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Introduction

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 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.

Conclusion: In a direct solar water heater, the water is heated in the water collector is used in the domestic water system. 


In general, indirect solar power involves multiple transformations of sunlight which result in a usable form of energy.

· Vegetation uses photosynthesis to convert solar energy to chemical energy. The resulting biomass may be burned directly to produce heat and electricity or processed into ethanol, methane, hydrogen and other biofuels. 

· Hydroelectric dams and wind turbines are powered by solar energy through their interaction with the Earth's atmosphere and the resulting weather phenomena. 

· Ocean thermal energy production uses the thermal gradients present across ocean depths to generate power. These temperature differences are produced by sunlight. 
· Fossil fuels are ultimately derived from solar energy captured by vegetation in the geological past. 

Conclusion: In an indirect solar water heater the fluid heated in the collector transfers its heat through a heat exchanger to a separate domestic water 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. One cost effective use has been in very low-power devices such as calculators with LCDs. 

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

· A third use has been in 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.

Solar cells have many applications. They have long been used in situations where electrical power from the grid is unavailable, such as in remote area power systems, Earth-orbiting satellites and space probes, consumer systems, e.g. handheld calculators or wrist watches, remote radiotelephones and water pumping applications. More recently, they are starting to be used in assemblies of solar modules (photovoltaic arrays) connected to the electricity grid through an inverter, often in combination with a net metering arrangement. Solar cells are regarded as one of the key technologies towards a sustainable energy supply.

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 no maintenace

A deeper look at total output power from PV cells (can they satisfy the needs of Haiti?)

Total peak power of installed PV is around 1,700 MW as of the end of 2005.This is only one part of solar-generated electric power. 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 advantages and disadvantages of using solar power?

Advantages
The 89 petawatts of sunlight reaching the earth's surface is plentiful compared to the 15 terawatts of average power consumed by humans.Additionally, solar electric generation has the highest power density (global mean of 170 W/m2) among renewable energies.

· Solar power is pollution free during use. Production end wastes and emissions are manageable using existing pollution controls. End-of-use recycling technologies are under development.
· Solar power facilities can operate with little maintenance or intervention after initial setup.

· 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. 

· When grid connected, solar electric generation can displace the highest cost electricity during times of peak demand (in most climatic regions), can reduce grid loading, and can eliminate the need for local battery power for use in times of darkness and high local demand; such application is encouraged by net metering. Time-of-use net metering can be highly favorable to small photovoltaic systems. 

· 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 expensive compared to grid electricity.  

· Limited power density: Average daily insolation in the contiguous U.S. is 3-9 kW·h/m2 usable by 7-17.7% efficient solar panels. 

· 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. 

· Like electricity from nuclear or fossil fuel plants, it can only realistically be used to power transport vehicles by converting light energy into another form of stored energy (e.g. battery stored electricity or by electrolysing water to produce hydrogen) suitable for transport. 

· 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






