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Abstract:

Despite decades of research and implementation efforts to alleviate the burden of indoor air
pollution from use of biomass burning stoves, poor communities worldwide and especially their
women and children continue to pay a heavy price with their health, safety, and economic
security. Much is known about the devastating consequences of biomass burning on global
health and environment, but efforts to deploy improved clean burning stoves and fuels that
reduce harmful emissions have not been very successful. Major barriers including unpopular
designs, cost, deficient supply chain, lack of awareness of health and economic benefits, and
gender dynamics in affected communities, have prevented implementation of large-scale
adoption of cleaner cooking solutions in developing countries. The latest efforts for improving
adoption rates are focused on market-based strategies. To be successful, these market-based
strategies will need to be combined with strong community engagement efforts with an emphasis
on women who are end-users of the stoves and also the most impacted by the adverse outcomes
of biomass burning. Global health interventions that have engaged women’s and community
health workers have been successful in improving health behaviors and outcomes. We propose a
Health Impact Pyramid framework that combines key stakeholder engagement with market-
based strategies to overcome existing barriers and make cookstove adoption desirable and
sustainable. We describe a logic model that can serves as a guide for implementing and
evaluating the intervention. Applying a framework that addresses the social, cultural, economic,
and environmental determinants of this global health intervention will be important if the global

community is to reduce the burden of disease from biomass burning.



Air pollution From Burning Solid Fuels

According to the World Health Organization (WHO), environmental hazards influence 80% of
the communicable and non-communicable diseases (WHO, 2011). An estimated 24% of the
global burden of disease and 23% of all deaths can be attributed to modifiable environmental
factors (WHO, 2006). But when most people think about global health, they think about diseases
like malaria, AIDS and tuberculosis. They don’t think about global environmental health. And
yet the global burden of disease from environmental exposures, at least in terms of deaths per
year, dwarfs the global burden from malaria, AIDS, and TB combined (Priiss-Ustiin and

Corvalan, 2006).

The 2010 Global Burden of Disease report has several compelling findings on the global burden
of environmental disease. Between 1990 and 2010, the burden of disease attributed to unsafe
water decreased, but the burden attributed to unclean air increased. The report estimates that
worldwide, 3.2 million adults died in 2010 from exposure to ambient air pollution, up from 2.9
million in 1990, and an additional 3.5 million adult deaths occurred due to exposure to household
air pollution. At 6.9 million, the total number of air pollution related deaths outpaced the 1.3
million deaths attributed to malaria, 1. 5 million deaths attributed to HIV, and 1.2 million deaths
attributed to tuberculosis (Lozano et.al., 2012; Institute for Health Metrics and Evaluation,

2014).

Indoor air pollution (IAP) from primitive household cooking fires causes more deaths worldwide
than are caused each year by malaria (Ezzati et.al., 2002). Three billion people or half the
world’s population rely on biomass fuel for cooking and heating (WHO, 2014). Biomass is fuel

that is developed from organic materials including scrap lumber, forest debris, crop residue, and



manure. Open biomass burning fires fill homes with dense smoke, blacken walls and ceilings and
emit particulate matter, carbon monoxide and other noxious fumes that are up to 100 times
higher than the recommended limits set by the WHO, and can be even higher in some settings

(Smith et.al., 2004).

After analyzing the risk factors and taking into account revisions in methodology, WHO
estimates indoor air pollution was linked to 4.3 million deaths in 2012 in households cooking
over coal, wood and biomass stoves (WHO, 2014). “The risks from air pollution are now far
greater than previously thought or understood, particularly for heart disease and strokes,” says Dr
Maria Neira, Director of WHO’s Department for Public Health, Environmental and Social
Determinants of Health. “Few risks have a greater impact on global health today than air

pollution; the evidence signals the need for concerted action to clean up the air we all breathe.”

Population at Risk

Poor ventilation in homes and time spend in the house lead to exposure from biomass stoves.
Women and children living in extreme poverty are at highest risk for adverse health outcomes
from IAP (Balakrishnan et.al., 2002; Baumgartner et.al., 2011). Whereas men tend to be
physically removed from household smoke exposures during the day, women and children suffer
high exposures, which lead to many of the same disease risks as if they were lifelong smokers of
tobacco (Rehfuess, 2006). According to published evidence, IAP from solid cooking fuels is
associated with risks of chronic obstructive pulmonary disease (COPD), lung cancer,
cardiovascular disease, cataracts, and child acute lower respiratory infections (Figure 1).

Evidence is also growing of other important health outcomes including tuberculosis, cervical



cancer, adverse pregnancy outcomes, asthma, and cognitive effects in children that can be

attributed to exposure to indoor air pollution (Fullerton, 2008).
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Figure 1: Chart created using WHO data. (WHO, 2014)

A considerable number of scientific studies have reported adverse health effects associated with
air pollution. The effects range from cardiac disease, adverse pregnancy and birth outcomes,
respiratory symptoms and illness and impaired lung function (Kaufman et.al., 2012; Vinikoor-
Imler LC et.al., 2014; Boy et.al., 2002; Brunekeef and Holgate, 2002; Smith et.al., 2004).
Nearly half of all pneumonia deaths among children under the age of five occurs as a result of
cookstove smoke exposure (Smith et.al., 2011). A study in Guatemala showed that rates of
severe childhood pneumonia and carbon monoxide exposure can be significantly reduced in
children less than 18 months of age, in households using a wood stove connected to a chimney,

compared with homes where open, indoor wood cooking fires were used (Smith et.al., 2011).



Additionally, the time between conception and birth — one of the most vulnerable life stages — is
a time during which the impact of environmental exposures on fetal development may be far-
reaching. Evidence suggests that growth and developmental delays in utero influence the risk for
heart disease and diabetes in adulthood (Boekelheide et.al., 2012). Early childhood is also a
critical period for the continued development and maturation of several biological systems such
as the brain, lung, and immune system and air toxics can impair lung function and
neurodevelopment, or exacerbate existing conditions, such as asthma. Infants who are born
premature or growth-retarded may be particularly vulnerable to environmental insults from

indoor air pollutants due to immaturity of the lungs at birth (Moss, 2005).

