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ABSTRACT

The increasing demand for electricity and the decreasing availability of nonrenewable natural resources have driven up electricity prices throughout time. An
increasing number of residential homeowners have begun to invest in solar photovoltaic
systems in order to limit the costs associated with powering a home. Due to large subsidy
programs, decreasing costs for solar investments, and increasing costs per kilowatt-hour
of grid electricity, a solar investment is already a favorable option for many Americans.
This study aims to understand when the most economical date in the future will be for
Americans to install residential solar systems; based on a number of different scenarios. 4
models were analyzed in both California and New Jersey where residential solar power
investments are becoming a norm. The models each have different scenarios which
ultimately affect the overall costs of installing a residential solar system. This paper seeks
to answer one major question: where does a solar investment make the most sense, and
what factors are driving the overall cost-savings.
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Chapter 1 Introduction

1.1: Introduction to a Home Electricity Bill
For all homeowners, there are costs associated with running the appliances within the
home that make it a livable and functional space. Such appliances can include: refrigerators, air
conditioners, coffee makers, televisions, lights, and any other appliances that is plugged into an
outlet that requires electricity to function. Depending on the size of your home, the number of
appliances using electricity, and the number of people living within the home, the electricity
consumed can be expensive. For the average American, an electricity bill comes in the form of a
monthly payment from a large utility company. The bill, sent to your home each month, is
derived from an electric meter connected to the outside of your home. The meter measures how
many kilowatt-hours your home consumes each month by allowing the energy entering the home
for use to be sent through a set of small wires surrounding a shaft. The energy passing through
these wires creates an electric field that induces the shaft to turn. The shaft is connected to a
graduated disk and a set of gears, which turn a set of numbers that corresponds to the number of
kilowatt hours the home, has consumed (Merrillan, 1). An employee from the utility company
can manually read these numbers, and does so approximately every thirty days. By subtracting
the current kilowatt reading from the previous months reading the technician can determine your
kilowatt-hour usage for the month (Merrillan, 1).
A homes monthly electrical bill is calculated by taking the total number of kilowatt-hours
used in a given month and multiplying it by the kilowatt-hour price given by the utility company.
Although this is a standardized calculation, the actual price per kilowatt-hour provided by the
1

utility company varies depending on location, source of electricity generation, supply and
demand, and number of consumers. For example, as seen in figure 1.1, Los Angeles county
residents paid 20.3 cents per kilowatt-hour in September 2013. This value was 48.2% more than
the national average of 13.7 cents per kilowatt-hour (Bureau of Labor Statistics, 1).

Figure 1.1 Avg kWh Prices in CA Relative to the USA (Source: Bureau of Labor Statistics)

The exact process for how kilowatt-hour prices are determined by the utility company is
not the main purpose for this study, but it is important to note that the sources of energy from
which the utility companies produce electricity has an effect on the end price for consumers. As
previously noted, Los Angeles has kilowatt-hour prices much higher than that of the United
States average. According to the California Energy Commission, retail electricity suppliers are
required by law to disclose information about the sources of energy used to generate the
electricity they sell to consumers (California Energy Commission, 1). As seen in figure 1.2, in
2010 Southern California Edison, a major supplier of retail electricity, generated 37% of their
2

total electricity from natural gas, 19% from nuclear, and the rest from a mix of coal,
hydroelectric, and other eligible renewable sources. The 2010 total power mix for California,
which can be seen in column two of figure 1.2, generated 42% of their total electricity from
natural gas. The heavy reliance on natural gas in both columns is certainly a leading factor in
understanding the cost per kilowatt-hour. When natural gas prices rise, or futures prices for the
commodity rise, the result will be increased purchase prices for the utility companies. Some of
those extra costs will be passed onto consumers, thus leading to higher residential kilowatt-hour
rates.

Figure 1.2 Southern California Edison Power Content Label (Source: sce.com)
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1.2: Alternative Source of Electricity Generation: Solar Power

The other alternative to paying a monthly utility bill is to purchase an energy system that
is able to provide the household with all or most of its electrical needs. Solar power has been
growing at a rapid pace in recent years; driven by subsidies, renewable portfolio standards, and
declining capital costs (Barbose, 5).
For those concerned with limiting their carbon footprint, solar photovoltaic (PV) systems
also provide benefits because they are a source of renewable energy. Renewable energy is the
term used to describe energy from a source that is not depleted when used; such as wind or solar
power (Oxford Dictionary). In the case of solar energy, the solar photovoltaic cells convert the
suns energy into electricity (physics.org) When the sunlight reaches the silicon atoms of the solar
cell the sunlight’s miniscule particles, called photons, transfer their energy and knock electrons
off of the atoms in the solar panels semiconductor (physics.org). The loose electrons are then
passed into a current which results in the generation of direct current (DC) electricity
(science.nasa.gov). An inverter transforms the DC current into an alternating current (AC) which
can be used to power the home. A solar photovoltaic (PV) system is a large number of individual
cells connected together. Figure 1.3 shows how solar cells are paired together to form a
photovoltaic system. The more solar cells that are connected together, the more kilowatt-hours
the solar system can produce. Unfortunately the array of solar panels take up lots of room, so
depending on the size of the homes roof there may not be enough room to install enough panels
to power 100% of the homes electrical needs.
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Figure 1.3 How Solar Photovoltaic Systems Are Created (Source: science.nasa.gov)

An important note to consider is whether or not the solar panel system is still connected
back to the electricity grid. If the solar system is not connected back to the grid then the energy
produced by the solar cells is the only source of electricity for the home (eere.energy.gov, 2002)
Today, most homeowners that install solar systems choose to connect their systems back to the
electricity grid in order to ensure all their energy demands are met (eere.energy.gov, 2002). Solar
power is only generated during the daytime, and varies according to the angle of the sun hitting
the panels. Other factors effecting photovoltaic cell production include: seasonality, cloud cover,
and the overheating of solar cells (Borenstein, 7). In the hours when energy produced exceeds
energy consumed, the solar system can transfer energy back to the grid, and the homeowner will
be monetarily compensated for its contribution to the grid. However, in hours when the solar
cells are not producing energy the home will have the ability to consume grid electricity, and the
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homeowner will pay the utility company per kilowatt-hour consumed (eere.energy.gov, 2002).
Figure 1.4 provides a visual understanding of how a solar system is connected to the house and
also back to the electrical power grid.

