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1.  Introduction: Current State of Affairs at Florida Tech

1.1 Transportation

Faculty and staff commuting, student travel to and from college, student car use around town, security patrols, facilities maintenance, on-campus golf-carts, varsity sports teams travel, and the FIT aviation school are the major components of the transportation generated Greenhouse Gas (GHG) footprint.  Although FIT is a small school in both physical size and in terms of student body size, one of the largest contributors to transportation based GHGs is personal automobiles.  A rough estimate was used to estimate total annual CO2 equivalents from personal transportation at approximately 2,400 MTCDE for faculty, staff, and students.  The estimate will be outlined in the section below along with recommendations for ways to improve the estimate.  Although, personal commuting represents a large percentage of total carbon footprint, the single highest campus contributor to GHG the FIT aviation program.  The FIT flight school’s 30 planes, almost forgotten from the analysis, were responsible for approximately 3,350 MTCDE.  The sections below summarize the data obtained from analysis of each major transportation subdivision.  The analysis of the various transportation subdivisions has also included recommendations for potential ways of reducing the respective section GHG footprint, whenever possible.  Due to both the large scope of this project and the relatively short time frame for which to conduct the analysis, it was necessary to make recommendations for further research efforts in specific areas of the analysis.  Whenever possible, the recommendations for further research sought to incorporate other classes and campus groups into the collective analysis, as the project represents potential for education and positive social change.  

1.2 Alternative Energy Incorporation

Currently, Florida Tech is entirely dependent on traditional energy sources to run its electrical, cooling and heating systems.  While the local energy grid may incorporate alternative energy sources into the grid, Florida Tech has little influence over this power. The construction of alternative energy systems on 

Florida Tech’s campus would allow the campus to reduce its dependence on the traditional energy grid and thereby positively impact its carbon footprint.  While there are systems contributing to the running of the campus, Florida Tech has several prototype systems for research and demonstration purposes.

1.2.1 Demonstration outputs

Currently Florida Tech has small demonstration systems investigating the feasibility and available outputs for solar, wind and hydroelectric energy.  The most significant effort is the 500 square feet of photovoltaic panels on top of the Olin Engineering Complex.  These panels produce 1000 kwh of electricity a month.  

A mobile trailer, stationed outside of the Edwin Link building, uses both solar panels and has a small wind turbine.  It produces enough energy to run small electrical devices and monitor power potentials.  The trailer also has the potential to charge an electric scooter.
  The trailer is used as an example of solar power and as an outreach tool, but again, makes little impact on the campus energy supply.

Both a  300 watt panel and wind turbine is installed on top of Roberts’s hall.  The instruments used on Roberts are not plugged into anything on campus and they were designed to be more of a test system to see how much power is available through wind and solar.  


The hydroelectric system is again entirely for demonstration purposes.  Under prime conditions it produces sufficient energy to light a light bulb or power a small radio, but the campus does not have significant hydroelectric resources that could contribute to the campus functions.

1.2.2 Biodiesel

Biodiesel is an emerging alternative to more conventional diesel fuel. Biodiesel can be used in regular diesel engines, mixed with regular diesel fuel, and can use the same distribution system that is already in place. It is also considerably safer than traditional diesel and produces fewer emissions . Currently at Florida Tech has a ready supply of starting material that could be used to create biodiesel. In addition, the school could cultivate it's own starting material as an agricultural project and, as a first class research institution, could join other universities in researching new possibilities in biodiesel production.

1.3 Energy Conservation

Currently, Florida Tech has 62 buildings on its main Melbourne campus. The fiscal year runs from May to April, and the energy consumed for the fiscal year 2007 so far (March and April not included yet) is 17,780,000 kwh. In fiscal year 2005, a total of 19,538,400 kwh was used. The projected power bill for this fiscal 

year is $2,250,000. From briefly assessing the current energy situation on campus, several recommendations have been made in this report for consideration in lowering energy loads and costs.

1.4 Recycling

Recycling at Florida Tech is currently almost non-existent. Looking around campus, the only hints that the students, faculty, and staff are aware that recycling is an important and necessary process, are the often overflowing paper bins found in offices, and the recycling containers for plastic found at the smallest dining facility. Reuse and Recycling is also occurring in the least expected place: the laboratories. Some departments on campus have set up recovery programs for chemicals and are then reusing them. The school’s safety department is also doing what it can to define the waste stream and pinpoint the source of the most waste. Despite apparent lack of conservation through recycling, the campus is primed for an eco-friendly overhaul. Not only can we recycle paper and plastics, but food, water, chemicals, glass, plastic, aluminum, electronics, batteries, compact fluorescent lights, and even space are rather easily reused or recycled.  As a major user of all said products, Florida Tech needs to improve its ways of recycling beyond that of simple paper. Though there is recycling at Florida Tech, it is not enough; more desperately needs to be done.

Ideally, the ultimate goal for Florida Tech should be to become a Zero Waste community. This entails the complete elimination of wastes, or rather turning all waste and waste products into a resource which benefits the environment, the student body, and most importantly, the overall community. The goals of sustainability, defined as economic well-being, environmental protection, and socioeconomic well-being, are all met by the concept of Zero Waste. Here is how this concept works
:
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In this closed loop, everything is reused, recycled, or composted.  This is how nature works, and nothing is wasted. While such a goal may seem farfetched at this point in time, there are steps that can be taken to someday reach this goal of Zero Waste. 

The goal of Zero Waste provides hope for recycling at Florida Tech. The campus-wide recycling effort is gaining more support among students, faculty and even the administration. Starting with the use of reclaimed water via the City of Melbourne’s Water Reclamation system, Florida Tech facilities have even provided funding for traditional recycling. However, the community needs to look outside the basic box and think in terms of Zero Waste; from food to batteries to electronics to water, Florida Tech needs to take steps to a better, more ecologically-friendly campus. 

2. Action Plan

2.1 Transportation

2.1.1 FIT Aviation

2.1.1.1 Data

A representative of the FIT Flight School was interviewed by phone and provided sufficient information for an initial estimate for GHG contributions due to the 30 plane fleet.  He reported that each plane records on average close to 1,000 hours per year in the air.  Each plane averages around 10 gallons of 100 octane low lead fuel per hour.  The numbers provided led to a resulting value of around 300,000 gallons of gasoline per year.  The carbon footprint calculator spreadsheet was then used to estimate the carbon footprint of the flight school at approximately 3,350 MTCDE.  

2.1.1.2 Recommendations

The degrees in aviation which lead to private and commercial flight licenses require the pilots in training to gain a certain amount of time in the air.  The nature of the degree requires the student to build experience by controlling the plane while in flight.  Therefore, reducing flight time is not an option.  The only option to assist in the educational program would be a high tech flight simulator, though it must also be understood that there is no substitute for the education gained in the air.  The only recommendation that can be made in this area of transportation is that more thought and analysis be put towards reducing the carbon footprint of the FIT Aviation School, since it was largely overlooked until the end of the transportation analysis.     

2.1.2 Student, Faculty, and Staff Commuting

2.1.2.1 Data

As of October 2006, there were a total of 4,741 students enrolled at the university, including graduate and undergraduate.  There were 202 full-time and 72 part-time faculty members.  There were 3,161 parking decals sold to registered vehicles, including faculty and staff.  Residence life reported that 1,274 students live on campus and thus would not need to commute to school.  Many students also live within 10 miles of the university, though there was no way to quantify this within the timeframe allotted.  Nonetheless, an estimate of carbon equivalents due to commuting was generated to provide an order of magnitude understanding.  For the estimate, 3,000 cars were estimated at fuel economy of 20 mpg.  The average commute distance was estimated at 10 miles roundtrip, thus leading to a half gallon of gasoline per day.  Assuming 5 days a week and 36 weeks a year, the estimate for GHG contribution due to commuting was approximately 2,400 MTCDE.  This estimate represents only an order of magnitude approximation and would certainly need to be improved with future analyses.  

2.1.2.1 Recommendations

Before serious recommendations can be made for improving the carbon footprint resulting from commuting, further analysis should take place.  First and foremost, it is important the efforts are made to more accurately quantify the overall weekly and/or annual commute by students, faculty, and staff.  The office of Institutional Research and the Office of Registrar have a database of physical addresses for all teachers and staff.  Leslie Havery, in the Office of Registrar, explained that there were population selection procedures for generating Excel spreadsheets with the kind of data that could be used to quantify the distances of individual commutes.  Such a database would be key to quantifying and improving the campus carbon footprint.  First, a computer science class or group could determine the feasibility of a program that could interface with programs such as Mapquest or Google Map to automatically quantify each individual’s commute to and from school.  Such an exercise would still be an estimate, as people do not always go straight to school and straight home, but the estimate would be accurate in quantifying the contribution that driving specifically to campus has on the campus carbon footprint.  Once an accurate carbon footprint was determined, the recommendation could be made to explore the feasibility of a campus carpooling program and/or a campus shuttle program.  A group project such as those assigned annually in Science and Technical Writing could focus on researching the implementation of such a program.  Surveys should be taken for a representative population of students, faculty, and staff that focused on interest and incentives that would make such programs more attractive.  The group would present the results of a survey, along with such things as example calculations of financial savings, to faculty and staff.  If interest was significant enough, the group would need to make recommendations to the appropriate individuals to implement a shuttle and/or carpooling incentives program on campus.  Another aspect of the group project that could be carried out would be the drafting of a Software User Requirement document that would detail the requirements for a computer program to facilitate organizing of the weekly or semester carpooling schemes.  An engineer or scientist in the group would be in charge of this exercise, since it is very possible that such a task would be assigned to them in the professional world.  Once the document was written and reviewed by the group, it could be handed over to a computer science class or professor.  At that point, a computer science group or class could be tasked with the actual design of a software tool for facilitating carpooling.  The software tool would incorporate multiple levels of logic and operations encountered in the professional world.  It would need to be able to import physical addresses and class schedules in order to optimize grouping of individuals interested in the carpool program.  The program would need to allow the individuals to customize and update schedules to include specific extracurricular activities that could change the carpooling scheme.  The program would need to exist on the web and potentially communicated automatically with individuals via e-mail to update participants on the status of the weekly carpooling scheme.  

2.1.3 Student Travel to and from Original Home Country or State

2.1.3.1 Data

The annual drive or flight from the students’ original homes to the university campus and back at the beginning and end of the semesters was not researched.  However, the large percentage of students traveling from locations all over the United States, and indeed the globe, will likely contribute to a significant carbon footprint and should be quantified in future analyses.  

2.1.3.2 Recommendations

A recommendation to Leslie Savoie, at the Department of Institutional Research, would be to survey the entire student body to determine those that fly to Melbourne/Orlando and those that drive.  That information could then be combined with the home addresses of the students to obtain and estimate of the contribution to the overall carbon footprint.  
2.1.4 Facilities Management

2.1.4.1 Data
As the facilities management headquarters, the ARL is responsible for the purchase of all fuel distributed for the school’s vehicles. Thus far, this year a total of $65,525.59 worth of fuel has been bought, representing 26,372.70 gallons of gas. Almost all of the fuel purchased by maintenance is done so through a company known as Glover Oil. The fuel is low cost and a 76 cent tax deduction is given per gallon. In addition Glover Oil is the only company that delivers fuel in the relatively small amounts required to the school. FIT receives a 500-gallon gas delivery every week into tanks located by the intramural field. A total of has already been used for the year. Also Glover Oil delivers a total of 500 gallons of diesel every three months into separate tanks. This diesel, like the gas, is used to fuel all campus equipment and vehicles with the exception of two (see maintenance). Additional diesel consumption includes the schools six generators which in time of hurricane may burn up to 6000 gallons of diesel, thus they are always kept full.

The ARL Facilities Maintenance and Ground Department fleet comprises 64 vehicles, 8 of which can be described as light industrial vehicles (e.g. Backhoes Fork lifts).  As with the vehicles before, all of this fleet is fuelled on campus, they do however, unlike the golf carts, return to the ARL every evening. Before each day the drivers must go to the ARL on hibiscus to pick up there vehicles and receive the days duties. The vehicles are either gas or diesel powered and they all full on campus; however, we were unable to extract data concerning the exact amount of fuel they consume. On the contrary though, we were able to gather data on the largest fuel consuming vehicle; the gas powered E350 nine passenger van, which takes 8 -9 gallons of gas every other day. The driver must make trips back and forth to the airport all day long. He may sometimes drive with no passengers if he there is no one at school or few at school waiting to leave, this clearly burns less gas but it isn’t at all as efficient per passenger gas mile. In general, fuel consumption is hard to measure precisely since it varies widely with changes the semester end. During the breaks all the vehicles show a drop in fuel since they spend more time doing longer jobs (re wiring an apartment) and less time driving to and fro. The light industrials display a similar depletion or in some cases no change at all since the very rarely drive long distances and any less they drive during the break is canceled off by the fact that the may be used just a little more due to less student hazard.

Currently listed there are twelve vehicles in the landscaping or grounds fleet. Seven of these vehicles are trucks and all operate off of diesel fuel and range in age from three to twenty-one years of age. At the end of each work day these vehicles are driven back the ARL building at the intersection of Hibiscus and Airport Road. The John Deere vehicles and the Club Car Carryall are all gasoline operated and because they work specifically on the university grounds on various terrain torque, which is provided by the gasoline, is necessary for these vehicles as well as the operators to effectively perform their duties. 

