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Abstract —Transition from non-clean cooking fuels to clean 

cooking fuels is a sustainable development requirement which 

needs to be addressed at a household level. Household decisions 

play a crucial role in terms of cooking transition and preference 

towards product specific factors. Developing countries need to 

address this problem immediately as it faces socioeconomic 

challenges which are complex. The presence of improved 

consumer products according to consumer’s preference for 

cooking fuels in these regions acts as a major motivator for 

cookstove adoption. Hence, understanding household preference 

for clean cooking solutions is useful for policy makers and 

organisations involved with the cooking fuel supply chain and 

product development. In order to better understand household 

decision-making in Sri Lanka, a stated preference survey and 

discrete choice model were constructed. With the exception of 

price and usage cost factors for the dirty stacking households, the 

study indicated that the product-specific factors explored have a 

significant impact on stove and fuel choices. Instead, energy 

switching, in which LPG and electricity supplement and increase 

a household's energy portfolio, is more likely. 

Keywords — cooking transition; fuel stacking; clean cooking 

solutions; household preference; choice experiment   

 

I. INTRODUCTION 

     Development and implementation of clean cooking 
technology for households in low and middle income 
countries (LMICs) offer enormous promise to promote at 
least five Sustainable Development Goals (SDGs): 3. Good 
health and well-being; 5. Gender equality; 7. Affordable and 
clean energy; 13. Climate action; 15. Life on land [1]. 
Without meeting the clean cooking target under Sustainable 
Development Goal 7 (SDG 7.1.2), the cost of inaction driven 
by negative externalities for health, gender, and climate 
would total to US$2.4 trillion per year [2]. In both rural [3] 
and urban spaces [4], cooking has been identified as one of 
the most serious energy concerns.  
     In Sri Lanka 67% of urban households use Liquefied 
Petroleum Gas (LPG) while the rural and estate households 
mainly use firewood [5]. Kerosene, paddy husk, coconut 

shell, activated carbon, sawdust, electricity and solar power 
are also used for cooking by small fractions in the country. 
The rural poor are the least likely to use cleaner fuels or a 
ventilated kitchen since the costs are prohibitive [6]. Even 
though LPG usage is significant, biomass is used as a 
secondary fuel in many contexts. According to the latest 
conducted research in South Asia, between 2000 and 2016, 
the average Access to Clean Fuel and Technologies (ACFT) 
for cooking in Sri Lanka was merely 11.9%, higher than 
Bangladesh which is the least successful South Asian 
economy in terms of ensuring greater ACFT for cooking for 
its people [7].  
     A wide range of solutions exist to support cleaner cooking 
that should be available in terms of physical access, 
reliability, and affordability to support ACFT [8]. There are 
essentially two strategies that encompass these solutions: 
“making the available clean” and “making the clean 
available” [9]. In Sri Lanka, the issue of providing cleaner 
facilities for cooking is rather complex. Inadequate access to 
improved technology and high calorific wood, food habits, 
household behavior, competing demand for income, resource 
allocation patterns, and demand situation specific solutions 
are considered causes for the current condition [10].      
Researchers have mostly focused on the negative impacts of 
cooking with non-clean fuel sources and socioeconomic 
factors influencing this behavior in Sri Lanka. This research 
is aimed to explore the relative strength of product-specific 
attributes which impact the consumer decision on household 
cooking devices/fuels, and to recommend design implications 
that drive adoption of clean cooking solutions in Sri Lankan 
households. The findings of this research could aid projects 
around the world targeted at bringing novel stove designs to 
fulfil market needs and provide insights to governing bodies 
on how to improve the cooking transition. 

