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Aircraft emissions during various flight phases 
 
Article presents methodology of pollutants quantitative estimation emitted by turbine engines. Provides 

calculation results of aircraft CO2, CO and NOx effusion using fuel consumption data taken from aircraft Flight 

Data Recorder (FDR) in the so–called landing and takeoff cycle (LTO) and during remaining flight phases (climb 

from 3000 feet to cruise altitude, cruise, descent to 3000 feet) of various aircraft types. 

The authors would like to draw attention of the aviation professionals to the fact that amount of toxic content 

in the exhaust from the turbine engine is significant especially during cruise, but turbine engine emission standards 

are applied only to LTO cycle defined in the ICAO Annex 16 vol.2. 

The article gives an example of CO and NOx emission estimation based on engine performance taken from ICAO 

Engine Emission Data Bank. Such engine authors named “ideal”. Calculations were done using actual values 

of aircraft fuel consumption and duration of the airplane maneuvers for each flight. 
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Emisje podczas różnych faz lotu samolotów 

 
Artykuł opisuje metodologię ilościowego oszacowania emisji toksycznych składników spalin przez lotnicze silniki 

turbinowe. Prezentuje wyniki obliczeń emisji CO2, CO i NOx na podstawie danych z pokładowego rejestratora 

parametrów lotu samolotu. Kalkulacji dokonano dla cyklu startu i lądowania i pozostałych faz lotu (wznoszenie z 

3000 stóp do wysokości przelotowej, przelot, schodzenie do wysokości 3000 stóp) samolotów różnych typów. Autorzy 

pragną zwrócić uwagę ekspertom zajmującym się lotnictwem na fakt, że ilość toksycznych składników spalin 

emitowanych przez silniki odrzutowe jest szczególnie duża w trakcie przelotu, a normy obowiązują dla cyklu startu i 

lądowania zdefiniowanego w aneksie 16 t.2 ICAO.W artykule podano przykłady oszacowania emisji CO i NOx 

posługując się charakterystykami silników opracowanymi na podstawie danych zawartych w bazie danych ICAO. 

Silniki te nazwano „idealnymi”. Obliczeń dokonano posługując się bieżącymi danymi zużycia paliwa i czasu 

manewrów samolotów dla każdego lotu. 

 

Słowa kluczowe: silnik turbinowy, emisja gazów wylotowych, gazy  trujące. 

 

 
1. Introduction 

Over the last sixty years, according to Bernard L. 

Koff (Bernard L. Koff is one of the greatest designers 

of turbine engines. He worked both General Electric 

and Pratt & Whitney, where he ended his career as 

vice president of design and technology. It had an 

impact on the design of a 50% currently operated 

turbine engines. His patents and articles about the 

engine cover most of the whole design and 

manufacturing technology for turbine engines. He is a 

member of many scientific societies and Doctor 

Honoris Causa of the University Clarkson) aviation 

turbine engines have evolved to become the most 

complex product in the world, exerting an amazingly 

positive impact on the humanity [6].  

Continuing the thought of eminent designer 

of the engines, it is true that the modern turbo fan 

engines are works of art, which require from their 

builders talents in many fields ranging from materials 

science through aerodynamics, thermodynamics, 

electronics and economics to ergonomics. 

As passenger and cargo aircraft power plants have 

made our world much smaller. 

World fleet, including large turboprops in 2012 

operated 22,939 aircraft. 

Currently, they are mainly powered by turbofans, 

large and very large thrust (from 100 kN to 500 kN). 

During each aircraft takeoff  its engine creates 

an air stream which is accelerated under fan pressure  

in the exhaust nozzle to more than 300 m/s, 

as effective source of thrust, but also source of the 

turbulences and noise. While, the exhaust gas stream 

from the internal duct is not only a source of thrust  

turbulences and noise, but also the emission of toxic 

gases and heat. Exhaust stream reaches speed of about 

600 m/s at the temperature of more than 1000 K 

(+ 750 ̊C).  

 

 

Article citation info:  

GŁOWACKI P., KAWALEC M. Aircraft emissions during various flight phases. Combustion Engines. 2015, 162(3), 229-240. ISSN 2300-9896. 

