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1.0 Project Description

In Florida, as well as most other southeastern costal states, hurricane preparedness is often a subject visited through conversation, newspaper and magazine articles and television news specials, especially in the spring as hurricane season approaches.  With the possibility of strong winds and torrential rains knocking out electrical service for days, if not weeks, means of power generation is one of the chief concerns of those residing in these states.  Traditionally, gas powered generators have been the “saving grace” of those left powerless due to a large storm.  However, finding a station with gas available before and after a storm can be difficult to say the least.  Gas stations will generally run low on inventory as people fill up, or top off, tanks and stock up for days ahead while deliveries are often postponed due to the presence of the storm and furthered delayed afterwards due to logistical complications.  Through these concerns, this project was initially conceived as a personal power generation and storage device pitched for use during electrical outages before and after major storms.  The power could be used for recharging batteries for cell phones and flashlights, powering lamps, radios or small televisions at no cost to the user past the initial investment in the product itself.  In contrast, power from a gas powered generate comes at the price of the initial investment in the generator itself and in gasoline and oil for the operation of the generator.

As time passed and discussions among group members turned to applications, implementation, functionality and features, the project evolved.  The idea of limiting the proposed use of this device to possibly once or twice a year, in only a few regions of the country, didn’t seem practical.  Wouldn’t a power generation device using renewable energy resources be as useful and accepted in Wyoming as it would be in Florida?  Another impracticality that was noticed in discussions was the fact that the device would only be able to store a finite amount of energy at a given time and once fully charged the device would become nothing more than a battery waiting to be used.  The thought was since the device could replenish its depleted energy daily, why let that energy sit, unused?  Why not use that stored energy for those everyday uses such as charging cell phones, smaller rechargeable batteries and the like?  While a major point of emphasis in the pitch, or marketing, of the device should certainly be on those times when, due to a hurricane, tornado, earthquake or other disaster, electricity is unavailable to a person or family in a residence, it should not be the only point of the device.  The focus of the proposed application of this device then broadened to include daily use as renewable “green” energy.  With everyone from activists to politicians, from teachers to CEO’s, discussing cleaner fuels, renewable energy sources and “green” technologies, it was only logical to pitch this device as such.  From this, the concept of The Green Box was born.

The Green Box will be a power generation and storage device utilizing three forms of renewable resources to generate and store electrical power for future use, with the resources being:  human power, solar power and wind power.  The Green Box will have the ability to connect to any combination of the input devices, thus making The Green Box adaptable to any number of climates and conditions.  As an example, solar power is not an ideal option for the northern Midwest, while wind can be a very effective power generation source; in southwestern states, however, the opposite can be said thus making it very difficult to find one green technology power generation device for use throughout the country.  The Green Box will be able to take advantage of either available natural resource, or both if so desired, while also allowing the user to produce additional electrical energy using human power as the generator input.  

The Green Box will be designed such that the user will receive maximum power generation when all three inputs are connected.  The thought behind having all three inputs at one time, regardless of locale, is in that a little power generation is better then none at all.  Generating electrical energy from wind will not produce much in terms of immediate quantity, nor will generating electrical energy from solar in the state of Washington.  However, the small amounts of electrical energy that those inputs contribute are still producing usable energy that would build over time and otherwise be wasted.  Since The Green Box has the option to generate electrical energy from both sources, it doesn’t seem prudent not to use both.  

The device to be used for the human power generator will be a bicycle pedal assembly.  It will be one that is lightweight and easy to transport or relocate.  It will not be a full stationary bike as the device should be able to fit in front of any couch or chair, or under a table, thus allowing the user to conduct any stationary business or activity such as watching television, reading, surfing the internet or balancing a checkbook while sitting in comfort.  A modestly sized solar panel will be used to harness the solar energy while an omni-directional wind turbine, also of modest size, will be used in the generation of electrical energy from the kinetic energy produced by wind.  By using an omni-directional wind turbine, the user can be certain that they are generating power regardless of the direction of the wind.  Furthermore, size of the devices will be important as The Green Box is to be used in mainly residential areas and installing an eight foot windmill on top of one’s house could cause neighborhood uproars.  These size limitations will also restrict the use of The Green Box in terms of function as the smaller devices will result in less electrical energy generation.  The limitations are also the reason why the device is not being pitched as a product to power large appliance or entire houses, but rather as a personal power generation and storage device.

