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Introduction

Recap of the meeting of April 29, 2007

· The difference between Science and Technology

· What is solar energy?

· How is solar energy sused to produce electricity?

· What is the most widely used solar technology and how can it be applied to Haiti?

1. What is Solar Energy?

Introduction:

In general, the word Solar Energy is radiant energy emitted by the sun, particularly electromagnetic energy.  This electromagnetic energy is measured by what iscalled the solar constant. The solar constant is the amount of incoming solar electromagnetic radiation per unit area, measured on the outer surface of Earth's atmosphere. It is measured by satellite to be roughly 1366 watts per square meter. Thus, for the whole Earth, with a cross section of 127,400,000 km², the power is 1.740×1017 W. 

A deeper look:

Solar radiation reaches the Earth's upper atmosphere at a rate of 1366 watts per square meter (W/m2).The first map shows how the solar energy varies in different latitudes. While traveling through the atmosphere 6% of the incoming solar radiation is reflected and 16% is absorbed resulting in a peak irradiance at the equator of 1,020 W/m². Average atmospheric conditions (clouds, dust, pollutants) further reduce solar radiation by 20% through reflection and 3% through absorption. Atmospheric conditions not only reduce the quantity of solar radiation reaching the Earth's surface but also affect the quality of the solar radiation by diffusing incoming light and altering its spectrum.

The map below shows the average global irradiance calculated from satellite data collected from 1991 to 1993. For example, in North America the average solar radiation at ground level over an entire year (including nights and periods of cloudy weather) lies between 125 and 375 W/m² (3 to 9 kWh/m²/day). This represents the available power, and not the delivered power. At present, photovoltaic panels typically convert about 15% of incident sunlight into electricity; therefore, a solar panel in the contiguous United States on average delivers 19 to 56 W/m² or 0.45 - 1.35 (kW·h/m²)/day.
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Map of global solar energy resources. The colours show the average available solar energy on the surface during 1991 to 1993. For comparison, the dark disks represent the land area required to supply the primary energy demand in the year 2010 using currently available technology (i.e. with a conversion efficiency of 8%).

2. How is Solar Energy used to produce electricity?

Solar (or photovoltaic) technology creates electricity through silicon cells cased in a glass panel. When light strikes the cells, it causes electrons to move, and electricity is created. The solar panels generate DC electricity, which passes through an inverter to be converted to AC, which is usable for your home or business. (Typically, about 5% of the electricity is lost during this process.) The electricity is then fed into your meter to power your home or business. Any surplus energy that is not consumed can be fed into the grid via net metering.

The history of photovoltaic technology dates back to 1839, when the French physicist Edmund Becquerel observed the photovoltaic effect. In the 1880s, Selenium PV cells were built that converted light in the visible spectrum into electricity and were 1% to 2% efficient. Light sensors for cameras are still made from selenium today.

Solar power isproduced is in general harnessed directly or indirectly. The method used to harness the incoming energy determines how the elctricity is produced.

In general, direct solar power involves a single transformation of sunlight which results in a usable form of energy. Below are some of the means in which solar energy has been used to produce elctricity.

· Sunlight hits a photovoltaic cell creating electricity.  

· Sunlight warms a thermal mass and creates electricity 
· Sunlight strikes a light mill and causes the vanes to rotate as mechanical energy (little practical application has yet been found for this effect).
· Sunlight strikes a solar sail on a space craft and is converted directly into a force on the sail which causes motion of the craft.
Net Metering is a metering and billing arrangement that lets you connect your solar system directly to the grid and measure the difference between the electricity you buy from your utility company and the electricity you produce using your own solar equipment. So during the day, when most homes with solar power are producing more electricity than they are consuming (because people are away at work), the surplus electricity is fed into the grid and your electric meter winds backwards, giving you credit for the electricity you are supplying.

There is no extra charge for net metering, and standard residential or small commercial electrical meters are capable of turning in both directions. You will, however, need to incorporate a sine wave inverter into your solar system. Most households have power coming into the house from the utility at an alternating current of 120 volts and 60 cycles per second. Your solar system doesn't do this: it supplies a direct current. So the sine wave inverter transforms the direct current from the PV modules to an alternating current of 120 volts and 60 cycles per second, just like the utilities. This transformation can also synchronize your system with the utility’s system. 

