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     SOLAR SYSTEM FOR PROFITABLE 

     ENERGY SOURCE IN MISSOURI     

Nahom Ghirmatzion 

Dr. Thomas G. Engel, Thesis Supervisor 

ABSTRACT

The main purpose of this project is to prove how much a solar system as source of 

energy could save us a huge amount of money and how it can completely replace the electric utility 

system in Missouri. Over 80% of today’s energy source is from non-renewable energy sources 

such as coal, diesel, and natural gas. One of the main choice to reduce the consumptions of these 

non-renewable sources and to provide a cheaper and healthier energy usage to the public is using 

a solar energy system. As the technology is growing faster, the number of solar panel industries is 

growing, and this brings a decline in the price of the panels to give a better opportunity for the 

public to use a solar energy system for their home. There are two main choices of solar installation, 

on-grid and off-grid system of solar panel installation. At this time the state of Missouri has a strict 

rule about solar installation that all solar panel installations must be tightly connected to the public 

utility. And because of these reasons, this research will be a proposal for the state to consider an 

off grid system of solar installation as a possible choice for home owners, because it has a greater 

benefit on saving money comparing to the electric utility and the on grid system of solar 

installation. Both on grid and off grid systems have their own advantages and disadvantages, and 

even though the research will cover some information on how the on-grid system of solar 

installation could save you some amount of money over the course twenty five years, the main 

research is directed at off-grid systems that could save a huge amount of money by being almost 

free from any non-renewable energy sources. A small amount of non-renewable energy such as 

natural gas for the generator can be used for this system at the time where there is no sun shine. 
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So, this research will start with some choices on the on-grid system, and it will later discuss in 

detail on how the design and cost of the off grid system could provide an efficient and affordable 

renewable energy source in Missouri 
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  CHAPTER 1 INTRODUCTION 

The first thing that we have to calculate is how much power we are looking for our solar 

panel. This means how big is the house, how much energy does the family consume every day or 

every week. In order to calculate the Kwh, we need to know the capacity of the battery in Amp 

hours, and its voltage. For example if the capacity of the battery is 20AH and its voltage is 12V, 

the battery could supply 240W. Another thing on this calculation is the actual gain and loss of 

energy that we could get from the solar panel in order to compare the efficiency with respect to 

the cost. On this research, we will also compare the options between on grid and off-grid method 

of designing the solar energy system as the solar energy by itself cannot be the only source because 

of the possible climate change from one season to another. Most of the topics that will be discussed 

will be on the off grid method, I choice a generator as my main option for the back-up energy. 

On this research understanding the size of the PV is important. Different size of PV 

modules will produce different amount of power. To find out the size of PV module, the total peak 

watt produced needs. The peak power (Wp) produced depends on the size of the PV module and 

climate of site location. I will also need inverter in this research since most of our home’s power 

appliance needs AC power output. The input rating of the inverter should never be lower than the 

total watt of appliances. The inverter must have the same nominal voltage as my battery. Solar 

charge controller sizing is also important part of my research. The solar charge controller is 

typically rated against Amperage and Voltage capacities. I will select the solar charge controller 

to match the voltage of PV array and batteries and then identify which type of solar charge 

controller is right for my application. 

The block diagram below is the diagram for the beginning of my research, and how the 

supportive equipment’s of the solar energy are connected. 
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Figure 1.1 Solar system Design Block Diagram 

1.1 Solar panel 

According to the definition of, Martin DeBono, Photovoltaic (PV) solar panels are made 

up of many solar cells that are made of silicon, like semiconductors. They are constructed with a 

positive layer and a negative layer, which together create an electric field, just like in a battery. At 

this time there are two main types of solar panels, Monocrystalline and Polycrystalline. Solar cells 

made of monocrystalline silicon (mono-Si), also called single-crystalline silicon (single-crystal-

Si), and The first solar panels based on polycrystalline silicon, which also is known as polysilicon 

(p-Si) and multi-crystalline silicon (mc-Si) (Mathias Aarre Maehlum). The Monocrystalline solar 

cells are more efficient, but more expensive.  This could be helpful in saving a lot of space, and it 

gives the house hold to install more solar panels on the roof of the house. 

