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Summary 
The worldwide CO2 emissions are increasing, in which the Dutch aviation industry is responsible for 

6.5% of the national CO2 emissions on an annual basis (CBS, 2018). This caused several parties in this 

industry to establish the ‘Slim én Duurzaam’ plan with the objective to reduce the CO2 emissions by 

35% in 2030 relative to 2020.  

Therefore, the Dutch air cargo sector has to contribute to remain attractive by reducing its emissions. 

For this, the sustainable pushback/taxi concept is an opportunity to reduce emissions from the 

pushback and taxi operations. Hereby, the sustainable pushback/taxi concept takes over the 

conventional way of pushing back and taxiing aircraft. Hence, the following main research question: 

“What sustainable pushback/taxi concepts can be introduced at Amsterdam Airport Schiphol for 

cargo aircraft to contribute to the 35% CO2 reduction objective for 2030 relative to 2020 of the ‘Slim 

én Duurzaam’ plan?” 

To answer the main research question, a calculation was carried out to determine current fuel 

consumption and emissions. Further, interviews with various stakeholders from the environment were 

held to obtain a clear understanding of their vision on pushback/taxi concepts. Moreover, an 

implementation plan was created to provide an overview of the involvement in the operation. 

The research reveals that the external concept is the only operationally capable pushback/taxi concept 

for cargo aircraft to contribute to the reduction objective of the ‘Slim én Duurzaam’ plan. By using the 

external concept for widebody aircraft, which is the type of aircraft that transports the most cargo, it 

is able to contribute with 2.77% CO2 emission reduction from taxiing to the reduction objective of the 

‘Slim én Duurzaam’ plan. 

By propelling the concept with sustainable energy, it is able to completely contribute to the 

improvement of sustainability. Therefore, hydrogen wins in the long term, because of the energy 

density, power, radius of action, and fast refuelling time. This meets the requirement of moving 

heavyweight aircraft. However, hydrogen is still expensive in contrast to electricity and is only used 

when it is widely produced. Thus, in the short term electricity will be used due to the already available 

infrastructure and technology. 

Eventually, the external system and sustainable propulsion have various negative logistical and 

operational consequences for the throughput at Amsterdam Airport Schiphol and workload of Air 

Traffic Control. Additionally, sustainable propulsion influences the availability and utilization of the 

concept. 

To contribute to the reduction objective of the ‘Slim én Duurzaam’ plan, the implementation of the 

concept already starts in 2023 with simulations, pilots, and tests, after which it is taken into operation 

in 2025. Furthermore, it converts from electricity to hydrogen propulsion to improve the performance 

and sustainability of the concept.  

Follow-up research in fuel consumption and emissions from pushback equipment is necessary because 

this could not be conducted due to a lack of data and representativity because of the coronavirus. 

Additionally, further research in other aircraft, and engine characteristics, factors that influence the 

total fuel consumption, and emissions are necessary to improve the calculation, results, and 

implementation. Last but not least, a study into whether it is economically possible to use the external 

system to pushback and taxi cargo aircraft has to be conducted. 
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Definitions of Terms 
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1. Introduction 
In this chapter, the background of the problem is stated in 1.1, while the corresponding problem 

statement is described in 1.2. The research objective and research relevance are expressed in 1.3 and 

1.4, respectively. The corresponding main research question is described in 1.5, while 1.6 contains the 

sub-questions and background questions. In 1.7 the scope of this research is outlined. 1.8 States the 

further thesis structure. 

1.1 Background of the Problem 
Over the years, aviation has grown by the number of passengers with 73.7% and amount of freight 

tons with 45% between 2009 and 2019 (ICAO, 2018a). It is expected that passenger traffic, air cargo, 

and aircraft movements will increase annually by 4.5%, 2.5%, and 1.9% respectively between 2017 and 

2040 (ACI, 2017). 

However, growth has a downside since it creates environmental concerns. The aviation industry is 

responsible for 2% of all CO2 emissions worldwide (Luchtvaart Nederland, 2018) (ATAG, 2020), while 

the Dutch aviation industry is accountable for 6.5% of the CO2 emissions in the Netherlands on an 

annual basis (CBS, 2018). These emissions are the most important of all emissions because they are 

most responsible for the greenhouse effect and thus global warming (Milieu Centraal, sd). 

In the Paris Agreement from 2015, it was agreed to limit global warming to two degrees Celsius relative 

to the preindustrial era (European Commission, 2019). In response to this, the Dutch government 

established a Climate Agreement with an emission reduction objective for the Netherlands. The 

objective is to reduce national greenhouse gas emissions with 49% in 2030 relative to 1990 

(Rijksoverheid, 2019). All sectors have to contribute to this, including the aviation industry. 

The Dutch aviation industry reacted to this by publishing the plan ‘Slim én Duurzaam’/’Smart and 

Sustainable’ with the objective to decrease CO2 emissions of Dutch aviation with 35% in 2030 relative 

to 2020. According to Air Cargo Netherlands (ACN) (Personal Communication, 2019), the Dutch air 

cargo industry is insufficiently represented in the ‘Slim én Duurzaam’ plan. ACN is the trade association 

for the air cargo industry in the Netherlands, whereby the development of the Dutch air cargo industry 

is the main objective and mission. This is done by optimizing and innovating the air cargo chain at 

Amsterdam Airport Schiphol (AAS) and regional airports (ACN, 2020). 

Likewise, ACN notices that sustainability is becoming increasingly important. (More) Slots for cargo 

flights at AAS can only be earned when AAS and the Dutch government are convinced on how the 

Dutch air cargo industry contributes to a more sustainable Dutch aviation industry (ACN, Personal 

Communication, 2019). 

Most sustainability measures of the Dutch air cargo industry can be taken in two ground operations 

themes in the ‘Slim én Duurzaam’ plan, named ‘emission-free airports’ and ‘a fast and efficient journey 

from and to the airport’. One measure is creating a sustainable ground operation by increasingly using 

electrical equipment. Although until now, it is not enough. A plan is to introduce electric alternatives 

for heavy equipment, such as cargo and ground equipment. Another plan is to focus on the electric 

pushback/taxi concept for aircraft, which is planned between 2021 and 2025 (Luchtvaart Nederland, 

2018). 
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Pushing back and taxiing an aircraft is one of the contributors to the pollution at an airport. This could 

be reduced by using a sustainable alternative for it, which consists of:  

• an electric pushback truck; 

• an on-board electric taxiing system. 

(Lukic, Hebala, Giangrande, Galea, & Nuzzo, 2019) 

These sustainable alternatives could be used for all aircraft, including cargo aircraft. In this way, the 

Dutch air cargo industry could contribute to the 35% CO2 objective of the ‘Slim én Duurzaam’ plan.  

1.2 Problem Statement 
The following problem statement is defined: 

“The 35% CO2 reduction objective for 2030 relative to 2020 of the ‘Slim én Duurzaam’ plan will not be 

achieved if pushing back/taxiing continues in the conventional way because pushing back/taxiing is 

one of the largest contributors to the CO2 emissions at Amsterdam Airport Schiphol. 

1.3 Research Objective 
The objective of this research is to explore and describe different sustainable pushback/taxi concepts 

for cargo aircraft that eventually contribute to reducing emissions and achieving the objective of the 

‘Slim én Duurzaam’ plan. Therefore, it is important to study the conventional way of pushing back and 

taxiing aircraft and how much it emits. After this, different sustainable pushback/taxi concepts and 

propulsion will be explored, researched, and described. All findings will be compared and eventually, 

conclusions and recommendations are made on which sustainable pushback/taxi concept to use and 

how to implement it. 

This is a descriptive and exploratory research because it describes the CO2 emissions of the current 

way of pushing back/taxiing at AAS and offers insights into various sustainable pushback/taxi concepts 

and sustainable propulsion to be used. 

At the end of the graduation internship period, ACN expects a summary of this research. This will be 

submitted as an appendix for the ‘Slim én Duurzaam’ plan to show what the Dutch air cargo industry 

could do to reduce emissions. Besides, the summary will be used as support to lobby for slots and to 

convince AAS and the Dutch government of what the Dutch air cargo industry is doing to contribute to 

the objective. 

Last but not least, the document with all research results on which sustainable pushback/taxi concept 

to use will be handed in as the final thesis for the Amsterdam University of Applied Sciences (AUAS) as 

a graduation product. 