The Green Box shall include the generator, all circuitry, a fan for heat dissipation and the power storage device enclosed in a case.  The pedal assembly, solar panel and wind turbine will all be external components not physically connected to the case itself.  The case shall also include a 120 volt AC outlet, a 12 volt dc outlet and a battery level indication system all mounted directly on the case itself.  The color of the case shall be green, thus paying homage to the term coined when referencing environmentally friendly, reusable energy sources while also using the play on words as a marketing strategy.
2.0 Requirements Specification


In this section, we will discuss the specific details of our project, including factors such as weight, size, cost, etc.  Each product description is a good estimate of what our project will use in the final design, but many decisions will have to be made about the exact requirements.  This section will be split up into three parts.  These include the input, power storage, and finally the output.  
The first and most important part of the project is designing various power generation sources.  The ones that will be chosen for our project are three green energy sources including solar power, a wind turbine, and human power.  Each of these power sources were chosen because they all generate power without the use of a petroleum product.  This can be beneficial to the environment over a long period of time since there are no carbon emissions.  Also, all three “green” generators can have immediate advantages over petroleum generators in situations where fossil fuels are unavailable.  In other words, these power sources can generate electricity with only natural sources (sun, wind, human power).  Now that we have explained the advantage behind our power generation inputs, we will speak about each one specifically.

Solar power is a great choice for power generation in many parts of the United States.  One of the top states for harnessing solar power is Florida, the Sunshine State.  Solar panels are flat and can be placed on the roof of a house.  The collected energy can then be run to a battery with a cable from the roof down to the building.  For our application, we would like to have a solar panel that will produce about 140 watts.  This value was chosen for several different reasons. First, the size of the panel will be quite large (Approximately 5 feet X 3 feet).  Next, the solar panel will weigh about 28 pounds.  Finally, and probably the biggest factor in our decision will be price.  The average price for a solar panel capable of producing 140 watts is about $550.  Cloudy days present a problem to solar panels, but solar efficiency can be increased by using a sensor to adjust for maximum light capture or a system to concentrate light from a large surface area onto the panel.  Other factors will also be researched about the durability of solar panels in heavy rain and wind, since Florida can be assaulted by a few hurricanes a year.  Solar panels produce a DC current, so a full wave rectifier will not be necessary to prepare this power for storage.

Wind turbines can create a great deal of energy, but usually require quite a bit of space for the spinning turbine to operate.  This spinning turbine also presents a new factor of safety.  So, the system must be small enough for home use, but tall enough to keep small children and unaware adults from being injured, or even killed.  Therefore, the system can be mounted on the roof with a short support (under 4 feet), or on a tall pole (about 30 feet) supported by guy wires.  Wind power is a very efficient way of harnessing natural power, but Florida, unfortunately, is rated poorly for producing wind power.  That does not mean that wind power cannot be a great addition to our project, with a few modifications.  Florida does have a strong breeze some days, but the wind is not in one constant direction.  Since Florida produces such erratic wind, a wind turbine other than the traditional one shown below on the left can be used.  This alternative wind turbine, called a vertical axis generator, could be used.  A photo of this alternative is shown below on the right.  Research will be done to discover which application is better overall.  Hopefully, the wind turbine should do well in our project.  Even if a 800 Watts (Max) traditional wind turbine is used, and a poor percentage is collected over time, let’s say 20%, that still equals 160 watts!  In some states, where wind energy is rich, all 800 watts of power can be harnessed.  
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  Traditional Wind Turbine

