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Introduction 
In today’s world, science and technology are a big part of every person’s life. Although many people do not even think about these subjects, it affects us each day. These ideas are the only reason electronics, transportation, better medicine, and all advancements have been possible. Knowledge is always expanding to make this world a better place. Science is growing in knowledge, while technology is using that knowledge for development. Both topics are spread into our culture even if few citizens notice it. At times, these issues do not appear as scientific, but part of the current debates in society. The issues associated with these terms greatly affect our society in religious, political, economical, and moral ways. Sometimes it is hard for society to get a good grasp on all of these issues, and if they just take the time to investigate, then life can be a lot more interesting and knowledgeable. The term science has many definitions. However, the American Heritage Science Dictionary (2002) describes this term as “the investigation of natural phenomena through observation, theoretical explanation, and experimentation, or the knowledge produced by such investigation.” This definition is one of the most effective descriptions listed that I examined online. It explains that science is possible by learning and collecting information to build knowledge. One definition of technology is “the branch of knowledge that deals with the creation and use of technical means and their interrelation with life, society, and the environment, drawing upon such subjects as industrial arts, engineering, applied science, and pure science” (Dictionary.com, 2006). Science is obviously a big attribute of technology because each idea builds off of another. Science creates a base, and technology adds pieces on to it. Separately, science is always growing by itself. There is always more to learn in the realm of observation and study. Technology must use data to create useful objects for society, and also deals with tangible 

Science and technology play a great role in the main issues and ideas of this country, and more locally, our own University. In politics, decisions must be made regarding what is safe and suitable for society and the environment. Sometimes the right decision is lost and debated for decades.  A major issue today is the construction of solar panels, and more specifically, solar farms. The panels take in energy from the sun and convert it to electricity. The idea sounds great, right? In small quantities it may be, but when built across large landscapes, there are many underlying problems to the popular idea of a better resource. It may be clean and resourceful, but the costs and construction will be detrimental to everyone who lives and commutes on campus. At FGCU, the second largest solar farm on a university campus will be built this year. The university is doing it for an environmental representation to the world (FGCU community relations and marketing, 2008). The costs are outrageous and it will take years just to make the installation fees back. If more of these expensive farms are built before we can research to get the price lowered, we will all be hurting through our tax dollars. So beware… solar technology isn’t as friendly as it seems!  
History 
Solar energy has been used since the beginning of the world to give life to the earth. The sun is the only power source that allows plants to grow and that warms the atmosphere. People learned how to utilize to power of the sun by farming and agriculture 10,000 years before Christ’s time. Farmers would gather near water to use the rich soil, and combined with the sun it would grow edible produce for the society’s survival. Later on, as civilizations began to grow people became more advanced and discovered new ways to use the sun. The ancient Greeks and Romans built their homes and buildings with glass facing the south in order to absorb sunlight during the day in the winter. Even the Egyptians had glass beads and windows 2500bc. and used the same methods. This architectural technique kept the insides warm during the coldest months of the year, and also saved wood resources used to build fires (Kidipede, 2009).         

Sunlight was used in various ways, but the first connection to harnessing the power for electricity and solar panels was in 1839. Alexandre-Edmond Becquerel studied solar energy and discovered the photovoltaic effect along with the basis of a solar cell (Nationmaster, 2005). This would eventually turn into further invention with electricity run by solar energy. The first solar panels that were created and used were for space satellites. “Vanguard I” was the first PV (photovoltaic) powered satellite launched in 1958 and lasted for 8 years (Bellis, 2009). After that, many people began using the panels for pool heating and as a replacement for electricity. Similar to wind energy, large fields of land are now used to build panels that absorb solar energy and store them in a single power plant, which can disperse it to thousands of homes depending on the size of the farm. This construction is known as a solar farm. Spain currently has the world’s largest solar farm that produces 23 megawatts of power. It can power 20,000 homes and helps the environment by reducing CO2 emissions by 42,000 tons a year. In contrast, it is built on and destroyed 100 hectares, or 247 acres of land that was a flourishing forest (Technology for Life, 2009). 
What is Solar Power? (Science and Technology) 

With a high demand for clean energy, solar panels are a way to lower CO2 emissions and replace mainstream coal, oil, and gas. On a sunny day, the sun gives about 1000 watts of energy per square meter over the whole planet (Aldous, 2009). If we could harness all of that energy, we could power our homes for free! 