Diesel powered vehicles

	Make
	Type
	Model
	Year

	Ford
	Diesel
	F150 Heritage 
	2004

	Ford
	Diesel
	F150 Heritage
	2004

	Ford
	Diesel
	F150 Heritage
	2004

	Ford
	Diesel
	Pickup Ranger
	1988

	G.M.C
	Diesel
	Pickup 
	1985

	G.M.C
	Diesel
	Dump truck
	1986

	Mack truck
	Diesel
	
	1993


Gasoline powered vehicles

	Make
	Type
	Model  
	Year
	Cost

	Club Car
	Gas
	Carryall
	1997
	$3,150.00

	John Deere   
	Gas
	4x2
	2004
	

	John Deere   
	Gas
	4x2
	2004
	

	John Deere   
	Gas
	4x2
	2004
	

	John Deere   
	Gas
	4x2
	2004
	


2.1.4.2 Recommendations

Recommendations for the diesel powered vehicles however can be made. Essentially since these vehicles can run off of diesel they can in turn operate off of bio-diesel which produces less GHG emissions and is a renewable source of energy. Additionally it has also been determined that creating an area on campus which develops bio-diesel from the waste produced on campus may be beneficial to the landscaping vehicles. Furthermore, because of the age of certain vehicles is more that twenty years, new hybrid vehicles could be gradually phased into the fleet. There are currently two mainstream hybrid pick up trucks on the market, the G.M.C. Sierra, and the Chevy Silverado. Each vehicle is approximately $30,000 in cost which is approximately the average cost for non-hybrid pick up trucks. 

The ARL building is approximately two miles from the school, which leads to a 4 mile round trip for each vehicle. If each vehicle makes a trip a day, each vehicle will drive a minimum of twenty miles per week, which in turn becomes 1040 miles per year of travel. This calculation does not include instances where a grounds keeper must return to the ARL building in order to acquire a tool that may have been forgotten, for example. The university has already stated that a section of the ARL building will be moved to campus and thereby controlling this unnecessary travel. This plan, in conjunction with replacing old vehicles with hybrid trucks and the possibility of creating bio-diesel fuel on campus, will undoubtedly reduce carbon emissions and save money. It could also increase the lifetime of the vehicles.    
2.1.5 Security 

2.1.5.1 Data

Florida Tech security currently operates seven vehicles. Six of the vehicles are powered by gasoline and consists of four golf carts and two sport utility vehicles. The seventh vehicle is a bicycle operated by one officer. The golf carts utilize five gallons of gasoline per day per golf cart and are fueled on campus. The fuel comes from an on-campus gasoline tank.  All six vehicles are operated almost continuously around the clock during normal weeks.  The two SUV’s include a 2002 Kia Sportage and a recently purchased 2007 Ford Escape.

	Make
	Type 
	Year
	Miles Per Gallon
	Cost  

	Ford Escape
	Gas
	2007
	26
	$25,000

	Kia Sportage
	Gas
	2002
	21
	$19,000

	Ford Escape Hybrid
	Hybrid
	2007
	34
	$26,000


2.1.5.2 Recommendations - Golf Carts

The Florida Tech Security department is highly dependent on their method of mobility with the use of their vehicles. These vehicles are necessary to effectively monitor campus grounds and adjacent areas.  Because the golf carts are in operation 24 hours a day seven days a week, it is difficult to create an alternative plan to reduce GHG emissions. The primary concern expressed from Security is that charging logistics become an issue, as well as battery degradation; whereas, gasoline powered vehicles refuel in seconds and do not really lose efficiency appreciably.  Essentially all four of the golf carts must be in operation at all times, and because recharging would cause at least one of the vehicles to become temporarily incapacitated electric vehicles are not a perfect solution.  The use of electric vehicles would require the purchase of a higher number of vehicles such that some could charge while others were in operation.  Nonetheless, a well thought-out implementation program such as the one below could lead to an all electric fleet with little negative impact to the staff and the security plan.  

The following can be performed in order to transition to electric golf carts.  

1. Add two electric golf carts to current fleet. At the least add one electric vehicle. 

2. Whenever a replacement is necessary after the lifetime of one of the current gas powered carts has ended replace it with an electric powered golf cart.

3. Electric carts with various ranges in terms of battery life before next charge should be purchased. 

4. Eventually all of the security fleet will become electric overtime.

5. Essentially after this transition is complete there will be six vehicles instead of four in the fleet. However just as the situation is today, only four of the vehicles will be on patrol. 

6. This allows vehicles in duty to recharge and in turn employ a switch with the two additional vehicles while the other is recharging.

7. A range of zones and sizes of the patrol areas should be strategically designed.  Vehicles patrolling smaller zones will allow them to maintain power longer while vehicles in larger zones will be easily replaced by one of the two additional golf carts on standby.

8. It will be security’s responsibility to assign each of the four vehicles being utilized during duty to a specific area of the university property.  

There are many reasons as to why the entire golf cart fleet cannot be replaced at once by electric vehicles. First there are currently two mechanics/ security guards that are very familiar with the current gas powered golf carts. In essence, whenever a repair is required these on staff mechanics perform such repairs. This convenience saves money within the department, since the carts need to be sent back to the manufacturer only when a major repair is necessary. Replacing the entire fleet of gas powered golf carts with electric vehicles at one time will create a problem since it will require time for the security personnel to become familiar with the new vehicles. A gradual increase in electric vehicle use will allow the security guards with mechanic experience to begin to understand and gain experience with the new vehicles and some of the problems they may be prone to.

Additionally, the high capital cost of purchasing 6 to 8 new vehicles at once is simply not feasible or financially responsible.  However, at roughly $200 more than the typical carts currently used, a gradual implementation plan barely affects the current budget.  Furthermore, the E-Z-GO company has developed an electric powered vehicle with basically all of the same features as the gasoline powered golf carts, including such things as equal top speeds. The vehicle also employs regenerative braking to reduce charging requirements and improve overall efficiency of the vehicle. 

Through the implementation of this plan, the eventual reduction in GHG emissions will be accomplished by the security department while maintaining financial security for the department as well as preventing any inconveniences for the staff.      

2.1.5.3 Recommendation – SUV’s

Currently the Security department operates a 2002 Because of this recent purchase by the department no recommendations can be made in terms of replacing the Kia Sportage. However, if the department feels that their new Escape is reliable and efficient then in the future if an addition to the fleet is needed or a replacement to the new vehicle then it is recommended that the department select the Ford Escape Hybrid vehicle. It is approximately equal in cost but contains such features such as regenerative braking and excellent fuel efficiency and is equivalent in power as its gasoline counterpart. The following chart represents the vehicles used by security and the hybrid version of the ford escape. 

2.1.6 Golf Cart Fleet

2.1.6.1 Data

There are a total of 33 golf carts (excluding those of security) that are presently on the ARL fleet. Of the 33 golf carts in operation by these various departments, 10 are gas powered and all the rest are powered electrically. The gas carts on campus (except security; see security section) are fuelled from the tank stores, and they are reported to consume 1 to 2 gallons of gas a week. Typically though, statistics show that the size of the gas tanks on these carts is approximately 5 to 6 gallons. The low weekly fuel consumption indicates that the vehicles are used relatively sparingly and don’t contribute significantly to the overall carbon budget.  However, gasoline carts may represent an easy conversion to greener technology.   

These vehicles are used frequently on a day to day base on the school compound. Most departments involved in human resource operation here at the school make use of the handy golf carts to decrease their work load.    The following comparison was compiled based upon common knowledge and general impression from discussions with Florida Tech Staff that use the carts on a regular basis.  

· The advantages of gas golf carts include:

1. Their engines are known to be very sturdy

2. They have a long range

3. Gas carts are thought to be more powerful

4. They can be refueled more conveniently/anywhere

· The disadvantages of gas golf carts include:

1. There fuel source is in itself nonrenewable to the 1st order

2. They produce exhaust that is environmentally unfriendly

3. The cost of there operation is in direct relation to the fuel $

· The advantages of electric golf carts include:

1. Though fuel is created using fossil fuels it is an exhaust free, cleaner form of fuel

2. They are by far more silent than gas powered motor vehicles

· The disadvantages of electric golf carts:

1. For every hour used the have to be charged

2. They have a short range

3. In some cases their motors may be less sturdy

4. They cost more than gas carts to maintain

According to golfcart.com, a reputable name in golf carts, the actual cost to maintain a gas car versus an electric car operating daily on a golf course is the same at the end of every season. They suggest that though the cost of an electric battery kit that is changed every four years is 400 dollars, consistent maintenance must be done on gas carts through out a season. Another point they made was that over the last ten years lots of work has gone into golf carts, however most of the work has gone into that of the electric type there article states; “If you haven't driven a modern gas and a modern electric golf car, you are probably not aware of the fact that there have been some vast changes in recent years. Most of those changes have come in the Electric Car field. The pressures from EPA have driven manufacturers to constantly work to improve the performance and operation of Electric Golf Cars. And they have been very successful. New in recent years are terms like programmable 'Regen Speeds', programmable 'Ramp-up Speeds', 'programmable Top Speeds', and NEVs. They mean that today's modern Electric Golf Cars have almost leaped ahead of gas golf cars. Not only are they quiet and non polluting, but they can outperform gas golf cars in start up acceleration, downhill slowing (not using the brakes), and top speeds in many cases. None of this used to be true with the older types of Electric Golf Cars powered with Series Wound Electric Motors. Now the vast majority of Electric Golf Cars have very sophisticated electronic controllers that can change the way a particular electric motor responds. The ability of a golf course to manage the efficiency of electric golf cars continues to improve. And new advancements are constantly emerging. All the old beliefs about Electric Golf Cars not having the performance of Gas Golf Cars just are no longer true. Now when discussing the cost of replacing batteries, it's another story. Heard about NiCad batteries? Jell-Cell batteries?, New Super Batteries? Well for the time being, you can forget about all those with regards to golf cars. There is not another battery in even remote competition with the Lead-Acid, flooded cell, batteries. There are three compelling reasons, Cost, Cost Cost. Then you can throw in reliability. We talked at length with all the major battery manufacturers at the golf shows and not one had any other idea than to make the Lead-Acid battery as efficient as possible. And over the years they have been doing just that. Lead-Acid batteries are an interesting subject in themselves and we will be doing an article on just them in the future. But for now count on dealing with Lead-Acid batteries. Will they get cheaper? NO! nothing gets cheaper (except Hi Tech), you know that. But they may well get more efficient.Not many years ago a discovery in the substance used merely to hold the active materiel to the plates resulted in a gigantic efficiency of Lead-Acid batteries.”

2.1.6.2 Recommendations 

The disadvantages and advantages in qualitative comparison seem more or less equivalent, which makes recommendations a little more difficult at this time. For starters we can say that the use of an electric cart is greener approach, since electricity is created at a stationary source which is often better capable of controlling greenhouse and hazardous air pollutant emissions. However, the golf carts must also maintain approximately similar financial comparison, as well as convenience to the gas carts.  Often, when golf carts are selected they are selected on the basis usage:  what load are they carrying, how far they have go, what is the required top speed, etc. Gas carts are known to be more powerful and have a longer range. Thus, it may be necessary to retain some of the gas powered vehicles or research longer range electric carts.  Future analyses should focus on individual usage of carts and develop a comparison between desired characteristics, cost, and emissions savings.  Based upon those factors, more realistic and data-based recommendations can be made for where the electric vehicles would fit most conveniently and economically.

2.1.7 Athletics

2.1.7.1Data

Florida Tech athletics rely heavily on transportation and thus contributes significantly to the overall carbon footprint of the university. Of the 2,059 undergraduate students attending FIT in the 05/06 school year, 256 were student athletes (119 men and 137 women). This means that these particular 256 students not only commuted to campus for class on a regular basis, but came back again in the evenings for practice. 

In the 2005/2006 year, Florida Tech athletics totaled 136 away games. For each away game, transportation must be provided. FIT has three campus vans available to every society on campus, but these van are reserved primarily for athletic transportation to and from games. For all other competitions where campus vehicles are not provided, Florida Tech rents Lynx buses. The total cost of team travel in 2005/2006 was $163,000, but this figure also includes cost of lodging for team players and staff. When looking at the cost of transportation alone it is about half that, $84,470.  Actual fuel consumption due to the vans and charter buses was not well documented, and thus an accurate carbon equivalent estimate cannot be provided.  However, assuming roughly $2.50 per gallon, one could get an order of magnitude estimate at around 34,000 gallons.  Assuming half of that is diesel and the other half is gasoline, the estimate for carbon equivalents is 323 MTCDE.

2.1.7.2 Recommendations

By eliminating the amount of transportation required, by increasing its efficiency, or by encouraging charter vehicles to use bio-diesel, Florida Tech can help reduce the emission of GHG’s. Student athlete’s, for example, can car pool to and from practice. A Sci/Tech Comm class from the spring of 2007 is already conducting a survey in regards to car pooling via a Florida Tech bus service. The survey can be taken at: http://www.surveymonkey.com/s.asp?u=59973594026. The survey asks the following questions:

· What year in college are you?

· Do you live on campus?

· Do you own a car?

· Have you Have you ever used public transportation in Melbourne (eg. Space Coast Area Transit)?

