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1. INTRODUCTION

Energy is one of the most important resources @ayts growing economy. Over the last forty
years, energy consumption has increased 155% waddd\l]. Today, the majority of the world’'s
commercial energy supply, greater than 85%, is yzed by fossil fuels [2].Moving forward, with the
decrease in the production and use of fossil fubkxe will need to be new energy sources develdipad
can keep up with the global energy needed to rcititfas and homes. A main challenge of many caastis
finding a sufficient and reliable energy sourcenteet the needs of their growing economies. Several
renewable energy sources are currently in use dimguwind power, thermal, and the use of photovwolta
solar cells.

The use of photovoltaic solar cells seems like tarahchoice for renewable energy. After all, the
sun puts out more energy everyday than we could ek about using. This being said there are many
barriers which must be overcome before solar eneay replace traditional sources of power. In an
interview with the Bulletin of the Atomic Scientjsbtandford Ovshinsky, atechnical pioneer in tleddfiof
photovoltaics, said, “The very biggest barrierhie tUnited States is that there is no energy paliay allows
for new approaches. Progress is blocked all the by oil, automobile, coal, and utility industri@hese are
special interests that feel very challenged and $eeostpone change as long as possible” [3]. A@ot
barrier is that generating electricity using phatitaic’s cost significantly more than from tradital power
sources such as the burning of coal.

The purpose of this paper is to inform the readeh® market trends within the photovoltaic solar
industry in the United States.
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2. PHOTOVOLTAIC SOLAR CELL MATERIALSAND COSTS

A solar cell generates electricity through a défere in potential at the junction of the P and N
layers. Several individual solar cells are conndateseries on a solar panel and then several palzgls are
connected in a solar array. The result is a cirthat can create enough electricity to power DCAGr
electric loads. Materials for solar cells can kassified into two main categories, inorganic anghaic.

Inorganic solar cell materials include both siliGamd compound semiconductor materials. Silicon is
still the most popular semiconductor material usechake photovoltaic solar cells, 80%-90%, duaddnigh
efficiency and that the raw material is readily itatzle [4]. Silicon photovoltaic cells are brokenweh into
three categories, single-crystal silicon, polyalste silicon, and amorphous silicon. Both singtgstal
silicon (sc-Si) and polycrystalline silicon (pc-Sdre used in large photovoltaic systems due tor thei
efficiency and ability to stand up to the elememten installed in outdoor situations [5]. Crystadlisilicon
does have a major drawback, cost.

Thin film solar cells are an alternative to silicoirhin film technologies include amorphous thin
film silicon (a-Si), single-crystallinethin film,ra polycrystalline thin film. Thin film silicon dis, while not
being as efficient as single-crystal and multicailste silicon cells, are traditionally cheaper pgmduce.
That being said silicon has recently had price cadas that have greatly reduced the thin film'sstco
advantage [4]. They can also be used in buildntggrated photovoltaic products such as solar &srand
on the surface of glass windows. A major probleithwwmorphous silicon cells is that they don’t hoid
well when subjected to the elements in an outdpgpiieation. Single-crystalline thin films, produtesing
gallium arsenide (GaAs), have an advantage duleeio high efficiency and their ability to be insdive to
heat [6]. Polycrystalline thin films are made frampper indium diselenide (CIS) and Cadmium Tedleri
(CdTe). A major use of Cadmium Telluride is irititiscale PV systems.

Organic solar cell materials include both carbasda thin film and dye sensitized materials.
Organic solar cells (OSC) use semiconducting caipdpolymers instead of silicon. An advantagéhisf
technology is that it can be produced in ultra-thémiconductor films [7]. These thin-films could bsed,
as with inorganic cells, in building-integrated BX¥bducts or, due to their flexibility and light vgit, in an
application such as the body of an automobile [Bplymers that are used to create OSC'’s include \IDM
PPV (poly[2-methoxy-5-(3,7-dimethyloctyloxy)] andBTFB (poly(9,9’-dioctylfluoreneco-benzothiadiazole)
[9]. Even though OSC's are cheaper to produce itanganic cells, there are three main problemsthast
be solved before organic solar cells can take theemarket: 1) they are less efficient, 2) they'dofier the
same stability as a silicon solar cell under regalzerating conditions, and 3) mass production hésen
developed up to this point[7].

