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readily available, and offered a brand new market, making it economically enticing. Freeing
society from the constraints of photosynthesis may be seen as a net benefit, but it has opened the
doors for destruction as well. The burning of coal, along with the fossil fuels that dominate
today’s energy generation, directly result in climate change. The Industrial Revolution sparked
the mass-production and mass-consumption relationship that is in full effect today that, from an
environmental standpoint, has put our planet in harm's way. The graph below highlights the

intense growth in our use of dirty energy:

Figure 1: Graphical representation of U.S. energy consumption
Source: U.S. Energy Information Administration, http://www.eia.gov/todayinenergy/detail.cfm?id=11951

Right now, the world as a whole, and most definitely the United States of America, relies
on dirty energy. In a nutshell, dirty energy is defined as energy that is generated through the use
of nonrenewable resources that emit greenhouse gasses. For example, a power plant that utilizes
coal to convert water to steam to power its turbines emits carbon dioxide (CO2), which is then
released into our atmosphere. These greenhouse gasses deteriorate our atmospheric ozone layer,

and directly contribute to the warming of our earth and climate change. China and the U.S. are
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by far the biggest emitters of harmful greenhouse gasses, as this graph from the World Resources

Institute below depicts:
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Figure 2: Circle Graph depicting greenhouse gas emission by country since 1990
Source: World Resources Institute, http://www.wri.org/sites/default/files/uploads/cumulative_emissions.png

With the U.S. taking up a 16% chunk of the world's greenhouse gas emissions in the
period between 1990 and 2011, and China taking up 15%, the two countries are contributing
almost a third of total greenhouse gas emissions. When you take a look at the two countries, it is
not too difficult to understand why this this is the case. China is home to almost one and a half
billion people, and is one of the world's top exporters. Their economy is based around mass
production, which requires a prodigious amount of energy. China primarily uses coal to generate
energy, as it is a resource that is abundant in their area. Due to the cost of coal being relatively

cheap, they have not had any incentive to use cleaner ways of obtaining their energy.
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Just as China produces at a feverish pace, the U.S. consumes at just as high a rate. The
lifestyle of the everyday American is not one that considers environmental impact. We consume
food that is transported to our mouths from all over the world, with plastic utensils created from
dirty fossil fuels, drive cars that burn gasoline at a reckless pace, and the vast majority of our
energy used in the residential, commercial, and industrial sectors is dirty. It would be remiss to
not also mention that our country is home to about one billion less people than China, yet we
produce about the same amount of greenhouse gasses. The U.S. lifestyle is one that is based
around consumerism and luxury. There is hardly any room for considering the effects our
lifestyle has on our planet.

Yet even if the general public chooses to ignore it, the effects are absolutely real. In an
up-to-date report from the Intergovernmental Panel on Climate Change (IPCC), it states that the
thirty years between 1983 and 2012 was “likely the warmest 30-year period of the last 1400
years in the Northern Hemisphere.. ” The assessment also finds that, since the 1950s, observed
changes to our climate are unprecedented. These changes are numerous. To the IPCC,
greenhouse gas emissions are clearly the culprit. The report asserts that “greenhouse gas
emissions have increased since the pre-industrial era, driven largely by economic and population
growth, and are now higher than ever.” It goes on to state that the changes occurring in our
climate are “extremely likely” due to the increased presence of greenhouse gas.

The impacts of climate change are ample. Just to cover the basics, global average
temperatures have risen, glaciers have melted and shrunk, sea levels have increased, and plant

and animal ranges have been altered. While the impacts may not have drastically changed our

2 Intergovernmental Panel on Climate Change, comp. Climate Change 2014 Synthesis Report: Summary for
Policymakers. Report. 2014. http://ipcc.ch/pdf/assessment-report/ar5/syr/ARS _SYR FINAL_SPM.pdf. 2
% Tbid. 4
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day-to-day lives at the moment, the long-term effects will be devastating. NASA’s assessment is
that global climate change is set to continue through this century, and for years after.* The global
average temperature will continue to increase. Extreme weather, such as major snowstorms in
the northeast and extended periods of drought in the southwest, will become more common. Sea
levels will rise, not by a number of inches, but by a number of feet, which will have dramatic
effects along the coastlines. These effects are not based on speculation, but on observable fact.
Climate change has been happening, and will continue to happen unless substantial steps are
taken by society to mitigate it. The use of renewable energy, such as capturing energy from the
sun using photovoltaic cells, is one such step.

The sole focus of this paper is solar energy generation, for which we should first
understand some history. Solar panels themselves are made up of a number of photovoltaic cells,
so let’s begin our history lesson here. The photovoltaic effect (generating electricity by exposing
a material to natural light) was first discovered by a 19-year-old Frenchman named Edmund
Becqueri.’ It was a phenomenon that went unexplained until a man name Albert Einstein came
along. He published a paper in 1905 that explained how light consists of energetic particles
called “photons.” When light shines on a certain material, these photons dislodge electrons from
the material. These free electrons can then be constructed into an electric current, which explains
how the PV effect works. The “certain material” used in early PV devices was a light sensitive

metallic element called selenium.® This metal could convert light into electricity at 1%

4 NASA. "Global Climate Change: Effects." Climate Change: Vital Signs of the Planet. Accessed April 24, 2016.
http://climate.nasa.gov/effects/.

5 Johnstone, Bob. Switching to Solar: What We Can Learn from Germany's Success in Harnessing Clean Energy.
Ambherst, NY: Prometheus Books, 2011. 28

® Ibid 28
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efficiency, which is laughably inefficient when compared to newer models. Therefore, PV
devices that utilized selenium were only useful for the most basic of tasks.

A breakthrough that would change the trajectory of solar cell technology occurred at the
research powerhouse Bell Telephone Laboratories in New Jersey.” In 1953 Bell Telephone
wanted to update the transistors which were attached to telephone poles in order to boost
telephone signals, and in a separate project, to install dry-cell batteries in their amplifiers in
tropical regions of the U.S., to mitigate damage that humidity caused to the normal batteries that
were in place. If you are thinking that these two topics have nothing to do with each other, you
are right. They do not. However, Bell Labs was known for its cross-collaboration between
employees, and it was one such collaboration that changed the photovoltaic cell forever. Daryl
Chapin, an engineer tasked with finding a suitable replacement for the batteries in the amplifiers,
was considering solar cells as the replacement. However, like many before him, he was
disappointed with the performance of selenium. While pondering a way to improve the
efficiency of solar PV cells, he met up with a colleague who was working on the transistor
project mentioned earlier. This colleague was experimenting with silicon, and both were
surprised to find out that when shining a lamp directly onto the silicone, the silicone transistor
operated at an efficiency five times stronger than selenium. Photovoltaic cells with selenium
were now a thing of the past, and Chapin had found his power source.

Chapin worked closely with Calvin Fuller, a chemist, in bringing the “active layer” (the
zone which contains the electrons that are forced out by incoming photons to form an electric

current) closer to the surface of the silicone in order to maximize sun exposure. In doing this, the

7 Ibid 28
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silicon PV cell was able to convert sunlight into electricity at 6% efficiency, which was the target
efficiency Chapin had originally set when considering a replacement power source.® From here,
silicon coated PV cells took off. Later in the year, Bell Telephone installed the first ever outdoor
solar panels on telephone polls outside of rural Americus, a small town in Georgia.’ Just four
years later, the first solar energy powered satellite, Vanguard 1, launched containing eight panels
of 108 PV cells." It is worth noting that solar panels still power all satellites to this day. The fact
that solar PV cells were able to make this jump in such a short time demonstrates just how
versatile a product they are. They capture the limitless energy of the sun, and convert it into
energy that we can use for an electric powered device.