Figure 1.4 PV System Connected to Power Grid (Source: eere.energy.gov, 2002)

One other valuable addition to a solar photovoltaic system is to incorporate a solar battery
backup. If your home runs solely on grid electricity it is subject to blackouts from natural
disasters or power outages (solarpowerworldonline.com, 2013). These power blackouts can last
for days or even weeks; as was the case for many Americans during hurricane Sandy.
Fortunately for those with residential solar systems, the inconvenience of living without power
can be avoided with a battery backup. Running your refrigerator, charging your cell phone,
keeping your home security system running, and providing basic lighting are all possible with a
battery backup during times of crisis (Solarcity.com, 2013) The battery works through a process
6

known as AC coupling where the batteries inverters are on standby until the grid goes down
(wholesalesolar.com, 2013). Once the grid has a stable current and stabilizes for five minutes the
battery will switch back off and the solar system will never know the difference
(wholesalesolar.com). Figure 1.5 shows a solar PV system tied to both the grid and a battery
backup.

Figure 1.5 grid-tied solar PV system with battery backup (Source: wholesalesolar.com)

The biggest drawback to solar power is the capital costs associated with the purchase and
initial installation of the panels. These solar panel systems are comprised of: photovoltaic panels,
a power inverter, charge controller, and a battery. The purchase price of one of these systems
varies due to size, wattage, and purchasing company. The solar industry currently estimates the
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price each photovoltaic system using a price per watt ($/W) measurement. In 2012 the price per
watt for installed solar was $5.2/W (Barbose, 2).

1.3: Objective of Thesis

The objective of this thesis is to develop 8 different models to calculate the most
economical date in the next 30 years to switch from paying monthly utility bills to purchasing a
self-sustaining solar photovoltaic system for a residential household. Many factors will be used
to determine this date including: the location of the household, the cost per kilowatt-hour, the
number of kilowatt-hours consumed by the home, the cost of a solar photovoltaic system, solar
subsidies, and the cost of a backup solar storage battery. Each of the eight models will combine
different factors in order to understand what drives profitability. California and New Jersey will
be the two states in which the models are based. The reason for using these states is they are
currently two of the three largest installers of solar power, which can be seen in figure 1.5, and
also have a large differentiation between the costs of purchasing kilowatt-hours from utility
companies in their respective states.
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Figure 1.5 Solar Installations by State (Source: SEIA, 2013)

There will be four models for each state in which savings from a residential solar
investment project will be examined. Model 1 will be a California home that takes both subsidies
and a battery backup into account. Model 2 will be a California home that takes subsidies into
account, but does not incorporate a battery backup. Model 3 will be a California home that
incorporates a battery backup, but does not include subsidies. This study deems it important to
not only understand the current layout of the United States residential solar panel marketplace,
but to also understand what the cost savings of a solar installation would be in an unregulated
competitive marketplace. Model 4 will be a California home that excludes both subsidies and a
battery backup. Models 5-8 will all follow the same pattern as 1-4, however the home will be
based in New Jersey instead of California. This location difference will have major implications
9

on total cost savings; as can be seen in greater detail under the data analysis section. Table 1.1
shows a visual breakdown of what will be included and excluded from each model.

Table 1.1 Scenarios for the 8 Models
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Chapter 2 Literature Review

The solar power industry is still highly uncharted territory, but several studies and
scholarly journals have begun to shape the backbone of the solar panel installation market in the
last two decades. While the solar panel market has grown by 33% annually since 1997, there is
still a limitless supply of additional research that can be conducted in this industry before the
entire market is fully understood. What you will see from this literature review is that historical
solar photovoltaic research is coming largely from different California University Institutions;
which seems logical due to California’s solar radiation exposure, current costs of grid electricity
per kilowatt-hour above the national average, and its forwarded-thinking “green” population on
university campuses. This literature review will attempt to unveil the research that has already
been conducted in the solar photovoltaic industry, and will help distinguish between the benefits
and detriments of running a home on solar power. This literature review will also provide a brief
history of the United States’ electricity market; which is the main competitor to the solar panel
industry.
Before presenting findings on current-day research on solar photovoltaic energy, some
background information on the current grid-generated electricity market, and a brief
understanding of why electricity prices are volatile, is needed. According to researcher Mika
Goto, the most common way a home receives electricity in the United States is through a
wholesaler. Since 1992, when the U.S. deregulated the electricity market through the EPA act,
the electricity market has become highly competitive (Goto, 9). Of all the energy generated for
electricity, 50% is created through coal burning, 20% through nuclear, 18% through natural gas,
and 7% through hydropower (Goto, 9). Although there are a variety of ways in which
11

