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The house bank used about 22.9 kilowatt hours for the entire trip over approximately 30 days for the house bank. This energy is solely provided by the alternator (from the biodiesel engine) and plugging into the electricity supply at various docks. There are options available for alternative energy sources, so I thought I should explore them a bit. 

Beam Reach uses power. Our computers, ipods, phone chargers- try as we might, we need energy. The exercises in the beginning of the course start to make students realize how much energy we actually use on a daily basis to raise awareness to the fact that while on the boat, our energy should be conserved. Unfortunately, conserve as we might by alleviating hair dryers and camera batteries as much as possible, computers, lights, and the stove are main energy pulls from the house bank. Aside from heating our water directly from the engine (we have an indirect heat exchange system to the galley faucet), the available conservation options appear to be limited. I started looking into the alternative energy options to supplement (or replace) the energy supply for the house bank. Tidal, wave, wind, and solar energy supplies all have their own challenges. The conventional alternative energy options currently being studied appear to be tidal, wave, wind, or solar energy. The main challenge with wave energy seems to be that while sailing creates energy, the boat would be significantly slower with something in the water absorbing it. The technology is not efficient enough to get this form into a usable and substantial source for this program. It also seems unrealistic to place a wind generator on the boat unless we are in purely sailing conditions. Otherwise, we are burning diesel from the propulsion system to create energy for our house bank. Also, the Gato Verde harbors in safe places without consistent tidal and wave exchange. 

Solar power harvests radiation from the sun in two different forms: passive and active collection. Active collection also is divided into two different forms: sol[image: image1.png]


ar thermal energy and photovoltaic energy collection. Photovoltaic energy collection uses solar panels made up of solar cells which are filled with either polycrystal or monochrystal filaments. The polychrystal thin film solar panels are susceptible to shade and lose high amounts of solar energy if any part of the panel is shaded. This is difficult to account for in a place such as Bellingham, Washington, even in the summertime. The monochrystal (or unisolar) module with amorphous silicon cells harness the amount of energy that is proportional to the amount of panel receiving sunlight. Solar panels provide a renewable resource with no pollution and have a major energy payback. They also come with a twenty year warranty!

What needs to be purchased:

For a system at the Bellingham Cruise Terminal (where the Gato Verde charters from throughout the summer and draws energy from Puget Sound Energy), panels, mount, grid tie inverter, and a controller would need to be purchased. A tracker is optional and useful. 

The most likely solar panel is a Fisheries Supply Unisolar framed photovoltaic module with amorphous silicon cells (meaning that shadows are ok). This panel is also less likely to be damaged and have a severe voltage drop when there is an increase in temperature. It is framed with aluminum, has a steel backing, and puts out 12 volts. Four panels at approximately $650 each are required to feed the house bank for the Gato Verde. The online prices range from $360-$705, so shopping around seems to be a good idea. 

We would also need a mount at the dock, in an appropriate location to the sun and the meter. A contract with the Cruise Terminal would decide the details of the system. For all practical purposes, the mount should be at the end of the dock, on top of a high and stable piling. Reinforcement rigging might be necessary to ensure that the panels are secure during a brutal storm, but the overall building and maintenance is minimal in both cost and effort. 

A controller is important in protecting the vessel batteries when plugged in at the dock. Once the system is in place and the vessel is plugged in it is important to ensure that the house bank batteries are properly charged and cared for. In order to detect for a complete charge, a controller (or regulator) signals quick pulses through the battery and reads the available space. Once it is full, the controller stops sending a regular signal. Undercharging allows lead sulfate to harden on the battery plates which increases resistance to the plug and gives less of a charge- leading in a downward spiral. Overcharging on a consistent basis (meaning when you wanted to leave the cruise terminal for the evening while still charging the batteries often) boils electrolytes out of the cells, decreasing their ability to hold a charge. Damage to the house bank batteries is not the intent, and success in the system may tie to a convenience option.

In order to increase convenience and ensure battery care, a Blue Sky Solar Boost 2000E seems like an effective option. It can handle up to 25 amps at one time for a 12 volt system and has Multi-stage Pulse Width Modulation (PWM) to continue filling the batteries at smaller and smaller increments. The built in LCD screen displays battery voltage, solar panel current, and output charge current for ease of maintenance and increased performance. It comes with a three year warranty and is bound to expand the education of most clients for well into the future. This item costs $375 in the Marine catalogue -though you get what you pay for and could purchase a less comprehensible system for significantly less. The online price is around $220, so once again- shopping around may save a bundle. 

The grid tie inverters are the complicated piece to the system. If the solar panels are hooked directly to the vessel and feed the house bank batteries, a controller and inverter are unnecessary. However, although a grid tied system is more complicated, the social benefits make a substantial argument. Typically, an inverter uses 100 Amp hours of electricity for 1,000 watt hours of use. A grid tied system is just as efficient, but converts the energy a number of times and it is possible that some power is lost in the transfer. The conversion from AC to DC appears to only be seventy-five to eighty-five percent efficient in the conversion, meaning that some energy is lost for each system connection. 