Jimmy Carter recognized this versatility, and when elected president, immediately put
into motion a plan for the U.S. to switch its energy generation to a system that relied mostly on
solar energy. On May 3rd, 1978, President Carter delivered a speech in front of the brand new
U.S. National Solar Energy Research Institute. The aim of this speech was to inform the general
public, industry, and labor sectors about solar technologies. Furthermore, he wanted to
demonstrate the sun’s potential in meeting America’s energy needs. In this speech, President
Carter stated that “Nobody can embargo sunlight. No cartel controls the sun. Its energy will not
run out.” ' In saying this, he was assuring the American people that the cost of solar would be
stable, meaning no overarching body, such as OPEC, would be able to dictate the price and hold

the American public hostage in the process. Carter wanted 2.5 million U.S. houses to be powered

8 Ibid 29
® Ibid 30
1% Tbid 32
" Ibid 23-24
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by solar energy by the year 1985, but the cost of this process was an issue. Silicon, at the time,
was not a cheap material to produce.

President Carter’s plan was sound, however. In order to drop the price of PV cell
manufacturing, he proposed using the government to increase demand for solar hardware.'? The
subsequent mass production of solar hardware would then drop the overall price. Furthermore,
he wanted to offer $2,000 in tax credits to every homeowner that had a residential solar system in
place. This would increase incentive for the average homeowner to install a solar system,
regardless of price. Lastly, he created the Solar Energy Development Bank, a national bank with
annual funding of $100 million. This $100 million would be directly utilized to make financing
available for solar investments in residential and commercial buildings. President Carter had
successfully created a plan that would have not only made solar PV cells the single largest source
of generated energy in the United States, but would also have made it economically feasible on a
governmental and residential scale.

A key factor in the success of President Carter’s solar plan would be public support. In
October of 1973, OPEC, the cartel that controlled the vast majority of oil in the Middle East,
hiked the price of oil up by 70% in response to the U.S.’s aid to Israel in the Yom Kippur War."
The American public was not happy, and wanted an alternative, cheaper source of energy. The
time was ripe for a complete conversion to solar power. However, once President Carter left
office and Ronald Reagan entered, everything began to unravel. President Reagan was elected in
1980, and immediately put a halt to President Carter’s solar programs.'* He slashed funding to

the Solar Energy Research Institute, the very same one in front of which Carter had delivered his

12 1bid 26
3 Ibid 24
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first solar speech, by more than 50%. This resulted in a total of 370 members of its staff being
dismissed. He dismantled the Solar Energy Development Bank, making it economically
infeasible for residential and commercial buildings to install solar panels. He didn’t just want to
stop the solar movement, he wanted to burn everything and salt the fields. Reagan’s reasoning
for halting the solar energy movement was backwards. In his mind, and in the minds of most
republicans, consuming more power meant more progress. “America had not conserved its way
to greatness,” seemed to be his motto.'* Just as the spike in oil prices had helped President Carter
push his solar plans through, the reverse worked in President Reagan’s favor. By 1986, the price
of oil had plummeted to $20 per barrel.'” Natural gas prices also fell, and with it the American
public’s interest in solar and renewable energy. Gas was cheap again, so the public had much
less incentive to utilize solar power.

Ronald Reagan’s policies significantly hurt the future of the United States. Before he
took office, President Carter had increased the funding on PV cells alone to $105 million. This
demonstrated a significant investment for the better in America’s energy future. Furthermore,
Carter’s plan of using mass production to drive down costs worked. In 1971, solar energy cost
$100 per watt. By 1980, this price had dropped to $10 per watt. Just one year later, cost was
down to a single dollar per kilowatt-hour.'” On top of this, Carter had committed the U.S. to
having 20% of its total energy coming from renewable sources by the year 2000. In reality,
however, by 2006 solar would make up less than 1/100 of a percent of US e:lectricity.]8 The

energy policies of Ronald Reagan are directly responsible for this embarrassment. Even by the
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mid 80’s, the American PV cell industry was in rough shape. Domestic shipping of solar panels
made by U.S. manufacturers was down. State and federal tax credits were allowed to expire,
making it even harder to economically justify the use of solar panels. By 1989, ARCO Solar, a
U.S. company accounting for a quarter of worldwide solar panel sales, sold itself to Siemens of
West Germany. By 2000, 85% of U.S. PV cell production cells were going to customers
overseas. Everyone seemed to be interested in solar except us.

The decision to divest from solar panel production and implementation was short sighted.
It is not too much of a stretch to think that if we had just stuck to the policies put in place by
President Carter, our country would be a lot wealthier, and climate change as we know it today
would be a less intractable problem. As of right now, our nation is playing catch up to other
countries such as Germany and Japan. It took until the Bush Administration in 2006 for a
president to formally endorse solar power again. However, things seem to be looking up.
Candidates with strong environmental policies, such as Bernie Sanders, are making headway,
and another solar power revolution could be on the horizon. Pair that with North America’s
unique capacity, which will be elaborated on later, for renewable energy generation, and things

are looking bright.

Chapter 2: America’s Chance to Lead the World

This chapter will explore how America has the potential to be a world leader in

renewable energy use. This chapter will of course focus on solar panel use, but will also include

' Tbid 82
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some information on wind energy, which is essential to understand the bigger picture of
transforming the United States to a country that is dependant on renewable energy instead of
fossil fuels. This chapter will also discuss government policies and initiatives, on both the
national and local scale, concerning solar panel promotion and usage. Through a case study, it
will also examine the steps the state of Vermont has taken to increase its solar usage. Lastly, I
will explore some policy options that the United States government can take in the future to
move away from dirty energy use, and toward an energy future that is more sustainable.
Geographically speaking, the United States is one of the largest countries in the world.
Our country touches two major oceans, and spans over thousands of miles. Due to the sheer
amount of space in our country, it is no surprise that we have diverse climates. The Pacific
Northwest region of our country is precipitation heavy, while just down the coastline the the
southwest region regularly endures periods of extreme heat and drought. We have mountain
ranges, such as the Appalachian Mountains range, that is so expansive it cuts through almost all
of the eastern seaboard from Maine down to Georgia. In contrast, the Great Plains of the midwest
are as flat as can be, with long stretches that have no elevation whatsoever. It is this climate
diversity that allows our country to flourish, as each climate has useful attributes that can be
utilized. However, resources for producing energy have been underutilized in this country, due to
our heavy reliance on imported foreign oil to quench our never-ending energy thirst. While we
do generate some of our energy and electricity from resources found in our home country, we
could, and should, be doing more. With advancements in the renewable energy sector, which has

made the technology cheaper and more readily available, and America’s unique geographical
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characteristics, the United States has the potential to be a country running primarily on
renewable energy in the very near future.

There are two geographic areas, touched on earlier, that merit further exploration, as they
both offer great energy generation opportunities. This thesis’ focus is on solar energy production,
but it would be remiss not to mention wind energy in this chapter. As mentioned earlier, the

Midwest is very abundant in wind, as shown in the graphic below:

Figure 3: Wind Intensity Map of the United States
Source: National Oceanic and Atmospheric Administration (U.S. Department of Commerce),
http://www.noaanews.noaa.gov/stories2016/images/hrrrpower.j

o 5

This wind abundance (highlighted on the map in red) is due to the fact that in this section of the
United States, there is virtually nothing geographically but flat plains. By installing
electricity-generating wind turbines in this area, we take advantage of a natural resource freely
given to us to utilize. Pairing this wind energy with energy generated from the sun using solar

photovoltaic systems, and the U.S. National Oceanic and Atmospheric Administration (NOAA)
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believes that the U.S. could remove greenhouse gas emissions from electricity production by
approximately 78% below 1990 levels within 15 years while still being able to meet increasing
electrical demand.”

