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ABSTRACT 

 
 The purpose of this study is to evaluate the economical viability of operating a 

small airline using Very Light Jets (VLJs).  VLJs are an ultra light class of jets which 

have a low purchase price as well as low operating costs.  Since deregulation, success in 

the commercial airline industry has typically required significant economies of scale and 

scope, and these large barriers have historically restricted entry by small firms.  The 

development of the VLJ technology has the potential to disrupt the status quo and allow 

small-scale entrants to compete in the airline industry.  This thesis will examine whether 

VLJs offer disruptive potential by evaluating the commercial viability of an airline using 

a fleet of VLJs to operate out of Eagle, Colorado.  The airline will operate under the FAR 

(Federal Acquisition Regulations) part 135, which allows an operator to transport 

passengers but implement a flexible schedule.  The airline will focus initially on premium 

travelers, i.e., first class, business class, and full-fare coach travelers.  The VLJ 

technology is potentially disruptive on two fronts.  It is disruptive to major commercial 

airlines because it offers a more convenient service at a competitive price, and it is 

disruptive to charter services and fractionals because it offers a similarly convenient 

service at a lower price.   

The study is conducted, by first providing a detailed review of the commercial 

airline industry and an overview of disruptive technologies.  Then an operations research 

model was completed that optimized how and when the crews and VLJs will move 

through the network.  The operations research model also detailed the non-flying 

employee requirements.  Finally, using the optimized network, a financial model was 

created that calculated the net present value of the plan to determine the economic 

viability. 

The operations research model yielded a network where the VLJs flew 9,433 

hours per year with approximately 12.9 million available seat miles.  The net present 

value analysis yielded a positive NPV of $5.4 million. 
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CHAPTER 1  

INTRODUCTION 
 

Very Light Jets (VLJs) are a recent technology being introduced into the airline 

industry.  The operating economics of VLJs are fundamentally different from traditional 

jets and offer the ability to disrupt historical barriers to entry, such as economies of scale. 

VLJs could be used as a tool to reduce the complexity of airline operations, while 

simultaneously increasing passenger convenience.  Using VLJs, a new product can be 

created, that did not exist previously.  This product could be potentially disruptive to the 

airline industry.  For this thesis a small airline, named Swift Jet Airline (SJA), will 

operate out of Eagle, Colorado and use VLJs.  The research will be conducted in three 

steps, background information, operational plan, and financial analysis.    

The first step is a background information section where the dominant business 

models and the current product offerings in the commercial airline industry are reviewed. 

SJA’s proposed position in the market is then explored, followed by an overview of 

disruptive technologies and VLJs.   

Second, data from the Bureau of Transportation Statistics (BTS) is used to 

identify a set of cities and airports where SJA will operate, and to calculate the probable 

demand for each flight.  This information is then used as inputs into an operations 

research model, which determines the optimal operation schedule for SJA. Constructing 

the operational plan requires a number of distinct steps.  These steps detail how the VLJs 

and flight crews move through the route network.   The results from the operation model 

provide an optimal flight and crew schedule that simultaneously maximizes customer 

flight preference while satisfying the FAA regulations for both crew and maintenance 

scheduling.  The operations model will also calculate the additional (non-flying) 

employees required for SJA to operate.  One additional complication with operating a 

small airline in Eagle, Colorado is that there is a significant difference in demand during 

the year.  To address this complication an operational plan was constructed that splits the 

year into two seasons.  The final step in the model attempts to manage the transition from 

one season to another.     
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The operation plans provide the inputs into the third and final phase of the thesis: 

the financial model.  The economic viability was determined using a standard financial 

model to calculate the net present value (NPV) of the airline.  A positive NPV indicates 

that a small airline using VLJs is profitable and that VLJ technology has the potential to 

change the airline industry.  In contrast, if the NPV is negative, this indicates that the 

airline is not viable and suggests that the VLJ technology in its current form has limited 

potential to disrupt the airline industry.  To enhance the robustness of the financial 

analysis two traditional airline financial indicators are calculated to allow direct 

comparison of the operating economics of SJA to traditional airlines.   

1.1 Swift Jet Airline Background 

Swift Jet Airline (SJA) will operate out of Eagle Valley Airport (EGE) in Eagle, 

Colorado using VLJs.  SJA will operate under Federal Acquisition Regulation (FAR) part 

135, which describes the laws that govern the commuter and on-demand air travel.  This 

is desirable for SJA because it allows more scheduling flexibility than operating under 

other FAR regulations. The characteristics of VLJs allow SJA to operate out of small-

decentralized airports.  Small-decentralized airports have several advantages over large 

airports: shorter security lines, quicker check-ins and less congestion.  These airports are 

also more accessible because they are more numerous and thus more likely to be closer to 

the passenger’s home.  Operating under FAR part 135, using smaller airports, and VLJs, 

SJA can create a competitive advantage based on increased passenger convenience and 

reduced complexity.  The airline will initially focus on premium travelers, i.e., first class, 

business class, and full-fare coach travelers.  The demand for travel at EGE is seasonal, 

and as such, SJA will have two operational seasons, a Peak season (November – April) 

and an Off-Peak season (May – October). The Peak season will operate under the 

assumption that SJA will be transporting vacationers wanting to ski in Colorado. These 

basic ideas will set the stage for the rest of the thesis.     
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CHAPTER 2  

LITERATURE BACKGROUND 

 
VLJs are a newly certified class of aircraft, with characteristics that could open 

the door to new possibilities in the airline industry.  Using VLJs, SJA can create a 

product that until now was not possible in the airline industry. SJA’s product offering 

will be a seat on a VLJ that encompasses the conveniences of traveling in a private jet at 

the cost of traveling on a commercial airliner.  It is the contention of this thesis that SJA’s 

product will be a disruptive innovation.  The objective of the literature background is to 

provide justification for this contention.  The literature background will consist of five 

sections.  First, is a background on the state of commercial travel, the second details 

sources of convenience and complexity in the airline industry, third, SJA’s product 

offering will be detailed, the forth section will cover disruptive innovations, and the fifth 

section details the characteristics of the Eclipse 500, which is the VLJ that SJA will use.  

The commercial travel section will explore the other modes of commercial aviation 

available and provide a table that highlights the similarities and differences of the 

products offered by the other modes of commercial aviation.  The product features and 

there relation to convenience and complexity; are explored next.  SJA’s product and its 

features will be explored next and this is followed by a section on disruptive innovation 

theory, which will show a trajectory map that relates to SJA’s product offering.  The VLJ 

section will contain a background on VLJs, and answer the question of why the Eclipse 

500 was chosen.  

2.1  Commercial Travel Background 

Prior to 1978, the Civil Aeronautics Board (CAB) regulated the US airline 

industry.  Under this system, the government guaranteed the airlines a fixed rate of 

return.  In 1978, President Jimmy Carter signed the Airline Deregulation Act (ADA) that 

dissolved CAB, and for the first time the major airlines faced market pressures.  The 

deregulation of the commercial airline business set the stage for the state of the industry 

today.   
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The four types of commercial aviation covered in this thesis are the full service 

network carriers (FSNCs), the low cost carriers (LCCs), the charters, and the fractional 

carriers.  The first mode of travel is the FSNCs and they are characterized by their use of 

hub-and-spoke networks and primary airports.  Examples of the major FSNCs in the 

United States are American Airlines, Continental Airlines, Delta Airlines, Northwest 

Airlines, United Airlines, and US Airways.  The LCCs in most cases are the exact 

opposite of the FSNCs. Instead of using hub-and-spoke networks and primary airports, 

the LCCs use point-to-point travel and secondary airports.  Examples of LCCs in the 

United States are Southwest and JetBlue.   The premise of a charter service is that a group 

of passengers rent an entire plane instead of just single seats.  Once, the plane is chartered 

the passengers can go anywhere at anytime.  The final mode of travel discussed here is 

the fractional carrier.  A fractional carrier is made up of a group of people that get 

together and buy a plane; usually, an individuals stake in an airplane is greater then one-

sixtieth.   Owning a portion of the plane, the owner is responsible for his or her portion of 

the maintenance and the cost associated with operating the aircraft when in use.  Each 

one of these modes offers a distinct product to its customers.  The remainder of this 

section will explore the similarities and differences between the product offerings.  

To compare the products offered by the aforementioned modes of commercial 

travel, thirteen core features have been identified to facilitate the comparisons (1).  The 

first product feature is the brand, the brand refers to whether or not the airline has 

subsidiaries brands; in other words, multiple brands under one umbrella brand.  The 

second feature is the fare structure; this refers to how the prices are set.  The distribution 

of tickets is the third product feature, followed by the fourth feature, which is how the 

check-in process is completed.  The size of airports chosen to operate service to is the 

fifth feature and how the connections are made, whether point-to-point or hub-and-spoke, 

is the sixth product feature.  The class segmentation, the seventh feature, refers to how 

the plan is divided, whether the plane consists of multiple classes or just one class.  The 

eighth feature is the aircraft turnaround time, which is very important measure of 

efficiency.   Aircraft utilization, the ninth feature, is also a key measure of airline 

efficiency.  The tenth, eleventh, twelfth, and thirtieth features are the number of different 

aircraft types used, the seating accommodations provided, the customer service, and the 
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other operational activities provided by the carrier, respectively. Using the product 

features, a simple and concise overview of each mode of travel is compared (Table 1). 

 

Product 
Features 

Low Cost Carriers Full Service Carrier Air Charter Fractional 

Brand One Brand Brand Extensions One Brand 
One Brand: On 
Demand 

Fares 
Simplified Fare 
Structure 

Complex Structure 
Yield Mgt 

Fare depends 
on number of 
passengers and 

aircraft type 

Depends on 
ownership fraction 

Distribution 
Online, direct, 
travel agent 

Online, direct, 
travel agent 

Online, direct, 
travel agent 

Call factional 
management 
company 

Check-in Ticketless 
Ticketless, IATA 
ticket contract 

Ticketless, 
IATA ticket 
contract 

Ticketless 

Airports 
Primary and 
Secondary 

Primary 
Any airport that 
will support 
aircraft type 

Any airport that 
will support aircraft 
type 

Connections Point-to-Point 

Hub-and-Spoke, 

Interlining, Code 
Sharing, Global 
Alliances 

Point-to-Point Point-to-Point 

Class 
Segmentation 

One Class Two Classes One Class One Class 

Aircraft 

Utilization 
Very High Medium to High Low Low 

Turnaround 
Time 

Fast 
Slow Turnaround: 
Congestion and 
Labor 

Slow Slow 

Aircraft Single Type Multiple Types Multiple Types Multiple Types 

Seating 
Little Room, No 
Assignment 

Generous and Little 
Room, Seat 
Assignments 

Generous 
Room 

Generous Room 

Customer 
Service 

Generally Good Generally Good Exceptional Exceptional 

Operation 
Activities 

Flying, Cargo Flying, Cargo Flying, Cargo Flying 

Table 1 - Product Features 

LCCs are characterized by a single brand that sells seats for a low fare.  The 

LCCs have a simplified fare structure and sells tickets through online websites, direct 

from the LCCs and through travel agents.  Ticketless check-ins are also a part of the way 

LCCs operate.  LCCs fly point-to-point routes, primarily through secondary airports.  

LCCs are also characterized by using a single type of aircraft, high utilization rates, fast 

turn times, little personal room, no seat assignments, and generally good customer 

service.  The LCCs gets its revenue from passenger and cargo operations.   
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The FSNCs usually have multiple brands— for example, United and their 

subsidiary brand TED.  The fare structure for FSNCs is very complex because they use 

systems like yield management, and they distribute tickets online, directly, and via travel 

agents.  The check-in process can be more complicated than the LCCs check-in process.  

The major differences between this form of travel and the others are that FSNCS use 

primary airports.  FSNCs use hub-and-spoke networks, and they use multiple aircraft 

types that are segregated into multiple classes.  The aircraft utilization is medium to high, 

and the turn around is low because of congestion and labor at large primary airports.  The 

personal room in the seating compartments depends on the class the passengers are sitting 

in.  If the passenger is sitting in the first class section, the passenger has a generous 

amount of space, but if the passenger is sitting in the coach section there is not an 

abundance of personal space.  The customer service is generally good, and the revenue 

stream for the FSNCs comes, from passenger and cargo operations.   

The air charter services usually consist of one brand, and the fare depends on the 

type of aircraft chartered and the number of passengers onboard.  The fare can range from 

a few hundred dollars to tens of thousands of dollars.  Air charter services can be booked 

online, directly, and through travel agents, and the check-in process can be ticketless or 

an IATA ticket contract can be used.  The air charter carriers can use several different 

types of airports; any airport can be used that support the type of aircraft chartered.  The 

travel is point-to-point, and the air charters use multiple aircraft types from turbo-props to 

large business jets.  Class is not segmented inside the chartered aircraft, the utilization is 

low and the turn around time is also low, when compared to the FSNCs and the LCCs.  

The seating available inside is usually very generous and the customer service has to be 

exceptional.  The revenue streams can be passenger and cargo operations.   

Fractionals carriers are a single brand that specializes in on-demand travel.  The 

fare depends on the ownership fraction.  The distribution is different in this type of travel 

because as part owner, one just has to contact the management company and they will 

ready the plane for departure.  Because of this, there is not a ticket process.  If fractional 

owners are going to transport passengers they are required to follow the FAR part 91 

regulations.  Just as in the case of air charters, the use of airport depends on the aircraft 

type.  The travel is point-to-point, and there is no class segmentation.  The aircraft 
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utilization and the turn around times are low because the fractional owners are not 

concerned with high efficiency.  Fractionals use many types of aircraft just as air charters 

do.  There is a generous amount of room and the customer service is exceptional.  A 

fractional could make revenue by carrying passengers and cargo as long as it adheres to 

the FAA regulations. 

To better compare SJA’s product later, it appropriate to summarize this section in 

terms of convenience, complexity, and ticket cost.  In terms of convenience, the most 

convenient mode of airline travel is the fractional, followed by the charters, and than the 

LCCs, and the most inconvenient mode of airline travel is the FSNCs. The most complex 

airline model is the FSNCs, followed by the LCCs, than the charters, and finally the 

fractionals.   The most expensive form of travel is the fractional carrier, followed by the 

charters, and than the FSNCs, and the least expensive form of travel is the LCCs.  

  

 FSNCs LCCs Charters Fractionals 

Convenience 4 3 2 1 

Complexity 4 3 2 1 

 Ticket Cost 2 1 3 4 

Table 2 - The three Cs Comparison 

 Table 2 above summarizes, the convenience, complexity, and ticket costs of the 

four modes of commercial airline travel.  In the convenience row, a four means that it is 

the least convenient and conversely a one is the most convenient.  In the complexity row, 

a four means that it is the most complex operation and one is the least complex operation.  

