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Abstract: This paper examines the importance of choice of cooking fuels in wellbeing, analysing
relationships between the proportion of population with primary reliance on different types of fuels
for cooking (predictor variable), and key wellbeing indices (outcome variables) - Personal Health,
Social Life, Civic Engagement, Life Evaluation, Negative Experience. By combining two global
datasets from Gallup and WHO, the study adds to current evidence by taking a global perspective.
Controlling for demographic factors such as income per capita, age, education level, employment,
etc., regression modelling of these relationships show that clean cooking fuels are influential in all
of the key wellbeing indices with the exception of the Life Evaluation Index. Among the key
wellbeing indices, Personal Health and Negative Experience Indices are the most strongly
influenced by choice of clean cooking fuels. By adding access to electricity as an additional predictor
variable, the analysis highlights the potential for integrating eCooking into national electrification
plans as part of sustainable energy transitions, given that health outcomes (Personal health and
Negative experience indices) appear to be as closely linked to choice of cooking fuels as to access to
electricity.

Keywords: cooking fuel choice; clean cooking fuels; wellbeing index; access to electricity; health;
demographic variables; regression analysis

1. Introduction

Clean cooking is associated with multiple benefits, most notably health benefits, convenience of
cooking, liberated time for cooks, reduced expenditure, and reduced carbon emissions. Adoption of
clean cooking is a key part of achieving SDG7 (Indicators 7.1.2). Some of the impacts of clean cooking
more readily lend themselves towards measurement, such as energy consumption. Digitally enabled
metering technology means that the consumption of modern fuels such as electricity and LPG can be
monitored in real time. This means that carbon emissions reductions can be monitored accurately,
giving greater confidence in carbon credits issued, e.g., the Gold Standard “Methodology For
Metered & Measured Energy Cooking Devices”. There is emerging evidence that cooking with
modern fuels can in some contexts be cheaper than cooking with traditional biomass fuels. While
some studies on the cost of cooking with different fuels have been based on modelling, others are
based on empirical data [1]. The health impacts of household air pollution are well established [2],
although efforts to validate low cost means of monitoring direct improvements in pollution from
clean cooking are ongoing.

The importance of assessing the wider socio-economic benefits associated with clean cooking is
growing with interest in innovative mechanisms for financing these kinds of development outcomes.
Development Impact Bonds, or Social Impact Bonds, for example, are gaining traction as a
mechanism for attracting private sector investment into the development sector. Such bonds aim to
shift the risk associated with achieving development outcomes from institutional donors onto private
sector project implementers. Development outcomes of interest can be social, such as improved
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health. The World Bank issued Sustainable Development Bonds to the value of USD 41 billion in 2022
[3].

This paper considers the wider, still more subjective impacts of choice of clean cooking fuels.
When Cookpad announced a competition to study the role of home cooking in personal wellness,
this provided an opportunity to explore issues of wellbeing as captured by the Gallup World Poll
database. By combining the World Poll database with the WHO Household Energy Database, the
study assesses links between cooking fuel choices (using national averages) and a number of
wellbeing indices. In order to understand the relative importance of choice of cooking fuels in
wellbeing, regression modelling is used to control for the effects of demographic variables available
in the Gallup database.

2. Background to Clean Cooking and Wellbeing

There are many different strands of research and theory around the subject of wellbeing. Income
related measures were traditional metrics for determining wellbeing, before advancements in the
1960s and 1970s introduced terms such as happiness, quality of life and life satisfaction [4], which
look beyond measures of economic and material progress. In the 1990s, development organisations
such as the United Nations Development Program (UNDP) began actively considering quality of life
with the Human Development Index, to look beyond measures such as GDP. Increasingly, improving
wellbeing has become important in development research, policy-making and determining progress
on global objectives, such as the Sustainable Development Goals (SDG), most notably on SDG3
(Health and Wellbeing) which contains a subjective well-being indicator [5].

Ideas of subjective and objective well-being, and measures designed to assess individuals’
happiness or quality of life, borrow heavily from disciplines such as psychology and philosophy:
“ideas found in modern well-being research, e.g. the fundamental distinction between subjective and
objective, originate from traditional philosophical theories” [6]. Subjective wellbeing indicates
“wellbeing as described by self” compared to objective wellbeing, alluding to measures or
dimensions of life, e.g. health status, level of education or GDP [7]. These two broad conceptual
approaches dominate the field of wellbeing research [8].

This paper considers the relationship between wellbeing and choice of clean cooking fuels,
which have been associated with a wide range of socio-economic benefits. Accordingly, first, we
consider the literature linking cooking fuels and objectives measures of wellbeing. It is apparent in
this literature, that there is a growing body of peer-reviewed work linking the effect of traditional
polluting cooking fuels on negative health outcomes, particularly with regards to premature deaths
due to household air pollution.

Data and analyses from several authors have built strong evidence of cardiorespiratory,
paediatric, and maternal disease associated with using solid biomass for cooking [9-15], which has
captured the attention of policy makers at both national and international level. There is also evidence
that the negative effects are largely gendered, disproportionally impacting women and children, due
to heightened exposure to cooking fumes, predominantly because of traditional gender roles [16, 17]
including home cooking responsibility [18]. Additionally, women are primarily responsible for solid
fuel collection and bear associated time implications [19]. Prevalence of poor health outcomes due to
polluting fuels is also observed to be highest in low and middle-income countries, where use of solid
biomass fuel for cooking is more widespread [11].

