
1 
 

Proceedings of the 2018 ELEC 7830 Photovoltaics 
Class Presentations 

 
 

1) Yufei Chen 
2) Isanka Udayani Jayawardhena 
3) Sun Hyun Kwon 
4) Hao Lin 
5) John M. Samoluk 
6) Steven E. Spearman 
7) Yang Sun 
8) Justin J. Van Cleave 
9) William H. Vance 
10) D. Aaron Whitney 
11) Bhargav Yelamanchili 
12) Zhehuan Yu 



2 
 

Photovoltaic Systems and Applications 
 

Yufei Chen 
 

Today, solar-generated electricity serves people living in big cities as well as the most isolated 
spots on earth. First used in the space program, PV systems are now as well generating electricity 
to light up light, charge batteries, pump water, supply the electric utility grid, and more. No matter 
who you are, PV may already touch your life in some way. In the presentation, I group PV 
applications into 6 categories: simple PV systems; PV with battery storage; PV with back up 
generator power; PV connected to the local utility; Utility-Scale power production; and hybird 
power systems. The most simple PV systems use dc electricity as soon as it is generated to run 
water pumps or fans. PV systems with batteries operate by connecting the PV modules to a battery, 
and the battery, in turn, to the load. During daylight hours, the PV modules charge the 
battery. When power must always be available or when larger amounts of electricity than a PV 
system alone can supply are occasionally needed, an electric generator can work effectively with 
a PV system to supply the load. Where utility power is available, a grid-connected PV system can 
supply some of the energy needed and use the utility in place of batteries. Large-scale photovoltaic 
power plants, consisting of many PV arrays installed together, can prove useful to utilities. Hybrid 
systems combine a number of electricity production and storage pieces to meet the energy demand 
of a given facility or community.  
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Environmental impacts of Photovoltaics 

Isanka Udayani Jayawardhena 

Every energy generation and transmission method affect the environment for a certain amount. As 
it is obvious conventional generating options can damage air, climate, water, land, wildlife, 
landscape and harmful radiation etc. Fossil fuels-coal, oil, and natural gas do substantially more 
harm than renewable energy sources such as solar, wind, biomass, wave and geothermal energies. 
Renewable technologies are offering a substantially safer solution to many environmental and 
social problems associated with fossil and nuclear fuels. 

Large-scale solar power plants are being developed at a rapid rate and are setting up to use 
thousands or millions of acres of land globally. It can be identified that the many impacts to be 
beneficial. Photovoltaics have many good impacts on environment as a clean energy. But there are 
few impacts that may cause environmental issues if good precautions are not taken. Land use, 
biodiversity and habitat loss, water use and quality, use of hazardous materials in manufacturing 
and global warming emissions are few of those. The exact type and intensity of environmental 
impacts varies depending on the specific technology used, the geographic location and other 
factors. Most of them can be avoided by thorough initial investigation of land selection and 
technology selection as depending on these factors the severity of the issues changes. In 
quantitative terms, large-scale solar power plants occupy the same or less land per kWh than coal 
power plant life cycles. Removal of forests to make space for solar power causes CO2 emissions 
as high as 36 g CO2 kWh−1, which is a significant contribution to the life cycle CO2 emissions of 
solar power but is still low compared to CO2 emissions from coal-based electricity that are about 
1100 g CO2 kWh−1. 

In different areas of world, the environmental policies on photovoltaics are different depending on 
the countries. The United states, Europe, and third world countries have several policies 
implemented in order to make it much environmental friendly energy source. Author intends to 
expand these ideas on presenting good and bad impacts of photovoltaics comparing with other 
energy sources and address the policies world follow in using solar energy. 
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Home Based PV Systems 
 

Sun Kwon 
 

Residential photovoltaic systems are a great way for environmentally conscious homeowners to 
enter into the alternative energy market. As conventional energy sources like coal mining, 
fracking, and nuclear power plants are reaching media headlines as environmentally dangerous, 
more and more people are looking for solar power as an alternative energy source. However, solar 
farms at the scale of power companies take years to design and there is not much an interested 
individual can do to influence power companies to adopt solar as a major power source. 
Nevertheless, home based photovoltaic systems can be implemented at a small scale by a 
homeowner in a matter of days, allowing people to take planet saving matters into their own hands 
while potentially generating revenue. In this presentation we will explore the types of home based 
photovoltaic systems to learn what is needed to build such a system and determine its economic 
viability. 
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PV manufacturing processes 

