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Abstract 

As a result of growing concern for the environment, several measures have been imposed by the authorities in the 

aviation sector, with an aim to reduce CO2 emissions and fuel consumption. One example of such measures is the 

Corsia program developed by ICAO. In order to correspond to such measures, airlines seek strategies that allow them 

to simultaneously reduce fuel consumption and increase profits. One of these strategies is the single-engine taxiing, 

which consists on using only one engine to move the airplane during the taxi phase. In this context, this study presents 

a methodology to implement the single-engine taxiing, having as case-study the Airbus A320-200 from TAP Air 

Portugal, for the taxi-out phase at Lisbon Airport. This methodology consists of the study of the current situation, 

determination of maximum possible results and production of a solution that above all guarantees the safety of all 

flights, since it is necessary to ensure the correct engine warm-up.  In this sense, the temporal variations, the influence 

of the parking spaces and take-off runway are used to determine a set of scenarios. These scenarios will be studied 

and for each one it is determined the location in which the ignition of the second engine should be carried out. The 

solution proposed by this study presents significant gains for the company, in the order of 21 kg saved per flight, and 

ensures the safety of all flights. 

Keywords: Single-engine Taxi, alternative Taxi-Out strategy, Fuel Saving, Emission reduction, Commercial 

aviation 

 

1. Introduction 

 In recent years, a fight against climate change is 

being fought on several fronts. One of those fronts is 

the aviation sector. Opposite to the global trend, this 

sector’s emissions have been rising and ICAO 

forecast a 300% rise until 2050. As such, several 

programs, such as CORSIA, have been developed 

intending to contain such escalation. Also, several 

strategies have been studied with the intention to 

reduce fuel consumption, and consequently carbon 

emissions. One of those strategies is the use of 

single-engine taxi (SET). Consisting on using only a 

subset of the aircraft’s engines, one engine if it’s a 

twin-engine aircraft and two engine if it’s a quad-

engine aircraft, for a part of the taxi phase, this 

strategy can greatly reduce fuel consumption at a 

relatively small investment, since the airliner only 

needs to provide training for its flight crew and doesn’t 

need to modify the aircraft. 

This study focuses in this strategy and has the 

following objective: 

• To develop a methodology to study the single-

engine taxi and implement it, as a tool to aid 

the flight Captain on when to proceed to the 

ignition of the second engine. 

The main requirement this study needs to have in mind 

is the minimum engine warm-up time. As such it must 

be ensured that the proposed implementation verifies 

this for all flights. 

As such, this paper is structured as follows. Section 2 

presents the existing literature. Section 3 presents the 

case-study. Section 4 showcases the developed 

methodology, with its results being presented on 
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section 5. Finally, section 6 presents an overall 

summary and proposals for future studies. 

 

2. Literature review 

In order to attenuate harmful effects such as global 

warming, several strategies have been developed and 

implemented. One of which is the European 

Commission Emissions Trading Scheme, ETS. This 

system is the backbone of the European Union’s effort 

to reduce greenhouse gases. Currently the ETS 

covers almost 50% of total EU greenhouse gas 

emissions, operating in the 28 EU countries, 

regulating not only power stations and manufacturing 

plants, but also aviation activities, since air transport 

accounts for 2% of global man-made CO2 emissions 

(IATA, EU Emissions Trading Scheme - A world of 

difference, 2012).  

For a defined time period, the ETS defines, at EU 

level, a maximum volume of greenhouse gases that 

can be emitted by companies. Afterwards, emission 

allowances are given to companies that can buy or 

sell them if needed. Each allowance gives the right to 

emit one tonne of CO2, that is the main GHG, or the 

equivalent quantity of N20 and PFCs, the two other 

main GHG. These allowances are of single-use and 

must be delivered in order to cover every tonne of 

CO2 emitted in the previous year. If a company does 

not meet this criteria, heavy fines will be imposed. 

However, a company is at liberty to keep surplus from 

previous years or trade allowances with other 

companies. Either way this system gives an incentive 

to companies to develop greener technologies and 

improve the efficiency of their operations. 