Equally, there is a body of work that links clean cooking fuel use with positive health outcomes
[21-23]. Studies show adoption of clean cooking fuels to have potential benefits to not only health
but progress towards climate goals and other related SDGs [24]. There is also nascent research into
the potential for clean cooking fuels to positively impact mental health [25], as a counterpoint to the
evolving evidence of the detrimental impact of outdoor air pollution [26], household air pollution
and cooking fuels on mental illness, such as depression [27]. Beyond study demonstrating the
negative impact of polluting cooking fuels use on health, other evolving study links solid biomass
cooking fuels to heightened economic costs for households, because of illness and higher medical
expenses [28] and worse educational outcomes [29].
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Study of subjective wellbeing is a rapidly growing empirical science, especially over the past
decades and often works to complement objective measures [30]. Subjective wellbeing, despite being
a broad construct, is defined by Diener et al. as a “person’s cognitive and affective evaluations of his
of her life, as judged and reported by themselves“[31]. Key subjective wellbeing indices are a mix of
experienced well-being measures (Positive Experience, Negative Experience and Daily Experience)
taking into account ranges of emotion at a specific moment in time, for instance that day, and
evaluative well-being measures (Life Evaluation) that requires respondents to give an evaluation of
a longer period of time, for instance their lifetime [32].

There are few studies that look at cooking fuel use and subjective wellbeing: it is an emerging
field of research. Ma et al [33] use national data from the 2016 China Labor-force Dynamics Survey
to explore household cooking fuel choices and individuals’ subjective well-being, using two
variables: happiness (an experienced measure), and life satisfaction (an evaluative measure). The
paper concludes that a clean cooking fuel transition can significantly improve well-being within
certain regions.

A few other national level studies have focussed on subjective well-being and specific segments
of the population, such as the elderly [34], finding that the adoption of clean cooking fuels
significantly enhances middle-aged and senior peoples’ subjective life satisfaction, or rural residents
[35] whose life satisfaction is found to negatively correlate with solid fuel use. LPG can also support
dimensions of well-being, however fuel transitions are deemed complex, multi-dimensional and
context dependent [19]. These studies have tended to focus on national level data rather than
multinational surveys such as The Gallup World Poll, a dataset used for this paper, which is a rich,
global and large evidence base for data on subjective wellbeing [36].

One of the key debates in subjective wellbeing literature concerns the relationship between
increasing income and happiness. To a point, the relationship between these two shows a positive
correlation, both nationally and internationally, though the limits to this are considered by the work
of Easterlin, and the notion of the Easterlin paradox: “cross-sectionally (e.g. at a particular point in
time), income and happiness are positively correlated. As countries become richer over time this
relationship does not hold” [6]. Despite this consideration the positive relationship between income
growth and subjective wellbeing is well-established and wealth is important to control for and factor
into analyses.

3. Methodology

3.1. Creating an Aggregated Dataset

The methodology is based on looking globally at countries with a spread of mix of cooking fuels
and looking for linkages with a number of wellbeing indices. The approach is based on combining
two datasets:

e  Gallup World Poll dataset (2018-2021) — measures attitudes and behaviours of people across the
world;

e  WHO Household Energy Database — proportion of households using a range of fuels as their
primary cooking fuel.

Each year the Gallup World Poll surveys people in more than 150 countries worldwide,
representing more than 98% of the world’s adult population [37]. The survey covers a comprehensive
range of issues that are related to development indicators. Recent surveys include a number of
questions relating to cooking behaviours, which have been added at the request of Cookpad. The
dataset includes indices reflecting the six key elements of the methodology; law and order, food and
shelter, institutions and infrastructure, good jobs, wellbeing, and brain gain. These elements are
described as the currency of a life that matters. Twenty one indices are calculated, each being
constructed from a number of constituent questions; nine indices fall under the wellbeing category.
The analysis has used a dataset furnished by Cookpad, which covers a four-year period from 2018 to
2021.


https://doi.org/10.20944/preprints202307.1833.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 July 2023 do0i:10.20944/preprints202307.1833.v1

The WHO Household Energy Database draws upon a range of nationally representative
household survey data from WHO member states. It comprises data from over 170 countries, but
these countries do not align completely with the countries covered by the Gallup dataset; the WHO
database includes a higher proportion of low and middle-income countries. It provides data on the
primary fuel used for cooking, so takes no account of fuel stacking; this means that the actual use of
all fuels will be underrepresented. The analysis has used data on the proportion of the population in
each country using each different fuel. Data is available from 1960 to 2020; only data corresponding
to the years covered by both the Gallup and WHO dataset have been used. i.e., three years from 2018
to 2020.

The two datasets were combined as follows:

e  Three-year data (2018 to 2020) were extracted from the Gallup dataset, covering 148 countries;

e Data on each of the wellbeing indices was aggregated to one value per year for each country by
calculating the mean of individual indices in each country;

e In the same way, mean values of demographic variables were calculated for each year for each
country from the Gallup dataset;

e  The aggregated Gallup data and WHO were then merged to generate the data set analysed in
this paper. Each record represents a single country for a given year.

The number of countries for which data is available from both the Gallup and WHO datasets is
presented in Table 1. This shows that in terms of low-income countries, the dataset is skewed towards
African countries, and in terms of high-income countries, it is dominated by Europe. Note that the
analysis explores relationships between choice of clean cooking fuels and wellbeing indices at the
country level, i.e., all countries are weighted equally, irrespective of population size. A list of
countries within each region is given in Table Al.