wholesalers can generate electricity, they have an industry-wide stranglehold over their
customers when it comes to pricing. Demand for electricity is highly inelastic, which means that
the customer will likely pay any price to obtain the commodity because it is so valuable to
him/her (Goto, 3). Demand in the electricity market changes throughout the year; based on the
weather/seasonality and business-related activity (Goto, 3). When there are low levels of demand
the electricity is generated from base-load units, which have low marginal costs. However, when
demand is high, extra generators must enter the grids which have higher marginal costs (Goto,
4). Nevertheless, the customer is always required to pay the designated kilowatt-hour rate (kWh);
and this is where solar power can help change the electricity market.
Currently the solar photovoltaic (PV) industry is divided into four segments: consumer
applications, remote industrial electrification, developing countries, and grid-connected systems
(Hoffman, abstract) Winfried Hoffman, a professor at Penn State University, stated in his
research that the PV market had reached 600 mega-watts by 2003 but will not compete with
electricity generated from utility companies no earliest then 2010-2020. Professor Hoffman’s
research does leave room for 10 years of scientific error, due to the different costs associated
with retrofitting a home with solar panels.
The first reason certain areas of the globe are more likely to use solar panels is due to
solar radiation exposure. Research from California University at Berkley suggests that solar
panels are more likely to successfully generate power for a home where sun radiation is most
prevalent (Borenstein, 7). Solar power is only generated during the daytime, and varies according
to the angle of the sun hitting the panels. Other factors effecting PV cell production include
seasonality, cloud cover, and the overheating of solar cells (Borenstein, 7).
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Subsidies are another huge factor in determining whether solar panels are an optimal
energy generation source. Subsides are used in the solar industry to help lower prices for
consumers, begin exploring new technologies that would not be explored without funding, and to
help drive economic progress (Borenstein, 7). Research conducted by Ryan Wiser looked closely
at the solar subsidy market in California. Currently there are two California commissions that
issue solar subsidies; the California Energy Commission (CEC) and the California Public
Utilities Commission (CPUC). These two commissions give out ‘buy down’ rebates which
decrease the cost of solar installations for consumers (Wiser, 2). Since 1998 the two
commissions have paid out roughly 400 million in solar rebates, and the California Energy
Commission has already dedicated 3.2 billion dollars through 2017 for customer-sited solar
installations (Wiser, 1). The CEC systems are reducing solar installation costs by 7.3% annually;
but that savings could potentially be even higher if different subsidy strategies were employed.
Ryan Wiser’s research concluded that subsidies are not as effective as they could be because the
subsidies lead to dampened motivations for installers to lower their own prices. The study
showed a tight correlation between rebate levels and average pre-rebate installed costs among the
CEC founded systems. Every $1/W AC change in rebate level led to a $.55/W AC increase in
panel prices (Wiser, 4). This means that when solar subsidies are increased, a huge portion of the
savings is eliminated due to the increase in solar panel prices by system retailers. To put it
simply, system retailers get away with charging higher prices when subsidies are made available.
Wiser’s analysis also concluded that higher subsidy levels by the CPUC have not motivated
system cost reductions as well as the lower subsidy levels given out by the CEC (Wiser,5). The
study offers solutions like removing rebate caps to encourage cost reduction and to create
sustained long-term subsidy programs that will help drive down costs (Wiser, 7). The study used
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Japan’s long-term subsidy program as an example of a well-functioning subsidy program;
referencing Japan’s larger and more stable solar market over the last decade.
In Severin Borenstein’s research paper, “The Market Value and Cost of Solar
Photovoltaic Electricity Production”, Borenstein gives an excellent overview of the benefits and
detriments of generating electricity through PV energy. One reason Borenstein finds PV energy
to be so beneficial is because it is created ‘on-site’ for the final consumer. What this means is
that the electricity produced does not have to be transmitted and distributed from a wholesaler;
which was estimated to cause 7% of total energy generated to be lost through the transportation
and distribution process. The saved energy even increases to a higher rate during the summer
months when more energy is dissipated as heat during transportation (Borenstein, 3). Following
the same idea that PV energy is better because it is created on-site, Borenstein also notes that
solar energy is far less vulnerable to terrorist attacks. Because the energy does not need to be
transferred, and because it will not be produced at a utility site that distributes electricity to other
customers, the chances of losing power to a terrorist organization is far less likely (Borenstein,
4). Another benefit that Borenstein’s research notes is that the actual electricity is free to
consume. While an individual who receives electricity from a grid is subject to monthly price
changes, the solar powered home does not have to worry about this. This is a huge benefit during
the summer months when electricity peaks in price. The reason for the increased kWh price
during the summer is due to increased demand and increased heat dissipation (Borenstein, 1).
However, this benefit can also be negated when a wholesaler of electricity gives a flat yearly
kWh rate to its customers. Borenstein’s research determined that when such a contract is agreed
upon the premium value of solar power can be as low as 0%-20% (Borenstein, 26). One final
benefit Borenstein notes is the fact that generating energy from the sun is much better for the
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environment. Solar energy helps lower both greenhouse gas emissions and also regional
pollutants such as NOx and SO2 (Borenstein, 4). Monitoring the overall carbon footprint that
humans generate will be a huge hurdle for future generations, due to the increasing amount of
evidence that proves our industrialized way of living is heating up the planet we live on. Having
an energy system that lasts upwards of 25 years and never burns a single natural resource to
generate electricity is certainly a benefit for individuals truly looking to minimize their personal
carbon footprint.
Although there are plenty of benefits to solar energy, Borenstein does conclude in his
analysis that solar energy is not necessarily the optimal choice for consumers just yet. One of the
reasons solar energy is a concern is due to the upfront costs associated with installing a system in
a house. It is estimated in his paper that a 10kW system will cost 80-thousand dollars in
installation fees (Borenstein, 19). The costs of the installation include the physical parts and also
labor. Costs have been dropping steadily for years, but the level of cost savings has started to
flatten out in recent years (Borenstein, 19). Even once the 80K investment is made, the customer
also has to account for the replacement of the inverter which happens every 5-10 years.
Replacing the inverter costs about 8-thousand dollars for a 10Kw system; and this replacement
will likely occur twice over the lifetime of the solar panels (Borenstein, 20). Furthermore, the
customer will see a decrease in energy production from its system due to old machinery and
soiling. Solar production from the cells declines on average 1% every year, and soiling, or dirty
panels, can decrease cell productivity by up to 5% (Borenstein, 21).
To conclude, it seems through currently published research that many benefits of solar
photovoltaic energy are presently understood; but the timing may just not yet be right to retrofit a
PV system onto a residential home. Although different discount rates in a discounted cash flow
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model would significantly alter the lifetime costs associated with a PV system, Borenstein
believes that a discount rate as low as 1%-3% would be necessary to give a premium value to a
solar panel installation project (Borenstein, 20).However, one area Ryan Wiser sees an
opportunity for solar installations is when installing power systems for a new housing
development. With economies of scale working in a large developments favor, Wiser concludes
that new residential development systems would have costs that were $1.2/W AC less than an
individual home being retrofitted (Wiser, 5). Nevertheless, as natural resources start to be used
up more and more quickly, the price of wholesale electricity will continue to rise, and those
higher electrical bills will continue to make solar a more attractive option in the upcoming years
(Borenstein, 21).
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Chapter 3 Data Review