The NOAA explains that the key to achieving this goal is scaling up renewable energy
generation systems to match weather systems found in different areas of the United States.”’
Logically, this would include installing wind turbines in areas with an abundance of wind, and
solar photovoltaic systems in areas with an abundance of sunlight. One such area that is sunlight
heavy is an area mentioned earlier: the American Southwest, places such as Southern California,
Arizona and New Mexico. The map below describes just how sun-intense this area is; red

highlights the most sun-intense regions.

Figure 4: Sun Intensity Map of the United States
Source: National Oceanic and Atmospheric Administration (U.S. Department of Commerce),
http://www.noaanews.noaa.gov/stories2016/images/rucpowersolar.jpg

20 "Rapid, Affordable Energy Transformation Possible." National Oceanic Atmospheric Administration. January 25,
2016. http://www.noaanews.noaa.gov/stories2016/012516-rapid-affordable-energy-transformation-possible.html.
2 Ibid
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Promoting the use of solar photovoltaic systems in this area is a clear choice. Showing that
photovoltaic systems are effective should be the first step in promoting them for use throughout
the United States. The bottom line is that solar panels are effective in this area. Southern
California is home to the Topaz Solar Farm, the world’s biggest large-scale solar generation
plant, which provides solar generated electricity to homes throughout the region. It is up to the
United States government to continue to capitalize on this success, and make solar power as
effective and cost-efficient as possible to consumers throughout the nation. The next section of
this chapter will explore different government initiatives and strategies used in the past and
present to promote solar usage in America.

In January of 2006, the Bush Administration created the Advanced Energy Initiative
(AEI). This initiative, as its name suggested, was to increase renewable energy technology to
reduce our reliance on imported foreign oil. As part of the AEI, the Solar America Initiative
(SAI) was created. The overarching goal of the SAI was to make solar generated electricity cost
competitive to other forms of electricity generation by 2015.” Obviously, as this thesis is being
written in the year 2016, the Bush Administration’s goal was not met. However, exploring this
Initiative remains important because it was the first real attempt at promoting solar usage on a
national scale since President Carter was in office in the 1970’s.

The SAI was by no means a bad attempt at promoting solar photovoltaic system usage in
the United States. The majority of the plan was sound, but for reasons that will be explained in
due course, the Bush Administration portrayed and demonstrated the practicality of solar panel

usage in the wrong way. By making solar generated electricity cost competitive, the Bush

22 U.S.A. National Renewable Energy Laboratory. In Focus: The Building Industry. Washington, D.C.: U.S. Dept.
of Energy, Energy Efficiency and Renewable Energy, 2007. January 2007.
http://www.nrel.gov/docs/fy070sti/40936.pdf.
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Administration hoped to diversify the nation’s electric portfolio, reduce fossil fuel dependence,
and improve the environment by cutting back on carbon dioxide emissions.” Their plan for
doing this was relatively simple. They wanted to partner the SAI with the private solar
photovoltaic industry, universities, other federal agencies, states, utility companies, and, most
importantly, the building industry.24 Through these partnerships, the SAI would be broken into
two categories, each with different goals that would ultimately lead to the achievement of the
initiative's overarching goal of solar cost competitiveness.

The first category was labeled “Technology Pathway Partnerships,” and focused primary
on Research and Development (R&D) projects. To facilitate R&D, the SAI funded projects and
led teams of companies, universities, labs, and non-government organizations to increase solar
electricity generation and lower system costs. The second category was labeled “Market
Transformation,” and its main focus was to accelerate demand for solar photovoltaic systems. In
order to accelerate demand, solutions must be supplied for current market barriers. Back in 2006,
these barriers surely must have regarded cost, a lack of government incentive to invest in solar
photovoltaics, design and physical appearance of solar panels, and a general lack of knowledge
about the positives of utilizing solar energy. The SAI hoped to remove these barriers, and felt
that the best way to do this was to partner and become very friendly with the building industry.
This make sense for a variety of reasons. The building industry is able to educate their customers
on the benefits of solar, and convince them to have panels installed on their homes or buildings.
The building industry, of course, includes architects. These architects would know how best to

integrate the objectively unsightly solar panels into building design, making them appear as a

2 Ibid
24 Ibid
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necessary and belonging part of the structure. Furthermore, by partnering SAI with the building
industry, the Bush Administration would be able to cater further policy regarding solar to the
building industry's needs and suggestions. All in all, the SAI was sound. It had a clear goal with
a clear plan to achieve that goal. Where the Bush Administration went wrong has more to do
with how they presented the function of solar panels to the American people.

As part of the SAI, the Bush Administration set up what they called “Solar America
Showecases.” Essentially, these showcases were created for the Department of Energy to
show-off solar by creating large-scale solar projects. Through SAI, the Department of Energy
offered funding and installation assistance for installing solar photovoltaic systems on large
buildings such as shopping center buildings and office buildings. From an economic standpoint,
large-scale solar photovoltaic projects are not usually viable (this is explained in further detail in
Chapter 3). However, this is not the most confusing choice made by the Bush Administration in
their attempt to display solar on a large scale. In my opinion, it would have made a lot more
sense for the Bush Administration to use the SAI to promote solar photovoltaic systems strictly
on a small scale, such as through powering residential homes. It is understandable that they
might have wanted to show-off the “power” of solar energy by highlighting how the electricity
generated from sunlight can help power massive structures, but this was the wrong decision. At
that stage in solar photovoltaic technology, there was no way that the solar panels on the roofs of
these structures could provide all of the power, or even the majority of the power, needed for the
building to operate. This gave the impression that other forms of energy production, such as

burning fossil fuels, were still a necessity. Furthermore, by using large-scale projects to show the

% Ibid
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public the effectiveness of solar power, the impression was given that solar photovoltaic systems
were a technology that can only be afforded by big businesses.

If the Bush Administration had only focused on showing off solar photovoltaics systems
on a small scale, these two negative impressions of solar could have been avoided. For example,
the SIA could have provided funding to a town outside of San Antonio, Texas, explicitly for
installing solar photovoltaics on rooftops of residential homes. Using the sunlight map from
earlier in the chapter, a town such as this one would make considerable use of solar photovoltaic
systems, given the high amount of sunlight they likely receive. By providing funding, SAI would
have been making it easier and more economically feasible for homeowners in this town to
install solar panels on their property. Logically, more homeowners would have installed solar
photovoltaic systems than if the funding had not existed, giving the favorable impression of
affordability. Additionally, single-family homes use much less energy than the large buildings
found in shopping centers and business parks, so the positive effects of using sunlight to generate
energy would have been heightened. Even though there would have been fewer of them installed
on home roofs than were on roofs of big buildings, the panels would have been supplying a
noticeable amount of electricity to the home, which would make the homeowner happy with
their choice of investing in a solar photovoltaic system. There is no telling whether focusing on
more small-scale projects would have any effect on the end result of SIA, but one can imagine
that it would have made solar panels as a whole more attractive to America’s public.

Our current United States government is smart. The Obama Administration, once taking
over the White House, must have realized that making solar generated electricity cost

competitive by 2015 was not going to happen. In response, the Department of Energy rolled out
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the SunShot Initiative (SSI) in 2011 ”* The SSI has essentially the same overarching goal as SAI
did: making solar energy cost competitive with traditional energy sources. However, the SSI is
much more aggressive. They are giving themselves only until 2020 to make it happen (a ten year
timeframe), and want to get solar electricity down to 6 cents per kilowatt-hour (kWh), which is
equal to $1 per watt. Additionally, they want this 6 cents figure to be obtained without
incentives, which is no easy task. These aggressive goals stem from the growing acceptance that
climate change is actually happening and something needs to be done about it, and that President
Obama recognized this and actively wanted to make a positive change.