229



 

 

 

        

 

Turbofan engines of passenger and cargo long-

range aircraft need unimaginable amount of air 

necessary to ensure their work. Considered in this 

paper engine which powers B737 aircraft needs air 

in the amount of 370 kg/s.  

Although directly in the combustion of fuel 

10% to 20% of the total air mass, which flows 

through the engine is only used, it would be a very 

large size. B747-400 plane is powered by four 

engines, which together produce at takeoff  720 kg/s 

exhaust. In addition to carbon dioxide, water, nitrogen 

and oxygen, contains about 0.5% of toxic gases, 

including highly harmful nitrogen oxides. 

On 18-19 March 2015 conference organized 

by the ICAO - "ICAO International Aviation 

and Environment Seminar" was held in Warsaw. 

Representatives of this UN institution have 

presented their plans for the projects related to the 

reduction of the negative impact of aviation on the 

environment.   

 The most important message was an information 

about two percent reduction in fuel consumption (and 

thus reducing CO2 emissions and toxic exhaust) 

for aviation by 2021, and then to the  2050 2% per 

year. This ambitious goal is to be achieved not only 

through the introduction of new technologies applied 

in the aircraft and propulsion systems manufacturing, 

but also, inter alia, through the introduction of special 

procedures for the management of air traffic control. 

For example, the use of so-called maneuvers, 

continuous climb and continuous descent will shorten 

the duration of these phases of flight, thus reducing 

the fuel consumption of the aircraft. 

Around aviation, due to its significant visibility, 

especially emissions produced by this mean 

of transport, there is the atmosphere of exaggeration 

in the assessment of its impact  on the environment.  

Notwithstanding an article written by Mason Imana 

for National Geographic News, titled 

 "Plane Exhaust Kills More People Than Plane 

Crashes" is unacceptable overstatement. The author  

provides alleged results of the research, according 

to which the cruise emissions kill annually 8000, and 

from those produced during takeoff’s an  landings 

2,000 people [8]. 

In the global contamination of the Earth's 

atmosphere aviation's share is estimated at 2 ... 3%. 

Despite the fact that the concentration 

of greenhouse gases and pollutants in the airport areas 

and in the atmosphere (tropopause) is unusually large, 

it is not due to exaggerate the negative assessment 

of their impact on health. 

The need to improve awareness of the quantity 

of CO2 and CO, NOx and UHC emissions in these 

spaces, it therefore appears necessary. It is for both 

the aviation industry, and for these which enjoying all 

the benefits of aviation. 

The aim of this article is to provide a method for 

estimating the amount emitted by aircraft engines 

toxic gases contained in the exhaust and fuel 

consumption during all phases of the flight. Its 

introduction to the use by commercial aviation 

operators will allow: 

- Precise definition of fuel consumption, and thus 

charges for carbon dioxide emissions 

- Getting the right amount of any taxes on emissions 

at airports.  

- Reduction in fuel consumption 

- Accurate determination of time to take certain 

preventive measures to improve the parameters of the 

engine so, through favorable for the environment 

to minimize the amount of harmful emissions, reduce 

operational costs of the aviation operator. 

We engineers have a duty to determine 

the amount of carbon dioxide emissions and 

pollutants contained in the exhaust gases of engines, 

as well as the intensity of their spreading both 

in airports space and in the tropopause.   

 Medical professionals and climate specialists 

should assess their impact on human health and 

climate change.  

 

2. Existing rules of determining turbine 

aircraft engines the amount  

of emissions of toxic gases and carbon 

dioxide 

The current standards for emissions of carbon 

monoxide (CO), nitrogen oxides (NOx), unburned 

hydrocarbons (UHC) and smoke are defined by ICAO 

[11] and updated every few years by CAEP.  

Engine manufacturers according to procedures 

developed by this organization for landing and takeoff 

cycle (LTO) perform the tests on their own test cell 

and report the results on a special document. In this 

document for a specific thrust settings and time 

of their duration are given the values of the engine 

fuel consumption and emissions of CO, NOx, UHC 

and smoke.  

Emissions are compared with current standards. 