1.4 Research Relevance 
This research is relevant because the sustainable pushback/taxi concept could contribute to reduce  

CO2 emissions at AAS and support the objective of the ‘Slim én Duurzaam’ plan. It is likewise relevant 

because when the Dutch air cargo industry is more sustainable, it will support to lobby for more slots 

for cargo flights. Furthermore, it is relevant for other airports and air cargo industries since they could 

use this research to determine which sustainable pushback/taxi concept to use. This could reduce 

emissions at airports all around the world.  
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1.5 Main Research Question 
The main research question for this research is as follows: 

‘What sustainable pushback/taxi concepts can be introduced at Amsterdam Airport Schiphol for cargo 

aircraft to contribute to the 35% CO2 reduction objective for 2030 relative to 2020 of the ‘Slim én 

Duurzaam’ plan?’ 

1.6 Sub-questions and Background Questions 
The sub-questions and background questions that support to answer the main research question are: 

1. What are the fuel consumption and emissions of the conventional way of pushing back and 

taxiing a cargo aircraft at Amsterdam Airport Schiphol? 

a. What equipment is used to pushback aircraft? 

b. What factors influence the fuel consumption and emissions of the conventional way 

of pushing back and taxiing aircraft? 

c. What do other scientific studies conclude about the emissions from pushing back and 

taxiing aircraft? 

d. What are the considerations for the fuel consumption and emissions calculation? 

e. How much are the fuel consumption and emissions from pushing back and taxiing 

aircraft? 

2. What pushback/taxi concepts fit Amsterdam Airport Schiphol and all cargo aircraft the most 

to reduce emissions? 

a. What concept types are available? 

b. What are the characteristics of every concept type? 

c. What factors are considered when choosing the concept for all cargo aircraft at 

Amsterdam Airport Schiphol? 

3. What sustainable propulsion has to be used for the pushback/taxi concept to make it 

sustainable? 

a. What energy sources are considered sustainable? 

b. What are the characteristics of sustainable energy sources regarding generation, 

transportation, storage, charging or refuelling and propulsion? 

c. What is the turning point between sustainable energy sources? 

4. What are the logistical and operational consequences of using the pushback/taxi concept and 

sustainable propulsion? 

a. What has to change physically and in processes by using the pushback/taxi concept? 

b. What has to change physically and in processes by using sustainable propulsion? 
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1.7 Research Scope 
The research has to remain feasible within the available time. Therefore, this paragraph indicates the 

boundaries of this research. 

First, this research is limited to the taxi and pushback operations of (cargo) ground handlers at AAS. In 

this way, taxi and pushback operations of other parties and at other airports are not discussed in this 

research. Secondly, it focuses only on taxi and pushback equipment of various (cargo) ground handlers. 

For this, all other ground equipment from (cargo) ground handlers is not included in this research. The 

last limit is that this research focuses only on whether it is operationally possible to use a sustainable 

pushback/taxi concept. Therefore, it does not focus on whether it is economically possible. 

1.8 Thesis Structure 
The thesis starts with a review of the literature in chapter 2, after which the methodology is described 

in chapter 3. All results are established in chapter 4, while the conclusion is stated in chapter 5. In 

chapter 6, the discussion is expressed and recommendations are specified in chapter 7. Chapter 8 

includes the implementation plan of the system for cargo aircraft at Amsterdam Airport Schiphol, after 

which references and appendices are placed.  
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2. Literature Review 
For the future, it is believed that the pushback/taxi concept will be the technology to act upon fuel 

efficiency and emissions of ground operations. Hereby, the aircraft pushes back and is taxiing with the 

support of on-board or external systems (Lukic, Hebala, Giangrande, Galea, & Nuzzo, 2019). Therefore, 

it is necessary to know the following: 

• The airport industry emission contribution of ground support equipment and aircraft 

movements at airports. 

• Several pushback/taxi concepts. 

• The sustainable propulsion by biodiesel, hydrogen, or green electricity on which the 

pushback/taxi concept is propelled to make it sustainable.  

These elements are elaborated in this literature review. 

Airport industry emission contribution of ground support equipment and aircraft movements 
The airport industry has to reduce its emissions to contribute to the two degrees global warming limit 

of the Paris Agreement (European Commission, 2019). Nowadays, the airport industry produces 

around 2% to 5% of the air transport sector’s CO2 emissions, with aircraft ground movements (taxiing) 

and Ground Support Equipment (GSE) (pushback) contributing to this (Bylinsky, 2019) (Airport Carbon 

Accreditation, 2020). 

The pushback operation contributes by using fossil fuel power to propel pushback truck that is 

attached to or supporting the Nose Landing Gear (NLG) to push the aircraft on the apron. The pushback 

truck is additionally used to tow the aircraft to the maintenance or cargo terminal area. The emissions 

of the pushback truck depend on needed power, size and speed of the truck, aircraft size and airport 

infrastructure (Morrel & Klein, 2019) (Ashford, Coutu, & Beasley, 2012) (Skybrary, 2019). After the 

aircraft is pushed back on the apron, aircraft engine power is used to taxi over the taxiway to the 

runway to eventually take-off. Likewise, after landing, engine power is used to taxi from the runway 

over taxiways to the aircraft stand (ICAO, 2013) (Skybrary, 2010).  

During usage of GSE and movement of aircraft, emissions like Carbon oxide and dioxide (CO and CO2), 

Nitrogen oxide (NOx), Hydrocarbon (HC), Hydrogen (H2), Sulphur dioxide (SO2) and Particulate Matter 

(PM) are emitted (Xu, et al., 2020). According to Winther et al. (2015), GSE contributes approximately 

9% of the total NOx emissions of aircraft main engines, Auxiliary Power Unit (APU) and handling 

equipment at Copenhagen Airport. Meanwhile, Chati and Balakrishman (2014) addressed that taxiing 

accounts for the most actual operational fuel mass consumed and thus emissions in the Landing and 

Take-Off Cycle (LTO Cycle). The LTO Cycle consists of phases representing landing, approach, taxi/idle, 

take-off and climb of an aircraft up to 915 meter height above the runway (ICAO, 2011). Therefore, 

Kesgin (2006) indicates that the taxi phase is responsible for 70% of total emissions in the LTO Cycle. 

However, the amount of fuel and emissions during the LTO Cycle has to be seen relative to the fuel for 

the whole flight. During the LTO Cycle, an aircraft uses on average 605 kg fuel (EASA, 2019). For a flight 

from Amsterdam to New York around 45,952 kg fuel is needed (ICAO, 2016). From this point of view, 

the LTO Cycle fuel consumption and emissions only account for 1.32% of the flight. However, the 

shorter the flight, the less fuel is used, the more the LTO Cycle is responsible for the fuel and emissions. 

Besides, the emission calculation from ICAO (2016) does not take the type of aircraft used for the flight 

into account, which diminishes reliability and validity.  
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However, the fuel usage and emissions contribution of GSE and aircraft movements at an airport 

depend on the method that is used to calculate it. Winther et al. (2015) based the emission inventory 

for aircraft main engines, APU and handling equipment at Copenhagen Airport on specific activity data 

and representative emission factor. Although, the author did not take all emissions into account and 

there are still uncertain emission inventory levels for aircraft main engines and APUs. Therefore, Xu et 

al. (2020) took all emissions into account by using aircraft ground operational data, which include fuel 

consumption. By using this and ground operation data, it is possible to quantify aircraft emissions at 

airports. In contrast to Xu et al. (2020), Postorino (2010) additionally considered emissions of aircraft 

and handling vehicles by using a comprehensive framework to assess the airport carbon footprint. 

However, it does not bear in mind scheduled aircraft and airside configuration, while Winther et al. 

(2015) included this. Eventually, an emission calculation can only be made when all the above 

dependencies are included. 

Several actions already have been taken to reduce emissions of GSE and aircraft movements, such as 

single-engine taxiing, operational tow-outs, advanced queue management, pushback rate control, 

collaborative departure queue management, spot and runway departure advisor and various other 

optimization techniques (Ashok, Balakrishnan, & Barret, 2017) (Balakrishnan & Deonandan, 2010) 

(Guo, Zhang, & Wang, 2014). All of these contribute to reduced fuel usage and emissions, still fossil 

fuel power and engines are used, which results in emissions. 

