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Introduction:
Through research and past experience we now know that over two billion people in the world currently depend on wood as their primary cooking fuel (Lampinen, 1994). We also know that wood cooking carries several inherent costs, both to the people doing the cooking and to the biosphere as a whole, such as eye irritation and respiratory problems, as well as, deforestation and carbon dioxide emissions.

In an effort to ameliorate some of the conditions caused by wood cooking, Amanecer has collaborated with Grupo Fenix, a renewable energy group at la Universidad Nacional de Ingenieria in Nicaragua. Grupo Fenix in turn works with  Mujeres Solares de Totogalpa in the rural village of Sabana Grande, where wood is the primary cooking fuel.  In past years, this collaboration has worked on the design and dissemination of solar-powered box cookers in Sabana Grande. The ovens have been met with fair acceptance, although Mujeres Solares de Totogalpa reports two main issues.  First, the paint on the outside surface of some of the ovens has been peeling off.  Second, each oven can only cook a relatively small amount of food.  

Throughout the semester, the Fall 2008 Amanecer team has worked on addressing these issues: 

1) Troubleshooting.  This team’s goal has been to find a way to stop the paint from peeling off the outside of the ovens.  This involves finding out exactly what kind of paint is used on the Nicaraguan ovens, what material it is applied to, and how that material is prepared.  By following ASTM testing, we have been able to test paint by scratching the surface and testing paint with various treatments. Based on our results, we have come to conclude that sanding and phosphoric acid are the best metal treatments.

2) Design.  This team’s goal has been to figure out a way to cook more food.  At first, the design team proposed building two ovens: a 1-D scale-up and a 3-D scale-up. Unfortunately, we underestimated the time it takes to build a solar oven, and we have only been able to build the 1-D scale-up. After testing, we have come to conclude that our 1-D scale up solar oven has negligible effects on heating time.
3) Energy and Cost Analysis. In addition to working on the problems of paint peeling and cooking more food, our team has analyzed the energy and carbon costs embodied in our solar ovens.  We have compared these values with the costs associated with traditional wood cooking methods, and have examined the efficacy of the solar oven as a solution to energy consumption and carbon emissions in the Global South.
[image: image22.wmf]
One of the solar ovens that the Solar Oven Team used this semester.
Troubleshooting:
Paint Peeling
The problem that Nimia from Mujeres Solares presented us with is that the paint used on the exterior of the solar oven (and the black plate in the bottom) flakes and peels off very easily.  This is mainly an aesthetic problem.  As such, one could very well ask the question, “Why do we care?”  The answer is that Mujeres Solares is trying to market these ovens, and have in fact sold a large number of them.  If the ovens look nice, they will sell better, meaning more people will buy them and cook with them instead of using wood.  In addition, the profits generated will allow Mujeres Solares to give more ovens to their members and fund new programs to help people in Sabana Grande.
In order to solve this problem, we first tried to replicate the conditions under which the paint peeled. After some communication and inference, we concluded that the metal Mujeres Solares is trying to paint is galvanized (zinc electroplated) sheet metal, similar to the metal commonly used for ductwork in the United States. We were able to obtain some of that material. Next, we tried to obtain the paint Mujeres Solares uses. They used Corona brand “dura” oil paint. After extensive telephone and e-mail communication with the various departments of that paint company. we concluded we  could not realistically get the paint here before the end of the semester. So, we ended up using a similar brand of oil paint to do our testing. 
We used a test modeled after an ASTM standard for adhesion (test D 3359-02). We applied various pretreatments to the metal prior to painting in order to test their effectiveness relative to each other and control (no pretreatment). For the sand pretreatment, we sanded the metal with sanding paper on a block of wood, first vertically then horizontally. In the phosphoric acid pretreatment, we wiped the surface twice with phosphoric acid soaked paper, let it sit for approximately one minute, then neutralized by wiping the surface with a saturated baking soda solution. Then we wiped the metal twice with damp paper and dried it off with clean paper. The vinegar pretreatment was similar except that we used vinegar in place of phosphoric acid. For the soap pretreatment, we wiped the metal twice with soap-and-water-soaked paper then twice with damp paper and then dried it off with clean paper. We also attempted several tests in which we sanded first and then applied another pretreatment. For general applications of this methodology in Nicaragua, reusable cloths could be used in place of paper. 

Next we painted all the pretreated areas and allowed the paint to dry for several days. Using a sharp knife, we scribed 5 8x8 (1 mm cell) grids into each pretreated area. Thus, each grid had 64 one square millimeter squares of paint that were not attached to each other. After that, we used the stickiest tape we could find (duct tape), adhered it to each grid, and then ripped it off. We counted the number of squares removed from each grid in that fashion and then performed statistical analysis on the resulting data. 
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As can be seen from the above chart, the phosphoric acid pretreatment worked the best, followed by sanding plus phosphoric acid pretreatment, followed by sanding pretreatment. However, the difference between the results for phosphoric acid pretreatment and sanding plus phosphoric acid pretreatment were not statistically significant (their confidence intervals overlap). The difference between the sanding plus phosphoric acid pretreatment and the sanding pretreatment was not statistically significant either, however the difference between the phosphoric acid pretreatment and the sanding pretreatment was statistically significant. 


