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Executive Summary

INTRODUCTION

Gathering timber can be a grueling and time-consuming task, which is often carried out by the women and children. Deforestation has made wood a scarce commodity for fuel. Collecting wood for fuel is becoming more time consuming and dangerous the further out people must go to retrieve the wood.  Besides the dangerous and arduous task of collecting wood, the carcinogen, allergens, and irritants released during the burning of wood often damage the lungs and eyes of those in close vicinity to the indoor wood burning ovens. Amanecer seeks to address the escalating need for a new fuel source by utilizing the sun as a viable alternative to wood. Amanecer has sought out communities that could specifically benefit from the design of our solar cookers.  There have been three overwhelming factors in our designs of the solar cookers, expense, locally availably materials, and the custom and needs of the community receiving the solar cookers. 

      Amanecer has built a connection with Grupo Fenix, which focuses our work on solar cooker use in Sabana Grande, a small rural community in northwestern Nicaragua. With the help of the efforts of Grupo Fenix, solar cookers are already being used in Sabana Grande. We plan to work with Grupo Fenix to improve their cookers and methods for using them, along with building our own testing facility. We plan to reach our goals by dividing into three sub-teams which will work together through the semester to improve the solar ovens. The three sub-teams are divided as follows: 
1) The Construction Team is currently working on the assembly of two identical ovens according to the most recent Grupo Fenix, set of design. After the two ovens are completed one will retain the original design, the other will be tested with new modifications of the design. 
2) The Light Simulation Team will focus on designing and building an indoor sunlight testing facility. Composed of commercially available lamps, this custom built system will model the sun to aid in the testing of the solar ovens in a controlled manner. 

3) The Community and Marketing Research hopes to learn and understand the Nicaraguan relationship with the solar ovens. What aspects of the solar ovens that the people within the community use the ovens for and what they feel are benefits of the ovens are important questions that we are hoping to make headway in. The Kyoto Protocol allows for Carbon Credit to be sold when efficient energies are used and saving on carbon credit, it is one of the hopes of the marketing team to help the solar ovens earn carbon credit, which can be sold and the profits used to help defray the cost of the ovens.  

The overall end goal of Amanecer is to make a trip to Nicaragua which would serve two purposes. The first goal of the trip would be to implement the design modifications that would improve the ovens, and secondly to gain more first hand knowledge for more modifications, benefits, and drawbacks of current ovens that could be remedied or improved upon in future designs.  
Project Description


PREVIOUS WORK

Considerable work had already been accomplished by the Solar Oven Team at Cornell University in past years. At the outset of the 2005-2006 school year three functioning solar cookers were already constructed – two identical eight panel box cookers and one box cooker with an angled top. A method for testing and comparing the performance of two solar cookers had been documented by the spring 2004 team. We have also made use of parametric testing data on insulation and reflective material from past semesters. The paper written by the 2005-2006 team is currently being published, and has been a great asset for our work. 
Currently Team Amanecer has divided up the work for the next few months into three general components: the building and modification of ovens with the Grupo Fenix model presently used in Nicaragua; the creation of an indoor light system simulating the sun so that the ovens can be tested in a controlled environment; and research on social issues and marketing needed to best fit the ovens to the needs of the Nicaraguan community and to promote its distribution to other communities worldwide. 
Construction and Design of the Solar Oven

A significant portion of the project this semester relies on the constructing of the solar ovens and the designing of new features to improve the previously used solar oven. We will be using the Grupo Fenix design which is currently being used in Nicaragua. Through this process we will increase the benefits that the solar oven can provide.  In our modifications to the oven, we plan to make them cook a greater variety of foods, reducing the need for open fires. Additionally, by making the cookers more effective and easier to use, we hope they can best serve the needs and interests of the Nicaraguan community..

Objectives and Scope


During the course of this semester we are planning on making a few improvements to the solar ovens currently being used by Grupo Fenix. All of our improvements are based on the feedback of current users as well as students who have visited Nicaragua and had first hand experience with the ovens. There are four goals we hope to meet this semester. The first is the construction of the oven, the improvement of the insulation, the increase in glass quality or longevity, and the increase in mobility of the oven.


The first task that needs to be completed is the construction of the oven. The design of oven aims at creating a cooking device that is made of materials that are available and relatively inexpensive to the local users. The oven consists of a 30’’ x 30’’x 10’’ box with a top containing of double paned glass. Inside the oven, there is a black plate which absorbs the heat. The walls are made of aluminum to reflect the heat to the plate. Additionally, there is a single panel that is coated with aluminum foil that is position on top of the box to reflect light into the box. 