In this way, it is known what is the "reserve" 

to achieve the  limit.  The best engine of a given type 

is chosen to such tests, and can be  specified  

as "ideal". 

Figure 1 is a graphical representation of the LTO 

cycle defined by ICAO. 
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Flight phase Engine thrust [%] of Kmax   Duration time [min] 

Takeoff 100 0,7 

Climb 85 2,2 

Descent 30 4,0 

Taxiing 7 26,0 

Fig. 1. Landing and Take Off cycle  – LTO as defined by ICAO [11] 

 

Fig. 2 shows an example of the record 

with the test results of the engine run in the 

form required by the rules of  ICAO, 

for the ranges given in the table on 

Figure 1.  

It should be emphasized that in aviation 

there are no standards for emissions 

of carbon dioxide, or even any emissions 

out of  LTO. 

Therefore, the fuel consumption 

and emissions in the LTO cycle of the 

twin-engine aircraft [engines installed with 

the performances like on the form 

(Figure 2)] have the values given in the 

following table. 1. 

 

 

 

 

 

  

Fig. 2. document with the results of the engine run 
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Table 1. maneuvers duration, fuel consumption and emissions 

in the LTO cycle 

Maneuver 
Duration 

[s] 

Fuel 

consumption 

[kg] 

CO 

emission 

[g] 

NOx 

emission 

[g] 

Takeoff 42 103 21 2966 

Climb 132 261 157 5872 

Descent 240 162 259 1750 

Taxiing 1560 353 6636 1659 

Total 1974 879 7073 12247 

 

On the basis of the data from [12] for each engine 

approximate performances can be determined. 

 

The figures 3a, 3b and 3c show the performances 

of an "ideal" engine determined on the basis of the 

test results, document (Figure 2). 

 

 
Fig. 3a. Fuel consumption of the "ideal" engine 

 

Fig. 3b. Carbon monoxide emissions of the "ideal" engine 

 
Fig. 3c. Nitrogen oxides emission of the „ideal” engine 

From the above it can be concluded that each 

of the same type aircraft with a specific type 

of the engines fitted, at each airport in the world emits 

the same amount of the exhaust with its toxic 

components and carbon dioxide in the same time 

of the maneuver duration. 

In June 2014 version 7 of  the paper "ICAO 

Carbon Emissions Calculator Methodology" [10] 

was released.  

Methodology is simple to use, introduces 

a number of averaged parameters for the type 

of aircraft, flight length, load factor. On its basis, 

according to the authors of this methodology airline 

can calculate for example, CO2 emissions 

per passenger in economy class. 
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3. The proposed methodology for 

turbine jet engines emissions estimation 
 

Presented in Section 2 rules of emission 

calculations do not take into account the amount 

of fuel consumption and toxin emission of a particular 

aircraft with engines of specific version. 

In this way, during the operation of the aircraft 

it is impossible to asses quantitatively toxic exhaust 

emissions. 

The actual amount of harmful emissions can be 

significantly different from that calculated 

in accordance with adopted (averaged) durations 

of the aircraft maneuvers and engine operating ranges 

throughout their duration. 

Operation practice in aviation is more complicated 

than simplification of the use parameters average 

values, as  is the case in the carbon calculator  and 

LTO cycle definition adopted by the ICAO. 

After power plant installation on the airframe 

the engine has different characteristics than that 

recorded at the test cell, its parameters differ from 

those measured in almost laboratory conditions.  

Utilized by the operators engines, even of the 

same type and version have different characteristics, 

in many cases, significantly different from the "ideal" 

engine. 

Moreover, in the exploitation gradual 

deterioration in its characteristics take place and 

the amount of fuel needed to provide the same thrust 

increases significantly compared this, after 

installation on the airframe of a new or overhauled 

engine. 

Decreases also EGT margin, which means that the 

temperature of the exhaust gases on max. power 

setting can approach the limit. Thus, NOx emission 

increases. 

Pilots during takeoff, depending on the takeoff  

mass of the aircraft, runway length and environment 

conditions apply derate or thrust reduction.  

It happens that the aircraft’s takeoff maneuver  

is performed with a thrust smaller by over 20% 

compared to the maximum takeoff thrust. 

