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I.  Problem Statement


The Tumul K’in School in Blue Creek had, until recently, received subsidized energy from the government. When these funds were cut, the school was left in a precarious situation. Belize’s energy is some of the most expensive in Latin America, and at $.45/kwh costs regularly run twice what its neighbors in Mexico and Guatemala pay. With these prices, school quickly went $9,000 into debt, with an accumulation on top of some $1,200 per month. What’s more, Blue Creek was still operating on inefficient equipment leftover from the days of British colonization. 


The funds that were slowly being siphoned off by the Belize energy monopoly doubtlessly had a chance for more productive allocation amongst the stakeholders at Tumul K’in. Those involved with the school knew that something needed to be done, but were only beginning to probe into the potentialities of what. It was through subsequent discussions with co-founder Dr. Filiberto Penados that solutions slowly began to materialize into tangible action.

II.  Review of Literature


With our project concept developed, the group began to search through information that was deemed relevant to our project goals. Our first literature review dealt with issues related to oil importing countries in Latin America. Through our research in this area, it was discovered that many of the problems that exist are how oil importing countries should offset price increases, which exacerbate national debt services; deal with inflation; which raises to cost of developing indigenous resources and successfully increase exports.  Furthermore, noncommercial fuels (wood, bagasse, agricultural waste) make major contributions to energy use in many Latin American countries.  However in many regions wood has become a scare resource due to commercial sale.  Rapid urbanization has raised demand for commercial fuels such as oil for transportation and electricity.  Rural grid expansion has been an expensive and difficult approach to meeting energy need in rural areas and alternatives must be found.  65% or more of the energy is being supplied by commercial fuels with as much as 60% to 90% being supplied by oil alone.  (Source: www.jstor.org) 


Having gained a perspective on the macro energy perspective in the region, we focused more specifically on the Blue Creek region. This information came through PLENTY, a group that had done some development work in the area before and whose expertise lay in agricultural extension and solar photovoltaic installation. PLENTY international released a brief report on their agricultural projects being conducted in the Toledo District.  Within this report they discuss the difficult lifestyle of the poorest district in Belize.  The most problematic issues in Toledo are their serious lack of nutrition that leads to a 50% survival rate for children due to anemic mothers, and a generally malnourished population.  The residents of Toledo use the surrounding forest for the majority of their agricultural and fuel production, relying heavily on wood for fuel and agriculture for food.  The slash and burn practice they are currently using requires 5-7 times more land than sedentary agriculture indicating that their resources are beginning to thin despite being such a sparsely populated area. As a result, the district is faced with a vicious cycle of diminishing productivity of the land as fertile periods are shortened, and increasing destruction of rainforest habitats to create more agricultural space.  

Having gained a more in depth perspective on the region, we began reading-up on what was to be the first step of the energy conservation and efficiency project: The Audit. An energy audit is a whole systems analysis for energy consumption at a given site. There are many different types of energy audits, differing only in their attention to detail and applications. The most basic level of energy audit is often referred to as a preliminary audit. The preliminary audit typically involves a quick walkthrough of the site in question, identifying obvious areas for efficiency improvement. A general audit goes into a deeper analysis, often relying on past records of utility bills. Looking further into this, the general audit will analyze specific site factors using metering equipment. The general audit also relies on communication with the analyst and the site owner to better understand trends with energy use. The final result of a general audit contains a financial analysis with detailed implementation costs, break-even points, and cost savings. The largest scale energy audit is an investment grade audit. This involves all the steps used in a general audit, but is calibrated to a greater degree.


Early in the project, it was theorized that a diesel generator run on waste vegetable oil would serve as the meat of our implementation work in Blue Creek. For this, our literature reviews focused on the comparison of waste vegetable oil and biodiesel as fuel for a generator. Through extensive research there were a number of conclusions drawn. “The published engineering literature strongly indicates that the use of SVO will lead to reduced engine life.” (EERE) This is due to the amount of carbon particles that SVO systems leave in the engine, thus causing buildup and ultimately a shorter life span for the engines. These facts alone posed serious implications through the lens of sustainability. Even techniques such as preheating the vegetable oil before compression in the engine or blending with conventional diesel only seemed to mitigate the problem. Biodiesel on the other hand can be made synthesizing a reaction between SVO, methanol and lye. It was concluded that biodiesel had an advantage over using straight vegetable oil in that it had a negligible effect on particulate buildup in the engine, and thus did not cut considerably into an engine’s lifetime. After the group’s initial trip to the school, it was concluded that a biodiesel processing operation was not feasible for the available time. 