Table 1. Regional distribution of countries in aggregated dataset (number of countries in each

region).
2018 2019 2020 Total

Global 107 100 74 282

Africa 36 36 18 90

Americas 19 15 14 49

Eastern Mediterranean 11 11 9 31
Europe 26 24 21 71

South-East Asia 7 6 6 19

Western Pacific 8 8 6 22

3.2. Identifying Key Wellbeing Indices

The study is concerned with the nine composite indices relating to wellbeing described in Table
2. Each of these indices is, in turn, calculated from a small number of constituent variables (see Table
A2).

Table 2. Description of wellbeing indices.

Index Measure Description
A measure of respondents’ perceptions of where the
Life Evaluation Index 1-3 . P percept W y
stand now and in the future.
An assessment of respondent’s social support structure
Social Life Index 0-100 ponc PP
and opportunities to make friends
A measure of respondents” personal economic
Financial Life Index 0-100 situations and the economics of the community where
they live
An assessment of the economic conditions in
Local Economic respondents’ city today, and whether they think
. -100 to +100 . .. . . .
Confidence Index economic conditions in their city as a whole are getting

better or worse.
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Personal Health Index 0-100 A measure of perceptions of one’s own health
Positive Experience A measure of respondents’ experienced well-being on
0-100
Index the day before the survey
Negative Experience 0-100 A measure of respondents’ experienced well-being on
Index the day before the survey
Daily Experience Index 0-100 A measure of respondents” experienced well-being on

the day before the survey
An assessment of respondents’” inclination to volunteer
.. their time and assistance to others. It is also a measure
Civic Engagement Index 0-100 , . .
of respondent’s commitment to the community where

he or she lives

The literature has highlighted a strong relationship between cooking and personal health,
particularly as it relates to household air pollution. We would, therefore, expect to find a strong
relationship between choice of clean cooking fuels and the Personal Health Index. Potential links
between choice of clean cooking fuels and other indices are less intuitive. Other impacts associated
with clean cooking include:

e Time savings — not only time spent cooking, but also time spent collecting fuel, and preparing
fuel e.g., chopping wood into stove sized pieces. There is only emerging evidence that women
use liberated time for additional household chores, leisure, and income generating activities [38];

e  Reduced deforestation and environmental impact — this may not be apparent to urban residents,
given that biomass fuels (notably charcoal) are harvested from rural areas and transported into
urban markets;

e Aspiration to modern living — especially in the connected world of the internet and social media,
people aspire to enjoying the benefits of economic and technological progress.
Reduced hazard - collecting woodfuel is physically demanding, back breaking work, involving

risk of injury, and often placing women in danger of sexual abuse e.g. [39]. Collecting heavy bags

of charcoal or LPG cylinders can also cause physical injury in the absence of a delivery service.

Bearing these factors in mind, an inspection of the constituent questions presented in Table A2
can help identify those indices likely to be most closely matched to choice of clean cooking fuels.

¢  Financial Life Index. Although there is emerging evidence that cooking with clean fuels can be
cheaper than biomass fuels, this is largely as a result of recent innovations in energy efficient
electric cooking devices coupled with increasing biomass fuel prices. In earlier years, the use of
clean cooking fuels has been associated with higher incomes. Therefore, we might expect choice
of clean cooking fuels to be only weakly linked to the economic status of the household.

e Local Economic Confidence Index. Similarly, there will be many more pressing issues than
clean cooking fuels affecting the local economy, with the possible exception of rural areas
experiencing acute deforestation.

e  Personal Health Index. As mentioned above, polluting cooking fuels have been linked to a
number of health conditions including pain and chronic conditions, which are specifically
covered by these questions. We would therefore, expect a strong link between choice of clean
cooking and personal health.

e  Social Life Index. Liberated cooking time can be used to meet people, but can also be used for
income generating activities, additional chores, leisure etc., so we might expect only a weak link
between choice of clean cooking fuels and social life index.

e Civic Engagement Index. As above, liberated cooking time could offer more opportunities to
volunteer time. However, these questions are designed to assess commitment to the local
community, which might be expected to be independent of the household’s choice of cooking
fuels.

e Life Evaluation Index. This is an overall assessment of life satisfaction. Responses will be based
on a wide range of issues, but one of the central tenants of the study is that use of clean cooking
fuels will have an impact on overall wellbeing, so this is a key index to explore.
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e  Positive Experience Index. Cooking with polluting fuels is often portrayed as drudgery [40],
but there is also evidence that people take great pride in their cooking and can enjoy cooking for
their family. It is not clear, therefore, that this index would be linked to choice of clean cooking
fuels.

e Negative Experience Index. Physical pain is clearly linked to cooking with biomass fuels, not
only linked to collecting and managing fuel, but also as a result of the design of traditional
cooking devices e.g. three stone fire. Any number of household responsibilities can be a source
of worry and stress, and this includes preparing meals; a study on the impact of household
fridges gives some interesting examples of links between food preparation and worry and stress
[41].

e Daily Experience Index. The ten constituent questions are those used in both the Positive and
Negative Experience indices. Links to those two indices might, therefore, be expected to reveal
more interesting insights into the links between use of clean cooking and specific aspects of
wellbeing.

A preliminary analysis of links between choice of clean cooking fuels and the nine indices is
summarised in Table 3. This confirms that neither of the economic related indices are strongly linked
to choice of clean cooking fuels. The table also confirms that the Positive Experience index is not
linked to choice of clean cooking fuels and correlation with the Daily Experience index, although
significant, is weaker than correlation with the Negative Experience index.

On this basis, the detailed analysis has explored links between choice of clean cooking fuels and
a reduced set of key indices:

e  Personal Health

e  Social Life

e  Civic Engagement

e Life Evaluation

e  Negative Experience

Table 3. Correlation of indices with proportion of population using Clean Cooking Fuels (global).