Our recommendation to Mujeres Solares is that they use phosphoric acid as a pretreatment before using their solar ovens. However, for reasons of cost and availability, that may not be practical. In that case, we suggest the sanding pretreatment, which is nearly as effective, and would likely be cheaper and easier. Any pretreatment at all is probably better than no pretreatment (although the differences between soap pretreatment and control were not statistically significant). The probable reason why control performed so poorly, as well as the reason for its very large standard deviation, is that finger oils on the metal can cause the paint to peel quite easily wherever it has been handled. For this reason, we emphasize the need to not touch the metal between the pretreatment and the painting. 


Because of the chemical differences in the paint we were using as compared to the paint Mujeres Solares uses, and because of the large span of testing time required, we decided not to try to perform a simulation of exposure of the paint to tropical sunlight using the lights testing apparatus. That is a possibility for future research, but future teams will have to weigh the practicality and utility of such a test. 
Design:

Cooking More Food
1-D versus 3-D Expansion

[image: image1.jpg]


In order to cook more food, we redesigned the current box cooker design to increase the interior cooking space of the oven by 50%. The current interior dimensions of the box cooker are 25”x 25”x 25”.
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We speculated that making the length of the oven larger would be more beneficial than increasing the height and depth of the oven since previous data suggests that the primary means of heat transfer is through convection.  Increasing the depth of the oven would not be practical since it may create a hazard for women to reach into the oven to place and remove pots.  In order to prove our hypothesis, we the calculated design dimensions for a 1-D scale up and a 3-D scale up. 

The interior cooking dimensions of the scaled ovens are shown in the diagrams below.


In both scale ups, the volume of the interior space is 23,438 in2. This is a 50% increase from the current box cooker interior volume of 15,625in2.  

1-D Scale Up Construction
To construct the scaled up box cooker, we followed a manual given to us by Groupo Fenix titled “Solar Box Cooker Construction Manual”.  The manual includes measurements of the individual parts of the original 30”x30” ovens currently in use in Nicaragua.  It also contains a detailed set of instructions for construction.  Our team decided to begin with construction of the 1-D scale up box cooker.  Using the dimensions given in the manual and our new scale up dimensions, we detailed out the size of each piece for the scaled up oven.  Exact measurements can be seen in Appendix A.

We followed the process outlined in the manual as close as possible during construction for two main reasons.  First, we wanted our new oven to be as similar as possible to an oven that would be constructed in Nicaragua.  We were not able to have 100% perfect comparison because some materials available in the United States are not exact matches to materials found in Nicaragua.  Despite the small differences in materials, we feel that our oven has been constructed in such a manner that the two are undeniably similar in nature.   The differences are small enough that a comparison of the performance of the oven in our laboratory and the performance of an oven constructed in Nicaragua can be made with confidence.  Secondly, we hoped to act as an objective source to the clarity and thoroughness of the manual.  In the beginning, our group was unfamiliar with the process of constructing a solar oven.   As such, we were able to see weaknesses in the explanatory power of the manual and question the construction techniques presented.  There were several times during construction in which we were unsure of why a portion was built in a particular way or by a particular process.  There are some portions of the manual for which we would suggest considering alternative methods in order to save time and ease the difficulty of construction.


There are two major changes that we would suggest to the construction manual.  The first and largest change we would suggest is the addition of an outer layer of fiberboard.  This board would be located on the outer portion of the box between the wood and the exterior metal.  Adding this layer eases the difficulty of construction by containing the wood curl insulation as you are installing the metal exterior.  Although this addition slightly increases the materials needed, and potentially the cost, it provides additional insulation material for the box cooker.  We hypothesize that this will improve the cooker’s performance slightly, and at worst will provide no improvement.   However, further testing would need to be done on the cookers to prove this hypothesis.  A second change we suggest is to redesign the rear and center support columns.   Theses columns are designed as two rectangular pieces of wood fastened into an L shape.  While constructing the oven, we were unsure of why they needed to be done this way.  We feel that if the columns were changed to a single rectangular block of wood they would be easier to construct, and they would be able to serve the same structural purpose for the box.  The front columns are designed as a single piece already, leading us to believe that it would be logical to convert the design of the rear and center columns to match.  


The construction process took longer than we anticipated for several reasons.  First, our team members needed to familiarize themselves with the design of the oven, the procedure to build it, and the necessary tools.  We underestimated the amount of time it would take for our entire team to learn to use and become comfortable with the necessary tools substantially increasing the time to construct.   Second, we did not solicit as much help from the ESW club as we would have hoped.  We had only two members come to help with the construction of the oven and these members came to very few construction sessions.  We attempted to reach out to members of the organization, but as a team we did not do enough to keep them involved in the project and coming back to continue work.  Despite these drawbacks in construction, we were able to complete the 1-D scale up.  However, we were not able to construct the 3-D scale up this semester.  

Bigger Box Testing

Five tests were run to characterize the new, larger oven. Tests 1 and 2 were run using the two older 30”x30” box cookers, and Tests 3, 4, and 5 were run using the new 1-D scale up of the original ovens. The tests involved heating a measured amount of water in the solar ovens and observing the time it took to heat from 40°C to 95°C. The pots used to contain the water had a top diameter of 8 inches and were 5 inches tall. With an upper lip thickness measured to be ¼ inches, the inner diameter of the pots was calculated to be 7.5”. The pots’ exterior and their lids were painted black, and can be seen in the picture below.
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Figure 1. Black pots used for heating water in the solar oven tests.