3.1: Electrical Grid Data Review
In order to capture the cost savings of installing a solar system on a home, it is first
imperative to understand the costs associated with running a home strictly off of grid electricity
provided by a retail utility company. As stated previously, the basic formula for kilowatt-hour
(kWh) pricing is the price per kilo-watt hour designated by the utility company multiplied by the
number of total kilowatt-hours consumed. For example, if a household consumes 20kWh per day
and the utility company charges 9cents per kWh, then the cost of electricity is $1.80 per day. As
stated in the objective section of this study, a theoretical home was created in both California and
New Jersey. The retail utility company used in this study for California is Southern California
Edison, and the retail utility company used in New Jersey is Atlantic City Electric.

3.2: Costs per kWh Data Review
In New Jersey kilowatt-hour rates are based on a flat-rate system, meaning that each kWh
consumed costs the same amount no matter what time of day it is consumed. Atlantic City
Electric is the electrical utility company that data was obtained from for this study. Atlantic City
Electric allows customers to shop local rates that are available through retail companies. In
October 2013 the cheapest flat rate provided by Atlantic City Electric was $.0956; as can be seen
in figure 3.1 (atlanticcityelectric.org).
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Table 3.1 Atlantic City Electric RS Cost Per kWh (Source: atlanticcityelectric.com)

Contrary to this method is the California structure where a tiered-rate system is in place.
The utility company used in this study, Southern California Edison, charge different rates
depending on the number of kilowatt-hours consumed in a day. See appendix A for a detailed
review of how kilowatt-hours are calculated by Southern California Edison. The reason for this
tiered system is to incentivize individuals to conserve energy and to avoid unnecessary waste.
Individuals who consume more energy will be charged higher kWh rates for each consumption
threshold he or she crosses (southerncaliforniaedison.com). Figure 3.2 gives a 4-tier price
structure example that is used at Southern California Edison. Figure 3.3 shows the 1st of 4 daily
baseline allocation rates for a residential home. A home that consumes up to 100% of the 1st
daily baseline will be charged at the tier 1 price. After that baseline has been passed, 100%-130%
of total consumption is charged at the tier 2 price, 130%-200% is charged at the tier 3 price, and
each kWh consumed over 200% of the 1st baseline is charged at the tier 4 price (sce.com)
The consumption baseline is different for 6 summer and 6 winter months, but due to the
inexact science of projecting future kWh rates, the data presented in this thesis is simply the
average value of all 12 months. This study used values from baseline region 9, which is where
this studies theoretical home will be located.
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Table 3.2 Four-Tier Price Structure Sample (Source: sce.com)

Table 3.3 Daily Baseline for kWh consumption (Source: sce.com)

In order to forecast future kWh prices, an inflation rate is necessary. According to the
Edison Electric Institute, “electric prices, unlike the prices for most other popular consumer
goods- did not keep pace with the rate of inflation for many years despite an ever-increasing
national appetite for electricity” (eei.org, 2006) Since 2000, the Edison Electric Institute has
calculated a 2.5% average annual electricity inflation rate for the United States (eei.org, 2006)
This data however only takes into account years 2000-2006, so a second source was used to get a
more accurate inflation rate for a longer period of time. The United States Energy Information
Administration (EIA) had annual data from 2001-2014. After calculating the average annual
growth, a historical inflation rate of 2.8% was calculated for years 2000-2014 for the entire
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United States. This inflation rate of 2.8% will be used for all future years, but the percent
inflation in each quarter will vary. By looking at regional data provided by the EIA, a percentage
of the total was designated to each of the four yearly quarters based on seasonality and location.
The Mid-Atlantic region, where New Jersey is located, had 0.341% growth in Q1, 0.610%
growth in Q2, 0.928% growth in Q3, and 0.922% growth in Q4. The Pacific region, where
California is located, had 0.74% growth in Q1, 0.91% growth in Q2, 0.36% growth in Q3, and
0.78% growth in Q4. These quarterly inflation values remain constant throughout the analysis;
however the actual kWh prices will increase due to this inflation analysis.