 

II. LITERATURE REVIEW 

     Cooking transition is a key metric of the improvement in 
the household cooking sector. This can be defined as adoption 



of both technologies that make solid fuels burn in a cleaner 
manner such as Improved Cook-Stoves (ICS) and Clean 
Cooking Solutions (CCS) which use cleaner fuels, such as 
LPG [11]. Cooking transition is explained in two theories: 
“Energy ladder model” and “Multiple fuel model”. The 
‘Energy ladder’ is a concept used to describe the way in 
which households will move to more sophisticated fuels as 
their economic status improves [12]. According to energy 
ladder model when the household’s economic status 
improves, they will switch to more sophisticated energy 
carriers and when economic status deteriorates, they will 
switch back to less-sophisticated energy carriers. As a result, 
the energy ladder functions as an extension of the consumer 
economic theory: as household income grows/falls, they 
consume not only more/less of the same commodities, but 
they also change to higher/lower quality items. However, the 
theory that households transition linearly from traditional 
biofuels to cleaner fuels as their economic status improves 
relative to the fuel price has limited explanatory power [12]. 
In a practical scenario, households use multiple cooking fuels 
together. This is explained in multiple fuel model where 
households do fuel stacking rather than completely switch 
from one fuel to another. The "multiple fuel" model 
incorporates four aspects that have been shown to be critical 
in household decision-making in resource-scarce or uncertain 
situations: (a) economics of fuel and stove type and access 
conditions to fuels, (b) technical characteristics of cookstoves 
and cooking practices; (c) cultural preferences; and (d) health 
impacts. Fuel stacking is frequently misinterpreted as a 
transitional phase in which households continue to use 
polluting fuels until they have gained sufficient knowledge of 
cleaner fuels and technology and access to them [13]. 
Stacking is a continued process when households use 
multiple fuels and technologies together. Despite the fact that 
everyone stacks, knowledge is limited on the effects of fuel 
stacking on public health and the environment, or how a 
transition to renewable energy might work [14]. Based on the 
primary and secondary cooking fuel a family uses, stacking 
behavior can be categorized into dirty and clean stacking 
categories. Household which uses clean primary source and 
non-clean secondary source is identified as a dirty stacking 
household and vice versa is the clean stacking household. 
Understanding preferences of these two categories is 
important as majority Sri Lankan households are in transition 
phase and their priorities differ from one another. Even 
though the concept of fuel stacking was presented more than 
two decades ago, insufficient research has been done on how 
widespread it is, or what types of homes engage with it [15]. 
     Factors influencing adoption of clean cooking solutions 
needs to be explorative in order to provide solutions which 
will be adopted by households. Among these factors 
“Product-specific factors” which may vary, and therefore can 
be adjusted in the short term based on the market availability 
of new products and people’s awareness and understanding 
of the available alternatives is significant. An often-heard 
argument is that asking consumers what they want is useless, 
because they do not know what they want [16]. In order to 
develop successful new products, organisations should gain a 
deep understanding of ‘the voice of the consumer’ [17] and 
there are several methodologies to follow to study this 
phenomenon. Among these methods we followed choice 
experiment technique as it is based on a long-standing, well-

tested theory of choice behavior that can take inter-linked 
behaviors into account [18]. Many steps are involved in 
generating discrete-choice data prior to the analysis, 
including reviews of the relevant literature and baseline data 
collection, generating the appropriate choice context and 
attributes and levels, survey design and, most importantly, 
experimental design used to generate the alternatives between 
which respondents are asked to choose [19]. 
 

III. METHODOLOGY  

In Choice Experiment (CE) based modelling, a product is 
described as a collection of attributes [20]. The 2 theories 
combined; “Random utility theory” & “Lancaster’s theory” 
suggest that Discrete Choice Experiment (DCE) respondents 
choose the option from each choice-set which provides them 
with the most satisfaction or ‘‘utility” [21].  