At the discretion of the air traffic control profiles 

durations of the climb and approach can be different. 

In addition, the specificity of each airport is a reason 

for very different time allocated for taxiing, including 

stops to wait in line for further taxiing and takeoff. 

For operators of  both passenger and freight 

aircraft amount of toxic exhaust emissions, calculated 

according to landing and takeoff cycle, is particularly 

important because on this basis can be calculated 

in the future, the amount of the fee 

for the "production" in the vicinity of airports.  

Similarly, the CO2 emissions, both near the airport 

(LTO), and in other phases of flight. 

The methodology proposed in the paper is to use 

the recorded parameters from the on-board flight data 

recorder. So to take into account the actual fuel 

consumption of the aircraft, the duration of each of its 

maneuvers and environmental conditions.  

Fig. 3 illustrates an exemplary flight, shortened 

(first row is a beginning of taxiing, last row is taxiing 

after landing) and with the selected parameters. 
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Table 2.  Flight data 

Time 
Speed 

(knots) 
H (feet) TAT [°C] TLA1 TLA2 

FF 1 

[kg/h] 

FF 2 

[kg/h] 

23:29:49 4 600 19,0 9,1 8,8 406,42 312,07 

23:29:50 4 600 19,0 9,1 8,8 377,39 290,3 

23:29:51 4 600 19,0 9,1 8,8 348,36 275,78 
. 

. 

. 

  

  

  

    

23:31:18 600 132,5 19,2 86,8 87,5 3400,12 3403,75 

23:31:19 600 138 19,2 86,8 87,5 3403,75 3407,38 

23:31:20 600 139,5 19,5 86,8 87,5 3407,38 3403,75 
. 

. 

. 
  

  

  

    

23:32:08 178 2116 20,8 86,8 87,5 3360,2 3371,09 

23:32:09 177,5 2180 20,8 86,8 87,5 3352,95 3360,2 

23:32:10 177 2240 20,8 86,8 87,2 3349,32 3352,95 
. 

. 

. 
  

  

  

    

23:39:57 520 21636 0,8 99,2 98,8 2685,26 2605,43 

23:39:58 520 21684 0,5 99,2 98,8 2674,37 2601,8 

23:39:59 516,5 21736 0,5 99,2 98,8 2681,63 2601,8 
. 

. 

. 
  

  

  

    

00:29:37 532,5 37004 -30,5 62,2 63,3 1041,45 1037,82 

00:29:38 532,5 37004 -30,5 62,6 63,3 1048,7 1037,82 

00:29:39 532,5 37000 -30,5 62,9 63,3 1052,33 1034,19 

00:29:40 532,5 37000 -30,5 62,9 63,3 1059,59 1034,19 
. 

. 

. 
  

  

  

    

00:51:39 514,5 20316 4,5 0,4 0,7 272,15 275,78 

00:51:40 514,5 20276 4,8 0,4 0,7 272,15 275,78 

00:51:41 514,5 20236 4,8 0,4 0,7 268,53 275,78 
. 

. 

. 
  

  

  

    

01:03:19 264,5 1512 29,5 -0,7 0,0 526,17 526,17 

01:03:20 264 1496 29,5 -0,7 0,0 522,54 529,79 

01:03:21 260,5 1476 29,5 -0,7 0,0 522,54 526,17 
. 

. 

. 
  

  

  

    

01:06:38 4,5 228 17,0 2,5 1,8 468,11 504,39 

01:06:39 4,5 228 17,2 2,5 1,8 547,94 569,71 

01:06:40 4,5 228 17,2 2,5 1,8 638,66 627,77 

 Performances of the engines installed on the 

airframe are taken into account in the calculation 

of  NOx emissions.  

Quantitative NOx emission depending on the fuel 

consumption is calculated based on the test cell 

results, for each of the engines installed on the aircraft 

and then after adding both, the amount of aircraft 

emissions.  

CO emission of the aircraft is calculated using 

the equation described by the exponential function 

for the "ideal"  engine, because the difference 

between its performances and those installed on the 

airframe are not significant. 

