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Executive Summary


In Nicaragua, as in many under-developed countries, members of rural communities often must go to great lengths to gather the fuel necessary for daily cooking and water sanitation. This task often falls to the women and children of the community who must endure great hardships, face unnecessary dangers, and use their precious time collecting wood from receding forests. After the fuel is gathered, they must spend more of their valuable time attending the cooking, all the while exposing themselves to more health risks. Cornell University’s Amanacer Solar Oven team, in conjunction with Grupo Fenix, plans to continue previously-initiated work of bringing solar technology to the community of Sabana Grande in northwestern Nicaragua in hopes of greatly reducing the obstacles associated with traditional cooking methods.

Amanacer hopes to achieve this goal by working on three projects over the course of the semester. First, the team’s box cookers, similar to those currently used in Nicaragua, need to be updated to reflect recent changes made by previous teams’ work and the changes made by the women in Sabana Grande. The second task, and the group’s major focus for the semester, will be designing a parabolic cooker. This will potentially increase the variety of food that can be cooked using solar energy by attaining higher cooking temperatures. Lastly, the team will revise the laboratory lighting conditions that are currently in place at Cornell to more eloquently model solar conditions in Nicaragua.

Amanacer has already begun efforts to keep up communication with both Grupo Fenix as well as the women of Sabana Grande to ensure that the technology we hope to implement is both desired and beneficial.

Introduction

In Nicaragua, as in many under-developed countries, members of rural communities often must go to great lengths to gather the fuel necessary for daily cooking and water sanitation.  This arduous task often falls to the women and children of the community, exposing them to the dangers associated with cutting and carrying wood.  Such dangers include machete injuries and animal attacks.  This process contributes to deforestation which is a significant problem in much of the world.  Each year these women and children must also travel greater distances to gather fuel, as resources close to the community are used at a rate faster than they are naturally reproduced.  Not only is this inconvenient, but it uses time that could be better spent increasing their income or receiving an education.  If these families were to purchase fuel instead, this could consume up to twenty-five percent of their already meager incomes.
Not only do the current methods of obtaining fuel include great risks and inconveniences, but the cooking that is done with the fuel is also problematic.  Smoke-related diseases are responsible for over four million deaths annually.  Similarly, women and children  are exposed to the dangers of cooking over open flames.  Due to the high cost of obtaining fuel, community members are less likely to heed warnings about water sanitation which may potentially lead to more serious health issues caused by waterborne disease. Waterborne disease is one of the leading causes of morbidity and mortality in developing countries.  Certain foods, including certain grains and legumes, require longer cooking times and hence, more fuel.  Cooking with traditional fuels requires constant supervision, as the food easily burns.  The time spent attending the meal could be better spent by earning additional income or attending school.  Additionally, overcooked or burnt foods provide less nutritional value to the consumer, again contributing to nutritional imbalance.

The Amanecer Solar Oven Team believes that solar cooking provides an excellent alternative to the cooking methods currently used in rural Nicaraguan communities.  Using sunlight, a renewable, free, and readily-available energy source during much of the year, to cook eliminates the hassles and dangers associated with gathering one’s own fuel.  Because solar cooking can be used to cook two meals a day, the use of solar cookers have been known to reduce a family’s fuel use by 30-50%. Solar energy cooks foods at more moderate temperatures,  reducing the amount of time that must be spent attending the food and potentially increasing the nutritional value of the meal. Traditional box cookers can be used to cook a wide variety of foods including (bread, potatoesbread and potatoes are not such common foods in Sabana Grande) rice, beans, and chicken. Finally, solar cooking emits no carbons into the atmosphere, and thus does not contribute to global warming. 

Previous Amanecer teams have established a relationship with Grupo Fenix, an organization which aims to bring solar cooking technology to Nicaragua.  In particular, efforts are focused toward Las Mujeres Solares de Totogalpa in Sabana Grande, a small, rural community in northwestern Nicaragua.  The work done by Amanecer this semester is meant to build on the work done over previous semesters and provide a clear basis for work to continue in the future.

