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Abstract
The purpose of this phenomenological study was to explore lived experiences and
perceptions from a population of 75 aviation managers in various locations in
Pennsylvania about the use of aviation biofuel and how it will impact the aviation
industry. The primary research question for this study focused on the impact of biofuel
on the airline industry and how management believes biofuel can contribute to the
reduction of fossil fuel. Grounded in the conceptual framework of sustainability,
interview data collected from 27 airline and fueling leaders were analyzed for like terms,
coded, and reduced to 3 themes. Data were organized and prioritized based on frequency
of mention. The findings represented themes of (a) flight planning tools, (b) production,
and (c) costs that are associated with aviation fuel. The results confirmed findings
addressed in the literature review, specifically that aviation biofuel will transform the
airline industry through lower cost and production. These findings have broad
applicability for all management personnel in the aviation industry. Implications for
social change and improved business environments could be realized with a cleaner

environment, reduced fuel emissions, and improved air quality.
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Section 1: Foundation of the Study

The airline industry has been changing, and one of the major factors that has
caused the change is fuel. The cost of fuel has created a crisis for the airline industry and
its business model. In recent years, this crisis has been addressed through downsizing
and other means of corporate restructuring in order to sustain business. One of the ways
the airline business may be brought back to profitability is alternative fuel. The
alternative fuel development should assist organizational leaders as they plan for the
future and determine opportunities (Nyrgen, Aleklett, & Hook, 2009). The alternative
fuel, which is generated from plant feedstocks, such as camelina and jatropha, has shown
potential for substantial life-cycle and carbon dioxide (C0%) reductions (Swickard, 2010).
Company leaders are starting to test and analyze the effects of these biofuels, as the

impact may be significant.

Background of the Problem

Airline industry leaders continually review and evaluate the impact of fuel costs.
The production of fuel is expected to decrease by 2026, which will cause further
problems for airline leaders (Nyrgen, Aleklett, & Hook, 2009). Airline leaders spend
millions of dollars on fuel, which is needed to operate their fleets, and testing of
alternative fuel may be a viable resolution. Aviation industry leaders continue to increase
testing of sustainable alternative fuels to reduce impacts of current aviation fuel
(Abeyratne, 2010). The fuel situation is creating awareness among the airlines, and

leaders are starting to implement control mechanisms through their flight operations
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departments. These control mechanisms consist of different flight altitudes and working
with air traffic control. The airlines are having significant cost reductions through these
flight operation procedures; however, these procedures alone may not sustain airline
operations. Airline leaders have started to reduce capacity and continue to reduce the
fleet, which could offset rapidly rising fuel costs. Since 2009, leaders in the aviation
industry have actively addressed interest about alternative fuels and ways to control costs.
From January 2004 through July 2006, jet fuel prices increased by $1.16 per gallon,
according to the Air Transport Association (ATA), and the cost continues to rise. In
2007, oil prices reached a high of $92.22 dollars per barrel (Air Transport Association,
2010). The push for alternative fuel is the driving force to assist airline leaders, but many
elements need to be examined and researched. The testing of alternative fuel can take
years, but the testing phase is normally worth the wait (Abeyratne, 2010). The alternative
fuel is just a starting point for the airline industry, which is experiencing cost and revenue
shock from the cost of fuel. The airline industry is quickly assessing the issue and
adapting to change (Bisignani, 2006).
Problem Statement

The aviation industry is changing with increased aviation traffic, which will
continue to grow through the coming years. The industry is estimated to grow by 5% per
year through 2026, and the fuel demand is estimated to grow by 3% per year (Nyrgen,
Aleklett, & Hook, 2009). One fuel that may have the ability to alter the aviation industry
is biofuel, which has many challenges and hurdles that need to be identified and
overcome (Daggett, Hadaller, Hendricks, & Walther, 2006). The general business

problem is that the increased cost of aviation fuel and environmental concerns have
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created a crisis for the aviation industry. The specific business problem is that company
managers do not perceive the potential benefits of using alternative fuel in the airline
industry.
Purpose Statement

The purpose of this study was to describe the changes that biofuel has on the
airline industry, through the perception of aviation management. I used a qualitative,
phenomenological approach to collect lived experiences and perceptions from leaders in
the aviation industry in Pennsylvania (Pandey & Sharma, 2009). The sample of 27
participants was representative of the population of 75 employees from various aviation
and biofuel companies. The use of biofuel contributes to social change through
environmental improvements that can reduce carbon dioxide (CO?) omissions (Swickard,
2010). Airline industry leaders are challenged by fuel costs, and the production of fuel is
expected to decrease by 2026, which may create additional problems for the airline
industry (Nyrgen et al., 2009). The issue of fuel cost has aviation industry leaders
researching alternative fuels. The findings from the study contribute to social change by
providing information that may help reduce impacts of current aviation fuel costs, which
may provide cost savings advantages for customers and reduce the social costs associated
with environmental pollution (Abeyratne, 2010).

Nature of the Study

The qualitative, phenomenological approach was used to explore the lived
experiences of participants (Moustakas, 1994). I conducted interviews with participants
involved in aviation management. The interviews presented findings of how the

alternative fuel process works and the benefits that the alternative fuel has on the aviation
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industry. The study included interviews with management from one major airline,
Airline for America Association (A4A), and the Federal Aviation Aministration (FAA).
These interviews provided information on attitudes toward the use of alternative fuel and
environmental concerns.

The research provided insight into the beliefs of managers and executives
regarding the use of biofuels. The qualitative method was a suitable fit for this type of
research because it involved interviews and assessments, which allowed for an
understanding of how the industry group feels about the biofuel as an alternative fuel.
The qualitative approach uses data to both present and resolve research questions within a
study (Kaplan, 1988).

A qualitative method was chosen because numerical data were not available and
would not provide understanding of lived experiences or address the perceptions of
participants. The quantitative method applies statistical measurements without the
opportunity for open-ended questions that would not be appropriate for exploring lived
experiences from participants. Also, the qualitative method helps in providing a deeper
understanding of the issue, which may not be possible through a quantitative method.

Research Question

I explored the impact that biofuel will have on the airline industry and how
managers believe biofuel may contribute to a reduction in the use of fossil fuels. The
study findings represented an understanding of acceptance of and participation in
alternative fuel. A pilot study (Appendix A), administered to five participants within the

airline industry, determined the interview questions represented a valid instrument that
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met the purpose of the study. The interview questions provided to participants are listed
below and in Appendix B.
Q1: What are some of the operational changes that the company has made with

regards to aviation fuel? Please explain any change strategies.

Q2: Describe your thoughts on whether or not aviation biofuel might transform
the aviation industry and what the expected outcome might be.

Q3: What are your biggest concerns with biofuel?

Q4: Describe your thoughts on whether or not aviation fuel, as an alternate fuel,
can be profitable for the aviation industry.

Q5: What applications or tools are being used to reduce overall fuel costs within
your company? Please explain.

Q6: What organizational interventions are being used to reduce fuel costs? Please
explain.

Q7: What are some barriers for the organization with regards to aviation fuel?
Please explain.

Q8: Describe if alternative fuel might represent a best strategy for controlling
costs or not? Please explain.

Q9: What course of action, if any, have the company leaders made to relieve the
burden of fuel costs?

Q10: Describe how biofuel might or might not reduce climate change and how

can environmental concerns be addressed for current fuel specifications.
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Conceptual Framework

Sustainability represented a theoretical basis for the focus on alternative fuel as a
source for airline leaders addressing environmental and global climate concerns.
Aviation leaders are searching for sustainable methods to reduce costs and maintain
operations. Airline leaders are looking for a new alternative fuel to assist them in
reducing a major operating cost. The aggressive approach toward alternative fuels
presents an opportunity for major change within the aviation community (Bisignani,
2006). Global aviation leaders should collaborate with stakeholders to sustain a viable
position among transportation. The government must continue to regulate safety,
security, and environmental standards (Bisignani, 2006).