3.3: Household Consumption
Due to a lack of currently published data on yearly consumption, this study used utility
company sales and total number of households serviced to calculate an average homes yearly
kWh consumption. Data from 1999-2012 in regards to total monthly sales and total monthly
households serviced was available on the EIA website (eia.gov/electricity/eia826). Once the data
was properly formatted to only show data for Atlantic City Electric and Southern California
Edison, historical averages were calculated for each year. One other important note was that this
data only counted each house as a single consumer; but this study was designed to address the
needs of an average size family. Therefore total consumption was multiplied by 3 to reflect the
average family size in the United States. According to the US census bureau, the average family
size at last census was 2.59 persons; which was rounded up to 3 full persons per household
(census.gov, 2010)
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Once the data for historical kWh consumption was calculated, an inflation rate was
applied to understand the year-over-year growth in electricity consumption. As houses continue
to get larger, and more appliances are added into a home, the overall number of kilowatt-hours
needed increases. After all growth rates were calculated from 1999-2012 the average growth per
year was calculated. For the New Jersey models the average yearly inflation rate was .4% and the
average for the California models was .98%. These values were then divided by 4 to represent
average quarterly inflation; .1% for New Jersey and .244 for California.

3.4: Solar PV System Data Review
For this study, solar data was obtained by calling reputable solar companies and getting
physical quotes in regards to size and wattage from their sales representatives. In both locations
the home has been fitted with enough photovoltaic panels to generate 100% of the homes
electricity needs. In this study, models 1-4 located in California will require a 27 panel PV
system with 6.8kW of capacity. Models 5-8 in New Jersey will require a 32 panel PV system
with 8kW of capacity. Table 3.1 shows the size and wattage of each model’s PV system. This
company differentiation was necessary due to location, sunlight exposure, and electrical
consumption data. Models 1-4 in California will all be the same price and size, but will be
different than the 4 models in New Jersey. Models 5-8 in New Jersey will all be the same.
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Table 3.4 Number of Panels and Wattage per Model

The installed price is a measure of total upfront costs associated with a solar investment.
Currently the installed price-per-watt for solar systems with less than 10kW in capacity is
$5.2/W (Barbose, 2). This is based on a national average. New Jersey posts a $4.6/W average
and California posts a $5.7/W average. Differences in price per watt from state to state cannot be
fully attributed to one factor. Some potential factors include: greater competition and efficiency,
more extensive bulk purchasing, and better access to low-cost products (Barbose, 26) Figure 3.4
shows the median, 20th and 80th percentiles for installed price pew watt with less than 10kW
capacity.

Figure 3.1 State Wide $/W for Systems <10 kW (Source: Barbose, 25)
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Figure 3.2 Median Values of Installed Solar From 1998-2012 (Source: Barbose, 12)

This installed price per watt has decreased significantly over time; as can be seen in
figure 3.5. Over this time period installed prices have declined by an average of $.5/W (6-7%)
per year (Barbose, 14). The decline in price is primarily the result of the actual solar modules
price decreasing (Barbose, 15). Figure 3.6 illustrates the effects of decreasing module prices in
relation to the implied non-module costs and total installed price (Barbose, 15).

Figure 3.3 Breakdown of Average Install Costs From 1998-2012 (Source: Barbose, 15)
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The module price will not decrease because of its already low cost. This study cannot say
with confidence that the module price will drop any lower, so only implied non-module costs
will be lowered. As the module price nears $0.00/W, which can be seen in figure 3.5, the implied
module costs become the main determinant of total installed costs. Implied module costs include:
inverters, mounting hardware, labor, permitting and fees, overhead, taxes, and installer profit
(Barbose, 16). From 1998-2012 implied module costs fell $2.5/W or $.017/W per year (Barbose,
16). This $.017/W will be used as the standard decrease in solar prices for each year after 2013.

3.5: Solar Subsidy Data Review
As this study concluded from previous research, solar subsidies currently play a major
role in the solar panel industry. Subsidies are used in the solar industry to help lower prices for
consumers, begin exploring new technologies that would not be explored without funding, and to
help drive economic progress (Borenstein, 7). These subsidies can come through all levels of
government and through programs funded by the retail utility companies. The most widely used
solar subsidy is the 30% tax credit that is given by the federal government for residential solar
panel installation projects (Energy.gov). This study also was able to obtain data in regards to
subsidies that the models would incur according to the restraints. In California, models 1&3 will
receive a $.20 credit for each watt in the PV system. This subsidy comes from a California
Public Utility Commission (CPUC) program, and is paid out by the Southern California Edison
Rebate program (DSIRE, 2013). In New Jersey, models 5&7 will also receive the 30% tax credit,
and will also participate in the Solar Renewable Energy Certificate (SREC) program (DSIRE,
2013). These SREC’s rebates are given to residential solar system owners each time 1 megawatt24

hour is produced by their system (DSIRE, 2013). The SREC’s are given out because of the state
law that “requires each electricity supplier/provider serving retail customers in the state to
include in the electricity it sells at least 20.38% qualifying renewables by 2021 and 4.1% solarelectricity by 2028.” All electric suppliers must use the SREC program to demonstrate
compliance with the renewable portfolio standard. (DSIRE, 2013) In models 5&7 each SREC
will be priced at $150; as was the price was quoted as such on October 4th 2013 by Atlantic City
Electric’s Green Power Connection program (atlalnticcityelectric.com/nj/greenpower, 2013).
New Jersey allows participants to collect an SREC for each megawatt-hour produced over a 15
year period. The present value sum of all SREC’s awarded over a 15 year period will be included
in the subsidy savings section of the analysis. Figure 3.7 graphs the historical prices of SREC
rebates over the last 3 years for all participating states (eere.energy.gov, 30). Because the SREC
program is so new and because of the huge drop-off in SREC auction prices in 2011, the ability
to accurately project future prices is not very likely. Therefore, the October price of $150 will be
used for all future years.
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Figure 3.4 Auction Price per SREC From 2009-2011 (Source: eere.energy.gov, 30)