Gender and Livelihood Impacts

Reliance on inefficient cookstoves and solid fuels leads to enormous burden on livelihood,
especially for women and girls. Cooking is primarily the responsibility of the woman in the
developing world, and women bear the burden of not only cooking but also gathering fuel.
Inefficient stoves require more time to cook and gather fuel, a burden usually borne by women
and children, which diverts their time from education and income producing activities (Lewis,
2012). Women and girls can spend up to 20 or more hours per week on fuel collection traveling
long distances in search of fuel, away from the security of their villages and often, especially in

conflict-prone regions, at the risk of gender-based violence.

“My awakening moment was being in Darfur,
meeting with the women,
and realizing they’re getting raped
trying to cook the food we bring them.”

Josette Sheeran, UN World Food Programme



Not only does fuel collection affect the safety and security of women, time spent collecting fuel
leaves little time to pursue employment opportunities that can help bring in much needed money
to the household. Girls more than boys help around the house and the duty of gathering fuel
means they do not get to attend school. This missed opportunity to get an education or generate

income is lost opportunity for women and girls to break out of the poverty cycle.

Environmental Impacts

Outside of affecting health and safety, consequences of cooking with biomass also extend to the
global environment. Reliance on biomass fuels and coal contributes to local and regional
environmental degradation affecting local forest ecosystems due to unsustainable harvesting of
firewood. Deforestation also leads to damage or loss of wildlife habitat, affects the watershed
functions and consequently water quality, and has an impact on income generating potential of

rural communities (Smith, 1994; Jagger, 2012).

Biomass cookstoves emit 22% of the global black carbon (BC) emissions, which is a key
contributor to climate change. These products of incomplete combustion have higher heat
trapping potential than carbon dioxide and contribute to warming by absorbing heat in the
atmosphere and by reducing albedo - the ability to reflect sunlight - when deposited on snow and
ice. Black carbon (soot) deposited on Tibetan glaciers has contributed significantly to the retreat
of the world’s largest non-polar ice masses, according to research by scientists from NASA and
the Chinese Academy of Sciences (Adler, 2010; NASA, 2009). Since melt water from Tibetan
glaciers replenishes many of Asia’s major rivers — including the Indus, Ganges, Yellow, and

Brahmaputra — such losses could have a profound impact on the billions of people who rely on



these rivers for fresh water.

Awareness Gap

More people die each day from diseases such as those associated with use of biomass burning
cookstoves, which are entirely preventable just by using clean burning cookstoves and fuels
(WHO, 2010). Extensive attention of the global community to issues like malaria, tuberculosis,
HIV/AIDS has meant a steady decline in death rates from these diseases. Despite its enormous
global health burden, exposure to cookstove smoke and its impact has received little global
attention in the past, even though estimates predict that the number of deaths from diseases
related to cookstove smoke will surpass those from malaria, HIV/AIDS, and tuberculosis by
2030 (WHO, 2010; Lozano et.al., 2012). While international and country-specific programs exist
to promote the use of cleaner cookstoves and fuels, until recently, the sector was largely a
collection of small, donor-initiated efforts operating in isolation with a lack of strategic focus,
regional coordination, or ability to scale to ensure sustained adoption. Adding to the challenge
has been the relatively low level of global awareness about this wide-reaching health and
environmental threat, even among the policy, donor, and development communities. Evidence to
this effect comes from viewing the budget of the US Agency for International Development.

USAID’s FY2013 health budget of $6 billion dollars has no mention of cookstoves (Figure 2).



FY 2013 BUDGET TABLE REPORT TO CONGRESS
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Figure 2: Report to Congress - USAID FY 2013 Health Budget

The Intervention and Barriers to Adoption

First introduced in India in the 1940s, improved cookstoves (ICS) were developed to address the
adverse health impacts of IAP (Smith, 2002). Improved cookstoves are defined as stoves that are
able to meet the household’s cooking needs, are durable and affordable, are acceptable to the
household, consume less fuel than traditional stoves and reduce household air pollution to levels
that will improve health. These stoves are more efficient than traditional and unimproved stoves
because they require less fuel for cooking, less time for gathering fuel, and less time for cooking
(Figure 4). These advantages have the potential to improve household health and finances, as

well as benefit the local environment and reduce global climate change (Lewis, 2012). In

10



addition these efficiencies benefit the local environment and climate change because of

reductions in fuel consumption and particulate and black carbon emissions.

Figure 4: Range of ICS in use in the field. (Photo credit: Jim Jetter, US EPA)

Besides ICS, the cookstove replacement programs across the world have also been
experimenting with the use of alternative cleaner burning fuels. There are a wide variety of fuels
currently employed around the world for household cooking purposes. Liquid petroleum gas is
an attractive alternative, one that people would be willing to adopt but for its price and

availability. Other fuels in use include biogas, charcoal, coal, kerosene, and solar.

Biogas is another viable alternative to biomass. Generated primarily from animal and kitchen
wastes, it can be used directly in conventional low-pressure gas burners. In rural communities,
small- and large-scale digesters can provide biogas for single-household cooking and lighting or

meet the energy needs of an entire village, respectively. Individual studies have found that biogas
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plant installation can significantly reduce respiratory diseases, asthma, and decreases in eye
infection (GACC, 2014). Biogas production and use does not contribute to climate change, in
fact it helps mitigate climate change. Methane capture from animal manure to burn and create
energy makes biogas production eligible for carbon credits that can pay for the operation costs of
the biogas plant (GACC, 2014). One primary reason for lack of widespread use of biogas around
the world is the high initial investment for putting in a biogas facility and a steady supply of
animal manure. Even so, there are many biogas plants in use around the world, 42.8 million in

China and 4.4 million in India alone (GACC, 2014).

Despite decades of efforts to implement ICS or clean burning fuels, the adoption of new and
improved cookstoves has been limited. The potential of ICS —to save millions of lives, reduce
harmful effects on the environment, empower women, create economic opportunities for the
poor — remains elusive. So why, despite efforts of non-profits and government institutions,
hasn't there been a greater adoption of clean cookstoves? Why hasn’t the “tipping point” reached

for mass adoption of clean cookstoves as seen with products like Coca-Cola or cell phones?