 
Hao Lin 

 
All PV-modules contain a number of layers from the light-facing side to the back:  
1. Protection Layer  
2. Front Contact  

3. Absorption Material: The heart of the module is the layer where the light is absorbed and 
converted into electric current.  

4. Metal back contact  

5. Laminate Film  

6. Back glass  

7. Connectors  
 
The absorption material is mainly introduced. The raw material of most solar cells today is 
crystalline silicon. Luckily, silicon is one of the most widely available elements in the form of 
sand. However, some of the manufacturing processes and resources for photovoltaics are shared 
with other applications, especially electronic chips for computers, mobile phones and any other 
electronic device. This competition has caused a shortage in supply of crystalline cells. Purity 
levels for solar cells do not have to be as high as in chip applications. Solar-grade purity is 99.999% 
(5N) as opposed to electronic-grade silicon purity of up to 99.9999999% (9N). Most of Solar-
grade silicon is chemically refined. By blowing gasses through the silicon melt, the boron and 
phosphorous impurities are removed, followed by directional solidification.  
Then crystalline silicon need to be processed into wafer. There are mainly three different silicon 
wafer types of different qualities:  
 
Monocrystalline wafer: Silicon with a single, continuous crystal structure is grown from a small 
seed crystal that is slowly pulled out of a polysilicon melt into a cylindrical shaped ingot 
(Czochralski process). The ingot is cut into wafers using a diamond saw.  
 
Polycrystalline wafer: Polycrystalline silicon consists of small grains of monocrystalline silicon. 
Cube-shaped ingots can be made directly by casting molten polysilicon, which are then cut into 
wafers similar to monocrystalline wafers.  
 
Silicon ribbons: This is a continuous process whereby thin ribbons or sheets of multicrystalline 
silicon are drawn from a polysilicon melt.  
Crystalline cells are made from silicon wafers by cleaning and doping the wafer. In a separate 
manufacturing process, a number of cells are wired up to form a PV module.  
 
As such the manufacturing process of crystalline modules consists of four distinct processes: 
Polysilicon production, Ingot & Wafer manufacturing, cell manufacturing and module 
manufacturing. 
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Survey of photovoltaic conferences, journals, research centers, etc. 
 

John M. Samoluk 
 

Feed-in Tariffs (journals): Concern over the use of fossil fuels has led to an increase in a number 
of governments worldwide seeking to implement feed-in tariffs to slowly wean energy consumers 
off of conventional energy sources.  Two important factors of feed-in tariffs will be considered 
including (1) structure and (2) consistency.  The effectiveness of feed-in tariffs are largely 
determined by these two factors.  For a homeowner to benefit from a feed-in tariff, it is necessary 
to install a solar home system (SHS) with a meter that monitors the flow of power in both 
directions, to and from the grid.  These tariffs are often funded by other consumers who do not 
take advantage of the feed-in tariff incentives; therefore, to prevent becoming victim to higher 
energy rates, there may be a greater incentive to install a SHS.  Cooling PV Systems (journals): 
Photovoltaic efficiency generally decreases as the device temperature increases.  Cooling.  This 
decrease is measureable and is on the order of -0.5% per degree Celsius increase in temperature.  
Cooling systems are considered essential for concentrated PV systems because much waste heat 
can be generated after directing light on PV cells.  For an increased output power, PV devices must 
be cooled to a maximum allowable temperature if utilized in a hot environment.  Three types of 
cooling systems are air-cooled, water-cooled, and cooling using phase changing materials.  A 
water-cooled system is of primary interest due to simplicity and effectiveness.  It is theorized that 
passive cooling systems can increase the life of a PV system from about 5 to 15 years.  Light 
Induced Degradation (research center at University of New South Wales): Light Induced 
Degradation is the decline in efficiency of photovoltaic cells as cells are exposed to light, also 
called light soaking.  This phenomena is most prevalent in amorphous silicon PV but has been 
observed in monocrystalline silicon PV cells made via the Czochralski process.  The reduced 
efficiency results from increased carrier recombination possibly due to two reasons: (1) Boron-
Oxygen complexes, and (2) surface interactions due to hydrogen.  In the Czochralski process, 
silicon is heated until it is molten in a silica crucible.  Silica is the common name for silicon 
dioxide, so oxygen is introduced into Czochralski-drawn silicon crystals from the crucible itself as 
the silicon is melted.  Hydrogen has been seen as a solution to managing or passivating dangling 
bonds of silicon, but the hydrogen itself may also be a problem. 
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Hybrid Systems 
 

