotors of ABS should explore ways to raise awareness about advantages 

like cost savings. A recent study on factors associated with sustained use of solid fuel cookstoves has 

statistically proven, that awareness creation activities are one out of two factors that influence stove usage 

rates (Tigabu, 2017). The study suggests targeted messages on fuel-efficiency and associated economic […] 

benefits. 

 

Among the main competitive advantages over LPG stoves, namely fuel cost savings and no risk of explosion 

(SNV, 2014), savings appear abstract and are often difficult to imagine for users. They require an informed 

and long-term understanding of fuel expenditure, which respective households are often lacking. One idea 

is to provide supporting materials during the sales pitch to increase this understanding. Visual materials 

could help to picture and explain the fuel savings and support the sales teams in conveying their message in 

a more vivid and evidence-based way. An example for such material is a timeline, that shows at what point 

of time the investment in the ABS will be cheaper than the continuous use of gas cartridges; or a helpful 

visualization of fuel expenditure over a longer period of time, as households often seem to misjudge the 

affordability of LPG.  
 

Besides LPG, the evidence for other ABS models or competing stove technologies is limited in rural 

Cambodia. Firstly, no other ABS brands were encountered throughout this study. The low dissemination 

rate has also been indicated by the WBG (2018), as previously mentioned. Thus, it is suggested that, instead 

of other ABS models, clean fuel technologies are the main competitor in the market. Biogas is another 

common clean fuel. Widely promoted through the National Biodigester Program (NBP), around 25.000 

biodigesters were constructed and distributed from 2006 to 2016 (NBP, 2015). Nevertheless, it remains 

unclear, what relevance biogas has in the current fuel market, as available studies do not differentiate 

between LPG and biogas in their findings on clean fuels (WBG, 2018). 
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6.3 Opportunities within Domain 2   
 

In this sub-chapter I discuss opportunities related to household and setting characteristics (Domain 2), which 

are interlinked and can affect adoption and sustained use (Rehfuess et al., 2014).  

 

The socio-economic status or the approximate level of disposable income is higher than national statistics 

suggest and could mean an increased likeliness for adoption of clean cookstoves among the surveyed 

households. However, this does not automatically imply the adoption of ABS. Puzzolo et al. (2015) found, 

that a higher socio-economic status and levels of education are associated with the increased use of LPG. 

Although income appears to be consistent for more than half of the sample of this study, implications 

through seasonality of employment (e.g. in agriculture) might play an important role. More than half of all 

respondents are located in peri-urban areas. A higher representation of rural households in the sample could 

possibly show different results. A second remark on the consistency of income is the apparent lack of 

disposable income during public holidays (28 days) and other culturally important festivities, such as 

weddings. Observations showed, that prior and post to these festive periods household often do not have 

extra money to spend on investments like the stove. While it is difficult to predict the frequency and timing 

of weddings, public holiday periods needs to be considered in the planning of sales interventions.  

 

Willingness to Pay (WTP) is a common topic in the context of adoption and fits well in the discussion of 

the socio-economic household status. It was not a subject of this study, as customer surveys are not a reliable 

method for the assessment of the WTP (Breidert et al., 2005). Experiments from two studies involving a 

free trial period of the stove (SNV 2014b; SNV 2015c) have shown, that the majority of households prefers 

to keep the stove rather than to receive a cash buyout at market value after the trial. According to a study 

from Bangladesh, this behavior indicates “that user value the stove when acquisition barriers are removed 

and highlights the need for better financing options” (Rosenbaum et al., 2015). According to the SNV 

(2015c), the majority of households are more comfortable, if they can make the purchase in instalments. 

ACE is currently testing different instalment plans to gain a better understanding, which options work best 

in the interest of the customer and the company.  

 

6.4  Social influence and peer relations 
 

The social context and its importance for adoption has been a reoccurring issue during the data collection 

and goes beyond the scope of the conceptual lenses of this study. I therefore suggest future research in this 

field to better understand, how social dynamics affect decision-making and adoption.  