· On a scale of 1 to 5 how difficult do you find it to get on and off campus?

· Have you ever been unable to get something you NEEDED from somewhere off campus (groceries, Wal-Mart, etc...)? 

· Have you ever been unable to get somewhere you WANTED to go off campus (movies, restaurants, etc...)? 

· If Florida Tech offered a regular bus service to various stores and locations around Melbourne how likely is it that you would use it? 

· Which of the following destinations would be most useful to you on a proposed bus route? 

· Are there any other locations you would want such a service to go? (please list)
If the proposed survey yields negative response from students, a similar survey could be conducted directly within the athletic department. Perhaps a public bus system for athletes that would operate around athletic schedules. This would also provide a permanent source of transportation for away games and eliminate the need for bus rentals. Before action would be taken, more research and surveys would need to be done to investigate the economics behind a bus system for 256 students. This could possibly be projects for future Science and Technical Communication classes.

Probably the most immediate and practical way to decrease the carbon footprint and improve the overall environmental friendliness of the athletics department would be to encourage chartered vehicles that make use of bio-fuels.  The cost of bio-diesel typically ranges from 20 to 50% higher than normal diesel and would therefore be more expensive.  However, this price could potentially be offset by contractual agreements that allowed the charter company to purchase the diesel in bulk.  Future analyses should pursue quantifying the potential cost differences as well as the potential decreases in carbon dioxide equivalents by using bio-diesel.  
2.1.8 Waste Management 

2.1.8.1 Data


Waste management can be divided into two areas; on campus management and management of vehicles and waste. On campus management includes the collection of campus garbage and from that the general upkeep of the campus. FIT has two garbage trucks; they collect trash everyday and deliver them to the city landfill approximately 10 miles away. The trip to the landfill is however unavoidable because the trash must be properly disposed of. The garbage trucks though are the only vehicles that are fuelled off campus. They need a different grade of fuel from the rest of the diesel users. The school buys off road fuel from Glover Oil, it is against federal law to use off road fuel in this situation, clearly because the trucks have to drive to the landfill. For their function the trucks use approximately 1000 gallons of diesel a year and they are all returned to the ARL for storage at the end of each day.  


Management of vehicles and waste referrers to how the ARL handles the maintenance-byproducts of the large fleet. The ARL are exemplary in their handling of this matter and below is a list of the mechanics of the operation;

1. All vehicles are washed daily with a biodegradable, environmentally approved soap bought from a company by the name of NAPA

2. One of the major pollutants in vehicle maintenance is the use of “Parts Wash”. At the ARL, Hills Parts Wash is used; it is high in mineral spirits but it also has an extremely high flash point, it is environmentally approved and the only thing that is dirty is what is it gets from the grease it has removed

3.  The disposal of oil filters is also a huge problem, however at an exorbitant price, the oil filters used are bought from Softy Clean, when they are finished they are put in a barrel compressed and taken by the company for special disposal

4. Used oil is disposed of through a mutual relationship, a particular company takes used oil from the ARL at no cost, and it is taken to Orlando to be used in the preparation of asphalt. 

5. Any material washed of f the vehicles are collected in mop sinks, this them to go through the hard water line.

2.1.8.2 Recommendations  

Due the high level of effort that goes into maintaining an environmental and efficient Waste Management Dept., the only recommendations that can be made are to research the use of biodiesel in the disposal trucks.  
2.1.9 Conclusion

The Transportation sector of the campus carbon dioxide equivalent footprint is a major contributor to the overall campus contribution.  It also represents an area where there may be serious room for improvement, though a current state of awareness and proactivity exist.  For example, the ARL’s awareness and interest in protecting the environment has been honed through their knowledge of the means necessary to do so. This proves that the key to making us all more environmentally aware is education, another effect of making this project a multi-year, campus wide effort. 


The two major contributors to the greenhouse gas emissions from campus activities are individual travel and FIT flight school.  Campus programs such as carpooling and shuttles represent the most immediate methods for improving the carbon dioxide footprint, but more surveying and quantitative analysis must be completed before such programs can be fully recommended.  Particularly work must be done to gauge interest in carpooling, inspire interest through incentive programs, and create the technology to make carpooling easy and convenient.  Another major recommendation is to seriously pursue a financial analysis of implementing bio-diesel in the major diesel consumers.    

2.2 Alternative Energy Generation

2.2.1 Ground Based Cooling Systems

2.2.1.1 Background


The majority of air conditioning units for residential and small commercial buildings use a simple air condensed Vapor cycle in which the refrigerant in the system (the working fluid) is condensed by running it through coiled metal tubes and blowing outdoor air over the coils.  The majority of energy used in a Vapor cycle compressor is used to compress the refrigerant to a higher pressure. The energy used depends on the mass flow rate at which the compressor must circulate the refrigerant and the pressure required by the refrigerant to circulate through the system and complete the heat exchange cycle.  Both of these factors in an air condensed air conditioning unit will depend on the outside air temperature. This is due to the decrease in heat transfer from the working fluid to the air as the temperature of the outside air increases and vise-versa.
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One popular way of decreasing the energy use in a Vapor cycle is to decrease the temperature at which the working fluid condenses by using the ground as a heat sink.  This functions because the ground is at a lower temperature than the outside air. This is also a viable solution for heating purposes because the same system can be used as a heat pump by reversing the cycle; the ground temperature in this case will be higher than the outside temperature. The increased efficiency of ground coupled air conditioning systems is what makes them more desirable. 

Costs for ground coupled air conditioning systems vary greatly depending on the size and type of the system. For a closed-loop system there are two possibilities.  A vertically bored system has piping that goes vertically down into the ground.  A horizontal trench uses a horizontal trench dug to a specified depth with piping laid in the trench and covered. The vertically bored type is typically more expensive to install, $4 to $7 per foot, due to the depths needed for boring. Horizontal trench types cost less up front, $.65 to $1.25 per foot, but often require a longer trench because of the higher average ground temperatures at the shallower depths.

2.2.1.2 At Florida Tech

Florida Tech does not currently use ground-coupled air conditioning systems. The smaller buildings on Florida Tech’s campus use air condensed systems for their air conditioning and heating needs. According to Tri-State Generation and Transmission Association, Inc. in Westminster, CO and Geothermal Heat Pump Systems the annual energy use of a ground coupled air conditioning system is considerably lower than a conventional air condensed air conditioning system. 
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 Annual Energy and Costs of A/C systems in Miami, FL

A ground-coupled system could be applied to are many of the buildings in the academic quad as well as many of the small single story buildings in the south of campus.  Additional data on the average soil temperature and soil types around campus is required for a clearer picture of how efficient such a system would be, but the energy saved would help Florida Tech on its way to a more sustainable future.

2.2.2 Solar and Wind Power
2.2.2.1 Solar Electricity

In Melbourne, Florida, there are 4.7 hours of sunlight on average.  The estimated total area of all the roofs on the buildings on campus, including the academic quad, all the housing on campus, Olin buildings and Clemente, total at 308,000 square feet
.  If 1000kwh of electricity can be produced from 500 square feet, 616,000 kWh of electricity a month should be available from the total area of the roofs.  One of the problems with this is the cost of that many solar panels, inverters and installation.  A better plan would to make a 10 or 15 year plan to cover all of the installation costs.  With a multiple year plan, we could take the money saved from the electric bill and invest that on more solar panels till we had the maximum amount of panels.  

Some of the campus building are better positioned for solar absorption than others.   The roof on the south side of the Skurla building and the new roofs on the administration building are already angled which would make installing panels more efficient.  

2.2.2.2 Wind Power

The Roberts hall wind turbine experiment has provided valuable information regarding the potential of sea breeze for power generation.  One of the problems with a wind turbine is that would need to be elevated fairly high.  Two buildings on campus are tall enough to effectively capture the wind.  The current turbine is located 103 ft above the ground.  Additional turbines on the Crawford Science tower may be viable.   

However, the latest readings from the Roberts turbine show the wind speed anywhere between 6-8 mph.  The turbine won’t overcome the bearing friction with anything less than 6 mph.  The lack of adequate space makes the solar panels a much better choice for electricity.

2.2.2.3  Solar Heating

  Another option for the university would be a system of solar water heaters.  These would heat water used in the university housing, and store the heated water in tanks.  These solar heaters would cut back on the electricity used in the heating of water.  A solar water heating system works by having flat solar collectors and running water through them.  The panel heats up and that heat is then transferred to water to be stored in a large insulated tank.  With the large area on top of the dorm quad buildings, this could be a very effective way of conserving energy.  The ambient temperature of Florida also helps heat the water.  The insulated tank can keep the water hot for 10-20 hours.
  A solar water heating system could also be tied into the current system, incase additional heating was needed.  The system would take anywhere between 2 and 6 years to pay off and after that we would be saving money.  
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2.2.3 Biogas

Biogas production is an area of particular interest and an excellent opportunity for Florida Tech to implement a technology that would have several beneficial impacts.  A biogas digester would not only produce sufficient gas to reduce, or even eliminate, the need for natural gas used by the campus’s food services, it would also turn food waste into a useable commodity.

2.2.3.1  Biogas and Biodigesters

The fuel known as “natural gas” is a fossil fuel created millions of years ago by the process of anaerobic decomposition of organic material.  Methane is the primary component of natural gas commonly used for cooking and heating, and is an odorless, colorless fuel that yields 1000 BTUs per cubic foot when burned.  The same process that created prehistoric natural gas continues to occur today.  Anaerobic bacteria break down organic material and produce biogas as a waste product.  Biogas is produced naturally in swamps, waterlogged soils, rice paddies, deep bodies or water, the digestive systems of animals, and is also produced in significant amounts in less natural location such as landfills.  Biogas can be harvested in biodigester systems and used in the same applications as natural gas.  The composition of biogas varies according to the type of feedstock processed, but generally consists of methane (50%-80%), carbon dioxide (20%-50%), and trace levels of other gases such as hydrogen, carbon monoxide, nitrogen, oxygen, and hydrogen sulfide. A cubic foot of biogas yields about 10 Btu of heat energy per percentage of methane composition. For example, a 65% methane biogas yields 650 Btu per cubic foot.

Biodigestor systems vary greatly in type, size, feedstock choices, and in installations costs.  Biodigestor systems can operate with a variety of feedstock products, including manures, starches and sugars, fats, grease & offal, lignocellulosic biomass.
  Any organic material will decompose anaerobically, but energy rich and easily digestible materials are the most effective feedstock for biogas production.  Pig, cow and horse manure is considered a very effective feedstock.   In theory, septic tanks can be adapted as biodigestors, but the volume of waste production is often insufficient to maintain a continuous digester, and cleaning agents like bleach kill bacteria needed for the digestion process.  Plant material can be low in energy and slow to break down, posing difficulties for digester dependent solely on some plant feedstocks.
 

While a wide variety of designs and construction materials are used in building a biodigester, all biodigester systems share the same basic components.  The first component is a pre-mixing area or tank where the feedstock is collected and processed.  While any organic material can be broken down in time, smaller particulate size makes the process more efficient.  A closed digester component is where the actual anaerobic decomposition takes place.  The retention time within this vessel depends on factor such as temperature, pH, and feedstock type.  A system for capturing and distributing the biogas for use is the third component of a biodigester system.  Finally there must be a system for distributing or spreading the effluent leftover from the fermentation process.

Two main types of biodigester systems exist, the batch digester and continuous digesters.  Batch type digesters are simple and place feedstock within the digester until the material is completely broken down.  Then the vessel is emptied and a new batch processed.  In continuous feed digesters, organic material is regularly fed into to digester, and decomposes as it is pushed through the system by the incoming material.  In these systems, the biogas is produced without interruption, but a continuous supply of feedstock must be maintained.

Some systems are designed to produce gas to create electricity and some use the gas in place of natural gas in heating and cooking appliances.   In some cases, biogas production is the primary goal, but in many cases, it is the result of a systems designed for nutrient recycling, waste treatment, and odor control. The wastewater treatment industry uses anaerobic digestion to reduce the amount of organic matter that must be treated.
  Biogas is simply a valuable byproduct.  A biodigester plant in Malaysia was built to treat the effluent from a palm oil refining plant to prevent contamination of the local watershed.  The plantation’s oil mill processes 60-tons of fresh fruit per hour, and the waste products that feed the project’s anaerobic closed tank digester are capable of producing about 20,000 cubic meters of biogas per day, generating about 1000 kW of continuous electricity.
  In addition to biogas, biodigester systems produce a sludge that is nutrient rich and is an excellent form of compost and soil conditioner.  

Biodigestor systems are commonly designed using animal manure feedstocks.  The Wisconsin Biorefining Development Initiative suggests that a commercial scale plant requires feedstock from about three hundred cows or two thousand swine to make electricity generation profitable.  They estimate that the cost of the installation is approximately $400 per head for a project based on dairy cattle.
  Far smaller, non-commercial installations are becoming increasingly common as development projects.  A successful project in Costa Rica promotes “media bolsa” type digesters with an approximate volume of 8.5 cubic meters that require five gallons of cow manure daily.  These projects cost around $300 US dollars to construct the underground holding tank and provide the plastic covering.  These systems fuel simple cook stoves directly and produce enough gas each day for six hours of cooking time.
  Less expensive, small scale designs are also available.  A project in El Cristo, Panama installed a “sausage” style digester based on the effluent of two pigs and organic farm waste for less than $100.

