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Indiana is currently ranked eighth in total CO2 emissions and eleventh in energy consumed per 

capita (Indiana Solar, n.d.) with only 0.56% from solar energy (U.S. Energy Information 

Administration - EIA – Independent Statistics and Analysis, n.d.).  Indiana estimates that 84% of 

all electricity is from coal power plants and will exhaust resources by 2153 (Dillon, 2016).  The 

problem was measured by quantitatively comparing Indiana households to lower 25%, 50%, 

75%, and 100% of energy sources to solar energy.  Producing and deploying solar energy in 

Indiana is linked to the NAE Grand Challenge of Developing Carbon Sequestration Methods 

(National Academy of Engineering, 2019). The data collected provided a path to homeowners to 

get a six or seven year return on investment depending on the supplementation. The return on 

investment along with the reduced carbon emissions provided proves to be beneficial. Utilizing 

additional research and commitment from government officials, Indiana can be a major 

contributor in renewable energy.  

 

 Keywords: Energy, Carbon Sequestration, Indiana, CO2, Electricity, Coal 
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 INTRODUCTION 

1.1 The Problem 

Indiana has an ongoing problem of not utilizing renewable energy.  Minimal efforts have 

been utilized to help Indiana move towards renewable energy such as solar, wind, or hydro-

electric power.  Indiana is currently ranked eighth in total carbon emissions and eleventh in 

energy consumed per capita (Indiana Solar, n.d.) with only 0.56% from solar energy (U.S. 

Energy Information Administration, n.d.).  Local Indiana power companies have committed to 

continue to use non-renewable energy in the future.  Vectren has committed to building an 800 to 

900 MW gas plant that would replace old coal-burning power plants (United States: Vectren 

proposal commits SW Indiana to fossil fuel dependence, 2018).  Large commitments by large 

power plants in Indiana to avoid using renewable energy is a large concern for sustainability over 

the next 50 years.  

 

 Carbon dioxide emissions are the primary driver of climate change in 2021 (Roser, n.d.).  

Because the United States is the second-largest emitter globally, CO2 emission reduction is 

needed (Mohlin et al, 2019).  More than 30% of emissions are from the power sector (Mohlin et 

al, 2019).  Indiana is in the top 10 of CO2 emissions and ranked 17th of all states in population.  

Indiana is among the bottom in renewable energy (Mohlin et al, 2019).  

1.2 The Impact of the Problem 

The impact of CO2 emissions has become a significant problem throughout the United 

States and Indiana.  Indiana has 183 million tons of carbon dioxide emitted per year.  Indiana 
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estimates that 84% of all electricity is from coal power plants and will exhaust resources by 2153 

(Dillon, 2016).  Since only 5% of the power is generated by renewable energy, Indiana must 

improve to protect the environment (Raymond et al, 2019).  

 

At the current rate, Indiana could face many problems by the turn of the century.  Indiana 

could face record high temperatures a couple of times during each summer that could kill 

hundreds of people, similar to the heatwave in Chicago in 1995.  Figure 1.1 below shows with 

higher emissions, the number of days over 90 degrees Fahrenheit greatly increases.  Air quality 

would deteriorate as the temperatures continue to increase.  Public health would be greatly 

affected by lower air quality causing respiratory issues and more asthma attacks (Fitzpatrick, 

Freese, & Wadsworth, 2009).  

 

 

Figure 1.1: Indianapolis Temperature with Varying Emissions (Fitzpatrick, Freese, & 

Wadsworth, 2009) 
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Having lower emissions can make a tremendous impact on the heat throughout the 

Indianapolis area.  Figure 1.1 on page two shows that a 50% increase by the year 2099 in days 

over 90 degrees Fahrenheit.  Days over 100 degrees Fahrenheit are projected to be four times the 

current rate.  

Floods and storms would also be more prevalent with greater CO2 emissions.  Over 30% 

more precipitation would occur during the winters and springs (Fitzpatrick, Freese, & 

Wadsworth, 2009).  More precipitation and flooding could have a devastating impact on the land 

and homes of people all over the state.  

 

Agriculture would also take a significant negative impact due to warmer temperatures.  

Crops and livestock would get more heat stress with higher temperatures (Fitzpatrick, Freese, & 

Wadsworth, 2009).  The warmer winters could cause pests to expand their range and cause more 

impact (Fitzpatric, Freese, & Wadsworth, 2009).  Crop production would also be affected by the 

changing rain patterns (Fitzpatrick, Freese, & Wadsworth, 2009).  More rain would be 

experienced during the spring, but less precipitation would happen during the summer months 

when increasingly hotter (Fitzpatrick, Freese, & Wadsworth, 2009).  

1.3 How the Problem was Measured 

The problem was measured by quantitatively comparing Indiana households to lower 25% 

energy sources to solar energy.  Knowing that Indiana generates 114.7 Terrawatt-hour (TWh) of 

electrical power per year, 28.7 TWh must be generated by solar panels.  Indiana has 87 power 

plants.  Having only 12 of the 87 power plants being renewable energy, room for improvement 

can easily be obtained (U.S. Department of Energy, 2016).  
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1.4 Connectivity of the Problem with The NAE Grand Challenge 

The NAE Grand Challenges comprise fourteen different challenges that engineers face in 

today’s world.  Producing and deploying solar energy in Indiana is linked to the National 

Academy of Engineering Grand Challenge of Developing Carbon Sequestration Methods (NAE, 

n.d.).  Developing more solar panels throughout Indiana could provide new opportunities for 

research to create more economical solar panels.  Having more solar panels will provide 

electricity for Indiana that will lower fossil fuel needs to generate electric power.  Lowering the 

amount of fossil fuel usage will lower carbon emissions throughout the state. 

1.5 Summary Introduction 

Creating a clear path for Indiana power plants to move into renewable energy is needed. 