Nowadays, airports and ground handling companies are increasingly thinking about electrification of 

GSE to reduce fuel usage and emissions of it (NREL, 2017) (Royal Schiphol Group, n.d.). However, the 

pushback operation is then electrified and sustainable, while the taxi operation is not. Therefore, AAS’s 

plan is to reduce airport emissions by using the pushback/taxi concept for smaller aircraft in 2021, 

whereby a sustainable alternative is used to pushback and taxi aircraft. Between 2021 and 2025 the 

concept will be used more for narrow-body aircraft and studied for the application for widebody 

aircraft (Luchtvaart Nederland, 2018). This is an ambitious and specific plan and it requires much effort 

to achieve the objective according to Faber and Van Velzen (2018). 

Pushback/taxi concepts 
The pushback/taxi concept or innovative Aircraft Ground Propulsion System (AGPS) is expected to 

significantly reduce aircraft ground-movement-related fuel burn and emissions. Although, the systems 

are still propelled by fossil fuels. The AGPS function is to perform a pushback, move the aircraft and 

drive the aircraft along the taxi route to the runway and vice versa. The two kinds of AGPS are: 

• External: Move the aircraft by using a modified pushback/tow truck. 

• On-board systems: Move the aircraft by using electric motors installed in the wheels of the 

landing gear or main gears, whereby energy is produced by the APU. 

(Guo et al., 2014) 

In the choice of which to use, there are trade-offs in fuel and emissions. The external system shows 

the least fuel burn while focusing on emission reduction, the on-board system has the best 

performance (Guo et al., 2014). According to Lukic et al. (2019), the choice of AGPS is likewise 

dependent on costs, ease of implementation, kinematic performance and fuel and time savings. Only 

when the systems enter the market, it is possible to decide which is optimal for a particular situation. 
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According to Lukic et al. (2019) widebody aircraft will use external systems, while narrow-body aircraft 

use on-board systems. However, Re (2017) stated that the best selection of AGPS can only be made 

after careful analysis of the flight schedule with the specific type of aircraft. Additionally, the interest 

in on-board systems is more economic rather than an environmental one. A more viable option for 

hub airports with high fuel consumption and high taxi-out times are external concepts according to 

Hospodka (2014b). However, if on-board systems become lighter and lighter through the years by 

innovations, it is more competitive to external systems for widebody aircraft. This results in a choice 

in preference of on-board systems.  

The electric pushback/taxi concept additionally has positive and negative aspects on economic impacts 

and possible savings and costs. Hospodka (2014a) concluded that it brings more benefits than costs 

and therefore it is attractive for most air operators. Although, the author did not focus on the 

consequences for the taxi-phase and apron and pushback procedures. According to Soepnel, Roling, 

Haansta, Busink and de Wilde (2017) usage of an on-board system reduces costs and environmental 

impact of apron area operation, while it enhances safety, capacity and efficiency of the airport apron 

environment. 

Eventually, the electric pushback/taxi concept could reduce taxi-out CO2 emissions per passenger 

kilometre by 55.1% and reduce the time that is needed to pushback an aircraft. Compared to 

conventional taxiing, electric taxiing could save up to 3% CO2 emission per passenger with aircraft 

engines running at idle (Schmidt, Plötner, Pornet, Isikveren, & Hornung, 2013).  

Sustainable propulsion 
By using pushback/taxi concepts, emissions are still produced. Therefore, sustainable propulsion is 

needed. However, the sustainable propulsion has to be compared with the current propulsion to see 

which is eventually better to be used. The sustainable propulsion could be better for the environment, 

although it is worse for airport operations due to logistical and operational consequences. 

Several sustainable propulsions could be used to propel the concept, such as biodiesel, green 

hydrogen, and electricity. Biodiesel is made from various oils, blends with diesel fuel and is used in 

diesel engines. However, feedstock is needed to make biodiesel, which increases feedstock costs if 

biodiesel is used too much according to Yilmaz and Atmanli (2017). Furthermore, fossil fuels are still 

mixed with biodiesel. Thus, it does not make it completely sustainable. 

Other propulsions are green electricity or hydrogen. On range and charging, hydrogen wins. Filling up 

a car with hydrogen only takes five minutes, while electric charging can have a duration of an hour 

before it achieves an acceptable range. In contrast to this, emissions of both propulsions are almost 

the same. Although, these emissions are made during the production of the fuel cell or battery (Tait, 

2019). To completely minimize emissions, electricity and hydrogen have to be generated green by 

using wind turbines and solar panels. 
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The pushback truck is one of the most energy-consuming aircraft handling devices as it consumes 

approximately 200 kW. A hydrogen-powered handling device has several advantages: 

• Low noise. 

• No emissions during operation. 

• Less maintenance. 

• No battery swapping. 

• Shorter refuelling time. 

• Fuel cells can be used for a longer time 

without refuelling. 

• The surplus of wind and solar energy 

production could be used to do the 

electrolysis of hydrogen. 

(Baroutaji, Wilberforce, Ramadan, & Olabi, 2019). 

By an electricity propelled on-board system or pushback truck the battery has to be swapped to 

recharge it and the charge time of an electrical device is quite long in comparison with hydrogen 

propulsion. During this time, the concept is not available to use. 

However, the disadvantages of hydrogen have to be considered as well. First, hydrogen comes with 

several logistical and operational challenges in production, storage, conversion, transportation and 

placement of fuelling station (Emonts, et al., 2019). Further, hydrogen suffers from the chicken-and-

egg situation, which ensures that hydrogen does not make a breakthrough nowadays. Only when there 

is demand or supply of hydrogen, hydrogen would be widely used (Visscher, 2014). Therefore, 

nowadays the focus is still on green electricity because the technology is further than hydrogen.  

Conclusion 
Pushing back and taxiing an aircraft contributes to the airport industry emissions due to the use of 

fossil fuels. Several actions have already been taken to reduce these emissions. However, these are 

still not zero. Therefore, pushing back and taxiing should be done with sustainable on-board or external 

systems, which are propelled by sustainable energy, such as electricity or hydrogen. However, both 

sustainable propulsions still have their (dis)advantages and challenges to overcome. 
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3. Methodology 
The methodology is established to achieve a successful outcome of the research. The type of research 

and main methods that are used in this research are described in 3.1, while 3.2 expresses the 

hypothesis. The framework for this research is elaborated in 3.3. 

3.1 Research Design 
To research the contribution to the 35% CO2 reduction objective for 2030 relative to 2020 of the ‘Slim 

én Duurzaam’ plan and thus the reduction in fuel consumption and emissions in pushing back and 

taxiing cargo aircraft at AAS by using pushback/taxi concepts, qualitative and quantitative research 

were employed. 

Therefore, literature research, desk research and field research were used. To support the answers of 

the sub-questions and to use as preparation for desk research and field research, journal articles, 

papers, reports, and other documentation were used from different sources. Literature research was 

done to gather more information about the fuel consumption, emissions, pushback/taxi concepts, 

sustainable power supplies and logistical and operational consequences. Desk research was used to 

gather data and to do the calculation for the fuel consumption and emissions of the conventional way 

of pushing back and taxiing aircraft at AAS. To confirm the results from literature and desk research 

and gather insight into pushback/taxi concepts, sustainable power supplies and logistical and 

operational consequences, field research was used in the form of interviews with ground handling 

companies, the airport and sustainable energy suppliers.  

The methods for each sub-question are described in Table 1.  

 Table 1: Research methods per sub-question 

 
 
 
 
 

3.2 Research Hypothesis 
The research hypothesis is as follows: 

“By using a pushback/taxi concept for cargo aircraft at Amsterdam Airport Schiphol, the fuel 

consumption and emissions are reduced to contribute to the 35% CO2 reduction objective for 2030 

relative to 2020 of the ‘Slim én Duurzaam’ plan” 

This is due to using an alternative for pushing back and taxiing aircraft instead of a conventional 

pushback truck and aircraft engines, which consumes fuel and produces emissions. These reduce fuel 

consumption and emissions production. 

 

 

 

 Sub-question: 

Research Method: What? 1 2 3 4 

Literature Research/Desk Research  X X X X 

 Data Analysis X    

Field Research Interviews X X X X 
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3.3 Framework 
In this framework, methods for calculation of emissions from pushback equipment are described in 

3.3.1, while the calculation of the fuel consumption and emission from taxiing is elaborated in 3.3.2. 