In order to gage the effectiveness of our additions, we plan to construct two identical ovens. Once both ovens have been constructed we will start designing our improvements. We next will add our improvements to one, and keep the other as the original Grupo Fenix design. Then, we will test both ovens to get a quantitative and qualitative comparison. 


It is important to make the ovens as efficient as possible so that the local users will have a greater incentive to use the oven over using an open fire. In order to improve the cooking time, we will work on improving the insulation system to minimize heat loss. Currently the design calls for the wood shavings and sawdust that are left over from the construction phase. Although this might reduce costs, we are finding that this might not be the most effective design. The problem that is occurring is that the shavings and sawdust are moving and falling down the sides of the walls leaving gaps in the insulation. So our plan is to test and find a means of insulating the oven that is more effective while also being accessible to the Nicaraguan people.

Another concern is the glass. We received input from our contacts in Nicaragua that many of the ovens’ glass were breaking. Throughout this semester we hope to find a way to avoid this problem. This may be done by using tempered glass or findinding a more reliable means to support the glass in the frame. 


The final improvement we aim to make this semester is to make the ovens rotatable. These ovens are heavy and awkward for many people to move around. We aim to create a system that will make the oven easily movable so that it can be operated by any user. When the sun rotates in the sky, it would be more convenient to create a system that would allow individuals to turn the oven so that it is always receiving as much sun as possible. 

Work Plan


We must build the ovens before any new designs can be implemented. For the first few weeks we will be working on the construction. We have already obtained all the materials need, and after we received training on how to operate the necessary equipment, we began the construction process. After the construction is complete, we will work on designing, adding, and testing our modifications. 

As we are completing the construction of the oven, we will begin to do to some research on insulation methods. We plan to test a few different systems in order to find the most effective means of insulation. Also during this time we will work different glazing techniques to find a means to make the oven’s top durable. Since our primary goals are to turn the ovens into efficient cookers we will work on these goals first. Then after these objectives have been met we try to make the oven as user-friendly as possible, by making it easily movable. During this entire process we will keep one of the ovens to the specifications of the original design so that we can track and compare the progress throughout the semester. 

Anticipated Benefits


Ultimately, our improvements for this semester aim to make the oven more efficient cookers. In Nicaragua, although solar ovens are being used, open fires are still necessary for some of their cooking needs. The oven requires a long time to cook, and it is still limited in the variety of food it can cook. For example, the ovens do not allow the user to cook tortillas which are popular additions to every meal the users in Nicaragua make. Tortillas require a very hot surface and currently our ovens cannot reach this temperature. Therefore, if we are able to increase amount of heat that can be concentrated in the oven, we can reduce the need to use open fires. Another aspect we hope to improve is the reliability and usability of the ovens. The users always have the choice to use the ovens or use an open fire which has worked for them previously. We want to make sure that oven is easy to use and will not break down so that there is a greater chance the user will be more inclined to operate the oven.

Conclusion


Throughout this semester, we aim to build two ovens and improve their quality of one. Specifically, will design and implement the means to improve the insulation, the glazing processes, and a means to rotate the oven. We will test our improvements against an originally designed oven to get a measure of how effective our designs are. All these objectives will add to effectiveness and reliability of the oven. This will allow the users to cook a greater variety of meals in less time, as well as well make the oven more user-friendly, with the hope that these users will choose the oven over cooking over an open fire.

Light Simulation System

Cornell University is known for its extreme interest in encouraging young undergraduates to enter into the world of research and begin early on to strengthen their own skills while helping to improve the world. In the past three years the Cornell Solar Oven Team has been researching and testing their solar cookers to the best of their abilities. Up until now there were no outlets available to them to provide the energy needed to test the solar ovens besides the obvious source of the sun. Unfortunately Cornell University is situated in Ithaca, New York which is known for its constant overcast, and less than bright sunshiny days especially during the fall and spring semester.  Due to a partial donation, this past year, Amanecer has graciously accepted the beginnings of a sunlight simulation system.  With the help of more funding it is our goal to bring this new aspect that has never been implemented within the three years of the solar oven project to life.  One of the three major objects of Amanecer sunlight simulation is to design and build a lighting apparatus that can model the sun. 

