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3 CHAPTER THREE: MODEL STRUCTURE

3.1 Introduction

The route cost model was developed as a Microsoft Excel spreadsheet to calculate the cost of an
airline service for each given route, for a specified number of passengers, with a minimum service
frequency and for a range of different aircraft modes. The structure of the model is described in this

chapter in terms of the input component, the calculation component and the output component.

3.1.1 Assumptions

The following assumptions were made in developing the model:

—

The data that has been collected has been found valid and referenced accordingly.

R

Calculations for the direct operating costs, which include standing and flying costs, are
calculated in the rate of hours utilized annually, while other costs like passenger fees are

calculated as per unit description.

VS

A Flight for this cost model is defined as a return journey, made by any given aircraft on a

route, otherwise all calculations are done using sector distance using one leg of the journey.

e

Passenger demand is given as the maximum volume of passengers along the route

irrespective of the direction of travel.

3.1.2 Flow chart

Figure 6 shows the flow chart, which comprises of the model that was developed. It gives the
systematic layout of the calculations to be done and what information is input to give the output

necessary. The model is composed of the following components:

1. The input module containing the characteristics of the route to be used, like distance,
passenger numbers (section 3.2) and a data base for default values for each aircraft type like
the cruising speed, (Chapter 4 and compiled in Appendix D).

2. The calculation module (section 3.3)

3. The output module (section 3 .4)
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3.2 Input module

All the data that serves as input to the model is included in the /nput Sheet. while the aircraft default
values and technical specifications are included in the aircraft data. The aircraft data, which
includes aircraft technical characteristics like operating speed, default values, and data collected for
each aircraft needed to calculate cost components is shown in Appendix D.

The user of the model can input the basic descriptors of the route, for which the cost is to be
calculated. The sheet is set up in such a way that the automatic link will always have values and
will use these default values, unless the model user decides to use alternative values in the “manual”

cell.
3.2.1 Route description

The user of the model needs to specify the origin and destination countries, for the airline service
that is being costed. Once the countries have been specified, the IATA Airport codes for the major
international airports are linked automatically from the demography work sheet. These codes are

important because, they are used to identify each airport.

Sector distance

The model user, will then be given the option of either using the automatic distance between the
two specific airports, obtained by linking the distance matrix in a separate worksheet, or the user

can input the actual distance manually.

The model will be set up in such a way, that the automatic link will always have values and will use
these default values, unless values in the manual section are provided. When a value is filled in the

manual section, it will be the input value used.

Passenger demand

The model assumes that the passenger volumes are equal in both directions. This demand is given
in units of passengers/week. The weekly number of passengers can either be derived from the #rip
distribution matrix (See Appendix C) or input manually by the user. The time period used is a week
because in the airline industry, the standard unit of time over which frequency is described is

usually a week.

e 1
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Minimum service frequency

This is defined in the model as the minimum number of flights required to meet the weekly
passenger demand. There may also be a limit to the number of flights that a given route can be

assigned, either according to regulations, politics or preference of the model user.
3.2.2 Africa databases

The model, in order to be applicable to the Africa situation, includes a 50 x 50 airport distance and
the air passenger matrix. These sheets have been included in Appendices B and C respectively. The
model will be such that it automatically picks information specific to the route characteristics that

the user inserts for the route described.

Figure 7 shows an example of the input sheet for passengers travelling from Entebbe, Uganda, to

Johannesburg, South Africa. The distances and passenger numbers are all input from the database.

lhe dlt‘ferent aircraft types used in the model are discussed in Chapter 4
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3.3 Calculation module

This sheet does all the calculations in the model. It compiles all the default data, input data and
aircraft specifications that are necessary to calculate each cost component, for each aircraft type.
Below are a description of all the components that are used in the calculation sheet, and the basis of

the equations to calculate them. An extract of this worksheet is shown in Figure 8.
3.3.1 Route service characteristics

These characteristics describe the route over which the service is to be run and are used to calculate

the sector flight time, frequency and utilization.