Key challenges to adoption of new technologies for the poor include low motivation, low
affordability, and high user engagement (Slaski and Thurber, 2009). Cookstove programs have
been most successful when the cookstove is seen by prospective users to provide concrete and
observable benefits. In urban areas, where fuel has to be purchased, users are motivated to save
money and hence adopt stoves. In rural areas, where fuel is scarce, such as in refugee camps, the
value of the stove is seen in reduced fuel savings and reduced trips to collect fuel in dangerous

conditions. Affordability remains a key barrier and ICS are simply not affordable for most low-
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income consumers. Financing can help people living in urban areas, but for people living on $1-
$2 a day, even financing is not an option especially when firewood collected is free. Risk-averse
tendencies of rural populations also make it hard to justify out of pocket costs for investment in
ICS. Lack of a steady distribution of cookstoves and cleaner fuels, and servicing facilities also
have been major challenges in meeting the needs of communities willing to adopt ICS and clean
fuel technologies (UNDP, 2010). In a study conducted in rural India, researchers found the major
challenge is the lack of a supply chain in the region. The villages are spread out, and many are
far away from markets where cookstoves could be sold. Many people don’t trust door-to-door
salesmen, who have a reputation for selling faulty products. Although purchase of stoves
increases when they’re sold by respected community members or representatives from well-
known community organizations, individuals are still reluctant because they don’t have
anywhere to go if the stove breaks or needs maintenance (unpublished data, Duke Traction

Study).

Though education and subsidies have been effective with public health interventions such as
vaccination, adoption of ICS is significantly different from receiving a vaccine. Traditional
social and cultural norms around cooking practices have been a major barrier to adoption.
Cooking is a social practice with underlying cultural nuances that require significant lifestyle
changes. Cooking is an integral part of the day-to-day life of the women in communities that use
biomass burning stoves and therefore has many social and cultural implications. Gathering wood
is a social activity. Food cooked on ICS taste different than when cooked on traditional stoves

making adoption of cleaner cooking stoves less attractive for communities (Barnes et al., 1994).

A lack of awareness regarding the health and cost benefits of ICS and clean fuels among

households using biomass for cooking is another key barrier. Both purchaser and end-user have
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to be aware of the benefits. With the balance of power skewed towards the men in rural
communities, the decision to purchase a clean stove often resides with the men making it
necessary that user (women) and purchaser (men) are aware of the benefits. Additionally, given
the fact that men spend a limited or no time around a stove, their motivation to invest in a

cookstove despite its benefits can be low (Miller and Mobarak, 2013).

The emphasis on the technology with the desire to create more efficient burning stoves has left
the end-user out of the consideration from the design of the ICS. Cookstoves designed and tested
in labs in a controlled environment and in donor countries with no input from the end-users have
not met the field requirements. An efficient low- or no-emission stove, even when free or
subsidized is undesirable if the food cooked on it does not taste like it is supposed to (World
Bank, 2011). Field studies show that even when people get a clean cookstove for their home,
they often abandon it in favor of their old stove within a short time. A study in Mexico found that
when users were consulted in the design, 70% used the stove regularly, compared with 50% of
women who abandoned their improved stove in favor of their old stoves when they were not
consulted (Barnes et.al., 1994). Furthermore, not one size fits all. Even within the same

community, the characteristics of an ideal stove vary among households.

Though exclusive use is the desired goal, the cookstove adoption community should recognize
that this is not a realistic goal. Evidence from Mexico, Botswana, Guatemala, China and
elsewhere shows simultaneous use of different fuel regardless of income levels (Redman, 2011)
For example, in Botswana, 75% residents use wood and a “clean” fuel. Stacking, which is the
use of multiple fuels/stoves at one time influences the adoption and use of cookstoves. In many
households, traditional stoves are used at the same time as ICS, or different stoves are used to

cook different foods (Redman, 2011). Households continue to use different fuels even as their
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incomes rise, and they do not immediately abandon the use of fuel wood. Other factors, such as
reliability of supply and safety of stoves are additional barriers to exclusive use by households

(Rehfuess et.al., 2014).

Clean burning stoves have the potential to substantially reduce air pollution emissions and
exposures. The first personal exposure from cookstoves was measured in India in 1981. Three
decades later, although the adverse health impacts of IAP are well established, it remains unclear
just how much emissions must be reduced to provide substantial health benefits. Several studies
that measured particulate matter concentrations in kitchens or personal exposures before and
after the introduction of ICS found that in most instances, substantial reductions were observed
compared with baseline; however, the concentrations reported post intervention continue to
remain well above WHO guideline values (Clark, et.al., 2013). In the face of the many barriers
to sustainable and effective cookstove interventions, for this effort to meaningfully improve

health, the fundamental question remains “How clean is clean enough?”’

There is no doubt that clean cooking technologies offer a great opportunity to determine whether
interventions that reduce IAP can prevent its many adverse health effects (Martin et.al., 2011).
However, there is debate on how to proceed with understanding these adverse health effects.
Some argue that the health benefits need to be well documented before major implementation
programs move forward. Others think that cookstove and fuel implementation programs by
NGOs, multinational companies, and governments under way should continue to move forward
whether or not research is available to document the health benefits of the intervention (Martin
et.al., 2013). The lack of robust evidence on the health impacts of clean cookstoves and fuel
interventions has resulted in a lack of commitment on part of governments to support this

intervention, which has hindered the necessary investment, technology development, and support
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for implementation affecting the many components of the supply chain. The absence of
internationally recognized clean cookstove standards and limited in-country testing capabilities
has also affected scale-up efforts and has led to false claims of health benefits and heating

efficiency by manufacturers (GACC, 2011).

A year-long observational study in Kenya found lower, but not statistically significant, changes
in percentage of children with observed cough and severe pneumonia in households using
improved stoves (Foote et.al., 2013). It is not known if other health risks require such a marked
reduction in exposures. Trials to determine health benefits from cookstove interventions need to
be long-term to achieve enough exposure reductions to manifest health benefits. One of the
challenges to implementing such programs will be to maintain long-term sustainable use of the
ICS and its affordability. A cross-sectional survey, air monitoring, and respiratory and
pulmonary function testing of 79 Honduran women cooking with traditional or improved
cookstoves revealed that the use of improved stoves was associated with significantly improved
levels of personal PM; s, lower levels of indoor PM; 5, and lower levels of indoor carbon
monoxide as compared to traditional stoves. Women using traditional stoves reported symptoms
more frequently than those using improved stoves. There was no evidence of associations

between cookstove type or air quality measures with lung function or CRP (Clark et.al., 2009).