3. What is the most widely used Solar Energy technology?

Introduction:

The most widely used form of solar energy technology is the use of solar cells or what is called photovoltaic (PV) energy transformation. Solar cells, also referred to as photovoltaic cells, are devices or banks of devices that use the photovoltaic effect of semiconductors to generate electricity directly from sunlight. Until recently, their use has been limited because of high manufacturing costs. But despite the cost, solar power has been effectively used in the following areas:

· very low-power devices such as calculators with LCDs. 

· remote applications such as roadside emergency telephones, remote sensing, cathodic protection of pipe lines, and limited "off grid" home power applications. 

· powering orbiting satellites and spacecraft.
A deeper look at PV cells:

A solar cell or photovoltaic cell is a device that converts light energy into electrical energy. Sometimes the term solar cell is reserved for devices intended specifically to capture energy from sunlight, while the term photovoltaic cell is used when the light source is unspecified.



A typical solar cell

Fundamentally, the device needs to fulfill only two functions: photogeneration of charge carriers (electrons and holes) in a light-absorbing material, and separation of the charge carriers to a conductive contact that will transmit the electricity. This conversion is called the photovoltaic effect, and the field of research related to solar cells is known as photovoltaics.

4. What are the available solar cell technologies that could apply to Haiti?

Currenly there are three generations of photovoltaic technologies available on the market. 

· The first generation photovoltaic, consists of a large-area, single layer p-n junction diode, which is capable of generating usable electrical energy from light sources with the wavelengths of sunlight. These cells are typically made using a silicon wafer. First generation photovoltaic cells (also known as silicon wafer-based solar cells) are the dominant technology in the commercial production of solar cells, accounting for more than 86% of the solar cell market.

· The second generation of photovoltaic materials is based on the use of thin-film deposits of semiconductors. These devices were initially designed to be high-efficiency, multiple junction photovoltaic cells. Later, the advantage of using a thin-film of material was noted, reducing the 
· The Third generation photovoltaics are very different from the other two, broadly defined as semiconductor devices which do not rely on a traditional p-n junction to separate photogenerated charge carriers. These new devices include photoelectrochemical cells, Polymer solar cells, and nanocrystal solar cells.

Although all of the current technologies can be used in Haiti, the most widely available and most applicable technology for Haiti would be p-n junction photovoltaic cells because of the following reasons:  

· They are widely available and cheap.

· They are robust and will resist wide changes in weather conditions

· They are simple to install and require little to no maintenace

A deeper look at total output power from PV cells 

Total peak power of installed PV is around 1,700 MW as of the end of 2005. Declining manufacturing costs (dropping at 3 to 5% a year in recent years) are expanding the range of cost-effective uses. The average lowest retail cost of a large photovoltaic array declined from $7.50 to $4 per watt between 1990 and 2005.With many jurisdictions now giving tax and rebate incentives, solar electric power can now pay for itself in five to ten years in many places. 

Grid-connected solar systems are systems that use an inverter to connect to the utility grid instead of relying on batteries. These systems make up the largest part of the market. An inverter allows to convert DC (like that from a car battery) to AC power to operate equipment that is normally supplied from a main power source. 

Inverters are also used to provide a source of AC power from photovoltaic solar cells. Inverters are classified into the following categories. Most common inverters are known as Uninterruptible Power Supplies (UPS). Batteries are used to store power and an inverter is used to supply AC power from the batteries when main power is not available. When mains power is restored, the inverter is switched back to a non operating mode and the incoming power is used together with a rectifier to supply DC power to recharge the batteries.

5. What are the current energy needs of Haiti and can they be satisfied by solar energy alone?

General Report on Electricity use in Port-Au-Prince

The unit of power is Watts, which is considered to be the amount of Energy delivered per unit of time. Then we have other commonly used multiple unit of Watts such as Kilowatts (1000 W), and Megawatts (1 million Watts). We also have instantaneous energy (W/s), and energy per hour (W/h), day (W/day) and year (W/year). 

Total demand reported by Electricite d’Haiti for electricity, residential and commercial, in the Port-au-Prince area is approximately estimated at 320 MW per day (320 million Watts/day).  

