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Fundamentals

Fuel Consumption of the 50 Most Used Passenger Aircraft as Function of Flight Distance
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Breguet Equation and Fuel Mass

Fundamentals

𝑅 =
𝑉 𝐸

𝑐 𝑔
ln
𝑚1

𝑚2

c → SFC
E → Glide Ratio, L/D

These are not published by the manufacturer

𝐵 =
𝑉 𝐸

𝑐 𝑔
=

𝑅

ln
𝑚1
𝑚2

Breguet Factor is defined for cruise

Fuel fractions include non-horizontal phases 𝑀𝑓𝑓 = Τ𝑚𝑖+1 𝑚𝑖

Real Breguet Factor 𝐵 =
𝑅

ln 𝑀𝑓𝑓,𝐿𝑇𝑂
𝑚1
𝑚2

LTO = Landing + Take-off 𝑀𝑓𝑓 = 𝑀𝑓𝑓,𝐶𝑅−𝑅𝐸𝑆−𝐿𝑂𝐼 · 𝑀𝑓𝑓,𝐿𝑇𝑂

Rearranging 𝑅 = 𝐵 · ln
𝑚1

𝑚2
→ 𝑚𝑓𝑢𝑒𝑙 𝑅 = 𝑚2 𝑒 Τ𝑅 𝐵 − 1
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Payload-Range Diagram

Fundamentals

𝑃𝐿1 = 𝑀𝑃𝐿

𝑂𝐸𝑊 = 𝑀𝑍𝐹𝑊 − 𝑃𝐿1

𝑀𝐹𝑊 = 𝑀𝑇𝑂𝑊 − 𝑂𝐸𝑊 + 𝑃𝐿2

Breguet Factor can be calculated for each point of the Payload-Range Diagram

Between B and C, and C and D a linear interpolation is made

Payload-Range Diagram. Source: Scholz (2015)
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Bathtub Curve

Fundamentals

𝑚𝑓𝑢𝑒𝑙 [kg]

𝑅 [km]/100 · 𝑝𝑎𝑥

Boeing 737-800

• Aircraft Dataset (Kühn 2024)

• Airplane Characteristics for 

Airport Planning (Boeing 2025)

Bathtub curve for B737-800 calculated with the Excel Table from Burzlaff (2017) 
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Analytical Equation

Fuel Consumption of the 50 Most Used Passenger Aircraft as Function of Flight Distance



Presentation of the Bachelor Thesis
Aachen, 2026-09-10

Joel Nisa López
Fuel Consumption as Function of Flight Distance

Page 9
Aircraft Design and Systems Group (AERO)

Literature

Analytical Equation

Atmosfair Emissions Calculator

Atmosfair (2008) shows fuel consumption per passenger

and 100 km but does not show the right arm of the curve.

Flight Emissions Calculator MyClimate

MyClimate (2025) estimates fuel consumption per aircraft

kilometer, integrating both cruise and non-cruise phases

in a second- order polynomial approximation for fuel

consumption. Only ten aircraft and only two flight

distances is a rough approach.

Egelhofer Analytical Equation

Egelhofer (2008) gives an alternative to calculate relative

fuel consumption per flown kilometer. A table with the

parameters required to calculate the fuel consumption of

each aircraft is not provided.

Consumption of an Airbus A340. Source: Atmosfair (2021) 
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Approximation of the Curve

Analytical Equation

Fairly complex

• Multiple interpolations

• Many parameters involved
→ Simplified analytical version

𝑦 =
𝑎

𝑥
+

𝑏

𝑐 − 𝑥
+ 𝑑 + 𝑒𝑥 𝑀𝑆𝐸 =

1

𝑁
෍

𝑖=1

𝑁

𝑓𝑖 − 𝑦𝑖
2
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Approximation of the Parameters

Analytical Equation

Find a correlation between parameters a-e and aircraft data

𝑎 = 3.989 ∙
𝑀𝑍𝐹𝑊 − 𝑀𝑃𝐿

𝑛𝑠𝑒𝑎𝑡

𝑏 = 6.443 ∙
𝑀𝑇𝑂𝑊 − 𝑀𝑃𝐿

𝑛𝑠𝑒𝑎𝑡

𝑐 = 1.000 ∙ 𝐹𝑒𝑟𝑟𝑦 𝑅𝑎𝑛𝑔𝑒

𝑑 = 0.003900 ∙
𝑀𝑇𝑂𝑊 −𝑀𝑃𝐿

𝑛𝑠𝑒𝑎𝑡
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Passenger as a Function of Flight Distance

Analytical Equation

To obtain the total fuel consumption with the analytical curve the value obtained

must be multiplied by the flight distance and number of passengers

Reduction of Payload

1. Cargo

2. Passengers

Scenario 2Scenario 1
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Passenger as a Function of Flight Distance

Analytical Equation
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Fuel Consumption versus Flight Distance

Analytical Equation

Bathtub curve × number of passengers × range = absolute fuel consumption

B737-300 (scenario 2)

A330-200 (scenario 1)

A330-200 (scenario 1)
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50 Most Used 

Passenger Aircraft

Fuel Consumption of the 50 Most Used Passenger Aircraft as Function of Flight Distance



Presentation of the Bachelor Thesis
Aachen, 2026-09-10

Joel Nisa López
Fuel Consumption as Function of Flight Distance

Page 16
Aircraft Design and Systems Group (AERO)

Excel Calculation

50 Most Used Passenger Aircraft

The bathtub curve calculation is applied to the 50 most commonly

used passenger aircraft.