There are several manufacturers within the airline industry representing a strong
interest in replacing aviation gas (avgas). As a result, there are many groups, such as the
Environmental Protection Agency (EPA), that promote elimination of avgas. The cost of
fuel has hindered operations of many airlines, and has caused reductions in airplanes and
staff. The crisis may continue until the fuel costs are under control.

Biofuel researchers use algae, forestry, and other agricultural crops to show
benefits of the next generation fuel. Several companies are looking to embrace the idea
of alternative jet fuel. Boeing Corporation leaders are researching and designing algae
testing, which the company leaders believe can yield 150 times more fuel. The most
exciting new alternative fuel development is algae, which is pond scum and has rather
unique properties. The algae substance consumes CO” to grow, and it can be grown
practically anywhere. The growing of algae will not require any fields, such as the spy

bean or crop farms (Cunningham, 2007). The alternative fuel that is currently being
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tested does not require any fresh water. The Boeing Company is also looking to grow
algae with the help of salt water, which can be obtained from the ocean (Cunningham,
2007). The biofuel process with algae could be a direct petroleum replacement from a
production and manufacturing standpoint. The algae process is much simpler then the
current refining process. The process is also less costly and could save money in the long
run through production and manufacturing (Brushnell, 2009).

Many managers and executives involved from various airlines support the
sustainability premise of the alternative fuel method. Various companies in the industry
are willing to use alternative fuel. Their willingness will allow airline leaders to
collaborate on new fuel sources. The collaboration should generate fresh ideas and
creativity among members. Many organizational leaders support grants and other sources
of money to help create the next generation of aviation fuel. These organizational leaders
have generated interest among all airlines and will continue to push for new sources of
fuel.

The fuel problem impacts the operations of all airlines. The cost of fuel is the
highest airline expense and will continue to increase total cost. Fuel cost continues to be
a problem (Coffin, 2008). In the past, employee salaries were always the highest
expense, but fuel has become the highest expense with current operational budgeting
(Jackson & Jackson, 2009). The problem has started a quest for every airline leader, who
try to reduce the cost per passenger and improve the environment through cleaner skies
(Mazraati & Alyousif, 2009). Several commercial aircraft manufacturers are seeking
improvements by addressing the challenges of fuel consumption, such as lighter parts and

enhanced engine efficiencies (Mazraati & Alyousif, 2009). These changes should help to
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reduce fuel consumption and improve overall operations. The rise and fall of world
economies has also affected the airline industry through multiple areas, such as passenger
traffic, oil prices, and airport capacities (Mazraati & Alyousif, 2009). These various
items listed above all have an impact on the airline business, but fuel is the major factor
hindering the airline business model.

The industry has been highly resilient to short-term shocks and problems, but it is
now unclear how the aviation sector will respond to persistent and significant issues
(Bows, Anderson, & Mander, 2009). These fuel incentives created advocates among
leaders of airlines, policitical groups and fueling companies. There seems to be heavy
involvement within every airline to push for alternative fuels. This involvement has
started collaboration among the government, fueling, airlines, and airplane
manufacturers. This has been a great start to ensure a brighter future for the airline
business and environment centered around the conceptual theory of sustainability.

Definition of Terms

Aircraft Engine: The aircraft engine is an engine used to propel an aircraft,
including a part, appurtenance, and accessory of the engine (Conrad, 2009).

Algae: The use of algae has become one of the most important biofuel
technologies of the 21st century. The algae fuel is a replacement for oil and is practical
and cheap. The algae is found in abundant resources like saltwater and wasteland
(Brushnell, 2009).

Biofuel: These fuel alternatives utilize biomas to produce fuel for the

transportation sector (Adam, Galadima, & Muhammad, 2011).
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Biomass: The biomas is a nonfossilized and biodegradable organic material,
which originates from plants and animals. This also includes products, residues and
waste from agriculture (Environmental Protection Agency, 2009).

Camelina: The camelina plant is an oil seed plant, which can be used as an
alternative biofuel (Lu & Kang, 2008).

Cap-and-Trade: The cap-and-trade system allows a total maximum amount of
emissions for a specific region and then allows the individual regions to trade among
themselves (Conrad, 2009).

Carbon Dioxide (CO’): Carbon dioxide is a process that enters the atmosphere
through the burning of fossil fuels, such as oil, natural gas, tress and coal (Environmental
Protection Agency, 2009).

Carbon Fibre: The carbon fibre is a composite material, which will help produce
more efficient aircraft and reduce fuel costs (Ball, 2008).

Drag: The drag is a resistance by the air friction to the shape and size of the
aircraft, which improves the field of aerodynamics (Mazraati & Alyousif, 2009).

Environmental Protection Agency (EPA): The EPA has been established to
protect human health and the overall environment. The main purpose of the EPA is to
ensure that all Americans are protected from significant risks, such as to human health
and environment concerns (Environmental Protection Agency, 2013).

Federal Aviation Administration (FAA): The Federal Aviation Administration
was established to provide the safest and most efficient aerospace system in the world.
The FAA strives to reach the highest level of safety, efficiency and environmental

responsibility (Federal Aviation Administration, 2010).
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Fuel Hedging: The hedging of fuel allows an airline to lock in a price with the
prediction that prices will continue to escalate to higher prices. The hedging of fuel may
also be explained as a way to stabilize the cost of fuel (Shapiro, 2008).

GLARE (Glass-Reinforced Fibre Metal Laminate): The GLARE material is a
composite material, which is laminated and consists of thin layers of aluminum sheets
and unidirectional glass fibre layers, which help to reduce weight but yet enhance the
overall material strength (Scelsi et al., 2011).

Greenhouse Gas: The greenhouse gas that has been trapped in the atmosphere is
called greenhouse gases. The greenhouse gases usually occur naturally through CO* and
then are emitted to the atmosphere (Environmental Protection Agency, 2010).

NO”sub x*: The NO”sub x” is a process that also has the effects of greenhouse
gases, which is through its interaction with the ozone. This effect is emitted at high
altitudes and the effect is less studied than that of CO* (Keen & Strand, 2007).

Particulate matter (PM): The particulate matter is a complex mixture of solid
particles and liquid droplets that are in the atmosphere. The particulate matter comes
from sources, such as transportation, electricity generation and wind-blown dust and is
measured in size of micrometers (Hileman et al., 2009).

Photobioreactors: The photobioreactors is a tubular system, which is closed for
cultivating microalgae. The photobioreactors (PBR) are growth systems, which permit
essentially single-species culture of algae for prolonged durations of time (Torrey, 2008).

Put & Call Options: The put option is security that an indivdual can sell at a
given price. The call option is a security that an individual can purchase at a set amount

or striking price on or before a stated day (Borak, Hérdle, & Cabrera, 2010).
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Winglets: A winglet is a small attachment or fin on the tip of the aircraft
wing, which can help reduce the drag produced by the wing tip (Mazraati & Alyousif,
2009).
Assumptions, Limitations, and Delimitations
Airline leaders are seeking alternative fuel as a means to offset operating cost,
which can help reduce fuel costs. Airline leaders may perceive the benefits of alternative

fuel differently. This study included some assumptions, limitations, and delimitations.