Much like the SAI, the SSI believes that by making solar cost competitive relative to
other sources of electrical generation America can be re-established as a solar technology leader,
the U.S. economy can be strengthened, climate change can be combatted as less carbon dioxide
will be emitted, and we can secure our nation’s energy future.”” The SSI also wants to greatly
increase the amount of solar we have in our country’s energy portfolio. Currently, solar takes up
less than 2% of our nation’s electricity generation por‘[folio.28 The SSI believes that by lowering
the cost of solar to $1 per watt, solar can rise to 14% of our energy generation portfolio by 2030,
and 27% by 2050.” As a whole, this plan is aggressive, and on the outside seems slightly
farfetched. However, the SSI is working. It is not only on pace to meet its goal, but it is actually

on pace to surpass it, as outlined by the graph below:

% U.S.A. U.S. Department of Energy. SunShot Initiative Fact Sheet. Washington, D.C.: United States. Office of the
Assistant Secretary of Energy Efficiency and Renewable Energy, 2015. April 2015.
http://energy.gov/sites/prod/files/2015/08/f25/SunShotfactsheet2015.pdf. 1

7 Tbid

2 " About the SunShot Initiative." Department of Energy. Accessed April 23, 2016.
http://energy.gov/eere/sunshot/about-sunshot-initiative.
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Solar Costs Fall towards the SunShot Initiative Goal

Utility-Scale Solar PV Pathway to SunShot
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Figure 5: Graphical Representation of the Fall of Utility-Scale Solar Costs
Source: U.S. Department of Energy, http://energy.gov/eere/sunshot/about-sunshot-initiative

After analysing SSI as whole, the reason for their success appears to be a result of its aggressive
focus on solar photovoltaic R&D.

As part of SSI, the Department of Energy has spent approximately $2.3 billion on solar
photovoltaic R&D alone.” This may seem like a lot, and it is, but it is money well spent. The
Department of Energy has reported a net economic benefit of $15 billion as a direct result of this
investment. Furthermore, the invested money has resulted in a total of 274 granted patents in the
solar field. The massive government investment has increased the solar energy sector, which in
turn has fostered job creation. SSI has succeeded in developing a solar workforce, as now
approximately 174,000 Americans have a job pertaining to solar. In 2014, 1 out of every 78 new

jobs was a solar job, making solar one of the fastest growing American industries.” Naturally, as

30 U.S. Department of Energy 2
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the sector grows, costs across the sector drop as well. As of 2015, the average cost of a solar
photovoltaic panel dropped by 60% from the 2010 cost. Additionally, in the same timeframe, the
average cost of a complete solar photovoltaic system has dropped by 70%.” These are massive
decreases in cost, and serve to grow the market for solar generated electricity. The Department of
Energy claims that markets for solar have grown by approximately 20% since 2008, and that in
2014, enough solar power was generated to power over 4 million American homes.” Ultimately,
the reasons for switching to solar generated electricity are to find an alternative to the world’s
dwindling oil supply, and to slow the process of climate change. The increase in solar panel
usage in the United States cut carbon dioxide emissions by 20 million metric tons in 2014. It is
safe to say that SSI has been a tremendous success in the United States, especially compared the
SAL Its aggressive goals required a massive amount of government funding for R&D, and it has
certainly paid off in a multitude of ways. SSI is well on its way to reaching its goal of solar
energy being cost competitive in the very near future.

It would be useful at this point to switch gears away from national incentives, and focus
on what states are doing to promote solar panel usage. The best way to incentivize a homeowner
to install a solar photovoltaic system on their roof or property is to provide them with an
economic benefit for their investment. One policy that provides this incentivization is the
“Feed-In” Tariff (FIT). From the U.S. Energy Information Administration’s website, FIT is a
“policy tool that encourages deployment of renewable electricity technologies,” and is usually

used for deploying solar photovoltaic systems.34 Households with solar photovoltaic systems on

32 U.S. Department of Energy 2

33 U.S. Department of Energy 2

3* "Feed-in Tariff: A Policy Tool Encouraging Deployment of Renewable Electricity Technologies." U.S. Energy
Information Administration - EIA - Independent Statistics and Analysis. May 30, 2013.
http://www.eia.gov/todayinenergy/detail.cfm?id=11471.



Woessner 26

their property often generate a surplus amount of energy, which is energy that the household has
no use for. This energy, since it is not being used by the household, is pushed back onto the
regional grid the household is connected to. FIT’s are an effective policy tool because they
guarantee that customers who own photovoltaic systems will receive a set price from their utility
provider for the surplus electricity that they generate and pump back onto the grid. In simpler
terms, the household that generates the surplus electricity from their solar panels will be
compensated by their electricity provider for the energy they are supplying to their electricity
provider’s grid. The incentives are performance-based, so the more energy the household is
giving to the grid, the more benefit they stand to gain.

An important aspect of FIT’s is that the rate at which a customer is compensated is
different than the retail rate of electricity.35 This is due to the different ways that the electricity is
generated, as a premium is usually placed on electricity generated through renewables. As state
or federal renewable energy goals have gotten more ambitious, FIT rates have gone up. This is to
attract more people to renewable energy, and further incentivize homeowners to install a solar
photovoltaic system. Furthermore, the electrical provider will set their rates based on system size
as well. Small solar photovoltaic systems will usually get higher rates than large-scale systems
because they produce a smaller amount of electricity. In order to make sure that the
homeowner’s solar investment is worth it economically, a contract is set up between the
homeowner and their electrical provider. These contracts are long-term, usually around 10 or 20

years, and ensure a stable, long-term revenue stream for the homeowner.

% Ibid
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FIT’s are an effective state policy because they provide a substantial economic incentive
for homeowners to purchase solar photovoltaic systems. While customers with solar photovoltaic
systems still get charged the normal retail rate of electricity just like everyone else, a FIT policy
allows them to cut into this cost by selling electricity back into the grid. One state that has
utilized a FIT policy, among other policies regarding solar, in an extremely effective manner is
the state of Vermont. The state of Vermont is known as a leader in environmental policy, and
their stance and policies on solar panel usage by their people is evidence of this belief. Vermont
promotes residential solar use and makes it easy for homeowners to set up photovoltaic systems.
¥ Furthermore, if a home cannot accommodate their own solar photovoltaic systems, the state
provides the option of buying solar generated electricity from homes that can. This concept is
know as “group net metering,” and essentially creates a shared solar resource that can be tapped
into by homeowners that want to utilize solar generated electricity. This is a brilliant strategy for
promoting statewide solar use.

Vermont is ahead of the curve in terms of solar innovation, and the Vermont Small Scale
Renewable Energy Incentive Program (SSREIP) can be singled out as the reason why. SSREIP
was established in the spring of 2003 as part of Vermont’s updated Renewable Energy
Legislation, and through its Renewable Energy Resource Center, provides customer support and
customer education on all things solar.”” SSREIP exists to help fund solar panel projects of all

kinds throughout the state, and secures its funding through the Department of Energy as part of

3 "Solar Energy." Efficiency Vermont. Accessed May 9, 2016.
https://www.efficiencyvermont.com/products-technologies/renewable-energy/solar-energy.

37 "What Is the Vermont Small Scale Renewable Energy Incentive Program (SSREIP)?" The Renewable Energy
Resource Center. Accessed May 9, 2016. http://www.rerc-vt.org/Contents/Item/Display/141.
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the American Recovery and Reinvestment Act of 2009.” Since its inception, the SSREIP has
helped fund 3,592 solar photovoltaic systems in the state of Vermont.*” The total cost of all of
these photovoltaic systems is $122,724,419, and incentives paid for the systems total
$14,922,245. This is an impressive resume, especially considering that all of these systems
together produce 28,828,255 kWh per year in a state that is known for its snow, not its abundant
sunshine.