Minimum service frequency

These are the minimum number of passengers required to meet demand. It is calculated by dividing

the passenger demand by the aircraft passenger capacity, and is found on the input sheet:

Weekly aircraft trips =  Weekly passenger Demand ..o 3-1

Aircraft passenger Capacity
Sector distance

This sector distance is given in the input module, as the route length distance from origin airport to
destination airport and will be used to determine the block time for the aircraft.

Block time

This is calculated as the time taken for a given aircraft mode to fly over the route length specified in
the input sheet. The block time takes into consideration the lost time as the aircraft is taking off and
landing and in essence described as time from “engine-on” until “engine — off”. The acceleration

and deceleration time losses are assumed in the time specified for take-off and landing.

Round trip time

This time is different from block time in that it includes the entire time taken for a round trip. It
includes the time taken for servicing and refueling before the aircraft can take off again at both
ends. The duration of this service time, is taken as standard i.e. for larger aircraft, sufficient
manpower is employed to achieve the same time as for smaller aircraft.

The flight time is calculated in the model using:

-36 -
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Round trip time = 2 (Block time + servicing time) RIS e T R 3-2
Maximum daily service frequency (supply)
The supply that can be offered along this route is defined as the maximum number of flights a
single aircraft can fly in a day. This is determined by the block time for a route length and
regulations that specify how long any aircraft can fly per day, which is included in the usable
operating hours for each aircraft. Value must be rounded-off downwards i.e. 4,7 flights = 4 flights.

The daily flight frequency is calculated as:

Number of flights = Integer value of Usable operating hours

Block time + Servicing timg ~ ......o.c..n. 3-3.

Maximum weekly service frequency

This is defined in this model as the number of flights that each aircraft can fly each week. This
frequency is calculated by multiplying the maximum daily service frequency by the number of days
in a week on which flying occurs. For a fixed schedule, where block time allows for only one one-
way flight a day, the maximum weekly number of flights is 6 flights, as only 3 return flights per

week with one aircraft are possible.

Fleet size

The fleet size, which will be needed to meet passenger demand, depends on the weekly frequency
per aircraft and the standby fleet. The aircraft are assumed to be traveling the route at full capacity
There is a minimum and maximum frequency that an aircraft can fly, which is determined by the
number of operating hours in a day, and the length of the flight. This is necessary, such that when
any of the fleet is undergoing maintenance, there is an aircraft available. A stand by fleet of 2% is
meaningless in respect of a fleet of less than 50 aircraft; but it implies that external aircraft could be

leased or hired to account for this extra expense.

Fleet size = (1+standby fleet) * weekly one-way passengers .............3-4

(Aircraft capacity * maximum weekly frequency)

Utilisation

For the model, the utilisation period is considered weekly and annually for calculation of the
operating costs. Weekly utilisation is calculated as the product of weekly flight frequency and block

time while annual utilisation is also a product of weekly utilisation and number of weeks in a year.

Wecekly utilization (hrs / week) = No of flights / week * block hours / flight ........... 3-5

Annual utilisation (hrs/ year) = weekly utilisation *weeks / year) e 340
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3.3.2 Operating costs

The aspects that are crucial in determining the operating costs, like fuel costs, wage levels,
frequency of service, average length of haul and traffic density, will all be taken into consideration
in the model for a service that is supposed to run cost effectively. The equations for the cost

components under flying, standing and other costs used in the model are given in Table 14.

Figure 8 gives an example of the calculation sheet that appears in the model in the order that the
calculations are done in the way that has been described above. The operating costs, which include

the standing, flying and other costs in the calculation sheet are calculated using the equations in

Table 14 in Chapter 2. The calculations are for the input sheet shown in Figure 7.
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3.4 Output module

The output sheet, in Figure 9, gives the overall performance indicators for the service that has been

specified, for each aircraft type. It gives the overall indicators that will be used to determine the

costs for the route specified.

