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Abstract

Oklahoma spends billions of dollars annually on energy consumption and markets for electricity,
transportation fuels, and heating utilities are only seeing increased demand and thus increased
production. These expansions are resulting in increased carbon dioxide emissions to the environment as
well as higher production costs to companies and in turn, higher prices for consumers. New clean
sustainable energy production facilities vastly reduce CO, emissions, but come at a high cost to
Oklahoma’s energy companies. On the other hand, existing energy production from the combustion of
fossil fuels is far more inexpensive but comes with a different price of its own, environmental emissions.
As the state moves farther into the 21% century, an optimum combination between increased
sustainable energy production and energy production from fossil fuels must be found. Our project
attempts to find this optimum as well as determine what steps should be taken to realize it. What the
government needs to do to foster this sustainable energy increase, how much money it will ultimately
cost, and ways to attract potential investors for this new energy are all studied in this report.

A model was created using the GAMS optimization package with the CPLEX solver. All three
major energy industries were included: electric, transportation fuel, and natural gas heating. The goal
of the model is to maximize the net present value of these industries while imposing constraints of
required return on investment rates for potential investors, annual percent CO, reductions, and job
salary increases. We wanted the model to meet the goals by building new wind farms and hydroelectric
plants as well as biodiesel and ethanol refineries. In addition, the model is to choose where carbon
capture and sequestration technology should be used and how much. Once the model was completed,
numerous scenarios were run in order to determine the effect each constraint has on profitability.

A pareto-optimal surface for the net present value as a function of annual percent CO, reduction
and job salary increase was created from the results of the various scenarios. Job creation, calculated as
salaries paid to Oklahoma workers, was shown to have little effect on NPV. However, the CO, reduction
limit was shown to have a major impact on and an inverse relationship to NPV. It was found that at
higher than 2% annual CO, reduction, NPV begins to decrease at a faster rate. The model found that the
transportation fuel and natural gas industries require little change aside from moderate refinery
production increase. In order for the electric industry to meet increased future demand while achieving
CO, reduction constraints, new clean energy production facilities are needed in the form of wind farms
and hydroelectric plants. In addition, existing coal and natural gas plants must see increased carbon
capture and sequestration use. Wind and hydroelectric energy sources should increase to 24% and 15%
of the total electricity generation by 2030, respectively. Tax breaks of at least 10% of total profit are
needed to attract potential investors for the construction of new plants. Electricity price will need to be



increased to a minimum of $0.10 per kilowatt-hour to ensure investors receive a minimum return on
investment of 10%.

Objective

The goal of this project is to model Oklahoma’s energy industry through the study of past,
current, and projected future energy use within the state. In specific, the objective of this project is to
predict the optimal yearly energy use in Oklahoma by industry for the next twenty years. A COST model
and a PROFIT model have been created that will achieve this objective while seeking to minimize
Oklahoma’s energy companies’ total costs or maximize their net present value, depending on the model.
Both models are subjected to constraints of reducing carbon dioxide emissions and increasing job
salaries paid to Oklahoma workers by specified levels each and every year. Creating these models
required researching all energy produced and consumed within the state as well as the social,
environmental, and economic effects this energy use has. Current and past energy data were studied
along with predictions about future energy production, cost, supply, and demand to create a model that
will plan out the state’s energy use until the year 2030. In researching, energy was classified into three
distinct categories; electric energy, heating energy, and energy from fuels. Each of these categories
required individual research and independent modeling. Once independent modeling had been
completed, the individual categories were combined. This combined model was then used to input data
and obtain the project’s results.



Introduction

Energy is an important issue in today’s modern world. It dictates the environmental conditions
of a country, controls its economy, and in turn essentially affects the overall prosperity of every region
on the planet. Oklahoma is no different when it comes to energy. Oklahoma’s energy industry serves to
power our homes and cars, heat our churches and schools, as well as create jobs for thousands of
Oklahoma men and women every day. However, like the rest of world, Oklahoma’s energy industry
faces a huge challenge in the 21% century. This challenge is the search to find cleaner, cheaper, and
more efficient energy. In 2005 Oklahoma consumed over a quadrillion BTU’s of energy and emitted
more than 215 billion pounds of carbon dioxide. Despite these astonishing numbers, Oklahoma has the
potential to become one of the cleanest and most energy efficient states in the nation. Attributing to
this potential is the state’s 3-way path to better energy: wind, water, and land. As of 2008, Oklahoma
had the 12" largest wind power capacity in the United States. In addition to valuable wind resources,
Oklahoma contains more than 78,000 miles of rivers and large streams giving it an enormous
opportunity for hydroelectric energy generation®. And with more than 75% of Oklahoma classified as
farmland, the state has a huge potential for growing crops that can be converted into bio-fuels such a
switchgrass and soybeans®. Increasing energy production from these sustainable energy sources will
decrease carbon dioxide emissions and eventually lower the total cost of energy production. However,
developing new technologies and creating sustainable energy will cost incredible amounts of money. For
this reason, our project seeks to find the optimum balance between new technology and current energy
production methods. This energy optimum will minimize energy costs while reducing emissions to the
environment and through the construction of new energy facilities, create jobs and stimulate
Oklahoma’s economy.

Our project models Oklahoma’s energy by taking all current energy sources into account. This
includes the supply and demand, current production, future production limits, and costs of all energy
produced and consumed in the state. Planning for Oklahoma’s energy industry requires studying both its
future renewable energy potential and its current energy production. This report makes an in depth
study of both of these as well as the potential social, economic, and environmental benefits Oklahoma
has to gain from determining the optimal combination of the two. The state is more than ready for
tomorrow’s energy. The question is, are we?

Overview of Oklahoma’s Current Energy



While Oklahoma consumed nearly 1.6 quadrillion BTU’s of energy in 2006, it produced more
than one and a half times that amount, 2.4 quadrillion BTU’s. In 2006 Oklahoma produced more than 5.5
million barrels of oil, 1.7 trillion ft* of natural gas, and generated more than 5.4 million megawatt-hours
of electricity®. For the purpose of this report energy production and consumption will be dealt with in
three distinct categories; electricity, fuels, and heating. The electricity data presented in this report
consists of coal-fired plants, natural gas fired plants, and petroleum fired plants, hydroelectric plants,
and wind farms. Data presented pertaining to fuels consists of the following fuel types; gasoline, diesel,
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biodiesel, and ethanol™. While heating data is given in four distinct categories; residential, commercial,

industrial, and plant heating.

Oklahoma Electricity

Natural gas power stations use natural gas as a source of fuel. There are two types of turbines
that can be used to provide power to natural gas power stations for electricity production: steam
turbines or gas turbines. Steam turbine systems use high temperature and pressure steam to transfer
energy to rotating turbine blades, while gas turbines use gas expansion. The turbines are then used to
turn electrical generators for production of electricity. For the sake of simplicity, all data associated with
natural gas plants was calculated using steam turbine information. This assumption is warranted since

most all natural gas plants in Oklahoma are — - -
Current electricity generation capacity

by source
operate much like natural gas plants but use Wind Internal

steam turbine operated. Coal-fired plants

coal as a fuel source instead of natural gas for Hydro 3% Combustion

: 1%
power generation. 5% 0

Nearly 95% of the electricity generated
in Oklahoma comes from natural gas and coal-
fired plants. The chart at right represents the
breakdown of electricity generation in
Oklahoma by energy source®. As the figure
shows, coal-fired plants are the number one

source of electricity generation in the state. As
coal also has the highest emissions of any Figure 1. Oklahoma's current electricity generation by source
energy source in the state, emitting over 5,720 pounds of carbon dioxide for every ton of coal
combusted, one can conclude that Oklahoma’s current electricity industry is very high in environmental
emissions®. Table 1 on the next page offers a quick glance at Oklahoma’s current electricity production
including the CO, emissions associated with each energy type. As the table shows, natural gas and coal-
fired plants combined emit over 75 billion pounds of CO, into the atmosphere every single year. On the
other hand, electricity generation from hydroelectric plants and wind farms release nearly zero

environmental emissions.