Index Pearson’s r
Financial Life 182
Local Economic Confidence n/s
Personal Health 361
Social Life 376™
Civic Engagement -.299™
Life Evaluation 347
Positive Experience n/s
Negative Experience -.313™
Daily Experience 248

*p <.05 ** p <.01; ** p <.001; n/s — Not statistically significant.

3.3. Demographic Variables

It has been noted that factors other than choice of cooking fuels will also influence wellbeing,
most obviously income. The Gallup dataset includes data on household income in local currency,
which has been levelized by converting into international dollars, which reflects local purchasing
power. This was compared with per capita GDP figures from the World Bank
(https://data.worldbank.org/indicator/NY.GDP.PCAP.PP.KD_accessed on 12 April 2023) to give us
confidence in the figures. Results show that, overall, there is a strong correlation between average
household income at the country level (from the Gallup dataset) and per capita GDP (World Bank
data) (r = .826, p <.001). However, it is interesting to note that while correlations are strong in more
developed regions (e.g., Europe and Eastern Mediterranean), they are weaker in lower income
regions, especially South-East Asia and Africa (Table 4). This probably reflects the concentrated
nature of wealth generation in low-income countries, meaning that wealth is less evenly distributed
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among citizens. This suggests that the Gallup income data are not only reliable but, as a closer
representation of household income, are also likely to be better suited to the purposes of the analysis.

Table 4. Relationship between Income per capita and GDP per capita, PPP.

Region Pearson’s r
World .826™
Africa 611
Americas 514
Europe .884™
South-East Asia 463"
Western Pacific .880™
Eastern Mediterranean .938™

*p <.05 ** p<.01; ** p <.001; n/s — Not statistically significant.

The limitations of income as a measure of poverty are well recognised and there exists a wealth
of literature on methodologies that take a more holistic view of poverty; perhaps one of the mostly
widely accepted is the Multi-dimensional Poverty Index (MPI), adopted by UNDP in 2010 [42]. This
proposes measures for quantifying three domains of poverty: health, education and living standards
(which includes the use of polluting cooking fuels). This level of data is not captured by the Gallup
World Poll survey, but it is assumed that the household and respondent demographics presented in
Table 5 are all linked in some way to socio-economic status and poverty. Multiple regression analysis
has been used to control for these poverty related characteristics.

Table 5. Household demographic variables in the Gallup dataset.

Variable Coding
Income per capita Continuous (PPP USD)
Age Integer

1= completed elementary education or less (up to 8 years of basic
education); 2 = Secondary education - three-year secondary education
Education level and some years beyond secondary education (9 to 15 years of education);
3 = completed 4 years of education beyond high school and/or received a
4-year college degree

Children under 15 Integer
Residents over 15 Integer
Access to internet 1=yes;2=no
1 =unemployed; 2 = part-time employed (self-employed or working for
Employment an employer); 3 = Full-time employed ((self-employed or working for an
employer)
Rural/urban 1 =rural; 2 = urban

When creating multiple regression models, we have started with a maximum model including
all of the demographic variables as predictor variables. We then simplify the model as much as
possible by removing non-significant predictor variables and variables that have a zero slope, whilst
retaining choice of clean cooking energy as a predictor variable. Statistical analysis and regression
modelling was done using SPSS.

4. Clean Cooking Fuels and Wellbeing Indices

The WHO database contains data on the use of biomass, charcoal, coal, electricity, gas, and
kerosene as primary cooking fuels. For the purposes of this study, only electricity and gas have been
classified as clean cooking fuels. The distribution of choice of cooking fuels across global regions is
presented in Table 6 and shows that overall, the choices of primary cooking fuels across all countries
globally are predominantly clean cooking fuels (Table 6). Countries in Africa have the lowest
proportion of their populations primarily using clean cooking fuels (18.8%) followed by South-East
Asia (63.9%).
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Table 6. Proportion of population with primary reliance on fuels for cooking, by fuel type.

. . Eastern South-East Western
Africa  Americas Mediterranean Europe Asia Pacific Total
Biomass 60.8% 9.6% 22.1% 7.5% 33.1% 20.4% 29.1%
Charcoal 14.7% 1.4% 2.3% 0.0% 0.4% 0.8% 3.2%
Coal 0.4% 0.0% 0.1% 0.6% 0.9% 1.6% 0.8%
Electricity 6.4% 2.5% 1.0% 15.9% 1.2% 28.9% 10.4%
Gas 12.4% 84.4% 70.3% 65.7% 62.7% 45.3% 52.9%
Kerosene 3.0% 0.1% 0.5% 3.4% 0.5% 0.1% 1.0%
Clean fuels  18.8% 87.0% 71.3% 81.6% 63.9% 74.2% 63.4%

The correlation coefficients presented in Table 7 show that all of the key wellbeing indices are
linked to the choice of clean cooking fuels. This shows that countries in which a higher proportion of
the population use clean cooking fuels tend to have better personal health, are more likely to be
thriving (Life Evaluation index), and have stronger social networks; they also less likely to experience
negative feelings and less likely to engage in altruistic acts. With the exception of civic engagement,
each of these relationships appear to support the hypothesis that clean cooking fuels are linked to
more positive wellbeing.