            Vertical Axis Wind Turbine

Now, to decide which model wind turbine to use, we will focus on the potential power it can bring to our project.  Anything above 1000 watts would be great, but unreasonable for our project due to the size and cost of the wind turbine.  Also, many places in the United States will not experience wind speeds greater than 18 miles per hour continuously, so we will focus on the power output of the wind turbine at 10 miles per hour to judge which device to buy.  Below is the typical graph of the power output of a wind turbine.  As we can see, it appears to be a function similar to f(s)=s^2*0.7 Watts, where s=speed is in miles per hour.  Seeing this relationship, we want a wind turbine that is efficient at low speeds.  Therefore, we should sacrifice being able to harness a lot of power at high speeds by selecting a system with an electromagnet that is great from 1-18 miles per hour, and not 20-45 miles per hour.  High speed wind in most areas will be uncommon anyways, so this slow speed application will make sense for our project.  We hope to generate 200 Watts continuously from our wind turbine.  The price for this wind turbine appears to average around $500.  However, there is room for our group to design our own wind turbine, by using the wind’s rotational power to turn an alternator, and then create a DC signal by using a full wave rectifier circuit and capacitors.  The final decision will be made based on money and time available.
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Finally, human power will be the last green energy input into our system.  Our group will research which way is the most efficient method of harnessing power from the human body, but we will assume that it can be generated by the thighs and legs.  Therefore, a system similar to the pedaling of a bike will be chosen for now.  A permanent magnet DC generator will most likely be chosen for our application.  A gear system will be used to increase a biker’s RPM (about 100 RPM), to around 1800 RMP at the permanent magnet DC generator.  The graphs shown below present the typical output of one of these motors.  
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Our deciding factor for the motors will be how difficult each one will be to pedal.  Our goal would be to find the generator which would harness maximum power and still allow a user to pedal moderately for 1 hour.  We do not want to tire the rider out completely, because they would not be able to ride the bike everyday due to sore muscles.  We will assume that the power we will be able to create from out permanent magnet DC generator is about 120 watts.  The cost for one of these motors averages around $200.   

A summary of the power generated, operation time, and cost for each of our three inputs is shown below.


Solar Panel – 140 Watts (14 hours/day), $550 


Wind Turbine – 200 Watts (~12 hours/day), $500


DC generator – 120 Watts (1 hour/day), $200

----------------------------------------------------------------------------------


Total system power/day: 4,480 Watts/Day


Max instantaneous power: 460 Watts


Total generator cost: $1250


The next component of our green energy system will be power storage.  The obvious choice for our application would be to find a battery capable of storing all energy produced in one day.  The list above shows the power generation for our system.  The choice of battery will have to be researched, and factors such as charging current and terminal voltage (12V, 24V, 48V) will have to be selected.  Next, we need a way of being able to accept all inputs at the same time and charge the battery.  At this time, all signals will be converted into DC power, and summed together before going to the battery.  Therefore, any AC signals generated (wind turbine) will use a full-wave rectifier and capacitors to achieve a DC signal.  A voltage regulator will also need to be included to keep the voltage clean going to the battery.  Finally, a case to protect all the necessary components is required for safety, and aesthetic appeal.  Going along with the theme of our project being “green” energy, we will paint the case that color.  The total price of everything else other than the three generators is projected to be $300 or less. 


Finally, the outputs of our system will consist of two types of power.  These are AC (110V) and DC (12 Volts), since they are by far the most common in the United States.  We want the final user to be able to plug any device into the appropriate power outlet, and the device work flawlessly.  Most consumers have no electrical knowledge, and no desire to adjust internal components anyways.  At this time, we are focusing in the generation and storage of green energy, and being able to power any component plugged into the system.  The selections of components are almost endless, as long as they don’t require a large amount of power to operate.  Below is table of a few devices that can be powered individually or all together via a power strip.  This assumes the battery supplying all the power from a full charge, and the generators being disconnected.  If the generators continue running, all components using less than 460 Watts will work forever (in theory).


Microwave (1000 Watts) – 4 hours, 29 minutes


Toaster (850 Watts) – 5 hours, 16 minutes


Coffee Maker (700 Watts) – 6 hours, 24 minutes

Full size refrigerator (600 watts average) – 7 hours, 27 minutes


Computer (400 Watts) – 11 hours, 12 minutes

Television (100 Watts) – 1 Day, 20 Hours, 48 minutes


CFL Light Bulb (12 Watts) –  15 Days, 13 hours, 12 minutes


Cell Phone charger – (4 Watts) – 46 Days, 15 hours, 59 minutes


If all the components were used at the same time (3666 Watts) –



1 hour, 13 minutes

Money saved per year with system (@ $0.15 kWh) – 



$245.28

Total cost of project:



$1550
3.0 Block Diagram
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4.0 Budget and Financing
Given the total estimated cost of the project of $1550, the budget of the project will be $1750.  The extra $200 shall act as a contingency fund to cover any costs from changes in requirements or design.