3.6: Battery Backup Data Review
The battery backup will work with any solar PV system under 8,800 watts. Therefore this
battery can work for models 1-2 and 5-6. The price of the solar battery is $8,000 including taxes
and installation fees (wholesalesolar.com).
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Chapter 4 Data Analysis and Discussion

4.1: Overview of Analysis
The 8 models that have been outlined in this study are needed to estimate the cost-savings
of a residential solar PV installation project for any given quarter/year up until the year 2034. For
rounding purposes, each quarter totals 90 days and each year totals 360 days. Each model
follows a different set of scenarios in order to accurately understand what factors help reduce
costs. Each state (California and New Jersey) had 4 different scenarios which were analyzed.
Table 4.1 shows the different scenarios for each model.

Table 4.1 Scenarios Analyzed for Each Model

4.2: Model 1
Model 1 is a theoretical house in California. The utility company used to power the house
by grid electricity was Southern California Edison. All electrical grid information gathered, in
regards to the California home, was gathered using Southern California Edison data. The total
cost of grid electricity is equal to the number of kilowatt-hours consumed in a day and analyzed
through the tiered pricing structure SCE uses. The tiered-pricing structure was previously
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detailed in the data review section of the study. The total cost of grid electricity for a given
quarter/year can be seen in appendix A & B. Once the grid costs were calculated, they were
measured against the entire solar project. The solar project section was broken into 3 parts: the
solar panel costs, solar battery costs, and subsidy savings.
The solar panel costs were calculated by multiplying the wattage of the entire PV system
by the $/W ratio. Maintenance fees, such as replacing an inverter, were added next. Finally, if
there were any kilowatt-hours not used during the day, they could be sold back to the grid. In
appendix C the column labeled “Sell to Grid Revenue” equals the amount of money the utility
company pays the house for giving excess electricity back to the grid. Appendix C provides a
detailed visual of how the solar panel costs were calculated. The solar battery costs equaled
$8,040.00 for all years. The subsidy savings was calculated last. Subsidies were broken into 2
parts: federal subsidies and other subsidies. Appendix D provides a detailed visual of how solar
subsidies were calculated.
The final solar project costs were calculated with the following formula: [Price of Solar
Project = (price of the solar panels + maintenance fees – excess kWh savings + price of the solar
battery – subsidy savings)]. After the solar project costs were calculated they were subtracted
from 20 years of cumulative kWh costs. A solar system has an average lifespan of 20 years, so it
was necessary to include 20 years of grid costs in order to accurately measure the cost savings of
a solar panel investment. Figure 4.1 shows the cost savings of a solar panel investment over a 20
year period. Based on model 1, the most economical, or cost saving, date to invest in solar would
be during the year 2034. According to the analysis, investing during Q4 of 2034 would result in
total savings of $27,294.98.
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Figure 4.1 Savings Including Subsidies & a Solar Battery in California

4.3 Models 2-4
Models 2-4 all use the same data as model 1, but the scenarios are all different. Model 2
includes the solar subsidy savings in the analysis, but does not include a solar battery backup.
Figure 4.2 shows the total projects cost savings when a solar battery backup is not added to the
project. Based on figure 4.2, the most economical, or cost saving, date to invest in solar would
also be during the year 2034. According to the analysis, investing during Q4 of 2034 would

29

result in savings of $36,356.09. It is important to note that although the most economical date to
invest in solar is 2034, there are also short-term opportunities to have a large amount of savings
from a solar investment. Up until 2016 the federal government allows a 30% tax credit on all
residential solar investments. After 2016 that tax credit will no longer exist, and that loss of a tax
credit will increase the price of solar investments. This can be seen on figure 4.2 where there is a
sudden drop-off in the total savings. Therefore, not only is 2034 the most economical time to
invest in solar, if a project was needed to be done in the next 10 years the most economical time
to invest would be in Q4 of 2016. Total savings in Q4 of 2016 would amount to $17,554.01

Figure 4.2 Savings Including Subsidies & Without a Solar Battery in California
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Model 3 is the reverse of model 2. Solar subsidies are excluded from this model, but a
solar battery backup is once again included. Figure 4.3 shows the total projects cost savings
under these restraints. Based on figure 4.3, the most economical date to invest in solar would
again be year 2034. Investing during Q4 of 2034 would result in savings of $26,956.09. Another
important detail for this model is the break-even point where grid electricity costs are equal to
that of a solar investment. Based on the analysis and figure 4.3, the break-even point without
subsidies is in Q3 of 2018. If the home were to invest in solar panels, with a solar battery
included, the home would receive a total cost savings of $179.01.

Figure 4.3 Savings Including a Solar Battery & Without Subsidies in California
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Model 4 excludes both solar subsidies and the solar battery from the analysis. Figure 4.4
shows the total savings in this scenario. As shown in figure 4.4, the most economical time to
invest in a residential solar photovoltaic system would once again be in the year 2034. In this
scenario the total savings from investing in Q4 2034 would be $34,996.09. It should also be
noted that without subsidies or a solar battery, the home would still generate savings if it
invested in solar today. This means that in a free market economy without government
intervention, a solar investment would still be the best choice for this California home.