Having a plan set forth for solar panels to be utilized among the state is needed.  Locating areas 

of low usage, plans for implementation, and return on investment are all part of the proposed 

plan.  Finding the most efficient solar panel at the best cost while also trying to get real data from 

solar energy trends throughout Indiana will be necessary.  Using real data, researchers can 

determine what locations and costs are needed to achieve a 25% solar energy usage throughout 

Indiana. 
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 REVIEW OF LITERATURE 

2.1 Carbon Sequestration 

Throughout the United States, the carbon footprint is an ongoing problem.  Each year the 

amount of CO2 emissions from burning fossil fuels is analyzed.  Policies have been made to 

mitigate CO2 emissions.  The policies have been created to limit global warming and protect the 

ecosystem (Arrari et al, 2019).  Changing the way electrical energy is obtained is a way to limit 

the burning of fossil fuels.  

2.2 General Solar Energy 

Solar energy has become a key topic in renewable energy.  The sun generates a potential of 

23,000 Terawatt-year (TWy) every year (Szabo, 2017).  Earth is estimated to use only 1,600 

TWy for 100 years to put into perspective how much solar energy is available (Szabo, 2017).  

Solar energy has a nearly endless supply that can be tapped for years to come.  

2.2.1 Solar Energy History 

Solar energy has been utilized for thousands of years.  Neotholic Chinese utilized solar 

energy to ensure help in heating their homes (Szabo, 2017).  Chinese homes were built facing 

south to get warm sun rays coming in during the winter months.  A thatched roof in China was 

created to keep away the warm sun rays during the summer months (Szabo, 2017).  Using solar 

energy has been used for thousands of years, even today (Szabo, 2017).  
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Sun rays were also used to dry and preserve food.  Dehydrating food allowed for stored 

grain to be kept for several years before going bad (Szabo, 2017).  Ancient Egyptians would 

even use the sun’s rays to help get salt to prepare and conserve food (Szabo, 2017).  Using the 

sun’s rays to evaporate seawater was a quick and easy way to obtain salt (Szabo, 2017). 

 

Leonardo da Vinci was an early pioneer in solar energy research.  Da Vinci began testing 

the reflections’ geometry to determine how sun rays could reflect on a curved metal plate (Szabo, 

2017).  During the research that da Vinci conducted, he created the first industrial application 

using a concave mirror to be used for heating water (Szabo, 2017).  Utilizing the sun’s energy 

proved valuable in heating bathtubs and even operating textile machines (Szabo, 2017). 

 

During 1912, Frank Shuman became the first person to create solar thermal power (Szabo, 

2017).  The solar panels comprised 1,200 square meters (m2) of an area consisting of several 62 

meters (m) long cylindrical-parabolic cylinders to collect sunlight.  With the solar energy 

collected from the panels, more than 20,000 liters (L) of water per minute could be pumped, as 

shown in Figure 2.1, on page number seven.  The water was taken from the Nile River to nearby 

agriculture fields (Szabo, 2017).  
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Figure 2.1: Frank Shuman’s First Solar Thermal Power Station (Szabo, 2017) 

 

 Having large cylinders allowed the solar energy to be collected from different angles.  

The solar thermal power station in Figure 2.1 above, could generate up to 45 kW of power 

continuously for nearly five hours a day.  Having the ability to utilize power from the sun made a 

huge impact on the agriculture community.  The supply of water to nearby fields allowed the 

farmers to build more fields that were larger and more sustainable (Szabo, 2017). 

 

The first commercial solar power plant was set up in 2004 (Szabo, 2017).  The Planta Solar 

10 near Seville, Spain was built with 624 large movable mirrors (Szabo, 2017).  The mirrors 

were on top of a 115-meter tall tower with a solar receiver, steam turbine, and generator.  The 
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power collected from the Planta Solar 10 generated 10 MW of electricity.  10 MW of electricity 

is enough to power 5,500 homes a year (Szabo, 2017).  

 

The current largest solar power plant was opened in 2014 in California (Szabo, 2017).  The 

Ivanpah Solar Electric Generating System generates 377 MW of electricity (Szabo, 2017).  The 

power collected is enough to power 140,000 homes (Szabo, 2017).  Over 300,000 software-

controlled mirrors are tracking the sun (Szabo, 2017).  Boilers are on top of three towers that are 

140 m tall (Szabo, 2017).  

 

Over thousands of years, humans have been trying to capture the resources of the sun’s 

power.  Innovations and technology have put solar energy as one of the top renewable energy 

resources (Liu et al, 2019).  Having renewable energy is vital in the preservation of life 

(Moorman et al, 2019).  

2.3 Calculating Solar Energy 

Solar energy can be calculated very quickly and easily.  The three key factors for solar 

panel output are the solar panel efficiency, location, and direction the solar panels face (Geagea 

et al, 2018).  Each system will have other factors, but a quick start can be done with the three key 

factors.  

 

The first factor to take into consideration is the solar panel output.  Each solar panel is 

generally rated between 250 watts and 370 watts (How to measure solar panel output, n.d.).   The 

ratings are measured in ideal conditions at 77 degrees Fahrenheit and 1000 watts of sunlight per 
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square meter (How to measure solar panel output, n.d.).  A 300-watt solar panel in the ideal 

conditions will create 300 watts of electricity (How to measure solar panel output, n.d.). 

 

After knowing the output rating, the solar panel efficiency is needed.  The solar panel 

efficiency means that if the solar panel has a rating of 15%, 15% of the sunlight hitting the solar 

panel will be turned into power (How to measure solar panel output, n.d.).  The power can be 

converted to powering a home.  The efficiency can be changed by clouds, shade, dirt, snow, or 

any other obstruction.  

 

The location of the solar panel also makes a vast difference in the savings.  Living in a 

high sunlight area closer to the equator will have a much larger impact than Alaska.  Figure 2.2 

below, compares different areas throughout the United States and their erythemal dose rate 

(EDR).  The erythemal dose rate is further simplified as the UV Index (Moshammer et al, 2016).  

The more sunlight, the more power generated.  Longer summer hours will generate a lot more 

power than shorter days during the winter. 

 

 

Figure 2.2: United States EDR Rates at Solar Noon Under Full Sunlight (Zhang et al, 2019) 
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 Figure 2.2 on page nine shows the closer people are to the equator, the higher the EDR 

becomes.  In central Indiana, the EDR is 110 milliwatts per meter squared (mWm-2) in 

comparison to Florida, which receives 200 mWm-2 (Zhang et al, 2019).  Having a higher EDR 

leads to greater energy output (Zhang et al, 2019). 