The project shall be financed entirely by the group members.  Each member has agreed to share the costs equally.
5.0 Project Milestones
	Action
	Project Part
	Start Date
	End Date
	Duration (Days)

	Research
	 6-Jun-09
	24-Jun-09
	18

	 
	Human Power Generation
	6-Jun-09
	21-Jun-09
	15

	 
	Solar Power Generation
	6-Jun-09
	21-Jun-09
	15

	 
	Wind Power Generation
	6-Jun-09
	21-Jun-09
	15

	 
	Power Storage
	6-Jun-09
	21-Jun-09
	15

	 
	Full Wave Rectifiers
	14-Jun-09
	24-Jun-09
	10

	 
	DC / AC Power Outputs
	14-Jun-09
	24-Jun-09
	10

	 
	Transistor Switch Circuit
	14-Jun-09
	24-Jun-09
	10

	 
	Exhaust Fan
	14-Jun-09
	24-Jun-09
	10

	 
	Light Display
	14-Jun-09
	24-Jun-09
	10

	Design
	25-Jun-09
	20-Jul-09
	31

	 
	Human Power Input
	25-Jun-09
	15-Jul-09
	21

	 
	Solar Power Input
	25-Jun-09
	15-Jul-09
	21

	 
	Wind Power Input
	25-Jun-09
	15-Jul-09
	21

	 
	Power Storage
	25-Jun-09
	19-Jul-09
	25

	 
	Full Wave Rectifiers
	30-Jun-09
	10-Jul-09
	11

	 
	DC / AC Power Outputs
	30-Jun-09
	10-Jul-09
	11

	 
	Transistor Switch Circuit
	30-Jun-09
	10-Jul-09
	11

	 
	Exhaust Fan
	30-Jun-09
	10-Jul-09
	11

	 
	Light Display
	30-Jun-09
	10-Jul-09
	11

	 
	Testing Procedures
	10-Jul-09
	20-Jul-09
	11

	Design Paper
	 
	25-Jul-09
	 

	 
	First Draft
	19-Jul-09
	23-Jul-09
	5

	 
	Edited Draft
	23-Jul-09
	24-Jul-09
	2

	 
	Final Draft
	24-Jul-09
	25-Jul-09
	1

	Material Acquisition
	 
	1-Sep-09
	 

	 
	Purchasing / Building
	6-Jun-09
	1-Sep-09
	 

	Building
	1-Sep-09
	5-Oct-09
	36

	 
	Human Power Generation
	1-Sep-09
	20-Sep-09
	21

	 
	Solar Power Generation
	1-Sep-09
	20-Sep-09
	21

	 
	Wind Power Generation
	1-Sep-09
	20-Sep-09
	21

	 
	Power Storage
	1-Sep-09
	10-Sep-09
	11

	 
	Full Wave Rectifiers
	10-Sep-09
	20-Sep-09
	11

	 
	Transistor Switch Circuit
	15-Sep-09
	22-Sep-09
	8

	 
	Exhaust Fan
	15-Sep-09
	22-Sep-09
	8

	 
	Green Box Input
	22-Sep-09
	29-Sep-09
	8

	 
	AC/DC Output
	24-Sep-09
	1-Oct-09
	8

	 
	Light Display
	25-Sep-09
	2-Oct-09
	8

	Testing / Revision
	 
	31-Oct-09
	 

	 
	Human Power Generation
	6-Oct-09
	8-Oct-09
	3

	 
	Solar Power Generation
	8-Oct-09
	10-Oct-09
	3

	 
	Wind Power Generation
	10-Oct-09
	12-Oct-09
	3

	 
	All Three Power Sources
	12-Oct-09
	20-Oct-09
	9

	 
	AC/DC Output
	20-Oct-09
	23-Oct-09
	4

	Project Improvements
	16-Nov-09
	 

	Senior Design Presentation
	1-Dec-09
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