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Design Overview
The purpose of this report is to create an electrical design for low-cost, 3rd world countries. Since many of these countries are not inherently wealthy or abundant in natural resources, a self-sustaining plant seems almost infeasible. The immense distance between villages and huts also proves to be an obstacle, as the laying of wires would prove to be very expensive and inefficient. The climate alternates between a rainy season and a hot season. Most of the villages are also not fit to be wired for electricity or heat, since the insulation is poor and most of the energy would be dissipated into the environment. This being said, there are certain issues/concerns in which our company would like to address:

Light- This can help improve worker productivity and also enhance the night life of the individuals. Torches do exist, but do to the destructive nature of fire, it would be better to have some sort of electrical system.

Heat- While most of the cooking is done in a stove or over a spit, some sort of electrical heat would cut down on the firewood needed as fuel. Heating would also be beneficial for water filtration.

Radio- While battery operated radios do exist, replacing the batteries can become quite expensive. The disposal of batteries also in itself is a problem. A radio that does not work on batteries or could be plugged in would help provide news and information.

Pump- The nearby stream is contaminated. While a chlorination system would probably change that, the costs of that are too astronomical. Some sort of well would be the best option.

Preliminary Design
In this design, each family will have their own personal power generation system.   The power generation system will provide power for a light, a radio, and a cooking device.  The community will share a water pump, which will require no electricity.  
Power will be generated with a 40 Watt solar panel
.  The solar panel is virtually maintenance free and comes with a 25 year manufacturer’s warranty.  In the summertime, it is estimated that the panel will produce 400 Watts per day.  In the wintertime, it is estimated that the panel will produce 200 Watts per day.  The panel costs $199.
The power will be stored in a 12 V, 35 amp lead acid battery
.  It can store about 400 watt/hours.  The weather will not impact the performance of the battery.  It is completely maintenance free.  The cost of the battery is $59.95.

The system will also need a DC/AC converter
, so that the cooking device can be run from the stored energy in the battery.  It is capable of converting up to 325 Watts, which is good enough to run the microwave.  The DC/AC converter will cost $49.95.

The cooking device will be a microwave
, which requires 700 Watts per hour.  The microwave comes with a 1 year manufacturer’s warranty.  During the summer the family will be able to use the microwave for a half an hour each day.  During the winter, the microwave will be able to be used for fifteen minutes per day, since the amount of power generated by the solar panel is dependent on the amount of light per day.  Even though the cooking time is reduced during the winter, it should be sufficient, since microwaves are very efficient cooking devices.  The cost of the microwave is $98.
The light is 12 V LED lamp
, which is sold by Sundance Solar.  The lamp runs on .7 Watts and will last for 100,000 hours.  If the light is used for one hour every night, it will last for over 200 years.  This more than meets the design requirements of 10 years.  The use of the light does not depend on the season, since it consumes very little power compared to the microwave.  The lamp costs $31.95.
The radio
 can be run off of multiple power sources.  It can be hand cranked, charged with an AC adapter, or charged using solar power.  Since it has multiple power sources, it’s use will be more reliable.  The price of the radio is $50.
The water pump
 will be shared by the community and placed in a central location.  It is a hand pump, so it requires no electricity.  It is capable of pumping up to a depth of 400 ft, so it will easily meet the required 200 ft.  The manufacturer’s warranty lasts for 5 years.  The total cost of the pump will be around $1500.  This includes the cost of the pump, the cost of the piping, and the cost of installation.  If there are twenty families living in the village it will cost each family about $75.
A summary of the costs for each item is shown in Table 1.  The estimations for power consumption and power generation are shown in Figure 1.  The total cost of the power generation system is $563.85.  However, since there is possible government assistance for the installation of the water, the actual cost per family is $488.85.  The estimated family income per month is $42.  Since the system will be used over a period of ten years, the family has about $420 to spend on the entire system, which is very close to the actual cost.  Since this system will help increase the quality of living for poor families, the company will be willing to cover the cost difference if needed.
Service and Repair Plan

The solar panel and LED lamp have manufacturer’s warranties which cover the desired 10 year life of the system.  The radio, water pump, DC/AC adapter and battery are pretty reliable and so the company selling this system could offer a warranty of 10 years on each of these products.  The microwave is the most unreliable item in the system.  The company can offer a 10 year warranty on this item if the owners would like to purchase one for an extra $20.  Each month a consultant will be sent out to service the systems, if there is need.  The family should write to the company if there is a problem with the system.  The system can be returned for a minimum 75% refund on all working parts for up to 1 year after purchase.
Table 1: Cost summary of the personal power system.
	Item
	Cost Per Family (U.S. dollars)

	Solar panel
	199.00

	12 V 35 Amp lead acid battery
	59.95

	325 Watt DC/AC converter
	49.95

	12 V LED lamp
	31.95

	Coleman radio
	50.00

	Microwave oven
	98.00

	Water pump
	75.00

	
	

	Total(with pump)
	563.85

	Total(without pump)
	488.85
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FIGURE 1: Estimations for (a) generated power, (b) needed power, (c) stored
Design Analysis


There are several reasons as to why the choices we have made will be beneficial to the families that use the products.  In descending order of importance, these factors included cost, manageability, utility, and flexibility.  Cost is the largest factor in deciding what technologies will be available to these families.  A major goal in business is to lower cost as much as possible.  The other three factors combine to affect the cost as a whole.  Manageability is inherently important because the families who have this technology will not be familiar with how to service the technology if it fails to function.  Utility is important because the products will be much more beneficial if they are more effective at achieving the family’s goals.  Finally, flexibility to achieve more tasks adds to utility and decreases cost.  Aside from the cost factors, the products should also be environmentally friendly.

