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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’ve work with Grupo Fenix to improve their cookers and methods for using them, along with building our own testing facility. We divided into three sub-teams which worked together through the semester to improve the solar ovens. We also worked under the guidance of our project advisor, Tim Bond, who provided crucial knowledge and experience from his interactions Grupo Fenix. The three sub-teams are divided as follows: 

1. The Construction Team worked on the assembly of two identical ovens according to the most recent Grupo Fenix, set of design. 
2. The Light Simulation Team focused 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 Social and Environmental Impact Team researched 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.  
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 needed to best fit the ovens to the needs of the Nicaraguan community and to promote its distribution to other communities worldwide. 
Construction of the Ovens

This semester we wanted to create two ovens that closely resembled the ovens currently being used Sabana Grande in Nicaragua. We obtained a copy of the manual that was written by Mujeres Solares group and a volunteer from Grupo Fenix. This manual contained all the materials, material preparation, and a guide for the construction of the ovens. Once we received the manual we discovered a barrier we had not anticipated during our initial project plan, the manual which we were to construct our solar cookers from was entirely in Spanish. . After careful collaboration it was determined that instead of just using our combined knowledge of the Spanish language to build the ovens, it would beneficial for Amanecer’s longevity to have an English version of the manual. Thus it became one of our primary objectives to translate the manual into English. The new translated manual aided in the construction process for the current members, cutting down on time translating during construction, and errors made due to poor translations committed to “on the spot” before the manual was completed.  It is Amanecer’s hope that the translated manual will allow for future members to understand what steps were taken in the construction of the ovens. 

During construction, we found some areas of the manual that we felt could be improved, the English version of the manual is annotated such that proposed changes are noted to aide in the construction of the solar cookers. One of the major problems we encountered during construction was the lack of identifying which pieces were which. New changes to the manual included a newly implemented lettering system for each piece of the oven. For each piece of wood we cut, we assigned a letter to it, so that it would easier to distinguish when it was being used in later procedures. Now after the pieces of wood are cut they are labeled so that during construction, part a will be nailed to part c...and so forth. 

Before we could begin construction we had to prepare all the materials. Tim Bond bought all the materials, and he gave us instructions on how to use all the machines that we might use. We then proceeded to cut the wood. After cutting most of the wood, we realized that we were using an outdated manual; at this point we switched to the most recent manual used by Mujeres Solares, which happens to be completely in Spanish. This set us back a bit, because the wood that had been ordered and cut, was now cut to the wrong design specifications. Most of the wood needed to be re-cut to the specifications of the new manual. Once all the pieces were cut we began construction, we started building with the exterior box. We wanted to build ovens that could be easily modified, so that we could change or add on features. To aid in the modification stages we decided to use screws instead of nails, so that would could take the oven apart with out causing significant damage to the overall structure. It was determined that the effect of nails versus screws would cause minimal if any change to the performance of the oven. 

The biggest change we made to the construction procedure was the implementation of a new glazing technique. When one of our members went down to Nicaragua, he reported that there were many incidents of the glass breaking. This is a problem that we would like to fix, however, the Spanish manual tells us to glue the glass directly to the exterior frame of the oven. When the glass breaks this makes it difficult to remove the glass. We wanted to be able to test different types of glass to find a solution to this problem, so we decided to create a panel that would hold the glass. This panel could be detached from the oven, so that we could try out different glazing techniques without damaging the oven. Another major alteration to the manual which we decided was to change the glazing technique of the solar cooker. The current methods employed by the Mujeres Solares includes taking the internal frame and using a silicone based glue to place the glass plates directly on the internal frame. Changes we made to the manual include building a “picture frame” to go around the glass (for more information please see the new and improved manual in the appendix.)

Testing of Ovens

On November 29 and 30, the two ovens were tested under the sunlight simulation system. Three tests were conducted, two with empty ovens and one in which the ovens each contained 2kg of water in an aluminum pot painted black on its outside. Insolation (incident light intensity) and temperatures were measured.  The measurement system was set up to acquire, store and display data ever 6 seconds. 

Insolation (sunlight intensity in watts per meter squared): The intensity of the light reaching the top surface of the ovens from the light simulation system was measured with a pyranometer.  A pyranometer (a Pyr-P from Apogee Instruments, Inc.) measures the radiation incident at some plane giving a voltage output. This output can be converted into intensity by the calculation below:

Intensity (Watts/ m^2) = (constant of pyranometer)* (measured voltage in millivolts)*(1000)

Temperature: The temperature of the ovens was measured with K-type thermocouples at various sites in the ovens. The thermocouples use a bimetal connection that develops a voltage at the connection point that varies temperature. K-Type thermocouples can measure temperatures ranging from -200 to 1370 degrees Celsius. The thermocouples have shielding impervious to temperatures to 500 C and therefore will not melt in the oven. 