. _ Approx Total yearly
Fuel Tvpe Current Capacity Emissions Ermissions
Tuellype (MW) (Ib. CO,/MWh) (Ib. CO,/ yr)
Coal 5,362 2,300 ~ 75 billion
Nat. gas 12,883 960 ~2.6 billion
Wind 689 negligible negligible
Hydro 1,110 negligible negligible

Figure 2. (Table 1) Current coal, natural gas, wind, and hydroelectric plants in Oklahoma

The issue now becomes meeting energy demand. Wind farms and hydroelectric plants in Oklahoma
have only 10% of the energy generation capacity of natural gas and coal-fired plants. Compare the
number of coal plants, 63, to the number of wind farms, 7, currently producing electricity in Oklahoma.

Although renewable energy sources such as hydroelectric and wind energy appear to represent
only a small percentage of current electricity production, this is quickly changing in Oklahoma. For
instance, in 2003 zero wind turbines called our state home. Only six years later this number has risen to
over 400. These turbines now create over 685 MW of electricity and have the capacity to power
approximately two hundred thousand homes. More impressively, these turbines power two hundred
thousand homes while producing zero emissions to the environment®.

Oklahoma Fuel

As of the year 2000 there were over 2.9 million registered cars, trucks, and semi-trucks in the
state of Oklahoma'. With a population of approximately 3.6 million people, this represents nearly one
vehicle on the road for every man, woman, and child living in the state. In 2008 these vehicles used a
combined average of over 8 million gallons of gasoline and diesel every single day of the year, resulting
in the combustion of over 2.9 trillion gallons of fuel in Oklahoma. As this number illustrates, fulfilling
Oklahoma’s fuel demand is no easy task. The state’s fuel demand is met in a large part by the nine
existing oil, ethanol, and biodiesel refineries.

Oklahoma is the home to six major oil refineries with a combined total refining capacity of over
520,000 barrels of oil per day. This is equivalent to approximately 10 million gallons of gasoline and 4
million gallons of diesel fuel produced per day. The table below shows the location and capacity of each



of these refineries’. Although not all of the fuel produced at these refineries is used within Oklahoma, a
great portion of it is.

Refinery City Capacity (bbl/d
Valero Ardmore 74,700
ConocoPhilips Ponca City 194,000
Sinclair Tulsa 70,300
Sunoco Tulsa 83,200
Wynnewood Wynnewood 71,700
Ventura Refinery Thomas 14,000
Total 520,400

Figure 3. (Table 2) Oklahoma's current oil refineries

Oklahoma currently contains two biodiesel refineries and one ethanol refinery. These refineries
have a combined refining capacity of 115,000 gallons of bio-fuel per day. Although Oklahoma’s bio-
refineries account for less than one percent of the total fuels produced in the state, this number is both
significant and increasing. Its significance stems from the fact that the 8 million gallons of conventional
fuel used per day in Oklahoma produce over 160 million pounds of carbon dioxide emissions each day
when combusted. This equates to nearly 31 million tons of carbon dioxide released into the atmosphere
each year. Bio-fuels help to minimize this number by reducing emissions at refineries, producing less CO,
when combusted in vehicles, and most importantly by crop CO, absorption. The following table
illustrates a few of the differences between conventional crude oil derived fuel and bio-fuels®’.

Refini
Fuel Feedstock Capacity Ew Net Emissions
== ==t (bbl/d) EMISSIONS (kg CO2/MJ)
(ton CO2/ bbl)
Gasoline Oil 240,000 0.407 94
Diesel Oil 200,000 0.102 83
Ethanol Biomass 130 0.466 . 24
(switchgrass)
Biodiese| | 'egetapleoil& 2,600 0.100 ~ 43
animal fat

Figure 4. (Table 3) Comparison of petroleum fuels and bio-fuels

As the table demonstrates, bio-fuels produce fewer emissions by using non-fossil fuel feed
stocks, and ethanol produced from switchgrass actually has a negative net CO, emission (this will be
discussed in further detail later). Also important, bio-fuels allow for the reduced use of foreign oil by
producing transportation fuel from resources which are abundant in the United States.
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Oklahoma Heating

Heating in Oklahoma can be categorized into four distinct sections; residential, commercial,
industrial, and plant heating. The residential sector is defined as use in private dwellings, including
apartments, for heating, air-conditioning, cooking, water heating, and other household uses. The
commercial sector is use in nonmanufacturing establishments or agencies primarily engaged in the sale
of goods or services. Included are such establishments as hotels, restaurants, wholesale and retail stores
and other service enterprises; gas used by local, State, and Federal agencies engaged in
nonmanufacturing activities. Similarly, the industrial sector is defined as use for heat, power, or
chemical feedstock by manufacturing establishments or those engaged in mining or other mineral
extractions. Lastly, the plant sector is all heating done within processing plants. Estimates place
Oklahoma’s heating industry at around 80% natural gas and 15% electricity accomplished®. Because
heating achieved by electrical energy is covered in the electricity section of the data and project, our
focus will remain primarily on heating accomplished by natural gas. In 2007, Oklahoma natural gas
consumption was broken down as follows; residential- 17.4%, commercial- 11.9%, industrial- 51.2%,
plant- 19.5%". Combined, these four sectors consumed over 343 billion ft> or 362 million gigajoules of

natural gas and produced over 64 billion pounds of CO, in 2007 alone® .

Oklahoma’s Future Energy

The future of Oklahoma’s energy is uncertain and only time will tell how and in what ways it will
change. For the sake of brevity it suffices to say that all energy production by non-sustainable resources
in the state could increase or decrease with time. However, it is logical to believe that this amount of
energy production will decrease in the future. Increased study, funding, and research in the area of
renewable energy should allow for this decrease to take place. In any case, if energy production by
means of non-sustainable resources does increase, there is not likely to be any major changes in the
industry. On the other hand, a sharp increase in clean sustainable energy development and production
in Oklahoma could lead to many major changes in the energy industry. An overview of the energy
produced from clean sustainable energy sources that is currently used in Oklahoma is presented next.
This includes an overview of their energy production methods, costs, environmental impacts, and
growth potentials in Oklahoma.
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Wind Energy

Wind power is created by converting the kinetic energy of the wind into mechanical work used
in turning the turbine blades. This mechanical energy is then transferred to an electrical generator. The
electrical generators then produce electricity. Wind turbines are capable of creating electrical energy is a
variety of wind conditions, ranging from fairly calm to very turbulent. Wind turbines are ideal producers
of energy because they produce zero emissions, require little to no maintenance, and once installed can
generate electricity for almost no cost.

Most wind turbines in the state are installed
on pastures and farmland. Farmers are paid a yearly
royalty for turbines installed on their land that varies
with wind farm capacity. Typical royalties range from
$1,500-$8,000 per megawatt capacity per year.
Farmlands that house wind turbines allow Oklahoma
farmers to maintain the land’s primary farmland use
while making royalty money from power companies.

Some of the current limitations in wind energy Figure 5. A wind farm near Weatherford, Ok
include limited power distribution via inefficient
transmission grids, high capital costs, and limited energy storage ability.