While effective, manure based systems are not particularly effective in urban areas without access to livestock.  Also, the urbanized public is often reluctant to deal with animal wastes, preferring to flush it away and forget about it.  Therefore, a biogas generator based on Florida Tech’s sewage system would be wrought with difficulties.  Fortunately manures are not the only type of feedstocks used in successful biogas systems.  Rather than sending food and kitchen waste to a landfill, where it will breakdown and release its methane into the atmosphere without benefiting anyone, waste food has excellent potential as a biodigester feedstock.

2.2.3.2  Biogas at Florida Tech

Creating a biogas plant at Florida Tech using the organic waste created by the food service kitchens would create a significant amount of gas and would turn waste that the school pays to dispose of into an asset.  The four cafeterias at Florida Tech (Evans, the Sub, the Ratskeller, and Center Court) prepare approximately 4000 meals a day.  At a low estimate of 1.5 ounces of food waste per customer, the school produces at least 300 pounds of food waste daily.
  

Incorporating grass cuttings and other appropriate landscaping waste would increase the volume of the organic feedstock available to a biodigester system.

The school uses natural gas in its kitchen appliances, so only minor modifications would be necessary to convert the system to one capable of using the biogas produced in the digester.  Replacing the natural gas would have double benefits on the campus’s carbon footprint.  Not only is dependence on fossil fuels lessened, the organic materials that would generally go to a landfill would no longer release their methane unused into the atmosphere.

As there is a steady supply of waste, and a constant need for gas, a continuous digester system seems the most appropriate.  A simple system, such as the one used in Costa Rica, with a sunken concrete walled digester basin, seems the most suitable and unobtrusive design.  The capacity for feedstock is approximately three times the capacity of the small systems in Costa Rica.  If one assumes that 3X the feedstock requires a digester three times the size, the system should be approximately 25 cubic meters, and should cost approximately $900 to construct.  

Based on the Malaysian example presented above, and based on the amount of food trash available, we can estimate that a biogas system on campus could produce 16 therms, or 1600 ft3 of biogas.  This would come very close to meeting the gas needs of the Sub cafeteria in the Denius student center.
  If the campus was able to replace all on the natural gas consumed by the Student Center, which includes heating in addition to the needs of the cafeteria, the school could save over $12,000.


A few other adaptations would be necessary for a biogas digester to process food waste.  Food waste from a commercial kitchen includes customer waste, such as leftover food, bones, and generally disposable paper products.  The bulk of this food waste including the biodegradable paper can be processed in the digester.   As mentioned before, all organic material will eventually breakdown in a digester, but it is better to segregate materials that break down very slowly as they eventually clog the digester, and especially in a bag style digester, materials that are sharp and likely to puncture the plastic.   Materials like coconut and eggshells, onion peels, bones, and plastic cutlery need to be segregated from the digester’s feedstock to avoid both mechanical damage and imbalance in the microbial ‘soup’ responsible for breaking down the materials.
  Therefore, an effective kitchen based waste system has some process of sorting the materials before they enter the feedstock stream.  

The other main component of commercial food waste is the trimming and waste produced during preparation.  The also poses a sorting issue, and some process for managing particulate size and making the raw feedstock into a more completely mixed slurry.  Feedstock should be sorted, large pieces broken up, and divided into 5-liter parcels and mixed with equal parts water, before it enters the biodigester system.  The use of a high power mixer or lawn chipper in the pre-digester portion of the biogas plant would achieve this purpose.

The final element of the biodigester system is some process to use the slurry produced by the digester.  As no human or animal waste is used in the system there is little concern for contamination or sanitation concerns.  The slurry is excellent compost and could be used as a soil conditioner in the botanical gardens and other landscaping projects on campus.  Any slurry produced in excess of the campus’s needs could be dried and sold as compost.

In conclusion, a biogas plant would have significant positive effects if installed on the Florida Tech campus.  Not only would the project lessen the school’s dependence on fossil fuels, it would lessen the school’s carbon footprint by consuming the methane produced from waste foods rather than simply allowing it to escape into the atmosphere while taking up space in a landfill. A biogas production plant on campus would not replace all of the school’s natural gas needs, but would have a definite impact on the gas bill.  In time, the system would pay for the costs of installation, especially if the compost is successfully incorporated into the landscaping budget, and the resulting improvements in soil condition and the health of the vegetation those soils support would not only help towards a carbon neutral goal, it would make the campus more attractive as well.

2.2.5 Biodiesel

Biodiesel is a fuel that is equivalent to petrodiesel (diesel made from petroleum), but created from biological sources. It can be used in unmodified diesel engines, either straight or mixed with regular diesel fuel. It is biodegradable, non-toxic, and has high flash point, and is the only alternative fuel to have successfully completed the EPA's Tier I and Tier II Health Effects testing under the the Clean Air Act.
  Biodiesel also has a beneficial effect on the engine that is running it. Biodiesel has superior lubricity, increasing the life of the engine. It is also a mild solvent, meaning that it will clean the fuel system. If changing from straight petrodiesel to a mixture of biodiesel, the fuel filters will need to be changed after a short while, as the biodiesel will have loosened the built up engine deposits.

To create biodiesel, oil is extracted from a biological source, like plants, and then put through a process called transesterification. There are several different ways to chemically transesterify the oil.  The most common way is to add a mixture of methanol and lye catalyst to the oil, then heat the mixture to help the reaction work faster. Ethanol can be used instead of methanol, but takes a little more work to create biodiesel.  After the reaction is complete, the liquid will contain a mixture of biodiesel and glycerine.  Once the mixture has settled, the two components will have stratified, with the biodiesel on the top. After removing the biodiesel, it needs to be washed to remove any impurities. There are a few things that can be done with the glycerine by-product; it can be made into soap or disposed of safely.

Currently many places do not use pure biodiesel in vehicle engines. Instead they use a mixture of biodiesel and petrodiesel. For example several branches of the USA Government, like the Department of Defense, have confirmed the biodiesel is the lowest cost alternative fuel option for meeting the Government's Energy Policy Act.
  One problem with using pure biodiesel, especially in colder climates is that it has a higher gelling point than petrodiesel. The actual temperature is variable, depending on what oil is used for making the biodiesel. With a mixture of biodiesel and petrodiesel, the gelling point can be lowered, allowing normal operation in cold climates. Some vehicle manufacturers are still cautious of biodiesel use, and only maintain engine warranties with low percentage biodiesel / petrodiesel blends.

There are many different sources for the base oil used to make biodiesel. In the USA the most common sources are corn and soy bean, while in Europe it is rapeseed. One source that is in the research and development stage is algae. There are several strands of algae that are rich in oil. Once the oil is extracted from the algae it is possible to use the remains to create ethanol. The problem with current usage of algae for biodiesel is that there is still a lot of research going into what types of algae can be used effectively.  Factors under research include oil content, growth time, and the heartiness of the strand, as well as creating a cost-effective system for growing and harvesting the algae.  Based on small scale production, biodiesel from algae is estimated to have a 7 to 31 times greater per unit area yield then the best plant based source of oil.

For small scale biodiesel production Florida Tech already has available sources of starting oil stocks in the form of the cooking oil that is used each week by the different eateries on campus.  Currently the school has a company take the oil away after it has been used, but with a little preprocessing to remove unwanted materials like bits of food, it can be used to make biodiesel.  It might also be possible to process the used frying oil of nearby restaurants for minimal extra cost.

Florida Tech uses a lot of oil for cooking while in season, about 65 to 75 gallons of Canola Oil per week.
  While in a fryer, the molecular structure of some of the oil is changed.  Part of the oil molecule is broken off, creating free fatty acids. The amount of free fatty acids in the starting oil affects the amount of base that is added in the reaction. One down side to using waste oil is a slight reduction in the amount of biodiesel at the end (about 10% - 20%, compared to less than 5% for new oil)
.  A 20% biodiesel mixture can be used in most diesel engines with minimal problems and it has a gelling point similar to petrodiesel.  Using these numbers the school could produce somewhere between 50 and 67 gallons of biodiesel per week using the waste oil from the kitchens.  If this was blended with petrodiesel for a ratio of 20% biodiesel the school would be creating 250 - 330 gallons of mixed fuel a week. Over a semester, this represents a savings of around 900 gallons of petrodiesel. 

The equipment that would be required to make biodiesel is relatively inexpensive. The price could range between $500 and $5000, depending on the amount of labor invested in the intial system set-up.  If a pre-built solution is wanted there are several companies that produce self contained systems. These machines start at around $7000, but are often more automated and require minimal user interaction.
  The cost of chemicals is minimal especially if they are bought in bulk. The biggest cost in creating biodiesel in the starting oil stock, but if the school is to use waste oil or produce their own source of oil, this cost will be minimized.

Another option would be for Florida Tech to cultivate plants from which oil could be extracted.  There are several different plants that could be used.  The one with the greatest yield per acre is Chinese tallow, also known as Florida Aspen.  It is a hearty species that can grow in this area, but would need to be controlled as it is an invasive foreign species.  Other plant species include hemp, sunflower, avocado, and coconut.  The biggest factors to consider in cultivating feedstock are how much biodiesel is going to be produced, the amount of land that can be or needs to be used, and how much labor would be needed.  One downside to cultivating the source of oil is that there is not a continuous supply of oil, requiring a greater growing capacity to maintain the wanted level of biodiesel.

Algae cultivation would also be a possible source of oil.  Since this area of biodiesel is still under development, it would take some research and experimentation to get a system that would work for the school. This could turn into a new area of research for Florida Tech.  The other option is to delay plans about using algae in the short term and wait until there is a more established system for producing biodiesel from algae.  The costs for creating a system that would turn algae into biodiesel mostly revolve around the construction of a bioreactor where the algae can grow.  This is a closed system where the growth conditions of the algae can be manipulated to make the best environment, as well as to isolate the algae from any outside competition.  The algae can produce a more regular cycle of algae production than other feedstock sources, and uses less land area for a similar biodiesel output.

2.3 Energy Conservation

The purpose of this section is to assess Florida Tech’s main campus current energy usage and to make suggestions on improvements using resources from case studies and recommendations from LEEDs certification documents. The U.S. Green Building Council explains LEED in the following way:

The Leadership in Energy and Environmental Design (LEED) Green Building Rating System™ is the nationally accepted benchmark for the design, construction, and operation of high performance green buildings. LEED gives building owners and operators the tools they need to have an immediate and measurable impact on their buildings’ performance. LEED promotes a whole-building approach to sustainability by recognizing performance in five key areas of human and environmental health: sustainable site development, water savings, energy efficiency, materials selection, and indoor environmental quality. 

This section will specifically address energy issues in all of Florida Tech’s main buildings and outdoor areas. 

2.3.1 Dorms/ Apartments

As of 2007, Florida Institute of Technology requires all incoming freshman (under 24 credit hours) to live in on-campus housing.  After this initial year, students are given the option to live on campus in one of the residence halls or apartment style buildings. 

According to the Fiscal Year report for 2007, excluding March and April, the total electricity consumption for buildings on campus that include housing facilities for students is at the cost of $734,994.59 (buildings include:  Evans Hall, Southgate Apartments with Pool, All Dorms, ELS Grissom, and Crane Apartments).

Energy used for air conditioning and heating is dependent on the types of residence. Students have the ability to adjust the temperature in all on-campus apartments (Southgate and Columbia Village). This is unlike the residence halls, which is controlled building wide. 
 There are no benefits or promotions for students in on-campus apartments to control this type of energy usage.

There are several aspects to look at with regard to housing efficiency. The first is window and door efficiency. It would be optimum to replace the windows, but with the Florida Tech 10-year plan the more cost effective short term solution would be to screw the windows shut in the Southgate and residence hall buildings. Additionally, all seals under doors should be replaced. The second area to look at is refrigeration, freezer, and stove efficiency. ENERGY STAR approved products need to be used for all housing on campus, including stoves, refrigerators, washers/dryers, and micro-fridges.
  Students should also be encouraged by the school to buy ENERGY STAR approved microwaves and any other small appliances allowed by the school.
  Florida Tech currently regulates and restricts the type of appliances students can use in the on-campus apartments and residence halls. These regulations and restrictions could be expanded to include the efficiency of the appliances. The third area looked at was lighting. In all campus light fixtures, CFL’s should replace existing incandescent bulbs.  This will not only reduce the amount of energy needed for the light bulb to work, but it can also reduce the heat given off by the light and therefore reduce the loads on air conditioning.

Incentives should be put forth to students to encourage savings in energy use, water usage, and indoor air quality. There are several things that must be done by each student in order to qualify for the benefits. To help conserve energy, the following must be done:

· Keep thermostats within a certain temperature range all year long.  

· Turn off computers when not in use. 

· Unplug appliances from the wall

· Use CFL light bulbs in school light fixtures as well as personal fixtures.

· Use approved cleaners:

· White Vinegar: replaces bleach

· Baking Soda: replaces bleach and other spray air fresheners

· Arm & Hammer Washing Soda:  stain remover or sink and bathroom cleaner

· Bon Ami Polishing Cleaner:  abrasive cleaner containing no chlorine

· Fels Naptha:  removes laundry stains

· Dr. Bronners Pure Castile Soap:  Cleaning, odor removal, and shaving 

· Do laundry and cooking in the early morning or late evening hours

· Turn off all lights and TV’s when not in area

· Take medium temperature showers (not hot)

The incentives may include the following:

· Apply for deduction on housing bill.