Respondents in a CE are presented with a series of 
product choices that are differentiated across particular 
attributes and are asked to choose the most preferred option 
(Atkinson and Halvorsen, 1990). Designing CE is a critical 
and challenging part of any stated preference-based choice 
modelling approach because the results are highly sensitive 
to the experiment design [22]. CE design involves the 
following steps (1) generation of choice options, (2) 
refinement of choice sets, (3) generation of attributes, (4) 
attributes label and level allocation and (5) choice sets 
construction [20]. 
     The universal alternatives for the experiment were 
finalized based on the literature, and census studies. Baseline 
data collection was conducted in September 2021 and 1119 
household responses were collected. Considering household 
size, monthly income and geographical distribution in this 
sample was identified to represent the population. Based on 
the fuel classification, the universal choice set was regrouped 
into a choice set of 10 options. 
     Since 10 options was still a large choice set for designing 
the CE, the list was further refined by eliminating irrelevant 
options.  Firewood, LPG and electricity were the three 
primary cooking fuels which were selected in the choice 
experiment based on the findings of base data collection and 
literature [5], [10], [23]. Based on extensive literature study 
and baseline data collection, we selected 6 attributes which 
have significantly influenced the fuel usage behavior in a 
household. Stove cost, monthly usage cost, smoke emission, 
safety, time saved, and availability were selected as attributes 
for the experiment among many other stove and fuel related 
attributes. Stove cost and monthly usage cost were selected 
as household income and purchasing power have high impact 
on household decision making in purchasing decisions [20], 
[24], [25]. Smoke emission has been used in previous 
research as an attribute due to the use of biomass by a larger 
fraction of the population [20], [26]. Since biomass is a major 
primary cooking fuel in local context it was implemented in 
our study. Time saved by adoption of an improved cook stove 
is also an important attribute due to busy and evolving 
lifestyle of urban population [11]. Safety is another main 
concern when acquiring a cookstove as one of the main cause 
of household accidents is associate with cooking activities 
[11], [27]. Even though availability was defined as a “soft” 
attributes [20], due to the spread of COVID19 pandemic and 
supply disruptions, we include it’s effect to the experiment. 



To find whether these attributes correlate amongst each other, 
we did a Pearson correlation test from the baseline survey 
data and there was no such relationship.  
     Attribute levels for the stove cost, monthly usage cost and 
time saved were defined based on the data gathered in the 
baseline data collection. Since other three attributes are 
decided by several direct and indirect factors, quantitative 
measurements are difficult to grasp for the respondents [20]. 
For example, the amount of indoor smoke relies not only on 
the amount of smoke released by the stove, but also on the 
size, shape, and layout of the kitchen, the size of the kitchen 
window, other ventilation parameters, and the length of time 
spent cooking [28]. Similar to “smoke emission” attribute 
safety and availability also have measurement problems due 
to highly subjective concerns. Hence, it was decided to treat 
both attributes as pseudo-categorical variables, which assume 
a linear distance between each categorical response. Since 
three alternatives had different attribute levels for quantified 
attributes, we constructed the experiment as a ‘labelled 
experiment’ which can be used for each fuel/stove option and 
an ‘Alternative Specific Constant’ (ASC) was included to 
capture the cumulative strength of other factors’ effect on 
fuel/stove choice [22].  

Choice sets were constructed and reduced to a 
manageable number using the orthogonal design technique. 
Fractional design method was used to reduce the number of 
choices to a manageable size by ignoring the interaction 
effects. A statistically efficient design was constructed using 
SAS software (SAS OnDemand for Academics 3.8 - 
Enterprise Edition) packages and initially it developed 64 
choice sets. The number of choice sets was reduced to 8 by 
introducing blocks which satisfies efficient design criteria 
[29]. The experiment was 99% D-efficient, which can be 
interpreted as designed choice sets determinant of the 
covariance matrix which is minimized to the optimal level. 
One experiment was randomly repeated for each respondent 
in order to verify consistency and one included an ideal 
solution to verify the rationality of responses.   