The Guatemala study — commonly referred to as the RESPIRE (Randomized Exposure Study of
Pollutions Indoors and Respiratory Effects) — mentioned earlier is to date the only randomized

controlled trial (RCT) to study the impact of reduced IAP on childhood pneumonia. Preliminary
exposure-response data from the study suggests that exposure reductions of as much as 90% are
needed to achieve substantial reductions in pneumonia risk; even modest risk reduction requires

exposures to be lowered by at least 50% (Smith et.al, 2011).
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Study results from yet another randomized evaluation of an improved cooking stove program to
date found that the ICS did not lead to long-term improvements in health and fuel use remained
unchanged through four years of follow up (J-PAL, 2012). The cookstoves used in the study
were inexpensive and performed well in the laboratory. Reduced indoor air pollution exposure
for women was observed during the first year only. Many households did not regularly use their
new stoves, and did not invest enough in their maintenance to keep them in working condition
over the long-term. The study participants did not value the improvements in health enough to

get the potential benefits (J-PAL, 2012).

It is important to note that a research study can only offer temporary short-term interventions,
and fails to build local capacity for sustainability of the intervention. Continuous monitoring
throughout the study is necessary to ensure continued proper use of the ICs. Most short-term
interventions also fail to adequately research demographics, current events, and culture of the

communities they enter and this can also be an impediment for the sustainability of their efforts.

What does this all mean? Certainly not that the global health community should abandon all
hope to reduce dependence on traditional cooking fuels. Rather, that closer attention needs to be
paid to the end-user. Improved cookstoves should be designed with user input so that people
actually want to acquire, use, and maintain them. Additionally, specifications for manufacturers
should be set to meet guidelines and standards for emission reduction, efficiency, and

safety. Simply providing stoves to a user is not enough. To ensure that scarce development
resources are spent wisely, all promising cookstoves must be tested in real world settings to
assess their long-run benefits on health and greenhouse gas emission prior to their large-scale

adoption. Research should continue to gain greater insight into what types of social marketing
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can improve the general acceptance of the stoves; and trials to document the amount of reduction
in IAP necessary to improve health. Training the end user communities on the benefits of ICS;
on proper use and maintenance of stoves; identifying strategies to facilitate behavior change
among members of the community to increase stove adoption; and evaluating which strategies

are most effective should be considered.

A systematic review conducted to understand the determinants of fuel and stove choice found a
relationship between socioeconomic status and urban location and adoption of ICS and clean
fuels (Lewis and Pattanayak, 2012). The authors suggest that instead of focusing singularly on
the health impacts of clean cookstoves, there is need to investigate the role of household drivers
such as education and attitudes as they are modified by socio-psychological drivers such as peer
pressure, risk aversion, subsidy programs, market-based product commercialization, supply
chain strengthening; and capacity of local governments and NGOs to implement clean cooking

programs.

Most of the impetus to put clean cooking systems in place in the developing world has come
from the West. Research funded by the U.S. government provided the first evidence of health
impacts of cookstove emissions (Alabalak et.al., 2001). Even today, the U.S. government and
organizations provide majority of the funding for clean cookstove adoption and its health effects
research. It is worth noting that when global health organizations aim to effect change overseas
through foreign institutions or attempt to orchestrate transnational public interventions, the top-
down approach to implementing programs has repeatedly been shown to be wasteful and
ineffective compared to community-based, bottom-up approach (Ramsey and Weijer, 2007).
Health programs must involve community members at all levels of assessment, design,

implementation, and evaluation in order to be effective in a local environment.
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Last but not least is the primary misconception in global health work that any action is better
than inaction (Unite for Sight, 2013). The ethical call-to-action in the face of poverty and
destitution can often lead to interventions that are poorly researched and ineffectively
implemented. The field of public health is littered with examples of failed interventions
designed to improve human health (Racioppi et.al., 2004). Primary among these are interventions
that require substantial changes in human behavior to be successful (USAID, 2004). Unless
households adopt and use ICS and fuels that are capable of delivering sufficient exposure
reductions, their health benefits will not be realized. Despite the best intentions, interventions to
improve health can be unsuccessful with unintended, catastrophic consequences. An example is
the wells installed in south Asia to provide access to clean groundwater and prevent the spread of
cholera; they did not prevent cholera but did lead to widespread arsenic poisoning (Smith et.al.,
2000). Reducing IAP will not have adverse impacts, however, the commonly held belief that
indoor smoke wards off mosquitoes and can prevent malaria can be difficult to overcome (Brian

et.al., 2007).

The current state of knowledge of clean cookstove intervention, implementation and outcomes

framework is shown in Figure 5.
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Improved Cookstove Intervention, Implementation and Outcomes Framework
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Figure 5: A framework depicting the current state of knowledge about clean cookstove adoption.

Given the widespread recognition of IAP as a silent mass killer and its impact on climate change,
there is increased interest and urgency within the global community to address this major public
health and environmental crisis. This led to the United Nations Foundation launching the Global
Alliance for Clean Cookstoves (henceforth mentioned as the alliance) in 2010, a partnership
initiated by then Secretary of State Hilary Clinton. The global partnership led by the alliance of
over 175 countries, foundations, corporations, and NGOs hopes to reach a target of 100 million

homes to adopt clean and efficient stoves and fuels by 2020 with universal adoption thereafter.
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The objective of this public-private partnership is to address the gaps in adoption by creating a

global market for clean and efficient cookstoves and fuels in the developing world.

Cookstoves and India: A Case Study

In a country of 1.2 billion people, where 67% households (166 million households) rely on solid
fuels as their primary source of fuel for cooking, the health and environmental impacts of
biomass burning are immense. While urban populations are converting to modern fuels,
populations in rural areas remain wedded to solid fuel use. With ~ 35% of India’s population
living on less than $1.25 a day, access to clean energy remains a challenge for majority of India’s

population (Balakrishnan et.al., 2014).

Approximately, 400 million people (90% women) are exposed to the negative health impacts of
biomass burning. Estimates from the comparative risk assessment conducted as part of the global
burden of disease report of 2010 show that the burden in India of approximately 1.04 million
premature deaths and 31.4 million disability-adjusted years (DALY's) can be attributed to
household air pollution resulting from solid cooking fuels (Balakrishnan et.al., 2014). In addition
to health impacts, inefficient cooking methods and practices require women to spend up to 5-8

hours per day on cooking activities, with ~20% of that time devoted to collection of fuel.