A solar cell is a photovoltaic cell, which comes from photo (light) and voltaic (electricity). It is made of a material called a semiconductor, one commonly used is silicon. The basic structure of a PV cell is demonstrated in Figure 1. This semiconductor absorbs the light when struck, and bump electrons loose, making them flow freely. The PV cells have a current that makes the electrons flow into metal contacts (Aldous, 2009). 
However, it isn’t always that easy.  It must be placed in a certain angle to function properly. For best use, it should face toward the south (in the Northern Hemisphere) and they need to be inclined at an angle equal to the area's latitude to absorb the maximum amount of energy year-round. The panels also must be in direct sunlight away from shade. If just one of the 36 silicon-based solar cells making up the panel is shaded, the power production will be reduced by half (Aldous, 2009). In fact, California has a law (discussed below) preventing trees from blocking the rays from any installed panel! 
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Figure 1:  retrieved from < http://www.sfsm.org/images/solar_sponsors/anatomy_of_cell.jpg > 
Legal issues   

California has recently passed a law called  the Solar Shade Control Act, in sections 25980-25986 of the California Public Resources Code Sections. The law states that neighboring trees and shrubs cannot shade more than 10% of the panels during peak hours of sunlight, between 10am and 2pm. Only a few regulations are in favor of trees, for example, it might depend if it was planted before 1979 or sometimes before the panel installation, it can’t be cut down. (Anders, et. al, 2007). The project must be discussed with any neighbors who own trees that might become a problem in the future before installation.  The act is more in favor of the panels and the owner. If a tree outgrows the panels, then it must be cut down. This makes the California act seem hypocritical. They fight for environmental protection, yet they would rather cut down trees then risk the sunlight exposure to the panels. For example, a lawsuit occurred between two neighbors at the end of 2008. Mark Vagas installed solar panels free from shade in 2001, however soon after, the redwood trees next door grew out to cover the sun rays hitting the panels. The redwoods were planted between 1997 and 1999. The owner of the panels won the case and forced the other neighbor to cut down the large trees. The penalty for blocking a panel is $1,000 per day until the problem is fixed (Rogers, 2008).  The cost of installation alone gives the owner power to make sure they are used with full intensity.  
Economic Costs    
Of course, the costs are far from free to collect the sun’s power. On average, the cost of a household system up front can be anywhere from $10,000 to $40,000. In time, it covers all or part of the house’s energy needs. In addition, some electricity is used and it takes many years to regain the costs of installation in energy bill savings compared to the watts of energy generated. The costs have gone down 90% in the past two decades, and some will even get rebates back on electric bills due to energy inputs from the solar currents (Greentips, 2005).  Even at FGCU, the installation of the panels will take 30 years to pay back. Regenesis Power initially will foot the $17 million project cost. Florida will reimburse $8.5 million, and Regenesis can claim $5 million in federal tax credits. The company also will sign a 20-year maintenance agreement with FGCU that ultimately makes the project profitable (FGCU community relations and marketing, 2008). The environmental working group compares different types of energy usages (Table 1). Although the sun energy falling on the earth equals nearly 500,000 times the capacity of power in the United States, solar power is used for less then 1% of our electricity. It is also made of mostly silicon which is a very expensive element (Renee, 2005). Figure 2 shows a representation for the costs of solar panels as well. 
Rating the Sources: Pricing 
	Source
	How well does it meet the criteria?
	Rating

	Wind
	Wind power has a current market price of 5 to 7 cents per kWh of electricity, which makes it competitive with other more traditional methods of electricity generation. This price would be expected to drop further if wind power became more widespread. Furthermore, the estimated externality costs (which are monetary estimates of the impacts on human health, natural ecosystems, climate, agriculture, etc.) for wind are low: in he range of 0 to 0.4 cents/kWh, meaning that the current market price is in line with the true cost of the electricity produced.
	8