· Recognized for “Green Campus” understanding and ability to decrease personal load.

· Housing gives student approved cleaners. 

To help conserve water, the student must do the following:

· Take short showers

· Turn off water when brushing teeth

· Not waste water when washing dishes

· Not allowed to wash cars on school property

The incentives may include the following:

· Apply for deduction on housing bill.

· If student has a car, free or reduced car washing at local establishment

To help improve indoor air quality, the student must:

· Only smoke in designated areas.  Cigarettes produce many carcinogens, along with being the most common form of litter.

· Use natural air fresheners, such as potpourri or baking soda (not chemical products such as Lysol, febreeze, or glad air purifiers)

· Keep room clean and free of clutter

· Use air filters and/or dehumidifiers

The incentives may include the following:

· Apply for deduction on housing bill.

· Given boxes of baking soda for room

· Given approved cleaning products for apartment/room.

 A system that allows students to become aware of their impact on energy consumption should be designed and implemented. This system would quantify total load per apartment/room.  A bonus incentive could also be given to the student(s) with the lowest total personal energy consumption for a given period of time.



2.3.2 Classrooms and Labs


This section will determine the energy efficiency of classroom and laboratory buildings on the Florida Tech campus. This section will look at case studies of similar buildings that have become LEED certified as well as identify general recommendations for these types of buildings on the Florida Tech campus. The energy efficiency of the W. Olin Engineering Complex and the Edwin Link Building will also be analyzed in this section. 
2.3.2.1 Current Florida Tech Buildings 

Currently, 75% of buildings on the Florida Tech campus can improve their energy usage in some way. Reducing the water and electrical consumptions are the two major ways to improve a building’s efficiency.  According to the Michigan Energy Office, the average classroom building uses 70,000 cubic feet of water per month. Hot water usage is considered to use 20,000 cubic feet, while the remaining is used for drinking and flushing. In order to reduce the water usage in classrooms, energy efficient faucets and toilets can be applied.  A typical faucet uses 3.5 gallons per minute, which can be reduced to 1 gallon per minute by converting to an energy efficient faucet
. By reducing the amount of water used, a building saves approximately $316 per month and the new faucets pay for themselves after 7.6 years. Converting old toilets to Ifo Cera ES4 toilets also reduces the amount of water consumption by 30 cubic meters of water per year.

Diminishing the electrical consumption of a building is another way to reduce its energy usage. Improving the energy efficiency of appliances is one way to reduce the electrical demand of a building. For example, old monitors use 55W of energy while new monitors use only 3W.
 Converting old copiers and printers to ENERGY STAR ones is another way to reduce the electrical demand by 45,000kWh and saves $3,200 annually. Another simple way to save electricity is to reduce the sleep mode time of the copier or printer. Sleep modes are set to 240 minutes; by reducing that to 60 or 90 minutes, the electrical demand of that appliance will be greatly minimized.
 A refrigerator is another appliance that can become more energy efficient. The current refrigerator uses about 706 kWh, while an ENERGY STAR refrigerator uses only 478kWh. Although ENERGY STAR refrigerators are more expensive, this technology pays for itself in 5 years by the minimized energy costs.42 Another way to reduce the energy demand from refrigerators is setting automatic temperatures based on time of day. This means that during the night, when the refrigerators are not being used, the temperature will increase to reduce the amount of energy needed to keep it cold. Installation cost for this technology is $13000, but it saves $2,799 annually which provides a payback in 4.7 years.41 Another appliance that can be made more energy efficient is vending machines. ENERGY STAR vending machines uses 40% less energy, saves 1,800 kWh per year and has an average savings of $150 per month.
 Improving the lighting is another way to reduce the electrical demand. This can be done in several ways including replacing 60 exit signs at 40 watts each with 60 signs at 2 watts each which resulted in annual savings of $1,798 and pays for itself after 1.7 years, replacing hallway and restroom lighting with LED resulted in an annual saving of $3,278 and pays for itself after 5.2 years, and replacing classroom lighting with LED lights saves and annual $5,579 and pays for itself in 6.5 years.41 LED lights are not only more energy efficient, but they also last much longer than regular lights, so replacement costs are also reduced. Another way to reduce the lighting needs is by implementing the Andover Energy Management System. This system detects motions to turn lights on and off. Although this may not be optimal in classrooms, where movement is minimal, it would be very effective in hallways and restrooms. This motion-sensing system saves $4,752 annually and the technology pays for itself after 3.2 years.

2.3.2.2 General Recommendations and Goals for new and existing Classrooms and Laboratories at Florida Tech. 

The overall goal is to construct all buildings to be LEED certified: “maximizing operational efficiency while minimizing environmental impacts
.” Typical LEED certified building has 30% energy savings, 30-50% water use savings, and 50-97% waste cost savings. Research has also determined that students have 20% better test scores from LEED certified schools
. Therefore, converting buildings on the Florida Tech campus to LEED certified buildings would not only reduce the energy demand for the campus, but also improve to productivity of the Florida Tech students. 

Currently, Florida Tech is not constructing its buildings to be LEED certified because construction costs would increase. However in Moss Landing, California, 33 new Laboratory and Classroom buildings were constructed to be LEED Gold Certified. In this case study, 5 of the 33 buildings had no construction cost increase at all. The other buildings only had a 1.8% cost increase.47 Existing buildings that are converted to be LEED certified can also be cost effective. An example is the Getty Office/Museum renovations in Los Angeles, CA. In this case study the green improvements paid for themselves within 3 years having annual return on investments of 25-40%.47 Based on these case studies, it would be realistic for Florida Tech to make green improvements on existing buildings and construct new buildings to be LEED certified. 

2.3.2.3 W. Olin Engineering Complex


The W. Olin Engineering Complex has three floors and is a total of 70,000-square-foot. The building includes 26 specialized research and teaching laboratories, a 142-seat multimedia auditorium, a student break area, classrooms, teacher offices, and a large entry foyer.
 Each of these areas in the Olin complex has energy needs. Each laboratory has 16 computers and 1 printer all of which are in operation 24-hours a day. The auditorium and classrooms need energy for the Lightwave system. The Lightwave system uses motion-sensing lighting and lighting projectors to help reduce the electrical need for lighting. The student break area houses five vending machines, each of which is in 24-hour operation. Teacher offices also have energy needs including personal printers and computers. Seven of these offices also have personal refrigerators. Lighting and air conditioning are needed throughout the building. The Olin Complex uses 40W and 32W bulbs for lighting. The air conditioning is set at 72˚F. 

To compensate for some of the electrical demand of the Olin Complex, this building produces solar energy. This is the only building on the Florida Tech campus to incorporate renewable energy into its electrical source. The W. Olin Engineering Complex has a 4.8 kW Astropower photovoltaic (PV) array of forty panels, which convert the direct current from the array to 120 volt.

The W. Olin Engineering Complex also has a water demand. The Olin Complex has three male and female restrooms. Each restroom has three toilets and two faucets. These restrooms have motion sensing, timed faucets to reduce the water usage. The Olin Complex also has three drinking fountains. 
There are several recommendations to make the W. Olin Engineering Complex more energy efficient. The student break room would be more energy efficient if the old vending machines where converted to efficient, low-energy vending machines. Lighting could be improved by replacing hallway and bathroom lighting with LCD lighting. Replacing exit signs with 2W bulbs would also reduce the energy demand in the Olin Complex. Cooling needs could be reduced by turning the air conditioning to 75-77˚F. Replacing the current blinds with solar reflecting ones would also reduce the amount of cooling needed in the building. Installing spinning doors instead of the current doors would also reduce the amount of cooling loss in the building. Further improvements include turning off computers from 9pm-8am. Currently, all computers in the Olin Building are on 24-hour a day so students have access at all times. However, leaving one computer lab in operation and turning the others off would save the electricity demand while still allowing students 24-hour computer access. Setting the sleep mode on copy machines and printers to 60 minutes instead of 240 minutes would also reduce the energy demand of the Olin Complex. The final recommendation for the Olin complex is to convert all personal refrigerators to low energy ones. These recommendations would make the W. Olin Engineering Complex more energy efficient and thus reduce the energy costs at Florida Tech. 

2.3.2.4 Edwin Link Building

The link building is a three story building made up of teacher offices, classrooms, laboratories, and two computer labs. The link building has 2 printers and 54 computers with monitors using 55w. These printers and computers are in operation 24-hours a day. There is also one copy machine that is on from 8am-5pm and uses 190W per day. There are 456 lights in the Link Building that use 40w or 32w. There is also one male and female restroom, one drinking fountain, and one vending machine in the Link Building. The Link Building has a dehumidifier running 24-hours a day in the Atmospheric Pollutions Laboratory. The air conditioning in this building is set at 72-74˚F. Classrooms use projections, but do not have the motion sensors on the lights like in the Olin Complex.43 

There are several recommendations in improving the energy efficiency of the Edwin Link Building. Similar to the Olin Complex, turning the air conditions to 75-77˚F, turning off computers and printers from 9pm-8am, converting to ENERGY STAR vending machines, and setting copy machine sleep mode to 60 minutes instead of 240 minutes would save energy and reduce cost. Turning off computers in the Link Building would save the school $1000 annually, for example. Converting the older monitors to new computer monitors would also save 53w per day. Old monitors are being used due to the high replacement costs of $6000, but $2800 would be saved in energy costs annually. Therefore, the new monitors would pay for themselves in 2.5 years.  If the old desiccators in the Atmospheric Pollution Lab was converted to new ones, the dehumidifier would no longer be needed, which would save energy. Unlike the Olin Complex, the Link Building does not have timed faucets. Therefore, setting faucets on timer and convert toilets to energy efficient ones would be another recommendation to reduce the energy demand in the Link Building. 

2.3.3 Eating Facilities


The food facilities on the Florida Tech campus consist of Black Kat’s Café, Center Court, Evan’s Dining, Rathskeller (RAT), and SUB Café and deli.
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The local eateries on the Florida Tech Campus 

2.3.3.1 Electricity Consumption

Currently, Florida Tech has spent $276,350.33 for the year on energy for dining services in both Evans Hall and the SUB café. Each month ranges from $9,000 to $17,000. The most amount of money is spent during September ($17,310.56 for Evans and $15, 127.07 for the SUB). On average, Evans dining hall spends $2000 more per month when compared to the SUB. Most of the energy costs come from heating/cooling, appliances, and lighting.

Data were not available at the time of this report for the other dining facilities on campus (RAT and Clemente’s Center Court). 

2.3.3.2. Electricity Efficiency


One way to improve the efficiency of energy consumed would be to evaluate insulation and sealing of the food-service buildings, especially around doors and windows. By sealing up holes in crawlspaces , a significant amount of energy can be saved. Sealing can simply be done by using caulk, spray foam, or weather stripping. In addition to sealing, using a reflective insulator in hot, sunny climates (such as Florida), buildings are kept cool. The results are fewer costs in electricity for heating and cooling.
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3  Reflective Insulator on a building
Energy consumption may also be affected by the appliances used. Using energy efficient appliances, such as ENERGY STAR brands, costs are greatly reduced. Products marked with ENERGY STAR have met the strict energy efficiency guidelines set by the US Environmental Protection Agency and the US Department of Energy. By outfitting kitchen areas with ENERGY STAR Qualified Commercial Food Service Equipment (have the ENERGY STAR logo on them); the reduction in greenhouse gases would be equivalent to taking more than 60,000 cars off the road.
  ENERGY STAR qualified refrigerator models use high efficiency compressors, improved insulation, and more precise temperature and defrost mechanisms to improve energy efficiency. The also use 40% less energy than the conventional models sold in 2001. This appliance is the single biggest energy consuming kitchen appliance. Therefore, by replacing a refrigerator bought in 1990 with a new ENERGY STAR qualified model, you could save enough energy to light the average household for nearly four months.
  ENERGY STAR qualified industrial dishwashers use at least 41% less energy than the federal minimum standard for energy consumption. They also use less water. Because they use less hot water compared to other models, an ENERGY STAR qualified dishwasher saves about $90 over its lifetime.
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Lighting is another way to conserve energy in food-service facilities. ENERGY STAR qualified Compact Fluorescent Lights (CFL’s) use at least 2/3 less energy than standard incandescent bulbs to provide the same amount of light, and last up to 10 times longer. Therefore, each CFL saves $30 or more in energy costs during its lifetime. They are able to do this by generating 70% less heat. The CFL’s are also safer to operate and can cut energy costs associated with home cooling. They are available in different sizes and shapes to fit in almost any fixture, for indoors and outdoors.
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2.3.4 Clemente Center


The Clemente Center houses a varsity gym, an intramural gym, a racquetball court, an aerobics room, a weight training and cardiovascular fitness training area, 4 locker rooms, one laundry room, about 2 dozen offices and office-sized rooms, a food-service area, 4 large restrooms, and 2 multipurpose rooms. The total square footage of the building is 58,000 ft2.
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Charles and Ruth Clemente Center for Sports and Recreation

At present, the Clemente Center is using forms of lighting and air conditioning that are much improved versions to older buildings on campus. Costs and energy consumption reflect this; however, there is room for more improvements.