Table 1 [10], shown below, lists the solar celsttwatt by type of material, along with the
maximum efficiency for a PV module using that metetype. Notice that the cost and efficiency foe
dye-sensitized and organic material types arestiédi. This is due to the fact that these two naseare still
in the R&D phase and there isn't sufficient price &fficiency data about them at this time.

Table 1. Solar cell cost/watt and maximum efficienc

Cell Material
units sc-Si pc-Si a-Si CIS CdTe
Maximum PV Module % 23 16 7.1-10 12.1 11.2
Efficiency
PV Module Cost USD/W <14 <14 0.8 0.9 0.9

3. UNITED STATESSOLAR MARKET TRENDS
The use of photovoltaic (PV) solar systems hasm®ed greatly in the United States over the past
few years. This is largely due to three contribgtiactors:
1. The rising cost of electricity
2. The decrease in the price of photovoltaic solatesys
3. Federal and State incentives for installing PV esyst
The United States is an attractive investment dppdy for many people involved in the PV
industry because of our high electrical demandilaia land for large PV systems, and our isolafiam
other countries.Even though the use of PV systeassificreased in the United States, we still lagrgkeh
several countries including Japan, and Germanychwhad an installed capacity of 7.4GW (see Figyre 1
[11]. Freiburg, Germany is considered to be thearsohpital of Europe and is the headquarters of the
International Solar Energy Society. The Departnma&nEnergy analyzed three policy changes that would
have the greatest impact on solar use in the UiStates in their 2007 Renewable Systems Intercdiomec
reports [12]:
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1. Doing away with net metering caps and starting metering in areas that currently don’'t use
program

2. Extending the federal investment tax cr

3. Improving interconnection standa

Japan 3.6GW;
9%
ROW 3.2GW; 8%_\

USA 2.5GW; 6%\
EU 29.3GW

China 0.9GW _—"
o 74%

Figure 1.Global Cumulative Installed PV Capty through2010[11

PV systems can be broken down into two main categogric-connected systems (tied to 1
electric grid) and offyrid systems. These categories can then each Berbdown into sectors, residenti
non-residential, and utility. @&-connected systems have grown in popularity inhe#t¢ sectors. In a g-
connected system the PV system is tied to theradatgrid. This allows the end user the abilityuse the
energy from the PV system during the day and useepérom the tility at times when the PV system isi
producing enough power, such as nighttime or orraagt days. Figure 2 shows the rise in -connected
systems over the past 10 years.As can be seefipthtBere were almost no ¢-connected PV systems a
only a little over 200MW of installed ogrid systems. By 2010 gridennected systems made
approximately 2.1GW and offrid systems made up 440MW of installed capacitly[
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Figure 2.U.S. Cumulative Installed PV Capacity By Intercoctien Status [1]

Figure 3 breaks down the annual installed -connected PV capacity by sector over the pas
years. “In, 2010, annual distributed ¢-connected PV installations in the United Ss grew by 62%, to
606MWpc" [13]. Also, notice that the sector that has gnotlve most over the last three years is the u
sector. Federal and State tax incentives alonf mihewable energy requirements in some statetha
main reason for the gwth in the utility sector.Between 2009 and 201tllity-scale PV installations ros
630MW.The National Renewable Energy Laboratoryest#tbat there are around 16,043MW of solar pro
currently in development in the United States [4igure 4 show:a breakdown of the utili-scale solar
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systems under development in the United Stateszbyasid cell technology. Figure 5 shows the totiity-
scale solar systems currently in operation.
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Figure 3. Annual Installed Grid-connected PV Calyday Sector [13]
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Figure 4.Total U.S. Utility-Scale Solar Capacitydém Development [4]
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Figure 5. Total Utility-Scale Solar Capacity in @ation [4]
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Incentives for installing non-residential photowaidt systems occur on two different levels, federal
and state. At the federal level, incentives arthiee different forms, investment tax credit, dewded tax
depreciations, and tax credit bonds. Investmextctadits are tax incentives that permit compames
individuals to deduct a specified percentage ofageinvestment costs from their tax liability iddition to
the normal allowances for depreciation. Prior @02, the IRS investment tax credit for solar energy
equipment was 10%. In 2005, the Energy Policy Was$ passed. The Energy Policy Act of 2005 provides
tax breaks and loaguarantees for the development and use of inn@vatichnologies. Included in this
legislation was a 20% increase to the solar entngygredit for projects that came online betwee@&28nd
the beginning of 2008. The Energy Improvement &mtension Act of 2008 included tax credits and
incentives for purchasing energy efficient devieégmng with extending the solar energy tax creditrfon-
residential installation to December 31, 2016. iSTax credit is realized in the year in which % project
begins commercial operations, but vests linearkr a/5-year period (i.e., 20% of the 30% credityvesch
year over a 5-year period)’[14]. Under provisionghe Internal Revenue Code, electricity producotar
energy equipment falls under an accelerated inctarededuction for depreciation. This allows foe th
purchaser of commercial solar equipment to obtdaaxdenefit “equal to about 56% of the installedtwof a
commercial PV system” [14]. Part of the Energyi®oAct of 2005 was the creation of Clean Renewable
Energy Bonds. These bonds allow for the purchaksolar equipment to receive a federal incomebtaxd
instead of paying interest on their loan.