 Test 1: Empty Ovens

Setup: Both ovens were placed under the light system. A pyranometer was placed in between both ovens, at the top surface of the ovens. Thermocouples were placed in three locations within each oven, touching the black plate (bottom), in the middle of the air space suspended by a metal support structure (middle), and against the lower side of the glass (top). Thermocouples (TC) were assigned as follows

	Oven 1

TC #2 – bottom

TC #1 – middle
TC #3 – top

	Oven 2

TC #0 – bottom

TC #4 – middle

TC #5 – top


Procedural Notes: 

11/29/06 2:06 pm - Ovens Turned On 

11/29/06 2:09 pm - TC #0 was not touching black plate, lights turned off, system opened and TC adjusted

11/29/06 2:25 pm - Andrew used thermal imaging monitor to look for major problems - none

11/29/06 3:08 pm - Observations: Some amount of smoke can be seen coming out of ovens, more out of #2, Doors looking warped

11/29/06 3:16 pm - Oven 1 closer to stable than 2

11/29/06 4:30 pm - Oven 2 releasing a lot of smoke from top of side nearest the door

11/29/06 5:10 pm - Data gathering stopped around 3:50 pm so started data gathering again, slight jump on graph

11/29/06 5:15 pm- Graph look stable, turned off lights, Oven 2 was turned off first 
Results:

As demonstrated in figure 1, the solar input of intensity observed in the Pyranometer remained approximately 900 Watts/m². 

Figure1: Pyranometer results, test 1
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Three variations were witnessed during the course of the test:

1) Between 2.78 and 3.27 minutes, the system shut was shut off for the fixing of thermocouple #0. 

2) Between 12.22 and 14.24 minutes, there was a decrease in light.

3) Between 74.87 and 191.24 minutes, the entire system did not gather data

The variations can be seen in the temperature data collected by the thermocouples. Figure 2 contains the temperature data and Figure 3 the temperature data with the Pyranometer results. (The Pyranometer results are not to scale). With a few variations at the points mentioned above, there was a gradual increase in temperature within the ovens. At 193.26 minutes the ovens were determined to be at stable temperature and were turned off. From that point there was a rapid decrease in temperature. 

Figure 2: Temperature results test 1 [image: image2.emf]0
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Figure 3: Temperature and Pyranometer test 1 (Pyranometer not to scale) [image: image3.emf]11-29-06 Trial
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From this test, Oven 2 demonstrated an 8% difference in temperature than Oven 2. 

Test 2: Empty Ovens

Setup: Thermocouple placement same as Test 1. Because of the difference in temperature of the ovens, it was necessary to determine if the light hitting the ovens was equal. For the second test, two pyranometers were used; one pyranometer was placed at the outside edge of each oven. 

Procedural Notes

11/30/06 11:16 am - Turned on lights, start data collection. Observation: condensation between panes of glass on oven 2 covering ¼ of glass in middle.

11/30/06 11:35am - One light out of place, moved light to put more energy on oven 1

11/30/06 12:40 pm - Smoke starting to come out of oven 2

11/30/06  1:00 pm - Lights turned off, condensation between glass panes in both ovens 

Results

As demonstrated in figure 4, the light intensity reaching oven 2 is more than that reaching oven 1 by approximately 75 Watts/m²; oven 2 was approx. 500 Watts/m² and oven 1 approx. 425 Watts/m². Figure 5 shows the curve of the oven temperature up until the oven was turned off.  While oven 2 has higher temperatures than oven 1, they both surpass boiling point. 

Figure 4: Light Intensity by Two Pyranometers in Test 2
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Figure 5: Temperature and Pyranometer Test 2 (pyranometer results not to scale).
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Test 3: Ovens Heating Water
Setup: For the practical use of solar ovens, it is necessary to demonstrate their ability to boil water. For test 3, 2Kg water was placed in a black pot in each oven. Four thermocouples were used, one placed on the bottom of each oven and one in the pot of water in each oven.

Procedural Notes

11/30/06 6:00 pm - Measured 2000g water, put in each pot

11/30/06 7:20 pm - Start testing, problems with data collection

11/30/06 8:13 pm - Data collection starts, ovens already a little warm

11/30/06 12:15 am - Oven smoking, no condensation

11/30/06 12:21 pm - Oven turned off

Results:

As per the procedural notes, problems occurred with data collection after the lights were first turned on. When data collection began, the ovens were already at 80 degrees Celsius and the water was 40 degrees Celsius. As seen in figure 6, both ovens reached temperatures of approx. 130 degrees Celsius by 1 hour and 47 minutes, with oven 1 then reaching a higher temperature than oven 2. Around 1 hour and 47 minutes, the water in oven 2 reached approximately boiling point with oven 1 reaching that point between 2 and 3 hours after data collection began. The water in both ovens remained relatively even from 3 hours until the ovens were turned off at 4 hours and 11 minutes. The water in both ovens cooled at about the same rate. 