The framework for the implementation plan and interviews is stated in 3.3.3 and 3.3.4 respectively. 

A schematic overview of the framework is presented in Figure 1. 

 

Figure 1: Schematic overview of the framework 

3.3.1 Emissions from pushback equipment 
The calculation of emissions from pushback equipment is based on the method of ICAO (2011). This 

method offers various levels of validity and reliability, dependent on the required data, by using 

different levels of formulas. In this way, the chosen method is based on the gathered data. 

The simple formula for emissions from pushback equipment is as follows: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡[𝑔] = ∑𝑓𝑢𝑒𝑙 𝑡𝑦𝑝𝑒𝑠 = 𝑡𝑜𝑡𝑎𝑙 𝑓𝑢𝑒𝑙 𝑡𝑦𝑝𝑒 𝑢𝑠𝑒𝑑 [𝑘𝑔] ∗ 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 [
𝑔

𝑘𝑔
𝑓𝑢𝑒𝑙 𝑡𝑦𝑝𝑒] 

 

However, the accuracy of this formula is conservative, while confidence is low. Therefore, for more 

detail and reliability, one of the following advanced formulas is used: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡[𝑔/𝐺𝑆𝐸] = 𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤 [
𝑘𝑔

ℎ
] ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 [

𝑔

𝑘𝑔
 𝑓𝑢𝑒𝑙] ∗ 𝑡𝑖𝑚𝑒 [ℎ] (∗ 𝐷𝐹)  

Or: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡[𝑔/𝐺𝑆𝐸] = 𝑝𝑜𝑤𝑒𝑟 [𝑘𝑊] ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 [
𝑔

𝑘𝑔
 𝑓𝑢𝑒𝑙] ∗ 𝑡𝑖𝑚𝑒 [ℎ] (∗ 𝐷𝐹) 

Or: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡[𝑔/𝐺𝑆𝐸] = 𝑓𝑢𝑒𝑙 𝑓𝑙𝑜𝑤 [
𝑘𝑔

𝑎
] ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 [

𝑔

𝑘𝑔
 𝑓𝑢𝑒𝑙] (∗ 𝐷𝐹) 
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Where: 

• Power: size of engine (in kW or bhp); 

• Emission factor: based on engine type, fuel type, age, and reflecting design and emissions 

control technology of GSE; 

• Time [h]: total annual operating time; 

• DF: deterioration factor. 

These formulas represent good accuracy and medium confidence and require more data in comparison 

with the simple approach. To gather the highest accuracy and confidence regarding emissions of 

pushback equipment, the following sophisticated formula is used: 

𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡[𝑔]

= 𝑝𝑜𝑤𝑒𝑟 [𝑘𝑊] ∗  𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 [%] ∗ 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟𝑃𝑜𝑙𝑙𝑢𝑡𝑎𝑛𝑡 [
𝑔

𝑘𝑊ℎ
] ∗ 𝑡𝑖𝑚𝑒𝑎𝑐−𝑜𝑝𝑠 [ℎ] ∗ 𝐷𝐹 

Where: 

• Timeac-ops [h] = average operation time for a GSE unit, which depends on the type of operation 

(arrival, departure, or maintenance), stand property and aircraft size; 

• DF = deterioration factor, which reflects the age and maintenance of GSE. 

For these formulas, the pollution factors in Table 2 are used. 

 Table 2: Pollution factors for pushback equipment (ICAO, 2011). 

 

 

 

 

 

 

By using these calculations, emissions from pushback equipment are determined. 

3.3.2 Fuel consumption and emissions from taxiing 
The calculation of the fuel consumption and emissions from taxiing is, just as 3.3.1, based on the 

method of ICAO (2011).  

The formulas for the fuel consumption and emissions from taxiing are as follows: 

𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑘𝑔) = ∑ (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑇𝑂 𝑐𝑦𝑐𝑙𝑒𝑠 𝑜𝑓 𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡 𝑌) ∗ (𝑓𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛)

𝑎𝑙𝑙 𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡

 

 
𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑥 (𝑘𝑔)

= ∑ (𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑇𝑂 𝑐𝑦𝑐𝑙𝑒𝑠 𝑜𝑓 𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡 𝑌) ∗ (𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑓𝑜𝑟 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑥)

𝑎𝑙𝑙 𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡

 

 
 
 
 
 
 
 

 

Pollutant Diesel (g/kg) Gasoline (g/kg) 

NOx 48.2 9.6 

HC 10.5 45.5 

CO 15.8 1193 

PM 5.7 - 

CO2 3150 3140 
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Eventually, the following formulas, based on the ICAO (2011) formulas, are used: 

𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑡𝑜𝑛𝑠)

= (𝐹𝑢𝑒𝑙 𝑓𝑙𝑜𝑤 (
𝑘𝑔

𝑠
) ∗ 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑛𝑔𝑖𝑛𝑒𝑠

∗ 10𝑡ℎ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒, 𝑚𝑒𝑎𝑛 𝑜𝑟 90𝑡ℎ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑖𝑙𝑒 𝑡𝑎𝑥𝑖 𝑡𝑖𝑚𝑒 (𝑠)

∗
𝑎𝑖𝑟𝑐𝑟𝑎𝑓𝑡 𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡𝑠 ∗ 𝑟𝑢𝑛𝑤𝑎𝑦 𝑢𝑠𝑎𝑔𝑒 𝑓𝑎𝑐𝑡𝑜𝑟

2
)/1000 

 
𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑥 (𝑘𝑔) = 𝐹𝑢𝑒𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑡𝑜𝑛𝑠) ∗ 𝐸𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑝𝑒𝑐𝑖𝑒𝑠 𝑥 (𝑔) 

 
Where: 

• Fuel flow (kg/s): average fuel flow of the possible type of engine attached to the aircraft in idle 
mode; 

• 10th percentile, mean or 90th percentile (s): 10th percentile shortest, mean or 90th percentile 
longest taxi times in seconds; 

• Aircraft movements: number of aircraft movements the aircraft has made in a year; 

• Runway usage factor: the percentage that the runway is used in a year. 
 
To calculate the fuel consumption and emissions, especially for taxi-in or taxi-out, the formula is 

divided by two. This is because one aircraft movement represents a landing or start. In addition, the 

fuel consumption formula is divided by thousand to make the step from kilograms to tons. 

The formulas are modified because only the fuel consumption and taxi emissions from taxiing within 

the LTO Cycle is considered instead of the whole LTO Cycle. Further, the number of engines, taxi time, 

aircraft movements and runway usage factor are considered, to have more reliability and confidence 

in the results of the calculation. 

All formulas with the considerations are calculated and analysed in Excel, in which results are 

processed in various figures and tables. Other aircraft characteristics and factors that influence fuel 

consumption and emissions are not taken into account due to a lack of information. By taking all known 

considerations into account, the results are as good as valid and reliable.  

3.3.3 Implementation plan 
For the implementation plan, the structure of Scribbr (2020) was used. This structure offers to write 

down the implementation plan in a practical way. The implementation plan in this research follows the 

same structure of Scribbr in the form of background, goal, results, conditions, risks, approach, 

activities, responsibilities, and planning. However, the limitations, communication plan, budget and 

organisation are not considered, because these details are unknown.  
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In the implementation plan, the SMART method and DMAIC cycle were used. 

The SMART method is used to elaborate the goal by making it Specific, 

Measurable, Acceptable, Realistic and Time-bound. The DMAIC cycle (Figure 

2) is to Define, Measure, Analyse, Improve, and Control the activities to 

continuously improve the pushback/taxi concept:  

• Define: define the problem; 

• Measure: measure the problem; 

• Analyse: analyse the cause of the problem; 

• Improve: offer a solution and improve; 

• Control: maintain the solution. 

The DMAIC cycle is used in every activity to improve continuously (sixsigma, sd). In this research, 

instead of a problem, there is a goal, to continuously improve the concept.  

3.3.4 Interviews 
All interviews are semi-structured to obtain structured answers and ask further questions for more 

information. The interviews were held online via Microsoft Teams, Skype or Zoom or telephone and 

lasted from thirty minutes to one hour. This was dependent on the number of questions, answers that 

were obtained and the amount of time the respondent had. From all interviews, which were not 

recorded due to privacy matters, a summary was made with the support of notes. If the subject was 

the same and possible to do, the interview was carried out multiple times to check the reliability of the 

answers from one interviewee with the other. Additionally, questions were altered based on the 

previous interview to obtain improved answers. 