Finally in the ticket cost row, a four is the most expensive form of travel and the one is 

the least expensive form of travel.  

 The current state of the competition in the airline industry has been detailed.  

SJA’s proposed position in the airline industry can be explored. 

2.2 SJA Product Offering  

 In the last section the most prevalent modes of airline travel were compared.  The 

purpose for showing the state of the airline industry is to set the stage for the product SJA 

plans to offer. The product that SJA will offer is a seat on an Eclipse 500 that will have 

all the convenience of traveling on a private jet at the low cost travel of commercial 
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travel.  In Table 3 is the full list of the features available in the product that SJA will 

offer.       

 

Product Features Hybrid 

Brand One Brand 

Fares 
Simplified Fare 
Structure 

Distribution 
Online Direct 

Bookings 

Check-in Ticketless 

Airports Feeder Airports 

Connections Point-to-Point 

Class 
Segmentation 

One Class 

Aircraft Utilization Medium to High 

Turnaround Time Fast 

Aircraft Single Type 

Seating 
Little Room, No 
Assignment 

Customer Service Excellent 

Operation 

Activities 
Flying 

Table 3 - SJA Product Offering 

 
The feature set, shown above, is more closely related to the feature set that is 

found in LCCs, or air charter, which can be seen in Table 1.  SJA will consist of a single 

brand with a simplified fare structure.  SJA will use online and direct bookings with a 

ticketless check-in system.  SJA will use point-to-point travel; because of this, SJA will 

not benefit from hub economies of scale or scope.  However, point-to-point travel is 

preferable for the type of clientele SJA plans to attract.  SJA will depend on having high 

utilization rates, making the turn time critical.  Using feeder airports will help SJA 

minimize the amount of time its VLJs spend on the ground, which will increase the 

utilization and efficiency.  SJA will use a single type of aircraft, the Eclipse 500, which 

will help SJA reduce its complexity.  The customer service will be excellent, in 

accordance with the fractions and the air charters.  

Just as in the previous section, to conclude this section it will be helpful to 

summarize SJA’s position in the market in terms of convenience, complexity, and ticket 

costs in relation to the other modes of commercial aviation.  Table 4 below shows the 

three C comparison for all the modes of commercial aviation including SJA. 
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 FSNCs LCCs Charters Fractionals SJA 

Convenience 5 4 3 1 2 

Complexity 5 4 3 1 2 

Ticket Cost 2 1 4 5 3 

Table 4 - Three Cs comparison for all modes 

 Similar to Table 2, Table 4 ranks the convenience, complexity, and ticket costs for 

the modes commercial aviation.  In the convenience row, a five represents the least 

convenient and a one is the most convenient.  In the complexity row, a five represents the 

most complex operation, and a one represents the least complex operation.  In the final 

row, ticket cost, the most expensive mode of travel is given a value of five and the least 

expensive mode is give a value of one.  Because of VLJs, SJA can operate at the same 

convenience and complexity level as a charter or fractional, and offer a ticket at a cost 

comparable to the FSNCs.  The slightly higher ticket cost of SJA’s product will be off set 

by increases in convenience and decreases in complexity.     

 The high-end feature set of SJA’s product and its low price point is a disruptive 

innovation.  The following sections in this chapter will attempt to justify the convenience, 

complexity, and costs assigned to SJA. 

2.3 Convenience and Complexity 

SJA product offering strives to increase passenger convenience and decrease 

complexity.  The goal of this section is to identify the sources of convenience and 

complexity in the airline industry.  

The main source of complexity in the airline industry is the use of hub-and-spoke 

networks.  The FSNCs use hub-and-spoke networks and the LCCs use point-to-point 

travel.  The FSNCs use hub-and-spoke networks because it allows the FSNCs to take 

advantage of scope and scale economies (2). Hub-and-spoke networks route passengers 

from origin cities to hub cities and then to destination cities instead of making direct trips. 

This results in increased traffic on the routes between the hub cities.  With the increased 

volume on these routes the airlines will use as large of a plane as they can fill because the 

cost per available seat is lower for the larger plane.  For example, a plane with three 
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hundred seats is not double the cost of a plane with one hundred and fifty seats; because 

of this, the airline can then spread the slightly higher fixed costs from the larger plane 

over more seats, and thus, lower the total average costs.  Utilizing scale economies 

proved by the hub-and-spoke networks yields a competitive advantage for the FSNCs and 

increases the barriers to entry.  The competitive advantages and the increased barriers to 

entry created by the FSNCs put them in a strong position in the industry.   

The advantages of using a hub-and-spoke network do not come without costs.  A 

hub-and-spoke network is inherently a very complex operation because of this there are 

inefficiencies that arise with this model.  These inefficiencies stem from the system itself; 

if one flight is late then the subsequent flights are also late.  For example, if a passenger, 

in the hub-and-spoke system, departs for the hub and his or her flight is late the next 

flight will depart late because they have to wait.  To avoid this occurrence passengers will 

often have layovers at the hub and these layover times make the flights less convenient.  

Along with the extend stays at hubs, passengers have to travel on multiple flights to get to 

their destinations and this significantly increases the total flight time.  This makes point-

to-point travel more desirable.  When compounded with high congestion at the check-in 

kiosks and increased security.  The convenience for passengers is low and the complexity 

of the operation is high.   

To combat the decreases in convenience and the increases in complexity, LCCs, 

such as Southwest, use point-to-point travel networks.  Point-to-point networks don’t 

suffer from the domino effect of delays of the hub-and-spoke system, however there are 

no advantages from scope and scale economies.  This puts the LCCs at a competitive 

disadvantage, thus to compete with the FSNCs the LCCs has to be more efficient than the 

FSNCs.  One measure of efficiency can be seen below in Figure 1.  Over the last five 

years Southwest has offered more flights per year than any other airline and the next 

closest airline over the five-year period was American Airlines.   
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Figure 1 - Number of Flights Per Year 

 
In 2006, Southwest offered approximately 3000 flights per day and the next 

closest, American Airlines, offered approximately 1760 flights per day.  Because of this 

Southwest is able to negate the advantages of the hub-and-spoke networks by increasing 

the utilization.   

Another way a to increase utilization is to decrease turn time.  The shorter the turn 

time the more time the plane can be in the air and more time in the air leads to higher 

profits.  Figure 2 below is the average turn time turn times for Southwest and American 

over the last four years.  The average turn time for Southwest is from Love Field and the 

average turn time for American was taken from St. Louis International airport.     
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Figure 2 - Average Turn Time 

As seen above, Southwest’s average turn time is approximately twelve minutes 

faster than American Airlines.  These fast turn times in conjunction with the high number 

of available flights ultimately lead to greater profitability. 

SJA’s takes the passenger convenience and complex operation lessons learned by 

the commercial aviation industry and implements its product that will keep its complexity 

down and passenger convenience high.  SJA will do this by borrowing heavily from the 

LCC model and using the characteristic of the VLJ.    

2.4 Disruptive Technologies 

A disruptive innovation changes the established trajectory of performance within 

an industry.  Disruptive innovations have several defining characteristics (3).  Firstly, 

disruptive innovations allow new entrants or incumbents alike to change the paradigm 

within an industry.  Secondly, disruptive innovations destroy the established core 

competencies within an industry; which in turn lower the barriers to entry.  Lowering the 

barriers to entry allows small firms or new entrants to compete with industry incumbents.  
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Since disruptive innovations are competence destroying large firms are often slower to 

adapt to the new innovations when compared to new entrants because have the large 

companies have large investments in those core competencies (4).  The companies that 

survive a disruptive innovation, whether large or small, are the companies that are 

flexible.   

Disruptive innovations are not easy to bring to the market.  One reason for this is 

that the market for the innovation is not well defined and as such the financial forecast 

will be very uncertain (5).  One strategy for bringing disruptive innovations to the market 

is to initially target at small niche market.   The problem with the small niche market is 

that it will not garner large profits, causing large firms to ignore the innovation. The 

selection of a niche market is also important because the goal is to select a niche market 

that will allow the company to establish a beachhead that will lead to a more mainstream 

market.  With mainstream markets companies can achieve higher profitability.  This 

process can take time and just because a company is a first mover does not mean that 

they will reap the benefits from their innovation.  Introducing a disruptive innovation is 

risky business, but regardless of whether the firm is large or small, it should always be 

looking for ways to create disruptive innovations.  In doing so, the firm creates new 

business models and new markets, which can enhance economic profits (6).  

SJA’s product that was defined in the previous section is quantified in terms of 

convenience, complexity, and ticket cost.  SJA’s product will be a disruptive innovation 

in two ways for the airline industry.  First, it will disrupt the established convenience 

trajectories for the FSNCs and the LCCs, while simultaneously changing the ticket cost 

trajectories for the air charter and fractional services.  To help illustrate theses point’s two 

trajectory maps were created that show the potential changes.  A trajectory map shows 

the established rate of performance in an industry (7).  The following figures show the 

established trajectories for convenience and cost in the airline industry.   

The first figure is the shows the convenience in the airline industry.  The 

convenience is defined as the sum of the difference between the scheduled departure and 

the actual departure times plus the taxi-out time.  The taxi-out time is the time, in 

minutes, between when the aircraft leaves the gate and take off.  The convenience times 

for EGE and Denver International Airport (DEN) were computed using all departures 
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over the six year time period from 2001 to 2006.  Using these numbers a percentage 

faster at EGE number was calculated, seen in Figure 3 below.  

 

Figure 3 - Convenience at EGE1 

 This tells us over the six-year period, four of those years it was more convenient 

in terms of time saved to, fly out of EGE over DEN.  This convenience measure does not 

include, travel time to the airport, security wait times, or check-in times.  Presumably, the 

convenience factor would only increase relative to larger airports because smaller airports 

are more numerable and thus have shorter travel times and because they are less 

congested.  Thus, because the congestion is lower, the security wait times and check-in 

times are going to be shorter, which only serves to increase the convenience time.  Since 

the FSNCs and LCCs use primary and secondary airports like, DEN, modes of 

commercial aviation like air charters, fractionals, and SJA will be more convenient using 

smaller airports like EGE.  However in the past this convenience comes with a cost, using 

air charters or fractions are generally very expensive.  

                                                
1 The data used to construct this figure came from the Bureau of Transportation Statistics.  
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 The next trajectory map pertains to the cost of purchasing a ticket on one of 

modes of travel.  The niche market SJA will focus on is the passengers are willing to pay 

a premium to fly.  The average ticket price for the FSNCs was calculated by dividing the 

passenger revenue by the number passengers enplaned.  To find the average premium 

ticket price a premium class multiplier was identified.  The value of the multiplier is 4.24; 

meaning that a first class or business class ticket is 4.24 times more expensive than a 

economy class ticket.  This multiplier was found using airline ticket prices observable on 

the Internet.     

 

Figure 4 - Average Premium Ticket Costs2 

 The average ticket prices for jet charter and turbo prop charter were identified 

again using an average of ticket prices observable on the Internet.  Figure 4 above details 

a five-year ticket price trend for the FSNCs.  The convenience of traveling with a charter 

does come a significant cost when compared to the FSNCs.  The disruption could come if 

SJA can offer its product at a cost, for similar routes, close to that of the FSNCs because 

                                                
2 BTS data was used to calculated the Major’s premium ticket price, the charter ticket 
prices were found at http://www.privatejetspecialist.com/ 
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than a passenger would get the best of both worlds, the convenience of traveling out of a 

small airport with a charter or fractional at the cost comparable to that of the FSNCs.  The 

exact cost of a ticket for SJA will be detailed in Chapter 4. 

 In conclusion, SJA’s service will be a disruptive innovation on two fronts.  First 

SJA will be disruptive to the airline industry incumbents because it will increase the 

convenience available to passengers.  Second, SJA will be disruptive to the charter 

services and the fractional carriers because it will match the convenience of these modes 

of travel but at a fraction of the cost.  SJA’s product will provide the best of both worlds a 

convenient travel experience at a low price point.    

2.5 The Eclipse 500 

The objective of SJA is to, increase passenger convenience, decrease complexity, 

and decrease ticket costs.  Several features of aircrafts were identified to assist SJA to this 

end. Those features are purchase price, engine type, range, take off distance, landing 

distance, max altitude, cruising speed, number of seats, and baggage volume.  Table 5 on 

the following page details the characteristics of five different types of VLJs, two 

turboprop aircraft, a light business jet, and finally a large commercial airliner.  Table 5, 

will justify SJA’s selection of the Eclipse 500. 

  The economics of the Eclipse 500 make it very desirable, when compared to the 

other types of aircraft, the Eclipse 500 has the lowest purchase price and the lowest total 

operating costs per hour, because of this, the Eclipse 500 requires lower upfront capital 

investments and requires less money per flight hour to operate.  The lower operating 

costs come as a result of Eclipse Aviation’s Jetcomplete plan3.  Using the Jetcomplete 

plan the Eclipse 500 owners are eligible for pilot training, data services, discounts on 

insurance and fuel, and aircraft maintenance.  By offering these services Eclipse Aviation 

is creating network externalities around the aircraft.   With the low purchase price in 

conjunction with the low total operating created by the Jetcomplete plan, SJA will be able 

to keep the ticket price competitive with the FSNCs. 

                                                
3 The Jetcomplete plan details can be seen on the Eclipse Aviation website 
www.eclipseaviation.com   
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 Very Light Jets Turboprop 
Business 

Jet 
Commercial 

Jet 

 
Eclipse        

500 

Cessna 
Citation 
Mustang 

Embraer 
Phenom 

100 

Honda 
Hondajet 

Adam 
A700 

Piper 
Meridian 

Beechraft 
King Air 

350 

Learjet 
40XR 

Boeing     
737-900ER 

Base Price $1,520,000 $2,530,000 $2,850,000 $3,650,000 $2,250,000 $1,896,500 $5,792,000 $8,000,000 $74-$85 M 

Total 
Operating 

Costs 
$372.60 $574.76 $440.00 N/A $455.80 $422.74 $721.07 $4,000.00 $10,000.00 

Engine Turbofan Turbofan Turbofan Turbofan Turbofan Turboprop Turboprop Turbofan Turbofan 

NBAA Range 
(nm) 

1125 1167 1160 1180 1100 1000 1765 1824 2700-3200 

Takeoff 
Distance   

(Sea Level ft) 
2342 3110 3400 3120 2950 1650 3300 4680 5400 

Landing 
Distance (ft) 

2250 2380 3000 2500 2400 1020 3000 2660 4600 

Max Altitude 
(ft) 

41,000 41,000 41,000 41,000 41,000 30,000 35,000 51,000 41,000 

Max Cruise 
Speed 
(knots) 

370 340 380 420 340 260 312 465 470 

Seats 5 or 6 6 6 7 or 8 7 or 8 6 11 9 200-228 

Luggage 
Volume       
(cubic ft) 

16 57 55 66 25 20 55 65 1827 

Table 5 - Jet Comparison
4

                                                
4
 The data in Table 5 was compiled from the aircraft manufactures websites. 
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 The next set of characteristics increase passenger convenience.  SJA’s 

competition will use both turboprops and turbofan engines.  Using turbofan technology 

over turboprop technology is advantageous because turbofans offer higher speeds and 

higher altitudes.  The average maximum speed of the VLJs listed in Table 5 is 340knots, 

which is 19% faster than the turboprops.  However, the business and commercial jets are 

approximately 37% faster than the average VLJ speed but this comes at a cost that is two 

orders of magnitude higher.  The turbofan engine can also operate at a higher altitude. 