The temperatures of interest were measured using seven thermocouples. To determine if calibration was needed for the thermocouples, all seven were placed in a single pot of water and their outputs were tested. The mean temperature reading was calculated after readings had stabilized, and showed that there was a 2.4°C difference between the minimum and maximum mean temperatures with a mean standard deviation of 0.38°C. The thermocouples were determined to be accurate enough for our purposes, though calibration would not affect the results because the data was analyzed for the time it took to heat from 40°C to 95°C. A temperature reading too high or too low would not affect this measured time, though it would explain why water in some pots was measured to be over 100°C towards the end of test runs.

The testing was done using the lighting system, where the insulation from the halogen lamps give approximately the same amount of energy as the sun does on a bright, clear day in Nicaragua. A pyranometer was used to measure the insulation during the five tests. During Test 1 and 2, the pyranometer was placed at the center of the lighting system, straddling the tops of the two older ovens. For Tests 3, 4, and 5, the pyranometer was moved to the back left corner of the new oven, where insulation was weaker. However, the amount of insulation recorded was similar for each position, and probably did not change between testing of the older and new ovens. Figure 2 shows the pyranometer reading for each test, though the data was interpreted by the program reading results from the thermocouples, and the units of the pyranometer output, which were converted from the pyranometer voltage output to °C, do not make sense. However, this graph shows that the insulation was relatively constant when the pyranometer was placed in the center for the first two tests, and that it was relatively constant when the pyrometer was placed in the corner of the light bed during the last three tests.
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Figure 2. Insolation during the five tests in °C units converted from voltage output.

Images of the test set up can be seen in Figure 3 to 6.
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Figure 3. A view of the oven interior from the door opening.
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Figure 4.  New oven during Test 4.
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Figure 5. New oven being tested using the light system.
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Figure 6. Computer used to log temperature data with new oven being tested in the background.

Test 1 involved the two older ovens, each with approximately 2.7 kg of water in a single pot. Test 2 also involved the two older ovens, but each with approximately 4 kg of water divided into two pots. Test 3 involved the newly constructed oven with approximately 8 kg of water divided into four pots. Test 4 and 5 involved the new oven with approximately 4 kg of water divided into two and four pots, respectively. These results are illustrated in Figures 7 to 11, and a consolidated table of test details and results are in tables following the figures.
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Figure 7. Test 1 temperature results. Note that probes T2 and T3, which read the temperature of the black plate in each oven, became detached at different points in the run.
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Figure 8. Test 2 temperature results.
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Figure 9. Test 3 temperature results.
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Figure 10. Test 4 temperature results.
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Figure 11. Test 5 temperature results.

Table 1 in Appendix B contains a consolidated list of test details and results. In the columns listed as “Time” is the time measured for each pot of water to heat from 40°C to 95°C. In the last column labeled “Min/kg” is the maximum time from the Time (min) column divided by the total mass of water heated in each test.

These results indicate that the time required to heat all the water from 40°C to 95°C to be mainly a function of the total mass of water being heated, regardless of whether the pots are in two smaller ovens or one larger one. Test 2 and Test 3 both involved heating approximately 8 kg of water, though in Test 2 each older oven had 2 pots containing 2 kg of water in each pot, and in Test 3 the newer oven contained 4 pots containing 2 kg of water in each pot. It only took 1.77 minutes more for all the water in Test 2 to heat from 40°C to 95°C than it did in Test 3, and this minor increase in time could be attributed to the 179 g difference in the total mass of water.


Additionally, increasing number of pots and decreasing the amount of water in each pot did not have a significant effect on the time it took to heat the water in Tests 4 and 5. Test 4 only took 0.87 minutes, or 52 seconds, longer than Test 5 to boil 4 kg of water, even though Test 4 had 2 pots each containing 2 kg of water and Test 5 had 4 pots each containing 1 kg of water.


Even though the amount of time required to heat from 40°C to 95°C increases as the mass of water heated increases, the difference in time required decreases. This suggests that there is a fixed amount of energy used to heat the oven, since the relationship is not linear, as can be seen in Figure 12 below.
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Figure 12. Time required to heat water from 40°C to 95°C as a function of the total mass of water.

This is further evidenced by the decrease in per kilogram heating time as the total mass of water being heated, as illustrated in Figure 13.
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Figure 13. Per kilogram heating time as a function of the total mass of water.
While this data suggests that the time required to heat all the water from 40°C to 95°C is heavily dependant of the total mass of water being heated, more testing is needed to fully understand the affect of other variables, such as the surface area of the water touching metal painted black. However, this data does indicate that the surface area of the pots in contact with the black plate on the bottom of the oven does not have much influence on the heating time. To get a complete understanding of the best way to heat large amounts water, which will help give an understanding of the best way to cook large amounts of food, testing needs to be done using pots of different sizes, which were not available at the time of testing.