 

The direction the solar panels are facing is another key factor.  Facing the south or west 

will get the most sunlight.  Having a direct angle to get the most sunlight is the best way to get 

power.  Direct sunlight allows for more intense sunlight. 

 

When calculating the solar panel output, the solar panel watts, average hours of sunlight, 

and a multiplier to accommodate imperfections must be attained.  The imperfections are the 

location, direction, and efficiency of the panel.  The basic equation for calculating daily watt-

hours can be seen in Figure 2.3 below (How to measure solar panel output, n.d.).  

 

Solar Panel Watts x Hours Sunlight x Imperfection Percentage = Daily Watt-Hours 

Figure 2.3:: Solar Panel Daily Watt-Hours Calculation (How to Measure Solar Panel Output, 

n.d.) 

 

Using the formula, a 300-watt system with five hours of daily sunlight and a 75% 

imperfection rate can be calculated (How to Measure Solar Panel Output, n.d.).  Having 1,125 

daily watt-hours is equivalent to 1.13 kWh per solar panel per day (How to Measure Solar Panel 

Output, n.d.).  The average home uses almost 11,000 kWh per year (How to Measure Solar Panel 

Output, n.d.).  Dividing by 365 days, the total usage is 30.14 kWh per day.  For example, a house 
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has just thirty panels, a house could be powered completely by solar panels (How to Measure 

Solar Panel Output, n.d.). 

2.4 Residential Solar Power Systems 

As home solar panel systems are becoming more common every day with showing a 49% 

annual growth over the last decade (Solar Industry Research Data, n.d.), many home builders 

include new solar panels with the build’s cost.  Including solar panels in a home can improve 

sales by roughly 4% more than homes without (Wynder, 2019).  Solar panel options for 

homeowners have become increasingly easier to afford, averaging $1.05 per watt in hardware 

costs (Solar Industry Research Data, n.d.).  

 

California has passed laws that require all homes, apartments, and condos built beginning 

in 2020 to have solar panels on their roofs (Fingas, 2020).  Having solar panels added to the 

homes will increase construction costs by roughly $25,000.  The panels’ estimated savings 

would have an estimated savings of over $50,000 during the panels’ lifetime.  California is the 

first state to require solar panels.  

 

Indiana is one state that has historically fallen behind in solar energy (U.S. Energy 

Information Administration - EIA – Independent Statistics and Analysis, n.d.).  Using data for 

determining savings can be challenging based on two main reasons: 

 The need for accurate estimates of solar production in kWh based on your 

location. 

 Knowing an accurate amount of value for kWh rate is after 10, 20, and 25 

years.  
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Table 2.1 below shows that Indiana can be a state that receives benefits from solar 

systems in residential areas (Sendy, 2020).  

 

Table 2.1: Average Monthly and Lifetime Savings for Solar Panels 

CITY STATE SPR 

COST 

ANNUAL 

PRODUCTION 

OF 6 kW 

SYSTEM 

AVERAGE 

MONTHLY 

SAVINGS 

YEAR 1 

25-YEAR 

BILL 

SAVINGS 

Indianapolis Indiana 0.12 7068 $70.68 $30,842 

 

Indianapolis has shown possibilities of having significant savings after a 25 year period 

by leveraging renewable energy, as shown in Table 2.1 above (Sendy, 2020).  The typical size of 

a residential solar energy system is a six kW system (Sendy, 2020).  Table 2.1 shows that a 

$30,842 savings can be acquired from a six kW system in 25 years (Sendy, 2020).  A savings of 

$70.68 a month could allow funding for other energy savings efforts for each household.  

 

Studies have been done to ensure that solar panels are affordable in residential areas 

(Sendy, 2020).  In California, solar panels are used not only for energy savings but also for safety 

(Mass & Ovens, 2019).  Having fewer high voltage transmission lines in California could 

drastically impact wildfires in the state (Spaulding, 2018).  The wildfire in 2017 spread across 

nearly 250,000 acres and had over $10 billion of insured loss (Mass & Ovens, 2019).  One fire 

can have a massive impact on the population as well as the economy. 
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Another simple way to make home solar panels more affordable is by increasing the term 

length of the mortgage.  Adding a single year or two to a thirty-year mortgage would generate 

the same monthly mortgage bill with added energy savings.  Solar panels would then be 

affordable to all homeowners and help save our fossil fuels and limit CO2 emissions (Raymond 

et al, 2019). 

2.4.1 Residential Utility Cost Impact 

 

To better understand how a home utility bill can be impacted, researchers must know 

how to read the bill.  The utility bill can be found from the local electric company.  An example 

home electric bill is shown in Figure 2.4 below. 

  

 

Figure 2.4: Home Electricity Bill (Exelon, n.d.) 
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Referencing Figure 2.4 on page 13, the home electricity bill from Exelon Company, 

energy usage data points can be retrieved for analysis.  The rates, usage, monthly usage from the 

previous year, and even last month’s rates can be seen.  Having the average daily temperature 

and the number of days can also make a difference in how much was consumed.  At the top of 

Figure 2.4 on page 13, the reading type, meter reading, and the total amount used are key 

components.  

Figure 2.4 on page 13, a total amount of 1,022 kWh was used in August of 2017.  During 

that month, 29 days were recorded, and the average temperature was 77 degrees Fahrenheit. A 

total of $148.49 for the month is critical in knowing how much the rate is and how solar panels 

can effectively save money.  To find the cost that was charged per kWh, we used the formula 

from Figure 2.5 below: 

 

𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑘𝑊ℎ =
𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝐵𝑖𝑙𝑙 𝐶ℎ𝑎𝑟𝑒𝑠 𝑖𝑛 𝐷𝑜𝑙𝑙𝑎𝑟𝑠

𝑇𝑜𝑡𝑎𝑙 𝑘𝑊 ∙ ℎ𝑟 𝑈𝑠𝑒𝑑
 

Figure 2.5: Formula to Determine Price Per Kilowatt-Hour 

 

Looking at the bill in Figure 2.4 on page 13, the researcher can determine the exact rate 

charged per kilowatt-hour in Figure 2.6 as seen below. 