 

Evidence from this study shows, that 41% of households knew about ACE and the stove prior to their 

purchase because of talking to family/friends. Rehfuess et al. (2014) recognize social influence in 

Dimension 3 of their framework. Social influence can impact adoption in positive and negative ways and 

works mainly through social networks and opinion leaders. It can affect people’s trust in the product and 

reflect the associated status gain through the purchase of a high technology product. According to 

acceptability studies of two alternative ABS (SNV 2014; SNV 2015), the majority of respondents agreed 

that the stoves increase their standing in the community and admiration among their family. Observations 

during the sales interventions of this  study showed, that decisions are made more confidently, when peers 

decide to buy the stove or report a positive experience regarding the stove. During the intervention at 

individual homes, neighbouring families tent to often join and discuss the potential purchase amongst each 

other. In other instances, the sales team received calls from households post visit, asking to return to the 

village another day to potentially buy the stove. While these observations suggest a strong relevance of peer 

influence, more research is needed to understand the dynamics within communities and use this knowledge 

to the advantage of an improved sales process.  
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Direct communication with community members and the recruitment of opinion leaders is a key strategy to 

build acceptance and trust among potential customers (GACC, 2013; Tigabu, 2017). Looking at ACE’s 

sales operations in Africa, the group approach has already been established in form of ‘group 

demonstrations’. These demonstrations are usually arranged in conversation with the respective village 

chief. The stoves are  shown and sold to a group of women, rather than individual families. Communication 

through the village chief is not common and hard to establish in Cambodia. Current efforts to directly engage 

with the community mostly happen ad hoc with the help of word-of-mouth promotion. Research has started 

to address community participation in the context of co-designing stoves (Ghergu et al., 2018; Makonese 

and Bradnum, 2017). However, participatory engagement is equally important in designing sales processes 

and should be further explored in both academia and praxis. Urmee and Gyamfi (2014) confirm, that bottom-

up strategies, where a self-sustaining industry is created with help of users and local artisans, increases the 

success rate of cookstove programs.   

 

The GACC (2013) suggests, that satisfied customers and especially women, as primary users of cookstoves, 

should be actively engaged inb marketing efforts. While many women were actively involved during the 

interventions of this study, results also show that the decision to buy a stove is often dependent on the 

approval of the larger family or at least the spouse. Ideally, marketing efforts should be inclusive and equally 

engage men in order to avoid alienation from the product. Other ideas by the GACC (2013) include 

incentives, such as discounts in fuel in exchange for the distribution of flyers or public demonstrations of 

the stoves. A fuel-related discount or arrangement could work well in the context of bundling stoves with 

renewable biomass products, as mentioned previously.  

 

6.5 Implications for sales interventions  
 

One of the unique aspects of this study is the ambition to understand the concept of adoption based on user 

data that was obtained during the acquisition- and initial acceptance phase of the product. Fuel-, technology- 

and household variables can help to identify opportunities to drive the uptake and use of ABS, as seen in 

the discussion above. Moreover, the unique nature of door-to-door sales needs to be considered in the 

debate. The Innovation-Decision Process (Rogers, 1995) underlines the complexity of decision-making in 

an door-to-door environment. Households go through the stages of knowledge, persuasion and decision-

making within the limited time period of a typical sales intervention (around 30 to 90 minutes). During that 

time the household will have to firstly understand the problem the stove is trying to solve and secondly gain 

an understanding of the product and reduce uncertainty. It needs to build trust towards the product and arrive 

at the conclusion, that the perceived characteristics of the new stove outweigh the benefits of the current 

stove(s), which then leads to the decision to buy the stove.  

 

This study largely focuses on the characteristics of potential users, which according to Rogers (1995) mainly 

impact the knowledge stage. Nonetheless, adoption is also defined by the interactions between the user and 

technology (Ruiz-Mercado et al., 2011). The relative advantage of the product as well as its complexity, 

comparability, trialability and observability are crucial for users to understand at the persuasion stage 
(Rogers, 1995). Limited sales intervention time can prevent people from understanding and experiencing 

the stove at a level that gives enough confidence to eventually buy and use the stove. ABS are high-

technology products. Their technology and use does not compare to current stoves in Cambodia. Aspects 
like igniting, refueling or using the stove at the desired level of heat can be difficult to do at first and require 

some practice. Besides, ABS are considered push products, which means they are not necessarily driven by 

consumer demand. Instead, distributors are entering an existing market with an enhanced product, which 