The data has shown that making the oven wider has negligible effects on heating time. However, testing should also be done with a 3-D scale up of the oven when built, since the bigger pots that the women in Nicaragua would like to use tend to be taller, to see how oven height affects heating time. Contrary to results obtained by previous tests done with the solar ovens, where heating time decreased when more pots with smaller amounts of water were used, the results obtained in this series of testing indicate that using larger pots in wider ovens do not lengthen heating time.
Energy Analysis:
In order to quantify the energy savings due to replacing wood cooking with solar cooking, we undertook a study of the embodied energy of our solar oven, as well as the amount of energy offset by its use.  We had accurate data for the materials used in the oven and their associated energy costs; however, precise treatments of offset energy and embodied energy due to transportation will require acquiring data on site.  As a first approximation, transportation-based energy costs were neglected, and the following assumptions were made regarding the offset energy:

1) Solar cooking can replace one wood-cooked meal per day

2) One wood-cooked meal consumes 2 kg of wood at an energy density of 6 MJ/kg.
Thus, daily wood-fueled energy offset can be calculated:

Daily energy offset = 2 kg/day * 6 MJ/kg = 12 MJ/day.
The embodied energy of the oven was calculated by calculating the volume of each component material and multiplying by the volumetric embodied energy density, as seen in Appendix C. Data for embodied energy of the materials came from a website called “Measures of Sustainability. Contributions due to hardware and adhesives were neglected. From the daily energy offset and the total embodied energy of the oven, we calculate the simple energy payoff time:


Payoff time = 488.0 MJ / (12 MJ/day) = 40.67 days.
If we assume an oven’s lifetime to be two years, the total offset energy is:


Total offset energy = 12 MJ/day * 730 days – 488.0 MJ = 8,272 MJ.

It should be noted that the Nicaraguan ovens use recycled aluminum sheets for the interior reflectors, which significantly decreases the embodied energy of the oven.  New aluminum, as opposed to the recycled variety, has an embodied energy density of 515,700 MJ/m3.  If new aluminum were used in the ovens, the total embodied energy would increase from 488.0 MJ to 676.5 MJ, a 38.6% increase.  The use of recycled aluminum is thus an extremely effective means of cutting down on embodied energy.


This first approximation suggests that our solar oven design is an effective tool for energy conservation.  It is, however, only a first approximation.  If further work is done, it should be focused on replacing the assumptions in this treatment with solid data gathered in Nicaragua.  The required elements for further inquire are: transportation costs of oven materials, transportation cost of cooking wood, meals per day offset by solar cooking, wood consumed per meal, and the energy density of the wood.  Additionally, the figures for embodied energy of our materials could be cross-checked to ensure accuracy.

Budget Analysis:
Proposed Budget versus Actual Expenditures

Our initial proposed budget came out to be approximately $8,800. This included materials for the paint experiment, parabolic trough oven, box solar oven, an updated light system, and plane tickets to Nicaragua. Our actual expenditure included zinc sheets, galvanized sheets, plywood, masonite, caulk, aluminum sheets, halogen bulbs, glass planes, and hardware. The cost of these materials is as follows:
Item                            Number of Units            Cost per Unit                Total Cost 

Paint Materials

 1


  N/A

            $96.93

Prototype Box


 1

          $228.57

          $228.57

Light System


12
          

$5.39    
            $64.68 

                                                                                                  
          $390.18

As one can see, we spent much less than we initially proposed, but our actual expenditure does not include the plane tickets for the trip to Nicaragua next semester. 

Reflections:

Coming into the solar oven project with a group composed of entirely new members, we were unaware of the progress that the women in Nicaragua had made during the course of the Cornell inactive summer. Because of this, our initial proposal was based on problems that the women had encountered prior to the start of the summer, these being the glass breaking and the inability to cook a sufficient amount of food to supply the numbers desired. This led to our subsequent research and solution proposals. However, after receiving an update from the women’s group, Mujeres Solares, which had been delayed due to the inaccessibility of internet in Nicaragua, it was brought to our attention that the glass breaking problem had been solved. But, another issue had emerged. 


Mujeres Solares is currently attempting to sell their solar ovens to the public, calling for the need to market ovens that are aesthetically pleasing. The problem, however, has been the continued observance of the paint deteriorating and chipping. Our group took on this new challenge and with the help of ASTM paints testing standards we came to a plausible solution. Although we experienced failed attempts at acquiring the exact paint used, in using a similar paint, we concluded that preparing the steel beforehand by sanding it down and then applying the paint would assist in preventing against the paint flaking off. 


The solution to the problem of cooking a greater quantity of food was unfortunately not as successful. For this problem, the group decided to test the Mujeres Solares idea that an enlarged version of the box cooker would consequently lead to cooking more food at a faster rate. While we did not necessarily agree, our group, Amanecer, committed to testing the idea and in doing so setting the women’s groups minds at ease. To test this, we created a 1-D scale up version of the cooker currently being used in Nicaragua. The results showed that widening the cooker had little to no effect on the heating time even when the pots are larger.


In the end, while we did not accomplish all our goals such as constructing a parabolic cooker, we did come together as a group from different areas of study to solve a pertinent issue in Nicaragua. While the use of solar ovens may seem archaic in a modern American view where technological advances have been supplied to the general public, they are vital and important to the citizens of Nicaragua that do not and cannot take advantage of the same commodities. Thus, the fact that we could come together at Cornell University, learn how to use power tools, learn how to read construction manuals, and work cohesively to help in the fight against the exploitive use of wood is an accomplishment in and of itself. While our accomplishments –solving a paint peeling problem and testing a now proven failed solution may seem miniscule, they are not. Not only did we contribute to a cause, but we also enhanced our own knowledge of our personal capabilities in the path towards creating a sustainable world. It comes to show that global cooperation can be possible, and that it is an error to believe that the fates of others in what are seemingly remote parts of the world are not intertwined with our own. The truth is that we do share the same planet and thus must bear the same consequences in its misuse.            
Future Considerations:

The Solar Oven Team has accomplished many goals over the course of the semester, but in the process it has also developed many more for the future.  For instance, our group would like to explore the idea of scaling up the box oven further by building a 3-D scaled model and testing it against the 1-D scaled model.  Additionally, our team members hope that more work can be done with the parabolic dish cooker, as well as with the new parabolic trough.  Finally, with all of our new knowledge, the Solar Oven Team hopes to share what we have learned, as well as our plans for the future, with members of the Nicaragua community and future Engineers for a Sustainable World students.