Assumptions

Airline leaders are looking for a new alternative fuel to assist them in reducing a
major operating cost. These biofuels can assist with airline industry operating costs, but
may not be a total solution to the problem. The aggressive approach that many airlines
and fuel company leaders are taking has demonstrated the potential for major change
within the aviation community (Bisignani, 2008). Leaders may or may not believe that
there is a current crisis or that they need to collaborate to sustain a viable transportation
posture. The cost of fuel has hindered airlines, which has caused reductions in airplanes
and staff. The crisis may continue until the fuel costs are under control. The government
must continue to regulate safety, security, and environmental standards (Bisignani, 2008).
Airline leaders have started to reduce capacity and continue to reduce the fleet in an
effort to offset rapidly rising fuel costs (Coffin, 2008). Airline leaders are interested in
alternative fuel as a cost-cutting measure rather than canceling flights, slashing jobs,

retiring older aircraft, and charging passengers for luggage (Coffin, 2008).
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Limitations

One weakness in the study was the ability to have full participation among the
sample population. The sample population included several airlines, fueling companies,
Airlines for America (A4A), and the FAA. Full participation from the entire airline
industry population was not feasible for the purpose and depth of this study.
Delimitations

The scope of the research was limited to one major U.S. airline and several
aviation companies in order to allow reliable and viable collection of data. One company
is a major aircraft manufacturer, which has begun the first step in delivering an
alternative fuel source. The aircraft manufacturer has been around for years and is a
major player in the aviation industry, so it made sense to help find an alternative source.
This scope allowed interviewing of managers and other executives throughout the
companies applicable to the purpose of the study.

Significance of the Study

The significance of the study relates to reduction of gaps and implications of
social change. The gaps have been identified through current aviation fuel cost, which
has not been an issue in the past, due to lower costs. The social change is through the
environment, which can benefit from cleaner skies and improved air quality. The
alternative fuel process offers possible solutions and researching the attitudes of aviation
managers has generated data and areas of concern among the alternative biofuel industry.
The aviation managers and fueling leaders can help justify the needs for alternative
biofuel and how it can impact the aviation industry and enhance efforts for sustainable

social change in regard to a cleaner environment.
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Reduction of Gaps

Historically, airline industry leaders have not viewed fuel as a major problem.
However, within the current business environment the cost of airline fuel has reduced
profitability among carriers. This reduction has decreased profits and forced many
airlines out of business or into merger situations, in order to survive.
Implications for Social Change

The change to use of alternative biofuels should assist leaders with challenges in
the airline industry and environment. Infusion of alternative fuel can help create a better
business model, which can help save industry jobs. The fuel cost has reduced thousands
of jobs and may continue to do so until an alternative means of operation is in place. The
alternative fuel development should assist organizational leaders as they plan for the
future and envision sustainable possibilities (Nyrgen et al., 2009). The environment can
also benefit from this development through cleaner skies and improved air quality. The
alternative biofuel can help reduce fuel emissions, which plays an important part in

atmospheric pollution.

A Review of the Professional and Academic Literature
There are many benefits associated with biofuels. The airline industry can reduce
operation costs and streamline the airline business model, due to the cost of the biofuel.
The environment may also benefit from these new types of fuels as they are safer and
produce less pollution. The purpose of this literature review is to discuss the benefits of
aviation biofuels and how they could create a win-win situation for both airline

management and the environment. The literature review will include previous and
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current studies, which will reflect biofuel, fuel hedging, manufacturers, airlines, and
environmental aviation concerns. Appendix C provides the literature review search

matrix specifics.

Aviation Industy

The aviation industry consists of several stakeholders, including airlines, air
traffic control systems, manufacturers, airports, supplier companies and national and
international regulators, such as the Federal Aviation Administration (Lawrence, 2009).
These stakeholders play important roles in the overall aviation industry, and each have a
chance to assist the industry. The aviation industry is under major pressure to deliver
reductions in fuel costs and greenhouse gases. From 2003 to 2008, the rise in petroleum
costs created several problems for the airline industry, including the higher price of jet
fuel, which contributed to the bankruptcy of several airlines (Hileman, Ortiz, Bartis,
Mong, Donohoo, Weiss, & Waitz, 2009). This issue has motivated many airlines to
merge in order to sustain operations. The cost of jet fuel is significant among all airlines
(Abeyratne, 2011). The aviation industry is also under growing pressure to reduce

greenhouse gas (GHG) emissions (Hileman et al., 2009).

The alternative fuels are still in the research and development phase; however,
sufficient approved quantities could reduce the world demand for petroleum and reduce
the world price of oil. The biofuels of today have involved either ethanol or diesel, which
account for 90% of the market (Fresco, 2009). This market includes Brazil, United
States, and China, which are the biggest producers (Fresco, 2009). The bioethanol is

developed from sugar cane and corn (Fresco, 2009). The aviation industry is researching
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biofuels that come from such materials as grass, organic waste, wood, and algae. The
supply of such materials is broad because half of all biomass on Earth can be processed
into alternative fuel (Fresco, 2009). The aquatic biomass, which would include the use of
algae, provides another option for the transportation industry. The expansion of testing
will include growing grass and tree species in order to create a safe and environmental
product (Fresco, 2009). The jet fuels derived from biomass or renewable oils can offer
reduction to life-cycle GHG emissions and global climate change. These fuels can result
in reduced particulate matter (PM) and improved air quality (Hileman et al., 2009). The
particulate matter (PM) is a complex mixture of solid particles and liquid droplets that are
in the atmosphere and caused by transportation, electricity generation, and wind-blown
dust and is measured in size of micrometers (Hileman et al., 2009). The environmental
pressure has derived from several groups, which have started capturing the political
agenda and are driving change. The stakeholders in the political sector believe that
aviation must make a fair contribution to the costs of mitigating climate change
(Lawrence, 2009). The Federal Aviation Administration (FAA) has issued over $125
million dollars in contracts, which has helped develop commercial aviation technology
and assist in fuel consumption (Boyd, 2010). The contract also assisted with emissions
control, which is expected to save on nitrogen oxide emissions by 60%, which is
significant to the environment (Boyd, 2010). This contract is a step in the right direction,

as fuel has been steadily increasing over the years.

The FAA reported it is contracting with many aviation equipment suppliers such

as Boeing, General Electric, Honeywell, Pratt and Whitney, and Rolls Royce, to speed up
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green technologies, which will assist in the development of lower energy and emissions
(Boyd, 2010). The engine manufacturers, such as Pratt and Whitney, have been
reviewing and studying ways to improve fuel-savings. The review includes advanced
technologies, which would decrease greenhouse gases (GHG) emissions. The Pratt and
Whitney Corporation is testing the EcoPower Engine, which has been tested twice in
2009. This testing reflected a reduction in fuel burn by 1.2%, which represented a
significant improvement in fuel efficiency (Conrad, 2009). The General Electric
Corporation is also studying and exploring fuel efficiency, which will cut emissions.
This is the primary focus of General Electric (GE) and it has redesigned new fans and
composite materials to help in the ongoing fuel situation (Conrad, 2009). Additional
companies, such as Airbus, are studying alternative fuels. The Boeing Corporation is
supporting the development and commercialization of plant-based fuel sources, which
will offer a lower lifecycle carbon footprint (Boeing Corporation, 2009b). This process
does not compete with food and land resources. The plant-based fuel sources absorb
carbon dioxide (CO?) and have the potential to reduce the industry's dependence on fossil
fuels (Boeing Coporation, 2009b). In 2008, Boeing, with the help of Virgin Atlantic and
GE Aviation, provided the technical feasibility of using biofuels in commercial jetliners

(Boeing Corporation, 2009b).

The Boeing Corporation is also researching hydrogen fuel cells, which will lower
the weight of the aircraft and therefore lower fuel burn (Boeing Corporation, 2009b).
This process will also lower emissions. Finally, other manufacturers, such as Volvo, are

exploring biofuels (Conrad, 2009). The five aviation supplier companies will work on a
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range of technology goals, which will include sustainable alternative aviation fuels and
lighter and more efficient gas turbine engine components (Boyd, 2010). The FAA
program will help develop environmentally friendly and energy efficient aircraft. This
process has included design and engine technology that should enter the commercial
market by 2015 (Boyd, 2010). During the past few years, aviation has become serious
about alternative fuels and ways to control costs. During January 2004 through July
2006, jet fuel prices skyrocketed $1.16 per gallon, according to the Air Transport
Association (ATA), and has continued in an upward trend. In 2007, oil prices hit an all
time high of $92.22 dollars per barrel. Airlines for America (A4A) indicated that fuel
costs will equal around 29% of the total airline revenue in 2007, which is significant and

has raised concerns among aviation leaders (Jackson & Jackson, 2009).