The most important factor in our decision choice was the concept of manageability.  All of the instruments selected are very manageable, even under daily use.  The solar panel is resistant to weather, so it should continue to operate without issues.  All of the other products, provided they are protected from the weather elements, will also function problem-free if used according to specifications.  The microwave oven and AC/DC converter are truly the most difficult to manage from a technology standpoint.  However, given proper instruction and usage guidelines, these products should be sufficient.

It was very important in our design to use a new technology such as an LED light source.  These lights used extremely lower amounts or power and create an appreciable atmosphere to read or cook by.  Rather than input an electric range or hotplate, we chose to offer an affordable microwave oven.  This allows a more effective heating source than the previously mentioned options.  Also, the element of heat could already be produced over an open fire.  The water pump was also a very effective solution.  This will provide a very method to obtain drinking water that is very utilizable for the entire community.

In considering the solar panel, DC/AC converter, and microwave oven, flexibility proved to be tantamount in the decision.  The solar panel can be used every season of the year during any weather.  The DC/AC converter possesses actual 110V AC outputs which can be used for most low power energy operations.  The microwave oven also creates many possibilities for the family to cook in a timely fashion.

Underlying all of this are the environmental repercussions of the use of these products.  The 12V battery that was chosen is lead-free and will not pose any harm, provided it is disposed of properly after it runs out.  Every other product will run efficiently with no cost to the environment.
Competition Assessment
There are a number of other designs intended to address the issues of low cost energy production.  JATS, an alternative power company, provides solutions for solar, wind and hydro power.  The hyrdo and wind power solutions are not reasonable for this situation.  The solar power systems, however, are useful but very expensive.  For example, the Siemens solar panels (spec sheets in Appendix A) are more than $300 a piece.  This expense is due to the higher Watts achieved by these panels, but these specifications are not necessary for the village’s needs.  The same is true for the AstroPower solar panels, which are in the $600-$800 range.  Because of the expense of these items, neither of these companies have much market penetration beyond the North America and Europe.  JATS is a provider for both of the above systems.  Though they claim to have incredible technical support, that is assuming that the customer has access to the phone or internet on a regular basis, which is not a feasible assumption for this village.  Additionally, the company recommends hiring an electrician to install the components—they do not provide that service on their own.  This set-up requires quite a bit of overhead for the user.  

Beyond solar power, bike generators are popular, low cost ways to produce energy.  These generators usually do not provide enough power to run items such as griddles, but they will be addressed anyway, as they have some market penetration.  Bicycle power systems recently made the news when a village in Laos was going to use one to power a low wattage computer system to provide the village with internet access.  The problem with bicycle generators is efficiency.  The most efficient way to use the generator is to pedal to directly power a device—such as a pump or fan.  The second most efficient was is to use it to run an electrical generator.
  For the village situation, this might be reasonable, but it would be more convenient to save the generated power to a battery.  This is the least efficient use of the bicycle generator, though.  Few companies provide bicycle generators—instead single users build the systems themselves.  Websites explaining the process are included in Appendix B.  These systems also require more overhead than pre-packaged systems, because a sturdy bicycle, alternator and belt are required—and the belt will probably need frequent replacement.  The only company found selling these (Petrella and Sons) has recently discontinued the item.  This company was start up that had little to no market penetration, and was more for the casual user. 

Most power generation systems and low wattage appliances are not marketed towards rural and remote villages, but instead to campers, scouts, etc.  For example, a number of crank radios are available through AmbientWeather.  The spec sheets for these radios are included in Appendix C.  These radios are all comparable with the chosen model, but usually more expensive.  The Freeplay Radio, for example, is $75.  It also comes with a flashlight, but the light only lasts for 6 minutes, so it would have to be in addition to the light needed for the villagers.  

Additional Research Required

First off, the individual costs to each person must be totally identified in terms of per capita income. While it is still a very small amount, finding out how much income the products will consume is needed for marketing purposes. We need to assume that instructions must be provided to the consumers. The location of the production plant in relation to the customer base must also be analyzed. This will help to estimate the total cost to move the products to marketplaces from start to. Manufacturer’s warranties must also be in complete harmony with the products we are selling. 

More research is also needed on the technical side. Each device must be tested to make sure it delivers the power needed/operates at the given power. A statistical analysis on the operating rates would help determine how long these products last on average. Analysis on the sunlight delivered to the area would help determine how much power can be delivered in one day. 