Figure 4 shows the determined on the basis of data 

from the test cell fuel consumption of the engines 

installed on a specific medium-range,  twin-engine 

aircraft compared with the "ideal" engine. 
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Fig. 4. Fuel consumption recorded at the test cell after  engines 

overhaul  compared to the "ideal" engine depending on the thrust 

Significant difference in fuel consumption for the 

same thrust value between the "ideal" engine and 

those installed on the airframe is observed. Even 

engines installed on the same aircraft differ between 

each other as fuel efficiency is concerned. 

Figure 5 shows the dependence of nitrogen oxides 

emission from fuel consumption, again for engines 

mounted on the airframe, the same as in Fig.4, 

compared with the “ideal”. The performances of each 

describe a polynomial of the third degree. 

 
Fig. 5. Nitrogen oxides emission recorded at a test cell after 
engines overhaul compared to the “ideal” engine depending on 

the fuel consumption 

Pursuant to the records of each flight, taking into 

account the speed of the aircraft, the altitude and the 

thrust lever angle, algorithm was developed that 

specifies the current aircraft phase of flight and its 

duration. 

Using determined the equation of nitrogen oxides 

emission (Figure 5) and carbon monoxide (Fig. 3b) 

as a function of fuel consumption per second for each 

engine installed on the aircraft, their quantity 

is calculated every second of the flight for a known 

fuel consumption and summed for the designated 

flight phase. 

For the same phases of an aircraft flight fuel 

consumption is determined and after multiplication by 

a currently in force factor of 3,157 [10], CO2 

emission. 

Shortened example of the flight parameters with 

the determined aircraft maneuvers and emissions 

is shown in the table 3. 
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Table 3. Flight data 

Time 
Speed 

(knots) 

H 

(feet) 

TAT 

[°C] 
TLA1 TLA2 

FF 1 

[kg/h] 

FF 2 

[kg/h] 

Σ CO 

[g/s] 

Σ NOx 

[g/s] 

Σ CO2 

[kg/s] 
Maneuver 

23:29:49 4 600 19,0 9,1 8,8 406,42 312,07 5,969 0,736 0,629 

Taxiing  23:29:50 4 600 19,0 9,1 8,8 377,39 290,3 6,202 0,646 0,585 

23:29:51 4 600 19,0 9,1 8,8 348,36 275,78 6,416 0,573 0,546 
. 

. 

. 
  

          

   
 

23:31:18 600 132,5 19,2 86,8 87,5 3400,12 3403,75 1,829 33,420 5,966 

Takeoff 23:31:19 600 138 19,2 86,8 87,5 3403,75 3407,38 1,828 33,480 5,970 

23:31:20 600 139,5 19,5 86,8 87,5 3407,38 3403,75 1,828 33,480 5,970 
. 

. 

. 
  

          

   
 

23:32:08 178 2116 20,8 86,8 87,5 3360,2 3371,0 1,840 32,819 5,890 
Climb to 

3000 feet 23:32:09 177,5 2180 20,8 86,8 87,5 3352,95 3360,2 1,842 32,670 5,884 

23:32:10 177 2240 20,8 86,8 87,2 3349,32 3352,9 1,844 32,581 5,874 
. 

. 

. 
  

          

   
 

23:39:57 520 21636 0,8 99,2 98,8 2685,26 2605,43 2,087 22,128 4,639 
Further 

climb 23:39:58 520 21684 0,5 99,2 98,8 2674,37 2601,8 2,090 22,030 4,627 

23:39:59 516,5 21736 0,5 99,2 98,8 2681,63 2601,8 2,088 22,079 4,633 
. 

. 

. 
  

          

   
 

00:29:37 532,5 37004 -30,5 62,2 63,3 1041,45 1037,82 3,401 4,716 1,829 

Cruise 

 

00:29:38 532,5 37004 -30,5 62,6 63,3 1048,7 1037,82 3,394 4,745 1,836 

00:29:39 532,5 37000 -30,5 62,9 63,3 1052,33 1034,19 3,395 4,745 1,836 

00:29:40 532,5 37000 -30,5 62,9 63,3 1059,59 1034,19 3,388 4,774 1,842 
. 

. 

. 
  