The table goes on to break down links between choice of individual fuels and each of the key
wellbeing indices. Correlations of use of coal and kerosene with wellbeing indices are rarely
significant because the use of these fuels is substantial in only a small number of countries e.g., coal
in China, and kerosene in Spain, Indonesia, India. Among clean fuels, it is interesting to note that
choice of electricity for cooking appears to correlate more closely with wellbeing indices than choice
of gas. Choice of biomass and charcoal correlate equally with wellbeing indices, and are linked to
more negative wellbeing.

Table 7. Wellbeing Indices — Relationships with proportion of population using different cooking
fuels.

Pearson’s r

Cooking Fuel Personal HealthLife Evaluation Social Life Nega.tlve Civic
Experience Engagement

Biomass -373™ =371 -.360™ 2927 227

Charcoal -.350™ -.195™ -.384™ .323™ .290™
Coal 197 n/s n/s -.189" n/s
Electricity 331" 2117 273" -373™ n/s

Gas 173" 197 221 n/s -236™

Kerosene n/s n/s n/s n/s 122

Clean Fuels 367 323 .380™ -315™ -299™

*p <.05 ** p <.01; ** p <.001; n/s — Not statistically significant.
5. Clean Cooking, Wellbeing and Other Demographic Variables

5.1. Demographic Variables

In the previous section, it has been shown that there are moderate to strong relationships
between different wellbeing indices and choice of clean cooking fuels. It has already been recognised
that other factors will influence wellbeing, most notably financial or poverty status. To further
understand the influence of choice of clean fuels on different wellbeing indices, regression modelling
has been used, controlling for the demographic variables listed in Table 5. Correlation of
demographic variables reveals how, at the level of country mean values, these variables relate to
income (see Table 8):

e  Age - countries with higher average age have higher incomes (r=.617, p <.001). Given that mean
age of the Gallup sample in a given country represents overall age of the population, higher
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mean age reflects countries with higher life expectancy, which is a characteristics of higher status
countries.

e  Education level — countries with higher levels of education have higher incomes (r = .665, p <
.01).

¢ Number of children in household — countries where households have more children (under 15)
tend to have lower incomes (r =-.547, p <.001).

e Number of adults in household - countries with larger household sizes tend to have lower
incomes (r =-.350, p <.001).

e  Access to internet — countries with higher internet penetration have higher incomes (r = .665, p
<.001).

¢  Employment — countries with lower unemployment rates have higher incomes (r = -.259, p <
.001).

e  urban/rural - countries with a higher proportion of their population living in rural areas have
lower incomes (r = .447, p <.001).

Table 8. Income per Capita - Relationships with other demographic variables (country means).

Demographic Variables Pearson’s r
Age 617
Education level .665™
Children under 15 =547
Residents over 15 -.350™
Access to internet .665™
Employment 259"
Rural/urban 447

*p <.05; ** p<.01; ** p <.001; n/s — Not statistically significant.

5.2. Regression Analysis

The regression models for predicting the key wellbeing indices are presented in Table 9 to Table
13. The following observations can be made from these results:

e  Clean cooking fuels is influential in all of the key wellbeing indices with the exception of the
high level overall quality of life index (Life evaluation index);

e  Personal health is the index that is most strongly influenced by choice of clean cooking fuels; it
is the only model in which clean fuels is the dominant factor in the model (Table 9);

e Lower choice of clean cooking fuels reflects higher Negative experience index, particularly
experiencing pain;

e  Personal health and Negative experience models are similar, sharing many of the same variables
in the model.

Table 9. Regression - Personal health index and choice of clean cooking fuels.

Model Unstandardized Coefficients Séi:?g:iﬁ:: t Sig.
B Std. Error Beta
(Constant) 54.518 6.551 8.322 <.001
Income per capita .000 .000 228 2.785 .006
Age -.331 .106 -274 -3.134 .002
1 Education level 7.257 2.084 273 3.482 <.001
Rural/urban -12.361 3.140 -.362 -3.937 <.001
Employment 10.911 2.120 316 5.146 <.001
Choice of clean fuels 133 .022 .648 5.968 <.001

Dependent Variable: Personal health index. R? = .408; F(6, 177) = 20.309 , p <.001.
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Table 10. Regression — Life evaluation index and choice of clean cooking fuels.

Model Unstandardized Coefficients Séi:?ngelztesd t Sig.

B Std. Error Beta
(Constant) 1.175 .199 5.900 <.001
Children under 15 .057 .023 .333 2.490 .014
Residents over 15 -.090 .026 -.343 -3.500 <.001
1 Access to internet .329 106 322 3.102 .002
Rural/urban 135 .062 152 2.199 .029
Employment 202 .087 .235 2.329 .021
Choice of clean fuels .000 .001 .069 .528 .598

Dependent Variable: Life evaluation index. R? =.302; F(5, 211) = 18.260 , p <.001.

Table 11. Regression analysis — Social life index and choice of clean cooking fuels.

Model Unstandardized Coefficients Séi):?f:idel:tesd t Sig.
B Std. Error Beta

(Constant) 39.390 4.749 8.294 <.001

1 Age .281 .084 211 3.352 <.001
Employment 11.904 1.875 333 6.349 <.001
Choice of clean fuels .071 .015 .304 4.789 <.001

Dependent Variable: Social life index. R2 = .281; F(3, 260 ) = 34.690; p <.001.
Table 12. Regression — Negative experience index and choice of clean cooking fuels.
Model Unstandardized Coefficients Sézr:figcriljtesd ¢ Sig.
B Std. Error Beta
(Constant) 51.766 5.841 8.863 <.001
Income per capita .000 .000 -.183 -2.546 .012
1 Education level -14.825 2.133 -511 -6.951 <.001
Rural/urban 19.943 3.211 .536 6.211 <.001
Employment -8.243 2.169 -219 -3.800 <.001
Choice of clean fuels -.097 .021 -436 -4.639 <.001
Dependent Variable: Negative experience index. R2 = .476; F(5, 178) = 32.320, p < .001.
Table 13. Regression — Civic engagement index and choice of clean cooking fuels.
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta

(Constant) 41.243 4.292 9.610 <.001

1 Age -.501 .089 -.358 -5.604 <.001
Education level 8.337 1.706 302 4.888 <.001
Choice of clean fuels -.064 .018 -.256 -3.512 <.001

Dependent Variable: Civic engagement index. R2 = .260; F(3, 269) = 31.488, p <.001.