The Air Force and government leaders are striving to introduce alternative energy
systems, which encourages cost-effectiveness (Heppard & Green, 2009). The United
States Air Force (USAF) has become one of the largest users of petroleum. The (USAF)
is expected to use about 7 million gallons of aviation fuel per day and 2.5 billion gallons
per year (Heppard & Green, 2009). The Air Force has started testing synthetics, and it
has acquired approximately 300,000 gallons of fuel from the Shell Corporation. The Air
Force has established a new policy of buying fuel from processing plants, which are
equipped with the most advanced carbon capture and storage technology. The Air Force
has started working with biofuel and diversifying its supply of aviation fuels. In late
March of 2010, an Air Force jet made its first attempt to demonstrate flight burning

process of 50/50 blend of a plant- based biofuel and conventional JP-8 in its engines,
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which showed promise (Hutchinson, 2010). The Air Force tested on an A-IOC
Thunderbolt I, which was based out of Eglin Air Force Base in Florida. The biofuel
used a blend of hydrotreated renewable jet fuel, which was made from camelina. The
camelina is nonfood plant (Hutchinson, 2010). The Navy Office of Research has also
conducted alternative jet fuel testing and production with the help of the U.S Department

of transportation (Perry, 2012).

Biofuel

The aviation industry has been changing due to fuel. The future of fuel is one of
society’s most daunting challenges, linked with global stability and quality of life. Fuel
currently represents around 70% of the total global energy requirements, which includes
transportation and manufacturing (Gouveia & Oliveira, 2009). There are rising concerns
over climate change, rising fuel costs, and few renewable energy resources. The biofuels,
such as bioethanol and biodiesel are becoming the most competitive alternative to
petroleum. The superior environmental benefits can have a positive net energy gain,
which include all factors that are critical to the substitution of fossil fuels (Preiss &
Kowalski, 2010). The biofuels of today have involved either ethanol or diesel, which
accounts for 90% of the market. This market includes Brazil, United States, and China,
which are the biggest producers. The bioethanol is developed through sugar cane and
corn (Fresco, 2009). The aviation industry is researching biofuels that come from such
materials as grass, organic waste, wood, and algae. The supply of such materials is broad
as about half of all biomass on Earth can be processed into alternative fuel (Fresco,

2009).
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These alternative fuels are being tested within the aviation industry. The testing
of these different fuels may take years. However, the overall savings can benefit the
airlines’ business models. The testing of biofuel is utilizing algae, sewage and other
agricultural crops. The algae fuel alternative, which is pond scum and has rather unique
properties can also produce an alternative fuel, which would not have been possible in
years past. The algae substance consumes CO? to grow, and it can be grown practically
anywhere. The growing of algae will not require any fields, such as the soy bean or crop
farms (Cunningham, 2007). The algae alternative is becoming the fastest development of
alternatives. The alternative fuel method has many managers and executives involved
from various airlines. The alternative fuel has a willingness of participation from various
companies in the industry. In the past, employee salaries were always the highest
expense, but fuel has overturned the expense factor. This problem has started a quest for
every airline, which is reducing the cost per passenger and improving the environment
through cleaner skies and less emissions (Mazraati & Alyousif, 2009). The commercial
aircraft emissions situation has become one of the fastest growing issues in the aviation
sector. Aircraft emissions have become a major problem, involving greenhouse gases,
which have significantly depleted the stratospheric ozone layer (Environmental
Protection Agency, 2010). Climate change is becoming one of the most serious
environmental issues and challenges that the world is facing. The aviation sector is in
turbulent times and has taken steps to reduce further damage. The aviation industry is

being faced with increased oil prices and the climate change debate.
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The alternative biofuels can offer the potential to reduce the greenhouse gas
(GHG) emissions within the aviation industry. This change is not due to a fuel
composition or engine efficiency, but through the extraction, production and combustion
of the biofuel fuel (Stratton, Wong, & Hileman, 2010). Several other issues need to be
addressed when evaluating the alternative biofuel, which include the efficient usage of
water and land resources. These issues address the ability to produce the feedstock for
the alternative fuel, as water and land are the key components to a production facility
(Stratton, Wong, & Hileman, 2010). The life cycle of alternative biofuels encompasses
emissions from the complete fuel cycle, which includes the transportation of the
feedstock from the field or production facility. The processing of these materials into

fuel and the distribution of the fuel to the aircraft (Stratton, Wong, & Hileman, 2010).

There are a few strategies for using energy from biofuels in engines. One strategy
is adapting engines to the existing fuels. Second, biofuel could be designed to exhibit all
important features of the traditional fossil fuels. The last strategy is to use biofuels,
which are blended with traditional fuels. This process often results in modification of the
fuel’s properties, such as an increased octane rating and without the environmentally
harmful additives (Antoni, Zverlov, & Schwarz, 2007). The biotechnology of alternative
fuel will include microbial, but also a chemical and technical production method
(Antoni et al., 2007). The bioethanol blending to gasoline is just the starting point of
these technologies. The biofuel production will include the biomass of plants, which help

reach higher yields. This process also reduces competition with food production and
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nature conservation. The microbial process has great development potential through the

steps of pretreatment, fermentation, and others (Antoni et al., 2007).

The microalgal biomass production has several advantages over conventional
biomass production. This includes higher productivities, recovery of waste nutrients and
reuse of CO?. The microalgal biomass production offers potential assistance for
greenhouse gas (GHG), which provides biofuel as a replacement for fossil fuels (Brune,
Lundquist, & Benemann, 2009). The biological research will need to contribute to an
improved biofuel production through various breeding, such as enzymatic hydrolysis,
energy plants, waste treatment, and specialized fermentation strains (Antoni et al., 2007).
There are two concerns that are motivating alternative fuel to conventional petroleum.
The first one is the price and the second one is the environmental effects (Hileman et al.,
2009). During 2003 through 2008, the rise in the petroleum costs has created several
problems for the airlines business, which the higher price of jet fuel has contributed to the
bankruptcy of several airlines in the past few years (Hileman et al., 2009). This issue has

motivated many airlines to merge in order to sustain operations.

The aviation business also has been under growing pressure to reduce their
greenhouse-gas (GHG) emissions (Hileman et al., 2009). The alternative fuels in still in
the research and development phase, however sufficient approved quantities, could
reduce the world demand for petroleum and reduce the world price of oil. The jet fuels
derived from biomass or renewable oils can offer reduction to life-cycle GHG emissions
and global climate change. These fuels can result in reduced particulate matter and the

impact on air quality (Hileman et al., 2009). The particulate matter is a complex mixture
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of solid particles and liquid droplets that are in the atmosphere. The particulate matter
comes from sources, such as transportation, electricity generation and wind-blown dust

and is measured in size of micrometers (Hileman et al., 2009).

The prospects for alternative jet fuels are limited at the present time, however
more opportunities may be available in the long term. There are several alternative jet
fuels, such as biomass and hydro-processed renewable jet (HRJ) fuels from renewable oil
sources, which can reduce aviation’s impact on climate change and air quality (Hileman
et al., 2009). In order for biofuel to have an impact on the aviation industry, there must
be a few issues addressed in the next few decades. The compatibility with current
systems and fuel delivery is the most important part, as existing aircraft may need to be
modified in order for efficient aircraft operations (Hileman et al., 2009). The production
is limited by resource constraints and fuel production technology, which will limit

number of biofuel plants in the coming years (Hileman et al., 2009).