We can brake down the amount of electricity per day to amount of electricity per second or instantaneous electrical power demand. 320 MW/day is approximately 13.33 MW/hour, 0.22 MW/minute and 0.0037 MW/second (3.7 KW/second or 3700 W/seconds or instantaneous)

According to Electricite d’Haiti (EDH), the electricity supplied to Port-Au-Prince since July 2004, is a total of 51 MW is supplied per day, which comes from the following sources: 

· 24 MW comes from Varreux I & II (installed capacity 100 MW)
· 12 MW comes from Carrefour
· 15 MW comes from the one operating turbine at Peligre’s dam (installed capacity 54 MW)
	Electricity  production by source:
	Fossil fuel: 60.3%  - Varreux & Carrefour
hydroelctric: 38.7%  - Peligre and Other 
other (Solar and Generators): 2% 


The estimated influx of solar energy in Haiti is 5 kWh(a day)/meter square. This means that Haiti receives approximately:

· (5/24)=0.2083 kWh/square meter

· or 208.3 kWh/square kilometer

· with a size of 27,750 square kilometer , 

· that is 208.3 kWh/sq-km * 27,750sq-km = 5,780,325 million kWh

· 5.8 MWh * 8h =  46MW/day

6. How would we determine how much electricity is needed in order to supply a house in Haiti with solar power?

In order to calculate the average operating cost for any electrical appliance you can use the following formula:
Watts/1000 = kW x hours of operation = kWh x kWh rate = cost
Watts can usually be found on the appliance nameplate. If the nameplate lists amps:
Volts x Amps = Watts
Example:  How much does it cost to operate your portable electric heater? 

The wattage required for an electric heater is usually written on the unit itself or is provided with the literature that comes with it.  Suppose your electric heater delivers 1000 watts/seconds. 

Suppose you use the heater an average of 45 hours during winter months (1/2 hour per day for the three winter months). Let us also suppose that the City of Boston Electric Services electric rate during the winter is $.068 (68 cents/kWh) 

1. First you will take the amount of watts delivered by your heater and divide it by 1000 to convert it in kW: 1000 watts/1000 = 1 kW 

2. Then you will look at the number of hours that you use your electric heater. Say for example that in the winter months, you are using your electric heater an average of 45 hours: You will take the 1 Kw we found before in step 1 and multiply it by 45 hours to obtain the amount of Kwh of electricity used by the heater.
3. Then to find how much this electricity will cost you, you will take the total amount of of kWh and multiply it by the cost of electricity per kWh. The calculation gives: ((1000/1000)kW*48)kWh* $.068/kW/h = $3.06.

Suppose your house house in Haiti has the following appliances:

Appliances


Average Monthly Cost

· Central Air Conditioner

63.75-225

· Coffee maker



0.30-2.03

· Computer (monitor & printer)
0.38-2.40

· Blender



0.08-0.15

· Iron




0.08-0.75

· Light bulbs



0.08-0.90

· Microwave Oven


0.28-2.25

· Refrigerator



5.63-11.25

You will look at each of the appliances you expect to have in your house and you will find out the amount of electricity it requires in watts. In some of the appliances the amount will be specified in Volts and Amps, that is the amount of voltage and current required. You will find the amount of watts required by multiplying the voltage by the current. For example a typical refrigerator which requires 110 V and 15 Amp will require 110*15= 1650Watts/seconds. Then you will go through the same calculation to find out how much the redfrigerator will cost you per month.

Below is a list of common house appliances, the average amount of kWh of electricity per month and the cost per month.

	Appliance
	Watts
	Hours/Mo
	kWh/Mo
	Avg. $/Mo

	Air Conditioner (Room) 6,000 BTU
	750
	120 - 720 
	90 - 540 
	6.75 - 40.50

	Air Conditioner (Room) 9,000 BTU
	1050
	120 - 720 
	126 - 756 
	9.45 - 56.70

	Air Conditioner (Central) 2.5 Tons
	3500
	240 - 860 
	850 - 3000 
	63.75 - 225.00