1.2 Photo Voltaic Supportive Equipment’s 

1.2.1 Inverter 

Inverter is a device that is used to convert from Direct Current (DC) to an Alternative 

Current (AC). Most of the efficiency of the inverters that are used in the solar installation has an 

efficiency of 90%. A lot of solar inverters uses a proprietary Maximum Power Point Tracking 
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(MPPT) technology to harvest the maximum amount of energy from the solar array. MPPT learns 

your array’s specific characteristics, maximizing its output at all times (sunpower.com). 

1.2.2 Battery 

We use batteries to store our solar energy and transfer it to the inverter. There are many 

kinds of batteries that can be used for this function. Lead acid is one the most used batteries in the 

case of solar installation, and most solar companies use these kind of batteries on their solar kit. 

Lead acid batteries have an average efficiency of 50%, but it is durable and very cost effective. 

The battery represents more than mere storage capacity. It can serve as a power conditioner by 

being part of the circuit 60 Basic Photovoltaic Principles and Methods into which electricity from 

the PV supply flows, the battery keeps the electrical load more nearly constant, and the PV array 

can be designed to operate more nearly at its optimum power output (www.nrel.gov). 

1.2.3 Charge Controller 

Charge controller is used to control the power going to the inverter from the battery. It 

ensures that the deep cycle batteries are not overcharged during the day, and that the power doesn’t 

run backwards to the solar panels overnight and drain the batteries (www.altestore.com). 

http://www.nrel.gov/
http://www.altestore.com/
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   Figure 1.2 Charge Controller 1 

1.3 Solar Installation Policies in Missouri 

Regarding the benefits of installing solar panel in Missouri, the state of Missouri has 

enacted a mandate that requires 15% of the state’s power come from renewable energy by 2021. 

(https://solarpowerrocks.com/missouri/). This is very encouraging for the solar companies to 

increase their market in Missouri, and many other United States Countries who are also mandating 

similar rules. At the present majority of the renewable energy source come from either 

hydropower, wind or solar energy. Even though the state of Missouri enacted that law, it is lacking 

state wide solar rebates and state tax credits. This state tax credits is significant rebate programs 

and special policies that can help the residents of the state to save thousands on the cost of installing 

a solar energy system on their roofs (www.energysage.com). So since there is no a state sale tax 

credit, the installer has to pay sales tax on your solar power installation purchase. But, the most 

promising thing is that the installer has a 30% federal tax credit based on the entire cost, and get 

this amount at the beginning. Most of the payment or the loans are for 15 years, so to start with 

30% returned tax could greatly encourage the homeowner to for solar system installation. 

https://solarpowerrocks.com/missouri/
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CHAPTER 2 GRID SYSTEM 

2.1 On Grid System 

Even though my main research is based on how off-grid solar energy installation in 

Missouri could save you a lot of money in thirty to forty years, by comparing to the electric bills, 

it is also important to understand what other choices might have such as on-Grid system of solar 

panel installation, where the system is tightly connected to the public utility. On Grid system solar 

installation is the most known type of installation in United States. And this choosing an on-Grid 

systems in Missouri can be divided in to three options: Solar Power purchase Agreement, Solar 

Loans, and buying solar. These options helps the individual to check with their budget and choice 

the right option that fits with their income. There is a detail research done by a group of researchers, 

www.solarpowerrock.com, on these different options of on-grid solar installation in different states 

including Missouri. Their research on the on-grid system is based on the average energy 

consumption, 5KWh. 

2.1.1 Solar Power-Purchase Agreement 

Solar Power-Purchase Agreement method is the most popular method. A PPA just means 

your solar company owns the panels on your roof, and you pay for the electricity they produce 

(Zientara). In this case you don’t pay any down payments, simply you pay monthly bill for both 

the electric bills and solar loads. At the beginning of the year, you only save $94 dollar, and you 

save around $3,140 in twenty years. Even though this saving is not very great, it is good for people 

who don’t want to pay cash at the beginning. The graph below shows, how the PPA save you over 

three thousand dollars in 20 years (Zientara). 

http://www.solarpowerrock.com/
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Figure 2.1 Solar Power Purchase Saving 1 

2.1.2 Solar Loans in Missouri 

Solar Loans is one of the three main options, where you buy the solar, and pay it in twenty 

years. The solarpowerrock.com website researchers also did a great research on how this method 

of installing solar panels could work and help the solar owners to save some amount of money in 

twenty five years. It is similar to Solar Power-Purchase Agreement that you will have a monthly 

bills, but the difference is you own the solar panels. And similar to Solar Power-Purchase 