can leave households skeptical and resistant towards changing their current stoves. SNV (2014) confirms, 

that barriers for changing from traditional to new stoves are often based on inertia. Besides, the 

understanding for the need or problem that is going to be solved is an important prior condition for decision-

making (cf. Rogers, 1995).  
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In order to create a trusted environment for adoption, alternative formats for sales interventions could be 

tested. As discussed in the previous sub-chapter, group demonstrations are uncommon or difficult to arrange 

in Cambodia. Nonetheless, early adopters could be recruited as opinion leaders to take a role in doing 

marketing and building trust among the community. Promoters should choose target populations that are 

both likely to adopt the new technology and influence the opinions of other potential adopters within a social 

group (Pine et al., 2011). According to an example from the GACC (2013), a solar company recruited 

community members to spread knowledge and share their experience. The company then returns after a 

certain period of time to collect orders, that have been generated through the respective community 

members. Additionally, an exemplary cookstove could be left with the opinion leader to allow interested 

people to experience the stove at their own pace before making a purchase decision. According to the SNV 

(2014), the lack in experiencing the product is the second biggest key barrier to adoption. The suggested 

approach allows to build confidence and trust within the community and utilizes peer influence and referral 

as drivers for stove uptake and adoption. Moreover, sales interventions should be tailored to the users of 

different stove technologies. This means that the sales pitch for LPG users, where safety and cost savings 

play major role, should be different from the one for traditional stove users (TLS, NLS), where smoke 

reduction and health are most important.  
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7.  Conclusions 
 
Adoption of high-technology products like clean cookstoves is a systemic process, which is affected by 

various variables. This study identifies and examines different variables for the adoption of ABS within the 

context of rural Cambodia. It focuses on the socio-demographic user profile, the fuel and technology 

characteristics of the stove and household and setting characteristics, framed by the following research 

questions: 

 

1. How are ACE-1 users characterized in demographic and socio-economic terms?  

2. How do fuel availability and fuel use; fuel savings and fuel expenditure and stove design affect the 

likeliness of adoption of the ACE-1?  

3. How does the socio-economic status and access to education of stove users relate to adoption? 

 

The study has confirmed, that adoption is shaped by strong interactions between the user, technology, fuel 

and the larger socio-economic […] context, as implied by Ruiz-Mercado et al. (2011). A big potential to 

increase the adoption of ABS lies in the use of local biomass fuels as well as the production of renewable 

biomass fuels. Households need to be better informed about the use, efficiency and availability of such. The 

potential of collaboration with relevant biofuel producers should be further explored. By bundling 

renewable biomass fuels with ABS, stove promoters will be able to provide direct access to these fuels at 

affordable prices, two important aspects for adoption. In the context of alternative stove technologies, the 

LPG200 stove needs to be recognized as the strongest market competitor. The use of ABS will not be 

exclusive in the near and far future due to occurrent habits of fuel and stove stacking. Marketing and sales 

activities that create awareness and a better understanding of the advantages of ABS need to be designed in 

consideration of this aspect. They need to highlight the competitive advantages of fuel efficiency and cost 

savings. A more detailed understanding of current household fuel expenditure through additional research 

could support this process.  

 

While this study gives insights into Dimension 1 and 2, it also points out the relevance of user knowledge 

and perception (Dimension 3) in various contexts. As Rehfuess et al. (2014) claims, the different dimensions 

of enabling and limiting factors are closely interlinked. Especially the aspect of social influence in the 

decision-making process is highly important. Observations showed that peers relations are important to 

reduce uncertainty and increase reassurance about purchasing the stove. It is suggested to explore the 

potential of community dynamics in both, the marketing and sales of the stoves. This could be achieved by 

means of hiring community members as opinion leaders or experts, that enhance trust and confidence in the 

product. Besides, it is recommended to conduct more research in the field of social influence and peer 

relations. It could help to improve the understanding of these dynamics and to determine ways of how to 

engage the community in order to increase the uptake and continuous use of ABS.   