Furthermore, the maximum volume of GHG is 

decreased by 1.74% every year, which imposes an 

ongoing improvement by the companies. On a 

particular case, the aviation sector has its own 

emissions level maximum. Due to its cap-and-trade 

approach, this system provides a certain degree of 

flexibility to companies regarding the strategy they 

use to achieve the most cost-effective way to reduce 

their emissions (IATA, "Green" Taxes Fact Sheet, 

2018). Recognizing the need to reduce its emissions 

and improve its operations, the aviation industry 

developed a set of targets and a four-pillar strategy. 

The first three pillars will provide long-term solutions 

and a sustainable growth for the aviation sector 

(IATA, Climate Change: Three targets and four pillars, 

2019). However, it was necessary to develop a global 

market-based measure, GMBM, to monitor and 

reduce the remaining emissions. Due to the broad 

range of countries each airliner flies into, it was 

necessary to have a single GMBM in order to avoid 

the complexity of multiple national schemes. As such, 

developed by ICAO, International Civil Aviation 

Organization, CORSIA arose. This policy aims to 

complement the industries efforts and reduce the 

sector’s carbon emissions (IATA, CORSIA Fact 

Sheet, 2018). This policy alone offers a financial 

incentive to companies to reduce its GHG emissions. 

However, when you take into consideration that fuel is 

the main cause of GHG emissions in aviation, as its 

combustion releases nitrous oxide, sulphur oxides 

and unburned hydrocarbon (Kumar, Sherry, & 

Thompson, 2014), and that fuel represents between 

30% to 40% of an airline direct operating costs (Duval 

& Aygat, 2018) (Postorino, Mantecchini, & Paganelli, 

2018), it is clear that airlines must improve their 

operations in order to reduce its costs and emissions.  

The landing and take-off cycle comprises all stages of 

flight that happen below 3000 feet (Guo, Zhang, & 

Wang, 2014), those being taxiing in and out, climbing 

out, descending and touching down. Within this cycle 

there is a variation of fuel consumption depending on 

which phase the aircraft currently is operating, and it 

depends on the time spent on each phase. Being the 

largest source of emissions (Nikoleris, Gupta, & 

Kistler, 2011), and defined as the movement between 

the gate and the runway (Guo et al., 2014), taxiing 

presents an array of opportunities for improvements 

with real impact on the global operations picture. 

Therefore, this study will look for strategies to improve 

the efficiency of the taxiing, particularly the taxi-out 

phase. The period after pushback until take-off is 

designed as taxi-out (Deonandan & Balakrishnan, 

2010). This phase comprises the time that the aircraft 

uses the taxiways and spends on runway queues. 
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This phase starts when the airport ground movement 

control clears the aircraft to move from its assigned 

stand to its designated runway (Postorino, 

Mantecchini, & Paganelli, 2018). Dependent of the 

distance and taxiway traffic (Clewlow, Simaiakis, & 

Balakrishnan, 2010) (Yin, et al., 2018), the taxi-out 

time directly affects the fuel burned during this phase 

(Khadilkar & Balakrishnan, 2012). However, past 

studies showed that stops and turns don’t possess a 

strong influence on the amount of burnt fuel 

(Khadilkar & Balakrishnan, 2012).  

 

This means that the main factors that affect the 

amount of fuel burnt during the taxi-out phase are the 

distance between the stand and the runway, and the 

number of aircraft currently using the taxiways. 

Regarding to taxi-out procedures, these can be 

divided into conventional and alternative (Postorino, 

Mantecchini, & Paganelli, 2018). The alternative 

procedures represent the emerging opportunities to 

enhance the efficiency of the taxi-out phase. Within 

these opportunities there are three that stand out, the 

first is a variation of the conventional procedure called 

single-engine taxi. It has the potential to reduce fuel 

consumption and emissions (Kumar, Sherry, & 

Thompson, 2014) and is the alternative procedure 

with the lowest implementation cost. From the 

alternative procedures, this study will focus on the 

single-engine taxi due to the low cost of 

implementation and potential high savings that can be 

as high as 40% (Deonandan & Balakrishnan, 2010). 

Single-engine taxiing, or SET, is an operational 

strategy designed to reduce fuel consumption and 

engine emissions during the taxi-in or the taxi-out 

phase of a flight. This strategy is recommended by 

airplane manufacturers such as Airbus (Deonandan & 

Balakrishnan, 2010). However, there are serious 

restrictions to this strategy that must be followed 

without exception in order to ensure the flight’s safety. 