Agreement, you pay around $1775 every month, $624 is for the bill, and $1,151 is for the solar 

loan (Zientara). And the federal tax credit that is 30% will also apply at the beginning of the year, 

and this reduce the total amount from $20,000 to $14,000 and makes the solar owner to start with 

positive $6000. Five years after you pay your loans, you will save around $1000, and in 25 years 

you save around $1,463. The good part about this option is when you own the panels after 15 

years, you will own the solar panels and the benefit will keep increasing. Even though the 



7 

efficiency of the solar panels may decrease after 25 years, they could still last for longer years. The 

graph below shows, how the solar loans in Missouri could save you around $1, 463 in 25 years 

(Zientara).  

Figure 2.2 Solar Loans in Missouri Saving 

2.1.3 Buying a Solar in Missouri 

The third option of installing a solar panel is buying the solar panels and installing them 

on your own expense. This plan is the most beneficial and you save a lot of money in the twenty 

five years of the system. Most people in United States have a culture of buying items in credit 

system, so this plan may not suit with many people, and because of this few people are expected 

to install solar panels on their own expense. In this $20,000 investment plan, you start will spend 

$14,000 at the beginning of the year, since you will have a 30% tax break. After the tax the first 



8 

year you save around $624, and that reduces your cost after the first year to only $13,376 

(Zientara). By saving that amount of money for eighteen years, you will save around $8,092 in 

twenty five years. And one of the best advantages of this plan is your home’s value will be 

increased by more than $18,000 because of your expected electricity saving over twenty five 

years(Zientara). Investing $14, 000 amount of money may seem a very big investment, however, 

it is just saving $583 per month for two years. If you have a dream of saving this amount, you can 

be wise in saving that money by working some over times or adding part time for two years, and 

enjoy the big electric bill saving for twenty five years.  The graph below shows, how buying solar 

in Missouri could save you around one $8,092 in 25 years (Zientara).  

  Figure 2.3 Buying a Solar in Missouri Saving 
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2.2 Off-Grid System 

2.2.1 Assumption 

Before we did the actual research on the use of solar energy in Missouri, I did an ideal 

calculation on home much the solar energy would save money if the sunrise and sun hours per day 

is twenty four hour, which is there is always sun light and all of its rays are on the peak angle that 

they call it sun hours. Recent studies had showed that the average bill of electricity in Missouri is 

$107.8, this means the average consumption of electricity is 35.3KWH per day or 1060KWH per 

month or 12720KWH per year. This are a good start in gathering the information’s to find the size 

of our solar panel. One of the most important thing that we need understand is unlike the electricity 

the solar panels can only store energy for one or three days if there is any unused energy left. So 

we have to be careful in using the energy. If we left our devices turned on for long hours without 

using it we could consume all of our energies that are supposed to be for the whole day. Whenever 

we want to find the size of our solar panel one of the first thing that will be asked is how many 

hours per day do we consume energy. Different people may have different input on this, but for 

now I will take an average, which is eight hours. From this I can find how much energy do I 

consume each day. To find the total energy per day, we can derive a formula from the general 

formula of calculating average energy usage (Energy we need, 2): 

Average Daily Energy Usage in Missouri= 𝐷𝑎𝑖𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 × 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐻𝑜𝑢𝑟     (2-1) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 𝑖𝑛 𝑀𝑖𝑠𝑠𝑜𝑢𝑟𝑖 =
35.5𝐾𝑤ℎ

24ℎ
× 8 ℎ𝑜𝑢𝑟𝑠

         =11.83KWH     

As I stated earlier since in our assumption our sun hour is twenty four, in order to find the 

size of the solar panel, I need to divide the total energy per day by 24 hours, and in this case I get 

493 W, and this tell me I have to look for a solar panel that could generate about 493W per day. 
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After we decided the size of my solar panel, I have to find the size of my batteries, solar charge 

controller, and inverter, as it shows in the block diagram. To find the size my battery, I use the 

following formulas (The Do It Yourself World). 