The survey was conducted in April 2022 and 125 
households have responded to the questionnaire. Simple 
random sampling was used collect responses. These 
households represented the Sri Lankan population based on 
the average household size, monthly household income and 
distribution proportions in provincial administrative 
divisions. From one respondent we got 8 data points for the 
experiment and total of 1000 data points were used in the 
analysis. Prior to the data collection pre-experiment was done 
using 20 participants: twelve graduate research assistants and 
eight undergraduates. From the pre-test we checked whether 
the respondents understand the attributes and attribute levels 
in the experiment design. According to suggestions of 
respondents, minor changes were implemented in the 
questionnaire and collected data were analyzed using 
BIOGEME analysis package on the Python coding platform.  

Model development was completed using the same 
platforms as the pre-test. The model is designed to ascertain 
the probability of choosing one of the three fuel/stove 
alternatives, firewood, LPG, or electricity. Given the 
importance of fuel switching stage as an explanatory variable 
in the literature, a model structure based on stacking 
segmentation, clean stacking, and dirty stacking is an 
intuitive model structure. 

 

IV. RESULTS  

In the selected sample approximately 42.2% use LPG as 
their primary cooking fuel. That is a 23.2% improvement 
from the last census of population and housing which was 
conducted in 2012. However, biomass is still used as the 
primary fuel source by 55.2% and as the secondary fuel 
source by 26.4% of the sample population. Electricity is also 
used by 28.8% of the sample either as the primary or as the 
secondary cooking fuel. A total of 273 stoves are owned by 
the surveyed 125 households, and the typical household in 
this sample owned 2 cooking stoves. 

Stacking behavior is a dichotomous variable as it does 
have only two outcomes: dirty stacking and clean stacking. 
Monthly household income, monthly usage cost of fuel, 
distance traveled to collect fuel, time invested for cooking per 
day, availability of fuel were the independent variables 
collected in the survey in the form of ordinal data.  

Based on the discrete choice experiment conducted on 
dirty and clean stackers, the following utility functions can be 
described using this structure, where V is the non-stochastic 
(unobserved) utility (i.e., U = V + ε) for each of the three 
fuel/stove options: 
 

 Firewood: Vi
F = β_SP * Wood_SP + β_MUC * 

Wood_MUC + β_SE * Wood_SE + β_S * 
Wood_S + β_TS * Wood_TS + β_A * Wood_A 

 

(1) 

 Gas: Vi
G = ASC_GAS + β_SP * Gas_SP + 

β_MUC * Gas_MUC + β_SE * Gas_SE + β_S * 
Gas_S + β_TS * Gas_TS + β_A * Gas_A 

 

(2) 

 Electricity: Vi
E = ASC_ELECTRICITY + β_SP * 

Electricity_SP + β_MUC *        Electricity_MUC 
+ β_SE * Electricity_SE + β_S * Electricity_S + 
β_TS * Electricity_TS + β_A * Electricity_A 

 

(3) 

 
The variable and parameter names relate to relevant 

product-specific factors. For example, Wood_SP is the stove 
price variable for wood stove and β_SP is the stove price 
parameter for all alternatives. The ASC_GAS term represents 
a relevant alternative specific constant, with that of wood 
fixed as zero. Results of the models for both stacking 
behaviors stated in TABLE I and TABLE II. Results indicates 
that clean stackers and dirty stackers have different priorities 
in stove choice decision. This proves that the experience of 
using clean and dirty fuels impacts the stove choice decision. 
Both models have “Rho-square” values over 0.4 which 
indicates model is statistically significant. Among dirty 
stacking households, safety is the attribute which has the 
highest contribution to the preference. Among clean stacking 
households, stove price is the attribute which has the highest 
contribution. 