Figure 6: Test 3 Ovens with Water
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Lighting Simulation

The goal of the sunlight simulator was to accurately and easily replicate the effects that the solar energy gives to solar ovens, in a controlled setting. When designing the Sun Light simulation system there was two key factors that had to taken into consideration- the spectrum and the intensity of the sun.  Realizing that the intensity of the light varies with the square of distance from light source, the first task in design was to forget about the intensity and to focus on getting an accurate approximation of the sun’s spectrum.

The solar oven team had several different types of lamps – florescent, several types of halogens and incandescent lights.  To test the spectrum of these lamps the solar oven team used a spectrometer made by Ocean Optics.  However the spectrometer was only able to find the spectrum at an individual point. So to make sure that the spectrum that the Ocean Optics’ software recorded was an accurate reading of the light source, we designed and build an apparatus that could easily gather the light and direct into the spectrometer.  The apparatus was a long box that had been cut open and lined with black construction paper, and then closed.  The black construction paper was to prevent the reflection light from interfering with the lamps spectrum, while long nature of the box was to prevent light from surrounds entering the spectrometer.  At end of the box a small hole was cut, and the device that gathers the spectral information was inserted.  The hole was than covered by duck tape, while also functioning as a clamp that held the spectrometer in the right direction.  At the other end of the box another hole was cut.  In this hole a camera shutter was placed.  The camera shutter could be adjusted to let in different amount of light into the box.  A quick test of the spectrum of an incandescent bulb with and without the camera shutter showed that the camera shutter did not change the shape of the spectrum vs. intensity curve.

After the testing apparatus had been designed and built we began testing the different types of lamps.  This was done by placing the testing apparatus at one end of the table, and the lamps – one at a time- at the other end.  The camera shutter was then adjusted so that the wavelength with the top intensity for the different lamps reached approximately the same level.  The results for the different lamps is seen bellow where top left is a 100 watt halogen flood light, top right is a 500w halogen lamp, bottom left is a florescent bulb and bottom right is an incandescent bulb. 
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The graphs displayed above, show the intensity vs. the wavelength of the different light sources.  In the graphs, the wavelengths recorded are from 320 to 1000 nm; the Ocean Optics software is not able to gather spectral information that is greater than 1000 nm in length.  However, it can be easily implied that none of the lamps have significant spectral intensity out of the 320-1000 nm range.
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By looking at the spectrum of the sun at sea level, it can be seen that before 300nm there is no sunlight, but at around 300nm the intensity raises rapidly for small changes in the wavelength.  The intensity then reaches a maximum at around 570nm.  It then gradual lowers in intensity before suddenly dropping in intensity around 800nm, and increasing again at 820nm.  The intensity then has a large sized peak between 820nm and 1000nm, and several smaller ones from 1200nm-1400nm and 2000nm to 24500nm.
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Comparing the sun’s spectrum to the available lamps, it can be seen that the 500w halogen’s spectrum shares some common traits with the sun’s spectrum.  Firstly, the intensity rises rapidly as the wave length goes from 400nm- 600nm.  Secondly the wavelengths with the highest intensity fall between 450nm - 750nm range

By looking at an approximation of the sun’s spectrum at sea level, it can be seen that the 500w halogen lamp does not have a large enough intensity between 300nm – 400nm, and past 800nm.  The 100 w flood lights and the 100 w incandescent bulbs suffer from the same problem, while the florescent bulb bears no resemblance to the sun’s spectrum.  However, between the 400nm – 800nm range, the halogen and incandescent lights closely mimic the spectrum of the sun.  For the purpose of the first light system that the solar oven team has built, this approximation was deemed to be close enough, and checked through the empirical evidence of the performance of the ovens using the light system.  In the future incandescent heat lamps should be added to the light system, as they produce high intensities in the 1400nm -2000nm range.  Also a spectrometer that can measure intensity in that range of wavelengths would have to be obtained.