	Solar
	The largest drawback to solar power is price, with electricity from PV systems costing about 30 cents/kWh. Although this price has dropped considerably in the last few decades, and will continue to drop as it becomes more widespread, it is not very cost effective today. On the other hand, its externality costs are estimated to be in the range or 0 to 0.4 cents/kWh.
	2

	Biomass
	The price for biomass fueled electricity is on the high side, costing between 7 and 10 cents per kWh. This price could drop in the future if more efficient techniques were developed, but any drop would not be dramatic because the technologies already been long employed. The externality costs have been estimated as being as high as 0.7 cents/kWh.
	4

	Small
and
Large Hydro
	Hydropower is the least expensive form of electricity with a price of just 2 cents/kWh because most large dams have been around for decades and once one is built the operating costs are very low. Of course, if a new dam is being constructed and this cost is factored in, the price of electricity would be significantly higher. There are no available estimates of externality cost per kWh, but they would be greater than zero.
	9

	Natural Gas
	Natural gas is an inexpensive source of electricity, with a price of 4 to 6 cents per kWh. The US currently imports about 15% of its natural gas (from Canada), so unlike oil, the price is not likely to be heavily affected by global politico-economic events. Over the long term, however, as domestic supplies become more scarce, this may change. The low price is also artificial: externality costs have been estimated to be as high as 2.8 cents/kWh.
	7

	Coal
	Coal is a slightly cheaper source of electricity that natural gas, with a current market price of 3 to 6 cents/kWh. This price is not expected to increase in the near future due to supply issues because the US gets all of its coal domestically; the price could increase, however, as more environmental controls on coal plants are installed. Yet coal's low price is extremely out of line with its true cost: externality values have been estimated to be as high as 25.8 cents/kWh.
	6

	Nuclear
	Despite the claim that nuclear power was going to be so cheap produce, that plants were going to be basically "giving electricity away," it was soon discovered that nuclear power was actually a very expensive source of electricity. Current market prices range between 5 and 21 cents per kWh; even higher are the externality costs which are estimated to be as much as 37.8 cents/kWh. Prices are expected to increase rather than decrease as the true costs of decommissioning and long-term waste storage are discovered.
	1


Table 1: http://www.ewg.org/node/19390
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Figure 2: http://www.smm.org/buzz/media_static/ask_a_sci/boercker_energy_graph.gif

Moral Issues 

In our own University, FGCU is building solar panels that are supposed to make our school appear more ‘green’. To many onlookers, it is a great achievement and a big leap for the school. With some extra research, it is apparent that natural land will be flattened to make room for the panels. Some of the recent news explains that “the project encompasses a 19-acre primary site near the campus entrance that will serve as a solar showcase of sorts,” and will cost about $17 million total (fgcusolar.com, 2008). Ground-mounted panels will move with the sun to capture direct rays. This land is home to numerous plants and animals who have found peace on our schools grounds. With this construction of a new technology, our school will appear to be making a great accomplishment. Of course, only those who have a passion about the topic care about investigating it. As an example, a small group of environmentalists at FGCU went out on a previous weekend to capture native plants and animals so they can be moved to a new, safer location before the construction takes place. There is also concern about the indigo snake. It is an endangered species and special precaution must take place to remove them before construction. The workers are trained to stop work and call a professional within the school to come out and remove it before continuing to work again. However, it is hard to believe they will actually do it. This is another part of the school that counters the main goal of environmental friendliness. If we were so conscious of the ecology on campus, why would they be building all the extra concrete? The school wants to expand on campus and make money before going back to the original concepts. 
Pro vs. Con of Solar 

Con   
One concern is Florida's tendency to attract tropical storms and hurricanes, and their effect on solar panels. Ground and roof mounted panels must be firmly anchored to withstand the same wind load (140 mph) as all other newly-built structures in Southwest Florida. Overcast and wind are no help to the panels either, and only states to the south can use them with the most efficiency. 
The sun isn’t always out and can be covered  by clouds. The power can be stored in batteries, but that is more costly. Panels have not entered mainstream due to cost. The solar system farm in Nevada cost up to $250 million. Another problems with farms is the size of the space needed, any the areas that need power most are in dense areas. In addition, transmission lines are some of the least popular projects to install (Choi, 2008). 

