The Problem

 Fountain Hills High School is currently lit campus wide by antiquated halogen lighting. Halogen lighting is a poor lighting choice for several reasons, with its relatively wasteful nature being a main point of contention. In the current system used by the high school, for a 108 feet section, the lights are rated at an uneconomical 1200 watts. Even with its high energy consumption, these lights remain lit for the entire night whether or not students are actively using them, costing the district large amounts of money that is essentially wasted. Also, the halogen lights have performed less than satisfactorily, producing dim light as well as sharp contrasting shadows between the lamps, rather than creating an even and brightly lit area. Besides being inconvenient for students at night who wish to open their lockers, these pockets have been proven to be detrimental to school security and surveillance as well. They are conducive to unchecked vandalism that costs the school district thousands of dollars every year, which could be spent in other positive areas of student activities.

Hypothesis
Implementing LEDs in that same section would only require approximately 190 watts, totaling a savings of over 1000 watts per hour. With the implementation of a small section of LED lights, we should see a savings of approximately $2.50 per day. We have calculated that at current energy rates, this will be sufficient to allow the system to be fully paid for within 70 months. In addition, the small section of high intensity LED lighting would allow cameras located around the campus to better pick up those who pass through the area. Augmenting this system with motion sensors should make the system even more efficient and effective. Besides solving the problem of a constant power drain, it also becomes easier to spot intruders at night when lights are constantly turning off and on at odd hours. 

 

Equipment 
LED lights have garnered much acclaim for their ability to produce continually more efficient light sources. LED systems can be classified into two distinct classes; multicolored LEDs and phosphor LED light. The multicolored LEDs produce a white light through the additive color process by combining individual red, green and blue LEDs to produce a white light. In the phosphor LED light method single color LEDs are coated with phosphor. The single color light passes through the phosphor which produces a high intensity white light.  The way the colors are formulated, through the additive color process and the emission through phosphor create scenarios where neither emit a true white light. Single colored phosphor LEDs promise a longer lifetime for a true white color that multicolored LEDs cannot deliver. While multicolored displays can be manipulated to deliver specific consumer oriented colors on demand this ability also results in the LEDs not creating their true white color for extended durations. Phosphor LED units are thus a better investment due to their extended lifespan and their cheaper initial price. The decision to purchase white phosphor based LEDs for the project was made with these benefits in mind. 

The solar panel array was made by connecting four SX 120S photovoltaic modules manufactured by Beyond Petroleum together. The maximum power generating capacity for all four combined is 480 watts. The four panels together we believe are necessary to facilitate a daily recharge of the batteries that are powering the LEDs at night. The recharge ability for the panels will be limited by outside factors such as cloud cover, and atmospheric conditions. During the summer also there will be a longer day to produce energy, however, the nights will be shorter and less energy will be needed during this off peak time. The electric current from the solar panels is passed through a voltage regulator that facilitates proper charging of the batteries and does not allow them to go above a 12 volt charge.
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Analysis/Comparison
 Although our system was able to sustain itself through approximately 30 days, we sometimes ran into circumstances that impeded the ability of the system to recharge itself, necessitating a recharge of the batteries through a generator. In the incident recorded above, the culprit was a late-night school activity which forced the lights to run continuously without replenishment from the sun. However, usually no such problems occur when classes occur during the day, besides a slight and slow drainage in poor weather conditions.
 Conclusions
    LED lights have been successfully utilized at our school to accomplish two main goals. The newly installed arrangement is almost entirely off grid. Additional solar panel modules would be necessary to maintain a completely off grid system during overcast and stormy days when the panels do not receive enough sunlight and thus generate enough power to fully recharge the batteries. For normal operation and normal Arizona desert weather the arrangement is sufficient and self sustaining. The off grid arrangement meets our expectations of saving the school district $2.50 per day with the entire scheme paying for itself with 70 months. Over the thirty year expected lifespan the system should save well over $20,000 when a continued increase in energy prices is taken into account.
    The system is more successful in lighting the locker area than the replaced halogen lights; they generate an area where students can access their lockers with greater ease. the lighting is softer and dark shadows have been virtually eliminated since the light is emitted in an almost complete hemisphere from where the light originates in the LED whereas the halogen lighting was directed into a narrow area. Visibility on security cameras has also improved. Cameras have been better able to pick up details of individuals in the area where the LEDs have been installed, facilitating a better chance of catching miscreants that desecrate the school. An additional area of interest for further study would be installation of small IR spectrum LED light to further enhance the night vision of district cameras. A campus wide investment in LED technology that is powered by solar panels would be beneficial for the institution. The security enhancement of having motion activated light that could easily locate individuals on campus at night and a better picture of them by improved lighting capabilities would save money by decreasing the amount of vandalism. That alone would save several thousand dollars each year. The energy cost savings of replacing all halogen lighting with LED lights would approach a quarter of a million dollars over 30 years and could easily exceed that sum depending on how volatile energy prices remain. A final simple reality of LED lights that could improve school spirit would be to place color LEDs near the football field and school gym. When turned on for school sponsored extra curricular events they could foster an environment that promotes pep and gets students excited about their school. The LED lights are a viable option to save money on energy costs for school districts and are a better option to effectively light up a large area.
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