Upon inspection of the Clemente Center’s indoor lighting, fluorescent lighting is the primary means of lighting throughout. Compact fluorescent lights (CFLs) are used throughout selected areas wherever indoor flood lights would normally go. The office lighting is a 2’x4’ recess with three lay in type 32 watt lamps (T-8). The entrance to the building and the lobby area have round recess lighting with 100 watt mercury lamps on the outside, and dual PL-13 recess high hats inside.  Many of these lights are left on all day. In some cases, for emergency purposes, hallways, restrooms, and main areas are lit 100 percent of the time. Other lighting is turned off when the facility is closed. During a normal week, the Clemente Center is open 102 hours. The lighting for the multipurpose rooms, for example, was found to be on when not in use. This could be remedied in several ways. Occupancy controls could be installed, or just ensuring the lights are off by staff members upon leaving the room.  Most of the offices are found on the second floor, and many of them have windows. The main fitness areas also have windows. Again, lights should be turned off when not in use, and automatic dimming controls could be used to take advantage of daylight.
 Dimmable ballasts and photosensors help control the amount of light, which can be calibrated to the amount of light needed. Interior design and paint can be also utilized to ensure the most effect from daylight. Direct solar beams should also be controlled. This can be achieved by improved glazing, shading or diffusing the light. Light shelves can also be used near the interior upper portions of all windows to redirect light to the ceiling. 


The gymnasiums have 115 high-tech high bay sport lights that each contains 9 PL 36 watt lamps which are controlled by 3 different lighting configurations. In the Varsity gym, for example, one switch turns on all lights at a lowered capacity, except for a series of lights in the middle row, which are dominated by another switch. The middle row of lights turns on only to full capacity. The third switch turns all lights, except for the middle row, to full capacity. This system allows for some energy efficiency, since the middle row of lights is only turned on during games, and special events may not always need the full use of each of the other lights. Some improvements to this system could; however, still be made. Improved reflectors around each light could be installed to increase brightness, and even more power increments could be used to allow for even lower levels.
  Daylight could also be used more efficiently by installing controlled, energy-efficient skylights.


For the climate and type of building, cooling is the primary means of climate control during the year. The total air conditioning tonnage is 240 tons of air, which is controlled by an on-line computer system located in the Florida Tech Facilities Department. Temperature is regulated by allowing a greater or fewer numbers of compressors to engage. The average tonnage of air that is indicated on-line is 75 tons.
  Some of the heat generated from the building can be reduced by the following:

· Better insulation on and around windows and doorways

· Only use lights when and where necessary 

· Use cooler burning lamps in fixtures, yet still provide adequate light

At present, the total estimated energy usage of the building per hour is 200 kwh.
 If we assume this is constant throughout the year, then the annual usage would be 1,747,200 kwh. If we assume an electricity usage cost of $0.10 per kwh, the average annual cost would come to just under $175,000. If we could reduce the average energy consumption for the building by a mere one percent, nearly $2,000 could be saved.

The future of the Clemente Center has plans for expansion. It is recommended that any new additions should follow LEEDs new building criteria.

2.3.5 Outdoor Lighting

The outdoor lighting around campus mainly consists of two types of Kim Lighting full cutoff luminaires. Type A is a dual head on a 40 foot tall pole which contain two 400 Watt Metal Halide fixtures. Type B is a single head on a 20 foot pole housing one 175 Watt Metal Halide fixture. The layout around campus outputs approximately 1ft/candlepower/ ft2 which meets city security lighting codes. 
  These lights are on continuously throughout the night, which in some instances of safety is a good idea, however it is unnecessary to have all these lights illuminated. Motion detection systems in designated areas could illuminate lights when needed, and photosensors (photoelectric cells) could be added to the 40 foot and 20 foot pole lights to cut down on the light output. There are also solar lighting options available, from flood lights and security lights, to decorative landscaping lights. These options would not require any electricity usage from the grid. In the future, parking lights could also incorporate solar powered cells. The University of Virgin Islands has demonstrated the use of this valuable energy resource by installing outdoor solar lights with the help of a grant from the Department of Planning and Natural Resources V.I. Energy Office.
 Florida Tech could also be a showcase for solar exterior lighting, but in the southeast United States.

2.3.6 Conclusion


Overall, saving energy reduces cost, reduces the depletion rate of natural resources, and reduces loads at power plants, which ultimately reduces emissions of greenhouse gases from fossil fuel combustion.

Florida Tech is a positive role model and leader for other institutions, especially those located in the southeastern United States. Florida Tech can expand on this by demonstrating a standard way of constructing and maintaining buildings in a way that implements maximum sustainability. Although the above presented observations and recommendations are not exhaustive, it does give an advantageous introduction into what can be done for the future of Florida Tech’s main campus. 
2.4 Recycling

2.4.1 Traditional Recycling

Current recycling efforts for plastic, glass, aluminum, and paper at Florida Tech are minimal, and although the individual groups find success in their efforts, the overall impact is disappointing. Plastic containers are set out by Habitat for Humanity at Center Court in the Clemente Center. Bins for plastic and glass can also be found by Southgate Field, but these are collected inconsistently and by an unknown party. 

Alpha Phi Omega, a co-ed fraternity, has taken on the responsibility of paper recycling. They set out bins in Evans Library and department offices, and the fraternity attempts one collection session every week that lasts anywhere from 2-4 hours.  Collection sites are rotated, and each office on campus is reached at least once a month. Every month, Alpha Phi Omega fills nine 60 gallon bins. There are also 4 additional 45 gallon bins to handle overflow. After collection, the paper is stored in the bins at the Facilities Yard at the south end of campus near the Intramural Field. Roughly 1,900 lbs of paper are collected every month for the 8 months of the fall and spring semesters. There is no collection over the summer months due to fraternity members not staying near campus. Progressive Recycling Company, based in Cocoa, picks up the 60 gallon bins, but not the 45 gallon bins. Trash and other waste is removed from the paper but members of Alpha Phi Omega, but the sorting of the paper is done by Progressive Recycling Company.

Despite the lack of unified recycling efforts on campus, the support for recycling by students continues to grow. Every semester, students of all majors participate in projects for a course titled Scientific and Technical Communication. It used to be that the winner of most picked topic was the lack of parking on campus. This year, however, that award goes to topics pertaining to recycling, or lack of, at Florida Tech. 

Recycling Facts


2.4.1.1 Other Campus Recycling Initiatives

More and more university campuses are developing recycling programs, and Florida Institute of Technology is unfortunately not one of them. Recycling programs exist at Harvard University, University of Florida, University of Minnesota (Morris Campus), University of Oregon, Cornell University, and Duke University. These are only a small portion of campuses around the U.S. with a focus on recycling. 

The Harvard University recycling program seeks to make recycling as easy as possible on campus. There is a website and hotline devoted to information about the program.
  Guidelines for recycling in offices and residences can be found easily online. These guidelines include what can be recycled, how items can be prepared for recycling, and any restrictions that may exist. 

University of Florida began a formal recycling program in 1989. Paper, corrugated containers, beverage containers, scrap metal, pallets, masonry, yard waste and other widely used materials are collected for recycling.
 

The Recycling Center at the University of Minnesota, Morris campus collects cardboard, plastic, aluminum, electronics, tin, class, and paper, and even offers a paper shredding service.
  Recycling statistics for the campus are readily available online for everyone. Their justification for recycling was the cost of waste disposal. For a contractor to even go to the campus to collect waste, the cost was $1,040 per month. That was not even including the $187.55 per ton of waste picked up. 

2.4.1.2 Recycling Potential and Costs at Florida Tech

It costs $25.00 per month for one 90 gallon recycling bin to be picked up. The total price would vary depending upon the necessary amount of bins. Assuming at least one bin per item at each dining location where that item is sold, there would be a total of at least 9 bins. However, this does not take into account placement of bins by vending machines, multiple bins needed for locations due to high recycling rates, bins for residence halls, or containers for paper. When including all possibilities of where bins could be placed, as well as knowing the amount of paper that is recycled, there would be a minimum of twenty-five 90 gallon bins. Twenty-five bins at $25.00/month is $625.00/month. Then there is also the added cost of hiring new staff to take care of the collection. 

The most typical items to be recycled are glass, plastic, aluminum, and paper. The following table shows potential recycling program estimates for Florida Tech:

	 
	
	Annual
	 

	 
	 
	 
	 
	 
	 
	 
	 

	Number of Items
	 
	Location
	Plastic
	Glass
	Can
	Total
	 

	
	 
	SUB Café
	82,500
	22,000
	5,500
	110,000
	 

	
	 
	Rathskeller
	93,750
	25,000
	6,250
	125,000
	 

	
	 
	Center Court
	40,000
	0
	0
	40,000
	 

	
	 
	Evans
	6,000
	0
	6,000
	12,000
	 

	
	 
	Vending
	142,500
	0
	7,500
	150,000
	 

	
	 
	Totals
	364,750
	47,000
	25,250
	437,000
	 

	 
	 
	 
	 
	 
	 
	 
	 


The amount of bottles and cans sold on campus annually is incredibly high. Totaling 437,000 items, these items are thrown away unless an individual consciously holds on to their bottle or can and takes it somewhere off campus. This is generally not the case. 

If all of these potential recyclables were recycled, this is the energy that would be saved:


Plastic grocery bags should also be considered for recycling. The U.S. goes through roughly 100 billion plastic bags annually. Plastics bags are not biodegradable; they photodegrade into small, toxic parts. They are also among the 12 items of debris most often found in coastal cleanups
. With the 2 Wal-Mart stores, 3 Publix grocery stores, and many other places that hand out plastic bags being in close vicinity to the Florida Tech campus, it is more than likely that plastic grocery bags are being disposed of in the garbage. Although the city of Melbourne does not have a system in place for recycling plastic bags, the local Wal-Mart does collect them. There could be a single designated site on campus for collection, being that the recycling of plastic bags is more of a deliberate action than one of convenience. The bags could then be taken to Wal-Mart to be taken care of. 

2.4.1.3 Conclusion and Suggestions for the Future


Florida Institute of Technology has the potential to get a great recycling program started. There are enough recyclables being thrown out annually to justify the start of the program, and there is definitely enough student support. In the meantime, here there are listed a few suggestions to help cut down on the waste being created:

Plastic water bottles are the fastest growing bottled beverage in the U.S. (beating alcohol, juice, and soda)
. What if instead of laundry bags, Residence Life handed out water bottles in the beginning of the year? This would encourage students to fill their water bottles at fountains instead of continually purchasing bottles of water.

Florida Tech should look into the purchasing of biodegradable items (For example, instead of Styrofoam peanuts, use cornstarch peanuts.) Also, departments on campus should use recycled paper at the copy machines. Finally, professors should use less paper in classrooms. Instead of making copies of handouts, scan the papers and let students view the PDF files.

2.4.2 Water Recycling

Florida Tech needs help: the water usage is astronomical when it is an asset which is easily saved.  Water costs have never truly been a problem on campus, but with water rapidly becoming a precious resource, Florida Tech may need to do something.  With only about one percent of the total fresh water
 on Earth accessible to humans and the world population growing exponentially, water supplies will definitely become strained.  Conservation and reuse of such a precious resource is vital to not just our small community, but humankind in general.  There are many ways to cut both costs and consumption including rainwater collection, reuse of greywater, use of reclaimed Melbourne municipal water and secondary treatment through wetlands.  All may be costly to install or use, but long-term benefits include lessened water costs throughout campus for the future, ecologically friendly systems in a high-pollution area, and finally saving the resource of freshwater.  

Potentially, 50 percent of water used on campus can be reused in toilets, washing machines and irrigation systems.  Rainwater collection systems and domestic greywater treatment systems can provide services for the reuse.  If half the total usage of water can be reused, how about a ballpark estimate of campus-wide water consumption per day:


2.4.2.1 Water Conservation

Simple strategies are the key to water conservation.  Though not a direct source of recycling, fixing and correcting old piping can save gallons of water and thousands of dollars.  Leaking faucets, plumbing and pipes over the entirety of Florida Tech’s campus are a considerable asset to which some attention should be paid.  Take this basic calculation:


To think that just a little drip could add up to that much lost clean water!  And we have not yet even considered plumbing problems throughout the campus.  By addressing these small problems, water can quite easily be saved.  Additionally, little man-power and money is needed to alter the few leaky sinks and pipes over the campus.

However, this would mean that all water leakage problems would need to be reported and can feasibly be fixed.  A slight drip in an underground pipe may not be worth the expenditure to excavate the earth and patch the problem.  These problems would continue to occur naturally as buildings age, so staffed plumbing professionals (hopefully part-time) may be a necessary option. 

Efficiency of water-retaining devices is another key concept in water conservation.  By implementing water-saving toilets, faucet aerators, low-flow shower heads, and high-efficiency washing machines, the campus could feasibly retain over half the water used in said devices.  High efficiency toilets can save up to seventy percent of total water used versus conventional toilets and low-flow showerheads can save up to fifty percent of the water.
  It is an extremely cost-effective method for saving water as only installation of the devices is required to existent plumbing.

A cost comparison is also vital—if Florida Tech is spending more money implementing green techniques for water conservation or fixing slight problems than it is making on water conservation, then the plan is likely to not be approved by the administration.  Considering the prospect of the water being projected as such a valuable resource, these proposed actions seem only minor.  More of a problem would be keeping up with the technology of water-saving devices as our understanding augments.  Plus, these technologies are expensive and again may fail to be approved by a conservative administration.  In a perfect world, Florida Tech needs to go green and conservation is the first major step it can take in that pursuit.