Amanecer has divided the semester’s tasks into three projects, each with their own timeline and goals.  These three projects are: updating the current box cookers to match those currently used in Nicaragua, designing a parabolic cooker, and improving laboratory lighting conditions at Cornell University.  Each will be detailed in the pages to follow.  This report will also outline the relationship Amanecer hopes to maintain with both Grupo Fenix and the Sabana Grande community in Nicaragua. Finally, this report will explain the needs of the project and provide a timeline for each of the semester’s tasks. 
Box Cookers
Background


A conventional box cooker uses solar energy as fuel to heat the box and thereby the food contained inside. Reflectors are usually employed to focus more of the sun’s rays through the transparent top into the box. The box and the cooking vessel are typically lined with black to convert  the light to heat.  The box is completely enclosed to retain the heat. Box cookers can be constructed from materials that are readily available for low prices in developing countries, such as Nicaragua.

The Amanecer team has two new 30” x 30” x 10” box cookers that were completed during the spring 2007 semester.  They were constructed mostly according to the Grupo Fenix manual with a modified method for attaching the panes of glass. This change increased the strength and durability of the glass since the women in the community reported a problem with the class cracking.  Over the 2007 spring break, the team traveled to Nicaragua to share their modifications and learned that the women there had made improvements to the ovens’ inner and outer lining.  Furthermore, five students spent part of the 2007 summer working on the ovens in Nicaragua, and they produced more possible modifications.  In short, Amanecer has two box cookers that do not resemble the latest Nicaraguan design, and the team plans to fix that discrepancy, testing each modification for effectiveness along the way.

Objectives and Scope

The best way to have productive research with the Grupo Fenix and Las Mujeres Solares de Totogalpa is to have ovens at Cornell that match the ovens in Nicaragua.  The only modification that we have identified so far is replacing the cardboard lining with a fiberboard lining.  This should help the insulation (consisting of wood shavings) maintain its shape and distribution and provide a sturdier compartment for the food.

We believe that the students who stayed in Nicaragua over the summer and the members of Las Mujeres Solares de Totogalpa thought of more changes but we have not yet had the opportunity to review them.  We will analyze their findings and suggestions and then decide if we feel more changes to our ovens are necessary.  While the box cookers continue to be a major part of Amanecer, the group’s focus this year will be on designing a parabolic cooker and improving the indoor lighting system.  We wish to get the box cookers into good, updated, working condition for future Amanecer groups and to begin testing them in conjunction with Las Mujeres Solares.

We also want to make sure that recent changes are indeed beneficial to cooking by collecting objective experimental data.  We plan to make modifications, one at a time, to one oven and hold the other oven constant as a control, then take temperature measurements using the light system.  We will compare the data to see if the changes are actually improvements.

Anticipated Benefits

Since the fiberboard modification is mainly to keep the insulation in place and the ovens here are not moved often enough to cause noticeable settling (the wood shavings looked fine when the cardboard was removed last semester), we do not anticipate measuring significant improvements.

Again, the purpose of our modifications is to keep pace with the work that has been done in Nicaragua, not to make further advances in box cooker technology.  As such, the benefit to making changes will be reinforced communication and cooperation  with Las Mujeres Solares.
Work Plan

Last year’s group started the replacement process by adding a layer of fiberboard just inside the outside metal sheet on one of the ovens.  We must remove the inner metal lining, remove the cardboard, attach the fiberboard, and replace the metal lining.  We have the fiberboard in the lab.  We need to cut it to shape and screw it into the existing oven frame.  Because fiberboard is thicker than cardboard, we may have to alter the existing metal lining.  The best-case scenario is that the cooker fits back together nicely; the worst-case is that we need to buy more sheet metal and rebuild the inner metal lining piece from scratch.  This entire process should take three weeks to complete.

After replacing the cardboard in one oven, we will test to see if the change makes any difference in performance.  After testing, we will decide whether or not to replace the inner lining of the second oven.

We do not know if reading through the reports written this summer or discussing the ovens with Susan Kinne, the president of Grupo Fenix, will inspire additional modifications.  If we choose to make more changes they will be started after the fiberboard process and testing has been completed.