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐵𝑎𝑡𝑡𝑒𝑟𝑦 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 𝑈𝑠𝑎𝑔𝑒 𝑖𝑛 𝑀𝑖𝑠𝑠𝑜𝑢𝑟𝑖

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑦𝑠𝑡𝑒𝑚
    (2-2)  

= 
11.83Kwh

12𝑉

  =980AH 

To find the size of my charge controller, use the following formulas (The Do It Yourself World) 

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑡ℎ𝑒 𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑙𝑒𝑟 =
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐷𝑎𝑖𝑙𝑦 𝑃𝑜𝑤𝑒𝑟 𝑈𝑠𝑎𝑔𝑒 𝑖𝑛 𝑀𝑖𝑠𝑠𝑜𝑢𝑟𝑖

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑆𝑦𝑠𝑡𝑒𝑚
    (2-3) 

=
35.5𝐾𝑤ℎ

24𝐻
×

1

12𝑉

= 123𝐴𝑚𝑝𝑠 

And to find the size of the inverter, I just need to find the power load, 35.25KWH divided 

by 24 hours, which is 1.48KW. In this case, I will not need any backup generator for I assumed I 

have 24 peak hours of the sun. In this assumption, I did a rough calculation on collecting the price 

of the solar panel, installation cost, and repairing cost in twenty years. This calculation gave me 

an estimation cost of $7500 in 30 years. When I compare this with the amount of money we spent 

using the electricity in 30 years, which is $38,808, we can see a big difference in 30 years. 

However, since the peak sun light is mostly between 3 to 6 hours, so there will be a big difference 

in the overall installation cost. 
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2.2.2 Solar Energy in Missouri 

Missouri is a state in the Midwestern United States. It generally has a humid continental 

climate with cold snowy winters and hot, humid, and wet summers. In the southern part of the 

state, particularly in the Bootheel, the climate becomes humid subtropical. Located in the interior 

United States, Missouri often experiences extreme temperatures. 

Table 2.1 Total Sun Hours and Average Sun Hours in Each Month in Missouri 

In 2016 there is a history of weather which shows the highest peak sun hours is 5.89, the 

lowest is 3.50 and the average is 4.94. I also have a table that shows the number of peak sun hours 

in each month (Please see the table below). 
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Table 2.2 Peak Sun Hours in Each Month in Missouri 

These hours help us to find the average peak sun hours in Missouri in each season. As we 

can see August has the highest peak sun hours, and December the lowest. In order to find the size 

of our solar panel we need to look on these table, and find the average peak sun hours in each 

season. It would be great if we can design our system of the solar panel installation based on the 

summer peak sun hours, but since the solar system energy is based on daily source we get from 

the sun, we will definitely have a shortage of energy during the winter season. So, we will consider 

the size of our solar panel based on the winter peak sun hours. In order to find the winter we add 

the peak sun hours from December to February and divide that by 3, and when I did that I got 3.78 

hours. As it is found earlier the average energy consumption of energy per day in Missouri is 

11.83Kwh, we divide that by the summer peak sun hour, 3.78 hours, and we get 3129.6W. A solar 

panel with this amount power would be good enough in generating the amount of energy we need 

every day. However, there are several things that we have to consider about the efficiency of our 

battery and the inverter. I am using lead acid battery and the average efficiency of this battery is 

50%, and most inverters have an efficiency of 90%. In order to consider these limitation on finding 
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the right solar panel for our solar system, first we will divide the 3129.6W by the battery efficiency, 

0.50, and we get 6259.2W, and then we divide that result again by the efficiency of the inverter, 

0.9, and we get 6885.12W. Now we can look on the prices of our solar panel, and the installation 

cost to pass to the next comparison. As the price of the solar panel is decreasing every year, and 

as the number of installers is also increasing, the overall price of the solar system installation is 

decreasing. Instead of buying the parts separately, it is much better and cost effective to buy them 

as a kit. So, I found one with a price of $7,712 dollars, and the installation cost is approximately 

$10,000 for this big system. Since our main goal is to show using a solar panel could save you a 

large amount of money in years, we will account the repair and replacement cost that could happen 

in 30 years. When we say that cost includes our main thing is replacing the battery, since lead acid 

battery has 5 to 7 years of lifespan. There is also replacement cost of the inverter, repairing cost of 

the panels if they broke up or got any other problems. I did a rough calculation on this and, we 

expect to spend about $8000 in the 30 years. Even though this research is a proposal for the 

Missouri state to allow an Off-Grid system of solar installation, 30% tax credit at the first year is 

included in this research as part of the proposal. So, when I included that I arrived in the price 

$17,290 for 30 years. And if we compared this with the average electric bills in Missouri, $38,808, 

there is a difference of $21,518. Please see the figure for a better information. 
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Figure 2.4 Solar Energy Cost Vs Electric Bill in Missouri in 30 years 
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 CHAPTER 3 GENERATOR FOR BACKUP SYSTEM 

Considering a generator is one of the best choices in proving a backup for the solar panels. 