The Indian government realized the enormity of this problem as early as 1985, when it launched
a program to provide low-smoke stoves to poor families. In the following 17 years, the
government distributed stoves free to 30 million households. But the freebie offer became an
expensive undertaking for the government. The technology wasn’t good either and the stoves

were found to have low durability, usage and performance. As a result, the program was
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terminated in 2002. Even as more and more Indians bought liquid petroleum gas stoves (there are
122 million gas connections in the country now), a substantial part of the country still depended
on biomass stoves — chulhas — for which the government needed to evolve a separate solution

and it had to be viable and market-based.

In 2009, the ministry of new and renewable energy (MNRE) launched the National Biomass
Cookstoves Initiative (NBCI) to explore public-private partnership to take cleaner stoves to those
millions. The government wanted to work with those who could help it scale up the project to
meet India’s gigantic needs — the overall market size of ~235 million households is more than the
total market size of many other countries combined. It also needed a lot of money. Inspite of that,
the Indian goverment rejected the alliance’s proposal to partner (India is the only country where
the government has not yet partnered with the alliance) because it perceived the alliance’s
agenda to have implications far beyond fixing the village woman’s kitchen. According to Indian
government sources, it was symbolic of the developed world’s efforts to shift the burden of
climate change to the developing world and absolve itself of primary responsibility for
controlling emissions (Thomas and Ramnath, 2011). Whether this is true or not, is anybody’s
guess, but this scenario highlights how international policy agendas can interfere with the
successful implementation of public health interventions at the expense of the beneficiaries,
often the most vulnerable of society. Cookstove work by independent organizations and US
institutions continues in India, but large-scale Indo-US ICS implementation efforts have been

stalled.

A recent study explored the variation in perceptions of and preferences for ICS in two states in

India through a series of semi-structured focus groups and interviews from 11 rural villages. The
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researchers found a cautious interest in new ICS technologies, and observed that preferences for
ICS were positively related to perceptions of health and time savings (Bhojvaid et.al., 2014).
Analysis of survey responses from a sample of 2,120 rural households in the two states found
that higher economic status, education, and smaller family size is associated with owning an ICS
(mostly LPG). Households had a strong preference for traditional stoves and were willing to
spend 10 and 5% of average household monthly expenditure on ICS. These observations suggest
that ICS scale up will need more than changes to the policy agenda. Market strategies will need
to pay attention to stove pricing, and community characteristics like gender, education, socio-
economic status, prior experience with clean stoves, and social norms as perceived through the
actions of neighbors, as these were all important in the decision-making to purchase an ICS

(Jeuland et.al., submitted).

Implementation of the Clean Cookstove and Fuel Intervention

The failure of large-scale adoption by end users of ICS due to the barriers that have been
identified suggests that more attention needs to be paid to the design of implementation efforts
on the ground. Unlike other interventions such as smoking cessation or obesity control, there are
no vested commercial interests that oppose the adoption of clean cooking technologies. In fact, it
is just the opposite. The manufacturing and distribution of ICS has immense market potential
especially given the sheer number of end users. Despite these enabling factors, it has been
difficult to implement what appears to be a seemingly simple intervention. The magnitude of
behavior change required to adopt ICS is not trivial. Making adoption of clean cooking
technologies a priority will need changes both at the individual and the system front, which will

require not only altering but also redirecting behavior. What are some of these changes and how
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can the implementation community best address them?

To prevent disease people are increasingly asked to do things that they have not done previously,
to stop doing things they have been doing for years, and to do more of some things and less of
other things...it is unreasonable to expect that people will change their behavior easily when so
many forces in the social, cultural, and physical environment conspire against such change

(IOM, 2000).

Taking into consideration the key concepts of the health behavior change models — the Health
Belief Model, Social-Cognitive Theory, Theory of Reasoned Action, and the Transtheoritical
model (TTM) of change — for a successful health promotion and prevention program to enable
behavior change, a person must: have a strong predisposition or desire to perform a behavior;
face a minimum of information processing and physical, social, and logistical barriers to
performing the behavior; perceive him/herself as having the requisite skills for the behavior;
believe that material and social reinforcement will follow the behavior; believe that there is
normative pressure to perform the behavior and none sanctioning it; believe behavior is
consistent with person’s self-image; have a positive effect regarding the behavior; and encounter
enablers or cues to engage in the behavior at the right time and place (Westmaas et.al., 2007).
Further, individual behavior change is not as an event but rather a process. According to TTM, at
any given time, a person is in one of five stages of change: pre-contemplation, contemplation,
preparation, action, or maintenance. People move from one stage to the next and each stage
happens sequentially, requiring its own strategy and there are no short cuts (Prochaska et.al.,

1995)

In the past, health promotion programs have emphasized individually focused behavior change
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strategies, while neglecting the environmental/ecological underpinnings of health and illness
(Stokols, 1996). Individual behavior changes and choices are critical to addressing the burden of
chronic disease but they alone are not sufficient. The shift from person-focused to ecological
focused behavior change stems from the recognition that most public health challenges are too
complex to be understood and implemented from the individual perspective. Rather, they require
more comprehensive approaches that integrate social, cultural, psychological, organizational, and
regulatory perspectives. Additionally, individual behavior change is also often not feasible when

forces in social, cultural, and physical environments enable unhealthy behaviors (Stokols, 1996).

The Health Impact Pyramid addresses the social determinants of health with the greatest
potential public health benefit (Frieden, 2010). According to Frieden, interventions that change
the context for individual behavior are generally the most effective public health actions. The
risk factors that most greatly impact a community and an individual’s health can be lessened
through policy, systems, and environmental interventions increasing healthy options for
communities and making healthy choice easier for individuals. Figure 6 describes what a health
impact pyramid may look like for the clean cookstove intervention. The bottom tiers of the
pyramid, which represents change in socioeconomic factors include efforts to reduce poverty and
to make access to clean air a basic human right. The second tier of the pyramid represents
interventions that change the environmental context to make healthy options the default choice.
The defining characteristic of this tier of intervention is that individuals would benefit from these
efforts of education, income, or other societal factors. Making access to cookstove easy, and
making employment opportunities in the sector would increase buy in of the intervention, thus
making it easy to adopt. The third level of the pyramid represents infrequent protective

interventions that necessitate reaching people as individuals rather than collectively. Offering

25



individuals easy access to credit and alternate solutions to ICS would help redirect behavior and
sway preferences to a healthier option of adopting clean cookstoves or fuels. Community health
workers (CHWs) would provide clinical intervention to households for prevention of IAP
exposure related symptoms, and raise education and awareness of the health benefits of a clean
cookstove. They could also be trained to become advocates for clean cooking technologies to
change behaviors of individuals and communities.

