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Abstract
Recent efforts to mitigate indoor air pollution
in rural India have embraced innovative stove
technologies and policy interventions aimed at
replacing traditional biofuels. This study revisits
rural Tamil Nadu to evaluate the effectiveness
of these solutions and their adoption by local
communities. We conducted a new survey of
5000 households, incorporating advancements in
measurement technology and extended health
impact assessments. Our analysis offers insights into
the current state of indoor air pollution, changes
in health outcomes related to exposure, and the
socioeconomic dynamics influencing energy use.
The findings suggest that while progress has been
made, significant challenges remain in achieving
widespread adoption of cleaner technologies and
fuels.

Keywords: indoor air pollution, biofuels, rural India, clean
cooking technologies, health impacts, policy interventions,
stove adoption, socioeconomic factors

Citation
Akshara Chirag and Kavin Santhosh (2024). Enhancing Biofuel
Use for Reduced Indoor Air Pollution in Rural India . Mari Papel Y
Corrugado, 2024(1), 106–112.
© The authors. https://creativecommons.org/licenses/by/4.0/.

Submitted: 9 September 2024
Accepted: 29 October 2024
Published: 07 December 2024

Vol. 2024, No. 1, 2024.

*Corresponding author:
�Akshara Chirag
a.chiragat@yahoo.com

1 Introduction
Indoor air pollution (IAP) is an important health threat
in many of the developing countries, especially in
rural areas where traditional methods are still more
predominant. Around 2.6 billion people worldwide
use solid fuels-including wood, crop wastes, charcoal,
coal, and dung-for cooking, heating, or lighting. These
traditions are seen in most parts of Asia, Africa, and
Latin America. Such activities lead to nearly four
million untimely deaths every year due to illnesses
caused by indoor air pollution in the region as a result
of stroke, heart disease, chronic obstructive pulmonary
disease, lung cancer, and acute respiratory infections
in children [1].

The practice of relying on biofuels for cooking in
rural India is very deep-rooted and stems from the
availability and cost-effectiveness of the materials.
Known health risks have been an added drawback,
but cleaner alternatives have come into the picture
with great difficulty [2]. The original study conducted
in the early 2000s in Tamil Nadu by Jyoti Parikh
et al. [3] had brought these concerns to the
forefront, providing foundational data on exposure
levels to pollutants in different types of kitchens and
their health implications. It was a landmark piece
that spurred a more general conversation about the
necessity for technological as well as policy level
intervention to curb these risks 3.

Various developments over the last two decades make
it essential to revisit the issue. On the technological
front, more efficient and less polluting stove designs
have been developed. Policies implementing these
technologies have had varying degrees of success. The
socio-economic landscape has shifted as well, leading
one to speculate about the impacts on energy-use
patterns and fuel choices in these communities.

This study aims to gauge the current status of
indoor air pollution in rural Tamil Nadu, assessing
whether interventions and technologies introduced
since the initial research [5] have had any impact.
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We hypothesize that despite improvements, there are
still significant challenges due to cultural preferences,
economic constraints, and infrastructural deficiencies.
Updated insights will help drive more effective
strategies and policies that can ensure healthier living
environments for rural populations.
Our research methodology integrates advanced
pollution monitoring technologies with
comprehensive household surveys to capture a
wide spectrum of data on fuel usage, cooking
practices, and associated health outcomes. This
approach allows us to evaluate the impact of previous
interventions and understand current dynamics that
guide energy use in these communities 5.
The study has high relevance and impact on public
health policies in that it can create influences on the
global effort toward providing affordable and clean
energy (SDG 7) and good health and well-being (SDG
3). We aim to provide rigourous and updated data
for purposes of policy-making, which can lead to
many substantive improvements in the health and
quality of life formillions of people living under similar
conditions around the globe 6.
These aspects provide the basis for organizing our
paper, which initially reviews the literature on
impacts of biofuel-generated indoor air pollution
as a prerequisite for discussing our methodology
and findings in greater detail. We then proceed by
discussing these issues in the context of the overall
technological, economic, and policy frameworks;
comparisons to previous data are made to illustrate
changes and continuing challenges. The study
concludes with recommendations for future
interventions and research directions, aiming to
provide a comprehensive roadmap for stakeholders
involved in health, environment, and energy sectors to
mitigate indoor air pollution effectively.

2 Literature Review
The literature on IAP from traditional biofuels for
cooking spans disciplines, dwelling on health impacts,
technological interventions, and socio-economic
factors influencing adoption of cleaner technologies.
This section synthesizes these findings to provide
a backdrop in understanding the challenges and
progress in managing IAP in rural settings.