There are different kind of generators in the market, so there are a lot of choices in which type of 

generator you want to buy. When thinking about buying the generator, you have to consider, the 

price, the durability, and what type of gas does it use to generate electricity. Especially the type of 

gas is the most important thing, because when we are talking about saving, the different price of 

gases make a great difference in forty five years. There are two experiments in using the generator 

as a backup source. First, to buy a solar panel kits according to the price of the average sun hours, 

and to use a generator during the winter time for few hours. And the Second is to buy a solar kit 

according to the price of the winter sun hours, and to use a generator just for a backup source in 

order to be safe 24 hours a day having some kind of energy source. When we choice the size of 

our generator, we have to make sure we are choosing a generator that will generate the amount of 

energy we use per day. In this case, in order to be safe 24 hours a day, and in whole year, we need 

to choose a generator for the winter season. As we stated earlier for the winter season, the inverter 

needs around 3130W per day to generate an electricity for eight hours, average electricity usage 

per day. So, in today’s market the average price of a generator that can generate that amount of 

energy in eight hours is $400. These kind of generators take a gasoline that we use for our cars. 

The average price of the gasoline, in the last two years in Missouri, is around $2.25/gallon. At the 

present since the American government is drilling its fossil fuels, and reducing the oil market with 

different countries in the world, the price of the gasoline is expected to stay in its low price for 

years. 
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3.1 Buying Solar Panels based on Average Sun Hours 

To start with the first experiment, using a solar panel kits that could generate energy, 

5000W for the day during the three seasons except the winter season give us a price of $6,520 

without including the maintenance, and the installation cost. Even though most the calculations 

that we see today is based on thirty year of time, it is good to include fifteen more years in order 

to go more in detail the benefit of using a solar panel. This means most of the cost of using the 

solar system after the thirty years is the maintenance cost. If anyone has a house, we expect to live 

in the house from thirty to forty years, and if the person wants to sell the house before that, he has 

to think about the people who are buying his house. If he has to explain them about the benefit of 

using a solar panel, such as how much money they should expect to spend in the next fifteen or 

twenty years. In this case, we will use forty five years of time in comparing the prices of using 

solar system with generator and the electricity. 

The average life span of the generator that we need is 20,000 hours. With a full tank, the 

generator can run for twelve hours. As we stated earlier this first experiment is based on the solar 

system installation for the seasons with an average sun hour such as fall and spring. The average 

energy needs using a solar energy in these seasons is 2395W per day, and for winter seasons we 

will need 3130W. This number is just the output since the generator directly connect to the inverter. 

To calculate the amount energy we need from the generator, subtract the energy needs of the 

average, 2395W, from the energy needs during the winter season, 3130W, and this give us 735W. 

So, in the whole year the amount of energy we use from the generator is 735W. In order to convert 

this amount into number of hours, we can derive a formula below from equation 2-1: 

𝑊𝑖𝑛𝑡𝑒𝑟 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝐻𝑜𝑢𝑟𝑠 =
(𝐷𝑎𝑖𝑙𝑦 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 ℎ𝑜𝑢𝑟𝑠×𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝐸𝑛𝑒𝑟𝑔𝑦)

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐸𝑛𝑒𝑟𝑔𝑦
(2-4) 

=
8ℎ𝑜𝑢𝑟𝑠×735𝑊

2395𝑊
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=2.5 Hours 

As we stated earlier the maintenance cost is one of the major part that could make a great 

difference in comparing the solar system to electricity. In the case of using generator the price of 

the gas and the life span of the generator are the main things that we have to consider when 

applying it to our solar system as a backup source. To calculate the life span of the generator that 

we need for this system, the number of hours that we use per day is the most important factor, and 

from that if we want to find how many hours we use in 45 years, we can extend the equation 2-4 

by multiplying the number of days and years and get: 

𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝐻𝑜𝑢𝑟𝑠 𝑖𝑛 45 𝑦𝑒𝑎𝑟𝑠 =  𝑊𝑖𝑛𝑡𝑒𝑟 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝐻𝑜𝑢𝑟𝑠 × 𝑊𝑖𝑛𝑡𝑒𝑟 𝐷𝑎𝑦𝑠 × 45        (2-5) 