Operating at a higher altitude is advantageous because the jet can then fly in the upper 

sections of atmosphere where the temperature is constant and there is no weather.  This 

will lead to a more comfortable ride.  The short takeoff and landing distance requirements 

allow the use of smaller airports.  The aircraft that use the turbofan technology over the 

turboprop technology increase passenger convenience because of faster travel times and 

greater comfort.  Using the smaller airports, the VLJ, can match the convenience of the 

business jet and beat the commercial airliner.  The Eclipse 500 uses turbofan technology 

and requires the shortest takeoff and landing distances.        

The final characteristics keep the complexity down.  The shorter range of the 

VLJs when compared to the commercial airliner, make the VLJ better suited for point-to-

point travel.  Point-to-point travel decrease the complexity of operations, this was 

explained in previous sections.  To further decrease complexity, the VLJs do not have 

large number of seats or large amounts of baggage storage.  Eclipse 500 can be ordered 

with either five or six seats and has 16 ft3 of available pressurized cargo space, which is 

the equivalent of eight carry-on sized bags.  These characteristics available on the Eclipse 

500 will make SJA’s service more convenient. The Eclipse 500 will also decrease the 

complexity of SJA’s service.  The reliability of the aircraft also helps keep the 

complexity down.  Eclipse measures the reliability of the Eclipse 500 using the six-sigma 

system.  Six-sigma is a statistical measure of quality that strives to eliminate defects from 

the manufacturing process.   Eclipse 500 exceeds 10-6, correlating to a very reliable 

aircraft.  If the reliability stays high the maintenance cost will be low.   

In summary, the Eclipse 500 more than other types of VLJs will increase the 

convenience, decrease complexity, and lower ticket prices.  



 

 19 

2.6 Background Information Conclusion  

Some of the shortcomings of commercial airlines stem from external factors; this 

means that traveling by air is only going to become more inconvenient as time goes on. 

SJA can use the operational efficiency ideas that have worked so well for LCC, and those 

features to the next level.  

The major commercial airlines can offer low cost airfare but fall short when 

trying to deliver a convenient travel experience.  At the other end of the spectrum, the 

charters and fractionals deliver a very convenient travel experience, but this luxury comes 

at a high price.  For the first time, because of VLJs a consumer can have a convenient 

travel experience at a reasonably low price.  The disruption occurs on two fronts, first, the 

commercial airlines will be disrupted in terms of convenience. Second, the charters and 

fractionals will be disrupted in terms of costs.  The airline industry as a whole will be 

impacted.  SJA’s product offering as seen earlier in this chapter encompasses the best 

parts of the other carrier’s products. 
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CHAPTER 3  

OPERATIONAL PLAN 

 
 The purpose of this section is to create an optimized schedule for SJA.  SJA has 

two operational seasons, the Peak season and the Off-Peak season.  The Peak season is 

defined as starting in November and running through April.  The Off-Peak season runs 

during the remaining months of the year starting in May and running until October.  The 

Peak and Off-Peak seasons will each have an optimized plan that runs over the course of 

a single day.  The daily plan is then repeated on a daily basis for the remainder of a 

particular season.   

This chapter will contain two major sections: the model input section and the 

flight schedule model section.  The input model section details which cities and airports 

were selected and the corresponding passenger demand for each city.  The flight schedule 

modeling section is made up of six phases: the network diagram, route selection, pairing 

selection, roster selection, manpower planning, and the season transition selection.  The 

flight scheduling phases used in this thesis are adapted from the phases presented in the 

book, Airline Operations and Scheduling by Massoud Bazargan (8).  

3.1 Model Inputs 

The purpose of the model input section is to detail how the city pairs are selected. 

Once the city pairs are chosen, then airports in those cities were selected.  After the cities 

and the airports have been identified the travel demand for each city can be calculated.  

3.1.1 City Selection 

The cities that were chosen for the Peak and Off-Peak seasons were selected 

based on existing demand for similar flights offered by established airlines and data 

collected from the Bureau of Transportation Statistics (BTS) (9). The data was collected 

for a five-year period, from 2002 through 2006.  The data used from the BTS website 

included the following information: the year, month, airport origination and destination, 

passenger class, aircraft type, number of departures performed, number of available seats, 

and the total number of passengers transported. With the data collected from the BTS, the 
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average passenger traffic at EGE could be calculated for the Peak and Off-Peak seasons.5 

The cities that account for less then four percent of the total passenger traffic are being 

ignored because that level of demand is not high enough to support service.   

3.1.1.1 Peak Season City Selection 

Figure 5 below shows the average passenger traffic over the five-year period per 

airport.  The cities selected to operate arrivals and departures were chosen based on these 

findings.  

 

Figure 5 - Average Passenger for Peak Season 

To illustrate the meaning of the Figure 5, 22.3% of the traffic arriving and 

departing at EGE is from the Dallas Fort Worth (DFW) airport.   Based on Figure 5 

above, the following cities were chosen to operate as origins and destinations: Dallas 

(DFW), Chicago (ORD), Houston (IAH), Los Angeles (LAX), and San Francisco (SFO).  

While Minneapolis (MSP), Atlanta (ATL), Denver (DEN), and Newark (EWR) have 

higher demands they were not chosen because the selected cities are more geographically 

dispersed making the viability test more robust.  The viability test is more robust, because 

SJA will not depend on a single geographic region for its demand.  EWR however could 

                                                
5 An assumption is made that a passenger traveling using a large primary airport would 
be willing to use a small regional airport as an alternative.  
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not be chosen because it is out of range of the Eclipse 500.  DEN was not chosen because 

it is believed that passengers wanting to go to EGE are not originating in DEN.  Even 

though SBA is ninety-five miles from LAX, SBA is a better choice than LAX because 

SBA residents better fit SJA’s expected customer profile.  However, the unused city pairs 

could offer potential for growth into other markets in the future.  

3.1.1.2 Off-Peak Season City Selection 

The same process as above was used to find the best city pairs for the Off-Peak 

season.  Figure 6 below represents the average passenger traffic for the Off-Peak season. 

 

Figure 6 - Average Passenger Traffic for the Off-Peak Season 

The Off-Peak season cities are a subset of the Peak season.  As in the previous 

section, DEN was not considered a viable option and Kansas City (MCI) is not a good 

choice for a city pair because the passenger traffic is below the four percent cut off.  

Thus, the only two viable city pairs for the Off-Peak season are Dallas and Chicago.  
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3.1.1.3 City Selection Map 

Now that the cities have all been selected, a map of all the cities and their 

distances from EGE is presented below in Figure 7.   

 

 

Figure 7 - City Selection Map 

3.1.2 Calculating Demand 

As stated in the previous chapter, SJA will focus on first/business class 

passengers and full-fare coach passengers.  The goal of this section is to produce a 

method for estimating the possible number of flights per day for each city pair.  The 

demand data collected from the BTS represents the total demand for certain flight legs.  

Thus, there is a need to separate out the first/business class demand and the full-fare 

coach demand. The total demand is represented by the equation below.  This equation 

was used to find the total demand for each flight over the specified time period. The 

variable 

! 

T
i
 is the total number of enplaned passengers for a particular flight leg in season 

! 

i .     

! 

D = TiS fcRfcCD + Ti(1" S fc )RffCD

i=1

N

#   Equation 3.1 

 
The variable 

! 

S fc  is used to separate the number of first class passengers from the 

number of coach passengers.  This variable represents the percentage of first class seats 

available on each flight.  The first step in finding the number of first/business class seats 
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available is to identify the type of aircraft used to service the route.  Transporting people 

to and from EGE is primarily done with three types of aircraft: the Boeing 757-200, the 

Airbus A320-200 and the Airbus A319.  Each type of aircraft can be ordered from the 

manufacturer in different seat configurations.  Using the configuration options for each 

type of aircraft, the average number of available first class seats was calculated for the 

Boeing 757-200, the Airbus A320 and the Airbus A319.6  The average percentage of 

available first class seats per route is seven percent.  

The variable 

! 

Rfc , is the number of revenue generating first class passengers 

available.  This number is assumed to be on average fifty-five percent.7  This means on 

average fifty-five percent of the passengers sitting in the first class compartment are 

paying customers.   

To calculate the number of full-fare coach passengers, the remaining number of 

available seats was found by taking the variable 

! 

S fc  and subtracting it from one.  This 

number was then multiplied by the variable 

! 

Rff .   The variable 

! 

Rff  is the percentage of 

full-fare coach passengers on a particular flight.  A value of twenty-five percent was 

assigned to 

! 

Rff .  Twenty-five percent of the coach passengers are full-fare coach 

passengers8.  

The final portion of the demand calculation is the variable 

! 

C
D

.  The variable 

! 

C
D

 

represents the percentage of passengers that SJA expects that it could attract.  This 

variable was assigned a value of ten percent.  Using all the aforementioned variables, the 

number of passengers available to SJA could be calculated.     

The final step in calculating the demand is to find the average daily demand, 

because the operations research model is for a single day.  First, the demand is divided by 

either thirty or thirty-one, depending on the month, to predict the average number of 

passengers per day.  This number is then divided by four, the number of available seats in 

the Eclipse 500, to arrive at number of flights that will be required to meet the demand.  

                                                
6 The configurations were found on www.airliners.net. 
7 55% was decided upon after personal conversations with American Airlines pilot 
Captain John Bedker 
8 25% was decided upon after personal conversations with American Airlines pilot 
Captain John Bedker  
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This process is completed for every month at every city over the five year time period.  

Once this all is complete, there are numbers for the demand that will be used as inputs 

into the operations model. 

3.1.2.1 Peak Season Demand 

The demand for the Peak season was calculated using the method presented in the 

previous section. Table 6 below illustrates the calculated level of demand for each city.  

 

Airport 

Average 
Number of 

Passengers 
Per Day 

Average 
Number of 

Planes 
per Day 

ORD 5 2 
DFW 7 3 
IAH 4 2 
LAX 5 2 
SFO 3 1 

Table 6 - Average Demand for Peak Season 

 
In some cases, the average number of passengers could not be evenly divided into 

the number of available seats in the Eclipse 500.  In those cases the number was rounded 

up.  Rounding up is an attempt to avoid passenger spillage.  

3.1.2.2 Off-Peak Season Demand  

Table 7 below shows the estimated demand for the Off-Peak season.  As in the 

section above, the average number of planes is rounded up to avoid passenger spillage.  

 

Airport 

Average 
Number of 

Passengers 
Per Day 

Average 
Number of 

Planes 
per Day 

ORD 3 1 
DFW 4 2 

Table 7 – Average Demand for Off-Peak Season 
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3.1.4 Airport Selection 

Airports in each of these cities were chosen based on the following criteria: a 

runway that is at least five thousand feet long, instrument approaches, twenty-four hour 

operation, a control tower, and availability of jet fuel, and medical services.  Table 8, 

summarizes the services available at each airport.       

For the Eclipse 500, having a runway that is 5000ft in length will cover the 

takeoff and landing requirements.  The distance to each city will force the Eclipse 500 to 

refuel at every location; thus, SJA needs every airport to have jet fuel.    

 The next requirements are safety related.  All the airports must have instrument 

approach systems (ILS), because it allows the landings to be safer.  Using airports with 

control towers will help SJA maintain a safe flight record.  Medical services at each 

airport ensure that in an emergency SJA would have access to medical treatment. 

Finally, operating out of airports that have 24-hour operation would give SJA the 

opportunity to use its fixed assets longer, which can decrease costs.  It is also important 

that the selected airports are within an hour travel time to the closest major cities.   

  

Airport 
Call 
Sign  

Distance 
From 
EGE 

(miles) 

Runway 
Dimensions 

(ft) 

ILS/DME 
System 

24 Hour 
Operation 

Control 
Tower 

Jet 
Fuel 

Medical 
Services 

Distances 
to Major 

Cities 
(miles) 

Rockford 
International 

Airport 
RFD 947.0 

10004 x 
150 

Yes Yes Yes Yes Yes 
Chicago: 

67 

Addison 
Airport 

ADS 725.0 7202 x 100 Yes Yes Yes Yes Yes Dallas: 9 

Sugar Land 
Regional 
Airport 

SGR 945.0 8000 x 100 Yes Yes Yes Yes Yes 
Houston: 

17 

Santa 
Barbara 

Municipal 
SBA 790.0 6052 x 150 Yes Yes Yes Yes Yes 

Santa 
Barbara: 7 

Livermore 
Municipal 

Airport 
LVK 817.0 5253 x 100 Yes Yes Yes Yes Yes 

San 
Francisco: 

40  

Table 8 - Airport Selection9 

All the inputs for the operations model are now in place and the flight scheduling 

section can begin.   

                                                
9 The table was compiled using information found at each airport’s website and 
information available at www.airnav.com.  



 

 27 

3.2 Flight Schedule Model 

The goal of the flight schedule model is to create an optimized plan that will 

detail how and when the VLJs and the crews will move through the network.  This 

operational plan is designed to repeat on a daily basis.  VLJs and crews move through the 

network differently because VLJs can be utilized longer over the course of a day, 

whereas crews can only fly for eight hours a day per an FAA mandate.  As such, the 

optimization for VLJs and crews is done in distinct phases.  The overall planning consists 

of six distinct phases; the first phase is the creation of a network diagram.  The second 

phase uses the solution to the network diagram and then assigns particular routes to 

individual planes.  The solution to the second phase creates the flight legs along which 

the VLJs will move.  After the flight legs are finalized, the third phase--crew-pairing 

selection--can begin.  A crew pairing is a sequence of all the flight legs a single crew can 

operate over the course of a day.  The fourth phase is crew rostering; crew rostering is the 

act of assigning crew pairings to individual crews.  The fifth phase is manpower 

planning, and this consists of determining the number of non-flying employees that will 

be required.  The final phase deals with the managing of the transition between the Peak 

and Off-Peak season.           