6. Gender and Burden of Cooking

The Gallup survey asked respondents how often they cooked lunch and dinner in the previous
week. Summing the number lunches and dinners cooked in a week gives an integer variable ranging
from 0 to 14 meals/week. In order to explore implications of the burden of cooking, a new categorical
variable was created (“Cookcat”) to assess if there is a difference between the wellbeing of people
cooking intensively and that of those not cooking at all. Respondents who did not cook at all were
defined as “non-cooks” (0 meals/week) and respondents who cooked at least 12 times in a week were
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defined as intensive “cooks”. Among the respondents in the Gallup dataset, 24% cooked intensively
and 24% did not cook at all.

Data shows that cooking is a gendered activity globally. Figure 1 shows that globally, on
average, women cooked more than 4 times as much as men per week over the period 2018-2020.
When comparing intensive cooks with non-cooks, women make up 79% of intensive cooks, but only
18% of the non-cooks.

N o
a ~ e I
o n o n

Cooking frequency per week
~
[4,]

Male Female

Gender

Figure 1. Mean cooking frequency by gender at global level (Gallup dataset).

An expanded dataset has been created, comprising mean values of wellbeing indices at the
country level for both intensive cooks and non-cooks, which have been merged with the country level
variables on choice of cooking fuels. Average wellbeing figures from across all countries show that,
overall, personal health and social life is weaker among intensive cooks, and negative experience is
more negative among intensive cooks (Table 14). This suggests that cooking intensively is associated
with poorer wellbeing.

Table 14. Wellbeing indices for intensive cooks and non-cooks (medians).

Personal Life R Negative Civic
. Social life .
health evaluation experience engagement
Intensive cooks 67.3 2.18 80.2 32.0 32.4
Non-cooks 71.9 2.20 82.1 28.1 314
Difference (non-cooks — 46 0.02 19 39 10

intensive cooks)

The question remains as to whether choice of cooking fuels contributes to the poorer wellbeing
of intensive cooks. Figure 2 shows how Personal health index varies with choice of clean cooking
fuels for both groups. The interesting feature of this chart is that among countries predominantly
using polluting fuels, there is little difference in the wellbeing index. However, the positive effect of
increasing use of clean cooking fuels appears to be more acute among non-cooks. The same pattern
can be seen for Negative experience index (Figure 3). This is somewhat counterintuitive, as one might
expect it to be cooks who would benefit most from the positive effects of clean cooking on wellbeing.
This is an area for further investigation.
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Figure 2. Relationship between Personal health index and choice of clean cooking fuels - intensive
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Figure 3. Relationship between Negative experience index and choice of clean cooking fuels -

intensive cooks v. non-cooks.

7. Clean Cooking and Electricity Access

Impressive progress has been made in improving access to electricity, with the number of people
without electricity dropping from 1.2 billion in 2010 to 730 million in 2020 [43]. This has been achieved
with substantial investment, although this has recently been in decline from a peak of $25 billion in
2017 [43]. To achieve universal access to clean cooking by 2030 has been estimated to require still
higher levels of investment ($150 billion/year), yet there remains a huge disparity in investment in
the electricity sector versus investment in clean cooking [44].

Country level data on rates of access to electricity have been added to regression models as an
additional predictor variable to assess the relative effect on wellbeing of gaining access to electricity
and gaining access to clean cooking fuels. The percentage of population with access to electricity from
Our World in data (OWID) dataset was used (https://ourworldindata.org/energy-access accessed on
3 July 2023).

The revised regression models are presented in Table 15 to Table 19. It should be noted that at
the country level, electrification rates correlate closely with choice of clean cooking fuels (r=0.812, p
< 0.001). This is just about on the threshold of collinearity, which is regarded as between 0.8 and 0.9
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[45]. This makes it difficult for regression models to distinguish the relative importance of the two
variables, and the model will tend to include one or other of the two.
Having said that, the tables show three types of relationships:

1. Choice of clean cooking fuels appears to be more influential than access to electricity - Negative
experience and Civic engagement indices;

2. Choice of clean cooking fuels is of similar importance to electricity access - Personal health index;

3. Choice of clean cooking has not been included in the model - Life evaluation and Social life

indices;
Table 15. Regression — Personal health index as an outcome variable.
Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) 55.024 6.331 8.692 <.001
Income per capita .001 .000 248 3.138 .002
Age -.419 .105 -.347 -3.986 <.001
1 Education level 6.837 2.018 257 3.388 <.001
Employment 10.380 2.054 .300 5.053 <.001
Rural/urban -12.849 3.011 -376 -4.267 <.001
Choice of clean fuels .084 .026 407 3.262 .001
Access to electricity .099 .028 364 3.583 <.001

Dependent Variable: Personal health index. R? = .449; F(7, 177) = 20.596; p < .001.

Table 16. Regression — Life evaluation index as an outcome variable.