 

A final remark should be made on the decision-making or acquisition of stoves, which served as focus point 

of this study. Results from this stage of adoption contribute to a better picture of how stove technology- and 

design, fuel requirements and expenditure as well as alternative technologies can affect user behavior. They  

also help to generate and confirm ideas, how to create and improve the environment for adoption at a very 

early stage. Nevertheless, the implementation stage, when the stove is put into regular use, is critical for 

adoption. As pointed out by Rogers (1995), users in this phase might continue using the product over time; 

stop using the product over time; or turn to the product at a later point after their initial rejection. Further 

research is recommended to understand how people could be encouraged to use the stove; what makes 

people stop using the stove once purchased; and how non-users can be turned into users eventually. For the 

latter case, the consideration of community dynamics and social relations could be a starting point.  
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Appendix   
 

A1.  Statistics: Fuel use for cooking  
 

 

 
 
 
 
 
 
 

Table 1: Distribution of HH by type of fuel used for cooking in percent, 2008 and 2013 (NIS, 2013)  

 

Table 2: Main sources of cooking by geographical domain in percent (NIS, 2016)  

 

A2.  Survey questions  
 

Type of data  Response alternatives Question type  

Baseline data    

Customer setting  Urban; Peri-urban; Rural  Single answer 

Gender Male; Female; Don’t want to answer  Single answer 

Age 18-29; 30-44; 45-59; 60+; Don’t want to answer  Single answer  

Family members 

including children  

 Open 

Energy expenses    

Consent Yes; No Yes/No  

How much do you think 

you spend on energy per 

month?  

<5 USD; 5-10 USD; 11-20 USD; >20 USD; Don’t 

know 

Single answer  

Did you know about the 

ACE-1 before today?  

Yes; No  Yes/No  

How did you hear about 

the ACE-1? 

Family/friends; Previous flyer loop; Previous demo; 

Social media; Other  

Multiple choice  

What types of cookstoves 

do you use?  

Open fire; Traditional stove (LOV); LPG 200ml; LPG 

5l; LPG 20l; LPG >20l; Electric kettle; Electric rice 

cooker; Other  

Multiple choice  

Do you have electricity at 

home? 

Yes; No Yes/No 
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Do you have electricity in 

the village? 

Yes; No Yes/No 

Which energy expenses 

do you have (paid fuels)?  

None; LPG; Electricity; Wood; Charcoal; Bamboo; 

Pellets; Briquettes; Other  

Multiple choice  

What do you use these 

fuels for (per expense)? 

Cooking; Boiling; Heating; Lighting; Charging 

phone; Charging electronics; Other  

Multiple choice  

How much do you 

spend? (day/week/month)   

 Open  

Which fuels do you 

gather (free fuels)? 

 

None; Wood pieces; Chopped wood; Sticks and 

twigs; Bamboo; Cow dung; Coconut shell; Coconut 

husk; Corn cobs/husk; Rice husk; Other  

Multiple choice  

How many hours do you 

spent to collect free 

fuels? (day/week/month) 

 Open 

How much distance do 

you travel to collect free 

fuels? (day/week/month) 

 Open  

Monthly energy expenses   Automatic 

calculation based 

on the energy 

expenses 

Family    

Consent Yes; No Yes/No  

Are you married? Yes; No Yes/No 

Do you live together with 

your husband/wife? 

Yes; No Yes/No 

How many children do 

you have? 

 Open  

Do people in your family 

study?  

Work and study; Only work  Single answer 

What are the levels of 

education?  

Primary school; Highschool; University; Other  Multiple choice  

Income    

Consent Yes; No Yes/No  

How many people have 

an income in your 

family? 

 Open  

What are the sources of 

income? 

Agriculture; Shop (e.g. groceries, pharmacy); Service 

(e.g. mechanics, laundry); Restaurant; Clothes 

production (e.g. silk); Construction and building; 

Factory; Driver; Teacher; Other  

Multiple choice  

How regular is the 

income? 

Regular (e.g. monthly); Irregular; Seasonal  Single answer  

Which income bracket do 

you assign yourself to? 

<125 USD; 125-200 USD; 201-288 USD; 289 – 360 

USD; ≥361 USD, Don’t want to answer 

Single answer  

Do you have to ask other 

family members, if you 

want to buy a new 

product (Value: 100-200 

USD)? 

 

Yes; No Yes/No 

Who do you have to ask? Husband; Wife; Husband and wife; Whole family Single answer  

Do you save money? Yes; No Yes/No 

If yes, what are you 

saving for? 