With a sunlight simulation system in place the possibilities for our testing faculties increase immensely. The lighting system plan can be explained through three different avenues; the Designing and Researching of how to begin the acquisition of different parts that will be required to complete the system, the implementation of the system which involves the construction of the system, and the testing of the system which involves the calibration in order for the Construction team to benefit from the sunlight simulator to begin the testing of the modifications they wish to implement on the new solar ovens. 

Design/ Research

The goal of the sunlight simulator is to accurately and easily replicate the effects that the solar energy gives the ovens in a controlled setting. Natural sunlight that enters the earth’s atmosphere is comprised of many different wave lengths.. The first step of designing the lighting apparatus which is currently underway is producing an in depth study of different lamps currently availably commercially. Part of the donation given to us included a spectrometer which measures the different spectrums of light given out by different light sources. With the correct calibration the lamps purchased can be analyzed and from there we can decide which lamps will most accurately simulate sunlight. The different types of lamps that are available for purchase will greatly influence the success of the sunlight simulator. The measured data from the lamps would be compared to the data that has been historically related to the sun’s spectrum and closely simulated. Data would then be compared to historical data of the sun’s intensity and spectrum.  The current spectrometer that we have procured measures the wavelength against the intensity of the light source. At this phase of development the intensity of the different lights is being tested to see how closely we can simulate the intensity of the sun. 

After the initial testing of individual lamps has been completed we will work with superimposing simultaneous lamps working at the same time. It is our hope that certain combinations of lamps will accurately simulate the sun’s natural light. When the lamps have been measured and decided upon, construction will begin on making a platform which would be capable of holding two ovens side by side with equal amounts of artificial sunlight. 

Implementation

An interesting challenge is presented to the sunlight simulation team after the types of lamps has been chosen to mimic the sun. To most accurately test two ovens, one as a control and the other being modified; we hope to do simultaneous testing. In order to have simultaneous testing a platform must be built that can hold two ovens. As of yet there is no platform which two solar ovens could be placed on. After the construction of the platforms as scaffolding system will be made to attach the lights so that they are above the solar ovens which are situated on the platforms. Around the perimeter of the platforms a barrier will be built to protect the ovens from outside light and  to try and regulate the inside  conditions of the ovens. The design for the lighting scaffolding will be completely designed by Amanecer

Testing

After the light apparatus has been designed and built, the two solar ovens should be completed.  The light apparatus will first be calibrated by comparing the solar ovens performance under the light apparatus and under the sun.  Once the light apparatus has been calibrated, it shall be used to test any alterations which are deemed beneficiary by the construction team. Using one of the constructed ovens as a control the lighting system will enable a more accurate testing operation of the modifications made to the ovens to deem them successful or unnecessary..

Anticipated benefits

The light apparatus will not only provide a testing facility that can be used at any time, but it also provides an objective method for testing the solar ovens.  The performance of a solar oven in the sun can be affected by many variables- humidity, clouds, time of day etc. – however in light apparatus would be able to be placed in a controlled environment were the only variables are the changes made to the ovens.  This will enable the solar oven team to investigate the impact of the different variables in the design of solar ovens.

The long term benefit of a project such as this is that future changes to the lighting apparatus could create an apparatus able to simulate different environments.  This apparatus could then used to create optimal designs for solar oven used different locations, without leaving the testing facility.  Thus this project can be used to expand area under which the solar ovens are marketable.

Conclusion

The solar oven team will tackle the lighting apparatus in threes stages- Design/ research, implementation and testing.  In design phase the solar oven team will analyze the wave properties of several lamps to determine how to best simulate the sun.  In the implementation phase the lighting apparatus will be built and modified accordingly, and will be used to test several oven designs.

Social Issues and Marketing
Developing countries typically suffer from a number of problems. The most commonly known problem is the lack of adequate food and scarcity of clean drinking water, which leads to starvation and malnutrition. Nearly half the world’s population must burn wood or dried dung to cook their food. This leads to the problem of requirement of fuel. Wood used as fuel leads to widespread deforestation, global warming, health problems due to smoke inhalation, safety issues and the loss of valuable time spent gathering wood, particularly by the women in developing countries. Another problem is the lack of clean water in developing countries. The water has to be boiled to make it drinkable for which more fuel is need which in turn proves to be expensive. As a result disease spreads rapidly and malnutrition results.  
The Solution: Solar Ovens

Cooking with a solar oven is an energy-efficient, pollution-free way to help fight global warming and take advantage of nature's free, inexhaustible energy supply. A reliable solar oven can be built from everyday materials in just a few days or purchased ready made. 
Solar ovens can be used to prepare anything that can be made in a conventional oven or stove — from baked bread to steamed vegetables to roasted meat. Solar ovens allow the owner to do it all, without contributing to global warming, or filling the kitchens with carcinogens that are released during the burning process. 