3.2.1 Network Diagram 

The planning begins with the creation of a network diagram.  In the network 

diagram, each node represents an instant in time at a particular city, and an arc represents 

the path a VLJ or flight crew must take to get from one node to the next.  All times are 

adjusted for differing time zones, and thus, all nodes use local time.  The large-scale 

network diagrams for this thesis represent every possible route that could be taken over 

the course of the day.  Also, input and output nodes were added to ensure that once a VLJ 

lands, there is a specified turn time.  For this thesis, the turn time is forty-five minutes.10  

At the instant a VLJ lands, it must wait at least forty-five minutes before it can take off 

again, but after the turn time has expired it can leave at the next available output node.  If 

multiple arcs arrive within five minutes of each other, they are directed to the same node, 

                                                
10 Using BTS data, it was found at EGE that Mesa Airlines, a small carrier, had an 
average turn time of forty-five minutes.  Mesa and SJA offer similar services; thus, a 
forty-five minute turn time was used for SJA.   
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this allowed the network diagram to be simplified.  The maximum number of VLJs 

allowed on an arc was also constrained, and the number was different for the Peak and 

Off-Peak seasons.11   In Figure 8 below is a small-scale example of the network 

diagrams.  The red letters are located at points where there are special features in the 

network diagram. 

 

Figure 8 - Sample Network Diagram 

The network model creation begins with a super node, labeled A in Figure 8.  The 

use of the super node is advantageous because is allows for the number of VLJs to be 

easily constrained in the mathematical model.  From the super node, arcs extend to each 

city, and then the VLJs are ready to fly from city S and city C to city E first thing in the 

morning.   

In Figure 8, labels B and C are the input and output nodes respectively.  The input 

and output nodes ensure that once a VLJ lands in a city, there is a mandatory waiting time 

until the VLJ can depart.  Only the output nodes in cities are connected to city E nodes.  

The input nodes allow the VLJ to move within a city from one time to the next, and they 

also connect to output nodes within the same city.   

The arcs that connect the output nodes within cities and the arrival nodes within 

city E, labeled E and F in Figure 8, are known as flight legs.  Flight legs that move in an 

eastward direction travel faster than those that move in a westward direction.12  Using the 

                                                
11 This constraint ensures that there are a reasonable number of flights to each city.  
12 The cruising speed of the Eclipse 500 eastbound is 402mph, and westbound it is 
345mph. 
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directions of travel and the cruising speeds, the flight times to each city can be calculated 

and all the node locations can be found.  For example, in Figure 8, city S is 817 miles 

west of city E; the travel time between the two cities is two hours and two minutes.  To 

find the arrival node in city E, take the departure time of city S then add the travel time, 

two hours and two minutes, and adjust the arrival time, plus one hour, to local time.  This 

process is repeated for westbound travel using the 345mph cruising speed and then 

subtracting an hour to adjust to local time.   

Another feature of the network diagram is that the input nodes are connected to 

other output and input nodes in such a way that the VLJ can move to the node that allows 

it the possibility of leaving a city in the shortest amount of time while maintaining the 

turn time of forty-five minutes.  Label F in Figure 8 illustrates this.   

From the output nodes in city E, a VLJ can fly to any of the cities.  Because of 

this, the large-scale models can increase in complexity very quickly; for example, the 

Peak season network contains, 324 nodes and 610 arcs.  This pattern of construction 

continues until midnight, and the final nodes for each city loop back around to the super 

node, as seen in labels H, G, and I in Figure 8.  The loop back at the final node in city E 

is important because this allows maintenance to be performed on the VLJ overnight to 

minimize downtime and maximize utilization.   

The network diagrams are too large to be included in this document; soft copies 

are available on the enclosed CD.  After the network diagrams are completed, the nodes 

and arcs are put into the computer model and the shortest path through the network is 

found.   

3.2.1.1 Preference Assignment 

The network model is optimized based on the preference assigned to individual 

flight legs.  The preferences are broken down into two categories: the preferences for 

arrival to EGE, and the preferences for departures from EGE.  Preferences will be 

assigned for both the Peak and Off-Peak seasons.  The assigned preferences range in 

value between zero and five, where zero is least preferred and five is most preferred.   

The Peak season, which operates from November to April, is specifically 

designed to bring in people to Eagle, Colorado to ski.  The preferences are assigned 
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around the ski season for the Peak season.  For the arrivals to EGE, it is expected that 

passengers will want to maximize their available skiing time and would thus prefer 

earlier arrivals.  It is also expected that passengers would also prefer later flights because 

it would allow passengers to maximize their skiing time on their departure day. 

The departure schedule during the Peak season is based around the ski mountain 

closures.  Since most ski mountains close around 4:00pm, the flights after this time are 

most preferred for departure.  The following figure shows how the preferences were 

assigned for the Peak season. 

 

Figure 9 - Peak Season Customer Preference 

 
The preference lines in Figure 9 increase as a stepwise function; as the time 

increases, so does the preference until it reaches the apex at which point it decreases.  The 

light blue line is the arrival preference line; the preference line increases until 9:00am 

where the preference is five and decreases to zero, and then the preference again 

increases to four at 6:00pm.  The departure line stays flat until 3:00pm where the 

preference increases to five and then decreases to zero at 7:30pm.  

 The Off-Peak season customer preference seen below in Figure 10 was 

constructed using a slightly different method than was used in the Peak season customer 
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preference presented above.  To begin, the flight schedules from the Eagle Valley website 

were consulted because they list all the arrival and departure times for the large airlines.  

It is assumed for this section that because the large airlines offer flights at these times, 

they are highly demanded times and only the arrival and departure times for Chicago and 

Dallas were used.  Using this information, it was discovered that most flights departing 

from EGE were in the morning around 8:00am and that the most demanded arrival times 

are between 6:00pm and 7:00pm.  Accordingly, times around these were given a 

customer preference of five.  Other preferences were assigned based on the method 

above.  A departure preference of five was also assigned to times around 1:00pm because 

departing later allows the traveler to sleep later and have a leisurely meal or in general 

more time for activities before he or she has to depart.  A preference of five was assigned 

to later arrival times because some travelers may wish to arrive the day before their first 

full day of vacation.  Once the most preferred times were established, the preference was 

systematically decreased from there.  Figure 10 displays the resulting preferences and 

their corresponding times for the Off-Peak season.         

 

Figure 10 - Off-Peak Season Customer Preference 
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3.2.1.2 The Network Diagram Model 

The network diagram model is adapted from the one presented in, AMPL: A 

Modeling Language For Mathematical Programming (10).  The goal of this section is to 

identify not only the most efficient route through the network but also the number of 

planes that flow on that shortest path.  The following will outline the parts of the shortest 

path model.   

The objective function seeks to maximize the customer preference.  The objective 

function is displayed in Equation 3.2.  The variable

! 

xij  is an integer variable that 

represents the number of VLJs required to cover the flights from node 

! 

i  to node 

! 

j .  The 

variable

! 

pij  is the customer preference associated with the flights from node 

! 

i  to node 

! 

j . 

! 

xij pij
j=1

N

"
i=1

N

"   Equation 3.2 

SJA will offer a fixed schedule of flights while also having the flexibility of 

offering on-demand travel.  Maximizing the preference, gives the model an on-demand 

component, which makes the shortest path through the network driven by customer 

preference rather than by some function of cost.  

The first constraint is the balance constraint, seen in   Equation 3.3, which ensures 

that all the flows coming in and out of a node are conserved.  The indexes 

! 

i  and

! 

j , are in 

the set of all nodes.  

! 

xij
j=1

N

"
i=1

N

" = x ji

j=1

N

"
i=1

N

"     Equation 3.3 

Equation 3.4 ensures that at least one VLJ goes through the maintenance node at 

EGE.  The maintenance node is the last node in the day at EGE.  The variable 

! 

x
i,ma int

 

represents all the arcs that go into the final node at EGE, and N is equal to the total 

number of arcs that go into the maintenance node.    

! 

x
i,ma int

i=1

N

" #1  Equation 3.4 
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Equation 3.5 constrains the number of airplanes used to satisfy the network 

diagram. The variable 

! 

x
SUPER,i

 represents all the arcs that are coming out of the super 

node and into the cities, and N is equal to the total number of cities.       

! 

x
SUPER,i

i=1

N

" = 3    Equation 3.5 

The final three constraints ensure that there are the right numbers of flights to 

each city. In the three equations below, the variables and indices used are the same.  

Equation 3.6 is the upper bound on the total number of flights that can be operated to and 

from a given city and EGE on a daily basis, this is based on the demand.  The demand 

was calculated as an average of arrivals and departures from EGE; thus, a multiplier of 

two is required to ensure that the total demand is met.  The left side of Equation 3.7 is the 

same as Equation 3.6 but the right side of Equation 3.7 ensures that there is a minimum 

of two flights a day, one coming and one going.  The final constraint Equation 3.8, like   

Equation 3.3, ensures that for each city pair, there are the same number of arrivals as 

departures to EGE.  However, in this case the indexes 

! 

i  and

! 

j  are only in the set of nodes 

that includes the flight legs.  Each of the three following equations has to be written for 

each city operating flights to EGE.           

! 

xij
j=1

N

"
i=1

N

" + x ji

j=1

N

"
i=1

N

" # 2Di
  Equation 3.6 

! 

xij
j=1

N

"
i=1

N

" + x ji

j=1

N

"
i=1

N

" # 2  Equation 3.7 

! 

xij
j=1

N

"
i=1

N

" = x ji

j=1

N

"
i=1

N

"   Equation 3.8 

 

3.2.1.3 Peak Season Solution 

The solution presented below in Figure 11 is the shortest path through the 

network using the assigned preferences.  The red lines are the paths where there are two 

VLJs traveling along that route.  The minimum number of VLJs required to solve this 

model was three.   
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Figure 11 - Peak Season Solution 

3.2.1.4 Off-Peak Season Solution 

The solution presented below in Figure 12 is the shortest path through the 

network using the assigned preferences for the Off-Peak season. The red lines are the 

paths where there are two VLJs traveling along that route.  The minimum number of 

VLJs required to solve this portion of the model was two.  However, because the Peak 

season requires at least three the VLJs, SJA will purchase three VLJs.  The solution 

below is with three VLJs.      

  

 

Figure 12 - Off-Peak Season Solution 
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3.2.2 Route Selection 

The solution presented above is the shortest path through the network according 

to the assigned preferences.  However, the solution says nothing of how the VLJs should 

actually be assigned to move through the network.  This phase in the model is the last 

phase that describes how the VLJs will move through the network.  The goal of this 

section is to assign particular routes to specific VLJs.  The following section will detail 

how the routes are put together and then how the routes are assigned to particular VLJs.    

3.2.2.1 Route Selection Model 

The purpose of the route selection model is to take the solution to the shortest 

path model and find all possible routes a VLJ could take.  The amount of time that a VLJ 

can move through the network is not regulated.  The next step in the route selection 

model is to enumerate all the possible routes a VLJ can take.  The route enumerate 

process begins by picking a starting point, at the beginning of the day in each city, and 

then following the route through the course of the day.  If the route comes to a fork, the 

number of possible routes increases by the number of possible paths. This process should 

be continued until all the possible routes are found.  Once all the routes are enumerated, 

the number of maintenance opportunities per route needs to be assigned; a route has 

maintenance opportunity if it ends in EGE at the end of the day. Once the routes are all 

found, and the maintenance opportunities are assigned; they can then be inserted into the 

route selection model.  

The goal of the objective function in this model is to maximize the number of 

maintenance opportunities.  In Equation 3.9 below, the variable 

! 

x
i
 represents the routes 

in the set of all routes from one to N.  The variable

! 

x
i
 is one when the route is selected 

and zero otherwise.  The variable 

! 

m
i
 represents the maintenance number assigned to each 

route.  If the route has a maintenance opportunity, the variable

! 

m
i
 is assigned a value of 

one and zero otherwise. 

! 

x
i
m

i

i=1

N

"  Equation 3.9 
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Equation 3.10 ensures that the program chooses an equal number of routes for 

available VLJs; for example, if there are three available VLJs, then the model needs to 

choose three routes.  The variable 

! 

P  is equal to the number of available VLJs.  

! 

x
i
= P

i=1

N

"  Equation 3.10 

Equation 3.11 the final constraint, is the route coverage constraint.  The route 

coverage constraint ensures that every flight leg will be covered.  The variable

! 

fi  

represents the flight leg, and is in the set of all flight legs.  The variable 

! 

R
i
 is equal to the 

number of VLJs required for each flight leg, and the index 

! 

i  is from one to N.  

! 

fixi
i=1

N

" = Ri  Equation 3.11 

3.2.2.2 Route Selection for Peak Season 

Using the solution to the network diagram, the following flight legs were 

identified.  The flight legs are the arcs that connect the cities with EGE.  The following 

information in Table 9 is a list of the arcs, the flight numbers assigned to those arcs, and 

the number of VLJs required to fly each leg.  

 

Flight 
Number 

Number 
of 

Planes 
Start  End 

Flight 
Time 
(hrs) 

F100 1 S0630O E0931 1.98 
F101 1 S0630O E0932 1.98 
F102 1 E0914O A1202 1.80 
F103 1 E1016O C1337 2.35 
F104 1 E1016O A1304 1.80 
F105 1 A1247O E1353 2.10 
F106 1 A1349O E1455 2.10 
F107 1 C1422O E1606 2.73 
F108 1 E1438O A1726 1.80 
F109 1 E1540O L1701 2.35 
F110 1 E1651O H2011 2.33 
F111 1 A1811O E1917 2.10 
F112 1 L1755O E2056 2.02 
F113 1 E2002O S2121 2.32 
F114 1 E2215O S2334 2.32 
F115 1 H2056O E2241 2.73 

Table 9 - Peak Season Flight Legs and Flight Numbers 
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Using the above flight legs from Table 9, the routes are enumerated and 

assembled using the previous network diagram.  Table 10 is a list of all possible routes 

and their corresponding maintenance opportunities.   

   

Route 
Leg 

1 
Leg 

2 
Leg 

3 
Leg 

4 
Leg 

5 
Leg 

6 
Maintenance 
Opportunity 

1 F100 F103 F107 F110 F115 N/A 1 
2 F100 F104 F106 F109 F112 F114 0 

3 F101 F103 F107 F110 F115 N/A 1 
4 F101 F104 F106 F109 F112 F114 0 
5 F102 F105 F108 F111 F113 N/A 0 

Table 10 - Peak Enumerated Routes and Maintenance Opportunities 

 
In Table 10, all the maintenance opportunities are zero except for routes one and 

three.  The route data from Table 10 was used in the model and the optimal routes to fly 

are two, three, and five. Table 11 below illustrates the rotation schedule for each VLJ.  

The yellow highlighted boxes indicate when a particular VLJ will be in for routine 

maintenance.  For example, VLJ number one will be in for maintenance on day one of the 

three-day rotation.   

