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Healthy Stoves and Fuels for Developing Nations and the Global Environment

Summary: 

Improved efficiency cookstoves have the potential to reduce the economic and social burden of fuel collection and purchases, the health burden associated with indoor air pollution, and in some locations the environmental stress of excessive bomass harvesting, and also reduce the emission of greenhouse gases.  Most significantly, improved stoves are now known to be one of the least-cost means to achieve these objectives  (Ezzati and Kammen, 2001a).  A recent study (Ezzati and Kammen, 2001b) provides -- in at least in one location -- definitive evidence of the exposure-response relationship between particulate smoke and respiratory illness, a leading cause of morbidity and mortality worldwide.  Armed with this knowledge, the next step is clear: invest systematically in stove technology development programs that are coupled to significant outreach efforts that ensure the stoves are adapted to local needs and preferences, and local market forces (local entrepreneurs) are supported that can bring these stoves at least cost to markets throughout the developing world.

1.What is the significance of the health problem to be addressed?

Each day, thousands of people – including significant numbers of women and children under the age of five – are made sick or die from respiratory illness (Smith, et al., 2000).  These deaths could be dramatically reduced by improving the stove-fuel combinations in common use by roughly two billion people around the world.

2.What is the scientific rationale for proposing this challenge at this time?

The re-design of improved stoves has been of interest to energy planners for decades, primarily, however, because of the low thermodynamic efficiency of many traditional stoves.  In some cases the percent of energy present in the unburned fuel that is transferred to the food is at low as 5 percent The argument was that inefficient stoves cause the global poor to harvest an unsustainable volume of fuelwood.  While excessive fuelwood harvesting does take place in specific locations, it has now been demonstrated that the great majority of biomass clearing is due to agricultural expansion and land conversion.

Over the past two decades a new problem associated with biomass harvesting and cooking has been identified.  It has become clear that biomass combustion in stoves, often inside small, unventilated homes, is a significant cause of respiratory infections, which globally rank as a leading cause of both morbidity and mortality.  The precise relationship, however, remained elusive, and thus the benefit of reducing smoke exposure could not be quantified.  Between 1994 and 2000 my students and I (Kammen, 1995, Ezzati and Kammen, 2001a, b) conducted a carefully managed experiment in rural Kenya where we monitored the fuel and stove use, the indoor pollution levels, and the health outcomes for over 500 people on an isolated cattle ranch.  We not only determined the exposure-response relationship between particulate smoke and acute respiratory illness (ARI), but we found that the transition from the least efficient stoves and fuels (e.g. dung or agricultural wastes burned on a ‘three stone fire’) to the most efficient stoves and fuels (e.g. improved wood or charcoal stoves) could reduce the incidence of ARI by a factor of two.  We then examined the positive effects of the introduction of improved stoves that were made available to the community.

The significance of this finding is that now not only do we know that improved stoves can reduce pollution significantly, but we can quantify the benefit which we discovered to be significant.  Different stoves and stove/fuel combinations yield different degrees of health benefits.

The initial identification of the health benefits of improved, pollution reducing, stoves (Ezzati and Kammen, 2001b) was followed by analysis that demonstrated that the cost effectiveness of programs to disseminate improved stoves was superior to many of the public health programs in use around the globe (Ezzati and Kammen, 2001a).  On a per DALY (disability adjusted life-year) basis, improved stoves can reduce illness as cheaply as the best immunization and vitamin programs (down to roughly $1/DALY), several orders of magnitude cheaper than a range of ‘high-technology’ interventions in use today to treat a range of illnesses.

3.What are the scientific and technical advances that are anticipated if the challenge is successfully completed?

The initial Kenyan study demonstrates the effectiveness of improved stove programs, but this only opens the door to a range of technical issues requiring investigation and innovation.  These include:

· Some number of added epidemiological studies would clarify the region-to-region variations and differences from the results of the Kenya work, and while these epidemiological studies should not be the subject of a Grand Challenge focus area (as this does not advance innovative solutions directly, as per the mandate of the Grand Challenge), attention to the scientific items described below would facilitate other funding agencies to address this issue.  Studies along these lines in Guatemala and India are already underway.

· Stove development is a surprisingly complex task in engineering and materials science.  Stoves must be of exceptionally low cost to meet the needs of poor families, yet durable in what can be very demanding conditions of thermal cycling, use a with a range of fuels, and rough usage.  Extensive research and development went into the design of the Kenyan Stoves (the so called Kenya Ceramic Jiko; Kammen, 1995), and different stoves are needed for rural and urban markets, in areas where the foods and cooking practices differ, and where the economics of collected versus purchased fuels are involved.  The stove design and testing work must also be cognizant of the constraints that different designs put on the real life practices of the cooks.  The  experience of the development of the Kenyan stoves, and of an even larger stove development program in China both demonstrate that without extensive and open lines of discussion between stove developers (often men)  and stove users (often women), that the development process will often not produce locally appropriate and welcomed stoves.  A combination of central stove development and testing facilities, and well-supported outreach and field testing/observations would be a huge contribution of a Grand Challenge initiative.

· Tradeoffs exist between stove designs that maximize environmental benefits (e.g. reduced harvests of specific tree species habitat alteration, and radiative forcing of the global climate), and stoves that maximize human health benefits (e.g. stoves that burn charcoal, which can reduce particulate emissions, but may have significantly greater local environmental and greenhouse gas impacts than do wood burning stoves, Bailis, Ezzati, and Kammen, 2003).  The design and testing of stoves to achieve maximum benefits for health versus the local and global environment requires an investment in an area of environmental and materials engineering that has to date not been of interest to the majority of researchers.

· Rural versus urban stoves have significantly different design criteria, and this area has received almost no attention.  Traditional and improved rural stoves are typically used to burn wood, while urban stoves are often used with charcoal.  These fuels have significantly different combustion processes and emissions, and require research attention (Kammen, 1995).  Second, rural stoves must be significantly cheaper than urban stoves to be accepted and used widely. Development and design processes must reflect these differences.

4.What is the likely impact of those advances on the development of new means to control or treat disease in the developing world?

As demonstrated in the Kenya project, and now in an increasingly diverse set of pilot projects, improved stoves can be effectively introduced in communities throughout Africa, Asia, and Latin America.  The health and environmental benefits, as discussed above, from the widespread use of these devices can be profound, potentially reducing the global burden of disease significantly, and at lower cost than virtually any other innovation.  An achievable outcome of a global stove program could be to reduce the total global burden of disease by up to 10%.  This represents a historic impact and improvement of global health.

5.What is the feasibility of implementing any resulting new measures against disease in the developing world?

Stove programs have been proven to work if the design phase, the testing and feedback phase, and the dissemination efforts are coordinated, and involve true partnerships between the development and the implementing groups.  While this process has proven to be difficult, a range of new, improved stove designs could invigorate community groups, the public health sector, and end-users to work together to implement these programs around the globe.  Further, the greenhouse gas benefits of reducing both CO2 non-CO2 emissions from stoves – in particular the non-CO2 that can have some of the greatest radiative forcings – can be dramatic, and could therefore interest the global climate and development community. Leadership from the Gates foundation in this area could therefore have a strong influence on the rest of the international development community.
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