 Our goal is to increase the awareness of the advantages of solar ovens among the communities in Nicaragua and interest them in investing in buying or building solar ovens
.

We hope to accomplish this in a number of ways.

1. Hold experiments in which we test whether the food tastes better in solar ovens.

2. Prepare recipe books on how and what to cook in solar ovens

3. Research on carbon credit. Since these ovens don’t use electricity or any type of fuel, we save on the carbon emission. This can be used to trade for carbon credit.

4. There is a proposal for a solar café in an inn on the main road to Honduras. If a solar café is successful it can be implemented in other areas as a profitable reason to have the ovens as well as raise awareness of the diversities a solar oven can provide.

Food Tastes Better:

The people of Nicaragua who use solar ovens to cook their daily food believe that the food tastes better in them. One of our team members
 was over there this summer and they held an experiment 
to test this. They roasted coffee beans in a solar oven and on a stove. Next they blind folded these people and asked them to taste these coffee beans and list their preference. In this experiment majority of the people chose the coffee beans that were roasted in the solar ovens as the better tasting beans. Once our ovens are built we hope to conduct similar experiments here and provide convincing data that this is true.

Recipe Book:

 The women of Nicaragua are very proud of their solar ovens. There is a sense of a freedom among them as they are no longer required to go into the forests to cut the wood and then spend hours over a hot stove or fire. They have compiled a recipe book with a number of delicious things that can be cooked in the solar ovens. Solar ovens can be used to prepare anything that can be made in a conventional oven or stove — from baked breads like cakes and biscuits; to steamed vegetables and roasted meat. We think a recipe book along with the solar ovens will encourage people to build these solar ovens and thus be helpful in marketing the ovens. If they people know how to cook the food inside the ovens, they are more likely to want to make the investment in solar oven. 

Carbon credit:

Part of our research is to find out the effects of the global warming and how the greenhouse gases like carbon dioxide affect it. Solar ovens don’t use electricity thus it saves on the equivalent carbon emission. We believe that these savings, if large enough can be used to trade carbon credit to the developed countries. This way it can be a revenue model 
for the investors and not just a donation.

Clean Development Mechanisim (CDM) and Carbon Trading 

CDM is one of the flexible mechanisms developed as part of the international Kyoto Protocol negotiations to reduce global greenhouse gas emissions. Since only the developed countries have the mandate to reduce their emissions to five per cent below their 1990 emission levels, CDM permits them to buy carbon credit from developing country companies.  The trading has to be conducted in the next 6 years since the developed countries have to meet their emission reduction commitments by 2012. The six greenhouse gases for which there are emission reduction targets are carbon dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride. However, the unit used for measuring emission reduction is tones of carbon dioxide equivalent (tCO2e). 

A village in Andhra Pradesh, India no longer uses any conventional fuel. The village of Bysanivaripalle began installing biogas plants roughly 20 years ago, and from that experience the 36 families in the village were primed to embrace solar cooking. The village saves 72 tons of firewood - or 5,832 kilograms of liquefied petroleum gas - each year, reducing yearly carbon dioxide emissions by over 100 tons. If we take the average price of carbon per tonne to be around $12 to $15. This means that the village can earn $1200 to $1500 per year.  



Solar Café:

There is a proposal to build a solar café in a road side inn, which is on the main road to Honduras. The aim of this café is to make all its products using solar ovens and solar energy. It is expected to be a revenue model as there is not cost of fuel involved. If this proves to be successful, it can be used as a model for other restaurants and encourage them to use Solar ovens.

Project Planning Timeline
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Resources and Needs

Resources We Already Have

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

· Scaffolding for Sunlight Model

· Laptop for Sunlight Model

· Spectrometer

· Selected Materials – sheet metal, plywood, nails, sheet metal, 2X4’s, tools, thermocouples (for reading temperatures), safety glasses

Needs      


Item
Unit Price
Number
Cost
· Hinges/Wheels
$2
12
$24

· Aluminum Foil
$3 (roll)
6 rolls
$12

· Paint 
$3.48 (pint)
2
$3.48



· Wood Glue
$1.99 (4 oz.)
1
$1.49



· Glass
$50 - $100 (sq. yd.)
2 sq yds.
$75

· Food to test – rice, coffee, and other food cooked in Nicaragua
$50

· Travel (plane ticket)
$600
7
$4200


Total: 
$3399.97

*Many of the materials required to build two solar ovens have already been acquired with the help of the Engineers for a Sustainable World class, CEE 492. 