	Can Opener
	175
	1/12 - 1
	.01 - .18
	.00 - .01

	Ceiling Fan
	60
	15 - 330
	1 - 20
	.08 - 1.50

	Clock
	5
	720
	4
	.30

	Clothes Dryer
	5000
	6 - 28
	30 - 140
	2.25 - 10.50

	Clothes Washer, Automatic (With Electric Water Heating)
	500
	7 - 40
	33 - 196
	2.48 - 14.70

	Clothes Washer, Automatic (With Non-Electric Water Heating)
	500
	7 - 40
	3 - 16
	.23 - 1.20

	Coffee Maker
	900
	4 - 30
	4 - 27
	.30 - 2.03

	Computer (Monitor & Printer)
	200
	25 - 160
	5 - 32
	.38 -2.40

	Dehumidifier
	350
	120 - 720
	42 - 252
	3.15 - 18.90

	Dishwasher (With Electric Water Heating)
	1300
	8 - 40
	20 - 102
	1.50 - 7.65

	Dishwasher (With Non-Electric Water Heating)
	1300
	8 - 40
	3 - 16
	.23 - 1.20

	Drill
	300
	3 - 7
	1 - 2
	.08 - .15

	Electric Blanket
	180
	30 - 90
	5 - 16
	.38 - 1.20

	Electric Heater (Portable)
	1200
	30 - 90
	30 - 90
	2.25 - 6.75

	Fan (Portable)
	115
	18 - 52
	2 - 6
	.15 - .45

	Food Blender
	390
	3 - 5
	1 - 2
	.08 - .15

	Food Freezer (15 cu. ft.)
	335
	180 - 420
	60 - 140
	4.50 - 10.50

	Frying Pan
	1150
	10 - 20
	12 - 23
	.90 - 1.73

	Furnace Fan Motor (Intermittent)
	350
	160 - 415
	56 - 145
	4.20 - 10.88

	Furnace Fan Motor (Continuous)
	350
	720
	252
	18.90

	Hair Dryer (Portable)
	1000
	1 - 10
	1 - 10
	.08 - .75

	Heating Pad
	65
	15 - 30
	1 - 2
	.08 - .15

	Humidifier (Portable)
	100
	80 - 540
	8 - 54
	.60 - 4.05

	Iron (Hand)
	1000
	1 - 10
	1 - 10
	.08 - .75

	Lighting Single Lamp (60W)
	60
	17 - 200
	1 - 12
	.08 - .90

	Compact Fluorescent (60W Equiv)
	18
	17 - 200
	.3 - 3.6
	.02 - .27

	Ceiling Fixture (3 bulbs)
	180
	6 - 195
	2 - 35
	.15 - 2.63

	Tri-Light (Table Lamp)
	100
	10 - 200
	1 - 20
	.08 - 1.5

	Chandelier (5 Lamp)
	300
	10 - 183
	3 - 55
	.23 - 4.13

	Fluorescent (2 Tube 4 ft.)
	100
	10 - 200
	1 - 20
	.08 - 1.50

	Microwave Oven
	1300
	5 - 30
	5 - 30
	.38 - 2.25

	Power Saw
	275
	2 - 4
	.6 - 1
	.05 - .08

	Range
	12500
	10 - 50 
	125 - 625
	9.38 - 46.88

	Range (Self Cleaning Cycle Only)
	3200
	1/2 - 1 1/2
	2 - 5
	.15 - .38

	Refrigerator-Freezer Frost Free (17 cu. ft.)
	500
	150 - 300
	75 - 150
	5.63 - 11.25

	Refrigerator (Non Frost Free - 13 cu. ft.)
	300
	190 - 300
	56 - 90
	4.20 - 6.75

	Sewing Machine
	75
	4 - 14
	.3 - 1
	.02 - .08

	Stereo
	30
	1 - 170
	0.03 - 5.1
	0.01 - 0.38

	Television
	180
	60 - 440
	5 - 35
	.38 - 2.63

	Toaster
	1150
	1 - 3.5
	1 - 4
	.08 - .30

	Toothbrush
	10
	1 - 2
	.01 - .02
	.00

	Vacuum Cleaner (Portable)
	800
	2 - 6
	2 - 5
	.15 - .38

	Video Cassette Recorder
	40
	50 - 200
	1 - 8
	.08 - .60

	Water Bed Heater
	400
	150 - 300
	60 - 120
	4.50 - 9.00

	Water Heater Typical Family of 4
	3800
	98 - 138
	375 - 525
	28.13 - 39.38


7. How big and heavy are the solar panels that can be used in Haiti, and is there a particular way to position the solar panels to obtain the largest amount of solar electricity?