Conclusion

By the end of the semester we will have two ovens that resemble those currently used in Nicaragua.  They can be used for solar cooking demonstrations and other promotional events here on campus during the semester, and will be ready for the next team to modify.
Parabolic Cooker
Background

A parabolic cooker focuses light using a parabolic reflector instead of a flat reflector.  Light is focused at a single point, the focal point of the parabola. The cooking container is placed at this focal point in order to maximize light absorption. This semester’s Amanecer team hopes to design, build, and test a parabolic cooker. 
Objective and Scope
During the semester, Amanecer hopes to develop a design for a parabolic cooker. Previous teams have attempted to design and build such a cooker, however time and design constraints hindered the project’s success. A parabolic cooker is more difficult than a box cooker to build because a higher degree of precision is required. Furthermore, it is not trivial to find or build an object that is parabolic in shape. Parabolic cookers also require more constant tracking of the sun because the focal point will move as the sun’s position changes. This means that food cooking in the parabolic cooker will require more constant attention. However, the types of food that one would likely cook in a parabolic cooker have a much shorter cooking time than those made in a box oven. Finally, parabolic cookers are typically large and awkward in shape, making them vulnerable to the elements, especially wind. It is Amanacer’s goal to creatively solve some of these problems, giving the women of Sabana Grande a design that is both user-friendly and effective.
We believe that this task will be the most challenging one of the semester. Therefore, our goal is not to have the perfect parabolic cooker that will solve all the women’s problems by December. We instead hope to have constructed a parabolic cooker from which we can obtain some initial data. We suspect that this first device will not be perfect, but hopefully future Amanecer teams will be able to continue our work using our design and data as a foundation to build upon.

In order to make solar cooking a viable replacement for wood stoves, it is critical that we make solar cooking as universal as possible. Currently, box cookers cannot reach temperatures high enough to fry foods. Foods such as tortillas are both staples of Nicaraguan cuisine and require very high temperatures for proper cooking. Without the development of some sort of concentrated cooker, the women would still need to gather and burn wood to cook tortillas daily. Amanecer has identified this shortcoming of the box cooker as a problem that needs an immediate solution. Therefore, we intend to focus much of our time and effort on developing a parabolic cooker.

Anticipated Benefits
The parabolic cooker allows for higher temperatures. The parabolic cooker can typically get up to 300°C while our box cooker design has only achieved a temperature around 210°C. 300°C is the temperature needed to fry tortilla. Additionally, the food is easier to access due to the location of the cooker relative to the hot areas.  In the box cooker, it is much harder to get to the food because one has to reach into areas of the cooker that are very hot and inaccessible. It is easier to stir the food and monitor its progress in a parabolic cooker. 
Work Plan 

We have divided this project into three main steps. First, we must do significant research into currently used designs for these cookers. We hope to incorporate aspects from the different designs into our own. Our main challenge will be determining the best way to achieve the parabolic shape. It could be made out of wood, cardboard, plastic, or even some sort of clay or plaster. Also, we need to decide what to use for reflection; either an array of plane mirrors or some sort of flexible reflective surface such as aluminum foil. Finally, we need to design a stand for the reflector and upon which the cooking vessel will rest. Our final design must take advantage of the benefits of parabolic cookers while minimizing the downsides. After determining the design, we need to gather the necessary materials and actually construct the device. During this stage, it is imperative that we document after step in the building progress so future teams may replicate our device. It is also likely that we will need to refine our design to make the construction as easy and straightforward as possible. Our final step is to run tests and analyze the data. We will need to be sure that we can find the focus of our parabola. We will also need to record what temperatures we can achieve using the lab lighting facility. Hopefully, we will even be able to test whether this device can be used to fry foods. In the end, we plan to leave future teams a list of recommendations for how to continue our work. 
Conclusion
With the input of Grupo Fenix and Las Mujeres Solares, we have determined that a concentrated cooker would be a beneficial development. This would allow for cooking at higher temperatures. This means that some food could be cooked more quickly, and would increase the variety of food that can be cooked using solar energy. 
Laboratory Lighting
Background

The existing lighting system is comprised of ten halogen linear lamps and four halogen flood lamps. They are mounted on a metal scaffolding system located in the Winter Lab where the ovens are tested. The current system uses two power strips which each control half of the lamps. This limits the dynamics of the system to three states: “all off”, “half on/off”, and “all on”. Halogen lamps provide an energy spectrum similar to that of the sun at the earth’s surface. Testing was conducted last fall and concluded that incandescent and fluorescent spectrums did not represent the sun’s spectrum as well as halogens do. Another benefit of halogens is the large output of a single lamp. With the current system, however, the magnitude and direction of the power is limited to that of the fourteen lamps, which, while adequate for conducting basic testing, does not allow us to accurately synchronize our tests with the conditions present in Nicaragua, nor does it let us test any variability in sunlight (such as time of day or cloud passing). The current system also does not allow for the creation of automated feedback loops using input from measuring devices such as pyranometers and thermocouples. 
Objective and Scope

The system will upgraded to allow for better variation in light direction and a broader range of light intensities. The system will be controlled by a computer to allow for custom programming which can be used to create unique simulations of light conditions. 