Oklahoma currently has the 12" largest wind energy production capacity in the United States™.
This energy comes from a relatively small number of turbines, four hundred and twenty. The Oklahoma
Department of Commerce estimates that Oklahoma has enough potential wind resources to supply 9%
of the entire country's electricity needs if fully realized®. While the American Wind Energy Association
places Oklahoma in the top eight states for potential wind energy capacity. Nearly all of this land is
located in the western part of the state and most of it is available farmland. The following map displays

the state’s available wind resources.
iy’ ) Y} &‘m‘ y . AN St R The Oklahoma Wind Power Initiative
Wind Power Somieh; oo SiEr T S| S f estimates that the land highlighted in
Cl Potential e, . e lec s . .
. ;o:rn R T o kan A e red could potentially sustain up to
: — ?gm U SN L | 1 (AL | 10,000 turbines and produce up to
ar & R ol I » %
4 Good M Tk »h“"- . “" ' J 18,000 MW of clean energy”’.
5 - Excellent o ¥ ‘;’N}: ‘*:'u‘* : ¢ g
- Lakes/Ponds _1 ¥ .é‘ - o
b, "»' = o { ».'A

Figure 6. Available wind resources in Oklahoma

As mentioned earlier, a drawback of wind energy is the high associated capital costs. Perhaps
the most popular wind turbine today, a 1.5 MW General Electric turbine has a purchasing price of
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roughly $1,200,000*. By this standard, a typical wind farm containing 100 turbines would cost
$120,000,000. The table below summarizes the energy outputs and required costs associated with a
typical Oklahoma wind farm.

45 1.5 MW 67.5MW 1.2 million 54 million 21,400

Figure 7. (Table 4) Specs of typical Oklahoma wind farm

Wind energy is considered by many to be the technology of the future that is available today.
Once installed, it is only a matter of time for wind farms to recover their costly capital investment and
start producing energy that is essential 100% free of cost. Oklahoma is beginning to realize this. Our
state must make all possible efforts to reach the maximum potential wind capacity and take one step
closer to cleaner and cheaper energy.

Hydroelectric Energy

Hydroelectric power stations generate electricity using the force of water falling into turbines
and rotating the shaft of the turbines. The potential energy of the water is converted into kinetic energy
by rotating the shaft of the turbine. The shaft from the turbine is connected to a generator. The kinetic
energy from the shaft turns the electrical generator and produces electricity. Most hydroelectric energy
stations of medium to high capacity are built by building a dam on a large river. Water is stored behind
the dam in a large reservoir and released onto the turbine propellers through an intake. After passing
through the turbine, the water is released back into the river. Some hydroelectric stations, known as
run-of-the-river stations, do not require a dam and reservoir in order to generate power. These stations
typically have smaller electricity generating capacities.

Oklahoma currently has over 1,100 megawatts of hydroelectric power capacity. This is more
than the current wind energy in Oklahoma and nearly 6% of all electric capacity in the state. The picture
below is the Pensacola Dam located in Disney, Oklahoma. Situated on the Grand River Valley, the dam
has a 120 MW capacity, making it one of the largest hydroelectric power stations in the state®.
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Figure 8. An artist's rendition of Pensacola Dam in Disney, Ok

Hydroelectric power is a very desirable energy source for many reasons. Most importantly, it
provides sustainable low emission electricity. By using the potential energy of water as a power source,
hydroelectric stations have the ability to provide energy without using any costly feedstock. Also, the
efficiency rate of electricity produced from hydro sources is about double compared to fossil fuel plants.

Electricity production from hydroelectric sources within Oklahoma is limited due to the size of
the available water resources. Because Oklahoma does not have the resources to sustain large reservoir
hydroelectric facilities, most existing plants have small capacities, ranging between 0.5 MW and 120
MW. The facilities with higher capacities utilize small dams to create reservoirs and increase energy
potential. However, most of the plants have small capacities and are run-of-the-river type facilities.

Ethanol

Ethanol has many end uses in the world today ranging from alcoholic beverages to antiseptic
use. However, its most important use is as a fuel. Ethanol is typically blended with gasoline and
combusted in vehicle engines in the same way as pure gasoline. These ethanol “blends” vary in
composition and range anywhere between 1% and about 40% ethanol. For instance E85 an 85% gasoline
15% ethanol fuel is sold all throughout the Midwest United States including Oklahoma. Some countries,
such as Brazil, produce and sell a 25% ethanol blend fuel. Ethanol burns much like gasoline in vehicles
aside from the fact that it produces around 30% less energy per unit volume when burned*". This in turn
results in a lower fuel efficiency or gas

mileage for vehicles. It is for this reason Price
that American’s are skeptical of ethanol fuel Fuel Type ($/ga||0n)
use. However, ethanol blended fuels are Gasoline (87 octane) $1.94

regularly less expensive than their pure

gasoline counter parts. The table below | E85 (85% gasoline 15% ethanol) $1.70

compares the consumer prices of ethanol-
blended fuels to pure gasoline.

Figure 9. (Table 5) Comparison of gasoline and ethanol consumer prices

13



Ethanol can be produced from a variety of different sources by enzymatic breakdown or
pyrolysis, fermentation, distillation, and dehydration. The ethanol CO, cycle show in figure 5 on the next
page illustrates the process by which ethanol is produced as well as how ethanol production is able to
achieve net CO, emissions.

Corn is currently the leading crop for producing ethanol in the United States. However, the tall
cellulosic plant known as switchgrass is the currently most researched and highly praised ethanol
production source. Switchgrass is a perennial warm season grass that grows readily in most parts of the
mid-west and southern United States® . Like corn and other sources, switchgrass is used to produce
ethanol by extracting its sugars and fermenting them. However unlike corn, switchgrass is not a food
crop in the United States and thus does not have a current limitation for biofuel use.

14



Figure 10. The CO, cycle of ethanol production

Ethanol production from switchgrass holds many other advantages over production from corn.

Some of these advantages include: reduced fertilizer usage, increased soil sustainability, and increased

crop yields. The table below summarizes the comparison between switchgrass and corn.

Our research focuses on Oklahoma’s current and projected future capacity to grow switchgrass

and produce ethanol from it. Our state currently has an estimated switchgrass farming capacity of

15,000 tons per year. This capacity comes from several different farms and consists of an estimated
2,500 acres of cropland. This switchgrass farmland is located in several regions of the state, with a 1,110
acre farm located in Guymon Oklahoma®. Researchers focusing on Oklahoma’s ability to increase
switchgrass farmland estimate that up to 16,500 acres of land are available to be converted from other

crops’’.  With  an
estimated vyield of 6
tons of switchgrass per
acre per year, this could
mean an increase in
capacity to over
110,000 tons per year>®.

Current Oklahoma Estimated
Biomass Ethanol Yield Net Energy Gain
(mil dry tons) (gal/acre)
Corn ~0.8 300-350 21%
Cellulosic crops ~33 1100-1200 ~ 340%

(switchgrass)

Figure 11. (Table 6) Comparison of corn and switchgrass ethanol production
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Oklahoma currently contains one ethanol production facility located in Burns Flat. This refinery
has an annual production capacity of 2 million gallons of ethanol per year. The average U.S. ethanol
production facility has a capacity of nearly 50 million gallons of ethanol per year, putting our single plant
well below the national average capacity®®. Increasing our ethanol production requires greatly increasing
this capacity. Creating more plants with higher capacities in Oklahoma could mean lower fuel prices,
new job creation, and cleaner environmental conditions. Of course, this is no easy task. Building ethanol
plants requires great capital and initial operational costs. However, these investments can pay off
substantially in the future. The capital cost for building new ethanol production facilities was found from
the United States Department of Agriculture and can be approximated at $125 per ton of feed
processed. The fixed and variable operating and maintenance costs for new ethanol plants were
estimated from the U.S.D.A. in the same way as the capital costs. They were found to be $12 per ton of
feed processed and $76 per ton of feed processed, respectively?’.