Health Impact Pyramid Domains for Improving

Tier 5: Education and Counseling
Individual or public educational message
and support

demonstrations

Tier 4: Ongoing Clinical Interventions munity health workers to work
Evidence-based practices within clinical with househglds
Setting

Tier 3: Protective, Long La Encourage multiple pricing structures and
Offer long-lasting protectioryto individuals incentives for stove\purchase; Alternate
solutions for cleaner Qurning fuels like use of
biogas

Tier 2: Changing thg context
Change the envirofimental context till making delivery of improved cookstave services for all;

the healthy choice becomes the easy choice Regional and local stove manyfacturing and
repair facilities to increase employment
opportunities, with a focus on woren.

Tier 1: Addressing Socioeconomic Factors Poverty reduction schemes; policies in place
Address fundamental social conditions that make clean air a basic human right

Figure 6: A Health Impact Pyramid: An Alternative Framework for Cookstove Adoption

Intervention
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Cooking Community Increased
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Policy makers Cost
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Improved supply Rural community opportunities in the ICs
chain
qu:{:gzgtt:/ Health workers sector
riv r
Education/ NGOs
awareness
) Improved
Campaigns Donors sugply of stoves
Training in Stove and fuel Reduction in Black Carbon
Community manufacture and manufacturers Local stove
repair of stoves . e .
Partners maintenance Climate Change Mitigation
Stove use Media strategists service
demonstrations

Figure 7: A logic model to support the health impact framework for clean cookstove

implementation program.

Stakeholder Engagement and Cookstove Adoption

A key consideration during the initial design of any prevention intervention should be to identify
the target of the intervention. Women and children are exclusively affected by cookstoves, so
cookstove adoption strategies should be women and children centric. Because the decision
making power often resides with men in these communities, men also are stakeholders in the
process. Engaging the right stakeholder groups will be key if sustained cookstove adoption is the

ultimate goal.
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There is a fundamental lack of demand for ICS product in target low-income populations living
on $2 per day. This weak demand is likely driven by a lack of perceived value of the stoves’
health, efficiency, productivity, and environmental benefits and a misalignment with cultural and
taste preferences. Some have argued that without addressing demand generation, cookstove

programs will continue to miss the mark (GACC, 2011).

A successful strategy to enable poor individuals or households to adopt stoves or fuels requires
the creation of market demand (Levine et.al., 2013). Social marketing, the use of marketing to
design and implement programs to promote socially beneficial behavior change, has grown in
popularity and usage within the public health community. It is important to understand the needs
of the target population when designing campaign messages. Ideally, a market in improved
stoves and fuels would spur local economic development and provide local supply chains to meet
the demand and maintenance for clean stoves. The present global strategy for achieving universal
adoption of clean cookstoves and fuels spearheaded by the Global Alliance is market based -
enhance demand; strengthen supply; and foster an enabling environment for the market-based
strategies to succeed. Taking the lead from marketing of other socially beneficial consumer
products like water filters, electric stoves, there is a shift in cookstove adoption strategies from
those oriented to aiding beneficiaries to ones that target customers. But there are challenges in

creating sufficient demand.

As mentioned earlier, economic return of the investment by way of reduced spending on fuel to
offset the cost of the stove rather than return on improved health status seems to be critical to the
decision to purchase a clean stove (Lewis and Pattanayak, 2012). Marketing strategies that
highlight the intrinsic value of the stove as contributing to a cleaner kitchen, adding new cooking

functionality, or providing a status symbol associated with modernity have been more effective

28



than education about the health improvements through elimination of indoor air pollution — a
factor that rarely ranks high in the calculation of the end user. This is counter to expectations that

outside observers including health focused researchers and donor agencies deem paramount.

Targeting early adopters to build a critical consumer demand has also worked in the past (O’Dell
et.al., 2013). Can shifting the message from health and environmental benefits to other socially
sensitive variables like modernity, sophistication or wealth lead to increase consumer demand?
Recruiting enterprises in the community such as restaurants/food stalls or other enterprises held
in high esteem can also help with adoption. Utilizing creative social marketing techniques and
awareness building campaigns based on social values and tailored messages should be
emphasized. Understanding how messages travel across rural communities will be important. A
social network analysis of active community members (ACM) in Honduras found that ACMs
heard about the stove twice before sharing the information or introducing the stoves to their
communities; both men and women were critical to the diffusion process; women communicated
over short-distances whereas men were more likely to communicate over long-distances;
government officials were also crucial in the diffusion process (Ramirez et.al., 2014). Co-
branding with a recognized consumer brand to gain consumer trust; engaging community leaders
and leveraging local popular culture to help with product buy-in; leveraging existing trusted
distribution networks to generate demand for the product have worked previously to increase
demand. Use of celebrities as spokespersons could also spark consumer demand. Julia Roberts is
the celebrity spokesperson for the alliance. Identifying influential celebrities in individual

countries to become advocates of the intervention could be a viable strategy.

Providing alternative means of communication to women marginalized by poverty and gender

inequity can also foster discussions on social issues that may not be otherwise possible.
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Interventions in Panama and Guatemala focused on instigating community discussions about
fuel-efficient cook stoves through community-performed skits with talk-back sessions led by a
community leader have proven to be effective for engaging the community in a lively discussion

(Osnes, 2013)

The challenge for the cookstove market is that along with stimulating initial demand, there is the
need to maintain interest in the product throughout its lifetime to achieve the intended health and
environmental benefits. It is not clear that the cookstove intervention can be sustained purely
through market-based private sector initiatives. Given its significance for public health and
environmental benefits, the public sectors’ continued support is important for sustaining the

intervention until there is marked change in behavior of the end user community.