A330-200 (scenario 1)

EXCEL MODEL Burzlaff (2017) + EXTENDED VERSION WITH APPROXIMATION
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Calculation Coverage

50 Most Used Passenger Aircraft

The bathtub curve calculation is applied to the 50 most commonly used

passenger aircraft.

5 parameters/aircraft needed × 50 aircraft types = 250 parameters

95 % of passenger aircraft fuel consumption covered with a pocket calculator
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Examples

50 Most Used Passenger Aircraft

Airbus A321neo. Source: Airbus (2026)

B777-200ER. Source: Austrian Airlines (2026)
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Examples

50 Most Used Passenger Aircraft

ATR 42. Source: Air Charter Service GmbH (2026)

Twin Otter. Source: Canada.ca (2025)
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Minimum Consumption

50 Most Used Passenger Aircraft

To determine the distance for minimum fuel we use the derivate.

𝑑𝑦

𝑑𝑥
= −

𝑎

𝑥2
+

𝑏

𝑐 − 𝑥 2
+ 𝑒 = 0

𝑦 =
𝑎

𝑥
+

𝑏

𝑐 − 𝑥
+ 𝑑 + 𝑒𝑥

B737-800 Min Fuel Stage Length
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Discussion in Society

Fuel Consumption of the 50 Most Used Passenger Aircraft as Function of Flight Distance
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Easy Calculation of CO2 Emissions

Discussion in Society

Fuel consumption directly relates to CO2

Given a flight distance we can calculate fuel/pax, and consequently emissions

A321neo → 20.45 kg/pax (KLM flight)

20.45 kg/pax × 3.15 kgCO2 / kg fuel ≈ 64 kg CO2 / pax
Airbus A321neo from Airbus (2026)

Flight offer BER-AMS from Google Flights (2026)
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Should we fly short range? Or take the train?

Discussion in Society

The bathtub curve is accessible to anyone and gives fast answers.

We can choose the most suitable aircraft for a given distance.

Berlin – Amsterdam

A321neo → 20.45 kg/pax = 3.55 kg/pax/100 km (KLM flight)

Twin Otter → 9.35 kg/pax = 1.67 kg/pax/100 km

Airbus A321neo from Airbus (2026)

Twin Otter from Canada.ca (2025)
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Case Study (ISO)

Fuel Consumption of the 50 Most Used Passenger Aircraft as Function of Flight Distance
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Definition

Intermediate Stop Operation (ISO)

Flight strategy in which a long route is divided into two segments, with a stop

for refueling

A330-200 (scenario 1)

Not common but can be considered in specific cases because of

• Range limitations

• Payload constraints

• Fuel efficiency

We must assess

• Fuel consumption

• Economic implications

• Operational implications

• Regulatory considerations
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Potential ISO Routes and Aircraft

Intermediate Stop Operation (ISO)

London-Perth nonstop operated by Qantas

QFA of the 2nd July 2025 Flight from Flightaware (2025)

290 seats 

passengers limited to 268
94,129 kg
351.22 kg/pax

Boeing 787-9 from Australian Aviation (2023)
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Same Aircraft but Two Legs (ISO)

Intermediate Stop Operation (ISO)

105,842 kg 
364.97 kg/pax

Stop to refuel in Dubai (approximately halfway)

Extra landing and take-off 

increase fuel consumption

Boeing 787-9 from Australian Aviation (2023)

QFA of the 2nd July 2025 Flight from Flightaware (2025)

290 seats 

No passenger limitation Max
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Most Suitable Airplane and Two Legs (ISO)

Intermediate Stop Operation (ISO)

375 seats 

No passenger limitation
91,334 kg
243.56 kg/pax

Max

Stop to refuel in Dubai (approximately halfway)

QFA of the 2nd July 2025 Flight from Flightaware (2025)

B777-200ER from Austrian Airlines (2026)
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EXTRA CASE: Most Suitable Airplane and Direct

Intermediate Stop Operation (ISO)

87,593 kg
263.04 kg/pax

London-Perth nonstop with a B777-200 ER

375 seats 

passengers limited to 333

QFA of the 2nd July 2025 Flight from Flightaware (2025)

B777-200ER from Austrian Airlines (2026)
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Conclusions on the Case Study

Intermediate Stop Operation (ISO)

ISO can lead to a higher fuel consumption in some cases

If done with an especially selected aircraft for the stage length, it can reduce

the fuel per passenger 7.5%

A330-200 (scenario 1)

-7.5%
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Summary and 

Conclusions

Fuel Consumption of the 50 Most Used Passenger Aircraft as Function of Flight Distance
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Summary and Conclusions

● The bathtub curve shows fuel use per passenger and flown distance, an important pattern that

isn't well known or understood

● This study created a simple equation for the bathtub curve, using just 5 parameters per aircraft

● Calculated for 50 of the most common aircraft, covering about 95% of passenger aircraft,

simple enough to use with a basic calculator

● Built an Excel tool to quickly find the most suitable aircraft for a given route

● The equation can help discuss bigger social questions like flying vs taking the train

● The tool was applied to a case study (Perth–London) on splitting long flights into two shorter

legs (ISO) — this can save fuel, but adds costs, time, and passenger inconvenience, so it needs

careful evaluation

Fuel Consumption of the 50 Most Used Passenger Aircraft as Function of Flight Distance
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