2.4.2.2 Water Reuse

Rainwater collection is the easiest and most cost-effective way to recycle water.  Collection tanks atop buildings where water would naturally fall and simply wash away can be a valuable asset to indoor plumbing for toilets or washing machines.  Above-ground tanks, especially atop our flat-roofed buildings all around campus would be ideal.  These tanks can be made of polyethylene, metal, concrete and fiberglass, of which the most practical and non-intrusive is polyethylene, as it is resistant to UV, lightweight in construction and quite durable. 

These tanks could feasibly be installed everywhere with capacities varying on the size and use of the respective building.  Industry requirements allude to a safe range of tank sizes which can be stored; a 265-gallon tank is the maximum limit for a roof with 85-120 square feet.
  The main criticism of the tanks is that they will require additional plumbing pipes and pumps to be installed throughout all existing places.  Backflow prevention and flush-first devices are also valid issues, leading to additional money issues with the installation of the systems.
  Even though financial commitments are great by installing the tanks, the long-term effects of salvaging nature’s water replenishment system will be great and potentially valuable in times of water crisis.

Greywater is another important asset which is not used to its full potential.  It is the water used from faucets, showers, washing machines, and baths.  This water is not considered consumable, but it can be reused to irrigate land or possibly flush toilets and fill washing machines.  Installation of a domestic greywater treatment system is the main step in reuse of these partially polluted waters.  Sydney, Australia’s local government encourages the use of such water in the “Sydney Water” program, which defines this form of treatment as: 

A domestic greywater treatment system collects, stores and treats greywater to a high standard. It includes components such as wetlands, intermittent sand filters, soil filters, greywater septic tanks and aerated wastewater treatment systems.  The treatment process varies according to how the greywater is used and includes settling of solids, floatation of lighter materials, anaerobic digestion in a septic tank, aeration, clarification and finally disinfection.

The same conservation project also details average household use of water per day, breaking down usage into both total and greywater in a day:

	Wastewater source
	Total wastewater
	Total greywater

	 
	% Total
	Liters per day
	% Total
	Liters per day

	Toilet
	32
	186
	-
	-

	Hand basin
	5
	28
	7
	28

	Bath/shower
	33
	193
	48
	193

	Kitchen
	7
	44
	11
	44

	Laundry
	23
	135
	34
	135

	Total
	100
	586
	100
	400


Under these circumstances, sixty-one percent of all water consumed is indeed greywater, which means over half the water used per day can be reused for additional purposes.  Reclaiming the use of this much water would benefit overall water usage around Florida Tech and any excess water supplies can be turned over to the wastewater treatment plant.

Such systems for treating greywater include additional plumbing, dual storage tanks (dirty and treated waters) and finally a place to use them!  Since these storage tanks would be responsible for serving the entire campus, a centralized underground system would be the solution.  There, underground tanks (located possibly under the western parking lots on campus?) could store the water accumulated throughout the day and distribute the clean water to toilets, washing machines and irrigation locations all over Florida Tech.  

The system would work like a well system only on a much more grand scale.  Since this is so much more than a simple domestic unit, state and possibly federal regulations must be met since the system would be on a manufactured scale.  Proper permitting and possible impact statements would need to met in addition to compliance with all greywater legislation and licensing.

Financial issues are likely to be the death of such a plan.  Though water reuse would be a good goal, construction costs, plumbing adaptations and finally governmental appeasement would far outweigh the cost of using freshwater on campus in the future.  Again, in an eco-friendly world, the school would allow such projects to commence instead of building costly fences.

2.4.2.3 Water Recycling
To fully recycle water, secondary treatment beyond that of filtering is necessary.  Wastewater can be more than just greywater; it includes blackwater which is that which is flushed from toilets or has high chemical content.  Such water is not easily reclaimed without the help of machines, or is it?  New-age secondary treatments include artificial wetlands which serve to filter the wastewater.  Integrated Water Strategies, a company which creates such wetlands, claims that “because they are based on soil and plants rather than concrete and metal, designed ecosystems can potentially treat wastewater with low costs and low maintenance. Systems incorporate function, low-impact design, on-site treatment, aesthetic and social value, and education.”
  Amazingly, these engineered lowlands actually biodegrade sewage and filter the water to produce reclaimable water.  Though not usually potable, the lands serve as a highly effective and aesthetic solution to water recycling.

Wetland recovery in combination with the primary treatment of the wastewater is a feasible solution to Florida Tech’s water problem.  Wetlands throughout the natural preserve around the Dent Smith Trail on campus can be used to filter the water, so long as it is controlled so it will not enter the water in Crane Creek.  But that leaves primary filtering to be outsourced by campus to the city of Melbourne.

Melbourne offers a great benefit to the public in its reclaimed water project.  Roger Mansfield, the Reclaimed Water Coordinator for the City of Melbourne, was kind enough to divulge some information on programs for water recycling around the community and on campus.  The municipality began a water reclamation project recently to aid in water recycling efforts around the state.  Initially, the first water outsourced the Melbourne Municipal Golf Course as irrigation water.  Roger said that last year Florida Tech’s ground maintenance department approached the city about using the reclaimed water, but the volume in the pipe nearest campus was not sufficient to service the university.
  Melbourne improved the water reclamation system to 58 percent reclamation of water in this time frame and now there is enough water available to the reach Florida Tech.
  Roger says “The cost of installing the transmission lines along Country Club Road is the only remaining obstacle.”  The water would be given at a flat rate of $4.00 for the first half-acre serviced and $16.00 for every acre after that per month!  Such cheap water is “classified as "Unrestricted, Public Access” [and] it can be used for irrigation obviously as well as decorative water features and industrial purposes… outlined in detail in the Florida Administrative Code Chapter 62-610.”
  With the opportunity to use this water now available, Florida Tech can pursue this available water recycling option.

2.4.2.4 Conclusions and Future Plans
Florida Tech can easily save water or at least make some attempts to be green.  The best option is to use the reclaimed and treated wastewater as irrigation water and eventually toilet water.  Once the pipeline is installed, the monetary savings will be astronomical.  Not only is this solution economical but more importantly, it is a step toward being more eco-friendly in our immediate community.  The next best option is to add rain water collectors to the tops of at least some major buildings on campus.  This water is free and pure, but is variable upon climatic conditions and the current season in Melbourne.  Installation of polyethylene tanks atop our facilities is an easy option as they are lightweight and weather-resistant.  Though more expensive than the use of reclaimed water, no additional pipelines need to be installed and the system is completely self-contained.

Florida Tech faces a bright future in the water recycling and reuse community.  There are many viable options for the university and many more will arise as technology increases.  Eventually, small treatment plants for communities, such as universities, will be standard and incredibly feasible.  Additionally, water filtration and treatment options will advance such that potable freshwater will be readily available.  A green future is not only an option for our freshwater supply, it is a necessity.

2.4.3 Composting

A large source of waste on the Florida Tech campus is food scraps and plant clippings. When there is leftover food that cannot be used or food that has expired, it is simply thrown away. Palm fronds, dead plants, and grass clippings are also thrown away. This is a large source of waste to landfills.  According to the United States Environmental Protection Agency, yard trimmings and food residuals together constitute 24 percent of the U.S. municipal solid waste stream
. If Florida Tech began a composting program to dispose of food and plant wastes, not only would we save space in landfills, but we would also have a cheap, green, and efficient fertilizer. Composting is the controlled decomposition of organic materials, such as leaves, grass, and food scraps, by microorganisms.
 The EPA estimates that almost 60 percent of the municipal solid waste produced in the United States (including paper) is compostable material.
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There is no large investment or skill needed to compost waste. You must simply know what can and cannot be composted and decide on a method. For an institution of Florida Tech’s size, it would probably be best to use mixed municipal solid waste (MSW) composting; however, vermicomposting would also be a viable option at Florida Tech because the science behind it could be incorporated into biology, chemistry and environmental science classes. MSW composting generally occurs at a medium-to-large scale facility, operated by private sector firms or community public works departments. Generally, mixed MSW is received at the site. Recyclables, such as glass and aluminum, and non-compostables are removed early in the process. 

The remaining organic material is composted, generally using aerated windrows. In-vessel composting, where the material is left to decompose while enclosed in a temperature and moisture controlled chamber, is another possibility. Final screening steps remove any remaining plastic film and similar contents. The finished compost can be sold, given away, or used by the company or municipality in local landscaping projects.
 Vermicomposting uses a container of food scraps and a special kind of earthworm known as a red wiggler. Over time, the food is replaced with worm droppings, a rich brown matter that serves as an excellent natural plant food. Vermicomposting requires less space than normal composting methods, and is, therefore, ideal for classrooms, apartments, and other settings in high-density urban areas.

2.4.3.1 Environmental Benefits

Compost fertilizer can help to regenerate poor soils, increase nutrient concentrations, and help soils retain moisture. Compost has also been shown to suppress plant diseases and pests, reduce or eliminate the need for chemical fertilizers, and promote higher yields of agricultural crops.

The composting process has been shown to absorb odors and treat semi-volatile and volatile organic compounds (VOC), including heating fuels, polyaromatic hydrocarbons (PAH), and explosives. It has also been shown to bind heavy metals and prevent them from migrating to water resources or being absorbed by plants. The compost process degrades and, in some cases, completely eliminates wood preservatives, pesticides, and both chlorinated and non-chlorinated hydrocarbons in contaminated soils.

Composting prevents material from being brought to landfills and therefore decreases the amount of methane gas production. It also prevents the storm water runoff of possible pollutants into waterways. Compost has also been shown to prevent erosion and silting on embankments parallel to creeks, lakes, and rivers, and prevents erosion and turf loss on roadsides, hillsides, playing fields, and golf courses.

Using compost reduces the need for fertilizer, water, and pesticides. This provides an economic incentive along with large environmental incentives. It serves as a marketable commodity and is a low-cost alternative to standard landfill cover and artificial soil amendments.

2.4.3.2 Laws/Statutes

With the exception of animal wastes and bio-solids, the material created through composting is regulated at the state level. States have the lead role in regulating composting facilities and the may need to grant permits before a composting facility can open. In the state of Florida, permits and yearly reports are required for both Solid Waste Management facilities for the production of compost and for yard trash processing facilities.
 The state also offers a solid waste recycling and education grant that Florida Tech could use to get a composting program started. On the federal level, the concern lies with compliance of the clean water act amendments of 1993. This act pertains to land application (and bio-solids composting), surface disposal, and combustion of bio-solids sewage sludge.
 Many of the standards put forth in the clean water act can be applied to MSW compost. 

2.4.3.3 Composting Challenges


There are several challenges that arise in the attempt to open and operate a successful composting facility. Those challenges include developing markets and new end uses, inadequate or non-existent standards for finished composts, inadequate design data for composting facilities, lack of experienced designers, vendors, and technical staff available, potential problems with odors, problems containing contaminants, an inadequate understanding of the biology and mathematics of composting, and inadequate financial planning.
 Inadequate storage space for curing compost to maturity has also been a problem at some facilities. Designing adequate storage space should be an important part of planning and developing facilities.

2.4.3.4  Composting Programs 


Schools across the country have composting programs in place. These programs are either done on site, as at the Medical University of South Carolina, where they have their own vermicomposting building
, or off-site, like the University of North Carolina at Chapel Hill, where they store their food waste in bins and have it picked up several times a week and brought to a facility off campus.
  Based on the size and the programs offered at Florida Tech it seems that operation of an on campus vermicomposting center would be the best option. The biological, chemical, and physical processes that take place during the composting process could also be used as teaching tools and real life examples in many of the science classes taught at Florida Tech. When the compost produces the humus peat, it could be used to improve soil quality in the many gardens that are being planted around Florida Tech in an effort to beautify the campus. 

2.4.3.5 Conclusion


Composting food and yard waste has great potential to reduce space needed for landfills. By using these materials to create a soil supplement, not only would Florida Tech be doing something environmentally friendly and taking one more of the many steps needed to be a green university, but it would also save the university money, act as a teaching tool, and help make our landscape more beautiful. Composting seems to be the next logical step in Florida Tech’s quest to become a green and sustainable campus. As an added benefit, it would be a wonderful teaching tool and give many biology, chemistry, and environmental science students’ hands on and real life examples. 
2.4.4  Chemicals 
When it comes to chemicals, Florida Tech is doing just as much as it needs to in regards to disposing of chemicals and hazardous wastes. Both the Environmental Protection Agency (EPA) and the Florida Department of Environmental Protection (FL DEP) have strict rules on the disposal of chemicals.
,
 Only a select few are properly trained to collect chemical waste from areas all over campus and then package it correctly in order for the licensed individuals from the Department of Transportation (DOT) to pick it up. Proper packaging of the waste by individuals at Florida Tech costs less money since the DOT does not have to package it themselves. Once chemicals are transported to a central location, treatment takes place so that the chemicals can be reused or released into the environment. Since acid/ base neutralization and metals reclamation from dilute wastewaters are treatment processes that Florida Tech could benefit from by doing themselves, the school is seeking permits to do the processes on campus. This will save the school money and chemicals will be recycled.
 