The biofuel process with algae could be a direct petroleum replacement from a
production and manufacturing standpoint. The algae process is much simpler then the
current refining process. This process is also less costly and could save money in the
long run (Brushnell, 2009). The use of halophytic algae could lessen the world's food
and water shortages, but also assist as an alternative fuel. Some 68% of the freshwater
that is currently tied up in agriculture could now assist with thirsty populations and free
up irrigating dependent crops (Brushnell, 2009). The use of halophytes and algae are
only part of the solution. This utilization can also help combat global warming. Since

the beginning of 2005, aviation fuel and biofuels, have received greater attention from the
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aviation industry and community. This attention also includes the greenhouse gas
emissions (Green, 2009). Airline leaders have started to reduce capacity and continue
reducing the fleet in an effort to offset rapidly rising fuel costs (Coffin, 2008). The Air
Force is also involved in the process, as it started doing some testing on synthetics, which
it has acquired approximately 300,000 gallons of fuel from the Shell Corporation. The
Air Force has established a new policy of buying the fuel from processing plants, which
are equipped with the most advanced carbon capture and storage technology (Heppard &

Green, 2009).

The additional cost of fuel has forced budget cuts in many areas and has started to
disrupt the ability to replace the Air Forces aging fleet. A KLM Royal Dutch flight took
off and landed in Amsterdam in 2009, with the hope of carrying the airline industry into a
new environmental world (Edmonson, 2009). The KLM Group used a Boeing 747 with
40 passengers. This was one of their latest test flights by using biofuel. The KLM Group
along with other airlines are in search for answers and several questions facing the
aviation industry over greenhouse gas emissions and biofuel (Edmonson, 2009). The
aviation industry has reviewed several ideas that include a cap-and-trade system to more
fuel-efficient aircraft design and alternative biofuels, as a means to reduce greenhouse

gas emissions (Edmonson, 2009).

The aviation industry has been hoping for rapid development of biofuels, which
would help stave off environmental rules. The KLM flight was powered by a mix of
50% traditional kerosene jet fuel and 50% of biofuel, which was developed by

Honeywell International Group (Edmonson, 2009). The aviation industry has been
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slower, then most to take on alternative fuels. The Boeing Corporation plans to fly more
airplanes on biofuel in the future, which will continue the testing phase. The Boeing
Corporation claims that its aircraft will need absolutely no upgrade to run on a 50% blend
within five years. The Boeing Corporation is researching and testing algae as their
alternative fuel. The Boeing Corporation has estimated that algae could yield 150 times
more fuel than soy beans, which is an additional biofuel in the testing phase. There have
been many investors, including one notable oil company, which is putting their money

into developing algae-based biofuel.

The ExxonMobil Corporation has joined the investors group to start testing and
developing the algae-based biofuels. ExxonMobil will invest $300 million with
Synthetic Genomics Inc, which is based out of San Diego, CA (Dittrick, 2009). The
Synthetic Genomics Group has plans to build and develop a testing plant in San Diego,
CA. The algae makes oil naturally, as much as 75% in some high-yielding species. The
cells can be harvested and then processed to make biocrude. This biocrude can be more
refined to make jet fuel and gasoline (Torrey, 2008). The algae strains can help produce
more carbohydrates and less oil can be processed and fermented to produce ethanol. The
residual proteins can then be used for animal feed, as an alternative (Torrey, 2008). The
algae grown for biofuels have the potential for major environmental benefits, which are
suboptimal land or near industrialized areas. The use of algae as a feedstock has led to
accelerated development as a future fuel source. The algae process has lead to
technologies, which include algae strains and genetic enhancement of algae strains and

other biotechnological modifications (Preiss & Kowalski, 2010). The algae can be
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produced in wastewater, which removes sewage effluents and carbon dioxide. The
process requires less water and will not deplete the earth's water supply (Torrey, 2008).
These testing plants will grow algae in several open ponds. The test plants will also

research and study oil-extraction techniques (Dittrick, 2009).

The ExxonMobil Group has estimated that several billions of dollars are needed
in order to achieve commercial production for an algae-based fuel. The ExxonMobil
group has made an investment of $300 million dollars, which is intended to help develop
a biochemical path to algae oil (Dittrick, 2009). The algae based fuel is the favored
biofuel at this point in time, due to the oil yield promises and fuel pricing. One of the
major challenges is developing a way to scale up production and minimizing the need for
water or land. One company that is testing algae is PetroSun, which is producing algae
farms. The oil product of the algae will be transported via rail or truck, then to the fuel
refineries, which will produce the final product. The company is growing native
microalgae strains. This type of strain should limit any impact on the local water supply.
The PetroSun Corporation has estimated that the 1,100-acre saltwater-ponds algae farm
will open in 2008 and will produce a minimum of 4.4 million gallons of algae oil (Torrey,

2008, p. 30).

Some problems that are associated with growing algae is ponds, which include
open-air, temperature variations and risk of contamination from unwanted items. This
includes various items such as flying and swimming creatures, which may be hard to
control. To defeat these problems, many entrepreneurs are starting to use

photobioreactors (Torrey, 2008). The photobioreactors are closed tubular systems, which
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is for cultivating microalgae. These systems allow essentially single-species culture of
algae for prolonged durations of time (Torrey, 2008). The typical photobioreactor
operation uses about 40-50% of the costs, which is consumed by the mixing process, such
as algae, water, CO? and other nutrients (Phelan, 2008). The algae process is about half
of the Earth's photosynthetic activity and has about100,000 strains. The strains range
from microscopic organisms to seaweed and holds almost unlimited potential for usage

(Phelan, 2008).

One alternative fuel company is AltAir Fuels, which produces oil from camelina.
The camelina is a plant that does not compete with food crops. The Camelina plant is a
biofeedstock, which can be converted to make alternative jet fuel. The camelina plant is
an oil seed plant, which can be used as an alternative biofuel (Lu & Kang, 2008). In
2009, a company named Sustainable Oils, which is in a joint venture with TGI and Green
Earth Fuels, said jet fuel created from camelina seeds showed that it also reduced carbon
emissions by 80%, which is compared to the traditional jet fuel. The AltAir Fuel Group
is the first to license the Honeywell Company (UOP) process, which produces
hydrotreated renewable jet fuel (HRJ).

The AltAir Fuel company has a few challenges of starting a biofuel production
plant. The company is working with several farmers to grow camelina. The Japan
Airline Group tested a flight with a Boeing 747 for 90 minutes using an alternative fuel
made primarily from camelina. The camelina is a flowering stalk, which produces
several amounts of plant oil (Biello, 2009). The production of camelina has already

started in Africa and India. The camelina plant is improved as a rotation crop with wheat.
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The camelina plant should bring in a price point of $80 dollars per barrel. This

estimation is within the next three to five years (Biello, 2009).

Fuel Hedging

One of the tools that airlines are using is fuel hedging, which allows the company
to lock in a price with the prediction that prices will continue to escalate to higher prices.
The aviation industry offers an excellent setting for examining the effect of hedging fuel.
The airline business is exposed to substantial risk exposures. One risk factor that is
facing the airlines is the rising jet fuel prices. The airlines, like many industrial
companies, are exposed to risks, due to adverse movements in interest rates, currency
prices, and particularly aviation fuel prices. The fuel price is particularly transparent, due
to oil, which is a widely traded commodity (Carter, Rogers, & Simkins, 2006). The
investment patterns in the airline industry have suggested that hedging fuel will allow the
airline business to fund during periods of high jet fuel prices (Carter et al., 2006). The
aviation industry is unique because aviation fuel constitutes a large to higher percentage
of airline operating costs, which is forcing airlines into consolidation and other means of
reducing operating expenses (Carter et al., 2006). The jet fuel prices are highly volatile
and many airlines are using hedging as a way to offset price risk. The hedging process
allows airlines to purchase fuel during periods of high jet fuel prices, which protects them
through contractual commitments (Carter et al., 2006). The hedging of fuel may also be
explained as a way to stabilize the cost of fuel (Shapiro, 2008). As the cost of fuel
increases many airlines are posting losses, however hedging the fuel can help offset

additional losses and stabilize the airline industry (Shapiro, 2008).
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In the airline business, hedging the cost of fuel has never been more important
than it is now, a time of soaring prices. One of the most successful airline hedgers is
Southwest Airlines. The airline has dealt with the fuel price increase by implementing
one of the best hedging programs in the aviation industry. The program has allowed
Southwest to stay profitable during fuel crisis. The company was able to negotiate fuel
contracts for over 70% of its 2006 fuel needs at $36 dollars per barrel. This contract was
able to save the company an estimated $675 million dollars during the course of the
contract (Jackson & Jackson, 2009). Southwest was hedged through 2012, however its
hedges have gradually decrease each year. One example is that they were locked in at
55% at $51 dollars per barrel in 2009 and around 15% at approximately $64 dollars in
2011 (Coftin, 2008). This hedging process has allowed Southwest to report its 60th
consecutive profitable quarter in 2008 and a net income of $321 million, which is up

from $278 million a year earlier (Coffin, 2008).