 

3 Day Maintenance Rotation VLJ 
Number 

1 2 3 
1 R3 R5 R2 
2 R2 R3 R5 
3 R5 R2 R3 

Table 11 - Peak VLJ Rotation Schedule 

 
Using the above three-day rotation, the total flight hours, on average per day 

offered by SJA is 34.81, which is approximately twelve hours per day per VLJ.  The total 

number of available seat miles per day for SJA under this flight schedule is 51,704.       
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3.2.2.3 Route Selection for Off-Peak Season 

The Off-Peak network solution was used to identify the flight legs seen below in 

Table 12.  The flight legs are the arcs that connect the cities with EGE, and there are a 

total of six flight legs.  Table 12 is a list of the arcs, the flight numbers assigned to those 

arcs, and the number of VLJs required to fly each leg. 

 

Flight 
Number 

Number 
of 

Planes 
Start  End 

Flight 
Time 
(hrs) 

F100 1 C0645O E0829 2.73 
F101 1 E0921O C1242 2.35 
F102 1 E0921O A1209 1.80 
F103 1 E0921O A1209 1.80 
F104 1 A1811O E1917 2.10 
F105 1 A1811O E1917 2.10 

Table 12 - Off-Peak Season Flight Legs and Flight Numbers 

 
The flight legs from Table 12 above are used to assemble the routes.  The routes 

are enumerated and assembled using the previous network diagram.  For the Off-Peak 

season, there are a total of ten possible routes.  Table 13 is a list of all possible routes and 

their corresponding maintenance opportunities.   

 

Route 
Leg 

1 
Leg 

2 
Leg 

3 
Maintenance 
Opportunity 

1 F100 F101 N/A 0 
2 F100 F102 F104 1 
3 F100 F102 F105 1 
4 F100 F103 F104 1 
5 F100 F103 F105 1 
6 F101 N/A N/A 0 
7 F102 F104 N/A 1 
8 F102 F105 N/A 1 
9 F103 F104 N/A 1 

10 F103 F105 N/A 1 

Table 13 - Off-Peak Enumerated Routes and Maintenance Opportunities 

 

In Table 13 above, all the routes have maintenance opportunities except one and 

six because flights F104 and F105 connect to the final EGE node, which is the 

maintenance node.  The data from Table 13 was inputted into the model, and the 

optimized routes to fly are four, six, and seven. Table 14 below illustrates the 
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maintenance rotation schedule for each VLJ.  VLJ number one will be in for maintenance 

on day one. 

 

3 Day Maintenance Rotation 
VLJS 

Number 1 2 3 

1 R4 R7 R6 
2 R6 R4 R7 
3 R7 R6 R4 

Table 14 - Off-Peak VLJ Rotation Schedule 

 
 The movements of each VLJ in the fleet have been determined. The total number 

of available seat miles per day for SJA for the Off-Peak season is 19,168, and the total 

number of flight hours is 16.88 hours per day.  Now the second half of the operational 

plan can begin.  The following section is the first step in the solution of the crew 

movement problem: pairing selection.   

3.2.3 Pairings Selection 

With this section begins the crew scheduling.  The previous section dealt with 

how the VLJs should move through the network, and the final phases of this model deal 

with how the flight crews will move through the network.  The reason crews and VLJs 

move through the network differently is that the FAA strictly regulates the number of 

flight hours a pilot can accumulate.  The FAA rules say that pilots cannot fly more than 

eight hours in a single day, no more than thirty hours per week, no more than one 

hundred hours a month, and no more than a thousand hours per year.  For most airlines, 

crew costs are second only to rising fuel costs; because of this, the cost savings from an 

optimized crew schedule can be significant.  

With the large potential for cost saving from an optimized crew plan, it is 

advantageous to establish a crew schedule. The first step to solving the crew movement 

problem is to find all possible crew pairings.  Pairings are a sequence of flight legs that 

begin and end at cities in the network.  The beginning and ending location of pairings is 

important because it can aid in the locating of crew bases.   A crew base is the location 

where crews, meaning pilot and co-pilot, make their homes.  Pairings that begin and end 

in the same city are more advantageous because they minimize the cost of keeping crews 
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away from their home bases.  Thus, the overall costs can be minimized.  This portion of 

the model not only seeks to find the optimal crew paths through the network but also 

seeks to identify the crew base or crew bases that make the most sense for SJA.  The next 

sections will outline the pairing selection process and how the selection model works.    

3.2.3.1 Pairing Selection  

The pairing selection model begins with the route selection results from the 

previous section.  Using the routes that were selected in the previous section, the pairings 

can be assembled.  Pairings are made up of duty cycles and rests.  Duty cycles are made 

up of sequential flight legs and sit connections.  Sit connections are the times between 

flight legs when the VLJs are on the ground.  After a full day of flying, the FAA 

mandates that pilots must have at least eight hours of rest in a twenty-four hour period.  

The pairings are enumerated over the selected routes; however, unlike the route selection 

process, there are rules that need to be applied to choose the legal pairings.  The first rule 

is that the length of a duty should not exceed eight hours in a day, in accordance with the 

FAA rules.  Sit connection times do not count towards the total duty times, only the flight 

times.  The second rule is that the pairings are only for two days, meaning that a crew 

will do two duty cycles in a row, and then it is SJA’s policy that they have at least one 

day rest. Figure 13 below is an example of a legal pairing composed of two duty cycles 

with flight times that are less than eight hours, sit connections, a rest, and flight legs.  

    

 

Figure 13 - Pairing Example Diagram 
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 The following is an example of the pairing construction process.  A pairing 

consists of two duties.  The first step is to choose a starting point for the first duty.  All 

output nodes are potential starting points, and for this example the starting point will be 

flight leg F100.  Starting with F100, a crew can then fly F102 followed by F104.  The 

duty ends in EGE and has a flight time of 6.63 hours.  Because the flight time is less than 

eight-hours, this is a legal duty.  After an eight-hour rest, the crew is ready to fly the next 

day.   The crew is in EGE and can fly out of any output node during the course of the 

day.  The following table, Table 15, is a list of all the possible day two duties. 

 

Duty 1 Duty 2  

Start 
Leg 

1 
Leg 

2 
Leg 

3 
End Time Start 

Leg 
1 

Leg 
2 

Leg 
3 

Leg 
4 

End Time 
Total 
Hours 

RFD F100 F102 F104 EGE 6.6 EGE F103 F105 F107 F110 EGE 7.8 14.4 

RFD F100 F102 F104 EGE 6.6 EGE F103 F105 F108 F111 EGE 7.8 14.4 

RFD F100 F102 F104 EGE 6.6 EGE F102 F104 F106 F109 EGE 7.8 14.4 

RFD F100 F102 F104 EGE 6.6 EGE F106 F109 F112 N/A ADS 5.7 12.3 

RFD F100 F102 F104 EGE 6.6 EGE F106 F109 F113 N/A RFD 6.3 12.9 

RFD F100 F102 F104 EGE 6.6 EGE F107 F110 F113 N/A RFD 6.3 12.9 

RFD F100 F102 F104 EGE 6.6 EGE F108 F111 N/A N/A EGE 3.9 10.5 

RFD F100 F102 F104 EGE 6.6 EGE F112 N/A N/A N/A ADS 1.8 8.4 

RFD F100 F102 F104 EGE 6.6 EGE F113 M/A N/A N/A RFD 2.4 9.0 

Table 15 - Pairing Example 

Every time a day one duty ends in EGE, those nine duties in Table 15 are all the 

possible follow-ups.  Once all the possible pairings are found, the total flight times for 

each pairing are calculated.  

The final part of the pairing process is to assign a preference to the pairings based 

on where they start and end.  The pairings that begin and end in the same place are 

preferable to those that do not, because then the airline does not incur the costs of 

keeping a crew away from their crew base.  Both the Peak and the Off-Peak seasons have 

RFD, ADS, and EGE in common; thus, these are likely candidates for a crew base 

because the crew base would not have to be moved from season to season.  Having EGE 

as a crew base would be the most preferable, because having all SJA pilots in a single 

location would make the transition from the Peak season to the Off-Peak season easier.  If 

a pairing does not start and end in the same city it was assigned a preference unit of three.  

If a pairing starts and ends in a city other then EGE, it was assigned a value of two, and if 

a pairing starts or ends in EGE, it was assigned a value of one.  
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3.2.3.2 The Pairing Selection Model 

The pairing selection model is similar to the route selection model.  The objective 

function, Equation 3.12, for this model seeks to minimize the crew base preference units.  

The variable 

! 

x
i
 is a binary variable, assigned a value of one if the pairing 

! 

i  is chosen and 

is zero otherwise.  The variable 

! 

x
i
 is in the set of all pairings.  The variable 

! 

c
i
 is the crew 

base preference unit discussed above, associated with each pairing.   

! 

x
i
c
i

i=1

N

"   Equation 3.12 

Equation 3.13 is the only constraint for the pairing model.  It ensures that all the 

flights legs are covered by pairings. The variable

! 

fi  represents the flight leg, and is in the 

set of all flight legs.   

! 

fixi
i=1

N

" = Ri  Equation 3.13 

The variable 

! 

R
i
 equals the number of times a flight leg needs to be covered; this 

stems from the solution to the network diagram.  

3.2.3.3 Pairing Solution for the Peak Season  

The pairing solution for the Peak season begins by enumerating all the possible 

pairings with the rules established in a previous section.  For the Peak season, there are a 

total of 101 possible pairings.  The solution to the model included the following pairings: 

13, 23, and 51.  The details to the solution are shown below in Table 16. 

 

P S 
Leg 

1 
Leg 

2 
Leg 

3 
E 

T 
(hr) 

S 
Leg 

1 
Leg 

2 
Leg 

3 
E 

T 
(hr) 

Total 
(hr) 

13 SBA F100 F103 F107 EGE 7.06 EGE F109 F112 F114 SBA 6.69 13.8 
23 SBA F101 F104 F106 EGE 5.88 EGE F113 N/A N/A SBA 2.32 8.2 
51 EGE F110 F115 N/A EGE 5.06 EGE F110 F115 N/A EGE 5.06 10.1 

Table 16 - Peak Pairing Selection Solution 

 
SJA will establish its crew base in EGE.  For the solution listed above, SJA will 

have to pay stipends to its pilots for pairings 13 and 23.  The best pairing is number 51, 

listed Table 16, because the pairings and duties end in EGE, so there are no costs 

associated with stipends.  
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3.2.3.4 Pairing Solution for the Off-Peak Season 

For the Off-Peak season, a total of 10 single day pairings were identified.  The 

solution to the model included the following pairings: 2, 3, and 6.  The details for each 

pairing can be seen in below in Table 17.  SJA is responsible for paying for the crew to 

live away from their crew base just for pairing 6.  

 

Pairing Start 
Leg 

1 
Leg 

2 End 
Time 
(hrs) 

2 EGE F102 F105 EGE 3.90 
3 EGE F103 F104 EGE 3.90 
6 RFD F100 F101 RFD 5.08 

Table 17 - Off-Peak Pairing Selection Solution 

3.2.4 Roster Selection 

The roster selection phase of the operation plan assigns crews to specific pairings.  

Then once the rosters are selected, the pilots can bid on the particular schedules they 

would like to fly.  To enumerate all the possible different roster combinations; the 

following example is offered using two fictional pairings P1 and P2, that begin and end in 

the same city.  Thus, P1 can follow P2, and vice versa.  Pairings last two sequential days, 

and there must be a rest day between pairings. The reason for two pairings per cycle 

relates to the FAA rules regarding pilot flight times.  Table 18 below illustrates a quarter 

of the total possible roster combinations for a seven-day planning cycle.  

 

Roster    
Number 

1 2 3 4 5 6 7 

1 P1   P1    

2 P1    P1   
3 P1     P1  
4 P1      P1 
5  P1   P1   
6  P1    P1  
7  P1     P1 
8   P1   P1  
9   P1    P1 
10    P1   P1 

Table 18 - Roster Example 

To construct Table 18 above, the first step is to place a P1 under the first spot in 

day one.  Because the pairings are two days long, the crew flying P1 are flying on day 
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one and day two.  With the one-day, rest the next spot that the crew could fly would be 

day four.  The crew is also available to fly on days five, six, and seven.  If the crew leaves 

on day two, then it could fly again on day five, six, and seven.  This is repeated until all 

the combinations for all possible pairings are found.  As in the example above, with two 

pairings P1 and P2, the roster above would need to be created using the following 

combinations: P1 and P1, P1 and P2, P2 and P1, and P2 and P2.  With the two pairings, 

the total number of roster combinations is forty.   

Once, all the pairings combinations are found the total hours for each pairing 

needs to be identified.  Ideally, the crew flight times need to be kept to twenty hours per 

week in order to keep the crews flying year round.  The twenty hours comes from a 

thousand hours flight time available per year divided by fifty-two weeks per year, which 

equals approximately twenty hours per week.  As the number of hours exceeds twenty 

hours per week, even though thirty hours per week are allowed, more crews will need to 

be hired to cover the pairings later in the year as crews become ineligible to fly.  

Depending on how the pairings go together, the scheduling cycle can become 

very important because if the scheduling cycle is the wrong length for the pairing order, 

then the roster model will be unsolvable; for example, since there are five available 

pairings in this thesis, an eight-day planning cycle is solvable.  Any pairing less then 

eight day will be unsolvable and any pairing greater than eight days would also work.     

3.2.3.4 Roster Selection Model 

The goal of the roster selection model is to identify the combination of rosters that 

ensure that every pairing is flown on every day of the cycle.  Using the solution the 

number of crews required to fly the schedule will be identified.  The variable 

! 

x
i
 equals 

one when the corresponding roster 

! 

i  is chosen and zero otherwise.  The index 

! 

i  is from 

one to N, where N is the total number of available rosters and 

! 

i  is in the set of all rosters.  

The objective function of the model is to minimize the absolute value between twenty 

and the variable 

! 

c
i
.  The variable 

! 

c
i
 is the total flight time per roster 

! 

i .  The reason for 

minimizing the absolute value of the difference between 

! 

c
i
 and twenty is that the closer 

this value is to zero the longer the crews will be able to fly during the course of the year.  
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The longer the crews can fly during the year, the fewer crews SJA will need to hire.  

Equation 3.14 below is the objective function.   

! 

x
i

i=1

N

" # 20 $ c
i
  Equation 3.14 

This model has one set of constraints, and it is the pairing coverage constraint; 

this ensures that every pairing is flown on every day of the cycle.  The variable 

! 

pij  

represents a pairing indexed by 

! 

j  in the set of all pairings from one to N, where N is 

equal to the total of enumerated rosters, and the index 

! 

i  is the same as above.  Equation 

3.15 below is the converge constraint.  The equation is set equal to one because this 

makes sure that each roster is covered exactly once.       

! 

xi pij
i=1

N

" =1  Equation 3.15 

The solution to the model yields the selection of rosters that crews will be able to 

bid on.  The number of rosters the model chooses equals the number of crews required to 

fly the schedule.  However, because of the FAA flight restriction rules, more pilots will 

be required than this for the airline to operate over the course of the year.  The following 

sections detail the solutions for both the Peak and Off-Peak seasons.      