          

   
 

00:51:39 514,5 20316 4,5 0,4 0,7 272,15 275,78 6,831 0,452 0,479 
Descent to 

3000 feet 00:51:40 514,5 20276 4,8 0,4 0,7 272,15 275,78 6,831 0,452 0,479 

00:51:41 514,5 20236 4,8 0,4 0,7 268,53 275,78 6,855 0,447 0,476 
. 

. 

. 
  

          

   
 

01:03:19 264,5 1512 29,5 -0,7 0,0 526,17 526,17 4,856 1,427 0,921 

Approach  01:03:20 264 1496 29,5 -0,7 0,0 522,54 529,79 4,856 1,427 0,921 

01:03:21 260,5 1476 29,5 -0,7 0,0 522,54 526,17 4,864 1,418 0,918 
. 

. 

. 
  

          

   
 

01:06:38 4,5 228 17,0 2,5 1,8 468,11 504,39 5,763 0,799 0,853 

Taxiing 01:06:39 4,5 228 17,2 2,5 1,8 547,94 569,71 5,792 0,786 0,980 

01:06:40 4,5 228 17,2 2,5 1,8 638,66 627,77 5,777 0,793 1,110 
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4. Fuel consumption, CO and NOx 

emissions during aircraft different flight 

phases  

 

This section contains the examples of the results 

of calculations that were carried out for 4000 flights 

to several airports, by fleet of medium-range, twin-

engine aircraft operated by one of the airlines.  

Based on test cell data, performances of the 

installed on each aircraft engines were calculated 

(example - fig.4 and fig.5).  

As a result, for each aircraft fuel consumption 

and emissions in the landing and takeoff cycle 

and in other phases of flight were calculated. 

Fig. 6 shows the emissions of CO, NOx  

and Fig. 6a shows CO2 for maneuvers which are 

the parts of the landing and takeoff cycle in the 

particular airport, one of the planes, comparing 

them to those resulting from the definition 

of ICAO’s LTO. 

 

 
Fig. 6. Emissions of carbon monoxide and nitrogen oxides 
during landing and takeoff cycle of operational aircraft and one 

with “ideal” engines in accordance with the methodology of the 

ICAO where: 0-1 Taxiing; 1-2 Takeoff; 2-3 Climb to 3000 feet; 
 3-4 Approach from 3000 feet. Index (‘) for ICAO’s LTO. 

 
Fig. 6a. Emission of carbon dioxide during landing and takeoff 

cycle of operational aircraft and one with “ideal” engines in 

accordance with the methodology of the ICAO where: 0-1 
Taxiing; 1-2 Takeoff; 2-3 Climb to 3000 feet; 3-4 Approach 

from 3000 feet. Index (‘) for ICAO’s LTO. 

Shown in Fig. 6 and 6a, both the emission 

of carbon dioxide and the engine exhaust toxic 

compounds of the particular aircraft  confirm 

the fact that airport emissions created during 

landing and takeoff cycle when taking into account 

the actual duration of individual maneuvers and 

corresponding fuel consumption differ significantly 

from those calculated in accordance with ICAO’s  

LTO. 

Also for the entire fleet parameters of the 

landing and takeoff cycle at the airports 

of destination of  the operator considered in this 

article were counted. 
Sample results for the two airports are shown 

in Tables 4 and 5. 
 

Table 4. Average landing and takeoff  cycle of aircraft fleet in 

one of the airports 
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Takeoff 49 99 39 2426 

Climb 74 148 55 3424 

Descent 302 168 629 1722 

Taxiing 1100 228 4175 1261 

Total 1526 644 4898 8832 

% ICAO 77 73 69 72 
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Table 5. Average landing and takeoff  cycle of aircraft fleet 

in other airport 

 

The results of the calculation presented in the 

tables indicate how big is the difference between 

the actual fleet averaged emissions at a particular 

airport, and those adopted by the ICAO. 

The usefulness of such calculations for airlines 

is very important, because knowledge of the 

duration  of the aircraft maneuvers at the airport 

gives arguments in negotiations with the air traffic 

control for their optimization.  

Thus, for example, shortening the time of climb 

provides savings in fuel of about 20 kg per aircraft 

considered in this paper.  