Once it was determined that the halogens and incandescent lights were the best estimators of the sun, we began with the design of the light setup.  Originally the plan was to use a metals strap to hang the lights from the top of a metal frame.  The benefits of this design would be that the straps could be easily lengthened or shortened to increase or decrease the intensity.  However due to the logistics of the way the straps had to be attached to frame, this design was never implemented.  After several more attempts, we decided on a final design.  In this design, several metal rails went from one side of the frame to the other.  The ten 500w halogen lamps were then placed directly on top of these rails, while the halogen flood lights and incandescent lights hang down from the frame.  In the end, all incandescent lights were removed, due to the fact that only a certain amount of power could be used, and the 100 w halogen flood lights displayed a high intensity per wattage.  There were four flood lights in the final light design.

To test the intensity a pyranometer was used.  The pyranometer outputs the information on intensity it gathers into an excel file, and it measured in voltage – which can then be transformed to w/m^2.  I first tested one of the 500w halogen lamps.  First I tested directly underneath the lamp, and then moved the pyranometer several time in increments of 3” in the x direction.  Doing a regression model of this data I was able to get an equation for the way that the intensity changes over distance.
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The plan was to have the location of each 500w light be a different variable, and to use excel solver to find the location of the different lights that maximizes the average light.  However, they were two main problems.  Firstly the number of variables and constraints was so many and excel could find solution before it ran out of iterations.  Secondly, the intensity from two lights did not equal a sum of the two intensities’.

Since the excel model could not optimize the solution, I build a grid on the platform were the oven would rest.  The platform is table 70” by 35” that is on wheels.  The grid split the table into 8 different sections.  The intensity of light at the center of these sections was then measured.  In turns out the average intensity was the highest with the trivial solution of the lights been equal spaced in the frame.

After the lights were equal spaced, it had to be determined how far underneath the lights the pyranometer had to be to measure the same intensity as the sun- 1000 w/m^2.  At the center of the light system, the intensity at 32” below the lights was 1040 w/m^2.  By raising the bottom of the solar oven of the platform by 6”, this intensity could be achieved.  However, at this same height the intensity at the edges of the platform was 490 w/m^2 on one end and 450 w/m^2 at the other.  So when testing the ovens, the bottom of the ovens was raised to a height of 9” of the platform which resulted with an intensity of 1160 w/m^2 at the center.

The light system is not perfect.  However, with a little bit more work it can greatly contribute to the sustainability of the solar oven team, and solar ovens in general.  One thing that needs to be accomplished, is to find away to make the intensity pretty uniform over the whole platform.

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 future solar oven teams to investigate the impact of the different variables in the design of solar ovens.

The long term benefit of this project 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.  Thus light system can contribute to sustainability of the solar oven market.
Social and Environmental Impact

The Problem
Developing countries typically suffer from a number of problems. The most commonly known problem is the lack of adequate food and 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 continual searching, gathering, and buring of fuel. Wood used as fuel leads to environmental problems such as widespread deforestation and contributes to  global warming. The people buring the wood are often subject to health problems due to smoke inhalation, safety issues and the loss of valuable time spent gathering wood. These health and safety issues are of particular problems to women and children in developing nations as the primary cookers, and gathers of the fuel needed. Another problem is the lack of clean water in developing countries; common solution to aid in making the water more suitable to drink is disinfection by boiling the water. Boiling water to make it safer to drink has its own set of issues, requiring the family to consume more fuel while boiling the water. 

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 the sun’s free, inexhaustible energy supply.

A reliable solar oven can be built from materials in just a few days or purchased ready made through different organizations within Nicaragua. Within Sabana Grande, solar ovens are given to women through a local women’s organization. Through activities that are meant to improve and empower the women, they accumulate “points” which then allow them the option of helping to build a solar oven for the own use. Solar ovens can be used to prepare many things that can be made in a conventional oven or stove — from baked bread to steamed vegetables to roasted meat. Solar ovens allow you to do it all, without contributing to global warming or heating up the kitchen and placing additional demands on cooling systems.  A common problem detected during our research is that the primary drawback of the solar cookers is there inability to produce tortillas, a common and staple food in Nicaragua. Although, consumed daily tortillas are made using temperature that are currently higher than current design of solar cookers can accommodate.  It is not without hope that future oven designs will be able to reach these temperatures. There is also continual hope that even though the ovens are not a complete replacement of current practices, that they are not a useful technology within Nicaragua, using the ovens to prepare some of the meals and foods are useful to the community. 

Our goal is to increase the awareness of the advantages of solar ovens among the community within Sabana Grande and members of the Cornell Community. Our hope was that with increased awareness of both communities efforts, both in time, energy, and funds would help to build, and continue research of the solar ovens. We tried to achieve this goal in a number of ways; through research in carbon credit, taste experiments and creation of recipe books.