 

𝐶𝑜𝑠𝑡 𝑝𝑒𝑟 𝑘𝑊ℎ =
$149.49

1,022 𝑘𝑊 ∙ ℎ𝑟
=

$0.1427

𝑘𝑊 ∙ ℎ𝑟
 

Figure 2.6: Example of Calculating Price Per Kilowatt-Hour 

 

The bill in Figure 2.4 on page 13, the charges show calculations of the rates that are being 

charged per kWh.  The rates that are shown are being charged for the supply and delivery of the 
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electricity.  To get a full comprehensive cost of the rate that is being charged, researchers must 

consider the amount that was used and the amount that was charged.  

 

Knowing how to read the usage for a home electricity bill allows for a visual to determine 

how much solar energy is needed for each home.  Having a good understanding of the usage and 

rates at homes could allow power companies to utilize solar energy on private properties. 

2.5 Commercial Systems 

Throughout recent years, commercial buildings are starting to realize the benefits of 

creating solar panel fields to supplement energy costs.  LG’s flagship NeON™ boasts a 72 cell 

solar panel for commercial application (Newstex Trade & Industry, 2016).  The N-Type double-

sided cell structure allows the panels to produce more energy in a smaller footprint (Newstex 

Trade & Industry, 2016).  Having a smaller footprint provides opportunities for greater value for 

land in a solar panel field.  The LG375N2W-G4 offers 375 W of power in a 40” x 77” panel 

(Newstex Trade & Industry, 2016).  A six-acre lot could provide enough energy for one MW of 

generating capacity (Hyder, 2020).  

2.6 Simulation Tools 

Simulation tools have been utilized to create solar energy systems.  The systems can 

range from Simulink in Matlab to C# programing (Er, 2016).  Simulations allow for the design to 

be done without investing large amounts of money in a physical system.  
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Using Simulink in Matlab, modeling can be used to predict the outcomes of a system. 

Matlab can provide an extensive list of options to be able to fine-tune any system.  Using the 

program, exact components for the system can be placed.  Figure 2.7 below shows a photovoltaic 

system with several different key components. 

 

Figure 2.7: MATLAB Simulink Model for Photovoltaic System (Kumar, 2019) 

 

The system shown in Figure 2.7 above, several inputs are given to get an output of power 

in the model.  Using connections, diodes, and mathematical equations, an output can be given on 

the expected power that is produced by the system.  Using models has proven to be a valuable 

resource to obtain an estimate before the system is built.  
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Other variations of the mathematical simulation are available.  Some such as Homer Pro, 

PV F-Chart, pvPlanner, and PVsyst are used worldwide (Allam, 2017).  Each program has a 

different interface that interacts with the user to be able to simplify data collection.  The 

programs take the weather data and the system data to accurately output the information for the 

user to build a model.  

2.7 Conclusion 

Solar systems can be seen as one way to provide renewable energy.  Both commercial and 

residential applications of solar energy allows for different applications.  Each application lowers 

the carbon footprint for all.  Having a lower carbon footprint allows for sustainable living for 

humanity.  
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 RESEARCH METHODOLOGY  

3.1 Research Methodology Overview 

 

 Comparing capital cost versus the savings provided from implementing solar energy 

throughout Indiana.  A sample size of ten different residential buildings was used to determine 

power consumption.  Each sample included various specific data points to measure and conduct 

the research analysis.  Sample data points include residential facility’s square footage, energy 

usage, and the number of occupants.  Each sample participant was selected from a group that 

information was easily obtained.  

 

3.1.1 Research Environment 

 

 The study’s research environment was focused on Indiana utility companies that use 

fossil fuels as an energy source to produce electricity.   Indiana was chosen because of the central 

location in the Midwest and having access to specific data such as utility information and 

building information.   The methodology of the research was the same throughout the Midwest 

but with minimal variable changes.  A study of ten homes was utilized in the research study.   

  

Throughout the research, the utility company, rates, and even location were taken into 

account.  Some locations offered better locations for installation and proximity to nearby solar 

energy installers.  
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3.1.2 Sample Population, Participants, and Validation 

 

 The sample size was comprised of ten residential structures ranging from 1,050 square 

feet to 4,500 square feet.  Each residential structure was located in central Indiana.  All have 

electricity as the primary energy source.  Some of the homes have a supplemental energy source 

of natural gas or propane.  Each home was comprised of one to five occupants.    

  

Several variables were included in the research.  One variable was the heat source.  

Having electric vs. propane vs. natural gas requires different levels of energy.  The number of 

people in the household also factored into the amount of energy needed.  Square footage of the 

home also had a significant level of impact on how much energy is required.  The solar 

irradiance at each location was different due to the property’s obstructions and the property’s 

exact location.  The outside temperature also factored into the requirement for heating and 

cooling of the home.  

  

A total of six data points were collected for each of the homes.  The data points included 

electrical usage in kWh per year, gas or propane usage in therms or gallons, square footage of the 

home, number of occupants, home location, and how much money was spent for energy usage.  

Each of the six data points collected was vital in getting a clear understanding of the homes’ 

energy requirements.   
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3.1.3 Statistical Measures 

 

 The research study’s statistical measures were compared and contrasted with fossil fuel 

energy values and renewable energy values to test the hypothesis.  The sample size of ten 

residential households in Central Indiana whose source energy was generated by fossil fuels 

emitting CO2 was analyzed against a hypothetical renewable energy source provider (solar) 

applied at 25%, 50%, 75%, and 100% values.  Inferential statistics were utilized in the form of 

an Anderson-Darling Normality Test (Anderson-Darling Test, n.d.).  The test was used to 

recognize the significance of the data collected.  A matrix plot was also utilized to recognize how 

each variable interacts with one another in a visual setting.  Each of the statistical analyses was 

created on Minitab (Statistical & Data Analysis Software Package 2021, n.d.). 