One of these restrictions is regarding the engine’s 

temperature prior to take-off (Balaksrishnan, 

Deonandan, & Simaiakis, 2008). To make sure that a 

safe and functional temperature is obtained, 

manufacturers state in each aircraft’s flight crew 

operating manual, FCOM, the recommend warm-up 

time. As such, this study will make sure that this 

warm-up time is always respected. In addition, there 

are airport specific conditions that need to be met in 

order to execute this strategy safely. Some of those 

are related to tarmac conditions, such as slippery 

conditions or de-icing requirements. In these 

situations, it is recommended not to use single-engine 

taxiing (Deonandan & Balakrishnan, 2010). Other are 

due to the airport taxiways geometric attributes. If 

there are sharp turns or uphill slopes single-engine 

taxiing should not be used. Special attention must 

also be given to jet blast and foreign object damage 

risk (Guo, Zhang, & Wang, 2014). Further in this study 

the Lisbon airport will be presented. Due to its 

characteristics this is an airport with ideal conditions 

to implement the SET strategy and as such this 

should be heavily encouraged. However, and similarly 

to other airports worldwide, this is not a common 

practice (Deonandan & Balakrishnan, 2010). 

In the past several studies have been made and 

proved the efficiency of single-engine taxiing. 

However, few of these studies present a guideline in 

how to implement this strategy. It’s here where this 

study will differentiate itself, and take the extra step, 

as it will present a case study and a strategy to 

implement single-engine taxiing. 

 

3. Case study 

Due to the practical nature of this study, it was 

essential to establish a case study. As such, this 

study focused on TAP’s A320 fleet for departures out 

of Lisbon’s Airport. 

Established in 1942, Lisbon’s airport is Portugal’s 

main airport and represents around 55% of ANA 

Group’s total revenue (ANA Aeroportos de Portugal, 

2015). Currently, it is comprised by two terminals and 

one functioning runway, 03/21, with a total length of 

3805 meters. The airport doesn’t have any sharp 

turns nor steep hills, and therefore it’s an ideal 

candidate for the implementation of the single-engine 

taxi strategy. For this study, it’s essential to know the 

volume of traffic at the airport, since this will have a 
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huge importance in the final solution. Currently, 

Lisbon’s airport is highly congested (PORDATA, 

2019). However, the volume of traffic varies when 

considering different months, different days and 

different hours, as seen in table 1, and figures 1 and 

1. 

Table 1 - Airport Monthly Variation 

Month Departures Arrivals Total 

1 8095 8088 16183 

2 7357 7363 14720 

3 8539 8530 17069 

4 8989 8987 17976 

5 9504 9508 19012 

6 9731 9734 19465 

7 10200 10192 20392 

8 10286 10283 20569 

9 9813 9824 19637 

10 9605 9605 19210 

11 8407 8403 16810 

12 8575 8583 17158 

Average 9091,8 9091,7 18183,4 

 

 

Figure 1 - Airport Daily Variation 

 

Figure 2 - Airport Hourly Variation 

From table 1, the seasonality of traffic is evident with 

the absolute peak during the month of August and the 

absolute low during February, or if we exclude this 

month due to its shorter duration, during January, with 

the remaining months hovering above or over the 

average value.  

Regarding the daily variation, as seen in figure 1, 

there are some differences throughout the week. 

However, the changes from day to day are quite small 

and considering the whole panorama of this study, 

can be considered insignificant.  

Finally, when analysing the hourly variation in figure 2, 

there are three clear peaks throughout the day 

regardless of the month. One during the morning, one 

mid-day and one in the afternoon. It’s also visible that 

during months with high volume of traffic, in this case 

August, the peaks appear to be smoother. This is due 

to the largest congestion throughout the day that 

spreads evenly because the airport operates near or 

at its maximum capacity for a larger part of the day. 

When considering months with an average or lower 

volume of traffic, the peaks are clearer. Nonetheless, 

the existence of three peaks is undeniable. Currently 

TAP possesses 6 A320 Neo and 20 A320 Ceo, 

Current engine option. Within all of TAP’s A320 a lot 

of 6 were selected. This group was selected in order 

to ensure similar age, engines and configurations. 