Research done:
Our primary focus this semester was to find out more about the Kyoto protocol and carbon credit trading. Solar ovens do not produce carbon emissions when in use, thus it saves on the equivalent carbon emission compared to its fuel burning alternatives. We believe that these savings, if large enough can be used to trade carbon credit to the developed countries, we are hopeful that a large scale production of these ovens would produce carbon emission savings large enough to produce significant carbon savings and lower the production costs of the oven, where in the savings would make the solar ovens a more attractive investment. Carbon credit trading provides the groups with ways in which revenue can be created without the sole dependence on investments from potential donors. 

We carried out this research in three steps to answer the following questions:

1. What is carbon credit?

2. What types of projects and countries have been successful in carbon trading to date?

3. How does this relate to our solar ovens in Nicaragua?

Carbon credit:

With the increase in awareness in global warming, carbon credit trading has gained a lot of attention. Carbon credits are certificates issued to countries that manage to reduce their emission of green house gases to a certain level. Green house gases are the main contributor to global warming and thus there is an urgent need to limit these gases. It is estimated that 60-70% of GHG emission is through fuel combustion in industries like cement, steel, textiles and fertilizers. Some GHG gases like hydro fluorocarbons, methane and nitrous oxide are released as by-products of certain industrial process, which adversely affect the ozone layer, leading to global warming.In order to achieve this goal of reduction in GHG, an international agreement was signed called the Kyoto Protocol.
 Kyoto Protocol is a voluntary treaty signed by 141 countries, including the European Union, Japan and Canada for reducing GHG emission by 5.2% below 1990 levels by ’12. However, the US, which accounts for one-third of the total GHG emission, has declined to sign the Kyoto Protocol. The preliminary phase of the Kyoto Protocol is to start in ’07 while the second phase starts from ’08. The penalty for non-compliance in the first phase is E40 per tonne of carbon dioxide (CO2) equivalent. In the second phase, the penalty will be hiked to E100 per tonne of CO2. 

The concept of carbon credit trading seeks to encourage countries to reduce their GHG emissions, as it rewards those countries which meet their targets and provides financial incentives to others to do so as quickly as possible. Surplus credits (collected by overshooting the emission reduction target) can be sold in the global market. One credit is equivalent to one tonne of CO2 emission reduced. CC is available for companies engaged in developing renewable energy projects that offset the use of fossil fuels. 

Developed countries have to spend nearly $300-500 for every tonne reduction in CO2, against $10-$25 to be spent by developing countries. In countries like India, GHG emission is much below the target fixed by Kyoto Protocol and so, they are excluded from reduction of GHG emission. As a benefit of being below the target fixed by the Kyoto Protocol, they are given the opportunity to sell their surplus carbon credits to developed countries.  It is here that trading takes place. Foreign companies who cannot fulfill the protocol levels can buy the surplus credit from companies in other countries through trading. 

Thus, the stage is set for Credit Emission Reduction (CER) trade to flourish. India is considered as the largest beneficiary, claiming about 31% of the total world carbon trade through the Clean Development Mechanism (CDM), which is expected to rake in at least $5-10 billion during the time in which Carbon Trading will be permitted by the Kyoto Protocol.  

The Kyoto Protocol provides for three mechanisms that enable developed counties with quantified emission limitation and reduction commitments to acquire greenhouse gas reduction credits. These mechanisms are Joint Implementation (JI), Clean Development Mechanism (CDM) and International Emission Trading (IET). Under JI, a developed country with relatively higher costs of domestic greenhouse reduction would set up a project in another developed country which has a relatively low cost. 
The trading currently takes place primarily on two stock exchanges, the Chicago Climate Exchange and the European Climate Exchange, while some trading has taken place in the open market. Primary buyers of carbon credit have been countries within the European Union, as well as Japan, all countries that have signed the Kyoto Protocol, are potential investors in carbon trading.  Under the Kyoto Protocol, global warming potential (GWP) is an index that allows comparison of greenhouse gases with each other in the context of their relative potential to contribute to global warming. For trading purposes, one credit is equivalent to one tonne of CO2 reduction. 

Under CDM, a developed country can take up a greenhouse gas reduction project activity in a developing country where the cost of GHG reduction project activities is lower. The developed country is then given the net projected reduction credit towards meeting its lowered emission reduction targets The money earned by the developing country receives  capital and clean technology to research and implement their technology. Under IET mechanism, countries can trade in the international carbon credit market. Countries with surplus credits can sell the same to countries with quantified emission limitation and reduction commitments under the Kyoto Protocol. 