Interviews with the Business Unit Manager Freight Handling from Menzies and the Head of Support 

from KLM Ground Services were done to obtain more information about the conventional way of 

pushing back aircraft, their knowledge about pushback/taxi concepts and expected logistical and 

operational consequences of the concepts. The interviews were done separately with the respondents, 

but together with Sebastiaan den Heijer and Wessel Mel, in which the researcher took the information 

regarding pushing back aircraft out of it. 

To obtain more information about pushback/taxi concepts and the related logistical and operational 

consequences at AAS, the Innovators Autonomous Airside from Royal Schiphol Group were 

interviewed.  

The questions related to the sustainable propulsion were asked to the Secretary from 

OpWegMetWaterstof and the Senior Project Developer Hydrogen from Pitpoint. These are developers 

and providers of sustainable power. These interviews were done separately with the respondents. For 

the application of sustainable propulsion at AAS, questions were asked to the Innovators Sustainability 

from Royal Schiphol Group. In this way, information about sustainable propulsion and logistical and 

operational consequences were obtained. These interviews were done together with Sebastiaan den 

Heijer. The researcher took the information related to this research out of the interviews. 

All respondents are representative and reliable because they deal with the subject in their function, 

on which questions were asked. All answers of the interviews were analysed in a comparative way to 

the available information from literature and desk research and used in this research.  

 

Figure 2: DMAIC Cycle 
(sixsigma, sd)  
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4. Results 
This chapter establishes the results of the research. In 4.1, all results of the fuel consumption and 

emissions of the conventional way of pushing back and taxiing cargo aircraft at AAS are described. The 

choice of pushback/taxi concept is provided in 4.2, while in 4.3 the corresponding sustainable 

propulsion for the concept is stated. Last but not least, all logistical and operational consequences of 

the concept and sustainable propulsion are explained in 4.4.  

4.1 Fuel Consumption and Emissions of the Conventional Way of Pushing Back and 
Taxiing Cargo Aircraft at Amsterdam Airport Schiphol 
In this paragraph sub-question 1 is answered. First, a calculation to determine the fuel consumption 

and emissions for the conventional way of pushing back aircraft is proposed in 4.1.1, while in 4.1.2 the 

fuel consumption and emissions are calculated related to taxiing aircraft at AAS. 

4.1.1 Pushing back 
The aircraft is unable to leave the nose-in parking stand, whereby the 

aircraft faces the terminal building, by itself. Besides, an aircraft is 

prohibited to reverse thrust from a parking stand due to increased noise 

levels, CO2 production, maintenance costs and risks of Foreign Object 

Damage (FOD), which causes safety risks and damage to the aircraft 

stand. Therefore, the pushback operation at AAS is operated by a tow 

truck (Figure 3) or towbarless truck (Figure 4), whereby the aircraft is 

pushed back from the aircraft stand to the apron (Business Unit 

Manager Freight Handling and Head of Support, Appendix VII). From the 

apron, the aircraft is able to taxi with the aircraft engines to the runway, 

in which fuel is consumed and emissions are produced as described in 

4.1.2 (Dieke-Meier & Fricke, 2012) (Royal Schiphol Group, 2018). 

During the pushback operation, fuel is used, and emissions are produced 

by the pushback truck. The pushback truck is part of GSE of which the consumed fuel and emissions 

depend on:

• number of movements at an airport; 

• flight schedule; 

• airside size and configuration; 

• vehicle configuration; 

• aircraft type; 

• GSE type; 

• fuel type; 

• GSE operating time; 

• horsepower; 

• load factor; 

• age.

(Postorino, 2010) (NASEM, 2015)
 
At Bologna Airport 1% of airport CO2 emissions was produced by GSE in 2016, while at Beijing Capital 

International Airport GSE was responsible for 4.3% of the total emissions in 2015 (Postorino, 

Mantecchini, & Paganelli, 2019) (Yang, Cheng, Lang, Xu, & Lv, 2018). This is put into perspective by 

mentioning that Bologna airport only had 69,697 aircraft movements in 2016, while Beijing Capital 

International Airport had 590,169 aircraft movements in 2015 (CAPA, 2020a) (Capa, 2020b).  

 

 

Figure 4: Towbarless truck 
(AviationPros, 2009) 

Figure 3: Tow truck (Trepel, 2020) 
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Therefore, GSE emissions at Beijing Airport have a higher percentage than at Bologna airport due to 

the aircraft movements. Based on the aircraft movements, it is stated that Beijing Airport has a larger 

airside size and configuration, flight schedule, more aircraft types and increased GSE operating time.  

However, these are GSE emissions instead of pushback equipment emissions. According to Winther et 

al. (2015), pushback equipment accounts for 9.5% NOx and PM emissions in the total handling 

equipment, while it is only responsible for 0.8% NOx and PM emissions in total airport emissions. This 

is comparable to the 1% total airport GSE CO2 emissions at Bologna Airport. 

Due to a lack of data and representativity about how much diesel or gasoline is used, fuel flow, power, 

load factor and operating time by pushback trucks at AAS, it is not possible to calculate pushback 

equipment fuel consumption and emissions. The available data is known by the researcher. However, 

this data is not representative, because it only contains data from January 2020 to March 2020 in which 

COVID-19 negatively influenced the number of flights that were carried out. Besides, it coincided with 

Chinese new year and the summer peak is not included. In this way, it does not illustrate the real fuel 

consumption and emissions from pushback equipment at AAS. However, ground handling companies 

which have more data about it could use one of the formulas described in the methodology section 

3.3.1 to calculate this. In this way, ground handling companies can choose the level of reliability and 

accuracy based on the amount of available data. 

4.1.2 Taxiing 
After the aircraft is pushed back from the aircraft stand (4.1.1), the aircraft is ready to taxi over the 

taxiways to the runway. This is called taxi-out, while taxi-in is taxiing to the stand after landing. The 

taxi operation is a phase within the flight and LTO Cycle, which further consists of a landing, approach, 

take-off and climb phase (ICAO, 2011). During taxiing, the aircraft moves on its own power by using 

aircraft engines. Therefore, no additional vehicle is needed to move the aircraft (Guo et al., 2014). 

Nowadays, two methods of taxiing are used, namely conventional and single-engine taxiing. By using 

single-engine taxiing (less than all engines) the life of the engine is extended, less fuel is used, and 

fewer emissions are produced (Guo et al., 2014). Therefore, this is a measure to make airports and 

airlines more sustainable. Nonetheless, fuel is still consumed, and emissions are still produced.  

The emissions and fuel consumption from taxiing on an airport depend on: 

• aircraft movements; 

• aircraft age, type, and size; 

• aircraft characteristics; 

• airport congestion; 

• airside size and configuration; 

• number of times the aircraft has to 

stop from taxiing; 

• number of times the aircraft has to 

accelerate from taxiing; 

• number of times the aircraft has to 

turn; 

• number of times the aircraft is at a 

constant speed or brakes from taxiing; 

• engine thrust; 

• type of engine; 

• number of engines used; 

• fuel flow; 

• operating time. 

(Postorino, 2010) (Nikoleris, Gupta, & Kisteler, 2011) 

 

 



 

26 
 

According to Yilmaz I. (2017), at Kayseri airport in 2010, 48% of total LTO Cycle emissions were taxi 

emissions, while LTO Cycle emissions at Bologna Airport were responsible for 57% of total airport 

emissions in 2016 (Postorino et al., 2019). The taxi emissions at Beijing Capital International Airport 

accounted for 37.2% of the LTO Cycle and 31% of total airport emissions in 2015 (Yang et al., 2018). 

Thus, taxi emissions have quite a share in the LTO Cycle and total airport emissions, but these are 

negligible when compared to total flight emissions as can be read in the literature review in chapter 2. 

The calculation of the emissions and fuel consumption from taxiing at AAS is described in 3.3.2. 

Therefore, it is needed to know which considerations are taken into account, after which the results 

from the calculation are stated. 