Appendix A: Specification Sheets for Siemens Solar Panels

From:  http://www.jatsgreenpower.com/siemens.html
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Siemens SP Series
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AstroPower Solar Panels

http://www.jatsgreenpower.com/astropower.html
[image: image3.png]JATS Alternative Power Company
Advanced Eneray Group authorized dealer

Everyday low prices and expert technical services save you money!

AstroPower
50 watt to 120 watt Solar Panels

List Price: 120 var $798
Everyday low price: $638

‘Quantiy discouts sl avalabl. S otberpanc picng bela.

Features

@Module width and mounting hole pattern conform to |
industry standards. Fits existing mounting racks and {
trackers. I
3 Aati-refective couting applied to solar cell front

surface enhances output and provides improved optcal |
matching toglass and encapsulant

21006 of allsolr clls and modles ae electroniclly

tesed to assure quality and performance

DDual high-capacity bypass diodes built i for superior

protection in case of temporary local shading conditions. single crystal silicon

Highest qualty and cost effectivel
@Each module contains single crystal silicon solar

cels for optimum battery charging performance in hot

weather or low light levels.

Over 7 amps of charging curent in full sunlight for the

120 watt pancl

@Weather resistant junction bos. including protective
diodes,allows for casy and safe ield interconnection.

PHeavy duty anodized frame provides srength and
convenient mounting sccess

BAUL Listed - all models
75w 10 120w also [ECI215 / CECS03 / TUV.

0 year warranty

High Quality and Very Cost Effective!




Appendix B: How to create a Bicycle generator

http://www.zetatalk3.com/energy/tengy05g.htm
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Assembly

How to make an effective bicycle generator:

Amp Meter

Put an amp meter (from a car or another source) in series with the alternator. This allows
the person pedaling to sce how much output is produced

Front Wheel

‘Take the front wheel (tre, rim and spokes assembly) off and mount the remaining yoke
ona stable platform made of wood. Use the same bolt holes that held the whel on.

Rear Wheel
Raise the rear wheel about 1°-2* sbove the platform o that the rear wheel tms frecly.
Bolt this 10 the frame of the bike about 3°-6" in front of the back axle. This allows 2
support pipes on each side to bolt or srap it to. Could use 2" x 4" wood for the front
‘and back supports. Use triangle supports cut from plywood or any other wood to make it
stable (side to side motion). If needed carefully cut a notch in the back right wood
support, so that the chain, and cables have plenty of clearance.

Belt
Purchase a V-belt or V-ribbed belt big enough to go over the alternator and back rim. |
have found it asier (0 find the Serpentine or 3, 6. or § V-ribbed flat belts in the lengths
needed. A S ribbed belt is 45/64" wide. A 6 ribbed belt is 27/32" wide. A § ribbed beltis
1" and 1/8" wide. These are more expensive and cost about twice as much as the 11MM
o 15MM wide single V-belts. However, they should last longer and wil transfer more:
power. Also the alterators that use these have smaller diameter pulleys. Which is an
advantage. Flat belts should work better on the bare bicycle rim. They would be less
likely to twm over

Alternator
‘The alternators that use flat belts are more expensive. deliver more amperage and
typically have an internal voltage regulator. The older alternators have the voliage
regulator separate and are a lot less to purchase. Typically local rebult prices are
estimated 10 be $20-$40 for the older 60 amp (Ford, GM in the 1970s) type and $110 0
$170 for the newer 70 amp and higher amperage. All o these types from time to time can
be picked up at yard or garage sales.

Mount the altemator on a peace of wood thatis hinged (door hinge) to the platform
(plywood. plank, etc.). This would be behind the back wheel. The weight of the alternator
helps to give it belt tension. A spring could be attached to add more bel tension if
needed.





Appendix C.  Appliances
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� � HYPERLINK "http://www.wholesalesolar.com/products.folder/module-folder/kyocera/KC40.html" ��http://www.wholesalesolar.com/products.folder/module-folder/kyocera/KC40.html�


� � HYPERLINK "http://store.sundancesolar.com/12vol33amsea.html" ��http://store.sundancesolar.com/12vol33amsea.html�


� � HYPERLINK "http://www.geoduck.com/epicenter/order.cgi?page=dc_to_ac_power_converters_and_inverters.html&cart_id=%%cart_id%%" ��http://www.geoduck.com/epicenter/order.cgi?page=dc_to_ac_power_converters_and_inverters.html&cart_id=%%cart_id%%�


� � HYPERLINK "http://www.lowes.com/lkn?action=productDetail&productId=169475-46-MT4078SPB" ��http://www.lowes.com/lkn?action=productDetail&productId=169475-46-MT4078SPB� 





� � HYPERLINK "http://store.sundancesolar.com/12volt8ledlamp.html" ��http://store.sundancesolar.com/12volt8ledlamp.html�


� � HYPERLINK "http://store.sundancesolar.com/coomouamra.html" ��http://store.sundancesolar.com/coomouamra.html�


� � HYPERLINK "http://www.solar4power.com/solar-power-water-pump.html" ��http://www.solar4power.com/solar-power-water-pump.html�





� http://www.solar4power.com/solar-power-technical-support.html





� http://www.los-gatos.ca.us/davidbu/pedgen.html
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