According to this aircraft’s FCOM, an engine warm-up 

time of 120 seconds is required, therefore establishing 

this study’s safety requirement. 
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4. Methodology 

4.1.  How to evaluate the current situation 

In order to validate single-engine taxiing a proper fuel 

consumption estimation must be developed. This 

estimation must be as close to the real value as 

possible so that the difference between theoretical 

and real values is minimal.  

For that purpose, four different values will be 

considered:  

 

• The real fuel consumption obtained from the airline’s 

data;  

• An estimation of the fuel consumed if the airplane 

did no use SET, equation (1);  

• An estimation of the fuel consumed if the airplane 

used SET, for the time frames of the actual flight, 

equation (2);  

• An estimation of the fuel consumed if the airplane 

used SET at an optimal scenario, this being using this 

strategy for the maximum possible time without 

compromising the engine warm-up time, equation (3)  

 

To obtain the estimations required, formulas retrieved 

from past studies will be used (Balaksrishnan, 

Deonandan, & Simaiakis, 2008) (Guo, Zhang, & 

Wang, 2014) (Postorino, Mantecchini, & Paganelli, 

2018). However, these will need to be tweaked since 

they don’t consider the fuel consumption of the 

auxiliary power unit, APU. The APU is only turned off 

after the ignition of the second engine. Therefore, 

during single-engine taxi this poses as an increment 

to the fuel consumption, even though small when 

compared to the engine’s fuel consumption.  

The following equations return an estimative of the 

values.  

 

𝐹𝐵=𝐹𝐵𝑖∗2∗𝑇𝑇      (1)  

 

𝐹𝐵=( 𝑇𝑇+( 𝑇𝑇−𝑆𝑇𝑇))∗𝐹𝐵𝑖+𝑆𝑇𝑇∗𝐴𝑃𝑈   (2)  

 

𝐹𝐵=(𝑇𝑇+𝑊𝑢𝑇)∗𝐹𝐵𝑖+(𝑇𝑇−𝑊𝑢𝑇)∗𝐴𝑃𝑈  (3)   

 

Acronym Name Unit 

FB Fuel Burn Kg 

FBi  Fuel Burn Index Kg/s 

TT Taxi Time s 

STT SET TIme s 

APU APU FBi Kg/s 

WuT Warm-up time s 

 

Unlike the engine’s FBi, the APU’s Fuel Burn Index 

can be retrieved from the ICAO database since it 

works continuously, independently of the scenario. 

This means that the APU has a constant fuel flow 

regardless if the airplane is accelerating or at a 

constant cruise.  

However, as previously stated, the ICAO’s engine FBi 

does not correspond to the real fuel consumption. 

Therefore, a methodology to determine the real FBi of 

each individual flight was developed, as this study will 

now demonstrate. 

4.2. Fuel Burn Index 

Each flight has a unique set of characteristic events 

that happen during it taxi-out phase. From the 

possibility of zero traffic to a completely congested 

taxiway there are infinite scenarios that even for two 

identical flights, starting from the same gate, going to 

the same runway and at the same time of day, may 

differ drastically. Therefore, its essential to define a 

variable that can describe such event and 

demonstrate if the plane had a constant cruise or a lot 

of stop and go situations.  

The fuel burn index is defined as the amount of fuel 

burnt at a defined period of time. Usually its displayed 

at kilograms per second. Even though the ICAO 

database presents a value for a given engine, this 

value doesn’t reflect the actual behaviour of such 

engine during the taxi-out, because the ICAO value is 

obtained at a testing facility for a constant throttle 

setting, that for taxiing procedures is assumed to be a 

7% idle (IATA, HKIA long-term traffic and emission 

forecasts, 2014).  

In order to achieve not only a more realistic burnt fuel 

value but also characterise the taxi-out phase, a more 
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accurate fuel burn index is needed. As such, a 

methodology was developed to be applied to each 

flight. This way a direct comparison can be made 

between the use or absence of SET at the same 

situation. The developed methodology starts by 

comparing the real fuel consumption, obtained thru 

the airline, and the theoretical fuel consumption, using 

as a baseline the FBi from ICAO. This means that the 

real fuel consumption will be compared with the result 

of the equation (1) or (2), depending of the use or not 

of SET.  

From this comparison a difference, that we shall 

designate error, can be attained. This error is a visual 

demonstration of the lack of precision derived from 

the use of a generic FBi.  