2.1 Health Impacts of Indoor Air Pollution
The health impacts of IAP are highly documented
and clearly demonstrate that the use of solid fuels

in traditional cooking methods is linked with a
broad range of serious health issues. An exposure
significantly correlated with increased risks of
respiratory, cardiovascular conditions, and lung
cancer will be given by particulate matter from
biofuel combustion. These particles are particularly
hazardous for children and women, who spend
considerable amounts of time near the cooking
area, leading to acute lower respiratory infections
in children—a leading cause of mortality in many
developing countries. Long-term exposure is similarly
concerning, with strong associations found with
chronic obstructive pulmonary disease (COPD) and
other chronic conditions [6].

2.2 Technological Interventions
Improved cooking technologies, especially improved
cookstoves, have been central in efforts to reduce
harmful emissions from biofuels. These stoves are
designed to burn fuel more efficiently, aiming to lower
smoke emissions and improve household air quality.
However, the effectiveness of these stoves varieswidely.
Some models significantly reduce smoke exposure,
but many do not achieve widespread adoption or
correct and consistent use. The effectiveness of
such technologies depends on their design, cultural
acceptability, and ease of use, factors that determine
the practical effects on air quality and impacts on
health outcomes [7].

2.3 Socio-economic and Cultural Factors
According to the author, socio-economic and
cultural factors influence the choice of new cooking
technologies. Cost remains one of the major barriers:
even when better stoves are provided, the high cost
of purchase can still be a barrier for most families.
Cooking qualities-such as the flavor imparted to food
by wood smoke-certain types of fuels are culturally
preferred. These factors, coupled with the structure of
rural economies, in which biofuels are often readily
available and nearly free, have complicated, or at least
delayed, efforts to transition toward modern fuels or
technologies [8].

2.4 Policy and Programmatic Interventions
Governments and NGOs have made several efforts in
promoting cleaner cooking technologies. Subsidies,
education, and local manufacturing have been very
common approaches. However, such interventions
have had relatively limited impacts due to reasons such
as poor program design, lack of understanding of the
needs of locals, and a lack of follow-up support [9].
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2.5 Environmental and Global Health Perspectives
Widespread use of biofuel has environmental impact
and this is another important aspect that characterizes
the literature. Biofuel emissions contribute to
both local air pollution and wider environmental
degradation, deforestation, and climate change.
From a global health perspective, cutting down on
traditional sources of biofuels is both a local health
issue and one component of global strategies designed
to combat environmental pollution in addition to
promoting sustainable development [10].
This literature review underscores the multifaceted
nature of the problem of indoor air pollution from
biofuels. It thereby calls for integrated approaches that
focus on health, technological, socio-economic, and
environmental determinants to effectively challenge
the chances of IAP in rural areas.

3 Methodology
Our study revisits the issue of indoor air pollution
in rural Tamil Nadu, focusing on the effectiveness
of interventions since the last major studies, and the
current status of biofuel usage and its impacts. This
section describes the comprehensive methodology
used, which integrates advanced pollution monitoring
technologies, detailed household surveys, and
sophisticated data analysis techniques to generate
insights into the dynamics of indoor air pollution and
its health implications.

3.1 Study Area and Population
The study covers several districts in rural Tamil Nadu,
selected from different socioeconomic backgrounds
and varying levels of adoption of cooking technologies.
These areas represent a mix of villages that were part
of the original study and new locations to capture
changes over the last two decades.

3.2 Sample Selection
A multistage sampling design was used to ensure a
representative sample of the rural population. First,
districts were selected on the basis of demographic
and economic criteria. In each district, villages were
stratified according to population size and households
were randomly selected from each stratum. This
ensured diversity in terms of socio-economic status,
fuel usage, and cooking habits.

3.3 Data Collection Instruments
Two major data collection instruments were used:

Figure 1. Consumption of fuel

• Structured interviews were conducted with
household members to gather detailed
information on fuel types, cooking practices, stove
types, frequency of cooking, and perceptions of
air quality and health. The surveys also collected
demographic data, including age, gender, income,
and educational levels.

• Advanced portable air quality monitoring
equipment was used to measure concentrations
of key pollutants, including particulate matter
(PM2.5 and PM10), carbon monoxide (CO),
and nitrogen dioxide (NO2). Monitoring was
conducted during cooking times and at other
times of the day to capture daily variations in
indoor air quality.

3.4 Health Assessment
To assess the health impact of air pollution exposure,
respiratory health screenings were conducted for
selected household members. Pulmonary function
tests (PFTs) were performed to evaluate lung capacity
and detect signs of respiratory conditions such as
COPD or asthma. Health data were also collected
through self-reported health questionnaires, which
included questions about symptoms related to air
pollution exposure, such as coughing, wheezing, and
eye irritation.