 

3.1.4 Limitations and De-limitations 

 

 Some of the limitations were access to billing information, locations, and solar panel 

information availability.  Having access to billing information probably was the biggest 

limitation.  Homeowners would not readily give up their billing information.  The chosen groups 

were all people that were willing to give up how much they were invoiced and the electricity 

usage they incurred.  The locations of the places chosen were pre-set by who was willing to 

release information for the research.  Throughout Indiana, solar energy is not as useful as in 

much warmer climates such as the southern United States (U.S. Energy Information 

Administration - EIA – Independent Statistics and Analysis, n.d.).  
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 Another limitation of solar panels is the dust and dirt on the solar panels.  Having dust on 

solar panels can reduce efficiency by up to 35% (Dusty Solar Panels Slash Power Output by 

Over 35%, 2019). 

 

 De-limitations were made during the research.  To minimize the volume of the study, a 

chosen set of ten locations were selected.  Each household had a basic understanding of 

construction and electricity in the ten locations to do their own installation.  

  

3.2 Research Instruments 

 

 Throughout the research, various methods were employed.  Surveys, the internet, and the 

Purdue Library were utilized.  The large majority of the information utilized was used within five 

years of the final research.  A questionnaire was utilized to gather data among people who live 

throughout central Indiana.  Figure 3.1 on page 22 is an example questionnaire that was used.  
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Figure 3.1: Sample Survey Questions 
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 Using a survey provides valuable information for understanding the amount of energy 

used in homes throughout Indiana.  Through an anonymous survey shown in Figure 3.1, each 

person can state their bills and how much energy their house used without knowing each 

person’s expenses.  

 

 The National Renewable Energy Laboratory was also used (National Renewable Energy 

Laboratory, n.d.).  Within the National Renewable Energy Laboratory (NREL), a PVWatts 

calculator was offered to create a solar energy system at any home or business.  Figure 3.2 below 

shows a sample of solar radiation and energy data that was easily attainable by location at the 

NREL PV Watts calculator (National Renewable Energy Laboratory, n.d.). 

 

 

Figure 3.2: Solar Radiation at Sample Location (NREL, n.d.) 
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 Figure 3.2 on page 23 shows data at a location using a seven kW system.  In the system, 

an average of 4.69 kWh/m2/day was obtained.  Through solar radiation, a total of 9,337 kWh was 

gained by the system and could save $962 per year.  

3.3 Procedures for Data Collection 

 

 The data was collected from various areas throughout Indiana.  The selection of the 

homes was random, but the residential homeowners that were selected were not random.  

Selecting the proper homes and people was difficult due to the nature of the required 

information.  Volunteers were generated through social media sites than the originally 

anticipated participation of four homes, brought in ten homes.  

  

Once the homes were selected, a 12-month analysis was done to include usage in 

kilowatt-hours, billing fees, and consumption charges.  Knowing billing information and the 

demand offered a good idea for determining the size of the required system.  Each location had a 

different need based on their energy consumption.  For simplicity of the project’s scope, the 

homes were averaged on usage to get an overall savings of 25%, 50%, 75%, and 100% in energy 

savings. 

  

The locations and the amount of space were researched.  Each location had its own set of 

challenges that were analyzed.  Having more people in a home or a different heat source was 

examined for possible trends.  
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 After the system’s size was completed, determining the parts required to construct each 

system was pursued.  Utilizing various sources, the size of panels, number of panels, and the 

components were all selected.  After the components were selected, a payback analysis was 

pursued in each system.  

3.4 Presentation of Data 

 

 Data collected were presented in a table showing the residential households with the data 

points collected from the survey. Table 3.1 below shows how the data was presented. 

 

Table 3.1: Initial Data Collection Presentation 

 

  

Table 3.1 above organizes the key components used to begin the evaluation.  The average 

outside air temperature was collected from a database from the home location (Climate – 

Indiana, n.d.).  The carbon dioxide (CO2) tonnage was calculated, incorporating the energy used 

for each energy type.  The conversion for gas is 0.0053 metric tons CO2 per therm, and electricity 

is 7.07 x 10-4 metric tons CO2 per kWh (Greenhouse Gases Equivalencies Calculator, 2020).  
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Using the conversions, the tonnage of CO2 was determined.  The remaining data were all 

gathered from the survey sent out to various people throughout Indiana. 

  

Using a 25% supplementation of energy usage was implemented next.  Table 3.2 below 

shows the table that was used to calculate the information. 

 

Table 3.2: 25% Renewable Energy Supplementation 

 

 

Table 3.3 on page 27 illustrates a supplementation using 50% renewable energy.  The 

supplementation is in the form of solar energy.  
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Table 3.3: 50% Renewable Energy Supplementation 

 

  

Table 3.4 above illustrates an energy supplementation of 75% renewable energy. Using 

more energy supplementation lowers the energy bill and the CO2 tonnage.  

 

Table 3.4: 75% Renewable Energy Supplementation 

 

  

Table 3.5 above utilizes 100% energy supplementation.  The supplementation is 

theoretical as 100% supplementation will not be able to be fully achieved due to the location of 

Indiana and weather pattern changes.  
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Table 3.5: 100% Renewable Energy Supplementation 

 

 

Each system was utilized in the data shown in Example 3.1 below to describe the initial 

cost.  

 

The initial costs were gathered from a set of data collected from installation costs, the 

first year of savings, repair costs, and escalation and discount rates.  Each set of information was 

gathered to input in to show the final cost analysis. 

 

  

Example 3.1: Input Data for Payback (Purdue University, n.d.) 
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 Having a set of input values allows, as shown from Example 3.1 on page 28, to make 

creating calculations possible.  Calculating out the values of installation cost and first energy 

savings are very valuable.  The values of the life cycle, maintenance, energy escalation, and 

discount rate are all assumed.  

  

Example 3.2 below analyzes the output to show how the return rate was calculated.  One 

of the most important factors when doing any energy savings project is the payback period.  

Another big factor is the amount of savings that would be offered over the life cycle.  

  

 

Example 3.2: Example Output Data for Energy Savings Effort (Purdue University, n.d.) 

  

The initial cost is always a critical factor to include in any project.  Example 3.2 above 

shows that the initial cost on year zero is $37,612.  Using energy savings and the repair and 

maintenance placed as an input on Example 3.1 on page 28, the payback will be made in the first 

year, and by the twentieth year, $1 million was saved.  
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3.5 Return on Investment 

 

Return on investment is very critical in any project to determine viability.  A simple 

payback can be looked into for any project, but a simple payback does not consider the time 

value of money. Including the energy escalation rates, repair escalation, and discount rate gives a 

more accurate representation.  The energy savings were calculated as shown in Figure 3.3 below. 