Scaled-Up Models
With construction of the new 1-D scaled solar oven completed, our group could test the effectiveness of a larger oven against the original smaller ovens currently used in Nicaragua.  We hoped to determine if the larger oven could cook a larger amount of food more quickly than the smaller ovens.  The tests we ran proved to be valuable; however, our group had more testing goals – in the future we hope to fully explore the best way to optimize cooking efficiency.  This could be carried out by making a 3-D scaled oven and testing it against the 1-D scaled model.  Our team expects the 1-D model to perform better than the 3-D model since it will have a larger glass surface area to volume ratio, but this cannot be guaranteed without actually gathering data and proving it in the laboratory.  Furthermore, the members of Grupo Fenix and Mujeres Solares de Totogalpa believe that scaling the original oven in all three dimensions would be the most beneficial, so it is important that we run tests on both types of ovens to respect their opinions and provide clear, material evidence of each oven’s advantages.  All of this information could also be tabulated and presented in new construction manuals, which individuals could then use when deciding which oven to make for a specific situation.

Parabolic Cookers
 
In addition to scaling the solar box ovens, ESW members have also designed parabolic cookers to cook food using solar energy.  Currently there are two designs: a parabolic dish, which looks like a mirrored satellite dish and redirects a large area of light to its focus, and a parabolic trough, which redirects light to a pipe that runs along the focus of the trough, running in the same direction as the trough itself.  The designs of these cookers, both the parabolic dish and the parabolic trough, have undergone enough testing to show that they can reach very high temperatures rapidly, but they have not been fully analyzed.  Design improvements, as well as operation techniques, need to be identified.  Additionally, the two parabolic designs need to be tested against each other and against the box ovens to see which would be the most effective option.  And, most importantly, the people using solar cookers in Nicaragua must be exposed to the new parabolic cookers to determine if the cookers would be practical in that environment.  The parabolic dish has already been shown to be awkward to use and dangerous, so it would be vital to overcome these challenges before trying to replace the box oven design with this alternative.
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An image of the current parabolic cooker being used to burn wood during Earth Day 2008
Lighting System

In order to advance the designs of the parabolic cookers, another goal must be accomplished: a polarized light system must be built and used for testing.  The current lighting system, which consists of a group of halogen lamps positioned above the solar ovens, emits non-polarized light toward the ground.  This does not have an effect on the box ovens, but the parabolic cookers depend on the light travelling in a uniform straight path in order to concentrate it all at their foci.  Therefore, in order to test these new cookers, modifications need to be made to the current light system.  This is yet another future goal of the Solar Oven Team.
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An image of the current lighting system used to test the solar box ovens
Collaboration with ESW group members
Over the course of the semester, we students in CEE 4920 have certainly come to value the time and energy that ESW group members have contributed to the Solar Oven project.  They have been the sole contributors to the parabolic dish and trough designs and have definitely propelled the advancement of the box cookers, both this semester and in previous years.  Since the group operates continuously from semester to semester, it has some capabilities that CEE 4920 lacks.  Therefore, since the group will continue to work on these projects for semesters to come, it is our goal to collaborate with them as much as possible.  We hope to share all the resources we have gained this semester and offer our time to them – the same way they have helped us this year.  By doing this, we believe that the projects we have started will be fully explored.

Knowledge Transfer
Now that our project has been completed, we plan to share what we have learned with Grupo Fenix and Mujeres Solares de Totogalpa both electronically and via a trip to Nicaragua.  We feel that visiting the people who are using the solar ovens will be highly beneficial for the Amanecer team, because it will allow us to see the ovens being used in their intended environment.  Additionally, we can attend the Solar Culture workshop that  Mujeres Solares offer in the spring.  This will increase our knowledge base and improve our relations with our collaborators, which would prove invaluable for those members of Amanecer who wish to continue their research with an independent study course in the spring of 2009.  Finally, a trip to Nicaragua will allow us to more extensively research the embodied energy and carbon costs of our solar ovens.
Appendix A: 

	Table 1: 1-D Scale Up Dimensions

	Material
	Description
	Quantity
	Size (in)

	2 by stock
	 
	
	 

	 
	Base Frame
	2
	42.5x25x1

	 
	 
	2
	30x2.5x1

	 
	Center Columns
	6
	8x1x2

	 
	Rear Columns
	2
	2x1x2.5

	 
	 
	2
	8x1x2

	 
	Front Columns
	2
	8x2.5x2

	 
	Sides of Glass Frame
	2
	29x2.5x1.75

	 
	Back of Glass Frame
	1
	37.5x2.5x1.75

	 
	Front of Glass Frame
	1
	42.5x1x1.75

	 
	internal Support Pegs
	5
	2.5x1x1

	 
	Wood Support bock for Door
	4
	7x2x1

	Plywood
	 
	
	 

	 
	Door Front
	1
	10.75x42.5

	Glass
	 
	
	 

	 
	Top Glass
	2
	38.25x27.25

	Fiber Board
	 
	
	 

	 
	Exterior
	2
	28x10.75

	 
	 
	1
	40.5x10.75

	 
	Interior 
	3
	Measure to fit

	Steel Metal
	 
	
	 

	 
	Base of Cooker
	1
	30x42.5

	 
	Black Collector Plate
	1
	24.5x37

	 
	Cooker Sides
	1
	104.5x12

	Aluminum
	 
	
	 

	 
	Door Front
	1
	10.75x42.5

	 
	Interior Box
	1
	Measure to fit


Appendix B:
	Table 2. Consolidated table containing details and results for Tests 1-5.