3.2.4.2 Roster Solution for Peak Season 

The first step for the creation of a solution to the rostering problem is to 

enumerate all the possible rosters.  The selected pairings from the pairing selection model 

for the peak season is P13, P23, and P51.  For the Peak season P13 and P23 both start and 

end in EGE, thus, they can follow one another.  Table 19 below is a list of all the possible 

combinations of pairings. 

 

Pairing 
Combinations 

P1 P2 

1 P13 P13 
2 P13 P23 
3 P23 P23 
4 P23 P13 
5 P51 P51 

Table 19 - Peak Roster Combinations 
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Using all the possible combinations of the pairings shown above there are a total 

of 30 possible rosters.  The next step in the solution is to identify the best possible 

planning cycle length so the optimized rosters can be identified.  The six-day planning 

cycle was chosen because it was a manageable size, and it was within FAA rules. The 

spreadsheet that contains the total possible roster combinations is available on the 

enclosed CD.  The roster selection model was applied to the list of possible rosters, and 

the solution is in Table 20 below. 

  

Rosters 1 2 3 4 5 6 Hours 
Seasonal 

Hour 
Totals 

7 P13   P23   22.25 6.3 

10  P13   P23  22.25 6.3 

12   P13   P23 22.25 6.3 

19 P23   P13   22.25 6.3 

22  P23   P13  22.25 6.3 
24   P23   P13 22.25 6.3 
25 P51   P51   20.24 4.2 
28  P51   P51  20.24 4.2 
30   P51   P51 20.24 4.2 

        50.0 

Table 20 - Peak Roster Solution 

 
In Table 20 are all the chosen rosters that SJA pilots can bid on each roster 

requires two pilots.  There are a total of nine rosters, which means that for the Peak 

season, SJA will require at least nine crews.  However, as one can see in the seasonal 

hour totals section, because all of the times exceed twenty hours, more crews will be 

needed. To find out how many extra crews will be required, the following approach was 

used.  To begin, the number of hours per cycle was calculated by taking the total number 

of flight hours in the Peak season (500) and dividing that by the number of days in the 

peak season (183 days), and then multiply by the number of days in a planning cycle. The 

number of hours per six-day planning cycle is approximately sixteen hours.  Then the 

difference between the hours per cycle (16) and the flight for each pairing is taken.  The 

red number in the seasonal hour totals column in Table 20 indicates that a crew shortage 

will occur at the end of the season.  The sum of all the differences was taken, and for the 
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Peak season there will be a fifty-hour shortage per cycle.  Given that one crew can fly for 

sixteen hours, four extra crews will be required to ensure that SJA will continue to fly 

throughout the season.  This increased the total number of crews required from nine to 

thirteen for the Peak season.  Having these extra crews will also allow pilots to take 

vacation or sick time without the worry that there will not be enough pilots to cover the 

routes.  

3.2.4.3 Roster Solution for the Off-Peak Season 

The selected one-day pairings from the Off-Peak season are numbers 2, 3, and 6.  

Pairings 2 and 3 can follow each other because they both start and end in EGE.  

However, pairing P6 cannot follow pairing 2 and 3 because it starts and ends in RFD.  

Table 21 below shows all the possible roster combinations for the selected pairings.  

 

Pairing 
Combinations 

P1 P2 

1 P2 P2 
2 P2 P3 
3 P3 P3 
4 P3 P2 
5 P6 P6 

Table 21 - Off-Peak Roster Combinations 

 
The combinations in Table 21 result in a total of 30 possible rosters for the Off-

Peak season.  A complete list of all the possible roster combinations is available on the 

CD that is included with this thesis.  The next step is to again choose an appropriate 

planning cycle length.  A four-day planning cycle was chosen for the Off-Peak season 

because the pairings are for single days only.  Now, all the possible roster combinations 

can be put into the roster selection model.  Table 22 below shows the solution to the 

roster problem for the Off-Peak season. 
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Rosters 1 2 3 4 Hours 
Seasonal 

Hour 
Totals 

1 P2 P2   7.80 2.2 
15 P3   P3 7.80 2.2 
22  P3 P2  7.80 2.2 
24   P3 P2 7.80 2.2 
27 P6   P6 10.16 0.2 
28  P6 P6  10.16 0.2 

      8.5 

Table 22 - Off-Peak Roster Solution 

 
The number of crews required for the Off-Peak season is six.  However, for the 

Off-Peak season no extra crews will be required for two reasons.  First, the seasonal hour 

total is positive.  Second, the Peak season requires thirteen crews, which is almost twice 

as many as the Off-Peak season.    

3.2.5 Manpower Planning 

The manpower planning section seeks to identify how many employees (non-

flying) SJA requires to operate in both the Peak season and the Off-Peak season.  The 

other types of employees that SJA requires are a president/CEO, a financial officer, an 

operations manager, a marketer, mechanics and reservation specialists.  

The function of the president/CEO will be to make the strategic decisions for SJA, 

and handle the human resources.  The financial officer will oversee the financial aspects 

of the company and the operations manager will ensure that all the flight operations run 

smoothly.  The marketer will be in charge of advertising.  SJA will require two 

mechanics, these mechanics will be trained to repair and maintain the Eclipse 500.   The 

routine maintenance checks will be performed at night in EGE, and all the mechanics will 

be stationed in EGE.  SJA will also hire two reservation specialists that will manage 

SJA’s relationships with its customers. 

SJA will not have employees based in the cities that it operates service to; instead 

SJA will rely on fixed base operators (FBOs) and its pilots to provide any customer 

service away from EGE.  FBOs collect the fees associated with using the airport, and also 

provide services such as refueling, hanger rental, tie down rental, and other miscellaneous 

customer services.  SJA will create strategic relationships with FBOs at each airport.  

This will be beneficial for both parties because SJA will not be burdened with the costs of 
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keeping employees in the cities it operates in and the FBOs will receive commissions on 

hotel and car rentals from SJA’s passengers.  The total number of employees that SJA 

needs to operate including pilots is fifty-two.   

3.3 Transition Planning 

The transition from season to season is a straightforward problem. However, there 

are two issues that need to be addressed in this plan to make the transition as smooth as 

possible.  The first problem that needs to be addressed is the most efficient way to 

reposition the VLJ from season to season.  The second problem is to make sure that no 

customers are left stranded in cities during the transition.  The solution to the second 

problem is to carefully manage where the customers are as the transition approaches, and 

the airline may be forced to cancel certain flights to solve this problem.  The next section 

will detail the model used to find the most efficient repositioning paths.  

3.3.1 Transition Model  

The model used here is a simple transportation model, where the VLJs stationed 

in their respective cities at the end of the season represent capacity, and the airports 

where they are needed represent demand.  Using this idea, a simple transportation model 

is constructed.  The variable 

! 

xij  represents the number of VLJs that will go from airport 

! 

i  

to airport 

! 

j .  The value of the index 

! 

i  is an integer in the set of airports in a particular 

season from one to N.  The value of the index 

! 

j  is an integer in the set of airports in the 

following season from one to N. The objective function for this model is shown below in 

Equation 3.16.   

! 

xijmij

j=1

N

"
i=1

N

"   Equation 3.16 

The goal of the objective function in Equation 3.16 is to minimize the distance the 

VLJs have to travel in order to reposition the VLJs for the next season.  The constant 

! 

mij  

is the distance between airport 

! 

i  and airport 

! 

j . 

It is also important to not that this is a balanced transportation problem; the supply 

of VLJs is equal to the demand for VLJs.  The transportation model consists of two 
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constraints: the supply constraint and the demand constraint.  The supply constraint is 

below in Equation 3.17 

! 

xij
j=1

N

" = Si   Equation 3.17 

The variable 

! 

S
i
 is equal to the number of VLJs available in airport 

! 

i .  This 

constraint has an equal sign because all the VLJs have to reposition to their airports for 

the next season.  The next constraint is the demand constraint and is seen below in 

Equation 3.18 

! 

xij
i=1

N

" = Di   Equation 3.18 

The variable 

! 

D
i
 is equal to the number of VLJs that are demanded at airport 

! 

j  for 

the next season.  Again, in this constraint the equal sign is used because the demand has 

to be met.  Using this model, the most efficient path to reposition the VLJs, to ready SJA 

for the next season is found. 

3.3.1.1 Peak to Off-Peak Season Transition Solution 

The transition from the Peak season to the Off-Peak season will begin on the last 

day of the Peak season after all the passengers have arrived at their destinations.  The 

complete model for this problem can be found on the enclosed CD.  At the end of the last 

day in the Peak season, there are two VLJs in SBA, and one VLJ in EGE.  Moving into 

the Off-Peak season, EGE needs two VLJs, and RFD requires one VLJ.  Figure 14 below 

is the transportation diagram for the transition from Peak to Off-Peak.  

  

 

Figure 14 - Peak to Off Peak Transportation Diagram 
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The numbers in Figure 14 next to the Off-Peak airports represent the demand for 

VLJs at those particular airports.  Table 23 below is the distances, in miles, between cities 

that a VLJ would have to fly if those routes are chosen. 

 

 EGE RFD 

SBA 790 1736 

EGE 0 946 

Table 23 - Peak to Off-Peak Reposition Distances 

 
The airports along the top are the destinations, and the airports on the far left 

column are the originations.  Using the distances in the table above and the capacities and 

demand mentioned, above the following solution was found.  One of the VLJs in SBA 

will relocate to RFD, and the other will relocate to EGE.  The repositioning route from 

SBA to RFD will need to stop in EGE to refuel.  To reposition the VLJs a distance of 

2,526 miles will be traveled.  The plan for transitioning from the Peak season to the Off-

Peak season is in place and the next section details the plan for transitioning from the 

Off-Peak season to the Peak season. 

3.3.1.2 Off-Peak to Peak Season Transition Solution 

The transition from the Off-Peak season to the Peak season will begin just as 

above on the last day of the Off-Peak season after all the flights have finished for the day. 

At the end of the day in the Off-Peak season, there are two VLJs in EGE, one VLJ in 

RFD.  Figure 15 below shows the transportation model for the Off-Peak to Peak season 

transition. The Peak season requires that there are two VLJs in SBA, and one in EGE.   

 

 

Figure 15 - Off Peak to Peak Transportation Diagram 
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The numbers in Figure 15 represent the capacity and demand for VLJs in the Off-

Peak and Peak season respectively.  In Table 24 below are the distances, in miles, that a 

VLJ will have to fly if the corresponding repositions are chosen.   

  

 SBA EGE 
EGE 790 0 
RFD 1736 946 

Table 24 - Off-Peak to Peak Reposition Distances 

 Just as in the previous section, the airports across the top are the destinations and 

the airports listed in the far left column are the origination airports.  Using the above 

capacities and demand along with the distances in Table 24, the following solution was 

found.  One VLJ needs to be repositioned from EGE to SBA, and one VLJ needs to be 

moved from RFD to SBA.  This will bring the total of VLJs in SBA to two, and will 

assign one VLJ to EGE. To reposition the VLJs a distance of 2,526 miles will be 

traveled.  Now, the transition plan is in place moving from the Off-Peak season to the 

Peak season and vice versa. 

3.4 Conclusion to the Operations Plan  

The operations plan consisted of two parts: the first part was the input section and 

the second part was the flight schedule section.  The input section consisted of a city 

selection plan, the method for calculating the demand for flights to each city, and the 

process by which the airports were selected.  In the Peak season, the following cities were 

selected to operate flights out of Eagle, Dallas, Chicago, Houston, San Francisco, and 

Santa Barbara.  The airports chosen were Addison Airport in Dallas, Rockford 

International in Chicago, Sugar Land Regional Airport in Houston, Livermore in San 

Francisco, and Santa Barbara Municipal in Santa Barbara.  For the Off-Peak season, SJA 

will operate flights only out of Eagle, Addison, and Rockford.  Using data from the 

Bureau of Transportation Statistics, the demand for flights to these airports could then be 

found.  With the aforementioned parts in place--the next section--the flight schedule 

section could be completed.   

To begin the flight schedule section, a network diagram was created using the 

flight times to the selected cities.  Then, customer preferences for each flight leg were 
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assigned, and the solution to the network model could be found.  Once this was 

completed, all the possible routes the VLJs could take were enumerated, and the most 

efficient routes for the VLJs were then found by maximizing the opportunities for 

maintenance.  The next phase of the model is to determine how the crews will move 

through the network.  Using the routes selected, all the possible crew pairings could be 

enumerated while at the same time adhering to the FAA regulations.  The best possible 

pairings were chosen based on where they started and finished.  Once the optimized 

pairings were selected then the rosters could be constructed based on how the pairings 

start and finish.  The rosters were enumerated, and the rosters that cover all the pairings 

with a minimal amount of flight time were selected.  Using these models, thirteen crews 

are required to operate during the Peak season and six crews are required for the         

Off-Peak season.  The next phase of the operational model identified the other employees 

required for SJA to operate.  Including these employees and the pilots, SJA will need 

thirty-four employees to operate on a daily basis.  The final part of the operational model 

detailed how SJA will transition from one season to the next.  
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CHAPTER 4  

FINANCIAL ANALYSIS 

 

This chapter will detail the economics behind SJA.  There are four major 

components to the financial model.  The financial statements for SJA are the first 

component of the financial analysis.13   Second, a cash flow analysis will be completed, 

using the cash flow analysis the net present value (NPV) and the rate of return (ROR) 

will be found.  If the NPV is positive, VLJs are indeed economically viable.  Third, a 

sensitivity analysis will be completed, where the levels of demand and their effect on 

profitability will be explored.  Finally, the revenue per available seat mile (RASM) and 

the costs per available seat mile (CASM) for SJA are calculated for comparisons with 

other airlines.          

4.1 Total Flight Hours and Available Seat Miles 

The total number of flight hours for the Peak season and the Off-Peak season are, 

34.81 and 16.88 flight hours, respectively.  The total number of flight hours for the year 

is 9,433 hours.  This is approximately 3,145 flight hours per Eclipse 500.   

Available seat miles (ASMs) are an airline industry financial indicator that 

measures the capacity of an airline.   ASMs are calculated by multiplying the number of 

available seats on an aircraft by the distance the aircraft travels.  The number of ASMs 

for the Peak and Off-Peak seasons are 51,704 and 19,168, respectively.  The total number 

of ASMs for the year is 12,934,140.  The total number of flight hours and the ASM will 

be needed later in the chapter to prove the economic viability.           