Steven Spearman 
 
Harnessing energy from the sun with a PV panel is reliable if the sun is shining and weather is 
clear. Since the weather and time of day cannot be controlled, only anticipated, it is practical to 
implement a hybrid system where energy production comes from two or more sources. Generally, 
these sources are going to be renewable (wind, hydro, etc.), but gasoline and fossil fuels are known 
to be used as well. Utilizing solar and another source helps keep a steady production of energy. 
For example, sunlight is available during the day, and wind is available during the night, so power 
is generally always available. These systems do have an increase in reliability, but they may not 
be able to be implemented due to a geographical location and availability of a resource. Depending 
on the size of the system, they could be isolated from the grid, but grid-tied systems are more 
abundant and encouraged.  
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Integrating PV to the Power Grid 

 
Yang Sun 

 
China is the world's largest market for both photovoltaics and solar thermal energy. Since 

2013 China has been the world's leading installer of solar photovoltaics. By the end of 2016, total 
PV capacity had increased to over 77.4 GW, and in 2017 China was the first country to pass 100 
GW of cumulative installed PV capacity. With the rapid growth in PV technology, modern PV 
systems can be categorized into two major types: off-grid and grid-connected. In order to help 
balance the mismatching of solar radiation distribution in the west and load centre of power grid 
in the east, grid-connected PV system has been developed rapidly in China.  

Photovoltaic cell can be easily defined as the production of electric current at the junction 
of two substances exposed to light. PV Solar Cell is a specialized semiconductor diode that 
converts visible light into direct current (DC). PV Modules are a group of PV cells connected in 
series or parallel or both and encapsulated in an environmentally protective laminate. PV Panel is 
a group of modules that is the basic building block of a PV array. PV Array is a group of panels 
that comprises the complete PV generating unit. Grid-connected inverter, also known as the 
synchronized inverter, converts direct current electricity (DC) generated by PV cells into alternate 
current electricity (AC) and feeds it into existing electricity grid. There are some strategies used 
in system. Maximum power point tracking aims at achieving the greatest possible power output 
by adjusting electrical load due to the variations of irradiation level and ambient temperature. By 
adopting a specific algorithm to control the output of inverter, PV system can be operated at its 
maximum power point (MPP) in order to improve the efficiency of the overall system. Grid-
connected synchronization ensures that the output power has the same voltage and frequency of 
the power grid. Islanding effect dealing is important because islanding effect may bring potential 
safety hazards. Islanding effect happens when a distributed generator continues to power a location 
even through the grid power is interrupted and no longer exists.  

Government policy has great effect in PV development. In China’s 12th Five-Year plan, 
renewable energy development is labeled as the first among the five major concerns of national 
energy stratagem and solar energy is one of the critical components of renewable energy. 
Government should also take responsibilities in guiding the restructuring of the domestic PV 
industry.  