Considerations for calculating the fuel consumption and emissions of taxiing at Amsterdam Airport 
Schiphol 
To discover the potential and sustainability of the pushback/taxi concept and the calculation of 

emissions from taxiing, the aircraft movements, taxi time, runway usage factor, fuel flow and emission 

factors of the specific aircraft type at AAS are needed. 

At AAS, different types of cargo aircraft are pushed back to the apron and taxi over the taxiways. The 

cargo in the aircraft is transported on the main deck, lower deck or in the belly by full-freighter, 

passenger or combi aircraft (Morrel & Klein, 2019) (Royal Schiphol Group, 2020). It is unidentified if an 

aircraft transports cargo or not. Therefore, all types of aircraft, both narrow-body and widebody 

aircraft, are considered in this calculation. 

The aircraft movements at AAS are derived from Royal Schiphol Group (2019), which are represented 

in Table 3. The movements from 2018 are used in this calculation due to the representativity of the 

traffic at AAS. This information was available during the calculation, in contrast to the movements in 

2019. One movement represents one landing or start. It is uncertain when and on what runway these 

movements have taken place. Therefore, the average 10th percentile, mean and 90th percentile taxi 

times over all runways are used from EUROCONTROL (2019). 
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Table 3: Aircraft movements per aircraft type at Amsterdam Airport Schiphol in 2018 (Royal Schiphol Group, 2019) 

Widebody aircraft Aircraft movements Narrow-body aircraft Aircraft movements 

A300 1,046 Embraer EMB120 396 

A310 20 Embraer ERJ145 1,125 

A330-200f 214 Embraer E170/175 45,435 

A330-200 6,883 Embraer E190/195 72,289 

A330-300 14,650 B737-300 2,156 

A340 596 B737-400 234 

A350 1,702 B737-500 982 

A380 1,642 B737-700 43,092 

B747-400f 5,019 B737-800 108,653 

B747-400 6,544 B737-900 9,665 

B747-8f 2,297 B737 Max-8 508 

B767-300f 218 B757-200 832 

B767-300 7,434 B757-200 784 

B777-200f 5,640 A220-300 1,254 

B777-200 11,122 A318 770 

B777-300 11,701 A319 32,426 

B787-8 2,951 A320 54,504 

B787-9 9,176 A320neo 2,987   
A321 13,911   
Dash 8-400 7,832   
Bombardier CRJ-700/900/1000 5,100   
Fokker-100 3,382 

Total 88,855 Total 408,317 

 
The 10th percentile shortest, mean and 90th percentile longest taxi times at AAS in the winter and 

summer of 2018 over all runways are shown in Table 4. These types of taxi time are considered because 

taxi times vary a lot depending on the runway that is used. Therefore, an average is calculated over 

taxi time types over all runways because there is no information about when and on which runway the 

aircraft movements happened. Further, there is a significant difference between taxi-in times and taxi-

out times. Therefore, these are distinguished and considered. 

Table 4: Taxi times at Amsterdam Schiphol Airport in minutes in 2018 derived from EUROCONTROL (2019) 

Taxi Times at 

Amsterdam Airport 

Schiphol in minutes 

10th Percentile Mean 90th Percentile 

Taxi-in 3.5 8.8 15 

Taxi-out 8 13.7 20.5 
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A runway usage factor is considered to provide a reliable and representative view on fuel consumption 

and emissions during a year. In this way, the results represent approximately the same fuel 

consumption and emissions per year. However, it commonly depends on the aircraft movements, 

which differ from year to year. The runway factor is made by creating an average over five years of 

data, which is derived from BAS (2020). The data represents which and how much a runway is used for 

landings or starts during a year. The runway usage from 2014 to 2018 is used because over the years, 

the highest difference to 2018 is 5% to 11% as is presented in Table 23 and 24 in Appendix II. Therefore, 

it is possible to consider an average runway factor.  

The runways are assigned to the 10th percentile, mean and 90th percentile, which is based on expected 

taxi times to a specific runway. This is measured from the D-pier because it is at the centre of AAS. 

Therefore, taxi times differ if the aircraft departs from or arrives at another pier. The total landings, 

starts, average usage and assignment of runways are shown in Table 5. Eventually, the average runway 

factor is presented in Table 6. 

Table 5: Average usage and assignment of runways at Amsterdam Airport Schiphol derived from BAS (2020) 

 
 
Table 6: Average runway usage factor per taxi time at Amsterdam Airport Schiphol derived from BAS (2020) 

Runway factor 10Th Percentile Mean 90Th Percentile 

Taxi-in 30% 32% 38% 

Taxi-out 60% 16% 23% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Baan 10th, mean or 90th? Landing Start Landing % Start%

Kaagbaan(06) 10th 215,753              1,156                   19%

Buitenveldertbaan (09) Mean 393                      59,708                 0% 5%

Zwanenburgbaan (18C) Mean 192,946              20,964                 17% 2%

Aalsmeerbaan (18L) 10th 277,834               23%

Polderbaan (18R) 90th 443,909              38%

Kaagbaan (24) 10th 4,026                   428,436               36%

Buitenveldertbaan (27) Mean 126,564              4,432                   11% 0%

Zwanenburgbaan (36C) Mean 51,006                111,434               4% 9%

Polderbaan (36L) 90th 276,540               23%

Aalsmeerbaan (36R) 10th 132,393              11%

Total 1,166,990           1,180,504            100% 100%

Total landings and starts at runways from 2014 to 2018
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Further, the fuel flow and emission factors per engine are derived from the ICAO Aircraft Emissions 

Databank (2019), in which different engine types are described with various fuel flows and emission 

factors. It is not clear what engine belongs to which aircraft. Therefore, over all types of engines that 

could be attached to the corresponding aircraft, an average fuel flow and emissions factors are 

calculated for every specific aircraft type. The information about which type of engine belongs to which 

aircraft is derived from Rolls-Royce (2020), CFM (2020), Pratt & Whitney (2020) and General Electric 

(2020). The fuel flow and emission factors per engine, which are described in Table 7. 

Therefore, in the calculation, the number of engines attached to the aircraft are considered. 

Additionally, it is assumed that all aircraft taxi with all their engines. Other factors, such as aircraft and 

engine characteristics that influence fuel flow and emission factors are not considered due to a lack of 

information. 

As is revealed in Table 7, the SO2 and CO2 emission factors are for every aircraft type the same. ICAO 

(2011) considers a sulphur content of 0.05% and 3.16 kg CO2 per kg fuel in the LTO Cycle. In this 

calculation, only taxi emissions are considered. Therefore, the sulphur content and CO2 emissions are 

multiplied by 40%. This is assumed for AAS, based on the share of taxi emissions in the LTO Cycle at 

Kayseri Airport (48%) and Beijing Airport (37.2%) (Yilmaz I. , 2017) (Yang et al., 2018). 

Table 7: Fuel flow and emission factors per aircraft type and engine derived from ICAO (2019) 

Type of 
aircraft 

Fuel flow 
(kg/s) per 
engine 

NOx 
emission 
factor 
(g/kg) per 
engine 

HC 
emission 
factor 
(g/kg) per 
engine 

SO2 
emission 
factor 
(g/kg) per 
engine 

CO 
emission 
factor 
(g/kg) per 
engine  

CO2 
emission 
factor 
(g/kg) per 
engine 

Embraer  0.062 3.9 3.4 0.02 32.4 1264 

Bombardier 0.074 4.1 2.7 0.02 33.6 1264 

A220 0.081 5.6 0.2 0.02 21.3 1264 

A300 0.210 4.6 7.6 0.02 32.5 1264 

A310 0.199 3.9 9.9 0.02 37.5 1264 

A320 0.112 4.3 2.5 0.02 28.0 1264 

A320 Neo 0.094 4.7 0.5 0.02 17.2 1264 

A330 0.211 4.2 5.4 0.02 28.5 1264 

A340 0.230 6.1 0.1 0.02 10.3 1264 

A350 0.285 4.4 1.1 0.02 22.5 1264 

A380 0.264 5.4 0.1 0.02 13.8 1264 

B737 0.109 4.2 3.1 0.02 31.8 1264 

B737 Max 0.094 4.7 0.5 0.02 17.2 1264 

B747 0.213 4.2 6.9 0.02 29.4 1264 

B757 0.222 4.0 13.7 0.02 32.1 1264 

B767 0.213 4.1 8.6 0.02 32.7 1264 

B777 0.233 4.9 2.4 0.02 23.5 1264 

B787 0.227 5.2 0.3 0.02 12.7 1264 

Douglas 
DC8 

0.130 5.6 117.5 0.02 118.5 1264 

Fokker 100 0.113 2.3 2.3 0.02 26.7 1264 
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Fuel consumption and emissions from taxiing calculation at Amsterdam Airport Schiphol 
As is shown in Figure 5, it is seen that CO2 emissions are most responsible for all emissions, namely 

97%. In the remaining 3%, CO emissions are responsible for 59%, while NOx and HC emissions account 

for 23% and 19% respectively. This is seen in Figure 6. The tables of the total emissions and specifically 

NOx, HC, SO2, CO and CO2 are placed in Table 29 to 34 in Appendix V. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

All figures about fuel consumption and emissions from taxiing (from Figure 7 to 18) are represented 

from page 32 to 34. The corresponding Table 25 to 28 are described in Appendix III and IV, which 

include the total fuel consumption and emissions. The researcher has all other underlying detailed 

information available. 