Our literature review was concluded with a certain amount of uncertainty. Nobody in the group wanted to start making irrational judgments based solely on what was read on the internet would work. It was a widely held belief that Tumul K’in’s path to energy conservation and efficiency would be revealed in the audit. This was a belief that would serve the group well in its final implementation of a renewable energy offset.
III.  Background Work


Following the successful identification of a focus for our semester long project, we began to take several steps towards defining the nature of the assignment.  After our professor Gary Flomenhoft suggested the need for energy conservation in Timul K’in we made the decision to meet with the co-founder of the school and Galen Faculty member Dr. Filiberto Penados to discuss the different options for project.  Dr. Penados provided us with invaluable information about the school and it’s history of energy consumption in addition to a brief overview of the school and its financial condition.  These talks allowed us to visualize the project and begin to review pertinent literature and construct an initial timeline for when we planned to make the weekend trips to Blue Creek.  After this progress we began to research possible project partners in the area by identifying organizations that already had experience with renewable projects in Belize.  While this research was very important for us to understand the basics of renewable energy projects it proved to be unnecessary as we were fortunate enough to meet our future project partner Jeff Frank weeks later.  


Jeff was attending Galen for a three-week strategic writing class as part of his service as a Peace Corps volunteer.  Jeff helped us understand the need for alternative energy in Timul K’in and provided us with information about the potential for bio-fuel and hydropower applications.  These conversations not only gave us more confidence in the viability of our project, but also gave us realistic outlook for our alternative energy projects.  With this knowledge we then did a considerable amount of research about energy audits and energy audits.  

IV.  Project Description

The project was based in the Toledo district and focused on sustainable energy systems for the Tumul K’in School.  We worked closely with Dr. Filiberto Penados, cofounder of the school, and Jeff Frank, a Peace Corps volunteer working at Tumul K’in.  The school had recently lost government subsidy of energy and had accumulated substantial debt because of this.  Our goal was to assess the energy needs of this school and find a feasible way to help Tumul K’in on their way to energy independence.  This way they could stop accumulating debt and paying significant fees for their electricity, and use the money for more practical purposes within the school.


We started with an energy audit on the entire school.  With this we could tell what was using the most, as well as what could possibly be reduced to save on energy costs.  From there we brainstormed some possible solutions both long and short term.  One of these plans involved the implementation of a generator to make the school self sufficient in energy production.  They had an existing diesel generator; however it was too large for their needs.  Because we were here for a limited amount of time we suggested that in the future this generator be fixed and sold or traded for one of more appropriate size to fit their needs.  


From our assessments we figured that a solar hot water heater would prove to be beneficial to the school.  These electric appliances were among the most energy consuming, and it was also the most feasible project given the time constraints.  We devised a plan to construct a solar batch heater and locate it at the staff house, due to the amount this appliance consumed there.  

V.  Millennium Development Goals

Service learning is a process that cannot be undertaken without a goal or a desirable outcome. For our purposes, we evaluated the Millennium Development Goals set forth by the United Nation’s Development Program.  The set of goals, eight in total, blanket all the issues international development programs, large and small hope to accomplish. Our particular project with the Tumul K’in School addresses two of them primarily. The first, number seven, “Ensure Environmental Sustainability,” is addressed by our project very clearly. The construction of the solar batch water heater both reduces energy consumption, and does so using the world’s most abundant source of renewable energy, the sun. In addition, because we worked with Jeff Frank, who is currently living in Blue Creek at the school, we can ensure that our knowledge remains at Tumul K’in allowing for similar projects in the future. 


The second goal that we directly addressed is number eight, “Create a Global Partnership for Development.” Simply put our work with the Tumul K’in School has created a relationship centered on development. We believe in their goals and they believe in ours and there is a mutual interest to continue work between the university (Galen and UVM) in future years. 