To get the most out of solar generated electricity, and all other forms of renewable
energy, government policy must align itself with the technology. With the success of the
SunShot Initiative, we are finally observing effective solar policy on a national scale. This
success has made its way to states like California and Vermont, which have done terrific jobs in
promoting solar photovoltaic system usage within their borders. However, much more still needs
to be done. On a national level, funding for further research and development is needed to fully
separate ourselves from using nonrenewable sources of energy, and a grid overhaul needs to be
considered. Every state needs to initiate policies, such as a “feed-in” tariff, that allow households
to easily finance small-scale solar photovoltaic systems. States should look to Vermont as a
model for implementing these policies. America has the potential to not only be a world leader in
renewable energy generation, but become a nation that completely does away with oil and other

forms of dirty, nonrenewable energy resources. All we need to do is realize it.

3% "Home." The Renewable Energy Resource Center. Accessed May 9, 2016. http://www.rerc-vt.org/.
39 "Progress Reports." The Renewable Energy Resource Center. Accessed May 9, 2016.
http://www.rerc-vt.org/incentives-program/progress-reports.
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Chapter 3: Putting a Price Tag on Sunlight

Historically, one of the biggest drawbacks of generating power through the use of solar
panels is its cost. While the growth of the solar power industry has mitigated some of these costs
by ramping up manufacturing, which in turn drives the overall cost of solar photovoltaics down,
the economic value of generating energy from sunlight remains uncertain. The value of
photovoltaic generation depends on a few factors, such a given region’s electrical markets, and
the overall level of light penetration. This chapter will explore these topics, as well as assessing
the economic validity of installing residential solar systems here in the United States versus
installing them residentially in Europe. Utility scale solar generation will also be touched on, as
well as the problems of trying to fit solar energy generation into the current U.S. grid system.
Utility scale solar generation will also be touched on, as well as the problems of trying to fit solar
energy generation into the current U.S. grid system.

By the late 1980°s, more than a few years after President Jimmy Carter had tried to create
lasting policy that would make solar photovoltaic technology affordable to the general public,
photovoltaics were still expensive. Specifically, solar photovoltaics were four times more
expensive than coal, and three times more expensive than gas, which was the most expensive
conventional fuel for generating electricity.40 However, the solar power industry has grown
tremendously on a worldwide scale since then. This growth has resulted in a massive increase in

the manufacturing of the parts needed to create solar photovoltaic systems, which has in turn

40 Johnstone, 74
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driven overall costs of solar photovoltaic systems down. This drastic drop in price is represented

in the graph from Bloomberg below:

Solar’s 15-Year Forecast: Sunny

Solar module prices are expected to keep declining through 2030, driven by
cuts in “soft costs” such as financing, professional services, and permitting.
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Figure 6: Graph of Current and Future Estimated Solar Module Costs
Source: Bloomberg L.P., https://assets.bwbx.io/images/users/iqf WHBFdfxIU/i1Vin 24 .XE/v2/-1x-1.png

This graph shows the massive drop in price in the period from 2010 to 2015, and the predicted
future drop in cost that, although not as dramatic, is still significant. As depicted, the majority of
the savings are coming from “soft costs,” which results from an increase in programs such as
financing plans from the government or private solar firms. These programs aim to make solar
panel installation and ownership more affordable. However, despite solar panels becoming more

affordable, the true value of solar energy generation remains uncertain.
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Maybe the most obvious factor devaluing electricity generated from solar panels is the
existence of its competition, mainly fossil fuels. However, the relationship is one that is not as
cut and dried as it seems. When fossil fuel prices go down, it would make sense to think that this
would hurt the solar industry, as more consumers would be purchasing fossil fuel generated
energy instead of solar generated energy. While this is true, the viability of solar generated
power is also hurt by fossil fuels when the price for the fossil fuels goes up. This is due to the
fact that fossil fuels are used as an energy source to bridge the gap when solar photovoltaics are
not generating the needed amount of power. This cycle needs to be disrupted, but that cannot
happen until batteries are developed that can efficiently store the energy generated from solar
panels. In order to effectively change the pattern, these batteries would need to cost less than the
already inexpensive fossil fuels as well.

Diving deeper, the value of photovoltaic generation depends on regional electricity
markets, and the actual amount of sunlight that is being absorbed by the photovoltaic cells that
make up the patnel.41 Right now the focus of this discussion will be on how the amount of
sunlight exposure affects the value of solar generated electricity, and there will be an expanded
consideration of electricity markets included in the discussion of residential solar photovoltaic
systems. Basic supply and demand rules can be applied to solar generated electricity. Naturally,
solar panels only generate electricity when the sun is shining. This makes the supply of solar
power variable over time.” On a cloudy day, or times where the sun is low on the horizon such

as dawn or dusk, only a little bit of sunlight is reaching the solar panel. This makes the market

41 Reja Amatya et al. The Future of Solar Energy: An Interdisciplinary MIT Study. Massachusetts Institute of
Technology. 2015. https://mitei.mit.edu/system/files/MIT Future of Solar Energy Study compressed.pdf. xvi

42 Hirth, Lion. The Market Value of Solar Photovoltaics: Is Solar Power Cost-Competitive?, IET Renewable Power
Generation 9. 2015. 37-45
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value of the electricity generated from the solar panel higher than the average electricity price,
because supply is limited. Conversely, on a day with no cloud coverage, and periods when the
sun is shining the strongest, the market value of the electricity generated from the solar panel is
lower than the average electricity price. This value drop occurs because there is a high amount of
solar generated electricity available. Solar generated electricity is not a constant, which
diminishes its market value. Solar electricity generation is also region dependent. Solar panels in
the deserts of Arizona are going to have more sun exposure than panels in Seattle. This location
dependency adds uncertainty to the product, and further diminishes the market value.

This value fluctuation puts electricity providers in a tough spot. Demand for energy is
usually the highest around midday, and this is especially true during the summer months when
homes and buildings are running air conditioners.” When assigning what energy sources to
utilize when demand for electricity rises, providers will use a “merit system.” This ranks the
different electricity sources based on how expensive they are: the lowest being sources such as
coal, and the highest being cleaner forms of energy. When demand peaks, providers bring the
highest-priced sources online to maximize profits. The expensive power sources make up a large
portion of the provider's revenue, but electricity generated from solar panels poses a threat to this
model. The times in which solar panels produce the most electricity directly lines up with the
times of highest demand. Common sense dictates that the providers should use the ample
electricity available to them courtesy of the solar panels, but in doing so they lose out on a large
part of their profits. Furthermore, without a price on CO2 emissions, and without federal

subsidies, solar power generation costs more than natural gas power generation. Therefore, solar

43 Roberts, David. "The Economic Limitations of Wind and Solar Power." Vox. June 24, 2015.
http://www.vox.com/2015/6/24/8837293/economic-limitations-wind-solar.
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panel generation through utilities and electricity providers is not economically efficient. It is a
different story entirely for homeowners.

From an economic point of view, solar power generation from the use of photovoltaics is
unique. For example, consider a homeowner thinking about installing photovoltaic solar panels
on the roof of their house. The homeowner would consider the solar panels’ economic viability
by comparing total solar generation costs to the price they currently pay for electricity generated
by utilities on the market. If the total cost of solar generation is lower than the current price of
electricity generated on the market, then it would make economic sense for the homeowner to
purchase and install solar panels. If the cost is higher, then they should stick with their current
electrical plan. This is a relatively simple calculation that most any homeowner can make when
considering solar. One particularly interesting aspect of solar energy generation is that it can be
applied at the small scale without major specific cost increases when applying it to the large
scale. For instance, our homeowner from above, who may be installing around five panels on his
or her home, will be going through the same evaluation process as a large-scale business, which
may be looking to install well over one-hundred panels on their business property. The same
cannot be said for other forms of renewable energy, such as hydropower or wind. The structures
needed to generate power in these ways can only be applied on the large scale, such as through
power plants, and are near impossible to apply in a single-home usage scenario.

