ECE 481- Professional Aspects of Electrical and Computer Engineering

Final Project:

Design Proposal for a Personal Electricity Generation System

Design Team:

Ken Ayotte
(ayotte.4@osu.edu)

Tim Chen
(chen.867@osu.edu)

Bum-Mo Kou
(kou.10@osu.edu)

Amal Tewari
(tewari.13@osu.edu)

Contents

I. Design Feasibility/Competitiveness Study

II. Preliminary Design

III. Question

IV. Appendixes

Design Feasibility/Competitiveness Study:

There are many products already out on the market for generating electricity for personal use ranging from small emergency generators which run on gasoline to wind turbines and solar panels.  However, many of the companies that make these products are focused on providing cheaper electricity in countries where electric power is already common place, selling all of the additional components needed to tie your generator into the public utility grid.  They are therefore allowed to justify some of the cost by the money you will make by selling your excess electricity back to the power company.  While this has its place in providing cheaper more environmentally friendly energy, the individual must have enough capital to invest in these rather expensive technologies and the infrastructure for using and transporting the produced electricity must already be in place.  These systems could be made to work in a more remote setting, but the cost is high.


The easiest way to provide electricity in any environment for general personal use would be to a small gasoline generator.  These produce a standard single phase AC current where any commercially available appliances could be plugged into.  A small portable generator such as the one shown in Appendix 1 can be bought from any hardware or home improvement store for around $400, which produces up to 3,750 watts.  Unfortunately, this solution is inappropriate for our application for several reasons:  gasoline is not easily available, expensive, and not easy to transport; homes are not suitable for high voltage AC current; parts and supplies needed to maintain the generator (motor oil, spark plugs) may also be difficult to attain; these generators are noisy and release pollutants into the environment.


Another strategy would be solar panels.  Solar panels on the market can be purchased from companies that specialize in solar power, which range from 160-120 Watts a peace at 12 or 24 volts DC, and range in cost from $979 to $623 (Appendix 2).  More panels could easily be added to provide more power.  Solar panels could only produce power while sunlight is available, so storage batteries are required to provide electricity at night, adding to the cost of the system.  The disadvantages of this approach are that there are long parts of the year where there is little or no sunlight and the storage batteries would be quickly depleted, and the rather high cost per watt of power.  The advantage is that it requires no external fuel source, and is relatively simple to maintain.  There are no mechanical parts to wear out, and the panels themselves last 25 years or more.  Also the lower DC voltage produced is inherently safer in an environment exposed to more whether.  The batteries would be the only part with a short lifespan, probably needing replacement every 10 years, and this would be the only source of pollution.  The batteries would have to be disposed of properly or they could harm the local environment.  


Wind power may be a better solution since in many locations since there is a steady wind in most areas when a certain height is reached.  Commercially available wind generators range in power from 400-1000 watts at a wind speed of 28mph.  They range in price from $595 to $2,150 for the turbine (Appendix 3).  The tower and battery storage would be additional costs.  These produce more power for the cost than solar panels, would generate power even at night and during the rainy seasons.  A smaller storage battery would be needed because there would be less down time of the generator with solar power.  No external fuels are required as in solar power.  The disadvantages are that a suitable tower must be erected, and there are more complicated mechanical parts than in solar power.  Systems are available which do not require large machinery to erect, but they have the disadvantage that they cannot reach as high and they require guy wires for stability.  The biggest disadvantage of these systems is the cost of equipment.  These systems all produce more electricity than necessary and have more features than necessary for a preliminary design.


A cheaper and simpler approach to wind design is described in Appendix 3.  Here it is shown how a PGM (permanent magnet generator) suitable for a wind turbine can be constructed out of materials available from a hardware store.  The coast would probably run less than $100 for materials and electronics and capable of producing 180 watts at 420 rpm.  Additional you would need a tower, yaw head, tail, and blades.  This system would produce 12 volts, and be capable of charging standard batteries and power lighting at night and power for a radio and other small appliances.        


For the next stage of design more information must be gathered.  If wind turbines are to be used then a study of the wind characteristics of the areas surrounding each community must be done.  We need to know typical wind speeds so that we can design the generator to work most efficiently, as well as the range so we know what it must be capable of withstanding without damage, also at what height the generator needs to be located.  We also need to know what materials are locally available (within the country) and what will have to be imported, and how it can be transported to the site.  It’s possible we could hire some local engineers to do the wind study as well as send our own representatives.  I think we should send at least one representative to each location to get more information about what difficulties we will face in producing electricity in these conditions.  A survey should also be taken of what the local people require out of our system, how capable they are of running it on there own once its in place, how they are going to pay for it and how much they can afford.  This information will tell us the exact power requirement to design for, what safety features must be in place, how much human support we must give to make this operational and what this will cost us, and what extent of education the local population needs to make use of our product. Company representatives will have to go and directly interview as many people as possible.    