Getting carbon credits certified for Kyoto is a lengthy and complex process. There are four stages of CDM approval. The first stage is at the domestic level, where the project gets approved by National CDM Authority (NCM). This stage might prove difficult within the United States because the United States has not adopted the Kyoto Protocol. After NCM’s approval, the project is sent to the United Nations Framework Convention on Climate Changes (UNFCCC). After this, the project is reviewed by the executive board of UNFCCC. The project gets evaluated on every front and is then registered under UNFCCC only if it meets all the norms. Once the project is deemed certifiable the emission reduction credits are issued and are now legitimized to trade. 
Projects and countries that have been successful in CC trading:

There have been a number of successful projects in different countries who have managed to gain carbon credits and a lot of money. Our main aim in reading up on these projects was to find out whether companies have been successful in carbon trading and if possible to find out what was the procedure they followed to get their projects accepted and gain carbon credits. This would help us in figuring out whether our project can apply for carbon credits and if it is a viable revenue generator. 

In October 2003, the EBRD (European Bank for Reconstruction and Development) established through the Dutch government its first carbon fund, the Netherlands Emissions Reductions Co-operation Fund. The fund buys Joint Implementation Carbon Credits from its thirteen countries of operations eligible for this mechanism. Its first transaction was with the company PFS, which works with biomass conversion.  The Multilateral Carbon Credit Fund became operational in 2006. The fund buys carbon credits from investments under the European Union scheme as well as the Protocol’s Joint Implementation and Clean Development Mechanism. It will also aim to facilitate the direct trading of carbon credits between some of its shareholders (so-called Green Investment Schemes).  The Tata Steel Company and the Jindal Steel Corporations of India are both involved in carbon credit trading. These companies are using new environment friendly techniques in the production of steel which is helping them reduce carbon emission. Thus they are able to sell the carbon credits to both the European Union and Japan.

Other projects such as wind-powered projects and bio based projects are all gaining attention and other countries such as Australia, New Zealand, Brazil and many more are all looking to be part of this trading market.

Our Solar Ovens:

In order to find out the reductions in carbon emission saved by using solar ovens in Nicaragua, we used the estimates provided to us by Carmen Gomez one of the ladies involved in helping build the solar oven in Sabana Grande. There are two manners in which the solar ovens are currently being used. On a day to day basis in the home the solar ovens are used to cook parts of the family meals, outside of domestic means, the ovens are used to partially roast coffee. One of the most efficient manners the ovens are used is for the roasting of coffee, for this reason the bulk of our research was done to look at the impact that roasting the coffee beans in the solar oven saves on carbon emissions. 

One tonne of wood which is equivalent to one cord of wood and a block of wood of eight feet by four feet by four  feet, when burned releases  two tonnes ( or 4000 pounds) of carbon dioxide. The carbon dioxide emissions are based on the burning of dried hardwood. Each tonne of carbon dioxide emission netted is estimated to earn in the range of twelve and fifteen dollars in the carbon credit trading market.

Gomez estimated that she uses roughly two to three pieces of firewood (a piece is about three feet long and one and two inches in diameter) for roasting coffee, which she does about once a week. In comparison she said she uses six pieces of firewood every morning for breakfast and tortillas, and two pieces each for lunch and dinner. That comes to 1ten pieces a day and 70 a week for normal weeks cooking. Note that these were only her estimates, not direct counts. Thus due to lack of data we have taken these estimates and assume that the other household follow the same estimation.

Therefore if three pieces of wood are used to roast coffee for a week, then approximately each household uses 170 logs of wood to roast coffee in a year. The number of logs of wood requires to equivalent a ton of wood is around 1700 logs of wood. Therefore ten households burning wood at the same rate to roast coffee would release two tonnes of carbon dioxide in a year. 

According to Gomez ten logs of wood are used to cook food everyday by every household. Therefore each household uses 73 logs of wood per week. That is equivalent to 4088 logs of wood per year per household. This means that each house releases approximately four tonnes of carbon dioxide each year and has a potential of earning $30 or more through carbon credits. Therefore it is essential that we encourage the people to use solar ovens for cooking their daily food as well as roasting their coffee. To encourage the use of the solar ovens, an area of research that future teams might want to look at is the ability to cook more of the culture food in Nicaragua. On a more global view of the world, it would be hopeful that ovens could be designed for specific areas and implemented over a wider range of areas, to incorporate more culture specific foods. 

 However we must take into account that not all the roasting of the coffee and cooking of food can be replaced by solar ovens, during inclement weather, such as the rainy season solar ovens loose their effectiveness.  Also the making of solar ovens and their components like the aluminum, steel, glass all involve the emission of carbon dioxide which must also be taken into account. We hope to thus do a more detailed analysis of the life cycle of the ovens over the spring 2007 semester. 