Scaling-up the use of improved cookstoves is another central component of this effort. Failure of
consumers to adopt a product with benefits far greater than its costs — has consistently challenged
improved cookstove programs. Such behavior explained by issues of liquidity constraints and
present bias where consumers have difficulty coming up with a lump sum for cookstove
purchase, poor information on fuel and time savings, and stove durability can be countered by
innovative financing options such as combining free trail, time payments, and the right to return
the stove. Availability of financing options have been shown to dramatically increase uptake of
improved stoves in Uganda (Martin et.al., 2013). Data from a survey of households in India also
found a preference for stove purchase decisions related to access to rebates (Jeuland, unpublished

data)

While there is a robust body of literature on the health and environmental effects of IAP, there is

lack of evidence on the determinants related to the demand for improved cookstoves. A recent
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study found that women in rural Bangladesh do not perceive indoor air pollution as a significant
health hazard, prioritize other basic developmental needs over nontraditional cookstoves, and
overwhelmingly rely on a free traditional cookstove technology and are therefore not willing to
pay much for a new nontraditional cookstove (Mobarak et.al., 2012). Efforts to improve health
and abate environmental harm by promoting nontraditional cookstoves may be more successful
by designing and disseminating nontraditional cookstoves with features valued more highly by
users, such as reduction of operating costs, even when those features are not directly related to

the cookstoves’ health and environmental impacts (Lambe and Atteridge, 2012).

An important related need is for continued technology advancements in exposure assessment.
Virtually all of the proposed research studies require access to personal, household, and outdoor
exposure monitoring instruments that are accurate for monitoring air pollutants associated with
disease risk. Field-testing of these monitors to measure the very high exposure levels from IAP is
needed. Often these exposure monitors and the monitoring process are complex and require
trained staff, usually men, to go in to kitchens and take measurements (Figure 8a). If these
monitoring devices could be designed so that the local women can be trained to use them, then
this would present an opportunity not only for interaction and exchange of information with the
cook, but also employment opportunities for women and girls. Such informal exchanges can play
a role in changing perceptions and eventually behaviors towards use of clean cookstoves.
Additionally, designing simple personal exposure monitors that are easy and attractive to wear
can also play a role in actively engaging communities in the process of monitoring and

protecting their own health (Figure 8b and 8c).
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Figure 8a: Invasion of a kitchen with complex exposure monitoring device leaves little options
for interactions with the cook (A field-emissions measurement project in Karnataka, India. Photo

credit: Andy Grieshop of NC State University)

Figure 8b: Research Triangle Institute’s MicroPEM can be worn in the home to produce accurate

air pollution data (RTI Press Release, 2012). Researchers report that end-users often discontinue
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wearing these monitors thus affecting collection of exposure data (unpublished data).

Figure 8c: Silicone wristbands that can detect over 1,000 chemicals in the environment are being
being field tested in Latin America to measure exposure to cookstove emissions (O’Connell
et.al., 2014). These bright colored wristbands offer an attractive alternative to cumbersome
gadgets to be carried on person at all times. These wristbands can also help to recruit community

members (especially children) in exposure studies.

Biogas provides clean cooking energy, contributes to health improvement and reduces the time
needed for biomass collection. Many national programs are already in place to implement
domestic biogas in a number of countries. The barriers to biogas adoption include the initial set
up cost and lack of raw materials. The financial barrier can be overcome by financing
mechanisms similar to those being offered for the clean cookstove programs. Building
community-based biogas plants instead of individual plants can also alleviate the problem of
financing and availability of raw materials for the plant. The slurry that is generated post creation
of the methane can be treated to make high quality manure, which can be used in the fields and
also sold in the market. Biogas plants are also eligible to get carbon credits in the form of cash

rewards, which can also be used to supplement household income. The cash generated from
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carbon credits and sale of manure provides the necessary cash flow to repay loans and
maintenance of the plant. Adding human waste together with the animal waste in the biogas
plants also takes care of another major global health crisis — spread of infectious disease from
poor hygiene and sanitation. Previous campaigns for increasing toilet usage have focused on
health promotion messages, which similar to the cookstove intervention, failed to motivate
people to use the intervention, in this case toilets. The monetary incentives of biogas generation
encourage behavior change, sustainability of the product and the project. Given the existing
barriers in adoption of clean burning cookstoves, the uncertainty of improved biomass burning
stoves in improving health outcomes, and the desire of the target communities to move up the
energy ladder, Alliance and the global cookstove community will need to pay more attention to

and invest in biogas as a renewable and clean fuel to alleviate the problem of IAP.

Role of Women as the Primary Stakeholder in Clean Cookstove Adoption

A literature search of community-based interventions in cookstove adoption returned limited
information. Though foreign research teams and donor agencies recruit local groups and NGOs
to help with field research and implementation, there is not much in the published literature
about the role of women in these efforts. In instances, where local women who use improved
stoves have been recruited to act as spokesperson for intervention — the strategy has proven to be
succesful (Gallagher, 2014). In a community in Darfur ravaged by civil war, women members of
the regional development association help sell stoves; they have been trained in finance
management skills so that can issue loans and collect repayments; they have established
community forests. This implementation model not only empowers women of the community

but also puts the onus on the local communities to take care of their own health and environment
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leading to more sustainable solutions to IAP. Extensive community participation and
involvement in stove design, testing, and manufacture has shown to be valuable in ensuring

effectiveness, suitability, and sustainability of a stove program in India (Rouse, 2002).

To improve the health of women and children per the Millennium Development Goals (MDGs),
strong community investment and formal investments in national health systems have been
deemed necessary. There is overwhelming evidence to the effectiveness of community
interventions in improving health outcomes under the MDGs. Community Health Workers have
been deemed essential to the attainment of these goals worldwide (Millenium Village Project,
2014 ). CHWs have proven crucial in settings where the overall primarily health care system is
weak, particularly in improving child and neonatal health. In recent years, many countries across
the world have expanded their primary health care delivery system by training CHWs, who can
be either paid or voluntary workers. They are either part of the national healthcare system or

trained by non-profit organizations.

Women from the poorest communities are selected and undergo training to perform basic
healthcare delivery services, often related to maternal and child health. The program aims to
increase access to basic healthcare services for members of the most underserved communities,
and at the same time improve the socioeconomic conditions of women from these communities.
CHWs are crucial to the success of global health efforts because of their unique understanding of
local problems. Their close community ties allow them to identify areas of need and to
effectively navigate potential barriers, which others including local NGOs (that many cookstove
interventions have engaged with) may not be positioned to understand. Most researchers recruit

local NGOs to implement their intervention in the field. NGOs bring a certain level of
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familiarity, but they are often external entities run and operated by city folks.