Parts and model numbers have already been identified for most of the equipment, at a projected total of roughly $1,500. This is within the current funding budget. Critical issues include power delivery to the system from the building and developing software that will give us significant control over the system’s power output. Personal safety will be considered, since the high volts and amperages involved will pose a serious threat of electrocution if proper care is not taken during construction. 
Anticipated Benefits
This lighting system was initially needed because Ithaca’s typical cloudy and overcast skies prevented regular testing of the cookers outside.The lighting system allows us to test two cookers under identical conditions, with one cooker operating as a control and the other modeling possible improvements. An upgraded lighting system will allow us to better replicate the solar conditions of Nicaragua. 
Work Plan
Ten additional halogen lamps will be acquired. These, along with the existing lamps, will be connected to power system that includes a solid-state relay for each lamp. These relays in turn will be controlled by a computer, using a USB relay interface to communicate. This will allow the computer to control whether each individual lamp is on or off. The power system will be connected to its own breaker panel, which in turn will need to be connected to Thurston Hall’s power grid. The power sources at the current system are not adequate to supply the high amperage of the new system, so a method will need to be devised to deliver more power to the area of the lighting system. A three phase power supply (at 220 Volts avg.) is located relatively nearby, and will be made usable (if done correctly, this power supply can be split into three unique 110 Volt power sources for our system, each capable of delivering a large current). Amanecer will  need outside help with this portion of the project. Once a power supply is established and the physical system is constructed, custom computer programming can be used (using libraries and software included with the relay interface) to manage the state of each individual lamp and make them respond to input from measuring devices that can also be attached to the computer. Pyranometers measure the intensity of light at a specific point, spectrometers measure the wavelength spectrum of light at a specific point, and thermal couples can be used to measure temperature and temperature changes in a certain area.

We anticipate that through the joint knowledge of the team members and our advisor, Tim Bond, we should be able to integrate the new lights, connect the relay system and program the equipment and computer. 
We hope to have this upgrade completed in time to begin testing the box and parabolic cooker in early November. However, in the case that this project does not go as smoothly as anticipated, we plan to maintain the working condition of the existing system throughout the entire semester. 

Conclusion
Our cooperation with Grupo Fenix and Las Mujeres Solares de Totogalpa will only be productive if we are able to share our data with these women. Based on our data we will be able to make recommendations as to what improvements are actually effective. Our data will only be applicable if our testing conditions mimic the conditions that these cookers will be used in; therefore it is critical that we maintain a high quality lighting system.
Community Outreach
In Nicaragua, as in the rest of the global south, people suffer from a lack of food and unclean water. Amanecer hopes to lessen these problems through the use of solar cooking, an energy efficient and pollution free means of preparing and sanitizing food. Amanecer works with the support of Grupo Fenix, an organization started at UNI (Iniversidad Nacional de Ingeneria in Managua, Nicaragua) which aims to improve the standard of living in rural communities through sustainable technologies. Amanecer’s work is focused in Sabana Grande, a small town in northwestern Nicaragua, where Las Mujeres Solares de Totogalpa , a subgroup of Grupo Fenix, also encourages the use of solar cookers. The women of this group work to educate themselves and others on how to build and use these devices and conduct research into possible design improvements. Additionally, the women are interested in using their knowledge of solar cooking to earn an income. They recently received a contract to build and sell twenty-two cookers.  They are also hoping to open an inn which will include a café selling only food made through solar cooking. 

In order to best serve this community, it is critical that we never lose sight of our principal objective: to help the people in Sabana Grande improve their quality of life. Thus, it is critical that we remain in constant contact with the people of this community. We must inform them of our progress and continually seek their input. We currently have corresponded with two women in Nicaragua via email. The ideas and advice of Susan Kinne, the founder of Grupo Fenix, and Nimia Lopez, the leader of Las Mujeres Solares de Totogalpa, will be invaluable this semester. Both women have significant experience building solar ovens and working with the women of Sabana Grande. Through our interactions with the women of Sabana Grande we hope to learn not only when and how these cookers are used, but also what services they are incapable of providing. For instance, the traditional box cooker cannot cook tortillas, a staple of Nicaraguan Cuisine. The development of a concentrated cooker is one proposed solution. Similarly, the cookers can be impractical because they are large and heavy.  Perhaps we can make the box cooker easier to rotate by adding wheels to the design. Hopefully, we will be able to alleviate some of these weaknesses through our work this semester.