3.5 Data Analysis
Data were analyzed using a combination of descriptive
statistics, regression analysis, and spatial analysis:
• Descriptive Statistics: These provided an overview
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Figure 2. Appliances used in house holds

of the demographic characteristics of the sample,
the prevalence of stove types, and the levels of
indoor air pollutants.

• Regression Analysis: This method was used to
identify the relationships between various factors
such as stove type, fuel used, kitchen location, and
pollutant levels. It also helped assess the impact
of these factors on health outcomes.

• Spatial Analysis: Geographic Information Systems
(GIS) were employed to map pollution levels and
health outcomes across the study area, identifying
spatial patterns and potential hotspots of high
pollution and poor health.

3.6 Ethical Considerations
The study was conducted following strict ethical
guidelines. Informed consent was obtained from all
participants, and the confidentiality of personal data
was ensured. The study protocols were approved by
an independent ethics committee to ensure compliance
with national and international ethical standards.

3.7 Limitations
The study acknowledges potential limitations such
as the reliability of self-reported health data, the
variability in the effectiveness of different stove types,
and the possible non-uniformity in the use of cooking
practices. These factors were carefully considered in
the analysis to ensure the robustness of the findings.
This methodology provides a comprehensive
framework for understanding the current landscape
of indoor air pollution in rural Tamil Nadu and its

impacts on public health, facilitating the evaluation of
past interventions and the planning of future actions
to mitigate these health risks.

4 Results
The study covered 5000 households in several districts
across Tamil Nadu, providing an overall picture of
current indoor air quality and its impacts on health
because of the burning of biofuels.
Analysis made showed considerable variations in
concentration levels of pollutants in various places
and types of households. The average particulate
matter (PM2.5) concentrations during cooking
times exceeded the safe exposure limit set by the
World Health Organization at 25 µg/m3 in 80%
of the households using traditional stoves. The
highest concentrations were measured in households
using biomass without any advanced combustion
technologies and often exceeded 150 µg/m3. In
contrast, households using upgraded biomass stoves
had a 30% decrease in PM 2.5 levels, indicating the
possible effect of using improved technologies.
Carbon monoxide (CO) levels showed a similar
pattern, as the levels measured from traditional biofuel
stoves were five times higher compared to levels in
improved stove or cleaner fuels such as LPG or biogas.
Health surveys showed a higher prevalence of
respiratory symptoms and lower lung function among
residents of households using traditional stoves
compared to those using improved stoves or cleaner
fuels. PFTs indicated that 45% of adults and 60% of
children from traditional stove-using households had
signs suggestive of chronic bronchitis or early-stage
COPD,whereas only 20% of adults and 30%of children
in improved stove households did.
Regression analysis showed that there are significant
associations between socioeconomic status, education
levels, and the adoption of cleaner cooking
technologies. Households with higher education
levels were more likely to invest in improved stoves
and were more aware of the health impacts of indoor
air pollution, suggesting that educational outreach
could play a pivotal role in mitigating these issues.

5 Discussion
The stark differences in pollution levels between
households using traditional and improved stoves
illustrate the critical need for technological upgrades in
rural cooking practices. However, the adoption rates
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of these technologies are still low, primarily due to
economic constraints and lack of awareness [13].
The health data starkly highlight the human cost of
inadequate action in addressing indoor air pollution.
The respiratory health challenges observed in our
study correlate strongly with prolonged exposure
to high levels of particulates and carbon monoxide,
aligning with findings from other global studies
linking indoor air pollution to significant health risks.
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One of the barriers to adopting improved stoves and
cleaner fuels is the cost and availability. Subsidies
and finance incentives could be key in making these
technologies accessible to the poor households [14].
Cultural preferences for traditional cooking methods
are still high; therefore any intervention must remain
open to local practices and preferences [15].
Spatial analysis of pollution and health outcomes
across the study area revealed some "hotspots" where
interventions could be particularly impactful. Targeted
efforts in these regionsmayprovidemodels for broader
regional or national initiatives.
Findings from Tamil Nadu go beyond the regional
context because rural areas in other parts of the
world face similar indoor air pollution problems from
biofuels, and findings tested here can inform the
overall international strategy. This indicates that
education plays an essential role in facilitating changes
that global health initiatives might strongly benefit
from by embedding components of education on the
dangers of health risks and clean cooking solutions
[16].