Europe, especially countries like Germany, is well ahead of the United States in virtually
every aspect of generating electricity from solar photovoltaics. For example, solar generation

costs are for the most part lower than the retail price, which means that the vast majority of
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consumers with solar panel systems installed have reached “grid parity.”44 Restated, grid parity
means that the electricity consumer with solar panels is paying less for their electricity than those
without solar panels. This is a huge incentive for homeowners to install solar panel systems as
part of their homes, and a large reason why solar is so popular in Europe. Right now, grid parity
cannot be achieved in the United States.” The “Future of Solar” study published by the
Massachusetts Institute of Technology finds that electricity generated from photovoltaics is
approximately 70% more costly than utility-scale photovoltaic plants. These utility-scale
photovoltaic plants are already not very cost effective, so this is not good news. The high overall
cost is mostly due to stubbornly high installation prices, but the unattainability of grid parity can
also be blamed on the current United States electricity distribution systems.

In most U.S. electricity distribution systems, a household with a solar photovoltaic
system installed still pays the current normal retail rate for electricity purchased from the local
electricity provider. However, due to their solar panels, they are also feeding any surplus
electricity they generate back into the provider’s electricity grid. The homeowner is compensated
for the surplus energy, but there is a catch. Unless a “feed-in” tariff has been put in place by the
homeowner’s state government, they are compensated at the exact same rate in which they are
charged, despite generating electricity in a much more environmentally conscious way. The
current combination of local, state, and federal subsidies in the United States does not allow for
residential solar photovoltaic prices to reach grid parity.

The public policy structure needed to maximize the benefits of solar photovoltaics is not

yet in place in the United States. In fact, climate policy itself has a negative effect on the value of

44 Hirth 37-45
45 Amatya et al. xviii
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solar power.46 Pricing CO2 emission highly, which serves to mete out expensive punishments on
firms that emit too much CO2, incentivizes investments in high-generation technology with a
low carbon yield. An example of this high-generation, low carbon yield technology is nuclear
power. Unfortunately, solar panels are not yet high yield and only meet half of the criteria. Solar
electricity generation needs to become a high generation technology if it is going to attract
greater investment. However, the only way to advance solar technology is through investment. In

order to remedy this situation government action is needed.

Chapter 4: How to Build a City the Revolves Around the Sun

This chapter will go into detail about the how the continued use of solar panels and
renewable energy will affect the creation of urban environments. It will explain the advantages
of having a city or community where each building has solar panels generating energy. This
chapter will also go into detail on the process behind designing and installing a solar panel array
on a house or building. The role of solar panel installation in developing countries will also be
discussed. It is worth noting that when discussing the use of solar panels in developing countries,
financial plans that would make these investments possible will not be discussed. The scenario
discussed here assumes that a perfect financial package has already been approved that
green-lights putting solar panels in these developing communities.

Before jumping into the topic of creating communities and urban environments that are

based around solar energy, it is important to break down and explore how one of the largest cities

46 Hirth 37-45
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in the world is responding to climate change and planning for the future. New York City is not
only my home, but home to around eight-and-a-half million other people as well. Due to its
physical size and massive population, New York City emits a large amount of carbon dioxide.
With the threat of climate change looming, current Mayor Bill de Blasio created PIaNYC, which
is a plan to prepare the city for a changing climate, growing population, aging infrastructure, and
evolving econorny.47 In creating this plan, de Blasio has committed New York City to reducing
carbon emissions by 80% by 2050, fortifying waterfronts and waterways, cleaning contaminated
land, and ensuring that all New York City residents live within a 10 minute walk of a public
park. It is an ambitious and formidable plan, and one that is absolutely achievable. While the
entire plan is interesting, this chapter focuses on the creation of communities focused on solar
and other renewable energy, so only the parts of the plan that are concerned with energy reform
will be covered.

According to PIaNYC, New York City’s largest energy consumers are buildings, which
account for approximately 75% of New York City greenhouse gas emissions.” The vast majority
of these buildings utilize heavy oils rather than renewables as a heat source during the cold
winter months, which is the culprit in the high amount of carbon emissions New York City’s
buildings give off. The City estimates that around 85% of these buildings will still exist in 2030,
so improving energy efficiency in these buildings is a must if New York is to reach its carbon

emission goal. The City is handling this problem mainly by revising building codes and

47 "P1aNYC - Sustainability." PlaNYC. Accessed March 31, 2016.
http://www.nyc.gov/html/planyc/html/sustainability/sustainability.shtml.

48 "PlaNYC - Sustainability - Energy and Buildings." PlaNYC. Accessed March 31, 2016.
http://www.nyc.gov/html/planyc/html/sustainability/energy-buildings.shtml.
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implementing new ones, such as the NYC Energy Conservation Code, to make them greener.49
Analyzing these codes is beyond the scope of this thesis, but presumably they involve abating the
use of the heavy oils in favor of more environmentally beneficial ways of heating, such as
through the use of natural gas, or through taking advantage of the natural heat of sunlight.

PIaNYC also seeks to diversify New York City’s energy portfolio to include more
renewables. As part of this plan, New York City approved the construction of the
Champlain-Hudson transmission line in 2013. This line would run from Quebec, Canada, to
Astoria, Queens and would supply approximately 1000 megawatts (MW) of energy generated
through hydropower.50 PlaNYC also seeks to utilize wind power. New York City is currently
working with the US Department of the Interior to acquire a lease that would allow for
large-scale wind turbines to be constructed in offshore waters. These turbines would be installed
twenty miles offshore of Battery Park, which is located on the southernmost tip of Manhattan.
These turbines are expected to generate approximately 350-700 MW of clean energy for the New
York City area. With both hydropower and wind energy being utilized, around 1,500 MW of
clean, renewable energy would be supplied to New York City. Solar also plays a part in de
Blasio’s overall plan.

Solar photovoltaic usage in New York City has grown considerably in recent years. In
2007, solar photovoltaic systems accounted for | MW of New York City’s energy. By mid-2013,

however, this number had jumped to 20 MW, which is substantial growth in a six-year

49 "PlaNYC - Sustainability - Energy and Buildings - Energy Efficiency." PlaNYC. Accessed March 31, 2016.
http://www.nyc.gov/html/planyc/html/sustainability/energy-efficiency.shtml.

%0 "PlaNYC - Sustainability - Energy and Buildings - Energy Supply and Infrastructure.” PlaNYC. Accessed March
31, 2016. http://www.nyc.gov/html/planyc/html/sustainability/energy-supply-infrastructure.shtml.
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timeframe.” To further foster the growth of energy generated through solar photovoltaic
systems, the City agreed to lease out 47 acres of the former Fresh Kills landfill, located in Staten
Island, to SunEdison for the specific use of developing a large photovoltaic system. This
large-scale system will have the potential to generate 10 MW of power, which is five times more
than any other New York City photovoltaic system. This will increase New York City’s solar
energy capacity by 50%, and provide clean power to approximately 2,000 homes in the area.”
Furthermore, the creation of this solar power plant will serve as an example of how solar energy
can be utilized in a dense, urban environment.