To reduce this error Excel’s Goal Seek function was 

used. Here the goal was to reduce the error to its 

minimum by iterating the FBi. Hence a more realistic 

FBi was given. This FBi represents the actual 

scenario in which this specific flight took part of. 

Therefore, on future calculations, by using this FBi we 

could replicate the real situation. 

4.3. Maximum Theoretical Gains 

In an ideal single-engine taxi scenario, the second 

engine would only be started at the exact moment 

required for the correct warm-up. Even though this 

kind of prediction is difficult to obtain and, in case of 

an error, could lead to a flight delay due to extra time 

on the runway warming the engines, this scenario 

could be considered in order to calculate the 

maximum possible gains to be attained with the 

single-engine taxi strategy.  

By comparing the best-case scenario values with the 

current situation, we can have an estimate of the 

environmental and economic gains and assess where 

we are and validate the use of single-engine taxiing.  

For this intent the following comparisons and values 

will be calculated:  

• With the difference between the values from 

equation (3) and the real fuel consumption, we obtain 

the saving that an ideal single-engine taxiing would 

achieve over the current situation.  

• With the difference between the values from 

equation (3) and equation (1), we obtain the 

difference between the ideal single-engine taxiing and 

a no single-engine taxiing scenario, therefore dealing 

with the extremes.  

• From the differences above, a percentage can be 

calculated for an easier data comprehension  

• An average of both the values in kg and percentage 

will be calculate in order to characterise the overall 

panorama.  

• The percentage of single-engine taxiing flights will 

be calculated. This will show whether the airline is 

using or not this strategy. And if they use it how close 

to the optimal scenario.  

• With the airline’s total departures number and the 

average savings, an estimate for yearly savings can 

be made, both in fuel quantity and euros.  

 

4.4. Scenario Definition 

In order to achieve a correct and efficient single-

engine taxi implementation, it is essential to predict 

the taxi-out time.  

Therefore, it was necessary to define a set of 

scenarios that were able to accurately depict reality. 

Similar to the multiple linear regression, the more 

variables included the more significance the model 

will possess (Lordan, Sallan, & Valenzuela-Arroyo, 

2016).  

To define such scenarios two different groups of 

variables must be considered, as shown below:  

 

• Route-specific: Parking platform, used taxiways and 

take-off runway  

• Interaction-specific: Arriving and departing aircraft  

 

Regarding the first group, a cluster analysis will be 

made in order to identify groups of platform/runway 

pairs. 

Concerning the second group, a different approach 

will be used. Since the number of aircrafts currently 

departing and arriving influence the taxi-out time 
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(Clewlow, Simaiakis, & Balakrishnan, 2010), it is 

important to determine the periods in which a higher 

volume of traffic exists.  

For that purpose, data concerning the volume of 

flights, at the airport in study, per hour, per day and 

per month will be analysed in order to identify peaks 

and above and below average situations. The goal of 

this analysis is to join flights based on their time 

characteristics in order to define scenarios that 

accurately characterize a set of flights. Once enough 

scenarios are defined, so that all flights are covered, it 

is possible to predict whether a flight will face higher 

or lower congestion during its taxi. 

4.5. Distance selection 

The final stage will consist on studying each individual 

situation and determine the best location for the pilot 

to ignite the second engine. To determine such 

distance the following values were calculated for each 

case:  

 

• Average taxi-time  

• Average distance travelled during taxi  

• Average speed during taxi  

• 95th percentile of the speed during taxi  

• 95th percentile of the location of the aircraft 120 

seconds prior to take-off  

• Average of the location of the aircraft 180 seconds 

prior to take-off  

 

These values provide a deep understanding of the 

taxi-out for each case and a global vision of the 

sample in use. To determine which percentile to use, 

a sensitivity analysis is required to determine the 

value that will ensure safety while maximizing the 

obtainable gains. In this study, that value was the 95th 

percentile. This means that the remaining 5%, when 

considering the 120 seconds, are the critical flights 

whose safety must be subject to a secondary 

analysis. By calculating the values for 120seconds 

and 180seconds, an interval is obtained which is more 

conservative than the 95th percentile of the 120 

seconds. It is within this interval that the suggested 

distance must be chosen. To choose the distance 

within this interval, one of the following criteria must 

be used:  

• Round number with an easily measurable distance. 