The amount of solar electricity that can be derived from PV solar panels depends two keys factors:

a) The amount of energy required to supply your house 

b) The kind of panels used to store the solar electricity. 

Solar system made up of arrays of PV solar panels should fit onto the average home's roof without altering the view significantly or putting too large a weight load onto the roof. 

The rules of thumb, which is used in the industry to determine how many PV panels will be required for a particular home is the following:

a) One square foot (0.09290 square meter) of standard photovoltaic produces 10 watts of power in bright sunlight.

b) Therefore, a 1-killowatt system requires about 100 to 200 square feet (9.29 to 18.58 square meter) of roof, depending on what kind of PV you use.

c) The panels should be installed where they will have clear, unobstructed access to the sun for most of the day, especially from 10am to 3pm, and free from shade. 

d) The optimal return is when the panels are mounted at about 30 degrees facing south. 

e) If you don't want to see the panels, you can also lay them flat on the roof-there is only 10% loss in generation between 0 degrees and 30 degrees. If the panels are mounted flat rather than at an angle, it's a good idea to wipe them off occasionally. 

The weight of solar panels is typically 4-5 pounds (1.8-2.25 kilograms) per square foot (0.092 square meter), which is well under the standing load capacity of most roofs. However, if you have structural concerns, you should consult a structural engineer. 

As for maintenance, there's practically none. Solar energy systems have no moving parts, which means that unlike most other means of generating electricity, virtually no maintenance is required. 

8. What are the advantages and disadvantages of using solar power?

Advantages
Solar electric generation has the highest power density (global mean of 170 W/m2) among renewable energies.

· Solar power is virtually pollution free, i.e. no emission of CO2 or NO2 

· Solar power facilities can operate with little maintenance or intervention after initial setup, i.e the cost in the initial investment and virtually little maintenance is required once the plant is set

· Solar electric generation is economically competitive where grid connection or fuel transport is difficult, costly or impossible. Examples include satellites, island communities, remote locations and ocean vessels. 

· Solar electricity can be merged together with grid connected electricity. This merger  has the capacity to:

· can displace the highest cost electricity during times of peak demand (in most climatic regions)

· reduce grid loading

· eliminate the need for local battery power for use in times of darkness and high local demand

· Grid connected solar electricity can be used locally thus minimizing transmission/distribution losses (approximately 7.2%). Once the initial capital cost of building a solar power plant has been spent, operating costs are low when compared to existing power technologies.).

Disadvantages
Solar electricity is very expensive when compared to conventional grid electricit such as coal, nuclear, or hydroelectric.  

· A KWh of elctricity cost x for coal, y for solar.

· Power density is limited to the day light hours. 

· For example, average daily insolation in the contiguous U.S. is 3-9 kW·h/m2 usable by 7-17.7% efficient solar panels.

· Avergae daily insolation for Haiti 

· To get enough energy for larger applications, a large number of photovoltaic cells is needed. This increases the cost of the technology and requires a large plot of land or large surface area fro installation. 

· Solar cells produce DC which must be converted to AC when used in currently existing distribution grids. This incurs an energy loss of 4-12%.
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		#		Status		Assignee		Assigned Date		Action		Expected Completion Date		Closed Date/ Response

		27		Closed		Ferraro		10/22		Get SPY-3 Tracking Book		OBE		1/28/03

		45		Closed		Harary		11/12		Provide names of who provides data for each metric		OBE		1/28/03

		47		Closed		Baker		11/21		Contact Process Area Experts		All Process Area Experts have been contacted.		12/16/02

		48		Closed		Baker		12/18		Notify SysEPG that Dan Dechant would prefer a bar graph for the Requirements Defect Density chart.		Emailed Jayne Perkins		1/6/03

		49		Closed		Baker		1/7		Create Stoplight chart for Definition and deployment of each Level 2/3 Process Area		Chart given to S. Saeteng.		1/13/03

		50		Closed		Harary		1/7		Create a Process Deployment Strategy/Plan		reassigned to Acharya		1/28/03