While it is laudable that solar energy is playing a part in PIaNYC, it is a little
underwhelming. The construction of a single solar power plant producing 10 MW of energy,
which is laughably small compared to the amount the City is hoping to generate through hydro
and wind power, represents an underutilization of existing technology. Providing solar generated
energy to 2,000 homes is good, but compared to the population of New York City as a whole, the
amount of people receiving solar energy is miniscule. Instead of running a transmission line over
300 miles from the US-Canada border to Queens for the sole purpose of bringing
hydro-generated power to New York City, why not invest the money in local solar photovoltaic
systems? Running electricity through transmission lines results in a net loss of electricity of
7-12% due to inefficiencies in transmission,> so this project is not worth the trouble. If the

money for this project was put into promoting energy generated by solar photovoltaics, New

51 "PlaNYC - Sustainability - Energy and Buildings - Renewable Energy and Distributed Generation." PlaNYC.
Accessed March 31, 2016.
http://www.nyc.gov/html/planyc/html/sustainability/renewable-energy-distributed-generation.shtml.

%2 Ibid

53 Casazza, John, and Frank Delea. Understanding Electric Power Systems: An Overview of the Technology and the
Marketplace. Piscataway, NJ: IEEE Press, 2003. 41
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York City residents would still be receiving clean, renewable energy, and it could come directly
from their own building or neighborhood. It would be preferable to see more promotion of
decentralized energy, specifically concerning solar energy. All of PlaNYC’s renewable energy
plans are large-scale. We have already explored how large-scale solar energy generation is not an
economically viable option. A more innovative plan would have involved installing solar panels
on individual buildings, where the photovoltaic systems can provide energy directly to where it
is needed.

An example of such a building can be found in the form of a maintenance center in
Brooklyn called Remsen Yard. This center is one of New York City’s largest, and helps regulate
the City’s water supply and sewer systems. The building acts as an office for City employees,
and as a garage for maintenance vehicles. The building itself has been around since the 1930’s,
but was redesigned by the private Kiss + Cathcart Architects firm to improve its environmental
sustainability. Among other advancements around the building the firm optimized the roof to
greatly improve the garage space.54 They installed standard solar skylight modules with
monocrystalline photovoltaic cells along different parts of the roof to generate electricity for the
building. At the end of these solar strips, they included a vent that draws air out of the garage,
which eliminates the buildup of vehicle exhaust. Furthermore, they installed a rainwater
collection system, complete with a filtration system and a 20,000 gallon holding tank. The
collected rainwater is used to clean the maintenance vehicles, and is misted to control dust in the

garages. The design created by Kiss + Cathcart is brilliant, and should be used as a model for

5 Banker, Mary, David J. Burney, and Jayne Merkel. We Build the City: NYC's Design Construction
Excellence Program. New York: ORO Editions, 2014. 421
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how buildings can reduce their environmental impacts. The image below illustrates how the solar

and rainwater systems operate:
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Figure 7: Inside Look at the Remsen Yard Maintenance Center
Source: We Build the City, 420

The promotion of solar projects such as the redesign of Remsen Yard would be beneficial and
should be favored in city planning over projects such as the Champlain-Hudson transmission
line, or even the solar power plant project on Staten Island. Large scale projects are usually
costly, and keep the individual consumer of electricity dependent on the grid. However, it is
understandable that this may not be feasible in an already established city such as New York
City. The city is already set up in a way that may make it hard to utilize solar, and there could be
considerable costs associated with the redesign and reconstruction of buildings to make them
solar friendly. These costs could easily outweigh the economic benefit for using solar on every
building, and it is naive to think that we can just strap panels on everything. Therefore, it is
imperative to lay out a plan for the development of future cities in developing countries that

utilizes solar on a small, building-to-building scale, and therefore will have no need for a grid.
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In developing countries, electric power is essential for growth. Electricity provides
improved lighting as compared to battery powered devices, kerosene maps, and candles. This
improvement in lighting is shown to produce an increase in living standards.” For example, it
allows children to easily study at night, which leads to an improvement in grades and overall
education. Along the same lines, improved lighting can stimulate economic growth. Work that
was previously dependent on daylight would potentially be able to occur at night. Street lighting
makes roads more safe and dependable, which provides access to markets that were previously
unattainable. As these markets expand, so does the development of the surrounding area. Small
communities in developing countries do not require a high amount of electricity, so large power
plants are not needed. Instead, solar photovoltaic systems can be hooked up to individual homes
and community buildings to provide all of the electricity needed.

An example of how exactly solar panel systems are perfect for developing communities
and countries can be found in Papua New Guinea.” In 1978, the government of Papua New
Guinea wanted to connect the capital city of Port Moresby to Lae, the second largest city in the
country via telephone wires. One obstacle in completing the project was the realization that the
repeaters, which are used to transmit long-distance phone calls across countries with rough
terrain, would need to be refueled every few weeks to ensure that they would not die. This would
require helicopter trips to remote areas, which would be expensive and time consuming. To
avoid this cost, 20-watt STI solar photovoltaic systems were installed on the repeaters, thus
making them self-sufficient. This is just one example of how the use of solar photovoltaic

systems can help developing governments.

% Smith, Nigel J. Low Cost Electrification: Affordable Electricity Installation for Low-income Households in
Developing Countries. London: Intermediate Technology Publications, 1998. 3
% Johnstone 57
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On the small scale, solar panel systems in Papua New Guinea worked extremely well.”
Due to the rough terrain, there was no practical way of installing conventional power with a grid
distribution system. It was much easier, and thus made more sense, to install solar panel systems
that generated power and provided electricity right at the point of use. These photovoltaic
systems are not confined to producing electricity just for lighting. They power pumping systems
for bringing water up from underground sources, provide refrigeration for vaccines at clinics,
and provide electricity needed for vital telecom systems such as the example discussed above.
Photovoltaics in the remote villages in Papua New Guinea provide electricity for just about
everything, which is amazing to think about.

Solar photovoltaics are proven to work as the main provider of electricity on a small scale
in developing communities. It should be feasible that they also be able to scale up and function
as the main provider of electricity in cities as well. However, in order for this to happen, we need
to rethink how we organize cities. Urban planners need to design cities while keeping the goal
that the city’s primary source of energy generation will come from solar photovoltaic systems in
mind. Without getting into the entire complex field of urban planning, there are a few common
sense principles that make sense when planning a city that revolves around solar energy
generation.

For starters, each building should have its own solar photovoltaic system that provides
energy directly to the building. By doing this, the grid is eliminated, and there are benefits of not
having a grid system of energy distribution. As was mentioned earlier, energy transmitted

through transmission lines results in a loss of power of roughly 7% to 12%. By removing the

57 Ibid 58
%8 Casazza & Delea 41
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grid, we forgo the unnecessary loss of power by generating power at the site of its consumption.
Furthermore, grid systems promote dependency on utility companies and the private electric
industry. The private electric industry, which function as a “regulated monopoly,” regularly
exploit consumers. Gordon L. Weil, author of Blackout: How the Electric Industry Exploits
America, asserts that American electricity customers pay too much, and are “victims of a system
designed to overcharge them.”™’ To just outline by how much exactly American electricity
customers overpay, Weil assesses that we overpay electric companies by approximately $18
billion a year.®® This is a massive amount of money, and an externality cost that could be avoided
by abolishing the grid system all together. An entirely new thesis could be written on the topic of
electric consumer exploitation, and a grid-less city would be an interesting concept to ponder
regarding future city development.

The conventional external design of buildings cannot be used when creating a city
revolving around solar electricity generation. “Conventional” design here refers to a tall, thin,
rectangular shape. This shape only allows for solar panels on the top of the building, which is
usually a small area, and draped over the sides, which obscures the view of people looking
outside from within the building. My proposition is that urban planners take advantage of slanted
platforms on the exterior that are made specifically for the installation of solar panels. There
could be multiple slanted platforms throughout the building, and this would essentially create a
building with multiple roofs at multiple levels. Additionally, these slanted platforms should be

aligned in such a way as to maximize sun exposure. Maximizing sun exposure ensures that the

%9 Weil, Gordon Lee. Blackout: How the Electric Industry Exploits America. New York: Nation Books, 2006. xx
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solar photovoltaic systems are generating as much energy as possible. Pairing the panels on these
“roofs” with the panels on the actual roof would result in an increase in generated energy.