	
	
	
	
	
	
	
	

	Test #
	Total H20 (kg)
	Oven
	Pot #
	Mass H2O (kg)
	Time (s)
	Time (min)
	Min/kg

	1
	5.4014
	Old 1
	1
	2.7010
	4427
	73.78
	13.66

	
	
	Old 2
	2
	2.7004
	4065
	67.75
	

	
	
	
	
	
	
	
	

	Test #
	Total H20 (kg)
	Oven
	Pot #
	Mass H2O (kg)
	Time (s)
	Time (min)
	Min/kg

	2
	8.0200
	Old 1
	1
	2.0167
	4771
	79.52
	9.91

	
	
	Old 1
	3
	2.0019
	4695
	78.25
	

	
	
	Old 2
	2
	2.0010
	4491
	74.85
	

	
	
	Old 2
	4
	2.0004
	4502
	75.03
	

	
	
	
	
	
	
	
	

	Test #
	Total H20 (kg)
	Oven
	Pot #
	Mass H2O (kg)
	Time (s)
	Time (min)
	Min/kg

	3
	8.0021
	New
	1
	2.0005
	4665
	77.75
	9.72

	
	
	New
	2
	2.0007
	4631
	77.18
	

	
	
	New
	3
	2.0003
	4426
	73.77
	

	
	
	New
	4
	2.0006
	4127
	68.78
	

	
	
	
	
	
	
	
	

	Test #
	Total H20 (kg)
	Oven
	Pot #
	Mass H2O (kg)
	Time (s)
	Time (min)
	Min/kg

	4
	4.0088
	New
	4
	2.0059
	3289
	54.82
	14.26

	
	
	New
	3
	2.0029
	3431
	57.18
	

	
	
	
	
	
	
	
	

	Test #
	Total H20 (kg)
	Oven
	Pot #
	Mass H2O (kg)
	Time (s)
	Time (min)
	Min/kg

	5
	4.0010
	New
	1
	1.0002
	3249
	54.15
	14.08

	
	
	New
	2
	1.0008
	3379
	56.32
	

	
	
	New
	3
	1.0001
	3036
	50.60
	

	
	
	New
	4
	0.9999
	2943
	49.05
	


Appendix C:

Table 3. Embodied Energy 

	MATERIAL
	VOLUME
	EMBODIED ENERGY DENSITY
	EMBODIED ENERGY

	
	(m3)
	(MJ/m3)
	(MJ)

	Steel
	0.000264833
	251200
	66.52613333

	Pine
	0.04129
	1380
	56.9802

	Glass
	0.004279
	37550
	160.67645

	Aluminum
	0.0003817
	21870
	8.347779

	Plywood
	0.006041
	5720
	34.55452

	Fiber board
	0.00623
	4400
	27.412

	Paint
	0.001136
	117500
	133.48

	
	
	
	

	Total
	
	
	487.9770823


Appendix D: 
Personal Reflections

Aditi Kolhekar

At the beginning of the semester, my personal goals included: learning how to manage my time better, working more independently, and learning how to manage a team effectively. Though I have not been able to fully accomplish each of these goals I do believe that I have come a step further in achieving them. I have come to realize that it is extremely important to set smaller deadlines in addition to given deadlines in order to accomplish a task. By setting smaller goals, I was able to remain on task and help keep my team on time. I haven’t yet mastered managing my time, but I’m on my way there. As for working more independently, when having so many group members it is almost always probable to have more than one person working on a task, so unfortunately I did not have as much experience working independently as I would have liked. For learning to manage a team, I was given the opportunity to be the team leader and with that I learned what is effective and what is not effective. Halfway throughout the semester, I realized that I was becoming overwhelmed with email communication, and so I requested my group to switch to a website called Wiggio.com. This site has allowed us to manage our conversations, documents, and events in a much easier way. Although implementation was slow at first, I believe that it has ended up being a success. 


As for the class, I am really glad that I picked the Solar Oven team. I learned how to build a solar oven from scratch and it was really nice being able to develop practical solutions to the paint problem that the group in Nicaragua was having. At times, I wished that there was less writing and more time to complete the lab work. Our advisor, Tim Bond, was great. He is so knowledgeable and really helped us think realistically when it came to what we wanted to tackle for the semester. I also really enjoyed using drills, hammers, and all the different types of saws; I would have never picked these things if it wasn’t for this class. Overall, I really enjoyed the class and I hope that students next semester or next year will be able to smoothly pick up where we left off. 

Carmen Iao
I got a lot more practical experience out of this class than I expected to. Besides learning to develop testing methods in the absence of clear cut laboratory instructions, it was the first time I had built anything from scratch materials. It was a great experience learning to use the different types of saws and power tools available around Winter Lab and seeing the materialization from designs on paper to a functional solar oven. The class also introduced me to new equipment, like thermocouples for measuring temperatures and the pyrometer for measuring insolation.