Model Unstandardized Coefficients Séi:‘:g:f:;:sd ¢ Sig.

B Std. Error Beta
(Constant) 1.160 197 5.897 <.001
Children under 15 .082 .026 .480 3.129 .002
Residents over 15 -.118 .029 -.446 -4.006 <.001
1 Access to internet .293 107 287 2.744 .007
Employment 134 .061 151 2.204 .029
Rural/urban 202 .085 .235 2.361 .019
Choice of clean fuels .000 .001 -.032 -.230 .818
Access to electricity .002 .001 242 1.878 .062

Dependent Variable: Life evaluation index. R? = 338; F(7, 181) = 13.228; p <.001.
Table 17. Regression — Social life index as an outcome variable.

Model Unstandardized Coefficients Séi:?ng:;tesd ¢ Sig.

B Std. Error Beta
(Constant) 38.211 4.608 8.293 <.001
Age 216 .083 163 2.612 .010
1 Employment 10.566 1.838 296 5.748 <.001
Choice of clean fuels .008 .021 .035 .389 .698
Access to electricity 120 .030 364 4.057 <.001

Dependent Variable: Social life index.nR? =. 325; F(4, 268) = 32.275; p <.001.

Table 18. Regression — Negative experience index as an outcome variable.

Standardized
tandardized fficient:
Model Unstandardized Coefficients Coefficients t Sig.
B Std. Error Beta
(Constant) 53.111 5.821 9.123 <.001

Income per capita .000 .000 -.180 -2.526 012
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Education level -14.603 2.119 -.503 -6.890 <.001
Employment -7.986 2.158 -212 -3.701 <.001
Rural/urban 19.951 3.163 .536 6.309 <.001
Choice of clean fuels -.069 .026 -.308 -2.601 .010
Access to electricity -.048 .028 -.162 -1.705 .090

Dependent Variable: Negative experience index. R? = .485; F(6, 178) = 27.901; p < .001.

Table 19. Regression — Civic engagement index as an outcome variable.

Model Unstandardized Coefficients Séi)?fif?zfelrzl:sd t Sig.

B Std. Error Beta
(Constant) 40.572 4.261 9.521 <.001
Age -.523 .092 -.376 -5.709 <.001
1 Education level 7.801 1.749 .283 4461 <.001
Choice of clean fuels -.083 .023 -.333 -3.542 <.001
Access to electricity .043 .033 123 1.301 .195

Dependent Variable: Civic engagement index. R2=.262; F(4, 271) = 23.992; p <.001.

8. Discussion

In the description of wellbeing indices in Section 3.2 it was asserted that both Personal Health
index and Negative experience index would intuitively be linked to choice of cooking fuel. The
regression analysis, controlling for demographic factors, confirms this to be the case. Furthermore,
adding access to electricity as an additional predictor variable indicates that choice of clean cooking
fuels is at least as important as access to electricity in predicting these two indicators of wellbeing.
When compared with non-cooks, who are not directly exposed to cooking fuels, intensive cooks have
poorer personal health and negative experience metrics. Given that women do much more cooking
than men, this highlights gender implications of the burden of cooking.

The description of indices hypothesised that Social life index, which reflects personal
relationships, would be only weakly linked to choice of cooking fuels, so it is interesting to find that
it is significantly linked to choice of cooking fuels. This possibly reflects time savings associated with
clean cooking fuels, giving people increased opportunities for social activities. On the other hand, it
is not surprising to find that this index appears to be more closely linked to access to electricity than
to choice of cooking fuels.

It is surprising to find that the Civil engagement index, which was expected to be independent,
appears to be linked to choice of clean cooking fuels. The relationship is consistently negative,
indicating that altruistic acts of volunteering are more common in countries with lower use of clean
cooking fuels. We believe this reflects a difference in social norms between high and low income
countries, rather than the effects of cooking fuel choices, but further research is needed to explore
this.

Life evaluation was regarded as a key index because it is an important subjective measure of
overall wellbeing, covering a range of unspecified issues. However, the analysis indicates that it is
not directly linked to choice of cooking fuels.

The close correlation of choice of clean cooking fuels with electrification rates illustrates how
countries with developed electrical infrastructure will also have effective gas distribution logistics,
given that globally, gas is much more widely used than electricity for cooking.

The study has highlighted some areas for further research:

e  One might expect it to be cooks who would benefit most from the positive effects of clean
cooking on wellbeing, but the increase in both Personal health and Negative experience indices
with increasing use of clean cooking fuels is greater among non-cooks, which is counterintuitive.

e  The Civil engagement index, which was expected to be independent, appears to be linked to
choice of clean cooking fuels.

e  Correlations indicated that choice of electricity as a cooking fuel is more closely linked to
wellbeing than gas; links between specific fuels and wellbeing should be explored in more detail.
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9. Conclusions

The study has combined Gallup data with primary cooking fuel use at the country level and
shown that wellbeing is clearly linked to choice clean cooking fuels. Links have been explored using
two approaches:

e regression modelling of wellbeing indices as outcomes and using primary choice of cooking
fuels (expressed as the proportion of populations using clean fuels) as a predictor variable, using
country level averages;

e  comparing intensive cooks, who are exposed to cooking fuels, with non-cooks (using Gallup
data).

Results from both approaches confirm that both the Personal heath and Negative experience
indices are strongly linked to choice of clean cooking fuels. These findings are consistent with
evidence found in the literature of links between clean cooking fuels and health and mental health,
and between clean cooking fuels and wellbeing. The value of this study is in conferring external
validity to the literature by taking a global, multi-country approach. The influence of cooking fuels
does not appear to be strong enough to have an effect on overall wellbeing as assessed by the Life
evaluation index.