Experiments
The women of Nicaragua believe that coffee pre roasted in solar ovens and then roasted over an open fire taste better and stronger as compared to coffee that is roasted directly over an open fire. John Erickson spent the summer of 2006 in  Nicaragua this summer had observed this belief conducted an informal taste test in Nicaragua. The women in Sabana Grande claim that solar-roasted coffee is stronger and has better flavor that typical fire-roasted coffee, this belief was re-affirmed during the informal taste test in Nicaragua. Even if the process does not eliminate the need for firewood, it does contribute to the reducing the dependency on firewood. This reduction in fuel consumption promotes the solar cookers and promotes the use of solar cookers in general.  

To test the women’s claims that the solar coffee is better, we conducted a small blind taste test with twelve  women at a meeting of the women’s group. Two batches of coffee were prepared with equal amounts of coffee grounds and sugar (measured to an accuracy of +/- 10% for the coffee and +/- 15% for the sugar). One batch was coffee only roasted is over the fire, and the other batch had been pre-roasted in the solar cooker first. The two batches were made with beans bought from different sources (likely different vendors in the same Ocotal market), which introduces a significant possibility for error.

The 12 women were divided into two groups that tasted the two types in different orders. They were asked to tell which type was stronger and which type had better flavor. Without knowing which type was the solar coffee, all 12 women responded that it was stronger, and 10 women said it was of better flavor. One woman said the two types were equal and one said that the solar coffee was worse because it lacked sugar. Despite efforts to prevent discussion among the women before they gave their responses, the women were able to hear one another’s responses, which could have resulted in some groupthink. More testing, with coffee beans from the same source and a better controlled survey method, will be needed to substantiate these promising results.
So to find further results, we carried out a similar test here at Cornell on Ho Plaza. The aim of this test was to see if the claim of the women was true and also to increase the awareness of solar ovens among the people.

We had two types of coffee that we made 29 people try and answer questions like which one was stronger, which one had better quality and why they preferred one over the other.

The 2 coffee samples used were from the same Ocotal market source. Type 1 was fire roasted Batch 11 roasted by Carmen Gomez on 8/11/06. Type 2 was solar roasted then fire roasted as Batch 12 on 8/11/06 by Gomez. Both were kept un-ground, not frozen, in plastic bags and a sealed plastic container until the test. This likely resulted in a lot of flavor loss, and neither type seemed as strong as had been expected. The beans were ground the day they were brewed using Tim Bond's small coffee grinder.

Type 1 coffee was made in 3 batched using Tim Bond's Krups Coffee Maker (drip type). 27.1 g of grounds were added to each batch. Both types of coffee were kept in large pump thermoses to stay hot. It is possible that one type was a bit hotter than the other due to differences in the thermoses. Tim thought more grounds should be added to make the coffee stronger, but John thought fewer had been used in Sabana Grande. It is likely the coffee was stronger when freshly roasted, that John had underestimated how much coffee was used in Sabana Grande, or that the Sabana Grande brewing process removes more flavors from the coffee. Whatever the cause, both types were a bit weak. The same process was used for type 2. Since no coffee was drunk from this type, only 2.5 batches were brewed and 13.7g of grounds were used in half batch.
The test was conducted on Ho Plaza from 10am - 2pm. People passing by were asked if they would like to try some free Nicaraguan coffee. They were given one type and then the other in small paper cups. Sometimes one type was finished before the second was tried in the same cup. Other times but less often, both were tried in a back and forth alternating fashion. Sugar was available to add to the coffee, but none was pre-added and most people tried it black. Not all of the people surveyed were experienced or frequent coffee drinkers. A few hardly ever drank coffee. Participants were asked, which coffee was stronger, which was better, and sometimes at the end, the solar process was explained and they were asked which they thought was solar. Starting out, the Type 1 thermos had a "regular" post-it note on it, used in the past to denote it was not decaf. Some participants said this made them think the regular one was inferior to some other superior type. We tried to alternate the order students tried the coffee, but don't have the best documentation of it.

The results of this are documented in the excel sheet attached and the summary table is given below.

	Totals
	1 First
	2 First
	Same
	Unknown
	Totals

	1 Stronger
	5
	2
	2
	4
	13

	2 Stronger
	5
	8
	0
	3
	16

	Same Strength
	1
	1
	0
	0
	2

	1 Better
	4
	4
	0
	1
	9

	2 Better
	5
	7
	2
	6
	20

	Same Quality
	2
	0
	0
	0
	2


The conclusion drawn is that the test was not very conclusive, partly due to widely varying preferences among the tasters, lack of experience drinking coffee, and the fact that the beans were stale. A significant amount more thought 2 was better (20-9), but strength-wise, there was not sizable difference (13-16). Thus further experimentation needs to be carried out.