Incentives at the state level vary depending onstate, but generally include items such as net
metering, cash incentives, state tax incentived, mnltipliers within the state renewable energytiotio
(RPS) policies. Net metering is a policy that atidfor utility customers to get reimbursed for ¢lieity that
they feed onto the electric grid when their solaergy system produces more power than they consdine.
customer gets reimbursed at a rate which is corbpar the money that they would have paid per
kilowatt/hour. Forty-four states and the DistiaétColumbia participate is some level of net metgri State
provided cash incentives for installing PV systemse been a major part of getting people interested
using solar energy for their facilities. The castentives help cover the cost of installing theteyns. An
example of these cash incentives is the CalifoBukar Initiative. The program provides performabesed
incentives to systems larger than 50kW [14]. Satates also provide tax incentives for installing P
systems. For example, a non-residential Grid-B&tinstallation in Arizona that qualifies for thetility
Rebate Program can receive a rebate of $1.75/\& RY system that produces up to 30kW of electriéty
A renewable energy portfolio is a regulation thats states have in place that requires the elattric
providers to increase production of energy fromereable energy sources. In order to meet the RPS
requirements, electricity providers have to praveytare using renewable energy sources. Theyigdyh
obtaining renewable energy credits (RECs) when ihgtall items such a solar energy systems.
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Figure 6. Average PV Module Prices, All Technolsgi£980-2008 [16]

The cost of PV Modules hasalways been a major factohoosing to install a solar energy system
at a facility. Research indicates the costs oflpasing and installing photovoltaic systems asingrgreatly
from country to country. Around 40 to 60 percehthe cost of a PV system is in production [15hitially,
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the high cost and low energy output were a bigdfirfor many customers. The cost of PV modules has
steadily decreased since the 1980’s and today aMtigtax incentives and more strict energy redofet
have finally reached a point where they are ecooahto install. Figure 6, below, shows the glodatrage

of PV modules across all PV technologies from 1880ugh 2010 [16]. This graph indicates the averag
cost across all of the PV technologies. As disstigereviously, some technologies are cheaper tdupm
than others. The cost increases between 1988 99d due to a low supply and high demand for PV
modules. The cost also increases from 2003 to20@8. This once again is due to strong demanéYor
modules and a limited supply of materials suchagsiicon. The cost started to decrease agair0bBXue

to the economic recession and a readily availalgely of poly-silicon and modules [16].

4. CONCLUSION

Photovoltaic systems have started to gain grountiariJnited States, especially in the past couple
of years. Federal and state incentives and taakbralong with the rising cost of energy and lo®¥®rcost
have brought solar use to the forefront. Technollgbreakthroughs in photovoltaic efficiency and
materials, such as thin-films and organic solatscélave allowed solar technology to be lighter amate
flexible than ever before, opening a whole new mealf possibilities. Increasing energy cost and
environmental concerns demand that we find a soiutd our energy needs. Photovoltaic systems and
technology provide us with a possible solutionhtese issues and has a promising future.
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