An alternative energy system that hooks up to a Puget Sound Energy meter allows the Gato Verde to be an energy producer or a consumer, depending on its needs. If the sun is shining and the boat is plugged in, the power meter will remain at 0. If the vessel is consuming more than the alternative system can produce (like when the solar rays hide for days in the winter), then the meter runs forward and Todd is billed accordingly as a “consumer”. If the solar panels are producing more than the vessel needs (like when it is not plugged in), the meter runs backwards. A personalized contract with the power company should explicitly state an agreement for what to do when the dock is t[image: image2.png]
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echnically a “producer.” By law, Puget Sound Energy is not required to buy the excess energy that enters their system. However, with an individual contract a wholesale price or bonus credits for the next time you need energy seem to be logical options. Washington has a few commercial companies that have such an agreement, but the general benefit to the power company is indirect.

Specifically for the Gato Verde, the better option seems to be to work with the Bellingham Cruise Terminal directly instead of the power company. The vessel plugs into the dock using an individual meter for a reading, then the terminal pays a large bill for everyone and bills individual docks for the month. It appears to be possible to build clout and publicity with excess energy spread throughout the terminal. The green publicity might attract clients to the dock for the terminal while simultaneously earning publicity for the Gato Verde at no extra cost. The terminal would also benefit by starting to control their energy consumption with alternative means and no investment. Once the momentum starts moving green, it is possible that the entire marina would follow suit and credit the Gato Verde with being the first. The possibilities are endless.  

Overall impact: 

By using solar panels, the Beam Reach program will be able to lessen dependance on biodiesel and become consistent with the “free energy” concept of sailing through the energy used for the house bank. Our personal usage may not be much, but it is important to lessen impacts in all aspects of the program and set a crisp example for others to follow. The loopholes, contracts with power companies, and price of technology all create challenges that others may not be willing to face. With the Gato Verde and Beam Reach devoted to overcoming those obstacles, it will be no surprise when others are inspired by the example and encouraged to take on big power companies of their own. 

Crunching the Numbers:

Here is the practical side of things. The efficiency of a solar system in Washington with the best possible sun conditions is anywhere between 6[image: image5.png][ERu—
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4 watthours per day and 153 watt hours per day. We should not expect to get anywhere near 153 watthours per day. In the best case scenario of actual power produced looks like this: 64 watthours per day from the sun at 75% efficiency within the system, with 1 hour worth of sunlight a day (let’s say for summer), with a system that needs just under 1 kilowatt worth of solar a day (for the house bank), means that we need 1.3kilowatts worth of energy from each panel. 1300 watts/64 watt hours per panel= 24 panels required to supply the house bank. From a practical perspective, the coast of Washington state is a terribly inefficient place to be for solar energy. This map indicates predictions for kilowatt hours per meter squared per day. Washington state is on the lowest end of the scale, with a usable 1 kilowatt hour per day of average sunlight for the area. 

Better Places to Be:

Washington is complicated with solar alternatives because there are 200+ cloudy days a year. Some manufacturers claim that the panels are still efficient in producing energy in cloudy conditions, but the “fill factor” or practicality of their words is rarely proven. This graph shows the kilowatt options of sunlight for other places. Note that taking a boating trip to Southern California would greatly increase the solar energy efficacy. A panel can get 290 watts per panel, divided by 64 watt panels means that only 4.5 panels would be needed to supply the house bank! Those are the numbers I was looking for! 

If the system is primarily hooked up at the dock in the Bellingham Cruise Terminal, the numbers do not make practical sense if the motivation is to save on biodiesel. The alternator and convention motor are highly efficient systems that use something that is alrea[image: image6.png]United
States.

Click here for Solar
or Wind Site
Assessments from

& 3TIER




dy in motion (the motor) to alternate the drive shaft energy into battery power for the house bank. There are loose brushes around the central shaft that absorb motion from the already moving motor and change it into usable energy. The friction on the system is minimal. Replacing the alternator with solar alternatives might be a feel-good benefit, but removing the alternator does not remove enough friction that the motor (or biodiesel consumption) would even notice. It would be like driving around with the car heater on all the time, then trying to measure the change in gas consumption when it stopped. As far as most engineers are concerned, the difference is immeasurable and insignificant. On the flip side, Beam Reach calculated that we used 0.37, 0.39, and 0.45 gallons for the house bank system. That’s 1.21 gallons for our entire trip. It is measurable, but probably not significant. 

Other Options:

Buying another battery system might increase the amount of energy that the Gato Verde is able to consume, without having to tie into any system. Some energy will be lost in a conversion from panel to battery, but if the vessel were absent from the dock for several days, it would be possible to store enough energy to power the house bank for the week after that. Storage can be expensive, but so can buying a grid-tie inverter. The best option is striking a deal with the Cruise Terminal, but a secondary option is always storing your own energy and being independent. 

Also, placing panels directly on the boat and using sunlight when it is available seems practical. For charters to places like Southern California and Mexico, solar alternatives would likely be able to keep up with the demand for energy from the house bank per day (assuming that the house bank uses under 1 kilowatt per day like Beam Reach did).

In conclusion:

Alternative energy is more about making the largest lifestyle change and getting the biggest bang for your[image: image7.jpg]


 buck. Without argument, most of our fuel consumption comes from transport. Lifestyle changes on a larger scale can make a larger impact than all of the small changes added together. Each Beam Reach student was transported to San Juan island by a ferry, a car, and even a plane. All of these transportation items add up to a personal consumption of more fuel than the entire 5 weeks of the house bank on the Gato Verde. Making decisions that have a larger impact make the most sense. At the same time, every little bit helps. Without small sacrifices, no one will be willing to make larger ones.    
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