 

𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑌𝑒𝑎𝑟 𝐴𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑒𝑑 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 ∗ (1 +
𝐸𝑛𝑒𝑟𝑔𝑦 𝐸𝑠𝑐𝑎𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒

100
)  

Figure 3.3: Energy Savings Equation (Purdue University, n.d.) 

  

The next step was calculating the repair and maintenance required.  The repair and 

maintenance equation can be seen in Figure 3.4 below. 

 

𝑅𝑒𝑝𝑎𝑖𝑟 𝑎𝑛𝑑 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐶𝑜𝑠𝑡 = 𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑌𝑒𝑎𝑟 𝑅𝑒𝑝𝑎𝑖𝑟 & 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 ∗ (1 +

(𝑅𝑒𝑝𝑎𝑖𝑟 𝑎𝑛𝑑 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝐸𝑠𝑐𝑎𝑙𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒)/100)  

Figure 3.4: Repair and Maintenance Costs (Purdue University, n.d.) 

  

 After calculating out repair and maintenance costs, a total annual cash flow can be 

determined.  The total annual cash flow formula can be seen in Figure 3.5 below. 

 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤 = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 + 𝑅𝑒𝑝𝑎𝑖𝑟 𝑎𝑛𝑑 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 

Figure 3.5: Annual Cash Flow Formula (Purdue University, n.d.) 
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 Present value annual savings is the most complex formula to find a return on investment. 

Figure 3.6 below shows how present value annual savings is calculated. 

 

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑉𝑎𝑙𝑢𝑒 =
𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑎𝑠ℎ 𝐹𝑙𝑜𝑤

(1 +
𝐷𝑖𝑠𝑐𝑜𝑢𝑛𝑡 𝑅𝑎𝑡𝑒

100 ∗ 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑟𝑎𝑡𝑒
)

𝑌𝑒𝑎𝑟 𝑖𝑛 𝐿𝑖𝑓𝑒 𝐶𝑦𝑐𝑙𝑒∗𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝑟𝑎𝑡𝑒
 

Figure 3.6: Present Value Annually Formula (Purdue University, n.d.) 

 

 The final equation to find the return on investment is finding the cumulative value.  The 

formula for finding the cumulative value is shown in Figure 3.7 below. 

 

𝐶𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒 𝑉𝑎𝑙𝑢𝑒 = 𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠 𝑌𝑒𝑎𝑟 𝑉𝑎𝑙𝑢𝑒 + 𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑇𝑜𝑡𝑎𝑙 𝑉𝑎𝑙𝑢𝑒 

Figure 3.7: Cumulative Value Equation (Purdue University, n.d.) 

 

 Using all the figures to calculate the return on investment is critical not only in solar 

energy; but also in any investment project (Foster, 2017).  Having an understanding of how the 

return on investment is calculated is very important.  Each supplementation value had a separate 

analysis of how long the return on investment will take.  

 

3.6 Research Methodology Summary 

 

 The research method has been laid out throughout Chapter Three.  Creating a survey to 

determine the importance of each part of solar energy gets an initial understanding of the hurdles.  

After the survey, looking at each location, individual electricity needs, and availability were 
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found.  When a good understanding of each need is formed, a system was created.  Finally, a 

return on investment was calculated to understand the feasibility of the project.  The overall 

objective was to offer evidence that all homeowners will look to solar energy to lower carbon 

emissions.    
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 RESULTS 

4.1 Results Summary 

 

 The research results illustrate the amount of solar energy that would be required to power 

a residential home at 25%, 50%, 75%, and 100% of the home’s total energy usage. Having each 

level of supplementation provides different initial capital investments and a different return on 

investment.  The ten homes that were researched all provided square footage, types of utilities 

the home used, and how much each home spent on utilities.  All sources could be converted to a 

standard unit of energy in kWh, knowing the energy amount.  Finding the average amount of 

kWh through the ten homes provided the information to determine the size PV panel system 

needed at each home.  

  

The constraints of participation only allowed for ten homes, and most were near 

Lafayette, IN.  As a result, the variance in needs between homes in the northern or southern parts 

of the state was not considered.  Lafayette, IN does provide a city of 70,697 and is located in the 

central part of the state, which was assumed to be an average location (Lafayette, IN Population 

2021).    

 

4.2 Results Objectives 

 

The research intended to show that solar energy can be an affordable alternative to 

burning fossil fuels with the current technology.  The initial capital could be seen as an 
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investment to any homeowner.  Having data to show various home sizes and energy needs can 

allow the homeowner to decide whether a PV solar panel system is right.  

 

4.3 Initial Findings 

 

 The data collected from all ten homeowners provided different occupancy levels, square 

footage, locations, and energy usage.  A summary of the electrical demand and energy usage 

charts can be seen below in Table 4.1 below.  

 

Table 4.1: Residential Home Energy Usage 

  

 

Table 4.1 above reflects the amount of energy that each of the ten homes consumed.  The 

average outside air temperature of each home was derived from the provided zip code (Climate – 

Indiana, n.d.).  When other sources of energy utilized in each home, the gallons of propane 

(Convert Gallon of LPG to kWh, n.d.) and therms of natural gas (Therms to kWh Conversion, 

n.d.) were converted to kWh to find a total converted value.  The C02 tonnage was determined 

using an equation as shown in Figure 4.1 above. 

 



35 

 

CO2 tonnage = Converted to kWh * 1.23 

Figure 4.1: CO2 Tonnage Calculation (Clayton, 2021) 

 

Using the CO2 tonnage calculation from Figure 4.1 determined the impact each home has 

on the environment.  Averaging the overall amount of kWh and CO2 tonnage gives a better 

understanding of the average house throughout Indiana and the impact a solar energy system can 

provide.  

4.4 Statistical Analysis 

 

 The data collected illustrates interesting data characteristics.  The analyzed characteristics 

were about square feet, CO2 tonnage, and electricity usage, to name a few.  Each set of data was 

analyzed through Minitab (Statistical & Data Analysis Software Package 2021, n.d.) to see the 

common trends among the data collected.  

