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INTRODUCTION 

• Air transport as an economic field, 

• Direct impact on the state of the 

environment, 

• Emission requirements, 

• Limitations related to emission 

measurements, 

• Estimation of the emission during the 

flight. 
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METHODOLOGY 

o The basis for determining the emission of harmful exhaust gasses, 
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R² = 1 

0,0

1,0

2,0

3,0

0% 20% 40% 60% 80% 100%

FF
R

 [
kg

/s
] 

Pds  

FFR 

0,00

0,01

0,02

0,03

0,04

0,05

7% 30% 85% 100%

H
C

 [
-]

 

Pds 

HC 



METHODOLOGY 

6 

y = 0,3805x-1,031 
R² = 0,8883 
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y = 26,548x2 + 17,976x + 4,7339 
R² = 0,997 
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y = 12,575x3 - 33,27x2 + 25,2x - 1,1053 
R² = 1 
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 ρ = 2E-09H2 - 0,0001H + 1,2034 
R² = 0,9994 
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λ 

Low engine load High engine load 

7 4 

Air mass per 1 kg of fuel 

102,9 58,8 

Air volume per 1 kg of fuel 

85,8 178,0 

Correction factor 

0,48 

The results of the correction factor calculation 
𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 = ∑(𝑇𝐼𝑀 ∙ 𝐹𝐹𝑅 𝑃ℎ𝑎𝑠𝑒) ∙ 𝑁𝐸  

      

Where: 

 

TIM  -Time in Mode [s] 

FFRphase - Fuel Flow Rate [kg/s] 

NE  - Number of engines on the aircraft [-] 

 

 

 

Calculated fuel consumption: 43818 kg 

 

Fuel consumption (provided by PLL LOT): 46424 kg 
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𝐸𝑃𝐶𝑝𝑜𝑙.𝑚𝑜𝑑𝑒 = 𝑇𝐼𝑀 ∙ 𝐹𝐹𝑅 ∙ 𝐸𝐹 ∙ 𝑁𝐸                                                                                                                     

• Calculation of the emission of a particular harmful compound:  

Where:  

EPCpol,mode  Emissions per cycle for a particular pollutant     

   during a particular mode [g] 

TIM  Time in Mode [s] 

FFR   Fuel Flow Rate [kg/s] 

EF   Emission Factor [-] 

NE   Number of engines on the aircraft [-] 
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LTO phase 
HC 

[g/phase] 

CO 

[g/phase] 

NOx 

[g/phase] 

PM 

[g/phase] 

Approach 0,00 1749,37 9895,18 2822,82 

Climbout 0,00 1114,27 116453,20 5079,32 

Emission results for climbout and approach operations 
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CONCLUSIONS 

• The calculation scheme presented in this article makes it possible to estimate the emission of individual harmful 

compounds during the flight of an aircraft.  

• A novelty in the presented calculation scheme are calculations of emission values in the climbout and approach phases, 

taking into account the influence of the change in flight altitude on engine operation parameters. 

• The highest value of hydrocarbon emission occurs in the taxiing phase. It is influenced by low engine load and warming up.  

• The highest values of emissions of carbon oxides, nitrogen oxides and particulate matter were observed in the flight at 

flight level phase. 

• The lowest emission values of harmful compounds in the engine exhaust of the Boeing 787-9 Dreamliner aircraft were 

registered for hydrocarbons.  

•  It can be concluded that the tests are carried out with an estimation error of 5,6 %. 
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