4.2 Fuel Expenditures  

To find the fuel expenditures three items are needed, the fuel efficiency of the 

Eclipse 500, the cost of jet fuel, and the number of passengers on the aircraft.  The fuel 

                                                
13 The financial statements include a income statement, a cash flow statement, and a 
balance sheet. 
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efficiency of the Eclipse 500 is 24.0 passenger miles per gallon (pmpg).14  For this thesis, 

the charge for a gallon of jet fuel is four-dollars.  The fuel consumption was calculated 

assuming three passengers and two pilots on each flight Table 25 and Table 26 show the 

breakdown of the fuel expenditures for both the Peak and Off-Peak seasons.  The total 

fuel cost for the year is $2,694,612.   

  

 LVK SBA RFD ADS SGR 

Distance to EGE 817 790 946 725 945 

Gallons Consumed 170.2 164.6 197.1 151.0 196.9 
Fuel Cost (one way)  $680.83   $658.33   $788.33   $604.17   $787.50  

Number of Trips per 
Day 

2 4 2 6 2 

Fuel Cost   $1,361.67   $2,633.33   $1,576.67   $3,625.00   $1,575.00  

Fuel Cost per Day 
Total 

 $10,771.67      

Fuel Cost per Peak 
Season 

 $1,965,829.17      

Table 25 - Peak Fuel Expenditures 

 
 RFD ADS 

Distance to EGE 946 725 
Gallons Consumed 197.1 151.0 
Fuel Cost (one way)  $788.33   $604.17  

Number of Trips 2 4 
Fuel Cost   $1,576.67   $2,416.67  

Fuel Cost per Day 
Total 

 $3,993.33   

Fuel Cost per Off-
Peak Season 

 $728,783.33   

Table 26 - Off-Peak Fuel Expenditures 

4.3 Transition Costs 

To transition from the Peak season to the Off-Peak season and vice versa, the only 

costs SJA will incur will be the fuel charges associated with the transition.  There will be 

no passengers transported during the transition, and all the movements will be completed 

at night.  SJA’s three Eclipse 500s will travel a total of 2,526 miles during the transition.  

                                                
14  The fuel efficiency of the Eclipse 500 is equal to the range divided by the fuel capacity 
multiplied by the number of passengers.  (1395 miles/230 gallons) x 4 = 24.0pmpg   
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Using the fuel efficiency and the fuel costs from above, a single transition will cost 

$1,665.  There are two transitions per year, bringing the yearly total to $3,330.15  

4.4 Maintenance Costs 

The maintenance costs for SJA is covered by the Jetcomplete business plan.  SJA 

will purchase the Jetcomplete business plan with each of its VLJs.16  The cost of the 

Jetcomplete plan is approximately $150,000 per Eclipse 500.  With the Jetcomplete 

business plan the operating cost per hour are $199.00.  However, the Jetcomplete plan 

covers a maximum of 1500 flight hours per year, per VLJ, and SJA’s needs its VLJs to be 

in the air for 3150 hours per year.  Because of this, with the Jetcomplete plan Eclipse 

Aviation will train certified Eclipse 500 mechanics, to cover the maintenance of the jet. 

The engines in the Eclipse 500 need to be overhauled every 3500 hours, because of this 

and the longer hours an extra $40,000 per Eclipse 500, was added to the total 

maintenance costs.  The total maintenance costs for the first year is, the total number of 

flight hours multiplied by the operating costs per hour, plus the extra maintenance costs, 

for a total of $1,997,251 per year. 

4.4 Salaries and Benefits 

Table 27 below details the employee’s salaries and benefits costs.  The salaries 

offered are competitive and the benefits represent twenty percent of their salaries.  Part 

time and full time pilots are required because of the difference in demand between 

seasons.  The total cost for salary and benefits for the first year is $2,633,280.  

 

(1000s) 

Operation 
Manager 

Pilots 
Part 
Time 

Pilots 
Full 

Time 
Mechanics 

Financial 
Officer 

Reservation 
Specialists 

President Marketing 

Number of 
Employees 

1 14 12 2 1 2 1 1 

Weekly 
Hours 

40 40 40 40 40 40 40 40 

$/hr $50 $40 $40 $25 $50 $20 $55 $50 

$(1000s)/yr $104 $582 $998 $104 $104 $83 $114 $104 

Benefits $21 $116 $200 $21 $21 $17 $23 $21 

Table 27 - Salaries and Benefits 

                                                
15 There are no associated pilot costs because all the pilots are salaried employees. 
16  The Jetcomplete business plan benefits details are available online at 
www.eclipseaviation.com  
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4.5 Equipment Costs 

The Eclipse 500 has a base price of $1,520,000.  After the Eclipse 500s have been 

configured, and taxes have been added the purchase prices come to $1,817,979.  To 

purchase three Eclipse 500s the total price comes to $5,999,330.  The Eclipse 500s are 

depreciated on a seven-year MACRs depreciation schedule.  

4.6 Expenses 

The expenses listed in Table 28 are the expenses incurred while keeping the crews 

away from their crew bases.  Each pilot will be given a $120.00 per night per diem that 

will cover his or her hotel room and meals.  During the Peak and Off-Peak seasons, SJA 

is responsible for the extended stays away from the crew bases.  An extended stay is 

when a crew will have to stay in a city for two days until they can return to EGE.  The 

total cost for the year is $262,800.       

 
 Peak Off-Peak 

 SBA RFD 

Number of Crew 
Members 

4 2 

Extend Stay 2 2 

Expenses per day  $960.00   $480.00  
Expenses per Season  $175,200.00   $87,600.00  

Table 28 - Yearly Expenses 

4.7 Pilot Training 

With the Jetcomplete business plan, two pilots are trained for free.  SJA will 

purchase three Eclipse 500s, thus, six pilots will receive training at no additional costs.  

However, twenty pilots will still require training and all pilots will require recurrent 

training in the following years.  SJA will receive a discount for training the extra pilots 

and for keeping its pilots current.  The cost to train each pilot and for each pilot to receive 

recurrent training is approximately $5900.00 and $2000.00, respectively.  The total costs 

for pilot training in the first year is $118,000.  In the following years the recurrent 

training will cost $52,000 and additional money was added to this amount to cover any 

new pilot training.  
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4.8 Airport Fees 

The fixed base operators (FBOs) at each airport were contacted to assess the fees 

associated with operating out of each airport.  With the exception of LVK and EGE, the 

other airports waived all fees with a minimum purchase of jet fuel.  SJA plans on 

refueling at every location; thus, no fees will be assessed at SBA, ADS, SGR, and RFD.  

However, at LVK there is a $4.00 landing fee; with one trip per day during the Peak 

season, the total cost is $730.  In EGE, SJA will operate as customer base operator, this 

will cost approximately $16,000 year.  

4.9 Financing  

SJA will secure funding in the amount of seven and one half million dollars in the 

first year, two and one half million in year two, and five hundred thousand in year three.  

Each loan has a term of five years and an interest rate of ten percent.  The associated 

payments and interest can be seen in the pro formas.    

4.10 Ticket Revenue 

The ticket price for each city pair was calculated on an individual basis.  The cost 

per flight hour ($838) was multiplied by the round trip flight time to find the total cost for 

the flight.  A break-even cost per passenger was found by dividing the total cost per flight 

by the passenger demand.  Then a margin was added to the break-even price.  The 

average margin for the Peak season is thirty-nine percent and the average margin added 

to Off-Peak season was twenty-two percent.  The ticket prices are slightly higher than 

that of the FSNCs, however, it is believe that the increase in convenience will offset the 

slightly higher price.  Figure 16 and Figure 17 below compare the cost of flying 

first/business class or full-fare coach with a FSNCs and the cost of flying to the same city 

pair with SJA.  In Figure 17, SJA’s ticket price to Dallas is much higher, and this is in an 

effort to keep all three Eclipse 500s flying throughout the year.  If one VLJ could be used 

there instead of two, the ticket price could be much lower.  In other words, the high ticket 

price is a result of trying to balance the number of planes required for the Peak and Off-

Peak seasons.   
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Figure 16 - Peak Season Ticket Prices 

 

 

Figure 17 - Off-Peak Season Ticket Prices 
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4.11 Pro Formas 

This section contains the income statement, Table 29, the cash flow statement, 

Table 30, and the balance sheet, Table 31.  

 

(In thousands) 1 2 3 4 5 6 7 
OPERATING 

REVENUES:              

 Passenger Revenue  
 

$9,487  
 

$10,246  
 

$11,066  
 

$11,951  
 

$12,907  
 

$13,940  
 

$15,055  

 Total operating revenues 
 

$9,487  
 

$10,246  
 

$11,066  
 

$11,951  
 

$12,907  
 

$13,940  
 

$15,055  

           
OPERATING 
EXPENSES         

 Fuel   
 

$2,695   $2,829   $2,971   $3,119   $3,275   $3,439   $3,611  

 Maintenance  
 

$1,997   $2,057   $2,119   $2,182   $2,248   $2,315   $2,385  

 Salaries & Benefits  
 

$2,633   $2,712   $2,794   $2,877   $2,964   $3,053   $3,144  

 
Depreciation and 
Amortization 

 
$1,007   $1,619   $1,199   $749   $536   $535   $536  

 Expenses   $263   $271   $279   $287   $296   $305   $314  

 Pilot Training   $118   $62   $63   $65   $67   $69   $71  

 
Website 
Development   $60   $25   $26   $27   $27   $28   $29  

 Advertising   $50   $52   $53   $55   $56   $58   $60  

 Miscellaneous   $48   $49   $51   $52   $54   $56   $57  

 Office Space   $24   $25   $25   $26   $27   $28   $29  

 Airport Fees   $17   $17   $18   $18   $19   $19   $20  

 Transition Costs   $3   $3   $4   $4   $4   $4   $4  

 Total operating expenses 
 

$8,915   $9,722   $9,601   $9,463   $9,573   $9,909  
 

$10,260  

           

NET MARGIN, EBIT   $572   $525   $1,464   $2,488   $3,334   $4,030   $4,795  
LONG TERM 

INTEREST   $695   $614   $488   $319   $132   $16   $3  

TAXES (37%)   $(46)  $(33)  $361   $803   $1,185   $1,485   $1,773  

NET INCOME   $(78)  $(56)  $615   $1,367   $2,017   $2,529   $3,019  

Table 29 - Income Statement 
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(In thousands) 1 2 3 4 5 6 7 
Cash Flow From Operating 
Activities        

 Net income  $(78)  $(56)  $615   $1,367   $2,017  
 

$2,529  
 

$3,019  

  
Depreciation & 
Amortization  $1,007   $1,619   $1,199   $749   $536   $535   $536  

 
Net cash provided by 
operating activities  $930   $1,563   $1,814   $2,116   $2,553  

 
$3,064  

 
$3,554  

Cash Flow From Investing 
Activities        

  Jetcomplete  $(450)  $-     $-     $-     $-     $-     $-    

  
Purchase of 
Equipment 

 
$(5,999)  $-     $-     $-     $-     $-     $-    

 
Net cash provided by 
investing activities 

 
$(6,449)  $-     $-     $-     $-     $-     $-    

Cash Flow From Financing 
Activities        

  
Issuance of long-term 
debt  $7,500   $500   $250   $-     $-     $-     

  
Repayments of long-
term debt 

 
$(1,912) 

 
$(2,040) 

 
$(2,103) 

 
$(2,103) 

 
$(2,103) 

 
$(191)  $(64) 

 
Net cash used for 
financing activities  $5,588  

 
$(1,540) 

 
$(1,853) 

 
$(2,103) 

 
$(2,103) 

 
$(191)  $(64) 

Net Increase in Cash  $68   $23   $(39)  $13   $450  
 

$2,873  
 

$3,491  

Cash, beginning period  $-     $68   $91   $52   $65   $514  
 

$3,387  

Cash, ending period  68   91   52   65   514   3,387   6,878  

Table 30 - Cash Flow Statement 
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(In thousands) 1 2 3 4 5 6 7 

ASSETS         

Current assets        

 
Cash and cash 
equivalents  $68   $91   $52   $65   $514  

 
$3,387  

 
$6,878  

  
Total current 
assets  $68   $91   $52   $65   $514  

 
$3,387  

 
$6,878  

Property and equipment        

 Flight equipment 
 

$6,449   $5,442   $3,823  
 

$2,624  
 

$1,874  
 

$1,338   $803  

 Jetcomplete 
 

$(150)  $(150)  $(150)  $-     $-     $-     $-    

 
Accumulated 
Depreciation  

 
$(857) 

 
$(1,469) 

 
$(1,049) 

 
$(749) 

 
$(536) 

 
$(535) 

 
$(536) 

 
Total property and 
equipment 

 
$5,442   $3,823   $2,624  

 
$1,874  

 
$1,338   $803   $268  

          

Total assets 
 

$5,510   $3,914   $2,676  
 

$1,939  
 

$1,853  
 

$4,191  
 

$7,146  

                                              
LIABILITIES AND 

EQUITY        

Current liabilities:        

 Accounts payable 
 

$(773) 
 

$(1,443) 
 

$(1,316) 
 

$(268) 
 

$1,617  
 

$4,131  
 

$7,146  

 
Total current 
liabilities 

 
$(773) 

 
$(1,443) 

 
$(1,316) 

 
$(268) 

 
$1,617  

 
$4,131  

 
$7,146  

          

 Long-term debt 
 

$6,283   $5,357   $3,992  
 

$2,207   $236   $60   $(0) 

  Total equity 
 

$6,283   $5,357   $3,992  
 

$2,207   $236   $60   $(0) 

          

Total liabilities and equity 
 

$5,510   $3,914   $2,676  
 

$1,939  
 

$1,853  
 

$4,191  
 

$7,146  

Table 31 - Balance Sheet 
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4.12 Cash Flow and Net Present Value  

A cash flow diagram was created, and used to find the NPV.  Table 32 is the after 

tax cash flow analysis and Table 33 is the before tax cash flow analysis. 

 
Year 0 1 2 3 4 5 6 7 

Revenue  $-     $9,487  
 

$10,246  
 

$11,066  
 

$11,951  
 

$12,907  
 

$13,940  
 

$15,055  
Operational 
Costs  $-    

 
$(7,908) 

 
$(8,102) 

 
$(8,402) 

 
$(8,714) 

 
$(9,038) 

 
$(9,374) 

 
$(9,724) 

Depreciation 
 

$(1,007) 
 

$(1,619) 
 

$(1,199)  $(749)  $(536)  $(535)  $(536)  $(268) 

Interest  $-     $(695)  $(614)  $(488)  $(319)  $(132)  $(16)  $(3) 
Taxable 
Income 

 
$(1,007)  $(40)  $945   $1,914   $2,702   $3,335   $4,030   $5,063  

Tax (37%)  $373   $(272)  $122   $528   $882   $1,185   $1,485   $1,872  

Net Income  $(635)  $(463)  $208   $899   $1,501   $2,018   $2,529   $3,188  

Depreciation  $1,007   $1,619   $1,199   $749   $536   $535   $536   $268  

Principal  $-    
 

$(1,217) 
 

$(1,426) 
 

$(1,615) 
 

$(1,785) 
 

$(1,971)  $(176)  $(60) 
Equipment 
Costs 

 
$(6,449)  $-     $-     $-     $-     $-     $-     $-    

Loan  $7,500   $500   $250   $-     $-     $-     $-     $-    

ATCF  $1,423   $439   $232   $33   $252   $581   $2,889   $3,395  

Table 32 - After Tax Cash Flow 

 

The after tax NPV is $5,404,000.  The positive NPV here indicates that VLJs are 

economically viable.  