Preliminary Design:

To fit the constraints of the project, we would prefer to use Wind Turbines, as wind is the only constant source of power.

The Power of the Wind: 

The wind speed is extremely important for the amount of energy a wind turbine can convert to electricity: The energy content of the wind varies with the cube (the third power) of the average wind speed, (e.g. if the wind speed is twice as high it contains 2 3 = 2 x 2 x 2 = eight times as much energy). 

In the case of the wind turbine we use the energy from braking the wind, and if we double the wind speed, we get twice as many slices of wind moving through the rotor every second, and each of those slices contains four times as much energy, as we learned from the example of braking a car. 

The graph shows that at a wind speed of 8 meters per second we get a power (amount of energy per second) of 314 Watts per square meter exposed to the wind (the wind is coming from a direction perpendicular to the swept rotor area). At 16 m/s we get eight times as much power, i.e. 2509 W/m 2.

[image: image1.png]a0

00

00

1500

100

0

T b0 e

© 1998 wwrw WINDPOWER ore




Formula for using Wind Power: 

The power of the wind passing perpendicularly through a circular area is:
[ P = 1/2  [image: image2.png]
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 r2 ]
Where ‘P’ = the power of the wind measured in W (Watt). 
‘[image: image4.png]


’ = (rho) = the density of dry air = 1.225 measured in kg/m 3 (kilogram’s per cubic meter, at average atmospheric pressure at sea level at 15° C). 

‘v’ = the velocity of the wind measured in m/s (meters per second). [image: image5.png]


= (pi) = 3.14. 

‘r’ = the radius (i.e. half the diameter) of the rotor measured in m (meters).
Economies of Scale :
As we move from a 150 kW machine to a 600 kW machine, prices will roughly triple, rather than quadruple. The reason is, that there are economies of scale up to a certain point, e.g. the amount of manpower involved in building a 150 kW machine is not very different from what is required to build a 600 kW machine. For example, the safety features, and the amount of electronics required in operating a small or a large machine is roughly the same. 

Price Competition and Product Range: 
Price competition is currently particularly tough, and the product range particularly large around 1000 kW. This is where we are likely to find a machine which is optimized for any particular wind climate. 
Turbine Reinvestment (Refurbishment, Major Overhauls) :
Some wind turbine components are more subject to wear and tear than others. This is particularly true for rotor blades and gearboxes. 

Wind turbine owners who see that their turbine is close to the end of their technical design lifetime may find it advantageous to increase the lifetime of the turbine by doing a major overhaul of the turbine, e.g. by replacing the rotor blades. 

The price of a new set of rotor blades, a gearbox, or a generator would be usually in the order of magnitude of 15-20 per cent of the price of the turbine. 
Project Lifetime, Design Lifetime :
The 10 year design lifetime is a useful economic compromise which is used to guide engineers who develop components for the turbines. Their calculations have to prove that their components have a very small probability of failure before 10 years have elapsed. 

The actual lifetime of a wind turbine depends both on the quality of the turbine and the local climatic conditions, e.g. the amount of turbulence at the site. 

The graph at the end of this text shows how the cost of electricity produced by a typical 1000 kW wind turbine varies with annual production. 

The relationship is really very simple: If we manage to produce two times the energy per year, we pay half the cost per kilowatt hour. (If we would believe that maintenance costs increase with turbine use, the graph might not be exactly true, but close to true). 
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Questions:
The concept of sustainable development applies to technology which is compatible with ongoing technological development and protection of the environment.  Many modern technologies used in industrialized nations are not sustainable as populations grow, technologies are transferred to lesser developed countries, and their impact on the global environment increases.


Sustainable development is central to our design proposal because of the environmental and location constants in a project like this.  Design for environment is used in determining the feasibility of the proposed design.  Since there are no local power sources, and no means of transporting fuel, a device was needed that could generate its own power from natural sources such as light and wind.  This is why in our design we choose to focus on producing inexpensive DC generating wind turbines.  A system such as this would have minimal effect on the environment, and be easily expandable as demand increases and local population grows.  The system is thus inherently sustainable.


Technology transfer is the process of transferring technology to a novel setting and implementing it there, and appropriate technology is that which is most suitable for a new set of conditions.  The first applies to our design proposal in that we are trying to take the technology of electricity and all that implies and place it in a setting were it has never been used before, meaning underdeveloped countries where no power lines exist and there are no roads to transport fuel for generators and homes can not be wired for standard electricity.  All the normal standards we take for granted in this technology do not apply and must be reinvented to meet the conditions present.  In using solar or wind power we are creating an appropriate technology, which meets our known set of constants and contributes to sustainable development.  In our design we had to take into account the conditions the population that would use it is living in, and it was decided that low voltage DC was much more suitable than high voltage AC which is what is used in all industrialized countries.  
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