Biodiesel

Biodiesel is a non-petroleum based diesel fuel that is created from renewable resources such as
vegetable oils and fats. Biodiesel consists of long chained alkyl esters that are produced by the
transesterification of vegetable oils such as rapeseed oil and soybean oil.

World Biodiesel Sources (2002)

Soybean Palm
1% \1% Other
Sunflower 1% ® Rapeseed oil Rapeseed 37 127
13% )
M Sunflower oil Sesame 50 74
Soybean oil
Y Soybean 14 48
M Palm oil
) Sunflower 32 102
M Other oils
Mustard seed 35 61
Cotton seed 13 35
Figure 13. Available world biodiesel sources Figure 12. (Table 7) Comparison of biodiesel crop properties

Biodiesel can be used in a pure form, B100, or blended with petroleum diesel at various
compositions. The most commonly used forms of biodiesel are B20, B5, and B2. These blends represent
compositions of 20% biodiesel, 5% biodiesel and 2% biodiesel, respectively. Unlike ethanol-blended
gasoline fuels however, biodiesel-blended fuels typically cost more than their pure petroleum
counterpart. For this reason biodiesel use in the United States and in Oklahoma is limited. Much
research has been done on this new bio-fuel and the future could see the prices of biodiesel blends drop
below the price of pure diesel fuel. This price switch could be the result of the increased economy of
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scale for biodiesel production, agricultural subsidies, or rising oil costs. It has been proven that vehicle
engines can be converted to run on purely wasted vegetable oil or “WVO” ™. However, using this oil as a
fuel source is not very efficient and can be difficult to regulate. Similarly, pure biodiesel can be used as a
fuel in vehicles. This is not favorable in terms of energy efficiency though. According to the National
Renewable Energy Laboratory biodiesel fuel use in vehicles results in decreased power, torque, and fuel
efficiency. For instance, use of the blended fuel B20 results in around 1% reduction in the three areas
mentioned above. However, in low percentage biodiesel blends such as B5 and lower, the energy
reduction is so low that it is unnoticeable™. The following table summarizes the prices and heating
values of diesel and biodiesel fuels.

Fuel Nationwide Average Price Net Heating Value Average
— (2008 $/gal)[22] (BTU/gal)[23]
Petroleum Diesel $3.65 129,500
B5 (5% biodiesel) $3.84 129,276
B20 (20% biodiesel) $4.04 127,259
B100 (pure biodiesel) $4.64 118,296

Figure 14. (Table 8) Comparison of various biodiesel blends

Oklahoma currently has two biodiesel production plants. These plants have a combined
production capacity of 109,000 gallons of pure biodiesel per day. As the table 9 below shows, these
plants produce biodiesel from many different sources including various vegetable oils and animal fats.
The High Plains Bioenergy plant takes pork fat from its parent company Seaboard Foods and creates
useable fuel from it. Creating the same amount of petroleum based diesel fuel that these refineries
produce per year would take 15,654 barrels of crude oil and produce 5,469 tons of carbon dioxide

emissions™®"’,

Increasing  Oklahoma’s  biodiesel Earth Biofuels | High Plains Bioenergy
production capacity is something Location: Durant, Ok Guymon, Ok
researchers have been studying for several ) 10.000.000 30.000.000
years. Capital costs for newly constructed R g,al/y,ear g,al/y,ear
biodiesel plants in Oklahoma average Feed stocks: Various \{egetable Various vegetable oils and

oils animal fats

approximately $280 dollars per ton of feed Figure 15. (Table 9) Oklahoma's current biodiesel refineries
source. Capital, fixed, and variable operating

and maintenance costs were found using a methodology defined in Biodiesel performance, Costs, and
Use, by Radich. Because the transesterification process of creating biodiesel is virtually the same for
both vegetable oil and animal fat feed stocks, the associated costs are the same as well*. The fixed
operating and maintenance costs as well as the variable operating and maintenance costs as a function

of capacity can be seen in the table below.

Associated costs for newly constructed biodiesel plants

Capital Cost Variable O&M cost Fixed O&M cost
$280 / ton of feedstock $675 / ton of feedstock $149 / bbl of product

Figure 16. (Table 10) Biodiesel refinery costs
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Carbon Capture and Sequestration (CCS)

Carbon capture and storage (CCS) is an approach to mitigating the contribution of fossil fuel
emissions to global warming, based on capturing CO, from large point sources such as fossil fuel power
plants. Carbon capture and storage can be divided into three distinct categories; post-combustion, pre-
combustion, and oxy-fuel combustion. In the context of this report, we will be dealing exclusively with
post-combustion carbon capture. If may also be noted that in this method, upon capture CO2 is stored
underground in geological formation®. This type of storage is known as sequestration. Thus in this
report CCS shall stand for carbon capture and sequestration rather than storage. Applied to coal-fired
power plants, it is estimated the CCS techniques could reduce CO2 emissions to the atmosphere by up
to 80%. Capturing CO2 from flue gas and subsequently compressing it in order to send it underground
requires enormous amounts of energy. For this reason, it is estimated that CCS applied to a coal-fired

power plant could increase fuel consumption by up to 40%°% .

Methodology

Modeling Oklahoma’s energy industry from the year 2010 to the year 2030 required the
creation of the two mathematical GAMS models that where mentioned previously and will be discussed
in further detail later. It also required the compilation of massive amounts of data. A few examples of
this data include; the individual capacities of all existing energy creation facilities in the state, the total
operating costs of these plants, the CO, emissions of these plants, and the job salaries paid to the
workers of these plants just to name a few. Much of this information was readily available on
government websites such as The Energy Information Administration and The Oklahoma renewable
Energy Council. Some of the data was not available and required independent calculation. Examples of
required data that had to be independently calculated include; capital cost of new plants, job salaries
paid to workers, and several forecasted prices. The purpose of this section is to explain the methodology
used in calculating these costs, salaries, and prices.

Capital Costs

The costs associated with energy production plants are numerous and range from the thousands
to the billions. For this project we have assumed plant costs to fall into four main categories; capital or
expansion costs, operating and maintenance costs, fuel costs, and carbon capture and sequestration
costs. Data for the latter three categories was researched and found for each given plant type. Capital
and expansion cost data was available but could not be used as easily as the other available data.
Because there is a minimum associated cost when building a plant or refinery, a graphical method was
used to determine a linear function relating plant capital or expansion costs to capacity.

18


http://en.wikipedia.org/wiki/Mitigation_of_global_warming
http://en.wikipedia.org/wiki/Fossil_fuel
http://en.wikipedia.org/wiki/Global_warming
http://en.wikipedia.org/wiki/Point_source_pollution
http://en.wikipedia.org/wiki/Fossil_fuel_power_plant
http://en.wikipedia.org/wiki/Fossil_fuel_power_plant

Coal plants: Capacity vs. Capital Cost
1800 -
1600 - *
y =0.8746x + 259.27

1400 -
7y
2 1200 -
2
= 1000 - & Coal plants capacity
E vs. capital cost
‘g’ 800 -
o
I 600 - Linear (Coal plants
‘s capacity vs. capital
S 400 - ' cost)

200 - ¢

O ’ T T T 1
0 500 1000 1500 2000
Capacity (MW)

Figure 17. Graphical technique used to find the capital costs of new coal-fired electricity
plants based on capacity

The first step in this graphical analysis was to find available data for plant constructions or
expansions. This data must include plant type, year of construction, capacity, and total capital cost. All
costs where adjusted to reflect present day economic worth. For any given plant type (oil refinery, coal-
fired electricity plant, natural gas electricity plant, etc.) a plot of plant capacity versus total capital costs
was constructed. Figure 7 shows a plot of this nature.