It is important to note that our work in Blue Creek indirectly addresses other MDGs as well. The first of these goals is to “Achieve Universal Primary Education.” While the Tumul K’in School is not public, it strives to recruit youth from through the country of Belize that would benefit the most from their facilities, particularly those who could not otherwise afford to go to school. By assisting Tumul K’in in cutting costs, we are making it easier for them to provide this low coast, high value education to more students. The other indirectly affected goal is to “Promote Gender Equality and Empower Women.” Not only does the Tumul K’in school recruit females, they currently have more girls than boys enrolled, girls who probably would never go to secondary school otherwise. So, once again the economic savings provided through our project help the school continue to address this, and the former, goal directly. 

VI.  Energy Audit:  Implications and Analysis

Using conservation and efficiency is the cheapest and easiest way to save electricity and lower your bills. This involves getting rid of energy use that is wasteful and unnecessary and incorporating proper efficiency techniques that can minimize the impact from the remaining energy needs. The best way to do this is by going out into the community, perform an energy audit, and make simple, cost effective recommendations for the buildings in the designated area. We decided that taking a trip to Tumul K’in and performing an energy audit would be a great first step to helping them with their energy cost issues.

We began by examining past energy bills as a frame of reference for saving calculations. We discovered that the average cost of electricity is about 44 cents per kWh, considerably more than the average of 16 cents where we live in the U.S. The school had dug a $9,000 debt and had an average energy bill of $1,200 a month. Reducing these numbers was obviously a necessary priority. 

The goal of our energy audit was to visit all 9 buildings throughout the school and figure out where the majority of energy was being consumed along with which appliances were responsible for that consumption. Unfortunately, we were not equipped with an energy meter to measure the exact consumption of each appliance so we were forced to do things the old fashion way. We had to examine the back of each appliance and find the label, which listed the amps and volts being drawn. A simple calculation was then done to convert these numbers into watts: AV=W (amps x volts = watts). After you know how much electricity an appliance uses, the next step is to figure out how many hours per day the appliance is used. We had the assistance of some Tumul K’in students and teachers to help us estimate the hours of usage. With these numbers, we were ready to figure out which areas were guilty of the most consumption. We compiled spreadsheets for each of the nine buildings showing a list of all the appliances within the buildings along with the amount of energy each appliance consumed. We also made a pie chart showing the different percentage of consumption from each building (Appendix 1.2). 

As you can see in Appendix 1.2, the computer lab was the biggest energy consumer taking up about 1/3 of their electricity use. However, since most of our recommendations for this building were not attainable in the amount of time we had to work with, we had to focus our attention to a different building. The restaurant was the second largest consumer at approximately 15 percent, although replacing the equipment responsible for this consumption would have far exceeded the budget we were given. In third place, the staff house used about 12 percent, and after brainstorming suggestions, we finally came up with a practical, affordable project that could help reduce consumption. After examining our spreadsheets, we discovered that an electric water heater was responsible for about half of the staff house’s consumption. We decided to construct a solar water batch heater and replace the existing electric water heater, a cost effective implementation of alternative energy. 

The heater was a basic design, consisting of a box, a cradle to hold the water tank, insulation and a reflective lining and a transparent cover.  The tank was taken from an existing electric water heater that had broken; we used a solar blanket for the reflective surface and foam along with recycled lining of the water heater for insulation.  The box consisted of plywood and framing lumber, it would be stained to protect it from the weather.  We were not able to get a piece of plate glass but used clear poly sheets as a temporary measure.  Jeff Frank will install the final plate glass and plumbing that will connect the heater to the staff house.  
VII.  Future Recommendations

In conclusion to our project we brainstormed some short and long term recommendations for Tumul K’in to follow up on their path to energy efficiency and sustainability.  Some of the short-term recommendations consist of the following.  In general we decided that the reduction of unnecessary light usage would be a main component to reducing the electricity consumption.  We noticed that many lights would run at Tumul K’in even during the day.  Due to the fact that the water pump alone generates 7% of their energy draw, we found it favorable to invest in a solar water pump.  This alone could save approximately $1000 per year.  The group was informed by Jeff that the water pump was often left running over night and as a result would over fill the reservoir.  This unnecessary energy drain could easily be fixed by installing a float switch in the water tank, allowing the pump to automatically shut of when it reached a certain level.  In order to create energy awareness among the students at Tumul K’in we suggested that it would be a good idea to have an energy consumption competition.  They would do this by placing electricity meters outside the girls and boys dormitories and at the end of each month the dorm that used the least amount of electricity would win some sort of prize.  In addition to the competition it may be favorable to install meters on every building so that faculty and students could be constantly aware of their electricity uses.  