Tanes Moy Ropan

LN
- REICT
ib'- 4‘)‘1 - 143 391 3%
45250%

15,9404 44
1%, ﬁfx\ iz

§5: Biamling <OSts
16 : Fiying ot
T Gthey povty
18| AKNUZ. YTAL CDST
R BDUTE TOSTANAYTSS: 533 3
€023 prs Hivs 3t Kitaretve ¥

{737,034

Cost pri passenges wmming full wapaciky X2 - 243 238 38

Cost pes passenger fging 23 . 25 2% L) 33

Ayvaishds seRr kdometns ZTL234 600 ILRG G SRR B3 20E2G0 QRGN ZIERGAG

(Cust prr avaside spal Kitvwmetas 24 - RESN 847 23 AL

Puswgggx blomee TSGR PR IR SREIRGIR PAL IR ARAFEHB LY
2 - REN] BN RS AN

4

2

V) AN SEHY

G0k pes hous wilized

"SERVICE PERFOBMANCE IFDICATOBS. R ot : 3 :
Werkly aiveralk Etfeciency {3isvs sft-homd amwes 35 476085 - 3340 2 {YJ N3 ]
Weookly sorgice uxe intensity (pasxsfsncrait-m) QYL : {2 LY RIS B

RZE o i hesrcs

1B

Figure 9: Output Sheet

3.4.1 Mode selection

Technical specifications are given that determine whether or not a given aircraft is equipped to fly
over a given sector distance. The specifications that determine this are the maximum range over
which any given aircraft can fly. These two conditions will determine what modes can be selected.

In the output, only the values for those modes that are appropriate are provided.
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3.4.2 Route productivity

Vuchic (1981) states that the route productivity is defined as the time efficiency within which work
is performed. The cost per route productivity (cost / aircraft-km/hr) reflects the difference in speed
at which the service is operated, in any of the above stated units. It is calculated in the model as the
product of the fleet size of aircraft on a given route and the average cruising speed. In the model it

is calculated as:

Cost per Route Productivity = Cost /hour ___ «ecevnennnennnne 3-7

Fleet size x Average speed of aircraft

3.4.3 Cost components

For this study, the costs are to be calculated for the different aircraft for each of the parameters

below:

e Costs for a round trip
o Weekly cost per aircraft, based on the frequency to meet demand
e  Weekly cost of route

e Annual cost of route

In order to evaluate the cost of providing the airline service along a route, it is necessary to calculate

the following parameters:

e Annual aircraft-km
e Annual available seat-km
e Annual passenger - km

e Route productivity (seat-km / hr)

In the model, the following five cost indicators are calculated using these parameters:
e (Cost/ passenger-km
e (Cost/ aircraft-km
e (Cost/seat-km
e Cost/ passenger
e Cost/ aircraft-km / hr

-40 -
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3.4.4 Cost per passenger-km

Passenger-km is the utilised output of a transport service, a performance indicator, giving a measure
of utilisation of the transport service. Passenger-km is the product of the number of passengers
carried and the route length during the specified time. The cost per passenger-km, is calculated as

follows:

Cost / passenger-km = Cost per given time period = ..ceeuviannn 3-8

Passengers x km (for same time period)

3.4.5 Cost per available seat-km

The available seat-km represents the total quantity of service offered on the route and is defined as
the product of annual aircraft-km and the aircraft capacity. Available seats in Equation 3-8 represent
the passenger capacity for any given aircraft. The cost / available seat-km is a measure of the cost of
providing the total quantity of service. This is calculated as follows:

Cost / available seat-km = Costs per given time period  ovvvvivvreeiisrernnnes 3-9

Available seats x km (for same time period)

3.4.6 Cost per aircraft-km

Aircraft-km is defined as the total distance flown by all the aircraft in the fleet, during a given time
period. The costs per aircraft-km give a measure of how suited a specific aircraft is for the given
route. It is calculated as:

Cost /aircraft-km (for a time period)= Operating costs for the time period  ............ 3-10
Aircraft-km travelled (for the same time period)

3.4.7 Cost per passenger travelling

Cost/passenger travelling is calculated as the total operating costs for a given service, along a route
as a measure of how many people are using the service. It should be noted that passenger demand is
seasonal; as such different costs could be determined for different periods of operation. These costs
are calculated as:

Cost per passenger travelling = Operating costs for service over the time period ...... 3-11

Number of passengers in the same time period
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