The hedging of fuel has been done by many airlines; however several experts
agree that it is rarely the airline's operational risk manager who is involved in reducing
the jet fuel cost and risk (Shapiro, 2008). The cost of fuel has turned the airline industry
upside down and airline leaders are starting to use other methods to reduce costs.
However, some methods are possibly compromising airline safety (Shapiro, 2008). In
several airlines the awareness of fuel has become a major issue and concern. The airline

business uses several tools and strategies to hedge costs.

The hedging of fuel has started to become less attractive for the time being, due to

the cost of aviation fuel within the past two years. This is primarily due to the plunging
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bargain prices and demand among travelers. The airline business is buying less fuel,
which is pushing the overall fuel price down (Hannon, 2009). The Energy Information
Administration has recently published that aviation fuel prices have plunged from a peak
of more than $4.30/gallon to $1.38 within the past 2 years (Hannon, 2009). The aviation
industry could not have dreamed of such low jet fuel prices in the past 2 years, buyers
still are not sold on hedging contracts, since the prices could go lower. This is partly
because of the amount of money many airlines have lost on hedges in 2008 (Hannon,

2009).

In 2010, many airlines and producers had very little or no reason to hedge against
risk (Shari, 2011). The phenomenon is known as contango, which future delivery prices
were actually higher than expected. This phenomenon gives airlines no reason to lock in

current fuel prices (Shari, 2011).

Airline Manufacturers

There has been several years of airline manufacturers, such as Boeing and Airbus
making technical tradeoffs. These tradeoffs have been given priority to factors such as
potential profits and other non-technical characteristics of the airline industry and
airplane technology (Lamb, Daim, & Anderson, 2010). The Airbus Corporation through
its parent company EADS is backing algae. The company feels that it is the best source
of sustainable jet fuel and asserting that other feedstocks will not meet the airline
standards with regards to carbon-footprint reduction goals. The company does not believe

second-generation, plant-derived biofuels will offer sufficient life-cycle, carbon-dioxide
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reductions (Swickard, 2010). The ability to use bio-fuels can offer an alternative to

traditional fossil fuels, which the aviation industry uses today.

The Airbus Corporation is developing a path to develop such energy sources,
which will not compete with food resources. The company is now focusing on second-
generation bio-fuels, which is known as biomass (Airbus Corporation, 2011a). The
biomass plant thrives on CO?, which can reduce carbon footprint throughout its growth
cycle. These biomass plants, such as the 200,000 species of algae, can produce oil and do
not require fresh water or land (Airbus Corporation, 2011a). The Airbus Corporation has
a commitment to eco-awareness and innovation. The company believes that research and
development of biofuel energy is one of the highest priorities on environmental
performance, which can also reduce overall energy consumption (Airbus Corporation,
2011a). The Airbus Corporation has shown significant progress in eco-efficiency over
the past ten years. The air quality “also has been improved with a 90% reduction in
unburned hydrocarbon (HC) and smoke emissions, and a more than 50% reduction in

carbon monoxide” (Airbus Corporation, 2011b, para. 2).

The Chief Technical Officer of EADS, James Botti feels that a half blend of
conventional jet fuel, which is plant-derived biofuel and hydro-treated jet fuel will be
expected to be approved for use in 2010, however research into algae fuels is less
advanced for current production (Swickard, 2010). The aircraft manufacturers also have
improved the airframe of the aircraft, which can help reduce the weight of an aircraft
while maintaining the required strength. The use of aluminum alloys was the first

material used by aircraft manufacturers, however newer advancements have allowed for
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better properties and lighter aircraft weights. The airline manufacturers are starting to use
advanced models to define the aircraft structure and utilization of composites
(Hutchinson, 2007). The method has reduced fuel consumption through the lighter
weights. The airline manufactures are starting to replace the metal in aircraft with
lightweight composite materials. This process can reduce fuel consumption by 25%.

The Boeing Corporation has started to utilize these materials in the 787 Dreamliner
planes, which is made entirely of plastic and reinforced with carbon fibre. This

innovation has cut half of the aircraft’s weight through composite materials.

The Airbus Corporation also has started to utilize the lighter material, which the
A380 has sections in the fuselage (Sanderson, 2008). The Airbus Corporation claims that
the A380 will burn 17% less fuel per seat and produces only half the carbon dioxide
emissions per passenger. The aviation business has also been tackling the issue of
emissions for quite some time; however, there has been a bigger concern most recently.
The starting points for emission reductions are through airframe, engine and operations,
which includes air traffic management (Egelhofer, Marizy, & Cros, 2007). The reduction
of fuel consumption can lead to fewer emissions and improved environmental conditions
over time. The airframe, aerodynamics and lightweight structures, such as GLARE or
carbon fibre can help reduce fuel consumption. The modification of wing tips can also
improve and reduce fuel consumption, which produces fewer emissions (Egelhofer,

Marizy, & Cros, 2007).

The history of the Boeing Corporation is one of vision, innovation and decision-

making. The Boeing Corporation has risked the firm at least four times during their
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beginnings to current. The risk was through development and innovative of new aircraft
design (D’Intino, Boyles, Neck, & Hall, 2008). The designing and production of
airplanes has been a part of Boeing for over 50 years and counting, however the business
has been plagued with flat sales, due to the huge losses and mergers within the airline
industry (Hoiness, 2006). The company has acquired several new engineers, which have
been working on new aircraft designs. The main goal of the Boeing Corporation is to
obtain talented engineers and scientists, which will assist them in building a more
innovative company (Swain, 2007). The company is looking to create a revolutionary jet,
which will set them apart from any other manufacturer. The company is betting on
technology advancements as a means for market share. These advancements will
produce a better product and more fuel efficient aircraft, than past models (Hoiness,

2006).

The Boeing Corporation has also started research and design on algae testing,
which the company believes can yield 150 times more fuel. The most exciting new
alternative fuel development is algae, which is pond scum and has rather unique
properties. The Boeing Corporation has started a project to examine large-scale biofuel
production through a corporate partnership ("Aviation Biofuel," 2009). The Boeing
Corporation and China have also signed a biofuel agreement with the Chinese Academy
of Sciences and Chinese universities. The agreement will help conduct research and
development that could potentially support commercialization of jatropha, which is an
alternative biofuel. China has been very proactive in the biofuel area for several years.

Another process that the Boeing Corporation is doing is through engine modification,
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which will allow for interchangeability. The engine interchangeability will allow
commercial airlines to change from one manufacturer's engine to another. The process
will reduce cost through fleet flexibility and lower maintenance costs, which is needed

during a time of reduction and consolidation (Hoiness, 2006).

The airline industry and manufacturers have a strong interest in replacing aviation
gas (avgas). In September 2008, the Boeing Corporation announced a biofuel
demonstration flight designed to help accelerate the development of biofuel and the
methods of sustaining alternative fuels for commercial aviation. The Boeing Corporation
is exploring alternative methods through second-generation biofuel, which has the
potential to reduce greenhouse gases (Boeing Corporation, 2007). This demonstration is
vital to the alternative fuel and the future of commercial aviation. The test flight used Air

New Zealand Boeing 747-400, which is equipped with Rolls-Royce engines.