V. CONCLUSIONS  

      Consumer behaviour, market responses to changes in 
price of cookstoves and household income significantly 
impacts the cookstove adoption. Households in cooking 
transition will improve their behavior either if their income 
increases or the fuel prices are reduced. These results 



indicates that household purchasing power impacts the 
cooking transition behavior. When considering the fuel 
stacking behavior, dirty stacking households consider the 
safety aspect of the cooking solution. Hence, stove suppliers 
need to consider the safety of the solution. Clean stacking 
households consider the stove price of the cooking solution. 
Hence authorities need to consider providing policy level 
solutions to those communities.  
     Considering overall household preference, stove price has 
been the main contributing attribute. LPG is considerably a 
favorable option considering all three fuels selected for the 
experiment. Continuing supply chain disruptions can impact 
this preference and authorities need to secure the LPG for 
households already using the fuel. Recent incidents related to 
the safety of the cookstove has not been affected to prioritize 
the safety aspect in the majority. Households which have 
already transited to clean cooking, mostly consider the 
availability of the fuel highly compared to other factors.  
     Long-term impacts of the COVID19 pandemic such as a 
fall in household incomes will impact consumer food patterns 
which leads to changes in cooking transition. Prior to 
uncertain times such as a pandemic, fuel suppliers must 
consider the readiness, responsiveness, recovery, and growth 
of their supply chain operations. 
 

VI. RECOMMENDATIONS FOR FUTURE RESEARCH 

    Simulating scenarios and test hypothesis from the data 
collected in choice experiment can be implemented in the 

future. When cooking transition is progressing, attributes of 
cookstoves and cooking fuels can be reevaluated using 
simulation scenarios. Also, with the changes of demographic 
variables such as household size, income levels and urban and 
rural split the appropriate adjustments of product specific 
factors can be obtained. Using the utility equation, the ideal 
attribute levels for cooking solutions when cookstove price or 
monthly usage cost is at a constant can be further analyzed. 
Other product-specific attributes such as quick ignitability, 
controllability, startup time may be worth investigating in the 
future. Due to the recent supply interruptions, households can 
shift to cooking fuels which are available and convenient to 
them. Hence fuels such as biogas and solar power should be 
included in a future experiment based on the user rates. An 
analysis between different wealth groups is recommended 
and policy implications for these categories should be 
examined. Results can be used in similar scenarios in 
developing countries when reevaluating and redesigning 
modern energy cooking solutions.   
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TABLE I.       MODEL SUMMARY OF DIRTY STACKING HOUSEHOLDS 

Parameter Definition Value T-test P-value Robust t-test P-value 

ASC_ELECTRICITY 
Alternative specific constant of 
choosing electricity -13.6 -0.07 0.95 -18.78 0 

ASC_GAS 
Alternative specific constant of 
selecting gas 1.45 1.19 0.23 1.09 0.27 

β_A 
Availability parameter 

-0.0953 0 1 0 1 

β_MUC 
Monthly usage cost parameter 

-0.0964 0 1 0 1 

β_S 
Safety parameter 

-0.1305 0 1 0 1 

β_SE 
Smoke emission parameter 

-0.0953 0 1 0 1 

β_SP 
Stove price parameter 

-0.0817 -0.55 0.58 -0.65 0.51 

β _TS 
Time saving parameter 

-0.0952 0 1 0 1 

 
TABLE II.      MODEL SUMMARY OF CLEAN STACKING HOUSEHOLDS 

Parameter Definition Value T-test P-value Robust t-test P-value 

ASC_ELECTRICITY 
Alternative specific constant of 
choosing electricity -14.2 -0.09 0.93 -19.46 0 

ASC_GAS 
Alternative specific constant of 
selecting gas 1.41 1.35 0.18 1.27 0.21 

β_A 
Availability parameter 

-0.09 0 1 0 1 

β_MUC 
Monthly usage cost parameter 

-0.0234 0 1 0 1 

β_S 
Safety parameter 

-0.0856 0 1 0 1 

β_SE 
Smoke emission parameter 

-0.0859 0 1 0 1 

β_SP 
Stove price parameter 

0.134 1.07 0.29 1.14 0.25 

β_TS 
Time saving parameter 

-0.0859 0 1 0 1 
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