Second Semester Transition Plan and Future Goals
This past semester the Solar Oven team tested two nearly complete ovens with a new Indoor Sun Simulation System.  The team found parts of the current construction manual that could be improved and also translated the document.  The group did not totally accomplish the goals it set out earlier in the semester due to not up to date plans at first and then challenges understanding the directions.  The oven building went a little slower than planned due to unsure construction speeds.


[image: image7]
The Solar Oven Team will continue to work towards creating Solar Ovens as a permanent solution in developing nations.  This will involve maintaining momentum in the Spring to complete goals from the Fall, visiting Nicaragua to study the social changes occurring due to the ovens and designing a cooperative testing lab for a village.

To maintain momentum into the spring, the team may need to recruit more members with passion, knowledge and time to help the project.  Several of the members have noted that they will remain very active, but past years have shown that only a few maintain the high contribution level.  More importantly, new, younger members should be found to help the annual sustainability of the project since most of the current members will be graduating in the Spring.  It would help to develop underclassman inside the group or outside the group to start to take over more leadership roles so they are prepared for next year.  To accomplish our goals highlighted by the Gantt chart below, we need to maintain the average number of work hours that we had during the semester.

Our primary goal for the beginning of next semester is to complete building the ovens, by finishing the reflector and door.  While that is occurring, we should improve the light system to make sure the lamps are outputting uniform energy and make sure they have a similar light spectrum to the sun.  Next we will test the ovens and do one or two rounds of modifications based on the materials and skills available in Nicaragua.  Finally we will analyze the data from our trip and prepare a set of specific goals for the remainder of the semester.


[image: image8]
During our trip to Nicaragua we plan to explore the social changes occurring due to the ovens.  We must try to interview users and create a clear channel for them to communicate with us during the year.  We need to research who is using the ovens and why?  We plan to design and implement a cooperative testing center in the village.  This center will allow the village to do testing and for us to analyze their results.  Additionally they can try new things and add to the research.  We must research further to determine the feasibility and value of this operation.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Conclusion

Amanecer strives to serve as the bridge between function and technological innovation. With communication to members in Nicaragua, and other communities interested in solar cooking, we hope to make solar ovens that are easily used, to help reduce the dependency on non-infinite resources, while preserving the goals and hopes of the communities we work with.  While it is difficult and challenging to know what the needs are of the community, it is our hope that through open communication we will be able to discover the needs of the community. Whether the needs of the community are solar ovens to roast coffee, heat tortillas, or bake bread, our work is only useful if future generations of oven users, use the ovens. 
. 

While the ovens have not been built to completion, they are currently able to reach a temperature suitable for some baking needs, this is very promising, because with the final additions the ovens will only become more efficient and more insulated, making a better solar cooker. The work done on the sunlight simulator has provided a testing station that has never been available to students at Cornell University, while there have been attempts to test photovoltaic cells at the Rochester Institute of Technology (RIT), it is to our knowledge that no testing facilities were available earlier for the testing of solar cookers. 

To quote our advisor Tim Bond, “If you don’t encounter any problems, that means you aren’t trying anything new and innovative” Working as a team this semester Amanecer has encountered many different challenges, which could be considered problems. At the onset of this semester we were a group of ambitious students who wanted to learn about solar cooking, at the end of the semester very little has changed
Solar Cooking references

· http://solarcooking.org/newsletters/scrapr05.htm - 20 September 2006


Solar Cooking Review – April 2005

· http://solardirect.com/energy/sun-oven/benefits.htm
Global Sun Oven benefits

· www.grupofenix.org/Courses_Tours/HP97GFArticle.pdf
Solar electricity in the Nigaragua Hills- Danny Fenyvesi 2003
· http://www.americanforests.org/resources/ccc/assumptions.php
American Forests Climate Change Calculator

· http://economictimes.indiatimes.com/articleshow/msid-1212812,curpg-1.cms
Economic Times August 29, 2005

· http://www.ebrd.com/country/sector/energyef/carbon/index.htm
Kyoto Protocol and Carbon financing

· http://www.woodstove.com/pages/wood_burning_basics.html
· http://www.solarcookers.org/basics/why.html
· http://society.guardian.co.uk/givinglist/story/0,,1938753,00.html
· http://news.bbc.co.uk/1/hi/sci/tech/4557541.stm
· http://www.nzfoa.org.nz/news/climate_friendly_projects_awarded_carbon_credits
· http://www.thehindubusinessline.com/2006/02/08/stories/2006020802270300.htm
Appendix
� Economic Times article- ‘Hey what exactly are carbon credits’- Aug 29 2005
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