Using photovoltaics to get power has economy in China. The contribution to the total 
electric energy production remains modest as the average capacity factor of solar power plants is 
relatively low at 17% on average. Of the 6143 TWh total electricity produced in China in 2016, 
66 TWh was generated by solar power, which is 1.07% of total electricity production. The situation 
is changing and the domestic market of grid-connected PV is expanding since the launch of the 
golden sun program in 2009. This program aims to install more than 500MW PV modules, 
including Feed-in-Tariff for building material integrated PV (BIPV) and large scale grid-connected 
PV station as well as a support fund for research and development (R&D) in PV industry. Up till 
now, 294 projects of 642 MW have been approved, indicating the success of the domestic grid-
connected PV market in China. 
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Photovoltaic Cells Involving Iodine-doped Non-conjugated Conductive 
Polymers 

 
Justin Van Cleave 

 
Photovoltaic cells have been fabricated using a variety of iodine-doped non-conjugated conductive 
polymers, including: Styrene-Butadiene-Rubber (SBR), Cis-1,4 Polyisoprene (CPI), Poly(β-
pinene) (PBP), and Trans-1,4 Polyisoprene (TPI). These cells have been fabricated using titanium 
dioxide and an iodine-doped polymer on indium-tin-oxide coated polyethylene terephthalate 
(PET) substrates. Using a white light bulb, with emission from 300-700 nm, photo-currents and 
photo-voltages were measured for varying intensities of light. At an incident light intensity of 
about 5 mW/cm2 a maximum photo-current density of about 0.25 mA/cm2 and photo-voltage of 
about 0.75 V were recorded in cells constructed with SBR. Cell lifetime has also been investigated 
by comparing the output of sealed and unsealed SBR cells over time, with sealed cells showing 
much longer lifetimes. Photovoltaic cells utilizing non-conjugated conductive polymers may 
provide more affordable alternatives to other photovoltaic devices due to the low cost of materials 
and relative ease of manufacturing. 
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Environmental Impact of PV: A Complex Issue 
 

William H. Vance 
 
The benefits of photovoltaic (PV) technology are hard to dispute. With the sun producing more 
solar energy than we will ever be able to utilize, this enormous source of energy is seemingly 
infinite. Given that traditional sources of energy such as coal and gas are high in emissions and 
pollution (and, some argue, potentially detrimental to the earth’s climate), the prospect of solar 
energy as a solution is hopeful. However, photovoltaics cannot be the entire solution, at least not 
without taking into account the environmental impact of PV cells during their manufacturing, use, 
and end‐of‐life. During the manufacturing of cells, there are of course the concerns about how 
energy is being used in production and when this same amount of energy is being returned (“energy 
payback”), but there is also the very serious concern of the dumping of manufacturing waste in 
countries with less stringent regulations than, for instance, the United States. During use, often 
large scale photovoltaic operations must be placed in underdeveloped or wilderness areas, 
disrupting the local ecosystem of the forests and fields that become locked into PV use. For the 
smaller scale ones, areas out of the shade of organic and inorganic structures, i.e., trees and 
buildings, is limited. With regard to the power infrastructure of the United States, the ability to 
store power is lacking for residents. Those who have homes with solar panels often resort to selling 
their power back to the grid at a fraction of the price that they will have to pay when buying it 
back. At the end of these PV cells’ lives, there comes the issue of disposing of the panels. China 
over the recent years has become a solar power giant, having the largest number of solar power 
plants. As these panels become decommissioned, there comes the task of recycling frames 
containing lead. Because of these issues, many problems will have to be solved with regard to 
solar energy going forward into the future. On the bright side, this translates to job positions for 
engineers. 
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The Economic and Political Viability of increasing Large-Scale Dependence 
on PV 