For example, 500 meters.  

• Assigned to a landmark, either signalization or 

geometric characteristic. For example, taxiway signal 

or turn  

Having selected the distances for the secondary 

ignition for each case, the following step is to verify 

the safety of the flights. To do such verification it is 

necessary to execute another analysis, this time only 

considering the final 120 seconds of the taxi. In this 

analysis, the real distance travelled in that sector and 

the average speed in that sector are calculated. If the 

distance travelled is inferior to the suggested 

distance, then the flight is considered safe. If the real 

distance travelled in the final 120 seconds is bigger 

than the suggested distance, then the flight is 

considered unsafe as the engine would not have 

enough time to properly warm-up.  Due to the 

conservative options taken it is expected that the final 

solution achieves a 100% safe rating. 

 

4.6. Gains calculations 

The final stage of this study is the calculation of the 

gains that the proposed implementation would bring.  

Similar to the method used to evaluate the current 

situation, equation 2 will be used to provide the fuel 

burnt using the proposed solution. To use such 

equation, it is first necessary to calculate the single-

engine taxi time. As such, once again, we use the 

average speed during taxi to achieve such time. After 

calculating the fuel burnt and comparing it to a no 

SET taxi strategy, the gains the proposed solution 

brings are obtained. Finally, the savings averages, 

both in Kg and percentage, per flight, and the total 

possible savings, in euros and tons of jet fuel, are 

calculated and compared to the maximum values 

retrieved from the ideal situation calculated during the 

current situation evaluation. If these studies values 

present at least a 15% savings per flight, then this 

study can be considered successful. 
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5. Results 

5.1. Case-study analysis  

In order to classify the single-engine taxiing as 

efficient or not, a 90 second threshold was defined 

regarding the optimum single-engine taxi-time. The 

optimum SET taxi-time is obtained by calculating the 

difference between the taxi-time and the required 

engine warm-up time. This threshold exists because 

it’s impossible for a captain to accurately predict its 

taxi-out time. 

Single-engine taxi use (%) 42 

Efficient SET use (%) 13 

Efficient SET use out of all flights (%) 6 

Average possible savings (kg) 27.57 

Average possible savings (%) 24 

Figure 3 - Case Study current situation 

From these results its clear there is a lot of margin for 

improvement.  

5.2. Interaction-specific scenarios 

Considering all three analysis made, six interaction 

specific scenarios will be considered:  

January and peak hour  

January and off peak hour  

April and peak hour  

April and off peak hour  

August and peak hour  

August and off peak hour  

 It should be noted that even though there is some 

difference between the weekdays, its magnitude is of 

around 3% and as such this variation cannot be 

considered as influential for this study. 

5.3. Route-specific scenarios 

After performing the cluster analysis, the following 

results were obtained: 

 

Figure 4 - Cluster Analysis 

From this dendrogram it’s easy to identify two 

clusters:  

• Cluster 1: Platforms 10, 11, 20, 22, 40, 42, 50, 60  

• Cluster 2: Platforms 12, 14, 70, 80  

Considering these two clusters and the two runways, 

there are four route-specific scenarios that can be 

defined with the results from the cluster analysis. 

 

• Scenario A: Cluster 1 to runway 03  

• Scenario B: Cluster 2 to runway 03  

• Scenario C: Cluster 1 to runway 21  

• Scenario D: Cluster 2 to runway 21  

 
5.4.  Selected distances 

 

  A B C D 

January 

Peak 550 650 900 900 

Off-

Peak 
650 750 850 800 

April 

Peak 600 850 850 900 

Off-

Peak 
800 900 950 950 

August 

Peak 600 700 650 600 

Off-

Peak 
650 750 850 800 

Figure 5 - Proposed Solution 
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5.5. Safety verification 

As previously said, its essential to ensure that all 

flights ensure the correct warm-up time. As such, the 

following results were achieved, and safety was 

verified. 