The analysis highlights the potential for integrating eCooking into national electrification plans.
Both the sustainability and the developmental benefit of increased access to electricity can be
enhanced by linking to clean cooking, given that health outcomes (Personal health and Negative
experience indices) appear to be as closely linked to choice of cooking fuels as to access to electricity.

Having demonstrated the links between cooking fuels and wellbeing, there is a case to be made
for incorporating questions on choice of cooking fuels into the Gallup World Poll survey, which
would complement the existing questions on frequency of cooking.
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Appendix A
Table A1. List of countries by region common to Gallup and WHO datasets.

Africa Europe Americas Eastern Western South-East
Mediterranean Pacific Asia

Algeria Albania Argentina Afghanistan Cambodia Bangladesh

Benin Armenia Bolivia Egypt China India

Botswana Austria Brazil Iran Laos Indonesia

Burkina Faso Azerbaijan Chile Iraq Malaysia Myanmar

Burundi Belarus Colombia Jordan Mongolia Nepal

Cameroon Bosnia and Costa Rica Libya Philippines Sri Lanka

Herzegovina
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Chad

Comoros
Congo
Brazzaville
Eswatini
Ethiopia

Gabon
Gambia
Ghana
Guinea
Ivory Coast
Kenya
Lesotho
Liberia
Madagascar
Malawi
Mali
Mauritania
Mauritius
Mozambique
Namibia
Niger
Nigeria
Rwanda
Senegal
Sierra Leone
South Africa
Tanzania
Togo
Uganda
Zambia

Zimbabwe
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Czech Republic

Estonia
Georgia

Greece
Kazakhstan

Kyrgyzstan
Latvia
Moldova
Montenegro
Romania
Russia
Serbia
Slovakia
Slovenia
Spain
Tajikistan
Turkey

Turkmenistan

Ukraine
Uzbekistan
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Dominican Morocco South Korea Thailand
Republic
Ecuador Pakistan Vietnam
El Salvador Saudi Arabia
Guatemala Tunisia
Haiti United Arab

Emirates
Honduras Yemen
Mexico
Nicaragua
Panama
Paraguay
Peru
Uruguay
Venezuela

Table A2. Wellbeing indices constituent questions (Gallup dataset).

Financial Life Index

Which one of these phrases comes closest to your own feelings about
your household’s income these days: living comfortably on present
income, getting by on present income, finding it difficult on present
income, or finding it very difficult on present income? (WP2319)

Are you satisfied or dissatisfied with your standard of living, all the
things you can buy and do? (WP30)

Right now, do you feel your standard of living is getting better or
getting worse? (WP31)

Right now, do you think that economic conditions in the city or area
where you live, as a whole, are getting better or getting worse? (WP88)

Local Economic Confidence Index

Right now, do you think that economic conditions in the city or area
where you live, as a whole, are getting better or getting worse? (WP88)

How would you rate your economic conditions in this city today — as
excellent, good, only fair, or poor? (WP19472)

Personal Health Index

Do you have any health problems that prevent you from doing any of
the things people your age normally can do?(WP23)

do0i:10.20944/preprints202307.1833.v1
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Now, please think about yesterday, from the morning until the end of
the day. Think about where you were, what you were doing, who you
were with, and how you felt. Did you feel well-rested
yesterday?(WP60)

Did you experience the following feelings during a lot of the day
yesterday? How about physical pain? (WP68)

Did you experience the following feelings during a lot of the day
yesterday? How about worry?(WP69)

Did you experience the following feelings during a lot of the day
yesterday? How about sadness?(WP70)

Social Life Index If you were in trouble, do you have relatives or friends you can count
on to help you whenever you need them, or not? (WP27)

In the city or area where you live, are you satisfied or dissatisfied with
the opportunities to meet people and make friends? (WP10248)

Have you done any of the following in the past month? How about
donated money to a charity? (WP108)

Civic Engagement Index

Have you done any of the following in the past month? How about
volunteered your time to an organization? (WP109)

Have you done any of the following in the past month? How about
helped a stranger or someone you didn’t know who needed help?
(WP110)

Life Evaluation Index Please imagine a ladder, with steps numbered from 0 at the bottom to
10 at the top. The top of the ladder represents the best possible life for
you and the bottom of the ladder represents the worst possible life for
you. On which step of the ladder would you say you personally feel
you stand at this time? (WP16)

Please imagine a ladder, with steps numbered from 0 at the bottom to

10 at the top. The top of the ladder represents the best possible life for

you and the bottom of the ladder represents the worst possible life for

you. Just your best guess,

on which step do you think you will stand in the future, say about five
years from now? (WP18)

Did you feel well-rested yesterday? (WP60)

Positive Experience Index

Were you treated with respect all day yesterday? (WP61)

Did you smile or laugh a lot yesterday? (WP63)

Did you learn or do something interesting yesterday? (WP65)

Did you experience the following feelings during a lot of the day
yesterday? How about enjoyment? (WP67)

Negative Experience Index Did you experience the following feelings during a lot of the day
yesterday? How about physical pain? (WP68)

Did you experience the following feelings during a lot of the day
yesterday? How about worry? (WP69)

Did you experience the following feelings during a lot of the day
yesterday? How about sadness? (WP70)

Did you experience the following feelings during a lot of the day
yesterday? How about stress? (WP71)
Did you experience the following feelings during a lot of the day
yesterday? How about anger? (WP74)

Daily Experience Index Positive Experience + Negative Experience
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