Susan Kinne will also be visiting Cornell University from October 17-18. She will guest lecture in CEE 492: Engineers for a Sustainable World, lead an ethics discussion in the Bovay Ethics class, and give a seminar for the student run club, Engineers for a Sustainable World. She also plans to meet with the Amanecer team individually to provide guidance and support for the project. This will be a further the cooperative relationship between the two groups and provide a first hand account of life in Nicaragua. She will bring documents and data from Las Mujeres Solares which will aid our work with the box cookers. 

We hope to conduct tests cooperatively with Las Mujeres Solares throughout the semester. Nicaragua is in its rainy season, and testing will be spotty but continue over the next few months. If both groups run identical tests and share the data, we will be able to determine the effectiveness of oven improvements and also verify the accuracy of our laboratory lighting system in replicating the solar conditions in Nicaragua.  Cornell University supplied Las Mujeres Solares with a standalone measuring system, a pyranometer (for measuring the solar insolation) and a set of thermocouples.  This equipment allows easier testing of the solar cookers than using computer connected equipment.  The data can be downloaded to a computer for sharing, after the tests are complete.  The equipment should the women to gather and share their test data with us more easily. 

If time permits, Amanecer hopes to look into other means of increasing interest in solar cooking. Some ideas include double blind taste test experiments and the trading of carbon credits with developed nations. We hope to continue the research done by previous Amanecer teams in these areas. 

Resources and Needs
Resources We Already Have

· Lab Space – Thurston structures lab, Tim Bond’s adjacent classroom

· Preliminary lighting system (needs improvements)
· Laptop for Sunlight Model

· Spectrometer

· Selected Materials – sheet metal, plywood, nails, sheet metal, fiberboard, 2X4’s, tools, thermocouples (for reading temperatures), safety glasses
· Funds necessary to update the laboratory lighting system (approximately $2500)



The items listed above represent our best estimate at our needs for the semester. We do not yet have access to the full report summarizing the work done this summer, thus we are unsure of exactly what modifications need to be made to the existing box cookers. We do know that one of the ovens need to have a fiberboard interior installed. Similarly, we have not determined a final design for the parabolic cooker, therefore we can only guess at what materials we will need for this project. The material cost for a single box cooker is approximately $100. We anticipate not spending more on the parabolic cooker than on the box cooker. Therefore, we will be requesting $100 for the construction of our initial parabolic cooker. The lighting system has outside funding which will pay for the new lighting and computer equipment; however we still need to decide exactly what we need and obtain it. 

It is our hope that this team will be able to travel to Nicaragua for spring break just as last year’s team did. This trip is very important as it allows us to interact face to face with the people of Sabana Grande. We will be able to conduct taste tests with the community, as well as gain insight into the community’s opinion of the solar cookers through interviews. We will learn how to make the ovens more appealing and decide what the next step in solar cooker development should be. 

Since this is an ongoing project, much of the basic equipment and materials are available for our use in the lab. We believe that our needs will be fairly minimal this semester; however we will probably not have budget finalized until the third week in October. 








Conclusion


Traditional cooking methods in Nicaragua include cooking over a wood stove. This method creates many health and safety issues for the women and children. Women and girls travel long distances to collect food for fuel. This contributes to deforestation, endangers the women and children, and wastes time that could be spent in school or earning an income. The smoke associated with the burning of wood releases harmful carcinogens into the air which irritate the eyes and lungs and contribute to global warming. The open flame is also dangerous and it can burn the cooker or cause fires in the kitchen. Finally, the high cost of wood limits the amount of cooking that can be done which often leads to malnutrition or unsanitary water. We believe that many of these problems can be lessened or eliminated by the use of solar cooking technology. 


In cooperation with Grupo Fenix, Amanecer is dedicated to developing solar cookers that can be used in Nicaragua. Currently, box cookers are in frequent use in the rural community of Sabana Grande. We hope to increase their use by making the technology available more effective and efficient. During the semester, the Amanecer team aims to update the box cookers at Cornell University to match those in use in Nicaragua, design and construct a parabolic cooker, and upgrade the laboratory lighting system at Cornell. Finally, we hope to use our interactions with Grupo Fenix and Las Mujeres Solares to guide our work throughout the semester. 
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