In 2018, the total fuel consumption from taxiing was 79,611 tons, of which 35,640 tons from taxi-in 

and 43,970 tons from taxi-out. The total related emissions were 103,784 tons from which 46,466 tons 

came from taxi-in and 57,318 tons from taxi-out. From the emissions, 100,628 tons was CO2. The fuel 

consumption represented 2.03%, while the CO2 emissions represented 7.41% of the total. 

The total fuel consumption and CO2 emissions are represented by Schiphol Group airport, which 

processes most commercial flights in the Netherlands. In 2018, the total fuelled kerosene was 

3,920,078 tons, while CO2 emissions were 1,359,432 tons. To determine the percentage of fuel 

consumption and CO2 emissions from taxiing at AAS,  the results are divided through the total from 

Schiphol Group Airports (Bruyn, Rozema, & Faber, 2019). 

Figure 7 and 9 illustrate that the total fuel consumption and emissions of narrow-body aircraft (63%) 

were higher than widebody aircraft (37%). Although, this is caused by a much higher number of 

narrow-body aircraft movements as presented in Figure 8 and 10, whereas the fuel consumption and 

emissions of widebody aircraft per aircraft movement (73%) were higher than narrow-body aircraft 

(27%). 

In total, widebody aircraft were responsible for 29,749 tons of fuel consumption with 38,607 tons of 

emissions. From the emissions, 37,603 tons were CO2. In 2018, CO2 emissions from widebody aircraft 

represented 2.77%, while fuel consumption is 0.76% of the total.  

 

 

 

19%

23%

0%

59%

Emission distribution 
without CO2

Nox HC SO2 CO

Emission distribution with 
all emissions

Nox HC SO2 CO CO2

Figure 6: Emission distribution without CO2 of taxiing  Figure 5: Emission distribution with all emissions of 
taxiing  
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The following widebody aircraft consumed the most fuel and thus produced the most emissions: 

• A330-200 (6%) 

• A330-300 (13%) 

• A380 (4%) 

• B747-400f (9%) 

• B747-400 (12%) 

• B747-8f (4%) 

• B767-300 (7%) 

• B777-200f (6%) 

• B777-200 (11%) 

• B777-300 (12%) 

• B787-9 (9%) 

This is seen in Figure 11 and 15. 

However, when this is related to the aircraft movements per aircraft type, the following widebody 

aircraft consumed and produced the most fuel and thus produced the most emissions: 

• A340 (9%) 

• A380 (10%) 

• B747-400f (8%) 

• B747-400 (8%) 

• B747-800f (8%) 

This is shown in Figure 12 and 16. 

The narrow-body aircraft were responsible for 49,862 tons of fuel consumption, which represented 

1.27% of the total. The related total emissions were 65,177 tons, of which 63,025 tons were CO2. These 

CO2 emissions represented 4.64% of the total. The following narrow-body aircraft contributed the most 

to the total fuel consumption and thus emissions: 

• Embraer 170/175 (7%) 

• Embraer 190/195 (11%) 

• B737-700 (12%) 

• B737-800 (30%) 

• A319 (9%)  

• A320 (16%) 
This is revealed in Figure 13 and 17. 

The following narrow-body aircraft contributed the most to the fuel consumption and thus emissions 

when this is related to the aircraft movements: 

• B757-200f (9%) • B757-200 (9%) 
This is presented in Figure 14 and 18. 

Thus, the pushback/taxi concept has the most potential to reduce fuel consumption and emissions 

from taxiing for the types of aircraft described in Table 8. In this, the concept has more potential to 

reduce fuel consumption and CO2 emissions from narrow-body aircraft than widebody aircraft, 

because narrow-body aircraft have higher fuel consumption and CO2 emissions. However, widebody 

aircraft consume and produce the most fuel and CO2 emissions per aircraft movement. Therefore, till 

0.76% fuel consumption and 2.77% CO2 emissions from widebody aircraft can be reduced. 

Table 8: Aircraft that consumed the most fuel and produced the most emissions at Amsterdam Airport Schiphol 

Widebody aircraft Narrow-body aircraft 

A330-200 B777-200f Embraer 170/175 

A330-300 B777-200 Embraer 190/195 

A340 B777-300 B737-700 

A380 B787-9 B737-800 

B747-400f  A319 

B747-400  A320 

B747-800  B757-200f 

B767-300  B757-200 
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Figure 7: Total fuel consumption (tons) per aircraft type in taxi times Figure 8: Fuel consumption (kg) per aircraft type movement in taxi times 
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Figure 9: Total emissions (tons) per aircraft type in taxi times 
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Figure 10: Emissions (kg) per aircraft type movement in taxi times 
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Figure 11: Total fuel consumption (tons) of widebody aircraft Figure 12: Fuel Consumption (kg) per widebody aircraft movement 

Figure 14: Fuel consumption (kg) per narrow-body aircraft movement Figure 13: Total fuel consumption (tons) of narrow-body aircraft 
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Figure 16: Emissions (kg) per widebody aircraft movement Figure 15: Total emissions (tons) of widebody aircraft 

Figure 18: Emissions (kg) per narrow-body aircraft movement Figure 17: Total emissions (tons) of narrow-body aircraft 
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4.2 Pushback/Taxi Concepts 
This paragraph answers sub-question 2, in which the types of concepts are presented in 4.2.1, while in 

4.2.2 all characteristics with their advantages, disadvantages, constraints, and challenges of the 

concepts are described. Eventually, the choice between the concepts is dependent on the traffic at 

AAS, which is elaborated in 4.2.3. In 4.2.4, all other factors that influence the choice are described, 

while in 4.2.5 the choice for a concept is made. 

4.2.1 Types of concepts 
Ultimately, there are two types of concepts, namely on-board systems and external systems that are 

described in this paragraph. Hereby, both concepts still make use of fossil fuel. 

On-board systems 
The usage of aircraft engines and power of a pushback 

truck is eliminated by the on-board system. The system 

consists of electrical motors installed in the wheels of the 

NLG or Main Landing Gear (MLG) of the aircraft (Figure 19), 

while it uses the power of the APU, batteries or fuel cells 

of the aircraft to pushback and taxi. Furthermore, it 

consists of a power converter, control system and an 

(electric) energy source. In this way, it is possible to 

pushback and taxi aircraft without the support of a 

pushback truck and aircraft engines. As a consequence, the on-board system reduces costs and 

environmental impact (-66% CO2, -40% NO2, -59% HC, -70% CO and 10-12 dB noise reduction) of the 

aircraft at the airport, while it enhances efficiency, capacity and safety. The on-board system costs 

around $260,000 and $1,000,000 per narrow-body and widebody aircraft respectively (Guo et al., 

2014) (Lukic et al., 2019) (Soepnel et al., 2017). 

External systems 
The external systems are pushback/tow 

vehicles attached to the NLG of the 

aircraft (Figure 20). These are used to 

pushback/tow the aircraft between the 

aircraft stand and runways and vice 

versa. Thus, for the entire ground 

movement instead of only the 

pushback after which the aircraft is 

taxiing by itself with the use of aircraft 

engines to the runway. By using 

renewable energy (biodiesel, 

electricity, or hydrogen), the pushback/tow vehicles could be entirely sustainable (Guo et al., 2014). 

The external system is estimated to cost $1.5 million and $3 million for narrow-body and widebody 

aircraft respectively (Lukic et al., 2019). 