Food/Groceries; School fees/Education, 

Farming/Livestock, Personal savings, Home 

Single answer  
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improvement/Building materials, Clothing, Stove 

repayments, Car/Transportation, Home 

assets/Furniture, Business/Entrepreneurial investment, 

Pension, Electricity, Fuel, Health/Medicine, 

Insurance, Family-related occasions (Newborn, 

Marriage, Funeral), Consumer electronics (e.g Mobile 

phone, TV), Home electronics (e.g. Fridge, Washing 

machine), Rent, Other  

If no, what are you 

hoping to save for?  

Food/Groceries; School fees/Education, 

Farming/Livestock, Personal savings, Home 

improvement/Building materials, Clothing, Stove 

repayments, Car/Transportation, Home 

assets/Furniture, Business/Entrepreneurial investment, 

Pension, Electricity, Fuel, Health/Medicine, 

Insurance, Family-related occasions (Newborn, 

Marriage, Funeral), Consumer electronics (e.g Mobile 

phone, TV), Home electronics (e.g. Fridge, Washing 

machine), Rent, Other 

Single answer  

What is your most 

important reason for 

buying the ACE-1? 

Money and fuel savings; Safe cooking (no gas); Clean 

cooking (no smoke); Easy to light; Good 

demonstration/explanation of stove; Good technology; 

Need for new stove; Other 

Single answer  

 

A3.  Statistical summary of sample 
 

Summary demographics (N=208) Count (#) Percentage (%) 

Gender    

Female (f) 130 62.50% 

Male (m) 76 36.54% 

Don't want to answer (NA) 2 0.96% 

Age    

18-29 20 9.62% 

30-44 75 36.06% 

45-59 93 44.71% 

60+ 19 9.13% 

Geographical setting   

Peri-urban 118 56.73% 

Rural  90 43.27% 

Marital status    

no 12 5.77% 

yes 196 94.23% 

Living with spouse (N=196)   

no 10 5.10% 

yes 186 94.90% 

Table 2: Summary of socio-demographic variables in count and percent (Survey, 2018)  
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A4.  Statistics: Decision-making for stove 

Permission Count (#) Percentage (%) 

no 51 24.52% 

yes 157 75.48% 

Who to ask? 

Husband 31 19.75% 

Husband, Wife 1 0.64% 

Mother 1 0.64% 

Whole family 101 64.33% 

Whole family, Husband 1 0.64% 

Whole family, Wife 1 0.64% 

Wife 21 13.38% 

Table 3: Statistics on decision-making in count and percent (Survey, 2018) 

A5.  Statistics: Types of electricity use 

Type of use Count (#) Percentage (%) 

Cooking 61 29.33% 

Boiling 41 19.71% 

Heating 27 12.98% 

Lighting 141 67.79% 

Charging phone 143 68.75% 

Charging electronics 107 51.44% 

Table 4: Types of electricity use (Survey, 2018) 

A6.  Statistics: Household savings 

Type of saving  Count (#) Percentage (%) 

Business / Entrepreneurial Investment 8 

Car / Transportation 2 

Family 1 

Farming / Livestock 3 

Food / Groceries 2 

Health 7 

Home Assets / Furniture 13 

Home Improvement/Building Materials 92 

Insurance 1 

Pension 1 

School Fees / Education 20 

Total HH with savings 150 72.12% 

 Table 5: Types of household savings from HH with savings (Survey, 2018) 
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Type of saving Count (#) Percentage (%) 

Consumer Electronics 1  

Electricity 1  

Farming / Livestock 1  

Food and Clothing 1  

Food and Education 1  

Food and Livestock 2  

Health / Medicine 4  

Home Assets / Furniture 1  

Home Improvement / Building Materials 24  

Other 1  

Personal Savings 6  

School Fees / Education 8  

School Fees and Clothing 2  

School Fees and Health 4  

Stove Repayments 1  

Total HH with no savings 58 27.88% 

Table 6: Types of desired household savings from HH with no savings (Survey, 2018) 
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Figure 14: Average number of earners/income bracket  

Figure 15: Income consistency 

Figure 16: Number of income sources  

Figure 17: Types of income based for HH with one income source 
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