The Boeing Corporation is also in discussions with several fuel-source providers,
which can help identify potential biofuels. These biofuel may be available in suitable
quantities for laboratory testing and in compliance with stringent aviation commercial
requirements (Boeing Corporation, 2007). The alternative fuels could assist in the long
term, which could significantly reduce environmental impacts. However, finding an
alternative fuel could be very challenging, as further development and studies need to be
completed (Parker, 2009). The Rolls-Royce Corporation has three requirements when
assessing any candidate fuel. The three requirements are suitability, sustainability and
production capability. The suitability requirement must include high energy content, low

freezing point, good flow properties and compatibility with materials and components in
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the fuel system. The sustainability must be an alternative fuel with real environmental
benefits (Parker, 2009). The alternative fuel should be from a renewable source, which
can produce less greenhouse gas emissions over its life cycle than conventional aviation
fuel. Also the biomass must be able to be produced sustainably and it must not depend
on energy intensive farming. The production capability must be capable of industrial
levels of production and have the ability to replace 50% of today’s aviation kerosene

(Parker, 2009).

There are many alternative aviation fuels to be considered by research groups.
The most viable alternatives currently being considered is hydrogenated plant or
vegetable oils. The vegetable oils are in the early development stages. The biggest
challenge associated with plant and vegetable oils is finding a feedstock. The feedstock
must have the appropriate chemical structure and can be produced in a sustainable
method and a cost effective way. There are two potential feedstocks, which may be able
to be produced. These two are algae and jatropha, however these promising alternative
fuels have significant development and validation efforts, which must be validated before
an alternative aviation fuel can be implemented (Parker, 2009). There are other
feedstocks that will be considered in the future, which testing will be determined. The
aviation group as a whole may expect biofuels to include a wider range than have been

tested to date.

Environmental Concerns
The climate change is becoming one of the most serious environmental issues and

challenges that the world is facing. The airline industy is the fastest growing source of
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greenhouse gases, which can cause climate change (Capoccitti, Khare, & Mildenberger,
2009). The aviation sector is in turbulent times and has taken steps to reduce further
damage. The aviation industry is taking very aggressive steps to keep aviation emissions
low, without losing sight of air quality or noise. In fact, industry leaders gathered in
Geneva to sign a declaration of commitment, which will take action on climate change.
This declaration includes identifying a pathway to carbon-neutral growth and toward a
carbon-free future (Glover, 2008). In aviation each take-off and landing produces
emissions, which include idle, taxi to and from terminal gates. The airline industry
contributes to about 2% of CO? emissions. These phases of flight can cause concern
when dealing with thousands of flights per day. The aircraft emissions contribute to
ambient pollutant concentrations, which is through the additional fuel burn (Ratliff et al.,
2009). The contribution of aircraft emissions to poor air quality has been influenced by
air traffic management system and their inefficiencies as a government agency. These
inefficiencies have resulted in increased fuel burn, as jet fuel is at an all-time high. The
amount of time spent in each phase of aircraft operations can also add to the emissions
problems and climate change (Ratliff et al., 2009). One aviation report suggests that over
the next 20 years aviation biofuels can assist in cutting greenhouse gas emissions

("Flying Green," 2011).

There are several strategies available to aircraft operators to reduce emissions,
which include aircraft and engine technology advancements; however the biggest
component is the air traffic management system at U.S. airports (Ratliff et al., 2009). In

airlines there are delays, which may be caused by an imbalance between demand and the
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timely operation of flights. This can point to over-scheduling at the airport, maintenance
and airline operating inefficiencies or air traffic management programs, which can hold
airplanes in a location, due to congestion. Airlines deal with these issues daily and try to
plan accordingly; however, such events can be difficult to assess. The amount of time an
aircraft sits out on the ramp can cause further disruption and longer idle times, which

increases fuel burn and ground level emissions (Ratliff et al., 2009).

The Boeing Corporation has made an environmental commitment with their
airplane development, which begins with research and development. The environmental
commitment has a clear and precise focus on their business model (Glover, 2008). On
top of the aviation charts are the increased oil price rises and the climate change debate.
The industry has been previously highly resilient to short-term shocks and problems, but
now finds it unclear as to how the aviation sector will respond to persistent and
significant issues (Bows, Anderson, & Mander, 2009). The airline industry has been
gaining further knowledge into the threat of climate change, however the aviation
industry continues to operate without any adaptation or plan for climate change (Conrad,
2009). The threats have placed public health in question, which is posed by climate
change. The global transport growth has become a major concern for climate change.
The recent advancements with technological developments, such as hydrogen fuel cells
and biofuels has started to penetrate the markets of industrialized nations. The
industrializing nations will continue to grow and become increasingly dependent on oil

(Bows, Anderson, & Mander, 2009).
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The aviation industry is one of the current threats as a major contributor of GHGs;
however it receives relatively little attention in comparison to power plants and motor
vehicles, which are the source of 19% and 32% of total U.S. emissions. The problem will
continue to grow, as airlines continue to process more and more passengers yearly
(Conrad, 2009). There have been many promising advancements through technology,
which can help improve the aircraft engines and design, which will allow the aircraft to
become more fuel efficient. This process will help reduce GHG emissions (Conrad,
2009). This climate change is brought on by global warming and aviation emissions.

The Boeing Corporation has modified its 787 aircraft design, which uses carbon fibre and
less fuel burn. This process makes the 787 lighter than comparably sized aircraft. The
lighter aircraft means less weight and less drag. The modification will equate to an
immediate reduction in CO? emissions. The Boeing Corporation has taken a lifecycle
approach, which means that the climate impact of their airplanes will be lower than the
airplanes they replace in the future (Glover, 2008). The second-generation biofuels,
which are from plant feedstocks, such as camelina and jatropha have promised substantial
life-cycle and carbon dioxide reductions. However, the process of CO? is still being

produced during the process of creating the biofuel (Swickard, 2010).

The aviation industry has been expanding through the years, which has caused
further damage, due to greenhouse emissions. The expansion has been through tourism,
which has been increasing and causing additional climate change, especially through the
use of air travel (Becken, 2007). The air transportation industry plays an important part

in the tourism industry. The airline industry transports about 40% of international
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tourists by air. The airline industry contributes to about 10% of the world's gross
domestic product (GDP) and has about 80 million employees worldwide (Abeyratne,
2010). The aviation industry lost $56 billion dollars between 1999 and 2009. During this
timeframe the airline industry also carried about 20 billion passengers by air. The
industry loss was about $2.00 per passenger (Abeyratne, 2010). One fact is that 32,000
aircraft in future operation will have a much larger emission level of carbon dioxide
(CO?) and other greenhouse gases. This situation is causing concern among world
leaders and nations, which must have a strategic action in place in order to control

emission levels from aircraft (Aberyratne, 2010).

The concentrations of green house gases are rising, which have doubled in
volume, since 1950 (Abeyratne, 2010). The main pollutants from aviation fuel are
NO”sub x*, hydrocarbons, carbon monxide, sulphates and other soot aerosols (Keen &
Strand, 2007). The major factor is that some of these pollutants, such as NO”sub x*, also
affect the concentrations or substances, such as ozone and methane through the complex
chemical process (Keen & Strand, 2007). The air pollution is more damaging in more
populated areas, which aircraft have produced through its emissions. The aviation
industry has noticed and took note that more international flights than domestic flights
are over sea or deserted land areas. The process averages less air pollution than domestic

flights (Keen & Stand, 2007).