 

Year 0 1 2 3 4 5 6 7 

Revenue  $-     $9,487  
 

$10,246  
 

$11,066  
 

$11,951  
 

$12,907  
 

$13,940  
 

$15,055  
Operating 
Costs  $-    

 
$(7,908) 

 
$(8,102) 

 
$(8,402) 

 
$(8,714) 

 
$(9,038) 

 
$(9,374) 

 
$(9,724) 

Interest  $-     $(695)  $(614)  $(488)  $(319)  $(132)  $(16)  $(3) 

Principal  $-    
 

$(1,217) 
 

$(1,426) 
 

$(1,615) 
 

$(1,785) 
 

$(1,971)  $(176)  $(60) 
Equipment 
Costs 

 
$(6,449)  $-     $-     $-     $-     $-     $-     $-    

Loan  $7,500   $500   $500   $-     $-     $-     $-     $-    

CF  $1,051   $167   $604   $560   $1,134   $1,766   $4,374   $5,267  

Table 33 - Before Tax Cash Flow 

 
Just as in the case above, this venture is economically viable with a before tax 

NPV of $8,333,000.
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4.13 Sensitivity Analysis 

 
The goal of the sensitivity analysis was to explore how the level of captured 

demand would affect the NPV.  Referring back to Equation 1, SJA’s demand predictions 

were based on the idea that SJA could capture ten percent of first/business class 

passengers, and ten percent of full-fare coach passengers.  Three different scenarios were 

run, and their effect on the NPV is shown below in Figure 18.  The first scenario was 

5.0%, followed by 7.5%, and finally 12.5%.  The 10% used in the rest of this document is 

considered the base case.       

 

 

Figure 18 - Sensitivity Analysis 

 

Both the after tax NPV and the before tax NPV are negative at five percent and 

seven and one half percent.  As the captured demand approaches nine percent the NPV 

goes positive.  The break-even percentage of captured demand for the after tax NPV is 

8.4%, and the break-even percentage of captured demand for the before tax NPV is 8.5%.  

What this indicates is that for three VLJs, 10% is enough to keep the airline in the black, 

and there is enough slack incase SJA is unable to achieve the expected ten percent.  

However, the sweet spot for three VLJs is closer to twelve and one half percent.  At 
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twelve and one half percent the utilization rate would also increase and the ticket prices 

could go down.  Table 34 and Table 35 below are the cash flow diagrams for the 

pessimistic scenarios, and  Table 36 and Table 37 below are the cash flow diagrams for 

the optimistic scenarios. 

 

Year 0 1 2 3 4 5 6 7 

Revenue  $-     $4,557   $4,922   $5,315   $5,741   $6,200   $6,696   $7,232  
Operational 
Costs  $-    

 
$(7,908) 

 
$(8,102) 

 
$(8,402) 

 
$(8,714) 

 
$(9,038) 

 
$(9,374) 

 
$(9,724) 

Depreciation  $(1,007) 
 

$(1,619) 
 

$(1,199)  $(749)  $(536)  $(535)  $(536)  $(268) 

Interest  $-     $(695)  $(614)  $(488)  $(319)  $(132)  $(16)  $(3) 
Taxable 
Income  $(1,007) 

 
$(4,970) 

 
$(4,380) 

 
$(3,836) 

 
$(3,509) 

 
$(3,373) 

 
$(3,214) 

 
$(2,760) 

Tax (37%)  $373  
 

$(2,096) 
 

$(1,848) 
 

$(1,600) 
 

$(1,416) 
 

$(1,297) 
 

$(1,195) 
 

$(1,023) 

Net Income  $(635) 
 

$(3,569) 
 

$(3,146) 
 

$(2,724) 
 

$(2,411) 
 

$(2,208) 
 

$(2,035) 
 

$(1,741) 

Depreciation  $1,007   $1,619   $1,199   $749   $536   $535   $536   $268  

Principal  $-    
 

$(1,217) 
 

$(1,426) 
 

$(1,615) 
 

$(1,785) 
 

$(1,971)  $(176)  $(60) 
Equipment 
Costs  $(6,449)  $-     $-     $-     $-     $-     $-     $-    

Loan  $7,500   $500   $250  $-  $-     $-     $-     $-    

ATCF  $1,423  
 

$(2,667) 
 

$(3,123) 
 

$(3,590) 
 

$(3,660) 
 

$(3,644) 
 

$(1,675) 
 

$(1,534) 

AT NPV 
 

$(11,613)        

Table 34 - After Tax Pessimistic Scenario (5.0%) 

 
Year 0 1 2 3 4 5 6 7 

Revenue  $-     $4,557   $4,922   $5,315   $5,741   $6,200   $6,696   $7,232  
Operating 
Costs  $-    

 
$(7,908) 

 
$(8,102) 

 
$(8,402) 

 
$(8,714) 

 
$(9,038) 

 
$(9,374) 

 
$(9,724) 

Interest  $-     $(695)  $(614)  $(488)  $(319)  $(132)  $(16)  $(3) 

Principal  $-    
 

$(1,217) 
 

$(1,426) 
 

$(1,615) 
 

$(1,785) 
 

$(1,971)  $(176)  $(60) 
Equipment 
Costs  $(6,449)  $-     $-     $-     $-     $-     $-     $-    

Loan  $7,500   $500   $500   $-     $-     $-     $-     $-    

CF  $1,051  
 

$(4,763) 
 

$(4,720) 
 

$(5,190) 
 

$(5,077) 
 

$(4,941) 
 

$(2,870) 
 

$(2,557) 

NPV 
 

$(18,679)        

Table 35 - Before Tax Pessimistic Scenario (5.0%) 
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Year 0 1 2 3 4 5 6 7 

Revenue  $-    
 

$10,515  
 

$11,356  
 

$12,264  
 

$13,246  
 

$14,305  
 

$15,450  
 

$16,686  
Operational 
Costs  $-    

 
$(7,908) 

 
$(8,102) 

 
$(8,402) 

 
$(8,714) 

 
$(9,038) 

 
$(9,374) 

 
$(9,724) 

Depreciation 
 

$(1,007) 
 

$(1,619) 
 

$(1,199)  $(749)  $(536)  $(535)  $(536)  $(268) 

Interest  $-     $(695)  $(614)  $(488)  $(319)  $(132)  $(16)  $(3) 
Taxable 
Income 

 
$(1,007)  $988   $2,054   $3,113   $3,996   $4,733   $5,540   $6,694  

Tax (37%)  $373   $108   $533   $971   $1,361   $1,702   $2,044   $2,475  

Net Income  $(635)  $184   $907   $1,654   $2,317   $2,898   $3,480   $4,215  

Depreciation  $1,007   $1,619   $1,199   $749   $536   $535   $536   $268  

Principal  $-    
 

$(1,217) 
 

$(1,426) 
 

$(1,615) 
 

$(1,785) 
 

$(1,971)  $(176)  $(60) 
Equipment 
Costs 

 
$(6,449)  $-     $-     $-     $-     $-     $-     $-    

Loan  $7,500   $500   $250   $-     $-     $-     $-     $-    

ATCF  $1,423   $1,086   $931   $788   $1,068   $1,462   $3,840   $4,422  

AT NPV  $8,951         

Table 36 - Optimistic After Tax Scenario (12.5%) 

 
Year 0 1 2 3 4 5 6 7 

Revenue  $-    
 

$10,515  
 

$11,356  
 

$12,264  
 

$13,246  
 

$14,305  
 

$15,450  
 

$16,686  
Operating 
Costs  $-    

 
$(7,908) 

 
$(8,102) 

 
$(8,402) 

 
$(8,714) 

 
$(9,038) 

 
$(9,374) 

 
$(9,724) 

Interest  $-     $(695)  $(614)  $(488)  $(319)  $(132)  $(16)  $(3) 

Principal  $-    
 

$(1,217) 
 

$(1,426) 
 

$(1,615) 
 

$(1,785) 
 

$(1,971)  $(176)  $(60) 
Equipment 
Costs 

 
$(6,449)  $-     $-     $-     $-     $-     $-     $-    

Loan  $7,500   $500   $500   $-     $-     $-     $-     $-    

CF  $1,051   $1,195   $1,714   $1,759   $2,428   $3,164   $5,884   $6,898  

NPV 
 

$13,963         

Table 37 - Optimistic Before Tax Scenario (12.5%) 
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4.14 RASM and CASM 

 

The CASM and the RASM in Figure 19 and Figure 20 respectively, allow SJA to 

be compared with other airlines.  Executive Airlines is an airline that specializes in jet 

charters.    

 

Figure 19 - CASM 

 

 

Figure 20 - RASM 



 

 68 

When compared to the FSNCs and Southwest, SJA earns nearly nine times more 

per ASM and SJA has costs nearly six times higher.  The difference between the RASM 

and the CASM for SJA is also greater; SJA is a more profitable venture. 

4.15 Conclusion to the Financial Analysis 

As a result of the financial section, VLJs are indeed an economically viable 

technology. The level of captured demand also needs to be considered.  A ten percent 

level of captured demand for three VLJs works.  However, a captured demand closer to 

twelve percent is better for three VLJs.  
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CHAPTER 5  

CONCLUSION 
 

The operational and financial plans that have been discussed at length in thesis are 

based on two underlying assumptions.  The first assumption is that the Eclipse 500 

possesses the amenities and characteristics that a premium passenger expects, and 

second, that Eagle Valley Airport is the right location to operate SJA. 

 The Eclipse 500 possesses many features that contribute to enhancing customer 

convenience, decrease complexity and decrease ticket costs.  However, just because it has 

the aforementioned characteristics doesn’t mean that the Eclipse 500 is an aircraft 

premium passengers would want to fly in.  After seeing an Eclipse 500 and sitting in the 

aircraft, the features and amenities that are consistent with first class travel are not 

available in the Eclipse 500.  There are two features that are missing from the aircraft that 

premium passengers would require.  The first feature is that the aircraft does not come 

stock with a restroom, and if a buyer wants a bathroom then only three passenger seats 

can be installed.  If the bathroom is installed in the aircraft, it is in a position that makes it 

impractical to use because the passenger would need to climb over other passengers to 

get in the restroom.  The restroom is also only separated by a curtain from the cabin, so 

there is lack of privacy.  The lack of a usable restroom limits the potential range of the 

aircraft.  An Eclipse 500 sales representative noted that the effective range of the aircraft 

is actually closer to two hours.  The second issue with the aircraft is the room in the 

cabin.  With three passengers and two pilots the aircraft is very crowed.  SJA passengers 

are used to flying in a spacious environment and would not enjoy being cramped in this 

aircraft.  Ultimately, the Eclipse 500 is better suited for short two-hour trips with two or 

less passengers. 

The VLJ that is better suited for this type of service is the Embraer Phenom 100.  

The Phenom 100 has a higher purchase price and higher operating costs.  However, it 

comes equipped with the features that the Eclipse 500 is missing.  The cabin is large 

enough to accommodate a beverage area, four seats, and a fully enclosed restroom.  
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These kinds of amenities extend the effective range of the aircraft, and are expected with 

the kind of high-end product SJA is offering.   

Establishing SJA in EGE makes sense from the point of view that the SJA 

customer profile is consistent with the people that live in the surrounding area.  However, 

the large difference in demand between the Peak season and the Off-Peak season make it 

difficult for SJA to succeed.  The issue is that the solution to the Peak season requires 

three VLJs and the solution to the Off-Peak season requires two VLJs.  Using three VLJs 

in the Off-Peak season isn’t a financially viable solution.  One solution to this problem is 

to move the entire fleet during the Off-Peak season to another location.  It was suggested 

that Jackson Hole, Wyoming, could be a good candidate as a summer home for the fleet.  

The drawback to this plan is that the airline would incur considerable costs to move the 

entire fleet and crew bases.  Another possible solution is not to use EGE at all, and this 

maybe the most appealing solution.  Any city that could be potentially chosen as a 

replacement for EGE needs to have a consistent level of demand.  The more consistent 

the demand, the more financially stable the airline could be. 

If these changes were implemented into the plan the viability of this type of 

service would be more robust.             

5.1 Opportunities for Further Study 

There are several topics in this thesis that could result in opportunities for further 

study.  The first topic is the demand.  For this thesis the demand was calculated on a 

monthly basis, there is an opportunity to try to enhance the resolution of the demand.  

Using the BTS data it is possible to calculate the demand on a daily basis, the model 

could be run for weekdays and for weekends in both the Peak season and Off-Peak 

season.  Using a daily demand instead of the monthly demand will lead to a more 

accurate model.  Also, the reliability of the demand could be explored by completing a 

marketing survey.  The marketing survey could help SJA better understand the amenities 

potential customers could expect, what cities they would most like to fly to, and finally 

what time of day they would prefer to fly.  If the potential city pairs could be better 

understood, the demand calculated earlier could be corroborated.         
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 The second opportunity for further study is to enhance the model to solve both 

the Peak and Off-Peak networks simultaneously in an effort to optimize the number of 

VLJs required.  If the model could optimize the balance between the requirements of the 

Peak season with the requirements of the Off-Peak season the viability would be more 

certain. 

Finally, other revenue streams for SJA should be explored.  Other revenue 

streams could be cargo operations or other viable city pairs.  These other revenue streams 

could be used to increase VLJ utilization in the Off-Peak season.   
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APPENDIX 

CONTENTS OF THE DVD-ROM 

 
 The DVD-ROM enclosed in the pocket at the end of this thesis includes the 

following information. 

 

1. Customer Preference: This folder includes the data and charts used to create the 
customer preference information. 

 
2. Data: This folder includes the raw data and spreadsheets used to estimate the demand 

and turn times. 
 
3. Financial: The financial folder contains the spreadsheet used to estimate the economic 

viability. 
 
4. Network Model:  The network model folder includes the data file, model file, and run 

file for the AMPL model.  This folder also includes solution to this model. 
 
5. Pairing & Roster Selection: This folder includes the pairing and roster selection 

models and solutions. 
 
6. Raw BTS Data:  The raw BTS data folder includes the raw data from the Bureau of 

Transportation Data used in this thesis. 
 
7. Route Selection: This folder includes the route selection model and solution. 
 
8. Thesis Figures & Charts: This folder contains the figures and charts used in this 

thesis. 
 
9. Transportation Model: The transportation model folder contains the transportation 

model and solution.  

 

 