Medium-sized airline performs an average 

of 20,000 flights per year. So can save ,only in the 

reduction of the time of climb approx. 400 tons 

of fuel per year. 

For the airport environment is also very 

important. At the airport of medium size, with 

about 300 departures per day, CO2 emissions would 

be reduced by nearly 7000 tonnes per year and NOx 

emissions by 70 tons, and only if all operations 

potentially were performed by twin engine aircraft 

considered here. 

Fig. 7 and 7a show the total amount 

of emissions during the flight of the particular 

aircraft. 

 
Fig. 7. Carbon monoxide and nitrogen oxides emissions of the 

aircraft during flight where: 0-1 Landing and takeoff cycle,  
1-2 Climb from 3000 feet to the cruise altitude, 2-3 Cruise,  

3-4 Descent to 3,000 feet 

 
Fig. 7a. Carbon dioxide emission of the aircraft during flight 
where: 0-1 Landing and takeoff cycle, 1-2 Climb from 3000 feet 

to the cruise altitude, 2-3 Cruise, 3-4 Descent to 3,000 feet 

 

Noteworthy is a minimum emission of toxic 

compounds of exhaust gases during the landing and 

takeoff cycle compared to the entire flight, but only 

landing and take-off  cycle is described by ICAO 

standards. 

Important is the fact that the use of on-board 

flight data recorder can accurately count all the 

emissions “produced” during the flight. The 

operator can therefore carry out any analysis for 

a particular route and aircraft, eg. fuel consumption 

per passenger, seat, etc. This is important 

for assessing the effectiveness of flights performed 

by the operator and the actual emissions quantity 

for each flight. 
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Takeoff 46 86 40 1911 
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Total 1107 548 3363 7701 
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Jet streams occurring at cruise altitudes have 

a significant impact on fuel consumption.  

Figure 9 shows the results of calculations for the 

six specific flights of one aircraft, on one of the 

routes, for a similar takeoff mass of that aircraft. 

 

Fig. 8. Mass of the fuel burned, depending on the axial 

component of the jet stream for a specific route 

For the operator important information is that 

for this particular aircraft with specific engines 

installed, each 10 m/s speed opposite axial 

component of the jet stream increases fuel 

consumption by about half a ton, at the four-hour 

flight. 

 

5. Summary 
 

Developed at the Institute of Aviation 

methodology of usage of the data from on-board 

flight data recorder, allows immediate assessment 

of the emissions of CO2, NOx and CO in the 

particular airport and a specified route for each 

aircraft. 

It also allows to determine for each operator 

important factors such as: fuel consumption 

per passenger, per seat or per tonne of freight. 

It supports the analysis of the effectiveness 

of various techniques of aircraft takeoffs, climb, 

or approach. 

Systematic fuel consumption increase 

by aircraft, for the same conditions is a signal to the 

operator’s technical staff to take steps in order 

to improve the engine performances, such as: gas 

path wash, and even the decision to overhaul 

the engine. 

Can support operator’s flight planning 

department and flight control to determine 

the cruise level that the opposite jet stream will be 

the smallest, and tail jet stream as big as possible. 

The consequence of the depth analysis of the 

flights is improvement of the operating parameters 

of an aircraft and its power plants, which increases 

the safety of flying.  

Not without significance is its positive effects 

on the environment and a positive impact 

on aircraft operator economic performance. 

 

 

Nomenclature/Skróty i oznaczenia 

 

CAEP Committee on Aviation Environmental 

Protection/Komitet Ochrony Środowiska w 

Lotnictwie 

DSS Dźwignia sterowania silnikiem/Thrust 

Lever Arm 

EGT Exhaust Gas Temperature/temperatura 

gazów wylotowych 

FF Fuel Flow/wydatek paliwa 

H Altitude/wysokość lotu 

ICAO International Civil Aviation 

OrganizationMmiędzynarodowa 

Organizacja Lotnictwa Cywilnego 

LTO Landing and Takeoff Cycle/cykl startu i 

lądowania 

TAT Total Air Temperature/temperatura 

spiętrzenia 

TLA Thrust Level Angle/kąt położenia DSS 

UHC Unburned Hydrocarbons/niespalone 

węglowodory 
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