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Optimize the aircraft allocation of SIA’s fleet according to the post COVID-
19 aviation industry environment through data modelling

Project Objectives & Background
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Objective
To optimize the allocation of aircrafts to be put in passenger and cargo operations, 
storage, or sale in the post COVID-19 recovery period (5 years) to maximize profits.

Background
The global aviation industry has 
been hit hard by country lockdowns 
due to COVID-19.

Singapore Airlines experienced a 
99.3% drop in of passenger carriage 
in June 2020 due to COVID-19. 
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To maximize profit, SIA has to allocate its fleet across four allocation 
options: passenger svc, cargo svc, put in storage, sell / retire

Project Objectives & Background
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Passenger Service Cargo Service Put in Storage Sell / Retire

SIA Fleet:
133 aircrafts
(Apr 2020)



The goal of the model is to maximise profits through optimizing the 
decision of SIA aircraft fleet allocations

Project Objectives & Background
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Passenger Service
- number of aircraft

Cargo Service
- number of aircraft

Put in Storage
- number of aircraft

Sell / Retire
- $ price to sell

Decisions to Optimize

Performance Measure

Profit = Revenue – Cost Includes fixed and 
variable costs
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2. Aircraft Allocation 
Model



Relevant parameters and performance measures were identified to 
prepare the model to optimize the decision on aircraft allocations

Aircraft Allocation Model
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Overall influence diagram and computation analysis for allocation of 
aircraft

Aircraft Allocation Model
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Cargo 
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Influence diagram and computation analysis for allocation of aircraft: 
Passenger Services

Aircraft Allocation Model
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Influence diagram and computation analysis for allocation of aircraft: 
Cargo Services

Aircraft Allocation Model
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Influence diagram and computation analysis for allocation of aircraft: 
Put in Storage

Aircraft Allocation Model
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Optimized results: Overall results are closely related to the passenger 
demand recovery rate post COVID-19

Aircraft Allocation Model
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Optimized results: Large initial allocation to storage, and gradual 
allocation to passenger services as passenger demand recovers

Aircraft Allocation Model
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Aircraft Allocation Model
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Aircraft Allocation Model Demo Snapshot



Aircraft Allocation Model
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Aircraft Allocation Model Demo Snapshot (cont’d)
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3. COVID-19 
Passenger 
Recovery Model



Overall influence diagram for passenger recovery forecast
COVID-19 Passenger Recovery Model
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[1] Foot Note



Traffic light profile (adapted from EU CDC guideline)
COVID-19 Passenger Recovery Model
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Opening date & % passenger recovery projection
COVID-19 Passenger Recovery Model
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Traffic Light Profile Partial Opening Date – 16.5% Full Opening Date – 100%

Green Currently Partially Open One year after vaccine gets released

Yellow
Partially Open based on Log-Normal Fit for respective 

countries
One year after vaccine gets released

Red
Not applicable. Countries in this bucket only reopen 

one year after vaccine gets released
One year after vaccine gets released
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COVID-19 Passenger Recovery Model
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Passenger Recovery Calculation Demo Snapshot



COVID-19 Passenger Recovery Model
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Passenger Recovery Calculation Demo Snapshot (cont’d)



COVID-19 Passenger Recovery Model
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Passenger Recovery Calculation Demo Snapshot (cont’d)
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4. Aircraft Scrap 
Price Model



Relevant parameters and performance measures were identified to 
prepare the model to identify the price of aircraft to be scrapped

Aircraft Scrap Price Model
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Overall influence diagram and computation analysis for scrapping price of 
aircraft in storage

Aircraft Scrap Price Model
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Aircraft Allocation Model Demo Snapshot
Aircraft Scrap Price Model
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Aircraft Allocation Model Demo Snapshot (cont’d)
Aircraft Scrap Price Model
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Aircraft Allocation Model Demo Snapshot (cont’d)
Aircraft Scrap Price Model
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5. Trade Off and 
Sensitivity 
Analysis



Trade Off Analysis: How would a change in fleet allocation change profit?
Trade Off and Sensitivity Analysis
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Parameters to change

Passenger Service
- Of Interest to 

change; increase 
route offerings or 
other business or 
technical reasons.

Cargo Service
- Not of interest; no 

change in  cargo 
demand

Put in Storage
- Not of interest; 
every additional 
aircraft stored is 

only more expenses



Passenger Service Allocation Trade Off Analysis: experience a negative 
total profit beyond a certain level of over allocation to passenger services

Trade Off and Sensitivity Analysis
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SIA may decide to 
allocate more aircraft to 
passenger services to 
increase route offerings 
or other business or 
technical reasons.

As demand is the 
limiting factor, every 
additional plane 
allocated reduces profit.
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Sensitivity Analysis: How would vaccine availability dates or changes in 
fuel prices affect profits?

Trade Off and Sensitivity Analysis
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Vaccine Availability Dates
When a COVID vaccine 

becomes available affects 
when countries reopen 

borders fully

Fuel- Operating Costs
Different historic fuel 

costs affecting operating 
cost

Parameters to change



Passenger Recovery Rate Sensitivity Analysis:
Trade Off and Sensitivity Analysis
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Total profit is highly 
sensitive to vaccine 
availability date.