  

The first set of data that was analyzed was a graphical summary of the converted energy. 

The data collected can be seen in Figure 4.2 on page 36. 
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Figure 4.2: Graphical Summary of Converted kWh 

 

 As shown in Figure 4.2 above, the data shows the average kWh for all the homes is 

34,272 kWh of converted energy.  The data collected also shows the distribution among all the 

data is normal with a right skew.  

 

 Using an I-MR chart was also used to look at data collected.  Figure 4.3 on page 37 

illustrates the converted data to kWh.  
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Figure 4.3: I-MR Chart of Converted to kWh 

 

 As shown in Figure 4.3 above, the I-MR chart’s purpose was to see if the data was 

consistent. The data shows the upper control limit and lower control limits.  The limits are three 

standard deviations from the mean.  

 

 The data collected were placed in a matrix plot to identify possibilities of direct 

correlations between data points.  Figure 4.4 on page 38 shows the geothermal, natural gas, and 

propane and how they relate to the other variables collected.  
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Figure 4.4: Matrix Plot of Collected Data 

 

 The analysis in Figure 4.4 above shows the geothermal home, and home number four are 

outliers.  Through plot diagrams of kWh/year, a separation of the two data points are seen. Using 

the data from the two homes shows a skewed result in a direct comparison of the variables.  

 

 The final analysis analyzed was a second matrix plot.  House number four and ten were 

removed as the two homes were considered anomalies due to variances in the plot diagrams 

including kWh/year and skewed the results.  Figure 4.5 on page 39 shows a matrix plot of the 

data.  
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Figure 4.5: Matrix Plot of Collected Data Removing House Four and Ten 

 

 Looking at the matrix plot in Figure 4.5 above, the data can be compared through each 

variable of CO2 tonnage, kWh/year, therms/gallons per year, number of occupants, and square 

feet.  The bottom left box on the matrix plot, for example, compares CO2 tonnage to square feet. 

Using the data can be a quick way to interpret the data from multiple different angles. 

 

 Statistical analysis such as matrix plots allows data in research to be quickly analyzed.  

The data can be interpreted to see how each variable interacts with one another and the data’s 

validity.  The data can then be objectively analyzed without subjective interpretation.  
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4.5 25% Supplementation of Energy 

 

 The initial investment of solar energy is to eliminate 25% of the energy required to power 

the set of homes.  The home’s energy usage was all averaged to a total of 34,272 kWh per year. 

With homes connected to the grid, some homes will overproduce the particular home’s energy 

while others will under-produce.  The overall amount of energy obtained from the solar panels 

will cover 25% of the homes’ energy.  

 

Table 4.2 below has a breakdown of the supplementation of energy used at each home.  

 

Table 4.2: Converted Energy to 25% Renewable Energy 

  

  

The converted data in Table 4.2 above was gathered from the data collected on Table 4.1 

on page 34 using the same method as Table 4.1. The data was then analyzed by averaging a 25% 

reduction in energy usage by supplementing solar energy.  

  



41 

 

Using 25% of the average of 34,272 kWh will require 8,568 kWh energy per solar panel 

system.  Using an eight kW system in Indiana is projected to achieve 10,878 kWh/year, as shown 

in Appendix A (National Renewable Energy Laboratory, n.d.).  Having an average of 

$0.138/kWh of the homes collected would allow each home to save $1,500 per year in energy 

costs. 

 

 The found solar kit for an eight kW system by GoGreenSolar (GogreenSolar.com, n.d.) is 

designed for the average homeowner to install the system without professional help.  At the cost 

of $10,235.11, a system is an affordable option for any homeowner.  The system has a 25-year 

warranty, full technical support, and permit approval.  Using a 25-year warranty, the homeowner 

has 25 years to recover the system’s cost.  

 

 The economic analysis tool was used to calculate if the solar energy installation is an 

attractive homeownership option.  Table 4.3 below shows the data placed in the economic 

analysis tool (Purdue University, n.d.). 

 

Table 4.3: Economic Analysis Tool for 25% Supplementation 
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 Using the tool can be very effective in quickly and easily understanding the economic 

impact of the project.  Table 4.3 on page 41 shows the inputs in the economic analysis tool 

(Purdue University, n.d.).  The repair and maintenance are shown as a low cost of $100 per year 

given the 25-year warranty.  Energy rates, discount rates, and maintenance rates are escalating 

given the change in the economy.  

 

Appendix B shows in year seven, money is recovered, and the solar panels are making 

money for the homeowner (Purdue University, n.d.). When the 20 year period is over, the 

homeowner will have a net value of $24,213 (Purdue University, n.d.). Each homeowner in the 

study should have a very similar payback period due to the homes’ rates and proximity.  

 

Having an eight kW system at each home would save 13,379 in CO2 tonnage 

(Greenhouse Gas Equivalencies Calculator, 2018). Comparing the greenhouse emissions saved is 

equivalent to 2,890 passenger vehicles driven for one year or a total of 33,198,511 miles driven 

(Greenhouse Gas Equivalencies Calculator, 2018). Having the savings in CO2 tonnage provides 

longer sustainability of the environment for years to come.  

 

4.6 50%, 75%, and 100% Supplementation of Energy 

 

 The same process from 25% implementation were followed for 50%, 75%, and 100% 

supplementation.  All data was collected in the same method as the 25% implementation.  The 

results of the data can be seen in Table 4.4 on page 43.  
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Table 4.4: Output Results of 50%, 75%, and 100% Energy Supplementation 

 

 

Table 4.4 above shows that as the supplementation amount increases, the net value over a 

20 year period also increases.  As the value increases, the more money the homeowner obtains 

from the energy savings.  

The data collected provided three main takeaways. The first takeaway illustrated that in 

the four different levels of supplementation, the payback was less than ten years. The second 

takeaway was the savings in CO2 emissions was evident by almost 13,000 tons with the 25% 

savings. The final takeaway from the data collected was the cost for installation. The $10,235.11 

buy in for an eight kW system is affordable for homeowners.  
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 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

5.1 Summary 

Solar energy over the last twenty years has become a topic for a renewable energy source. 