Figure 4.4 Savings without a Solar Battery & Without Subsidies in California
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4.4 Comparing Models 1-4
Although models 1-4 are all different, the overall data used in each model was the same.
For example, in all of the 4 models the kWh cost for grid electricity is exactly the same. The only
difference between each of the 4 models was the inputs that changed the overall value of the
actual solar project; whether that was removing subsidies or including a battery into the analysis.
Figure 4.5 maps out the total savings for all of the 4 models on a single graph. Based on figure
4.5 the model which provides the least amount of savings is model 3; a solar investment
including a solar battery but without solar subsidies. Model 3 produces the least total savings at
26,956.09. On the opposite end of the savings spectrum is model 2. Model 2 includes solar
subsidies but does not include a solar battery. Model 2 produces the most total savings at
$36,356.09.
In all 4 of the models year 2034 is the most economical time to invest in solar. This study
concludes that this is accurate because as prices for electricity continue to rise, and the costs of
solar continue to drop, the more economical it will be to make the switch off of the grid. One
other note is that in the short term, before the federal tax credit ends in 2016, all models but
model 3 will save money if the solar investment is made. In this case model 2 again produces the
most total savings at 17,554.01.
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Figure 4.5 Estimated Savings from Investing In a Residential Solar Panel System in California

4.5 Model 5
The difference between models 1-4 & 5-8 is all based on location. As this study will
show, this location difference proved to have dramatic effects on the overall cost savings of a
solar investment. Model 5 is a theoretical house located in New Jersey. The utility company used
to power the house by grid electricity was Atlantic City Electric. All electrical grid information
gathered, in regards to the New Jersey home, was gathered using Atlantic City Electric data. The
total cost of grid electricity is equal to the number of kilowatt-hours consumed in a day
multiplied by the cost per kWh. Atlantic City Electric uses a flat-rate system of pricing
electricity, so the price per kWh only increases over time due to inflation. The total cost of grid
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electricity for a given quarter/year can be seen in appendix E & F. Once the grid costs were
calculated, they were measured against the entire solar project. The solar project section was
broken into 3 parts: the solar panel costs, solar battery costs, and subsidy savings.
The solar panel costs were calculated by multiplying the wattage of the entire PV system
by the $/W ratio. Maintenance fees, such as replacing an inverter, were added next. Finally, if
there were any kilowatt-hours not used during the day, they could be sold back to the grid. In
appendix G the column labeled “Sell to Grid Revenue” equals the amount of money the utility
company pays the house for giving excess electricity back to the grid. Appendix G provides a
detailed visual of how the solar panel costs were calculated. The solar battery costs equaled
$8,040.00 for all years. The subsidy savings was calculated last. Subsidies were broken into 2
parts: federal subsidies and local subsidies related to SREC rebates. Appendix H provides a
detailed visual of how solar subsidies were calculated in New Jersey.
The final solar project costs were calculated with the following formula: [Price of Solar
Project = (price of the solar panels + maintenance fees – excess kWh savings + price of the solar
battery – subsidy savings)]. After the solar project costs were calculated they were subtracted
from 20 years of cumulative kWh costs. A solar system has an average lifespan of 20 years, so it
was necessary to include 20 years of grid costs in order to accurately measure the cost savings of
a solar panel investment. Figure 4.6 shows the cost savings of a solar panel investment over a 20
year period; including solar subsidies and a solar battery. Based on model 1, the most
economical, or cost saving, date to invest in solar would be during the year 2033. According to
the analysis, investing during Q2 of 2033 would result in total savings of $9,847.19.
This model has two interesting caveats that this study believes necessary to address.
Firstly, this model is similar to models 1&2 in the short term due to the 30% federal tax credit
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expiring. This federal tax credit is the one piece of information that affects all models that take
solar subsidies into account. In the short term the most economical date to invest in solar for
model 5 would be in Q4 of 2016. Short term savings in Q4 of 2016 would total $2,915.62. The
second caveat in this model is in the long-term. Unlike models 1-4 which continue to see
increased savings up until 2034, this model reaches peak savings in 2033. This is due to the solar
panel prices reaching their price floor. At a certain point the $/W for solar panels can only go so
low, and when it hits the price floor the grid price per kWh does not increase enough to offset
this price floor.

Figure 4.6 Savings Including Subsidies & a Battery in New Jersey
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4.6 Models 6-8
Models 6-8 are exactly like models 2-4 but are located in New Jersey instead of in
California. Model 6 includes solar subsidies into the analysis, but does not include a solar battery
backup. Figure 4.7 shows the cost savings associated with these restraints. Based on figure 4.7
the most economical, or cost saving date, to invest in solar is in Q2 of year 2033. Total savings in
this quarter totals $17887.19. Although year 2033 is the most economical date to invest, any date
investing in solar from 2014 onward would still be a smart and cost effective investment.

Figure 4.7 Savings Including Subsidies & Without a Solar Battery in New Jersey
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Model 7 is the opposite of model 6. In model 7 solar subsidies are no longer included, but
a solar battery backup is now included. Figure 4.8 shows the cost savings over a 20 year period.
Based on figure 4.8, there is no date in time where it is cost-effective to invest in a residential
solar PV system. This study concludes that the cost per kWh from the grid is so inexpensive that
without government intervention (subsidies) solar power is not a logical or cost saving
investment.

Figure 4.8 Savings Including a Solar Battery & Without Subsidies in New Jersey
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Finally, model 8 does not include solar subsidies nor does it include a battery backup. In
this scenario the model again provides the most savings when the home invests in solar in Q2 of
year 2033; as can be seen in figure 4.9. The cost savings for Q3 2033 total $4,022.97. In this
scenario there is a great deal of time in which a solar investment is not beneficial from a cost
perspective. The break-even point to invest in solar is in Q3 of 2029. Up until this date it makes
more sense to continue running the home strictly on grid electricity. In Q3 of 2029 a solar
investment will generate savings of $268.12.