For all data points, a linear best fit line was added and its’ equation determined. The equation
shown in figure 18 calculates the capital cost for a new electricity plant based on the desired plant
capacity. As the graph shows, there is a minimum building cost, regardless of capacity, of $259 million.
Similar plots were constructed for different energy types with similar results obtained.

Job Salaries

One of the constraints imposed
on our model was the increase of job
salaries paid to Oklahoma workers. In

H 0,
our model, job salaries paid to workers (o) L0 e B

are categorized into construction salaries Construction Material Expenses 66%

and operational salaries. Construction
Total Expenses

(total capital cost) 100%

salaries are those paid to workers

involved in the process of building a new
plant or expanding an existing plant. On Figure 18. (Table 11) Recreation of table 6.15 from Perry’s

the other hand, operational salaries are

those paid to engineers and operators working at a plant or refinery. As previously mentioned, this data

on construction, plant, and refinery workers’ wages was not readily available. Construction and
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operational salaries had to be handled separately and individually calculated. A methodology from
Perry’s Chemical Engineer’s Handbook was used to approximate construction salaries. Using Table 11,
we estimate the construction wages paid in building a plant or refinery to be approximately 34% of the
total capital cost.

Operational salaries were found using Plant Design. Figure 8 relates the required operating labor
of a chemical refining plant to the plant’s capacity. With a known plant capacity figure 8 allows for the
calculation of required operating labor in employee hours per day per process step. After finding the
operating labor of a plant the plant’s typical number of process steps must be found, along with the
average worker’s salary at that plant type. The average number of process steps for various plant types
are presented in table 12 on the following page.

180 -+
160
140

120 & Seriesl

100 B Series2

y = 4E-06x + 98.54

Operating Labor
(employee Hours)

80 Power (Series1)
60 Linear (Series2)
40 Linear (Series2)
20
0 - . . . . .
0 5000000 10000000 15000000 20000000 25000000
Plant Capacity (kg/day)

Figure 19. Graph from Plant Design relating plant capacity to required operating labor
For

calculating the average refinery and plant worker’s salary, table 6-15 from PTW was used. This table
means that 65% are operators, while 35% are engineers. Average operator and engineer salaries for
Oklahoma refineries in 2008 were found. They are shown in the table 13 below.
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Position Experience (yrs Yearly Salary

0-1 $59,000

Engineer |
Oil Refinery 10
Engineer Il 1-9 $74,000
Biodiesel Refinery 13
Engineer Il 10-19 $86,000
Ethanol Refinery 11
Engineer IV 20+ $102,000
Coal-fired Electricity 7
plant Figure 20. (Table 13) Average Oklahoma refinery
Natural gas-fired 7 worker salaries
Electricity Plant

Figure 21. (Table 14) Average Oklahoma refinery
worker salaries

Using the data presented in table 13 along with the plant breakdown assumption of 3 type IV engineers:
10 Engineer llI: 20 Engineer II: 30 Engineer | the average Oklahoma salary was calculated to be $24.38.

Algebraic Model

Objective Model

The objective of the model is to maximize the net present value to produce energy from all industry
while meeting demand, reducing CO2 emission, and creating jobs. The model was derived from the
model created by Hamidreza Mirzaesmaeeli*. In his project, he only focused on the minimizing cost for
the electricity industry. For our project we added models for the transportation fuels and natural gas
heating industries and a profitability model. These various models will be explained further in detail in

this section. Below is the objective function of our model.
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(NetPresentValue)=>

Objective =maximize(Net PresentValue )

0 (AnnuaIProfit)tE'e‘“Jr n (AnnuaIProfit)f“e'+ 1, (AnnualProfit)

n (1+i) : (1+i) " (1+i)

Below is a list of the symbols and description used in the model. Similar symbols are used for both the

electric and fuel model. There are two units listed here. The first unit refers to the unit used in the

electric model and the second unit refers to the fuel model.

Electric Model

Below is a list of the symbols used for the electric model and its description:

Indices

Sets

Elect

New

Parameters

Time period (years)
individual plant

Fuel type (coal/natural gas)

Electric plants

New power plants or refineries that are built (if not present, symbol pertain to existing
plants)

Fixed operating cost ($)

Variable operating cost (5/MWh)
Annual operation time (hrs)

Fuel cost for fuel j during period t ($/G)J)

Heat rate of boiler i using fuel j (GJ/MWh)
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Siit Capital cost rate of change of new plants (S per MWh of capacity)

Wi Minimum capital cost of new plants ($)
ikt Amount of CO, removed per generation (ton of CO,/ MWh)
Qe Cost of carbon capture ($/ton of CO,)

Binary Variables

Vit =1 if new power plant is built during period t; otherwise =0

Zit = 1if new power plant is operational during period t; otherwise =0
Continuous Variables

Eijt Average power generated during period t (MW)

Cit The new capacity of new power plants (MW)

Below is a breakdown of the model for the electricity cost:

(TotalCost);"**""*= (FixedOprQost): *"*+ (VarOprCog):*"*+ (FuelCost) """+
(FixedCapitalCost)*"&"*'"+. (FixedOprQost)y """+ (VarOprCog); =l rie.
(FuelCost)'"“=**e'"+ (CarbonCaptureCostf '+ (CarbonCaytureCost) "=

Below is a breakdown of the various costs in more detail:

(FixedOprQost)E'"ct = zz [ Elect

ijt

(VarOprCog)F'e® = ZZV Electf2 Electpy Elect

ijt ijt

(FUG'COStlEIeCt ZZU Electc; EIectE EIectPEIect

ijt

(FixedCap talCOSt)tNeW'EleCt — zz S New, EIecC New,Elect + ymew EIecW New,Elect

ijt ijt ijt

(leedopra)st)NewElect ZZ F New, Elect 5 New,Elect

ijt ut

(Variableq)rcost){\lew,Elect zz\/ New, EIectE New, EIectP New,Elect

ijt ijt

(FUE'COStI\‘eWEIECt ZZU IJl\:ew EIecG New, EIectE New, EIectP New, Elect

ijt
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(Carboncapu reCOStfleCtricz ZZQijEtlectgiletlectEinEtlect
P

(CarboncaﬂureCOStI\AeW,EIectric: ZZQijl\:ew,Elec%ilj\ltew,EIecE"ijl\:ew,Elect
i

Transportation Fuel Model

Below is a list of the symbols used for the transportation fuel model and its description:

Indices
t Time period (years)
i individual plant
j Fuel type (coal/natural gas)
Sets
Fuel Transportation Fuel Refineries
New New power plants or refineries that are built (if absent, symbol pertains to existing
refineries)
Parameters
Fi Fixed operating cost (S)
Vit Variable operating cost (S/barrels of raw material)
Py Annual operation time (hrs or days)
Ut Fuel cost for fuel j during period t (S/barrel or S/ton)
Rit Cost associated with expansion of existing refineries ($/capacity)
Siit Capital cost rate of change of new refineries (S per bbl/day of capacity)
Wi Minimum capital cost of new refineries (S)
Eikt Amount of CO, removed per production (ton of CO,/ bbl/day)
Q Cost of carbon capture and storage for boiler i (S/ton of CO,)
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Binary Variables
Vit =1 if new refinery is built during period t; otherwise =0
Zijt = 1if new refinery is operational during period t; otherwise =0

Continuous Variables

Eijn The amt of energy in the product (Btu)
Bijit Volume of raw material processed at refineries (bbl/day or tons/day)
Ci The capacity of new refineries (bbl/day)

Below is a breakdown of the model for the transportation fuel cost:

(TotalCost)*' = (FixedOprQost); ' + (VarOprCog);**' + (FuelCost**' +
(CapitalCast) ™'+ (ExpansiorCost)™*~*! + (TransporionCosty'e"! +
(leedOperst)NeWF”e' + (VarOprCos)NEWF“e' +(FuelCostj'e" el +
(CarbonCaptureCostf* + (CarbonCapiureCost}*~*

Below is a breakdown of the various costs:

(FixedOprQost)f*®' = ZZFF“'

ijt

(Varoprcost)fuel szljlt:uelB Fuell:)t Fuel

ijt

ijt

(FueICostf”e' — ZZU FueIBFueIPtFueI

ijt ijt ijt

(FixedCap'taICOSt)tNew,Fuel — ZZS New, FueIC New,Fuel + y”tew FueW New,Fuel

(ExpanSIOr-Cost)NewFuel Z ZS New, FuelC New, Fuel + ylNew FueW New,Fuel

ijt ijt ijt
i=0il j=oil
refineries

(TransporationCost)*' = (MilesTravded ) **!(TruckFuel@st) Mileage(TruckCap); B} R
t

ijt

(F|Xedopra)st)NewFuel ZZFNeWFueI New,Fuel

it ijt
(Varoprcos)NewFuel ZZV New, FueIB New, FueIP Fuel

ijt

ijt

(Fue|COSt1\lew,Fuel — ZZU FueIB New, FueIP Fuel
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(TransporationCost)'®"**' = ZZ(MI lesTravded )| **(TruckFuel @st) Mileage(TruckCap); ““Bjy" /R

ijt

(CarbonCaytureCostf*' = ZZQ,F“Q' Fuelg Fuel

ut ijt

(CarbonCaﬂu r.ecos»d\lewFuel ZZQUI\:eW Fuel New, FueIB New,Fuel

ut ijt

The total energy produced from the fuel is calculated using a conversion factor that converts the barrel
of raw material that is processed into the amount of stored energy of the product that it produces. This
is done so the model can compare the various different type of transport fuel.

E|'t:uel ZkFuelBFuel

ijt

NeWFueI Fuely New,Fuel
Epete =D ki B]

ijt
i

To find the fixed capital investment for new plants and refineries, a linear approximation was made. The

number of plants that can be built is limited and the new capacity is limited between a maximum and
minimum:

Zleew Elect <1

n
o New,Fuel
Zyijt <1
t

New,Elect o New, Elect New,Elect New,Elect New Elect
(Cut )Mm yut Cut (Cut )Max yut

New,Fuel o New,Fuel New,Fuel New,Fuel o New,Fuel
(Cllt )Mm yl = CIJt = (C:Ut )Max y'lt

Natural Gas Heating Model
Below is a breakdown of the total natural gas heating operational cost model. The symbols that are

used are similar to the electric and fuel model:

(TotalCost) ™ = (FixedOprQost)/** + (VarOprCog);*

Below is a breakdown of the various costs:
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(FixedOprQost);*** = ZZFUTG*“

(VarOprCog) 2 = ZZVIJI:eatEIFeat

Profitability Model

Maximizing the annual profit is the main objective of the model. For the equations below, only the
electric equations are shown. The other industries use the same equations. In order to make the
equation linear the electricity price and the tax break alpha is treated as a parameter. Alpha is the
percent of gross profit that is given back as tax breaks. Various scenarios using different price and alpha
was ran to find the optimal values. The electricity price is regulated, but the price of fuel and natural gas
is determined by the market and cannot be manipulated.

(AnnualProfit)tE'“‘:ZZ(GrossProflt - ZZ (Taxes)™

(GrossProfit )5;*' = (Revenue)E'eCt (Operatloanst)E'eCt

ijt ijt

Elect
ijt

(Operation@st)5;** = (FixedOprQost);;* + (VarOprCog)5** + (FuelCost)*" +
(CarbonCaytureCost);**

(Taxes)* = (T axRate)GrossProfit);™

ijt

)Elect

= (EnergyGeneated)-**(Price

(Revenue) -

For the new plants and refineries the profitability equation are the same except that there is a
depreciation cost and tax breaks.

(AnnualPProfit)*"** = ZZ(GrossP rofit )i ZZ (Taxes) ™= + ZZ (TaxBreaks)j ™=

New,Elect

(GrossProfit )" = (Revenue),ﬁ'fW'E'ECt - (Deprec|at[)n)”“.‘fW'E'eCt - (Operatloanst)ijt

(Revenue)ll;ltewElect (EnergyGenafated)l';'teW‘E'eCI(P rICe)EIect
Lo FClI. New,Elect
(Depreciatbn == ~ =
m

(Operation@st);™""** = (FixedOprGost)""** + (VarOprCog)y™"="*** + (FuelCost)™= +

It ijt

(CarbonCaytureCost)j "=

(T axe S)il}ltew,E lect _ (T axR atEIG rosspP roﬁt)il;ltew,E lect

(Tax Breaks)”l\ltewElect — a,:\:EWEIECt(G rossP rOfIt)theWEleCt
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Constraints

Energy Demand Constraints
The summation of all the energy from all fuel that is produced must be greater than demand.

> (EnergyGeneatedTotal)™*"™ = (EnergyDemad ); "

Electric

EnergyGeneatedTotal) ™" = (EnergyDemad )™
t t

Fuel

> (EnergyGeneatedTotal)** = (EnergyDemad );"**

Heat

CO2 emission constraints
The Total Net CO, emitted from both electric and fuel industry must be less than the limit that is
set.

> (NetCOREmission) *+ > "(NetCO2Emission; "+ > '(NetCO2Emission} < (CO2Limif,

Elect Fuel Heat

The Net CO2 emitted is equal to the CO2 generated from the refineries minus the CO2 that is
removed using Carbon Capture Sequestration.

(NetCO2Emision )} **"°=(CO2Producel ) *'"*- (CO2Removed; "™
(NetCO2Emision ' =(CO2Produce ) - (CO2Removed;*

Electric Elect ElectpyElect New, Electp™ New, Electpy Elect
(COZPrOdUCd)t =%t B BtV Eit R

(COZP rOdUCd)fuel _ yilj‘—tueléilj—ZtlectRFuel + yilj\:ew,FueEi;\ltew,ElecRFUel
(CO2Removed; ™ < £5*(CO2Producel ) * + &)™ =*{CO2Producel )*"

(CO2Removed ™ < &f**(CO2Produce )™ + g e(CO2Produce )| **

ijt ijt

Capacity Constraints
The amount of processed Raw Material must be less than existing and new capacity at all
refineries. The amount of switch grass and soybean available to buy must be less than the annual
production available.
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= Electric - (S Electric
Eijt < Cij

5 Fuel - AFuel
B~ <Cy

swichgras < (ANNUAI Linit)

SoybeanS (Annual LI m't)Soybean

Switchgras

o> o>

Job Creation

New job from new plants and refineries as represented by salary must increase by a preset limit.
New salary is divided into construction and operational.

> (NewSalaryf™™ + > (NewSalary "> (NewSalarylimitf*"

t

t

> (NewSalary ™ = > (Constructdn); "™+ > (Operation "™

> (NewSalary*® = >(Constructdn)** + > "(Operation}**

Profitability

The annual profit from new plants and/or refineries must meet a preset ROI.
ij ijt

t
(Annua' PrOfit){\leW’EleCt > (ROI)NeW,EIethZZ(FCI) New,Elect
toi

Il ijt

t
(AnnuaIProfit)[“eva“e' > (ROI)New,EIethZZ(FCI New,Elect
t i
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Results

In this section, the results of our model are presented. Various scenarios of percent yearly CO,
reductions and job salary increases were ran to create a pareto-optimal boundary surface. Scenarios at
different electricity prices run in order to find out how much electricity prices will need to be increased
by to achieve specified return of investments.