The items requested are to help with the modifications that we hope to outfit the newest design of ovens with. We currently with the generous donation from CEE 492 have begun construction on two solar ovens that are based on the newest (Fall 2006) Grupo Fenix blue prints for solar ovens. Foodstuffs are included within the needs of the project to help test our theory that some foods that are cooked within the solar ovens taste better. With these foods stuffs we can conduct tastes tests.  Travel expense are included because it is the hope of the group to travel to Nicaragua during fall break to introduce the new design to the people of Nicaragua and to complete more testing in Nicaragua regarding the uses of the solar ovens, and more improvements that we can gather from the people of Nicaragua. 
Most importantly, a large lab area has been reserved for the solar oven team to construct the scaffolding and indoor testing site.  This lab includes all basic machines to replicate the Nicaragua Solar Ovens.  All of the materials required to build the first two solar ovens were already acquired.  Additional materials will be required to modify to oven designs as the project continues.   All of the equipment required to build the indoor testing site are already in the lab.  Further research into Nicaragua nutrition and cooking habits will affect the kind of food bought to cook in the oven.  The assembled Solar Oven team has all of the necessary skill sets to properly build, modify and test the ovens.  Additionally, several members speak Spanish and have a background in Developing World Social Issues.  Finally, plane ticket prices have been added so the team can visit the implementation site to market the ovens, learn about the user community and learn about other ways to improve the ovens. 

Team Organization
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Team Background
The Solar Oven team includes a diverse group of talent and passion with experience of mechanical engineering, developmental projects, and Latin America Culture.

Tony Szozda is a senior MAE student with a concentration in vehicle engineering.  He speaks fluent Spanish, with a background in Polish and French, and has lots of experience in design work, including creating CAD models, and construction.

Kaimeng Feng is majoring in Civil Engineering with a concentration in Structures.  She is interested in sustainable engineering and member of the solar decathlon team which serves to construct a completely self-sufficient solar powered home. She is also part of a two member group responsible for designing a rainwater collection system. Additionally Kaimeng conducts research in FEM analysis and biomechanics.

Gillian Sarah Paul is a junior in Biology and Society with a Concentration in Spanish. She has experience in scientific team problem solving as well as science writing for public and academic readers.  She has studied the Spanish language for 15 years and has great exposure to Latin American culture.

Priyanka Jain is an electronics engineer, currently completing a Masters Degree of engineering in engineering management.  She has contributed to development projects in rural areas facing survival challenges.  Through her work, she has enabled 50,000 people to rise above the poverty line through revenue generating, self -sustaining projects.  

Andrew Heier is a senior majoring in Operations Research.  His academic interests lie in manufacturing systems, supply chain design and project management.  He is involved in the Executive Board of the Cornell Chapter of Engineers for a Sustainable World and is interested in sustainable solutions for the Developing World that creates economic opportunity and increases the quality of life. 

Dupe Adeyemo is a senior majoring in Civil engineering, with a minor in engineering minor management.  He is interested in finding methods of energy consumption that will provide cheap alternative developing countries.  His academic goals is to work with developing countries, in the construction and maintenance of infrastructure systems.

Sara Lee Allen is a senior majoring in Civil engineering, with a minor in Engineering Management. She is interested in working in sustainable development on all levels, it is her hope that in the future she will be able to do bring a more “green” approach to current civil engineering practices in the development of new projects ranging from buildings, to utilities, and transportation. 

Tim Bond is an Electrical Engineer, with substantial experience in structural and geotechnical engineering research and development.  His work includes designing and building test specimens and apparati, designing and implementing research programs and many years of cooking in all environments.
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Appendices

�The designs of our ovens can be built with the materials available commercially at a local hardware store


�In Nicaragua? 


�John – its ok to use his name


�It was a very informal test, part of what we hope to do is to perform more tests to determine whether or not this is true which will also promote a community awareness about solar ovens


�Define what a revenue model is 


�Why is the measurement important, can you estimate or explain how we will be saving on carbon emissions ???


�Why Is this important to Nicaragua ?? 
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