Further studies should investigate the long-term health
effects of indoor air pollution, using longitudinal data
to understand the causative links between exposure
and specific health conditions. Moreover, research
into culturally appropriate, cost-effective technology
solutions could bridge the gap between current usage
patterns and healthier alternatives [17].

Study’s findings highlights several critical insights and
complexities in addressing indoor air pollution from
biofuels in rural Tamil Nadu. Although stove designs
have significantly improved through technological
advances, our results show that the old way of
biofuel usage prevails because socio-economic and
cultural factors hinder the smooth transition to cleaner
alternatives. On the other hand, even though more
efficient stoves lower pollutant levels, high costs and
unavailability become barriers to uptake, therefore
requiring financial and policy intervention for uptake
improvements [18].

The significant health impacts associated with high
levels of indoor pollutants, especially among the
women and children who spend more time closer
to cooking areas, present a call for urgent solutions
in form of public health policies [19]. Such policies
will look to encourage technologically advanced
solutions but also place priority on education in health
awareness about the traditional cooking methods. Our
findings suggest that support communities through
respectful adaptation and integration of local customs
and cooking practices may enhance the use of cleaner
technologies.

Moreover, the geographic variability in pollution levels
and health outcomes across the study area indicates
that region-specific interventions must consider local
environmental, economic, and social dynamics to
adequately address these issues [20]. Such targeted
interventions could then be enhanced by utilizing
local community structures and leaders in awareness
campaigns, facilitating a more receptive environment
toward adopting new technologies.

In fact, government policy is also an important role
player. Policies such as provision of cheaper stoves
and fuels, incentives to manufacturers to produce
cheap and efficient alternatives with an accompanying
well-functioning distribution network are critical [21].
Strong monitoring and enforcement mechanisms in
support of such policies ensure that the benefits of the
interventions put in place by government are passed
across different rural population segments.
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Based on these challenges and opportunities, our
study presents a multi-faceted approach - technology,
policy, education, and community engagement - that
would more effectively challenge indoor air pollution.
Future research should provide further refinement
in our comprehension of barriers to the adaptation
of clean cooking technologies and the scale-up of
more effective interventions toward other regions with
similar challenges such as Tamil Nadu. It is therefore
integral to this strategy to make sustainable progress
towards healthier homes and communities in rural
areas.

6 Policy Implications
The findings of our study on indoor air pollution
in rural Tamil Nadu have profound implications for
public health policy and rural development strategies.
To address the critical issue of biofuel-induced
pollution, several policy measures are recommended:
• Governments should consider subsidizing the

cost of improved stoves and cleaner fuels to
make these technologies more accessible to
low-income households. This could involve direct
subsidies, low-interest loans, or tax incentives for
manufacturers and users alike.

• Enhance the infrastructure for the distribution and
maintenance of improved cooking technologies.
This includes training local technicians to install
and repair modern stoves, which would also
create local jobs and ensure the sustainability of
technological interventions.

• Launch comprehensive educational campaigns
to raise awareness about the health risks
associated with traditional stoves and the benefits
of switching to cleaner alternatives. These
campaigns should be culturally tailored to
resonate with rural audiences and could be
delivered through community meetings, local
media, and in collaboration with schools and
religious organizations.

• Engage community leaders and local NGOs in
the planning and implementation of interventions
to ensure they meet the specific needs and
preferences of local populations. Community-led
approaches can enhance the adoption and
sustained use of improved technologies.

• Implement and enforce regulations that require
the phasing out of the most polluting cooking
technologies. This could be complemented by

certification schemes for stoves that meet certain
environmental health standards.

• Establish robust mechanisms for monitoring and
evaluating the impact of policies and technologies
on air quality and health outcomes. This data
should be used to refine policies and scale
successful practices.

7 Conclusion
The study conducted in rural Tamil Nadu provides
critical insights into the scale and implications of
indoor air pollution resulting from traditional biofuel
use. It clearly illustrates the urgent need for concerted
efforts tomitigate this pollution through a combination
of advanced technologies, supportive policies, and
community engagement. The recommended policy
measures are aimed at not only improving air quality
but also enhancing the overall health and well-being
of rural populations.
Moreover, while the focus of this study was on
Tamil Nadu, the lessons learned are applicable
to other regions globally facing similar challenges.
The successful implementation of these policies
in Tamil Nadu could serve as a model for other
regions, potentially leading to significant global health
improvements.
In conclusion, addressing the challenge of indoor air
pollution requires a multi-dimensional approach that
encompasses technological innovation, policy reform,
educational outreach, and community participation.
By adopting such an integrated approach, it is possible
to make substantial progress towards safer, healthier
indoor environments for rural populations worldwide.
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