Net Present Value: Pareto-optimal Boundary

NPV vs CO2 vs Salary
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Figure 21. Pareto-optimal Boundary: NPV vs. CO2 vs. Salary

The figure above is the pareto-optimal boundary surface for the net present value of
Oklahoma’s entire energy industry from 2010 to 2030. It represents the maximum profit that the
energy industry can make at a specific annual minimum CO, percent reduction rate and minimum job
salary increase. The maximum possible rate for CO, reduction was found to be 2.2% and the maximum
job salary increase was found to be 2%. Net present value is strongly affected by the CO, reduction rate
due to the high costs of using carbon capture and sequestration and building cleaner electricity
producing facilities such as wind farms and hydroelectric plants. The sharp NPV decrease after 2% CO,
reduction rate is caused by using more carbon capture and sequestration. This is the primary reason for
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the steeper slope. We found that job salary creation had only a minor effect on NPV. Further
explanation will be presented with the graphs below.

Minimum Retail Electricity Prices

Tax Breaks (percent of profit)

Co, ROI 0% 10% 20% 30%
0.09; 2.5% N/A S 0.05 g 0.05 g 0.05
0.0% 5.0% N/A S 0.07 S 0.07 3 0.06
0.0% 7.5% N/A i) 0.09 S 0.08 S 0.08
0.0% 10.0% N/A h) 0.10 S 0.09 i) 0.09
1.0% 2.5% N/A S 0.06 g 0.06 g 0.06
1.0% 5.0% N/A i) 0.07 S 0.07 S 0.06
1.0% 7.5% N/A S 0.09 g 0.08 g 0.08
1.0% 10.0% N/A S 0.10 g 0.10 g 0.09
2.0% 2.5% N/A S 0.07 S 0.07 S 0.07
2.0% 5.0% N/A S 0.07 S 0.07 S 0.07
2.0% 7.5% N/A i) 0.09 S 0.08 S 0.08
2.0% 10.0% N/A S 0.10 S 0.10 3 0.09

Figure 22. (Table 12) Minimum retail electricity price (5/kWh) required at various scenario (Jobs at 1%)

Figure 22 shows the minimum average electricity price required over the next 20 years for new
investors to make a given return on investment at different CO, reduction levels, and tax breaks given.
For all scenarios job salary increase was kept constant at 1%. The table shows that if no tax breaks are
given, it will not be profitable to invest in new power plants for any given scenario. Furthermore, at 10%
ROI it shows that the retail price of electricity will need to be increase to at least $0.09 per kWh from the
current price of $0.072 per kWh. As expected, increasing the CO, reduction will result in higher
electricity prices.
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Scenarios

co, Jobs Tax Breaks
S1 0% 0% 10%
S2 1% 1% 10%
S3 2.2% 2% 10%
S4 1% 1% 20%

Figure 23. (Table 13) Scenarios chosen for analysis

For the rest of this report, four scenarios will be presented. Three scenarios were chosen and
explored in more detail in order to determine the effects of increasing CO, reduction and job salary
increase from the minimum to the maximum possible. A fourth scenario, with higher tax breaks, was
also chosen. For all four scenarios the retail price of electricity is kept constant at 10 cent per kWh and
the ROl is kept constant at 10%. We believe an average of 10 cent per kWh is a reasonable assumption
to make for the next 20 years. A 10% ROl is chosen because it is likely the minimum amount required
for most investors to put in money.

New Plants and Refineries

0%CO,,
0% Jobs, 5 119 195 238 237 357 1147
10% Tax Break

1%C0,,
1% Johs, 5 119 305 253 440 500 1617
10% Tax Break

2.2%C0,,
2% Jobs, 5 17 247 227 500 500 1492
10% Tax Break

1%C0,,
1% Jobs, 5 119 119 119 457 457 1271
20% Tax Break

Figure 24. (Table 14) New wind farm construction
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Plants 2010 2013 2014 2017 2020 2024 2025 2026 Total

0%C0,,
0% Jobs, 3 121 400 357 678
10% Tax Break

1%C0,,
1% Jobs, 4 121 400 50 345 916
10% Tax Break

2.2%C0,,
2% Jobs, 5 119 181 400 384 400 1484
10% Tax Break

1%C0,,
1% Johs, 5 180 357 376 119 50 1083
20% Tax Break

Figure 25. (Table 15) New hydroelectric plant construction

Figures 24 and 25 are the model’s wind farm and hydroelectric plant construction results.
Oklahoma’s government needs to promote the construction of plants and refineries that use clean
sustainable energy sources in order to reduce the carbon footprint of the state. Reflecting this, we gave
our model the option to choose whether to build a maximum of five wind farms, five hydroelectric
plants, two biodiesel, and two ethanol refineries as well as select the capacity and construction year for
each. We found that for different scenarios, the model arrives at different values for new plant
capacities as well as their optimal construction year. At low CO, reduction and job salary increase, wind
plants are favored. At high CO, reduction and job salary increase, either plant is favored equally. At high
CO, reduction levels, plants should be built at a later time. The model chose to compensate this by using
more carbon capture and sequestration at an earlier time. This will be explained in more detail later on.
The model determined that no new biodiesel or ethanol refineries should be built. This is because the
demand for transportation fuel is not forecasted to increase enough for them to be profitable.

# of Wind Plant 5 farms 5 farms 5 farms 5 farms
Total Capacity 1147 MW 1617 MW 1492 MW 1271 MW
#of
. 3 plants 4 plants 5 plants 5 plants
Hydroelectric
Total Capacity 678 MW 916 MW 1484 MW 1083 MW
Avg ROI 9.6% 10.1% 10.1% 10.2%
Std Deviation 2.0% 2.4% 2.7% 2.3%

Figure 26. (Table 16) Wind and hydroelectric summary and ROI
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Figure 26 is a summary of the power plant constructions. For all scenarios, a 10% annual ROl is possible

with a standard deviation ranging from 2%-2.7%.

New Salaries

0% CO;, 0% Jobs, 10% Tax Break
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Figure 27. New construction and operation salaries

Figure2 7 represents job creation in the form of total salaries paid to Oklahoma workers through
construction and plant operation jobs. Because only hydroelectric plants and wind farms are being
constructed, little plant operation salaries are being paid. As mentioned previously, figure 27 shows
that at high CO, reduction levels plants should be built at a later time. The total salary coming from
plant operation is shown to be significantly lower than construction labor. This is because only wind and
hydroelectric plants are built. Both facilities require less people to operate them when compared to
coal and natural gas plants. Wind farms require virtually no maintenance and hydroelectric plants are
mostly automated. Figure 27 also shows that higher tax breaks have only a small effect on salary.
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Profits
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Figure 28. Annual Cash Flow from all industries

Figure 28 is the annual cash flow from all industries in 2009 dollars. It shows that at higher CO,
reduction levels, the electric industry loses profit. More specifically, profit loss is primarily from coal
plants and is due to the cost of using more carbon capture and sequestration.
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Figure 29. Discounted Cash Flow at 8% for new plants and refineries
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Figure 29 represents the discounted annual cash flow at an 8% discount rate for new electric

plants and refineries. Since there are no refineries that are built, the graph shows only the cash flow

from electric power plants. Profit is shown to decrease as CO, reduction levels and job salaries increase.

However, results are similar for all scenarios under a 2% CO, reduction. After 2% reduction, profit is

shown to be significantly reduced. At values larger than 2% reduction, the model chooses to build most

plants during the second half of the project’s life. This is compensated by using more carbon capture and
sequestration towards the beginning. As expected, a higher tax break gives investors significantly higher

profits.