          =2.5 
𝐻𝑜𝑢𝑟𝑠

𝑑𝑎𝑦
× 90𝑑𝑎𝑦𝑠 × 45 

         =10,125 Hours 

The life span of the Generator is 20,000 hours, and from the result above we can see that 

we consume this amount of energy per year we could use it for over eighty years. And to calculate 

the cost of using unlead gas with current average price, $2.25/gallon, for forty five years, first 

calculate the amount of gallons we use during the winter per day. As we stated earlier a full tank 

of the generator is 4.2 Gallons and it can run for 12 hours. During winter time we only run this 

generator for 2.5 hours, if we use a direct proportional method, the amount of gas the generator 

consume during in one day is 0.875gal.  If we change this amount to the price, we again use a 

direct proportional method with $2.25/gallon, and we get that the price for that day will be $1.97. 

To understand how much money we would spend in 45 years, we will use the formula below. 

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑈𝑠𝑖𝑛𝑔 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝑖𝑛 45 𝑦𝑒𝑎𝑟𝑠 =  𝐷𝑎𝑖𝑙𝑦 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝑝𝑟𝑖𝑐𝑒 × 𝑊𝑖𝑛𝑡𝑒𝑟 𝐷𝑎𝑦𝑠 × 45 

       =
$1.97

𝑑𝑎𝑦
× 90 𝑑𝑎𝑦𝑠 × 45      =$8000 
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From the result above we can see that the approximate cost of using the generator for forty five 

years is $8400 when we add the price of the generator. Now if we calculate the total cost of using a solar 

panel using a generator as a backup source by adding the costs of solar panel kit ($6,520), Installation cost 

($9000), repairing cost ($12,000), and the calculated cost of using generator for forty five years ($8400) 

will be averaged to $35,900. As we stated earlier the federal government help you to cut 30% of the solar 

system installation cost. However using a generator obviously is not included in this case. Now since this 

tax credit only works on solar system, subtract the cost of using generator, $8,400, from the total cost, 

$35,900, and we get $27,000. If we cut 30% from this amount we get $19,250, and when we add this 

amount to the cost of using a backup generator, we get $27,650. When we compare this amount with an 

average bill of electricity in forty five years, $58, 212, we can see a difference of $30,562. For more detail 

see the graph below. 

Figure 3.1 Solar Energy with a backup Generator Cost Saving Based on Average Sun Hours 
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3.2 Buying Solar Panels based on Winter Sun Hours 

 To go back to our second experiment, we use a generator only as a backup source and 

install a solar system according to the energy needs during the winter time. In this case since it is 

off-grid system and batteries discharge is calculated according to one day, there could be a time 

where there is power, because of a strange consecutive cloudy days during the winter time. There 

are 90 days in winter, and out of these days there are always days where there is no-sunlight to 

power the solar panels. The weather forecast shows that the average cloudy days, and foggy days 

in Kansas City and St. Luis is 48, and 39 days consecutively. Even though the average weather 

history of Missouri is not stable like many other Cities and States in United States, we will take 

that to approximate the possible consecutive cloudy days where alternative source is needed. Now 

we approximate 8 days out of those 90 days of winter as a cloudy and foggy where there is no 

sunlight to power up the solar panels, the generator will be used as a backup source for the system 

in those days. We will do the same calculation as the first experiment, and use the same generator 

to power up the system. First we start by calculating the number generator hours in 45 years using 

equation 2-5 

𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝐻𝑜𝑢𝑟𝑠 𝑖𝑛 45 𝑦𝑒𝑎𝑟𝑠 =  𝑊𝑖𝑛𝑡𝑒𝑟 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝐻𝑜𝑢𝑟𝑠 × 𝑊𝑖𝑛𝑡𝑒𝑟 𝐷𝑎𝑦𝑠 × 45 

                                                                     = 8
𝐻𝑜𝑢𝑟𝑠

𝑑𝑎𝑦
 × 10𝑑𝑎𝑦𝑠 × 45 

        = 3,600 Hours 

 To calculate the amount of gallons that the generator consume in 45 years, and then 

the price, we again use the same method, and the calculation will give us 1.31gal per day during 

the possible cloudy and foggy days, and $2.95 in money wise. From this we can calculate the total 

cost of using a generator in 45 years using the simple formula below 

             𝐶𝑜𝑠𝑡 𝑜𝑓 𝑈𝑠𝑖𝑛𝑔 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝑖𝑛 45 𝑦𝑒𝑎𝑟𝑠 = 𝐷𝑎𝑖𝑙𝑦 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑜𝑟 𝑝𝑟𝑖𝑐𝑒 × 𝑊𝑖𝑛𝑡𝑒𝑟 𝐷𝑎𝑦𝑠 × 45..(2-6) 
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 =    
$2.95