Pro    
The good part is low carbon emissions, a long term energy savings, and clean resources. Solar power is one of the most environmentally benign energy sources available. Just 20 days of sunshine produces the same amount of energy as everything stored in Earth’s reserves of oil, coal, and natural gas—yet does not come close to producing the same amount of environmental damage as even one of those options (Greentips, 2005). Solar farms are a clean renewable source that can meet high energy demands and can creates thousands of jobs in the future. It is also used during peak demand for electricity. During the hottest days, the panels are absorbing more energy while homeowners have the a.c. on full blast. They can be installed anywhere that the sun shines (Choi, 2005). 
My Stance 


I believe that society should take a closer look at all these issue according to their own beliefs and morals. My personal opinion comes from an environmental perspective that seeks to learn more about the outside world, while taking care of it as well. The rewarding part is knowing that right now, many scientists are still discovering new features on how to advance our world in a safe and respective way. For example, solar panels can be energy efficient and harmless if they are constructed in more convenient places that respect the current environment such as roof tops, parking garages, or over concrete structures. Any manmade structure is a better place for these panels to be constructed on than cutting down trees and forests to make room for them. 
 I can understand that the plans for solar farms are a great advancement in our society and local neighborhood. Solar panel technology is important and is a useful tool for saving the planet and our economy.  Once our society finds ways to lower the cost (such as nanotechnology mentioned next) and make them more efficient, the panels should be used any where possible. As far as FGCU, to make room for the 16 acres that is required, we must destroy habitat that we claim to be protecting. Also some keystone species such as gopher tortoises and indigo snakes have resided here and we are only helping them to become more endangered or threatened. 
Future and Conclusion 

Solar panels have a rewarding future in that new technologies are making them more cost efficient and helpful. There is even nanotechnology that can make the panels thinner and easier to stick anywhere, such as walls or ceilings. A better way to make the solar panels is just what society needs. More people could install panels if they were cheaper and more efficient. In the current state, these panels are too costly and need too much space to build on. The farms take up gigantic areas of land and cost the government loads of money for it. If the panels can be researched for a few years, the technology will be better for everyone.  For example, a graduate student at the University of Minnesota, is studying nanotechnology and making cheap solar panels. By using nanowires, the electricity can move easier and keep on track between the cathode and anodes. Figure 3 shows how nanotechnology will make it easier for the electrons to bounce between the glass panels. In the future, if the wires can grow longer, thinner, and denser, then the efficiency can increase (Science Buzz, 2009). With all of these new ideas, the technology in solar panels will be a much better use for citizens at home and companies that want to save electricity. If the large solar farms can wait until we can convert panels to more a more useable source, then the technology will be used more worldwide. A thinner, cheaper panel will fit anywhere and take up a much smaller space. The future of panels are going in a good direction, but we need to use them in a safer way for now. The environment is not worth destroying to make room for these panels for the sake of powering homes in an expensive way. 
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Figure 3 : http://www.smm.org/buzz/media_static/ask_a_sci/boercker_cell_diagram_new.gif
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Timeline 
1. 10,000bc -12,000bc. Ancient people first began to farm by using the power of the sun to grow food (wheat, vegetables, and fruit). They gathered near water to use the resources such as good soil and hydration. Every country has farmed in individual ways depending on the landscape, and has relied on it for survival. They could also use is to dry clothing and other linens. It is known to be the oldest form of energy used by man. (1)

2. 400bc. Ancient Greeks and Romans used architecture to make use of the sun’s capacity to light and heat indoor spaces. This use of “passive solar design” allowed houses to take in energy from the sun and work as a heater during the night. The southern walls of houses were built with glass to absorb the sun light, especially in the winter. This also saved them resources because they wouldn’t have to burn wood fires to keep warm inside. It is similar to today’s economy in trying to save diminishing energy resources. (2) 