Aaron Whitney 

 As the world continues to progress toward ubiquity in modernization, the need for cheap, 
reliable, and efficient energy production becomes more and more paramount. Since the era of 
industrial revolution, society has depended largely on fossil fuels—namely coal and crude oil—to 
power its endeavors due to their high energy density and relative ease of extraction and use. 
Countless improvements have been made to the gathering, refinement, and energy extraction of 
fossil fuels, and virtually every society on the planet owes much of its progress toward the modern 
era to the efficient use of fossil fuels. Recently, however, a number of obstacles have reduced the 
optimism of a future dependent on fossil fuels. Perhaps the most widely accepted issue with fossil 
fuels is the fact that they are exclusively nonrenewable; there is a large amount of uncertainty 
regarding the remaining supply time, with estimates ranging from a few decades to many centuries. 
Additionally, there is a large amount of pressure from political and conservationist spheres to move 
away from fossil fuels, as their use produces compounds that have been shown to increase the 
ability of the atmosphere to absorb infrared radiation from the sun, thereby increasing its heat 
capacity, and consequently increasing the average temperatures of the earth. This has led much of 
the pertinent scientific community to conject that the current trend of increase in these emissions 
would lead to a destabilization of the current terrestrial climate, though genuine experimentation 
of this cannot be performed due to the impossibility of isolating a single variable. Nonetheless, 
many lawmakers have adopted this view and have used it to successfully gain traction in societies 
worldwide.  While general populations may disagree on the above, and while alternative methods 
of extracting fossil fuels have gained notoriety as of late, the general consensus is that a move 
toward dependence on renewable energy is the correct move to continue to modernize the world. 
As a result of these conclusions, much research has been done regarding the optimal method of 
harvesting renewable energy to solve the problems of traditional fuels. One such solution is the 
introduction of large-scale PV. PV has been in use on a smaller scale for decades, and advocates 
of the technology appear ready to supplant traditional fuels as the default energy supplier. This 
move is not without obstacles, however. PV must be able to overcome the low cost, high energy 
density, and flexibility of fossil fuels if it is to be economically viable to consumers. Additionally, 
PV must achieve a public opinion superior to that of other alternative energy harvesting methods. 
This work will examine the current economic viability of PV, as well as any barriers it faces in 
social, political, and legislative spheres of various societies in the modern day. 
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Photovoltaics in India 

Bhargav Yelamanchili 

Photovoltaics (PV), the technology that converts sunlight directly into electricity is growing 
rapidly in recent years. The birth of solar photovoltaic technology for terrestrial applications is 
accredited to the oil crisis of the 1970s, which led to global commitment to fundamental research 
and development. Innovation in solar technology continues to improve efficiency to improve, size 
and cost, making it more pervasive throughout society. After hydro and wind powers, PV is the 
third renewable energy source in terms of global capacity. 
 
India is one of the top ten PV countries in the world. As the economy is prospering, the country’s 
energy demand is also increasing. It is also driven by local government initiatives and policies. In 
2017, India achieved new milestones and a concrete footing for the further development of its 
renewable energy sector. If the momentum continues, it will easily achieve its goals. The current 
structure of the market and its various segments is discussed, with the objective of studying the 
overall growth potential. The presentation is going to talk about the goals set and how long it's 
going to take to achieve them in PV sector. The presentation also discusses about different types 
of PV being used in different parts of India. Till the grid reaches various areas in India, solar is the 
way to go. Information from various journals and online magazines has been collected and 
summarized in this presentation. The information gathered and summarized will be compared to 
the developments in the other competing nations across the world. It also talks about different 
problems in regards to quality standards that India is facing due to rapid growth and lack of proper 
planning. 
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                                             Photovoltaics in China 

                                                            Zhehuan Yu 

China's photovoltaic (PV) industry has undergone dramatic development in recent years and its 
profound impact on the global PV industry. In my presentation I introduce the distribution of solar 
energy in China and the effect of photovoltaic to huge energy consumption in China. And I talk 
about photovoltaic agriculture in China. Photovoltaic agriculture is the combination of 
photovoltaic power generation and agricultural activities. There are several main application 
modes of photovoltaic agriculture in China such as photovoltaic agricultural greenhouse, 
photovoltaic breeding, photovoltaic wastewater purification, photovoltaic water pumping and new 
type rural solar power station. Also, I present other photovoltaic new technology that not only 
apply in the traditional China's photovoltaic agriculture, but also to accelerate the development of 
modern agriculture in China. In addition, I review some main points of relevant policies including 
financial support, technology innovation and management improvement that proposed for 
promoting the development of the PV industry in China. And I mention the impacts of relevant 
policy variables such as subsidies, benchmark price, electricity price and tax on economic 
performance of distributed PV system. At last, I talk about the trend of China’s photovoltaics and 
development in the future. 

 

 