SIA’s cashflow 
management is crucial, 
given uncertainty in 
vaccine release date.
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Fuel- Operating Costs Sensitivity Analysis: Years with less aircraft in 
storage are more sensitive to changes in fuel price

Trade Off and Sensitivity Analysis
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Years that have more 
aircraft allocated to 
cargo and passenger 
services are more 
sensitive to changes in 
fuel price. 

This matches intuition 
as fuel price is an 
operational expense of 
aircraft that are flying 
routes. 
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Summary
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Objective
To optimize the allocation of aircrafts to be 
put in passenger and cargo operations, 
storage, or sale in the post COVID-19 
recovery period (5 years) to maximize profits

Decisions Optimized

Passenger Service

Cargo Service

Put in Storage

Sell/Retire

Trade-off and Sensitivity Analysis Performed

Key Insights
- 88% Profit Recovery by 2025
- 87% Passenger Recovery Rate by 2025
- SIA Profit Recovery Rate is dependent on 

COVID-19 Passenger Recovery Rate by 
destination countries.

Fuel- Operating 
Costs

Sensitivity 
Analysis

Passenger 
Recovery Rate

Sensitivity 
Analysis

Passenger 
Service 

Allocation Trade 
Off Analysis



Thank you for your time

Questions & Answers
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Assumptions and 
Appendix



Assumptions made for this project:
Assumptions & Limitations
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Aircrafts
1. Almost all aircraft types operated by SIA are similar

enough to be counted homogenously in modeling
output in terms of routing and allocation. All aircraft
models, less the A380 or Boeing 747, are twin-
engine-wide-bodied aircraft with similar range and
passenger carrying capacity[1].

2. SIA retires its plane at 25 years old[2].
3. All aircraft purchases are put on pause, and no plans

on acquisition of smaller airlines or new
subsidiaries[3].

4. Model does not account for sale of any planes.

[1] This is aligned with the industry shift to use smaller twin-engine-wide-bodied aircrafts to service routes instead of larger jets with twice the capacity (such as A380 or Boeing 747) due to increase demand in non-hub airports.
[2] Based on a study by the International Air Transport Association (2018), median retirement age for commercial aircraft over the last 36 years is 25 years, with more than half of the aircraft retired between the age of 20 and 30 years.
[3] Horton, W. (2020, May 02). Singapore Airlines Seeks Fleet Flexibility, In Talks For Deferrals And Sale And Leaseback On Aircraft. Retrieved October 14, 2020, from https://www.forbes.com/sites/willhorton1/2020/05/02/singapore-
airlines-seeks-fleet-flexibility-in-talks-for-aircraft-deferrals-and-sale-and-leaseback/



Assumptions made for this project:
Assumptions & Limitations

39

Passenger Recovery Rate
1. SIA recovery rate will be based on the 31
countries where airline has operating flights[4];
country’s future performance in COVID
recovery projected is based on number of
cases[5] per capita snapshot & projected
vaccine availability.
2. Vaccine distribution timeline to reach herd
immunity is assumed to be 1 year[6].
3. COVID recovery rate per country will be
assumed progressive; by end of year 2025,
recovery rate is at 100%.

[4] https://www.singaporeair.com/en_UK/sg/plan-travel/destinations/where-we-fly/
[5] Hasell, J., Mathieu, E., Beltekian, D. et al. A cross-country database of COVID-19 testing. Sci Data 7, 345 (2020)
[6] https://www.bmj.com/content/371/bmj.m3846



Assumptions made for this project:
Assumptions & Limitations
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Operating Costs
1. Model does not account for any redundancies and pay cut as
projected cost is based on 2019 cost.

2. Model does not account for any changes in flight operating
cost (e.g. different number of flights per aircraft per year) as it is
based on 2019 cost.

Cargo Demand
1. Model does not account for any changes in cargo as it is
based on 2019 demand.



SIA Fleet information as of April 2020
Appendix 1 – SIA Fleet Information
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This is aligned with the industry shift to use smaller twin-engine-wide-
bodied aircrafts to service routes instead of larger jets with twice the
capacity (such as A380 or Boeing 747) due to increase demand in non-
hub airports.



As of Oct 2020
Appendix 2 – COVID Vaccine Candidates’ Availability
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Vaccine Name Company Country Stage
Estimated period for 
vaccine availability

Ad5 CanSino Biologics China Approved for limited use in China Not provided

Sputnik V Gamaleya Research Institute Russia Approved for limited use Not provided

EpiVacCorona Vector Institute Russia Approved for limited use in UAE Not provided
First Inactivated Virus Vaccine

Sinopharm China Approved for limited use in UAE End of 2020
Second Inactivated Virus 

Vaccine

CoronaVac Sinovac Biotech China Approved for limited use in China Early 2021

Moderna Moderna USA Phase III Mar-21

BNT162b2
BioNTech / Pfizer / Fosun 

Pharma Germany Phase III End of 2021

AstraZeneca University of 
Oxford/AstraZeneca UK Phase III First Half of 2021