Furthermore we came up with some recommendations specifically for the Tumul K’in staff house.  We recommended unplugging all of the appliances with a phantom charge.  A phantom charge is a drain on electricity weather or not the electrical device is running.  This can be easily remedied by making sure some devices are not plugged in while in use.  Our final recommendation for the staff house was to invest in more efficient refrigerators.  The refrigerators were extremely inefficient and did not have any energy star rating.  


Considering the fact that the computer lab had the highest energy consumption we made specific recommendation for this building as well.  The server was extremely powerful for the Tumul K’in network so we recommended using a more appropriate server for their needs.  We also found that the PC’s consumed high amounts of energy and laptops would provide students with the same processing abilities while using less energy.  Tumul K’in considered installing air conditioning to cool the computer lab however, it would be more efficient to plant large shade trees and install house fans rather than wasting gracious amounts of electricity running a compressor.  In addition if cooling of the computers is an absolute necessity we recommend placing all of the processors in one room with A/C rather than air conditioning the entire building.  


Finally we came up with long-term recommendations for groups to work on in the following years.  Tumul K’in should invest in more solar heaters for all buildings on the campus.  This was a fairly simplistic method of reducing energy cost and our model illustrates drastic savings in money over a period of time.  In addition we recommend following up with our initial plan for Tumul K’in which was to install and run a vegetable oil generator.  Tumul K’in currently has a large diesel generator that is not operational and is too large for their needs.  This generator could be fixed by a mechanic and sold to someone who has better use for electrical generation of that magnitude.  The profit made by this sale would be reinvested in buying a more appropriate generator for the schools energy demands.  The group working on this project would then covert the generator to run on vegetable oil.  This would require a heat exchanger running through the fuel tank in order to bring the vegetable oil to the same viscosity as diesel fuel.  Vegetable oil collection would be prearranged for weekly pickup at local restaurants in Punta Gorda and Placencia.

Appendix 1.1

Budget

	Item
	Price $US

	Rental Car
	$165 

	Gas
	$121.75 

	Meals
	$178.63 

	Lodging
	$92.50 

	Rental Car #2
	$257.50 

	Gas #2
	$100.00 

	Supplies
	$193.32 

	Total
	$1,108.70 


Appendix 1.2
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Appendix 1.3

	unit
	wh/day
	kwh/day
	kwh/month
	bill/month

	computer lab
	44,585.4
	44.6
	1337.6
	$601.90
	

	restaurant
	21,657.0
	21.7
	649.7
	$292.37
	

	staff house
	16,771.3
	16.8
	503.1
	$226.41
	

	office
	15,341.9
	15.3
	460.3
	$207.12
	

	Jeff's house
	9,415.9
	9.4
	282.5
	$127.11
	

	girls dorm
	7,505.1
	7.5
	225.2
	$101.32
	

	misc
	5,760.0
	5.8
	172.8
	$77.76
	

	kitchen
	2,400.0
	2.4
	72.0
	$32.40
	

	library
	2,400.0
	2.4
	72.0
	$32.40
	

	boys dorm
	1,890.0
	1.9
	56.7
	$25.52
	

	class#1
	1,851.4
	1.9
	55.5
	$24.99
	

	class#2
	542.9
	0.5
	16.3
	$7.33
	

	Filiberto's 
	0.0
	0.0
	0.0
	$0.00
	

	water pump
	10,026.0
	10.0
	300.8
	$135.35
	

	WH/day
	140,146.8
	140.1
	4204.4
	$1,891.98
	@.45/kwh

	average KW * 12hr
	11.7
	
	
	