Review of the published literature reveals that few interventions have considered engaging
CHWs. Whenever research studies engaged local NGOs with closer ties with the community or
CHWs as part of the intervention, the success rates of adoption have been impressive (ref).
Community health workers can be useful to cookstove implementation programs in multiple
ways. Given their increased understanding of health in comparison to their communities, CHWs
can potentially become early adopters, and field testers. Community health workers (CHWs) can
play a critical role in creating demand for, implementing facilitation and delivery of, and
monitoring these cookstoves and related services, thus making improved cookstoves an
appealing, available, and sustainable option for the rural poor (Lim et.al., 2013). They can also
be recruited to raise awareness of the benefits of clean burning cookstoves, perform

demonstrations, and can also make effective sales agents.

Recent literature suggests that exposure to air pollution during pregnancy can cause adverse birth
outcomes and health problems for the mother and child (Wylie et.al., 2014; Thompson et.a.,
2011). Women of child bearing age, pregnant women, new mothers and their families should
therefore be made aware of the potential hazards of indoor and outdoor air pollution to
developing fetuses and small children. Pollutants from coal-burning stoves have been strongly
associated with miscarriages in Mongolia (Enkhmaa et.al., 2014). Given that CHWs are trained
specifically to address maternal and child health outcomes, it would not be a far-fetched idea to
incorporate cookstove related training into the CHW program. The CHWs are perfectly poised to

share this information with their communities.

Given that there is mixed evidence regarding the association between decision to purchase an
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ICS and knowledge of health benefits, it is difficult to assess whether more detailed adverse
health information will lead to increased adoption of ICS. But it is the public health
community’s obligation to share the research evidence along with the other maternal and child
health information that CHWs share with their clients such as reproductive health and family

planning, TB care, malaria control and HIV/AIDS care (WHO 2007, CHW report).

The constitution of the WHO states that “the enjoyment of the highest attainable standard of
health is one of the fundamental rights of every human being” (WHO, 2011). In the past 20
years, this perspective on access to health care as a public good, guaranteed as an essential right
of every person, has gained traction in the field of global health. Some have proposed
considering clean air as a human right (Lim et.al., 2013). Access to clean air, just like access to
clean water should be a fundamental right. Framing the global crisis of indoor air pollution as a
human right also ensures that the state’s role in providing access to clean air for its citizens is an
obligation, one that may not be easily overlooked. Given that poor women in the developing

world are the most marginalized, this would not be an out-of-world idea.

Cost-effective technological solutions have addressed many different problems encountered in
developing countries. But technology alone has rarely been enough to eliminate these problems.
In the case of cookstoves, there is wide acceptance that technologically improved stoves have
great potential to reduce sickness, lessen harm to the environment, and open up economic
opportunities for those living in poverty. But that potential will remain unmet if the realities of
the end-users — unreachable ICS markets, lack of information about ICS, difficulty in
maintenance of ICS — are not acknowledged and addressed. The infrastructure to meet these
needs is available in some locations, but will have to be made universal for the intervention to

work on a global scale. Community health workers are well positioned to provide the support
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that these programs require to succeed and provide a mechanism to enforce equality and
accountability, key aspects of the rights-based approach. By strengthening and scaling up the
CHW programs through reform in support, resources, management, and incentives, governments
can address the human rights framework of access to clean air for all. The CHW program
established under the Alma Ata Declaration of 1978 is a universal approach for delivery of
primary health care across the world, especially in remote parts of developing countries, which is
where biomass burning is also most prevalent. Therefore, there is the possibility that CHW
programs successful in cookstove adoption efforts in Nepal can be adapted for the CHW

programs in Kenya without the need to reinvent the wheel.

A framework to support the cookstove intervention highlighting an active role of women is

depicted in figure 9.
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Women and Improved Cookstove Intervention, Implementation and Outcomes
Framework

Intervention

Technology Social/Policy
Interventions Interventions
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stove designs through policy,
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Fuel sources
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>

Implementation
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personal exposure
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Enhance local
employment
opportunity in ICS
sector for women

Outcomes

Benefits

Improved
environmental
outcomes

Improved health
outcomes

>

Improved economic
indicators

Improved social
indicators

Figure 9: A woman-centric framework for cookstove adoption intervention

Next Steps

The global community faces a critical moment in the fight against indoor air pollution. There is

global consensus, awareness, and mobilization around the need to act. National and international

collaboration platforms have been established. Partnerships across civil society groups, service

delivery organizations, donors, and governments are being forged.

The adoption of clean cook stoves and fuels as a public health intervention is a complex one. It

will take outside-the-box thinking if we are to address this global health crisis. There is plenty of
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evidence of what does not work but limited evidence of what may work. One would hope that
the research community will be open to innovative approaches to addressing this issue. Rather
than focusing on their area of expertise and interest, the focus will need to be on the public health
concern. Anecdotal evidence suggests that researchers go where there is funding. This may be
good for the researcher, but not necessarily for the communities on the ground and the
intervention in question. Funding agencies also need to pay attention to this and need to fund
solutions rather than individual researchers. For example, if biogas facilities in lieu of newer
cookstove designs will help resolve this issue, maybe that is where the efforts need to focus.

The global health community will need to deploy a combination of complimentary social and
market-based strategies to address the many institutional and individual changes needed to
address the IAP crisis in a successful and sustainable solution. Women as end-users, most at risk
population, champions of this cause - have not yet been engaged to the fullest extent possible in

this effort.

It is imperative that a holistic response to public health concern require that health care be
addressed not only from the scientific perspective of what works, but also from the social
perspective of who needs it most. The international development community recognizes the role
women in sustainable development. Reframing the indoor air pollution issue from a public health
crisis to a development issue may help alleviate the role of women from a passive to a more
active player. Finally, this is not the only concern facing the global development and health
community. But indoor air pollution from biomass burning encompasses many of the pressing
concerns that the global community is trying to address including improving maternal and child

health, achieving gender equality and women’s empowerment, mitigating climate change,
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providing universal education and poverty eradication. So there is impetus to pay attention to this

pressing global concern.
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