𝑑𝑎𝑦
× 10 𝑑𝑎𝑦𝑠 × 45 

 =$1,329 

From this result we can see that the approximate cost of using a generator for forty five 

years is $1729 when we add the price of the generator, $400 to it. In this experiment since we are 

using a solar system based on the sun hours of the winter season, we need to add additional solar 

panels, and batteries to our system, and hence the cost of the solar system will increase 

significantly. In winter season the amount of solar energy we need to power up the system is about 

6885W, and when we add the additional panels to the system the cost of the solar kit will be around 

$7,710. And since we are also adding panels, the repairing cost will also increase in small number, 

around $500, and make the repairing cost to around $12500. Also the installation cost will increase 

since the installers charge you with respect to the solar energy needs, and that cost jumps up to 

around $10000. Now we add all the solar system costs, without including the generator costs, just 

like we did in the first experiment the total cost will be approximated to $30210. Again if we add 

that 30% tax credit to that cost drops to $21147, and since the tax credit is only for the solar system, 

we add the cost of using generator, $1729, to this amount, and get $22,876. This method looks 

more beneficial than what we already saw in the first experiment, and is another promising method 

to save a huge amount of money when comparing it with an average bill of electricity in forty five 

years, $58, 212. For more detail see the graph below. 
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Figure 3.1 Solar Energy with a backup Generator Cost Saving Based on Winter Sun Hours 

As we can see in the graph, the cost solar system is a linear function just like the electric 

bill cost. We put all the cost of the solar system together even though we may spend more in some 

range and less in others. When we subtract the peak cost in the graph it give us 35,336. So, using 

a generator as a backup source is both beneficial in terms of money and safety. As we already 

stated earlier the weather forecast of Missouri, during winter season, changes every year, so the 

need of the generator may change from one season to the other evenly, but it may not affect that 

number greatly, as the winter season constitute one fourth of the whole season. 

0

10000

20000

30000

40000

50000

60000

70000

1 2 3 4 5 6 7 8 9 101112131415161718192021222324252627282930313233343536373839404142434445

Electric Bill in 45 years vs Solar System in 45 years

Electric Cost in 45 Years   Solar Panel Cost in 45 Years( second experiment)



22 

 CHAPTER 4 FUTURE COSTS AND PROSPECTIVE TECHNOLOGY 

4.1 Powerwall 

Almost thirty percent of the cost of using solar system in forty five years is the repairing 

and maintenance cost, and the battery replacement covers most of this cost. As we stated in the 

previous discussion about the life span of the batteries and their efficiency, our cost effective 

batteries such as lithium batteries have short life span and are less efficient. There are other 

batteries that are more efficient and have better efficiency, but their cost is much higher which 

doesn’t help the solar installers to save money through time. However, a recent technology is 

opening another better opportunity of battery system, Powerwall, that is very efficient and have a 

long life span, and is cost effective. 

According to the definition Ashley Watters, The Tesla Powerwall is a battery pack 

designed for your home. This lithium-ion battery can also be used as an alternative for powering 

up your home. Depending on your needs and goals, you can utilize the Tesla Powerwall to power 

your home at night with built-up solar energy, use as a backup, or even develop a system to go off-

grid. 
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Figure 4.1 Schematics of Power Balls 1 

 At this time there are two models of a Power wall batteries. Model 1 has a capacity to store 

up to 6.4KWh, and Model 2 has a capacity to store up to 13.5KWh. Both have more than enough 

amount to store energy for the average daily electrical consumption in Missouri. As it is already 

discussed the solar panels size depends on the sun hours of the area and the efficiency of the 

batteries and the inverters. This tesla Powerwall has an efficiency of 90% for ten years, and their 

efficiency will drop to about 80% after that. With less efficiency, the battery could be replaced in 

every 15 years. The price of one Powerwall battery, model 1, with its tools is about 3,700. In forty 

five years by changing the batteries three times, we could spent $11, 100. And since the efficiency 

of this battery is 90% to 80%, the size of the solar system will be much smaller. If we consider an 

efficiency of 85% for the battery in fifteen years, and the efficiency of the inverter 90%, the size 

of the solar energy could be determined by dividing the actual need by the efficiency of the battery 

and the inverter: 