Currently the chemistry department and biological oceanography laboratory students are doing their parts to recycle chemicals, using approved methods by the DEP. The chemistry department is recovering acetone, purifying, and reusing.
 The biological oceanographers are using a drain/pumping system in order to reuse their most used chemicals of Formalin and Rose Bengal.
  

Florida Tech is also trying to define the waste stream throughout the campus. The safety department would like to find out what is in the stream and then decide whether or not the materials can be recycled.

A big problem on campus is that there are many chemicals that sit on shelves and reach their expiration date without being used. These chemicals must be disposed of properly causing more waste and costing the school more money, not only for disposal but also for replacement of those chemicals. In order to help lessen this problem, the biology and chemistry departments have stock rooms, with an inventory of their chemicals. An individual is in charge of the chemicals, which means checking chemicals in and out and buying new ones when the time comes. This inventory helps to keep the buying of chemicals in check.
  

The safety department is also trying to spread the word to only buy chemicals in quantities that are needed. In the end, this will also reduce waste and chemicals that will expire without being used.
 

Although Florida Tech does not seem to being doing much to lessen the amount of chemical waste found at the school, the safety department is doing its best to abide by the rules of the state. Waste is being disposed of properly and the waste stream is being studied, which in the long run, will help to minimize waste at the source. 

2.4.4.1  Minimizing Chemical Effects

The traditional way of minimizing wastes and improving safety involved microscale apparatus and increased ventilation systems.
 Although these methods are still used today, more innovative ways to reduce waste are being created. In the following section, some of these ideas will be discussed and suggested as steps for Florida Tech to take in becoming a greener campus. 

The State University of New York at Buffalo’s Green group says, "The first and foremost step in the hazardous waste solution is reduction of waste at the source.”
 Florida Tech can follow SUNY Buffalo’s example by practicing simple laboratory methods. Careful weighing of chemicals and leaving unnecessary materials, such as excess rinsings, out of waste jars can save money by keeping volumes down, which lessens disposal costs. By weighing out correct amounts of chemicals, less waste is made. This practice keeps excess to a minimum, which prevents disposal into waste jars. Also, practice of proper disposal of all materials keeps wastes down. Some chemicals can be rinsed down the sink while others must be put into waste jars. By correctly disposing of materials, waste jar volumes can be kept down, which saves some money on disposal costs.
 

The University of Houston’s Safety and Risk Management team helps the college reduce the amount of waste produced, as well as identifying environmental hazards. The basic philosophy of the group is Reduce, Reuse, and Recycle; Reduce by using smaller amounts of chemicals whenever possible, Reuse by transferring unused chemicals between departments or saving the chemicals for later use, and Recycle by reusing solvents using filtration or distillation units.
,
 The University of Houston is not the only school who suggests the Reduce, Reuse, and Recycle method. The University of Wisconsin-Milwaukee, the State University of New York at Buffalo, and Cornell University all have similar ideas in their guidelines to chemical and hazardous waste reduction.
,
,
 Florida Tech should expand the chemical stock rooms throughout the campus in order reuse chemicals. It may be impossible for the whole school to share chemicals but having departments keep track of their own could be an easy way to minimize duplicate chemicals. 

To take the stock room theory even further, Florida Tech could model itself after Bowling Green State University. Bowling Green has created a program called the “Orphan Chemical Recycling Program.” The program was created because the university found that many chemicals were sitting on shelves or in fume hoods, unwanted or unneeded by their owners. These “orphans” would eventually become waste and need to be disposed of properly. Another problem associated with these “orphans” remaining in storage was other departments would unknowingly purchase the same materials. In order to minimize hazardous waste and the cost associated with the chemicals, the Department of Environmental Health and Safety at Bowling Green State University developed the “Orphan Chemical Recycling Program.” An inventory of all chemicals is taken and the “orphans” that are available are noted on the inventory list. All lists are submitted to a facility representative and then compiled into a computer spreadsheet. The data is not only available to those departments on the Bowling Green campus but anyone who has access to the internet.
  If Florida Tech followed the simple steps listed in Bowling Green’s summary of its program, it could set up its own orphan program. Not only could the departments on campus trade chemicals but maybe trade with other universities who have set up similar programs. 

Other campuses have been made aware of the abandoned chemical problem. Although these schools have not created a program in the magnitude that Bowling Green has, they have taken steps to share chemicals with other departments. Some of these schools are the University of Houston, the University of Wisconsin-Milwaukee, and Cornell University. 
,
,
 
Another way for Florida Tech to minimize waste is to organize the laboratories in a way that is most beneficial to students. If there were not long tables, desks, and filing cabinets throughout the rooms that are supposed to be laboratories, it would be possible that the rooms could be used for their true purpose. With renovations, such as constructing laboratories that contain the bare necessities, such as rows of lab stations and many fume hoods, or just some removal and replacement of old furniture, space could be saved and students would have more room to do experiments and other laboratory work. A current problem, as was alluded to before, is the laboratories are quite cluttered and it is easy for chemicals and other materials to get lost in the shuffle. For example, say a student needed formaldehyde but could not find it due the clutter and confusion in all the laboratories. That student would then have to order the chemical and wait for it to be delivered to campus. Later on, when searching for another chemical, the student finds an expired bottle of formaldehyde. This bottle must now be disposed of properly and is added to the waste that needs to be disposed of. This could have been avoided if there was an inventory of chemicals as well as a space designated for chemical storage. 

 
Finally, Florida Tech should substitute hazardous chemicals with less hazardous ones.
  The University of Oregon, the University of Houston, and the University of Wisconsin-Milwaukee all substitute hazardous chemicals with less harmful ones.

The following is a table found on the University of Houston’s website:
 

	Types of Experiments
	Instead of ...
	Use...

	Quantitative test for halide ions
	Carbon tetrachloride
	Cyclohexane

	Phase change

Freezing point depression
	Stearic acid
	Acetamide

	Glassware cleaning
	Chromic sulfuric acid solutions or alcoholic potassium hydroxide
	Potassium hydroxide

Sonic baths

Specialty solvents

	High temperature measurements (for lower temperatures a less expensive alcohol thermometer will suffice)
	Mercury thermometers
	Digital thermometer/thermocouple

	Acid/base experiments
	Hazardous acids/bases
	Vinegar/Ammonia


In addition to these suggestions, Florida Tech could come up with other substitutes for hazardous materials. 

2.4.4.2 Conclusion

If Florida Tech considers some of the ideas mentioned here, they could reduce the waste they are producing. Some departments on campus are all ready headed in the right direction. With the safety department attempting to define the waste stream, they will be able to pinpoint where the biggest problem is. Once this is discovered, a plan can be made to further reduce chemical waste at its source. 

2.4.5  The Future of Recycling at Florida Tech

Florida Tech produces enough solid waste annually to justify the introduction of a large scale recycling program and students have all ready shown their support. Groups around campus have taken the initiative to start their own recycling efforts but there is potential for so much more to be done. The school needs to not only start a traditional recycling program, where plastic, glass, aluminum, and paper are recycled, but also water, food and yard waste, electronics, batteries, compact fluorescent lights, chemicals, and space are recycled. Setting up more recycling bins around campus, in addition to the ones all ready present, would be an excellent start but Florida Tech needs to use the technology available to them in order to create a successful recycling program. 

The university should take advantage of the reclaimed water from the city of Melbourne when the opportunity as soon as a pipeline can be installed.  Installation of high-efficiency and low-flow plumbing devices throughout the entire campus would save much freshwater and is an important step in recycling.  Water is a precious resource and should be treated as such by the administration and students of Florida Tech. 

Food and yard waste should and can easily be collected and composted on site. The compost material would improve soil quality and water retention in the gardens on campus, making the grounds even more beautiful. Not only would composting increase the aesthetics but students could also use the compost as a learning experience, perfect for early biology classes.  

The safety department must continue to define the waste stream. Once this is determined, the biggest problem can be pinpointed. After the problem areas are defined, a plan reducing waste from the source can be created. All the departments on campus would need to implement their own chemical recycling programs, as well as keep accurate records of chemicals and materials that are in their possession. This helps to keep only the chemicals that are needed on campus, as well as preventing chemicals from expiring without use.   

 
If Florida Tech implements a plan to follow all of these measures, it would be the first and most important step to becoming a Zero Waste community.  For prosperity, recycling is a necessity. 

3.  Conclusions

As a first class research institution and an important force in the Melbourne community, Florida Tech should take a far more proactive stance in addressing the school’s environmental impact.  Following the suggestions outlined in this report provides an excellent starting point in this effort, but continued investigation and innovation is essential in reducing the school’s carbon imprint.  Part of the effort should be directed in increasing awareness and interest within the Florida Tech community about these important issues.  Beyond positively impacting the environment, implementing these suggestions have the potential to save the school money and even generate revenue for the school.  Also, research in these fields could attract significant funding and augment the school’s standing within the scientific research community.  Finally, by using this opportunity to educate not only students and staff, but the surrounding communities as well, Florida Tech can have a far reaching impact as a model Green Campus.
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Aluminum


Every aluminum can that is recycled saves 95 percent of the energy that it would have taken to manufacture a new one from bauxite. In other words, when a can is tossed in the trash as much energy is thrown away as if the can was half full of gasoline. 


Recycling one aluminum can to run a TV for three hours. 


Paper


For every one ton of paper recycled:


500 pounds of air pollutants are not emitted.


12,000 gallons of processed water are conserved.


Energy equivalent to 96 gallons of gasoline is conserved.


5 cubic yards of landfill space is conserved and the amount of money to process the landfill space is conserved.


17 pulpwood trees are conserved. 


The 17 trees saved (above) can absorb a total of 250 pounds of carbon dioxide from the air each year. Burning that same ton of paper would create 1500 pounds of carbon dioxide.


Plastic


Recycling plastic saves twice as much energy as burning it in an incinerator.


Oil which is a non-renewable resource is in all plastic items.


The energy saved by recycling 1 bottle will power a computer for 25 minutes.


Five recycled 2-liter PET bottles make enough fiberfill to stuff an adult ski jacket.


Thirty-five recycled PET bottles make enough fiberfill for a sleeping bag.


Glass


Recycling glass lowers the melting point for the new glass, saving up to 32% of the energy needed for production. 


Recycling one glass bottles creates 20 percent less air pollution and 50 percent less water pollution than when a new bottle is made. 





Decomposition rates


Paper – 2.5 months


Milk Carton – 5 years


Cigarette Butt – 10-12 years


Plastic bag – 10-20 years


Tin can – 100 years


Beer can – 200-500 years


Styrofoam - NEVER	








Recycling one aluminum can saves enough energy to run a television for three hours:


(25,250 cans x 3 hours/can = 75,750 hours (or about 8.5 years)





Recycling one glass bottle saves enough energy to run a 100W light bulb for 4 hours:


(47,000 glass bottles * 4 hours/glass bottle = 188,000 hours (or 	about 21.5 years)





Recycling one plastic bottle saves enough energy to run a 60W light bulb for 6 hours:


(364,750 plastic bottles * 6 hours/plastic bottle = 2,188,500 hours 	(or about 41.5 years)








Roughly 4,000 students on campus


	Add about 1,500 faculty and staff 


= 5,500 total people on campus





On average, each person uses the bathroom twice a day( 50 gallons per 	visit


( 50 * 2 = 100 gallons / person / day * 5,500 people = 550,000 gallons / day





Washing machine, shower and kitchen water for students (assuming half		 live on campus)


	Average of 70 gallons / person on campus * day


		( 70 * (5,500 / 2) = 192,500 gallons / day





Estimated total water usage per day is equal to these two numbers added


		( 550,000 + 192,500 = 742,500 gallons / day!!!!!!





1 Leaky faucet drips about a gallon of water every 2 hours


		1 gallon / 4 hours = x gallons / 24 hours (day)


		( x = 6 gallons water lost / day





	Estimate roughly 100 leaking faucets on campus


		(6 gallons / day * 100 faucets = 600 gallons lost / day





	Throughout the year, this will build up


		(600 gallons / day * 365 days / year = 219,000 gallons / year!!!





A Good Example: USC’s “Give It Up” Program


University of South Carolina’s “Give It Up” Program encourages students while moving in to flatten all cardboard boxes and take them to assigned places on campus.  While moving out, the students can donate items such as “clothing, packaged food, unused toiletries, small appliances, furniture, or carpeting” that would be otherwise thrown in the dumpsters.  This program not only donates these items to the community and local charities, but also saves the school an estimated $30,000 in waste management costs annually. 





Fact: If every American home replaced just one light bulb with an ENERGY STAR, we would save enough energy to light more than 2.5 million homes for a year and prevent greenhouse gases equivalent to the emissions of nearly 800,000 cars.








Gas Production Calculation


Based on the Malaysian example:


60 tons of food waste yields 20,000 m3 of biogas.


		(  706293.33 ft3


			(  7063 therms (1 therm = 100 ft3)


1 ton of food waster produces 118 therms of gas


300 lbs (produced by Florida Tech) produces 16 therms of gas.


The Denius Student Center (the Sub Cafeteria) used 593.9 therms of gas in September 2006.  (The Student Center uses natural gas for the Sub’s kitchens, as well as heating and other building requirements.  Using September, when the school is in full session and its is unlikely the building is heated, gives a fair estimate of the Sub’s gas usage.)


	(  593.9/31= 19 therms daily
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