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Part | Energy Costs in the United States

Introduction:
Economists have tried to predict the cost of generating electricity so as to

provide cost-effective solutions to long term energy demands. The cost of
electricity is measured per unit of energy and is given by a kilowatt-hour or
megawatt-hour.

The Levelized Cost of Energy (LCOE) allows different methods of power
generation to be assessed in their costs. Power generating assets require an upfront
investment to which also can be expensed for their lifetimes [1]. The aim is to keep
the levelized cost of electricity as low as possible. The LCOE offers a powerful
metric for policymakers, researchers, and others to compare sources of energy
when considering the long-term cost-benefit analyses [2].
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The interest rate and the lifetime of the plant are used to calculate the capital
recovery factor. In short, the capital recovery factor is the ratio between the current
value of the asset to the value of the asset after interest [7].

The capital cost represents the initial investment required to develop a
power generating asset. This part of the LCOE equation involves land
development, construction, and engineering to successfully complete. The U.S.
Department of Energy’s Federal Energy Management Program (EFEMP)
developed data to estimate the installed cost for all conventional energy types.
Overnight capital costs for all plant types were taken from the EFEMP and used in
the National Renewable Energy Lab (NREL) 2015 Annual
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multiplied by the installed capacity (kW) to get the dollar amount it takes to install
the 1 MW project. Then, this amount is multiplied by the CRF and divided by the
annual power generated.

To get the annual power generated, the maximum power capacity (IMW) is
then multiplied by the capacity factor. The capacity factor is only needed for
technologies that require fuel. Thus, the five-year average capacity factor values for
coal, natural gas, and nuclear power plants were gathered from EPA’s Emissions
and Generation Resource Integrated Database (eGrid) 13. For a coal plant that
operates 27 hours out of the 168 hours available in a week, its capacity factor would
be 16%.

To visually represent costs across the country, | used QGIS, which is a
Geospatial Information System (GIS) software that can model spatial distribution
for various metrics. Here, | mapped out the cost of energy for each county in the
United States
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To demonstrate the sensitivity of each variable in the LCOE, several
scenarios can be manipulated. First, the discount rate (vertical columns) seems to
have the most effect on the cost with the maximum percent difference being 60%
while the plant lifetime (horizontal rows) had the least effect with 16% being the
maximum percent difference. A diagram of 9 permutations for solar energy in
Cobb County, Georgia is shown below. The percent difference represents the
difference between the lowest or highest value in the corresponding row or column.
So for the 47% difference, that would be between the $235.43 (7% discount rate)
and $346.19 (13% discount rate) prices under a constant plant lifetime of 20 years.
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Solar Energy LCOE scenarios

Part Il Energy Costs In Georgia

Introduction
When talking about energy utility costs in Georgia, it is impossible to

disregard the enormous impact the Georgia Public Service Commission (PSC) has.
The PSC regulates common goods and services that are deemed “public” which
include electricity, telephone services, and natural gas. In Georgia, the only
investor-owned utility is Georgia Power, which is a subsidiary of the Southern
Company. Other subsidiary companies of Southern Company include Gulf Power,
Alabama Power, Mississippi Power, Southern Gas, Southern Power, and thirteen
other companies and they serve over 2 million people 15. As far as the remainder
of the country, Georgia Power’s structure represents a typical utility company in
the United States where the generation, transmission, and distribution are all done
in-house.

Whereas, the Intertransmission System (ITS) in Georgia is operated by publicly
owned companies called Electric Membership Cooperatives. There are 41 electric
membership cooperatives (EMC) in Georgia, and they service about 4.1 million
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people in the state 11. Unlike Georgia Power, separates the methods of electricity
production through three companies.

Under Georgia law, public goods must be regulated so as to prevent
companies from abusing their consumers. If one cannot have lights, electricity,
communication, or fuel, it is much more difficult to be a productive person or
business and they are at the mercy of whoever is providing these to you; therefore,
these goods and services must be protected. Very few, government agencies have
the magnitude of influence on everyday life than the commission does. For this
reason, watchful eyes and public perception closely monitor the activity of the PSC
because people tend to care about how much they are paying for these public
goods.

The PSC has full jurisdiction to balance Georgia’s needs for reliable services
at reasonable and competitive prices for its consumers. When setting these prices,
the Public Service Commission is under no obligation to provide a price that
guarantees a profit for the service providers. Under the commission’s philosophy,
the profitability should be determined by the marketplace and capitalism. The level
of prudent decision making and sound business decisions should be the tool that
gives the service provider the opportunity to profit from their enterprise.