Urban planners should be urged to also rethink our current block setup. In cities like New
York City, blocks consist of buildings clustered around each other, as tightly packed in as
possible. However, if each building is utilizing solar panels, more space is needed in between
buildings to ensure that the panels will be given sunlight to transfer into energy. Furthermore, the
staggering of buildings with the same height should be utilized. Buildings of the same height that
are directly next to each other block sunlight from one another. If taller buildings were spaced
away from each other and smaller buildings put in between, the amount of sunlight being
blocked would decrease. Creating a code that would not let buildings of the same height be next
to each other would also ensure that each building’s solar panels receive the maximum amount
of sunlight.

Utilizing new technology may seem like an obvious move, but one that nonetheless
merits discussion. For example, if translucent photovoltaic cells become an economical option,
then they should be used as part of windows. Pair new technology as it comes online with my
earlier suggestions, and a city that generates the majority of its energy from solar photovoltaic

systems can be created and sustained.

Chapter 5: Flipping the (Light)switch

In creating this thesis, I have explored three environmental disciplines in the context of

solar photovoltaic system usage. I discussed current and past United States government
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initiatives to promote solar photovoltaic usage, and showed why Vermont’s successful state
policies regarding solar usage are an example for all states to follow. I have explained the
economics driving, and sometimes impeding, the market for solar photovoltaics. I have also
examined how solar panels can be utilized to shape current and future cities and communities to
rely predominantly on solar generated electricity. In short, I have advocated for the widespread
use of solar photovoltaic systems around the world by highlighting their benefits. I have also
recognized that this is not possible right now by pointing out glaring weaknesses in the public
and private solar sectors. In this last section, I will be outlining my own policy recommendations
that [ believe can strengthen the argument for widespread solar photovoltaic system usage.

Solar photovoltaic systems offer an easily obtainable solution to the world’s energy
problem. However, due to an over-reliance on dirty energy sources such as coal and oil, we have
been unable to take advantage of this obvious solution. While progress is showing that we are
moving in the right direction, I do not believe we will be able to fully take advantage of solar
electricity generation until two comprehensive actions take place. First, there needs to be a
massive increase in the presence of government when it comes to expanding solar’s share of the
United States’ energy portfolio. The government needs to do a better job of not just constructing
policy, but making these efforts known to the American public. The SunShot Initiative is
experiencing tremendous success, but I had never heard of the program until I began research for
this thesis. Second, a complete rescale of our current electrical grid system should be instituted.
Right now, our electrical grid is not set up to take full advantage of solar or other forms of

renewable electricity generation. By following these two courses of action, our country will be
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taking a huge step forward in finally ridding ourselves of non-renewable energy, which has so
greatly contributed to climate change.

Making the public aware of the benefits of solar photovoltaic system usage is only half of
the battle. To get the public to buy in to solar programs, results and further progress need to be
shown. Therefore, I would have the government increase funding for technological research and
development in the solar field. Specifically, there needs to be a shift away from the current path
of solar technology development in order to make it cost effective. Current solar photovoltaic
technology relies on elements that are scarce.” If we were to instead focus on developing new
technology that consists of elements and materials that are abundant, we would be able to bring
down the overall cost of solar manufacturing. The development of a reliable device that stores
solar generated energy for later use also needs to be a priority. One of the main economic
obstacles for solar photovoltaics is its inconsistency in producing a steady stream of power, and a
device such as this one would be key in hurdling that obstacle. Being able to access solar energy
during times of little to no sun is essential in making solar photovoltaic systems an economically
viable option for consumers.

Once new technology is developed, the technology should be tested in scenarios outside
of a laboratory setting before hitting the market. For example, if a new type of residential panel
structure is developed, it should be tested on multiple homes in multiple climates. Doing this
would yield more accurate results than just a pure laboratory test, and ensure the practicality of
the structure. In order to recruit volunteers for testing the structure, the government could offer

some sort of tax break or other form of monetary compensation in exchange for allowing the
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prototype structure to be on their property for a certain amount of months. At the same time,
conducting programs such as this will increase solar technology exposure. More people will
notice the usage of solar photovoltaic systems, more people will educate themselves on the
benefits of solar energy, and, hopefully, this will result in more people installing solar
photovoltaic systems.

Along with increasing funding for solar research and development, the government
should continue its use of subsidies in promoting solar. As current law is written, federal
subsidies for solar technology and installation will greatly decrease after 2016.” Our government
would be incredibly foolish to let this happen given the strides we have made in building up the
solar sector in recent years. Furthermore, the government should shape their solar policies to
reward generation, as opposed to investment. Rewarding investment promotes the initial
installation of solar photovoltaic systems, but does not give incentives for updating and
continuing to use the system. By making rewards dependent on generation, the policy would
become incentive based, just like the “feed-in” tariffs discussed earlier. Homes and firms would
now have more to gain by generating more solar energy, because the more they generate, the
more reward they receive. Additionally, our government should make these policies national,
and require states to include solar usage as part of their individual energy portfolio. Every state
can utilize solar in some way, and requiring states to invest in solar photovoltaic usage will
broaden the market. To fund their required solar programs, states could use money that is

currently funding nonrenewable forms of energy generation.
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Right now, the United States’ grid system is not designed in a way that maximizes
renewable energy usage. Different regions have their own grid system, but each grid system is
universally the same.” Grid systems are not linear. Within a specific region, generating units are
located at various sites. These generating systems send their generated electricity to distribution
substations, which are usually located corresponding to population density. The higher the
population, the higher demand for electricity, so as the population grows, there are going to be
more distribution substations. These grids are not interconnected, meaning individual
communities have individual grids. This is not a problem in our current model of generating
electricity, which is mostly comprised of burning oil or coal to heat up water, which in turn
creates steam to drive turbines, and then energy is captured from the turbine movement. Oil and
coal can be brought directly to the generating system. However, resources like sunlight and wind
cannot be transported like oil and coal. They are naturally occurring, and therefore can only be
put to use where they occur. This presents a problem when thinking about using sunlight and
wind as the resources for powering the United States. Our current grid system simply will not
allow for it.

Luckily for us, America is a massive country where it is a guarantee that the sun will be
shining and the wind will be blowing somewhere all of the time. This means that solar and wind
electricity can be generated somewhere in our country all of the time. Our country offers us a
geographical means of non-stop energy generation, the only thing we need to do to take
advantage of it is to overhaul our outdated grid system. By breaking down regional barriers and

connecting all of the our grid systems with new High Voltage Direct Current (HVDC) lines to
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reduce power loss through transmission, we will be creating one, singular grid capable of
sending and receiving electricity to and from anywhere in the country. If wind is blowing strong
in Nebraska, but it’s been a cloudy week in New York, New York will be able to draw off the
surplus energy generated by Nebraska to help keep on the city lights. This plan is ambitious, and
would require a huge amount of time and effort. However, I believe it to be an absolute necessity
if America is to ever completely do away with dirty energy and fully embrace renewable energy
generation.

Through an increased government presence in solar panel promotion, and a complete
reworking of our current grid system, America can greatly benefit from solar photovoltaic
system usage. Solar generated electricity has massive potential, and will continue to alter
America’s energy policies, economic markets, and urban development as its usage grows. This
potential will never be reached, however, until society accepts that solar is a legitimate
alternative to energy generated through the burning of oil and gas. This thesis has shown that,
with some work, it can be a legitimate alternative. Right now, our government is handcuffed to
the use of dirty energy, which actively hurts the planet we live on, and the future of humanity as
a whole. It is time to take dramatic steps to secure an energy future that coexists with Planet

Earth. It is time to flip the switch on solar.
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