Figure 4.9 Savings without a Solar Battery and Without Subsidies in New Jersey
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4.7 Comparing Models 5-8
Models 5-8 all used the same data, but the inputs in each model/scenario create the
different cost-saving analyses. Figure 4.10 maps out the 4 different scenarios detailed above on a
single graph.

Figure 4.10 Estimated Savings from Investing In a Residential Solar Panel System in New Jersey

The first trend this study sees is the drop in savings once the federal tax credit of 30%
expires at the end of 2016. In Q1 of 2017 all models, based on the analysis, would opt to
continue using grid electricity instead of investing in a residential solar system. The second trend
this study sees is that the most economical date for a solar investment for all 4 models is Q3 of
year 2033. This savings can be seen on figure 4.10 where the kink in the graph at year 2033
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trends downwards. The reason for this peak date can be attributed to a price floor for solar panel
costs. At this date in time solar panels can no longer get any cheaper, and therefore the cost of a
solar investment has reached its optimal date. One might suggest that the graph should reach a
plateau at this point but this is untrue. This study determines that the reason the graph trends
downward after 2033 is because grid kWh costs continue to rise. This means that every day after
the solar costs reach their price floor, it costs more money simply by continuing to pay the high
kWh costs that the utility company charges.

41

Chapter 5 Conclusion

5.1 Study Summary

In summary, this study concluded that solar investments can be cost-saving tools, but
only under certain sets of restraints. Based on the data, all California models (1-4) presented
opportunities for cost savings regardless of the restraints. Model 1 presented the highest total
possible savings in California at $36,356.09 while model 3 had the lowest total possible savings
at $26,956.09. In all 4 models, quarter 4 of year 2034 was the date in which the total optimal
savings from investing in a residential solar PV system would be reached.
In New Jersey, Models 5-8 did not always present opportunities for savings through solar
investment, nor did any of the models save as much as a home located in California. In New
Jersey, model 7 never reached a point in time where a solar investment would produce any costsavings. In model 8 the same would be true except the solar battery was removed from the
equation, making a solar investment in years 2029-2034 slightly beneficial to the homeowner.
Models 5&6 both generated savings for the homeowner, but only a fraction of the savings
compared to the savings seen in California. Figure 5.1 graphs the total savings for each New
Jersey model compared to the same set of restraints placed on the models located in California.
Based on the graph, it is clear that no matter what the scenario is, based on cost-savings alone, a
California home owner has more incentive to invest in a residential solar photovoltaic system
than a homeowner in New Jersey does. For scenarios where solar subsidies and backup batteries
are included, the New Jersey homeowner only saves 36% of what a California homeowner
would save. For scenarios where solar subsidies are included but a solar battery backup is
excluded, the New Jersey homeowner only saves 49% of what a California homeowner would
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save. For scenarios where solar subsidies are excluded but a solar battery backup is included, the
New Jersey home would never invest in a solar PV system and therefore saves 0% of what a
California homeowner would save. Finally, in scenarios where both solar subsidies and a battery
backup are excluded, the New Jersey Homeowner only saves 11% of what a California
homeowner would save.

Figure 5.1 Optimal Savings Possible Per Model

5.1 Related Areas for Future Research
One area of research that needs to be expanded is in regards to the Solar Renewable
Energy Certificates (SREC’s). These rebates are becoming an ever more popular substitute for
traditional solar subsidies, but the way they are priced is still not fully understood. In order to get
a more accurate understanding of how much total savings can be derived from investing in
residential solar power more research needs to be done in order to understand why and how
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SREC prices drop over time. In this study a constant rate of $150 per SREC credit was used, but
if another study was available to map out the deflation rate of SREC rebates, it would make this
study even more accurate.

5.3 Final Thoughts
This studies decision of whether or not to invest in a residential solar PV system was
strictly based on monetary values. However, the bigger picture as to why many people want to
invest in solar is more complex. A huge benefit to owning a residential solar system is that it
minimizes your reliance others to help you function normally. If the grid was to ever blackout,
such as in events like hurricane Sandy, you may be left with no choice but to have zero power.
Owning your own solar system could save your life by allowing you to continue refrigerating
food and heating your home while others must wait patiently for the grid to generate power
again. Another reason why people may choose to invest in solar power is to minimize their
carbon footprint. Solar power is a renewable source of energy, meaning it cannot be depleted
once used. In today’s world people are becoming more and more aware of the effects humankind
has had on our earth and its atmosphere. As we continue to drill for oil and natural gas to power
our homes there may be more negative effects on the world that a simple cost per kilowatt-hour
equation cannot capture. Therefore, the real question becomes, am I someone who is more
concerned with the bills I pay today or am I more concerned with the overall effect I may have
on the earth and its atmosphere if I continue to power my home using non-renewable resources.
If your answer is the latter, then maybe investing in solar power earlier is not only a costeffective option, but also one that can help save the earth.
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Appendix A: California Grid Electricity (kWh) Costs – Models 1-4
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Appendix B: Southern California Edison Historical kWh Consumption Data
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Appendix C: California Solar Project Costs
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Appendix D: California Solar Subsidy Savings
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Appendix E: New Jersey Electricity (kWh Costs) – Models 5-8
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Appendix F: Atlantic City Electric Historical kWh Consumption Data
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Chapter 6 Appendix G: New Jersey Solar Project Costs
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Appendix H: New Jersey Solar Subsidy Savings
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