In 1991, the Georgia legislature required the first Integrated Resource Plan.
Simply put, an integrated resource plan assesses the needs and demands for power
over the next 20 years [8]. The utility market changes rapidly. One year a
neighborhood or town could have a population of 5,000 people and then three
years later it could double to 10,000 and without a forward-looking plan, those
extra 5,000 people could cause a shortage in the amount of power that the
community can distribute at a reasonable price. Hot topics such as climate change
also dictate the need to provide accurate, cost-based solutions in order to create a
greener planet. The last Integrated Resource Plan Proposal was June 2016, and
since they are updated every three years, the next one will be proposed this June
of 2019.

Much like an Integrated Resource Plan (IRP), this model tries and predict
the cost of electricity for the state of Georgia, and thus provides a relevant
economic contribution for not only academic purposes but serves to advance the
private and public sector as well.

Data:

For the purposes of this paper, a preliminary cost model will be explored
using the assumptions calculated from the national data to predict the price of
electricity and map the differences for the state of Georgia. This statewide model
uses local transmission data gathered from the Georgia Transmission Corporation
(GTC) to improve the accuracy given by the national model given above.
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Due to land costs and safety concerns, many power plants are located far from
load centers such as cities. To improve the efficiency of transmitting electricity over
long distances, the voltage leaving a generator is stepped up and transmitted over
high-voltage-transmission lines. Transmission is likened to a “highway” for the
electrical grid. Equal access to transmission by various power providers is a vital
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Georgia Transmission Corporation Onsite Tour (2 April, 2019)

Firstly, GTC owns 3,410 miles of transmission in the state. Next, the revenue
of the company is divided into two parts: The Dedicated Cost of Service Revenue
and the Transmission Revenue. The Dedicated Cost of Service represents the cost
it takes to operate GTC in terms of labor, land acquisition construction and
engineering costs, and maintenance costs 11. The Transmission Revenue
represents the costs it takes to physically transmit electrons across the lines. Both
of these combine equally the total revenue generated by GTC.

The words revenue and cost are used interchangeably because GTC is a
nonprofit corporation and all of their expenses are billed to whichever Electric
Membership Corporation receives their transmitted power. Thus, the only revenue
that
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The engineering division during the GTC tour gave me a comprehensive idea
of what transmission engineering looks like. The main control room shown on the
previous page displays the status of all the various lines and substations. Whenever
there is an issue, a signal indicates the status of the control room. Once the issue
gets recognized, a technician is dispatched to the location to investigate it. The
transmission system itself lacks a homogenous construction; some parts are brand
new or newly repaired, other parts are decades old [11]. Many times a city increases
in population and new lines have to be sent to this area to meet the load
requirements. In this case, the cost of construction for transmission lines is about
$1.03 million per mile.

Further investigation would be needed to compare non-profit transmission
costs to investor-owned transmission costs, and also pinpoint the exact reason why
the national average is so much higher than GTC’s. However, my hypothesis would
be the fact that GTC operates under a non-profit corporation and bills their entire
expense sheet to an EMC rather than directly to their customers. The logic would
be since GTC only has to focus on transmission services, as a public company, they
incur fewer costs because of their domain and privileges as a government agency.
The lower cost could also be from the bulk number of customers they service for
each region, or because the costs from other non-transmission related expenses,
waste, and other budgeting excesses become null. Lastly, the lower cost could be
regional. Higher electrical loads are more efficient, and a greater ratio of high
demand region's services by GTC could result in a lower cost.

Part 111 Solar Technology and Energy Costs

Case Study 1
Introduction

In this exercise, the efficiency of a parabolic dish cooker was investigated.
When developing solar technologies, solar efficiency directly computes into the
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Utilizing the data taken with
the parabolic dish cooker, on a single
graph, | plotted temperature vs. time
for both heating trials. Then, |
determined the linear range for each
of the curves that have the highest
slope and calculate the slope of each of
the curves in the linear range.

Next, | took the average of the
two slopes and used this value to
determine the rate at which energy is
being transferred into the pot of water.
The pot contained 500mL of water.
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of the sun based on the time of day and related this to the power that can be
delivered to the surface of the Earth. After the elevation angles, | then determined
the air mass (AM) through which the solar energy must travel to reach the solar
array at each time for which the solar array’s electric power was recorded. After the
air mass values, | next determined the total global irradiance (ITG) that would be
incident upon the solar array at each time for which the solar array’s electric power
was recorded. The total global irradiance, elevation angle, and azimuth angle
values with the tilt angle of the array (1), were then all computed to determine the
global surface irradiance (Isurface) that will actually be incident upon the surface
of the solar array at each time for which the solar array’s electric power was
recorded.

Lastly, the surface irradiance values with the total surface area of the array,
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The solar efficiency of this experiment can then be used in an LCOE by
multiplying it to the capital cost. A Solar LCOE without an efficiency, multiple
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