In my personal goals, I mentioned that I wanted to pick up a little more Spanish. I picked up few words from working with the website, for which there is a Spanish version. For example, I learned that una cocina means “a cooker” and that “solar” is still solar.

I also mentioned that I wanted to improve my ability to think about problems and work in a group. While we were able to successfully build an oven in a group, a lot of group work, like the presentation and papers, was split up into individual pieces, and as a result I didn’t do a lot of group thinking.

Right now, I do not know if we have been able to make any design improvements to the solar ovens, as testing showed that the old ovens and new ovens perform about the same. Hopefully, more testing and the building of a 3-D oven scale-up will help determine that.

I feel like the time we had to work on our actual projects was largely limited by the number of presentations and papers we had to write. While I know research on previous work done, proposals and final reports are important parts of the design process, it consumed a lot of group time and delayed the beginning of our solar oven construction.

I thoroughly enjoyed working on the solar ovens, and intend to continue working on it next semester for an independent study course. Even though it was very time intensive, meeting 3 times a week for 2 to 4 hours went by quickly.

Dan Smith

When the semester began, I hoped to achieve a variety of goals in Engineers for a Sustainable World.  I wanted to learn from the experiences of my peers since ESW was the first Civil Engineering class I had taken at Cornell; I hoped to share my own abilities with the project team to advance the design of the solar ovens; I planned to work on my public speaking issues; and I hoped to directly affect the members of the Nicaraguan communities that use the solar ovens, as well as learn from them myself.  However, as the semester progressed, I quickly realized that it is almost impossible to make elaborate plans for the future when you know very little about what a class entails.  Fortunately, not following your plans does not make it impossible to gain from an experience.

Currently, I have learned a great deal from my peers thanks to ESW.  Our group meetings provided valuable opportunities to share stories of past experiences and cooperate to complete important tasks.  All of the members of the Solar Oven Team joined together to work well towards a common goal, which I came to appreciate very much.  However, that was the only goal that I had set and also managed to accomplish.  

I did my best to contribute knowledge I had gained from my previous classes, but it rarely proved valuable, since the main task we needed to complete revolved around constructing a new solar oven, not performing thorough analyses of various designs.  I also did not manage to directly interact with anyone from Nicaragua, which disappointed me slightly.  Additionally, I did not manage to work on my public speaking in this class, but that was my own personal choice.  I knew that giving presentations was not my strongest suit, and once I learned that it was not mandatory, I decided to focus my energy on tasks I was geared for instead.

Still, I have also achieved many unplanned goals and learned a lot this semester.  I developed a greater ability to work well as a member of a team.  I learned how difficult it can be to coordinate plans with such a large group, and I became more patient with various issues that arose among our group.  Furthermore, I gained the confidence to take charge within the team to help achieve our goals more quickly.  This class definitely provided me with some unique experiences and opportunities, which I deeply appreciate.  I am very glad I took this class and would recommend it to my friends, both for their sake and for the sake of all those that the class affects.

Kelly Schuman
Coming into this semester, I assumed that a course titled “Engineers for a Sustainable World” would help me to learn about sustainable development.  I was not incorrect in my assumption however, I have learned so much more than just that.  Through my work with the Solar Ovens team this semester, I have learned not only about important aspects of sustainability but also how to formulate a research proposal, how to carry out the proposal, and how to acquire the additional skills it takes to complete the tasks necessary for a good research project.   


At the start of the semester I had no prior experience with a research project.  Through my work with the Solar Oven team, I feel that I have a better sense of what it takes to do research.  I have learned how to focus the scope of a project into a problem that is manageable as well as how to design an experiment that will test what you aim to understand.  I have also learned a substantial amount about how to carry out the research itself.  During the construction of the oven, I learned to pay attention to details of the project and how the various aspects of a project interact with each other.  In order to construct the oven I needed to learn various construction skills.  I also learned a lot about the time involved with building and oven and the complexities of the various tasks.


Looking back at the goals I set for this semester I see that I have achieved many of them while gaining additional skills I did not foresee.  I enjoyed working with the other members on the solar oven team this semester while expanding my research skills and knowledge of sustainability and sustainable technologies.

Kevin Kircher

I’m extremely happy with the way this course has gone.  Although our solar ovens project had a bit of a slow start, we finished strong, making some solid contributions to the project.  We found a cheap and easy way to make the paint stick better to the outside of the ovens (sanding), which should keep future ovens looking spiffy longer.  We did a rough analysis of the energy savings due to the oven, and found that they’re substantial (our oven has a roughly 50 day energy payoff time).  We also found some novel results about how the oven’s performance scales with volume and surface area, although we’re still analyzing those results.


In addition to making some solid advances in the project, we learned a lot.  I personally found it tough at first to work in a group setting – all my undergraduate work was individual, and very abstract and mathematical.  In this project, I got to learn some valuable group skills, and even took a leadership role from time to time.  I also got some hands-on experience with rudimentary carpentry through learning to use power tools to construct the oven.  I almost felt like a real engineer.


On the whole, this was probably the best class I’ve ever taken.  I like the freedom in project determination, and I also liked having an incredibly patient and knowledgeable advisor there to catch us when we stumbled.  And above all, I feel like our group made at least a small contribution that will directly help folks who need it.  Woo! 