Average Speed Difference (m/s) 3,3 

Average Distance Difference (m) 315 

Flights with bigger speed in final sector (%) 0 

Flights with bigger distance travelled than 

implementation suggestion (%) 
0 

Safe flights (%) 100 

Figure 6 -  Safety verification 

5.6. Proposed solution potential gains 

Average savings (kg) 21 

Percentage of average 

savings (%) 
19 

Possible yearly savings 

(ton) 
1443.8 

Possible yearly savings 

(eur) 
651 437 

CO2 emissions 

reduction (ton) 
4562.5 

Safe flights (%) 100 

Figure 7 - Solution Potential Gains 

Having ensured a safe and beneficial implementation, 

the objective of the study has been achieved. 

 

6. Conclusions and future studies 

As stated initially, this study had one objective. To 

develop a methodology to study the single-engine taxi 

strategy and implement it, as a tool to aid the flight 

Captain on when to proceed to the ignition of the 

second engine. 

To achieve such objective a plan of action was 

established. However, it was essential to acquire real 

data and set a case study. As such, a cooperation 

was established with TAP Air Portugal to develop this 

thesis. Due to this, a more accurate study was 

developed.  

Having the flight data and after processing it, there 

was a clear benefit to be obtained if the single-engine 

taxi strategy was implemented at Lisbon’s Airport. In 

fact, it was estimated that, for the sample in study, if 

an optimum single-engine taxi strategy was 

employed, then an average of 27,5 kg of jet fuel 

could’ve been saved per flight. This would correspond 

to around 24% of the fuel used during taxi-out. As 

such there is room and potential to implement the 

single-engine taxi strategy at Lisbon’s airport. 

With the single-engine taxi strategy potential 

showcased, it was time to develop a methodology to 

implement it. Since techniques used by past studies, 

such as the multiple linear regression, didn’t produce 

the required results, a new methodology had to be put 

in play. By analysing the current situation regarding 

time-variations and the influence of other traffic, this 

study sliced the whole situation into several scenarios, 

that when combined produced 24 unique cases. 

These cases were made so that every single flight 

would fit into one of them. Afterwards, these cases 

were analysed, and a solution was determined for 

each one. Finally, this solution was tested for the 

sample provided by TAP. This test had two criteria: 

Financial gains and safety. For this study to be 

successful, both had to have satisfying results. To 

ensure such results, some conservative 

simplifications were made. Even if these 

simplifications meant that for some flights there would 

be a diminishing of financial gains, they ensured that 

every single flight would fulfil its safety requirements. 

Looking at the results, where an average of 21 kg per 

flight, that corresponds to around 19% of the fuel used 

during the taxi-out phase, could seem to conservative, 

the fact that, even the flights that could be considered 

outliers met the safety requirements, means that the 

methodology and its simplifications were justified and 

could bring measurable gains to the airliner without 

compromising safety. And therefore, the objective of 

this study was achieved. 
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With the objective achieved, it’s safe to assume that 

the single-engine taxi is a viable strategy for airliners 

to employ for their taxiing phases. This study only 

analysed the taxi-out phase. However, the purpose 

was to demonstrate how to develop a methodology to 

implement this strategy, and as such a similar path 

could be pursued not only for the taxi-in phase, but for 

other airports and other aircraft types. It must be 

highlighted that for a correct implementation safety 

must never be compromised, and that therefore the 

final solution must consider all possible situations and 

account for all outliers, as this study successfully did. 

Further investigation is recommended, due to the fact 

that if this strategy is to be implemented, then 

uncertainty must be reduced to zero. As such the 

following suggestions are made: 

 

• Expand the route-specific scenarios and 

analyse not platforms but individual parking 

stands. This will vastly increase the case 

number but will also allow for a more 

comprehensive understanding of the airport 

dynamics and result in a more tailored result, 

which will increase safety and profits. 

 

• Increase the sample and analyse the whole 

year instead of three representative months. 

With this, further detail will be added to the 

study, reliability will increase, and uncertainty 

will disappear as there will be no 

simplifications. 

 

• Develop with the ATC provider a method that 

enables the electronic flight bag to receive a 

real-time update of the number of traffic on the 

taxiways. With this information another 

variable could be developed and thus a more 

accurate prediction could be made for each 

individual flight. Furthermore, with access to 

the ATC’s database and with constant 

updating, a more reliable model could be 

achieved. This would increase the margin for 

gains per flight. 

 

• Analyse the entirety of an airline’s fleet, in 

order to determine the influence of the 

different types of engines and accurately 

access the overall possible gains. 
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