- 0 - 

3. 1300. In Medieval times, some people used sundials to tell time. The shadow cast by the sun could easily indicate what time of day it was. This was rare in that most villagers were uneducated. This method was primarily for the church, which rang bells to tell people what time it was. (3)  

4. 1839. The first research in solar energy took place by Alexandre-Edmond Becquerel (March 24, 1820 - May 11, 1891),  was a French physicist who studied the solar spectrum, magnetism, electricity, and optics. He discovered the photovoltaic effect. This eventually became the background for the solar cell, the main component of solar panels. (4) 

5. 1760- 1850. Auguste Mouchout invented of the first active solar motor. He was the first to question if fossil fuels would ever run out. This source primarily powered the Industrial Revolution in the 19th century. Mouchout expressed, “Eventually industry will no longer find in Europe the resources to satisfy its prodigious expansion. Coal will undoubtedly be used up. What will industry do then?” (2)

6. 1861. Mouchout developed a steam engine powered entirely by the sun. But its high costs coupled with the falling price of English coal doomed his invention to become a footnote in energy history. The same problem is apparent today in that solar power is high in price to install compared to mainstream electricity. (2)

7. 1883. Charles Fritz turned the rays of the sun into electricity with the first solar cell. In the later 1880s, Charles Tellier installed a solar energy system to heat the water in his house. (5) 

8. 1921.  Albert Einstein wins the Nobel Prize for his theories explaining the photoelectric effect. This theory proposed how to turn the suns rays into direct electricity. He showed how a current could be passed along a metal that corresponded to the light; however the efficiency was still low in that time period. The experiment started in 1905 and was advanced later. (6)

9. 1958. Hoffman Electronics achieved 9% efficient PV cells. Vanguard I, the first PV-powered satellite, was launched in cooperation with the U.S. Signal Corp. The satellite power system operated for 8 years.  (7) 

10. 2008. Spain has built the Worlds Largest solar farm that can power 20,000 homes. It’s expected to generate an estimated annual income of $28 million (€19 million) and a reduction in CO2 emissions of 42,000 tons a year. Following them will be California, who plans on having the biggest farm by 2011 and Nevada who had the old record. It has now become another race between countries to see who will have the biggest best technologies. These farms are good and bad in many aspects, such as where they are built and what environment they are built on. Also the costs are extremely high for any country to install them, especially the amount of panels that is needed for farms. (8) 

11. 2009.  FGCU is completing their first solar farm and will begin to build in February 2009. It will be the second largest farm built on a University campus behind Arizona State. This is a big jump for the school as well as a good influence toward other universities. The project was started a few years ago with a lot of decisions to make. It appears now that the area is home to the Indigo Snake, and endangered species on campus, which as many as possible will have to be removed before the installation. (9) 
Resources
1. Kidipede. (2009). Ancient and Medieval Farming. History and Science for Middle School Kids. Retrieved 2/23/09 from http://www.historyforkids.org/learn/economy/farming/. 
2. http://www.southface.org/solar/solar-roadmap/solar_how-to/history-of-solar.htm
3. http://www.gardenhistoryinfo.com/medieval/medtime.html 
4. Nationmaster.com. (2005). Encyclopedia> A. E. Becqueral. Retrieved 2/23/09 from http://www.nationmaster.com/encyclopedia/A.-E.-Becquerel. 
5. http://www.solarhome.org/infosolarenergyhistory.html 

6. http://sunenergyfacts.com/   

7. Bellis, Mary. (2009). History: Photovoltaic Timeline. About.com: Inventors. Retrieved 2/23/09 from http://inventors.about.com/od/timelines/a/Photovoltaics_2.htm 

8. http://technology4life.wordpress.com/2008/01/31/the-world%C2%B4s-largest-pv-solar-plant-open-in-southern-spain/ 

9. http://media.www.eaglenews.org/media/storage/paper1344/news/2009/02/04/ Media/ Solar.Farm.At.Fgcu-3618016.shtml  
Poortman 10