Reshma Hooda


Engineers for a Sustainable World has been a very exciting class for me this semester. Not only have I learned a lot, but I have also gained a new perspective on sustainability. Working on the solar oven project has been a very fun experience. I learned how to use the table saw, cut sheet metal, shave wood, use a drill machine and stick things together with silicone. I have never made anything using all these tools. To see our final product being used to heat water was awesome. 


During the course of the semester I have realized the hardship that people in underdeveloped countries face. The women in Nicaragua live very difficult lives compared to the lives that we enjoy in the United States. The work that we are doing here at Cornell on the solar oven is significantly improving the lives of these women. That is a very satisfying feeling. 


In addition to learning from our project experiences, we also learned from the other project groups. I learned about the feasibility of introducing a bike lift in Ithaca, the reconstruction of houses in New Orleans, and the use of biomass as fuel. As a chemical engineer, these are all things that I would have never been exposed to if I had not taken this course. This class has been a very unique and enjoyable learning experience. 


For future semester, I would like to recommend that more time be allotted to actually working on the project. I felt that we did not really get started with designing and building our solar oven until half way through the semester, which did not give us enough time run as many tests as we would have liked to. If the initial written proposal and presentation are due sooner in the semester, groups can get started earlier on their goals. 

Rustom Meyer

I set out this semester to take some classes that would allow me to help others as well as to learn. I have taken ESW and AguaClara this semester, and I feel that I have made some contributions in each class.  At the beginning of the semester I was very ambitious as to what I could accomplish for ESW and Mujeres Solares. As is inevitable, I thought I could accomplish a lot more than I really could. First of all, we had to get up to speed on what had already been done with solar ovens, then we had to decide what we were going to do, and then write a proposal. Then half of what we were going to do (glass breaking) was no longer a problem, so we had to do the whole process again to come up with our paint peeling experiment. Actually physically doing the experiments only took up a few weeks of the semester. I really would have preferred to get started earlier, and do more complex experiments. But, given the time constraints, I’ve really proud of what we have accomplished. We have created practical information on how to pretreat metal on the solar cookers to make it stick better. And, I believe we will soon have practical information on whether or not a bigger box cooker really does cook faster, at the same rate, or slower.


The only person that is on our team from semester to semester and year to year is Tim Bond. Without him, I think there would be a lot more reinvention of the wheel than already went on. His assistance in explaining the solar oven issues and in practical matters of construction was invaluable. 

I’m not sure what the next group of people to tackle this project will work on, but I hope they spend some time trying to create practical trough cookers. I feel that at some point, that will be what Mujeres Solares needs in order to cook on a larger scale. 

Yamilet Echeverria
At the onset of the semester, the idea of constructing a modified solar oven for possible use in Nicaragua seemed farfetched, especially considering the groups limited knowledge with tools. The challenge was further increased as we happened to be a group composed of a broad range of majors and interests. Because of this, it was the first time in my engineering career that I felt placed in a real world situation in the sense that I was working and cooperating with a diverse group of students whom I had never interacted with before. Thus, to me the most intriguing part was the fact that such a different group could come together to solve a common problem.  

Reflecting on the semester from start to end, I can say that I am content with the outcome. Although I am a civil and environmental engineering student, I had never worked with power tools and quite frankly never wanted to. But, I realized that the truth was that I was always afraid of ruining something, however, with no background experience from anyone else in the group it was easier to feel comfortable holding a hammer and nail and completely missing the target. Moreover, as the Spanish speaker of the group, I had the opportunity to directly call our contact in Nicaragua who is a part of the woman’s group and converse with her on the problems they are facing and those that they would like solved. Speaking to her made our project and findings that much more real to me and valuable. It makes me believe that it is possible for people to come together and solve the world’s problems one oven at a time.     
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A group of women in Nicaragua constructing a solar oven.
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		Phosphoric Acid		0		0

		Sand + Phos Acid		0.346		-0.046

		Sand		0.7666824239		0.0333175761

		Sand + Soap		2.384		0.816

		Sand + Vinegar		2.4333648478		0.9666351522

		Vinegar		5.3604499531		1.0395500469
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		Test Type		Trial 1		Trial 2		Trial 3		Trial 4		Trial 5		mean		st. dev.		pop. St. dev		low CI		high CI

		Phosphoric Acid		0		0		0		0		0		0		0		0		0		0

		Sand + Phos Acid		0.5		0.25		0		0		0		0.15		0.2236067977		0.1		-0.046		0.346

		Sand		0		0.5		1		0		0.5		0.4		0.4183300133		0.1870828693		0.0333175761		0.7666824239

		Sand + Soap		2		1		3		1		1		1.6		0.894427191		0.4		0.816		2.384

		Sand + Vinegar		1		1.5		3		2		1		1.7		0.8366600265		0.3741657387		0.9666351522		2.4333648478

		Vinegar		1.5		3.5		5		6		0		3.2		2.4647515088		1.1022703843		1.0395500469		5.3604499531

		Soap		2.5		12		13		7		0.5		7		5.5565276927		2.484954728		2.1294887332		11.8705112668

		Control		39		8		4		16		8		15		14.1067359797		6.3087241182		2.6349007283		27.3650992717

		8x8 grid- 64 squares

		alpha = 95%

		assume normal distribution, z=1.96
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