Cost savings and research are utilized more, with solar energy used more often. Utilizing 

government grants and the inherent benefits of using renewable energy instead of fossil-burning 

fuels makes the cost savings desirable. 

 

Lowering CO2 emissions to preserve the environment while saving money is another 

benefit of using solar energy. Indiana will face significant problems by the turn of the century. 

Public health could be significantly affected by low air quality causing respiratory issues and 

asthma attacks (Fitzpatrick, Freese, & Wadsworth, 2009). Agriculture would also be devastated 

due to a significant number of days over 100 degrees Fahrenheit and flooding (Fitzpatrick, 

Freese, & Wadsworth, 2009).  

 

Using a research method of collecting data from homeowners is a critical path to 

completion. Google Forms was used to input the homeowner’s current energy rates of the last 

year. The home’s location also gave a foundation to start the research. Having the homeowner 

know how to read the bills and interpret them was a common struggle. Many of the homeowners 

required assistance in how to interpret their bills.  

 

The data collected was transferred to a single unit of measure for ease of interpretation. 

Changing all the energy usage to kWh allowed a more straightforward analysis of the solar panel 
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system required. After using the total energy, an analysis of each of the supplement levels could 

be determined. 

 

When the energy requirements at each home were analyzed, the solar panel system was 

selected. Having the solar panel system selected allowed for a payback period to be analyzed. 

Using a more complex payback period using inflation rates, interest, and even maintenance costs 

provided the best investment return.  

5.2 Conclusions 

 

The Midwest is known for having a lack of solar energy. Throughout central Indiana, the 

EDR is 110 milliwatts per meter squared (mWm-2) in comparison to Florida, which receives 200 

mWm-2 (Zhang et al, 2019).  Having a higher EDR leads to greater energy output (Zhang et al, 

2019). Consumers have deemed Indiana’s lack of solar energy to not being able to have a quick 

return on investment. While the return is not as much in states closer to the equator, such as 

Texas or Florida, a quick payback is possible.  

 

Throughout the study, homes were selected strictly throughout Indiana. The homes 

selected were from various home sizes and locations. While the homes were selected at random, 

the group selected was not. Having a limited number of people willing to put forth the time and 

effort to give data was a problem.  
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After the homes’ energy rates were added together, an average was created for the 

amount of energy needed to power the homes. Using a solar array of different sizes and heating 

sources provided a solid foundation for analysis. The homeowners were expected to mount the 

solar system on their roof, and the homeowner would install themselves.  

 

The data collected showed the homes required an average of 34,272 kWh to power the 

home entirely. Table 5.1 below illustrates the four different supplementation levels, the payback 

period, the net value after 20 years, and the yearly CO2 tonnage saved. Using the data from table 

one allows for a quick understanding of the data collected.  

 

Table 5.1: Final Results 

 

 

Table 5.1 above uses the data collected to analyze the amount saved in money and CO2 

tonnage. The table shows increasing the system size, a nearly proportional value of net value 

after 20 years and yearly savings. Figure 5.1 on page 47 illustrates the nearly direct proportion of 

system size versus the net value.  
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Figure 5.1: kW System Needed vs. Net Value After 20 Years 

  

Having a direct proportion is expected for the size of the system and the net value. The 

values must adjust from inflation costs and maintenance costs over the lifetime of the panels.  

  

Figure 5.2 on page 48 illustrates the comparison from the system size to the amount of 

CO2 saved each year.  
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Figure 5.2: kW System Needed vs. Yearly Tonnage Savings 

 

The direct proportion of size and tonnage savings is expected. The amount of tonnage is 

based on the number of kWh saved. Each system has a variance in the output based on the size of 

the system.  

 

The final results of the research were similar to the expected results of seven years. 

Having a payback of six or seven years, depending on the system’s size, is very attainable. To 

fully understand the results, more data must be collected to prove the results further. Larger 

sample size of more than 10 homes is going to provide more opportunities to eliminate outliers in 

the analysis.  
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Knowing the results provide an attainable payback period for most homeowners provides 

a more attractive path for lawmakers and builders alike. Government policies to try to implement 

in new building requirements and incentives could offer benefits to the future. Builders could 

also use the information as incentives for new homeowners to build solar systems in the initial 

build.  

 

Researchers can also see the value in adding to the current systems. Having a lower 

payback period can entice more homeowners to buy solar panel systems. The continued 

evolution of energy-efficient products will continue, and researchers should see an opportunity to 

help. Lowered carbon emissions are an essential need for sustainability for the future 

(Fitzpatrick, Freese, & Wadsworth, 2009).  

 

Having improved solar energy systems will have a significant impact on the 

homeowner’s financials. From the eight kW system saving $24,213 in 20 years to $81,846 on the 

30 kW system, an attractive financial benefit is found. Every homeowner capable of the initial 

investment should look at the possibility of solar systems for their homes. 

 

5.3 Recommendations 

 

Using a return rate of six or seven years provides an attractive and affordable option for 

all homeowners. Having a return on investment of less than ten years while protecting the 

environment is a positive in all facets. Everyone needs to help save the environment by limiting 
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the carbon footprint. Having solar panels is one way to make an impact to reducing the carbon 

emissions.  

 

Further research of solar panels with larger sample size of home energy data only 

provides better opportunities of reducing the carbon footprint. Homeowners will purchase solar 

panels with more efficient systems and more research available. Having efficient systems in the 

future will only further the argument to have more solar panel systems in residential areas. Each 

person needs to advocate for preserving the future for all, and solar energy is one solution.  
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APPENDIX A: 8KW SYSTEM DATAT IN INDIANA 
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APPENDIX B: ECONOMIC PAYBACK OF 25% SUPPLEMENTATION 
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APPENDIX C: 15 kW SYSTEM DATA IN INDIANA 
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APPENDIX D: ECONOMIC PAYBACK OF 50% SUPPLEMENTATION 
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APPENDIX E: 20 kW SYSTEM DATA IN INDIANA 
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APPENDIX F: ECONOMIC PAYBACK OF 75% SUPPLEMENTATION 
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APPENDIX G: 30 kW SYSTEM DATA IN INDIANA 
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APPENDIX H: ECONOMIC PAYBACK OF 100% SUPPLEMENTATION 

 

 