Net CO2 Emissions after CCS
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Figure 30. Net CO2 Emission after CCS
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Figure 31. CO2 Emissions Captured with CCS

Figure 30 represents the net CO, emission after using CCS from all industries. Figure 31 shows
the amount that is captured by CCS. Figure 30 includes the CO, emission amounts from plants,
refineries, and consumers. The majority of CO, emissions in industry are from power plants, specifically
from coal power plants. Carbon capture and sequestration use increases with the CO, reduction level.
We found that most carbon capture and sequestration is done by the electric industry, specifically coal
plants. The reason for this is that CCS is cheaper for coal plants due to more readily available
technology. After 2% reduction, the model show that more CCS usage from natural gas plants should be
done and at an earlier time than coal plants. There is minor CCS from oil refineries. This is because
refineries produce little CO, emissions compared to coal and natural gas plants. Most of the CO, being
emitted from transportation fuel is from consumer consumption and cannot be captured with CCS.

Electricity Generation and Transportation Fuel Production

Figures 32 and 33 represent the distribution of electricity generation by source and the
distribution of transportation fuel over the next 20 years, respectively. There is little change in the
generation from coal and natural gas plants for all scenarios. Generation from wind farms and
hydroelectric plants is shown to steadily increase. Wind and hydroelectric are shown to increase to 24%
and 15% of the total generation by 2030, respectively. The transportation fuel industry is shown to
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remain virtually unchanged as most all of the demand is met by gasoline and diesel. As previously

mentioned, the demand is not expected to increase enough for biodiesel and ethanol to be profitable.
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Figure 33. Transportation Fuel Production
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Conclusions

The goal of our mathematical model is to give guidance on how to proceed in changing
Oklahoma’s energy infrastructure. This change comes in the form of reducing yearly CO, emissions and
increasing job salaries paid to Oklahoma workers while still meeting projected energy demands for the
next twenty years. After developing our model, we ran hundreds of trials and analyzed the results of
each one. After this detailed analysis we conclude that of all the industries studied, only the electric
industry is in need of drastic change. Electricity generation from the combustion of coal produces the
most CO, of any energy type and makes up more than half of Oklahoma’s electric capacity. To combat
this overwhelming coal use, the model chooses to have coal plants use carbon capture and
sequestration technology to reduce CO, emissions. At the same time, the model chooses to build more
wind farms and hydroelectric plants in order to meet the state’s increased future electricity demand.
We found that government tax breaks are needed in order to make our energy industry profitable
enough to attractive investors. We also found that electricity prices will need to be increased to at least
$0.10/kilowatt-hour to ensure potential investors receive the minimum acceptable return on their
investments. We have determined that little change is warranted for the transportation fuel industry.
This is because the fuel industry produces far less CO, than the electric industry, as the majority of
transportation fuel CO, emissions come from end-use consumption. We found that change in the
transportation fuel industry should be made on the consumer level. The production of biodiesel and
ethanol is not profitable because there is not enough demand for it. Government involvement in the
form of tax breaks and incentives should be increased in order to persuade consumers to use more bio-
fuels. In conclusion, our model is a great first step in planning Oklahoma’s energy industry provides
good approximations. Upon further research into Oklahoma’s energy infrastructure and improvement
on the model, this project has the potential to produce very good results.
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Further Studies

Due to time constraints, many things were simplified or not included in the formulation of our
mathematical models. The broad scope of our project did not allow for some areas to be studied in fine
detail, while others were omitted entirely. Examples of this include; detailed calculation of operating
and maintenance costs for varying energy facilities, electricity generation from solar and photo-voltaic
cells, possible need for natural gas distribution pipeline expansions, government involvement in
consumer bio-fuel use, and the advantages of improving the efficiency of the electric distribution grid.

Operating and Maintenance Costs

Further research should be done in calculating both the fixed and variable operating and maintenance
costs of Oklahoma energy creation facilities. Our data for these costs were taken from reliable sources
and can be considered fairly accurate. Information we found for O&M costs were typically given in
dollars per capacity (i.e. $/Mwh) and varied for each of the eight energy types studied. However, this
data assumes that all plants within a certain plant type have the same associated costs. Through related
research we found that this is not necessarily true. For this reason, using the average costs for any given
plant type cannot be deemed adequately accurate for use in our detailed models. Further research
should work to identify Oklahoma plant costs on an individual basis.

Solar/ PV cells

During the first stages of project research it was deemed that solar technology would not be included in
our project. Oklahoma does not have the adequate conditions for large scale electricity generation via
solar energy. Electricity generation from solar or PV sources in Oklahoma is limited to small scale
residential and industrial use. Incorporation of this energy use would require massive amounts of
research and modeling while only contributing minor results. Further research into planning Oklahoma'’s
energy industry should incorporate solar and PV electricity generation. Specifically, how government tax
breaks and incentives can affect the number of homes and businesses generating their own electricity
with PV cells instead of purchasing electricity from utility companies. This increased PV cell use could
potentially lower the demand for utility sold electricity in the state and greatly affect the model’s
results.
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Natural Gas

Forecasted Demand

Much of the energy generation and consumption data required for our project required enormous
search efforts to locate and deem reliable. Some of the data could not be found at all. The forecasted
natural gas demand of the state was one of these. Forecasted natural gas demand for the entire U.S.
was readily available though. In order to approximate the forecasted natural gas heating for Oklahoma’s
next 20 years, a percent yearly change in forecasted U.S. use was found for each of the four heating
sectors. This yearly percent increase or decrease was then applied to Oklahoma’s current natural gas
use. This method allowed for the rough approximation of Oklahoma’s natural gas use over the next 20
years, assuming it follows the same trends as U.S. use. Further research into this project should work to
find more accurate forecasts for natural gas heating use.

Pipeline Expansion

To further simplify our models, the potential need for an expansion of the state’s natural gas
distribution pipeline was not researched. The current models assume that no new pipelines will need to
be built for the next twenty years. This may not be the case however. Residential natural gas use in the
U.S. is forecasted to increase 3% over the next 20 years while total natural gas use for heating is
forecasted to increase by over 6%. This increased use could possible see the need for expansions within
the state’s natural gas distribution system. Costly expansions could cause increased prices and therefore
a subsequent decrease in natural gas use as more consumers turn to electric or PV cell heating to heat
their homes. This potential course of events could alter the results of the model. These changes could
range anywhere from insignificant to considerable, only further investigation on the subject will tell.

Consumer Bio-Fuel Use

The majority of CO, emissions associated with the transportation fuel industry come from end-use
combustion in vehicles. Because this fuel use and subsequent CO, emission cannot be regulated in the
scope of our project, these emissions were not included. However, emissions from consumer vehicles
can be modeled and the effect of their changes can be studied. Government incentives to use low
emission vehicles and bio-fuels could drastically change both emissions and bio-fuel demand data.
Further research into consumer bio-fuel use and government involvement should be done.
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Electric Grid Improvement

Although the following topic does not directly relate to the type of research and modeling done in this
project, it is still worth mentioning. It was estimated that over 7% of the United States’ electricity was
lost during grid transmission in 1995. Oklahoma produced over 3.7 million megawatt-hours of electric
energy in 2008. Assuming that Oklahoma loses 7% of electricity during transmission, improving the
electric distribution grid to 6% losses could save over 37,000 megawatt-hours of energy’. This increased
efficiency could drastically lower consumer electricity prices and CO, emissions to the environment. To
illustrate, in producing 37,000 megawatt-hours of energy, a coal plant produces over 85 million pounds
of CO,>. Research in this area would focus on the CO, emissions reduced by grid improvement and what
the state government can do to encourage this technological change rather than on how the change
itself can be accomplished.
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