Size of Solar Energy =
Solar Energy needed on Winter

Efficiency of Battery
×

1

Efficiency of Inverter 
         (3-1) 

         =
3129.6W

0.85
×

1

0.90
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     =4090.1W 

This amount of energy is much smaller comparing to the 6885.12W energy requirement 

with the lead acid batteries. Then the smaller the solar size is the less amount of money we spend 

on both the buying the solar panels and installing them. Again the possible amount of money that 

could be spent with the Powerwall battery and the previous lead acid batteries in forty five years 

is similar, $11,100 and $10,200 respectively. However the model 1 Powerwall has a great 

advantage over the Lithium batteries that we have used in our calculations, in the case of storage, 

because it has a lot of extra space to store energy during the windy or foggy days. 

4.2 Cost of solar Cells over time 

When talking about any comparison with respect to time, there is always a change 

in cost and quality of the required tools. As the technology is growing fast, the importance of using 

the solar systems is already known that is beneficial, it is inevitable that the number of companies 

who would involve in this technology will increase. According to the NREL research report in 

1977, the solar cost was $77/watt, but in 2017 the cost is $0.64/watt. If the difference is change to 

a percent it is 99.2% change in forty years. This is showing us a lot of companies are in a big 

competition, and this is giving the public a big opportunity to choice the cheapest one possible. 

Even in the last eight years, there was a breakthrough in the cutting price of the solar cells. In 2009, 

the cost of installing solar panels was $7.06/watt, and in 2016 the cost dropped to $2.93/watt. This 

is also showing us that, even the sharp decrease in the cost is happening in the last decades. At this 

time there are a lot of big and small residential solar installers such as, INTEGRATESUN, 

BRILLIANT HOMES, FREEMAN SOLAR, SOLAR WATT SOLUTIONS and soon. Since the 

number of solar companies is keep increasing, the GTM research on the solar cost is expecting to 

see 27 percent drop in average global project prices by 2022, and 4.4 percent each year. 
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One of the most important thing that the public has to understand is that the Solar system 

is a renewable source of energy, and there is no doubt that there will be no more sun light unlike 

the fluctuating cost of fossil fuels that depends on the market of the world. Once you understand 

the sun hour of your location with respect to the four seasons, the only worry is the possible slight 

change in the climate change of the area, and since there is a backup generator, it cannot give a 

huge difference in the expected cost. 
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    CHAPTER 5 CONCLUSION 

Solar energy for public energy system is promising method of saving money from a 

monthly electric utility bills. Today most of the states are required by law that certain amount of 

their energy source should be from the renewable energy, and since the presence of the sun is 

unquestionable, the number of solar companies is keep increasing. As the number of the solar 

companies increase, the price for the solar panels is also dropping with a great percent, and this is 

giving the public a great chance and is advising to use this opportunity into their advantage. At 

this time Missouri is holding the rule that all the solar installations to be tightly connected to the 

public utilities, which is called On-grid system. The way someone choices how to install solar 

panels is mostly based on his financial status. The more a person can pay the down payment, the 

more he will save money. 

Even though the state of Missouri is not allowing the person to be independent of the 

public utilities, this research is aiming to show that the an Off-grid system of solar installation is 

the best way for the public to save a huge amount of money in forty five years. On this research 

all of the calculations that is done is based on the user to completely pay for the system from his 

own at the beginning. And as shown in the calculated results, choosing an Off-grid for your energy 

system save you a lot of money. Using a generator as a back system is the primary choice for this 

system design, and it shows that the average the amount of money you would spend in forty five 

years is $22,876, and comparing this amount to the amount of money you would spend using the 

electric bill in forty years, $58,021, brings a big saving, $35,145. And one of the promising thing 

about choosing solar system is that the continuously dropping in the price of the panels. Even 

though the state of Missouri is not allowing the Off-grid system, a person can individually buy the 

panels, and choice the installers, and since numbers of installers is  increasing the people is getting 

more opportunities in getting the cheaper ones, from different angles. So, using this detailed 
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calculated result, based on the present cost of the solar installation needs, I would like remind the 

state of Missouri to allow an Off-grid solar energy system for a better saving.  
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