The international aviation industry has been faced with overwhelming pressure to
reduce growth in its greenhouse gas emissions. The international industry has been able

to deflect several abatement measures through the cause of global warming, however the

www.manaraa.com



39

industry has been aided by a lack of political and legal policy, which addresses the
greenhouse emissions (Macintosh & Wallace, 2009). The fossil fuel has become one of
the primarly reasons for global warming, which affects the climate change. The climate
change is no longer a theory, but has become an unequivocal reality, which will continue
to define our time (Abeyratne, 2010). The aviation industry and airline manufacturers
continue to increase testing of sustainable alternative fuels. The process will be on-going
and will help reduce impacts of current aviation fuel (Abeyratne, 2010). These
alternative fuels may include feedstock resources; improving oil recovery and extraction;
higher value co-products, and improving the efficiency of jet fuels through the

converison of raw biofuels (Abeyratne, 2010).

The European Organization for the Safety of Air Navigation has established
operational solutions that will contribute to noise reduction and improved air quality
surrounding several airports (Watt, 2008). The aviation industry has become very
focused over its contribution to climate change, which has several studies being
conducted. Another way to control emission reduction is through reform and
development. The remodeling of the aviation system through the flight management
process can decrease emissions and help create a more efficient operation (Lawrence,

2009).

The air traffic management (ATM) system has been pushed to ensure that
aircrafts are flying optimum flight levels, which reduces CO* emissions. The (ATM)
process is set to deliver a 10% reduction in greenhouse emissions per flight by 2020

(Watt, 2008). The air traffic management system also complements the technological
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push with aircraft manufacturers, which will deliver a 40% reduction in emissions from a
new advanced aircraft by 2020 (Watt, 2008). The introduction of the air traffic
management system process has allowed the department to create a central flow
management unit, which improves the organization of the flow of traffic across the entire
system. The central flow system works by holding aircrafts at the departure gate, until
airspace is available for an entire flight, which helps reduce unnecessary generation of
CO? emissions (Watt, 2008). The air traffic management system estimates that its new
efficiency measures have started to reduce greenhouse gases by some 3.4 million tons per
year (Watt, 2008). The air traffic management system is becoming one of the key tools
to reducing environmental impact. The air traffic management system has several
capabilities to meet the demand of the air transport industry through society demands for

mobility and environmental reductions (Watt, 2008).

Federal Aviation Administration

The Federal Aviation Administration (FAA) plays a major role in regulating the
aircraft industry. This role may be through fuel, transporting or through federal aviation
regulations. The FAA plays a role in the transport of passengers or tourists, which comes
to about 40% of international travel. The air transport of passengers contributes to about
10% of the world's gross domestic product and employs around 80 million people, which
includes worldwide (Abeyratne, 2010). The tourism industry has become increasingly
more and more dependent on the air transport industry, as a means to transport

passengers back and forth; however the future depends on finding ways to reduce GHG
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emissions. The problem has become bigger in recent years and many are searching for

ways to reduce emissions, without reducing tourism’s activities (Gdssling et al., 2007).

The FAA also deals with many regulation organizations, such as the EPA, which
controls or regulates aircraft emissions (Conrad, 2009). The FAA may consult with
regulators, such as the Environmental Protection Agency (EPA). The consulting is
needed to help approve procedures or processes, which may impact emissions or
enforcement of emissions regulations (Conrad, 2009). The FAA has started advancing
strategies and development for future airline transport innovation, which can help drive
the next generation of transportation. This innovation can increase productivity and
challenges the transportation sector, such as aging infrastructure, congestion and climate
change (Merrifield, 2010). The Federal Aviation Administration (FAA) has recently
issued over $125 million dollars in contracts, which will help develop commercial
aviation technology and assist in fuel consumption (Boyd, 2010). The million dollar
contracts will also assist with emissions control, which expects to save on nitrogen oxide
emissions by 60%, which is significant to the environment (Boyd, 2010). The million
dollar contract is a step in the right direction, as fuel has been steadily increasing over the
years. As part of the biofuel process, the FAA, U.S. Air Force and NASA have funded
research to measure the emissions from alternative jet fuels. The emission measurements
are essential to accurately assessing the impact of alternative biofuel on both air quality

and environmental change (Hileman et al., 2009).

The FAA contracted with many aviation equipment suppliers such as Boeing,

General Electric, and Honeywell. Pratt & Whitney and Rolls Royce, to speed up green
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technologies, which will assist in the development of lower energy and emissions (Boyd,
2010). The FAA program or contracts will help develop environmentally friendly and
energy efficient aircraft. The process will include design and engine technology that
should enter the commercial market by 2015 (Boyd, 2010). During the past few years
aviation has become very serious about alternative fuels and ways to control costs.
During January 2004 through July 2006, jet fuel prices increased $1.16 per gallon, which

has continued in an upward trend (Air Transport Association, 2010).

The FAA has also started looking into an advanced air traffic control system,
which is called NextGen. The NextGen system will replace the ground-based system
with a satellite-based system. The NextGen system will improve several things, such as
safety, lower fuel consumption, shortened flight times, reduced noise and pollution. The
process will assist airlines and controllers. The NextGen system is the key to the future
of aviation (Bliss, 2010). There is significant environmental benefits through a better
managed global transportation system. The International Air Transport Association
(IATA) has estimated that air traffic management enhancements could improve fuel
efficiency and reduce carbon dioxide (CO?) emissions by up to 12% (Boeing

Corporation, 2009a).

Fuel Management

Airline leaders have started to apply programs, which have started to reduce the
cost of aviation fuel. These programs include airplane modifications and other
operational awareness factors. Some airlines are even applying cost-cutting measures,

including canceling flights, slashing jobs, retiring older aircraft and even charging
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passengers for luggage, which will help offest the costs (Coffin, 2008). When evaluating
the airline business, the airline must consider the overall performance and the cost
structure within that organization. Airline companies are dealing with more and more
optimization problems during the planning phase. The major objective is to minimize
operating costs, which is impacted by higher fuel costs (Afsar, Espinouse, & Penz, 2009).
The airlines success will generally hinge on the ability to manage growth and costs. The
airline industry has three primary areas of cost, which involve fuel, labor, and airframes.
These three factors can sustain a business if properly managed (Jackson & Jackson,
2009). The labor costs have dropped to the second highest expense among airlines, due
to increasing fuel costs and fuel costs have taken over the leading expense (Jackson &

Jackson, 2009).

The airline association has already started to create strategies and awareness
regarding the problem of aviation fuel. The fuel problem has forced many airlines into a
restructure mode, in order to handle the higher cost of operation (Ryerson & Hensen,
2010). This seems to be a growing trend among all airlines and has continued to

challenge their business model (Ryerson & Hensen, 2010).

The fuel costs in the past, was the second largest cost for airlines, however this
cost has taken over as the primary cost factor, which has placed it into the number one
expense. The fuel costs represented about 25.7 % of total revenues between 2006 and
2007. The factor has caused airlines to take action through programs and other cost
cutting tools. The fuel efficiency factor has become the major factor among all airlines.

The airline business must take into consideration the age and type of aircraft in order to
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determine the cost of operation (Jackson & Jackson, 2009). There are many options to
lower the costs associated with airframes. Airlines can adjust the percentage by leasing
equipment rather than purchasing. This process can result in additional savings, which
can save in the long run. The leasing of equipment can ensure a younger fleet with
considerable lower maintenance costs (Jackson & Jackson, 2009). The entire aviation
industry remains unsure of which way the pendulum will swing on any given day, which
makes it clear that quarterly earnings will hinge on the price of a barrel of oil (Coffin,

2008).

One airline that has modified their fleet is Southwest Airlines. The airline has
started to change out the winglets on the end of the airplane wings, which will help
reduce drag and improve efficiency, which reduces the fuel burn (Box & Byus, 2009).
The drag is the resistance induced by the air friction, which is based on shape and size of
the aircraft. There has been several improvements in the field of aerodynamics, such as
winglets (Mazraati & Alyousif, 2009). In addition, over 48% of the airlines fleet, which
consists of 737-300 aircraft have added this winglet technology, which will save costs in
the long run (Jackson & Jackson, 20