 

 

Figure 19: On-board system (KLM, 2013) 

Figure 20: External system (Luchtvaartnieuws, 2020) 
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4.2.2 Characteristics of the concepts 
In this paragraph, the characteristics of the on-board and external system with all their advantages, 

disadvantages, constraints, and challenges are described. This is related to the reduction in emissions 

and fuel consumption and the aircraft it can move. 

On-board system 
The on-board system requires additional components in the NLG or MLG and aircraft, which results in 

modifications in the aircraft architecture and additional weight. However, the higher fuel consumption 

during flight is not offset to the fuel savings during ground operation due to the additional weight 

(Lukic et al., 2019). Although, the additional weight is offset to the fuel savings during the LTO Cycle 

because less fuel is carried (Guo et al., 2014).  

Nonetheless, emissions, fuel consumption, safety concerns of FOD, and airport surface movements are 

reduced during the pushback and taxi operation, because no pushback truck and aircraft engines are 

needed (Guo et al., 2014). Likewise, the pushback time is reduced (from 8 to 2 minutes), while the on-

time performance is improved (from 20 to 5 minutes) due to a simplified pushback operation. 

Furthermore, the taxi time, handling costs and risk of handling connection bars accidents are reduced, 

as there is no longer any need to wait for the pushback truck and its disconnection (Lukic et al., 2019). 

However, the on-board system does not have high speed, which possibly results in a longer taxi time. 

(Hospodka, 2014a). 

The savings in pushback and taxi emissions, fuel and time are dependent on:

• number of stops; 

• number of turns; 

• number of acceleration events; 

• time of operation; 

• style of piloting; 

• weather conditions; 

• congestion levels; 

• assigned stand; 

• aircraft type; 

• runways and taxiways in use. 
However, due to regulations, it may be obliged to carry enough fuel in case the system is inoperable. 

This would not save any fuel (Hospodka, 2014a). 

Furthermore, the reduction in emissions and fuel usage over the total flight is dependent on the type 

of aircraft, total pushback and taxi time, flight distance and weight of the on-board system. An aircraft 

with a high taxi time (30 minutes) and many flight cycles to 1000 Nautical Miles (NM), such as narrow-

body aircraft, is the most suitable for the on-board system. This could save 3% in block fuel (Lukic et 

al., 2019). 

The other advantages of the on-board system are:

• enhanced airport area and capacity 
utilization due to improved 
manoeuvrability; 

• improved utilization of parking space 
and hangars; 

• savings in airport fees; 

• the de-icing truck is able to be closer 
to the aircraft; 

• shorter de-icing time; 

• improved utilization of aircraft stand; 

• improved engine and brake life; 

• reduced maintenance cost.
(Hospodka, 2014a) 
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The disadvantage of on-board systems is that it requires installation in the NLG or MLG. Installation in 

the NLG causes a change in centre of gravity, has less tractive forces and lower speed in contrast to 

the MLG. However, installation in the MLG is more expensive than NLG but offers more reliability, 

redundancy, and flexibility due to more space. Besides, the brakes in the MLG can reach high 

temperatures, which influences system performance. This requires an additional fan (Guo et al., 2014) 

(Hospodka, 2014a)(Lukic et al., 2019). 

Last but not least, the APU is not able to provide enough power to supply the on-board system and 

other systems. Besides, new training processes for handling operators are needed because the 

autonomous pushback and taxi process is completely new. Further, the on-board system brings 

changes to Air Traffic Control (ATC) procedures, because the full checklist and engine warm-up have 

to be done later, which causes congestions on run- and taxiways (Hospodka, 2014a). 

External systems 
In contrast to the on-board system, no weight is added to the aircraft. This is more appealing for 

approval and adoption by airlines (Lukic et al., 2019). However, airports are discouraged to implement 

it, because modifications to the airport have to be made, such as additional roads for truck movements. 

Additionally, it may need parking areas at the end of the runways to be a safe place for trucks to wait 

for landing aircraft. As a consequence, additional construction costs, maintenance of infrastructure 

and operating costs (additional drivers of manually controlled trucks and advanced guidance systems 

for autonomous/remotely controlled trucks) are needed at the airport. Further, the complexities of 

airport operations increase due to additional truck traffic on the ground (Guo et al., 2014). 

The external system is the most feasible for the taxi-out process in contrast to the taxi-in process. After 

landing, the aircraft has to stop and wait for a few minutes to attach to the system. This lengthens the 

taxi-in time, while the aircraft could already have been at the terminal building without stopping (Lukic 

et al., 2019). 

Regarding emissions and fuel burn, the external system demonstrates the least fuel burn and a 

reduction in HC and CO emissions, but an increase in NOx emissions. Additionally, it shows a reduction 

in noise and levels of FOD, which results in savings for airline operators. However, the external system 

could shorten the lifespan of aircraft NLG by imposing heavy fatigue loads on it (Guo et al., 2014). 

The external systems are the most appropriate solution for long-haul flights longer than 1000 NM with 

widebody aircraft because the weight of an on-board system cancels the fuel savings during the flight. 

Besides, the pushback and taxi operation are less a part of the total flight in comparison with narrow-

body aircraft, which decreases the efficiency and utilization of an on-board system in widebody 

aircraft. Therefore, an external system is preferred for widebody aircraft. (Lukic et al., 2019). 

The external system could be a steppingstone between the hybrid and a complete electric external 

taxiing system. Therefore, it is needed to study the development of an entirely electric external truck 

to eliminate all emissions from taxiing (Lukic et al., 2019).  
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4.2.3 Traffic at Amsterdam Airport Schiphol 
The choice for a specific concept is, among others, based on the current traffic at AAS, which is 

described in this paragraph. 

Prior to choosing a pushback/taxi concept for cargo aircraft, the current traffic at AAS must be 

understood. Furthermore, it must be determined what aircraft type transports the most cargo as the 

pushback/taxi concept is limited by the weight of an aircraft. For this reason, the Maximum Take-Off 

Weight (MTOW), which is the maximum weight of an aircraft, is used in this research. The MTOW is 

the maximum weight, because taxi fuel is no longer required, which is normally the maximum weight 

together with the MTOW. 

In 2018, 1,716 million tons of cargo was transported, of which 57% and 43% was transported by full-

freighter aircraft and passenger or combi aircraft respectively on a monthly average basis (Royal 

Schiphol Group, 2019) (Royal Schiphol Group, 2020). The freighter, passenger, or combi aircraft 

movements at AAS and corresponding MTOW are shown in Table 9 for widebody aircraft and in Table 

10 for narrow-body aircraft. The MTOW of aircraft is derived from Airbus (2020a), Boeing (2020a), 

Embraer (2020), Bombardier (2020) and Fokker (2020).  

97% Of the aircraft movements were made by passenger aircraft in 2018. Only 3% of the movements 

were produced by freighter aircraft, which transported 57% of cargo at AAS (Royal Schiphol Group, 

2020). Further, 82% of the aircraft movements were made by narrow-body aircraft, while 18% was 

produced by widebody aircraft. However, when focused on freighters, the number of widebody 

aircraft movements accounted for 91%, while the number of narrow-body aircraft movements 

consisted of 9%. Thus, the majority of aircraft at AAS are narrow-body passenger aircraft, while 

freighters are mostly represented by widebody aircraft. Since the most cargo was transported by 

freighter aircraft (57%) and thus widebody aircraft (91%), this research further focuses on this aircraft 

type. The average weight of widebody aircraft is 295 tons with a maximum of 575 tons. Thus, the 

pushback/taxi concept has to be operationally capable to pushback and taxi this weight to reduce fuel 

consumption and emissions of widebody aircraft as described in 4.1.2. 

 
 
 

Table 9: Widebody aircraft at Amsterdam Airport Schiphol in 2018 (Royal Schiphol Group, 2019) 

Aircraft Subtype Freighter, Passenger or Combi Aircraft Movements MTOW (tons)

A300 Freighter 1,046                              165                     

A310 Freighter 20                                   164                     

A330 -200 Freighter 214                                 233                     

-200 Passenger or Combi 6,883                              238                     

-300 Passenger or Combi 14,650                            242                     

A340 -300 Passenger or Combi 596                                 277                     

A350 -900 Passenger or Combi 1,702                              280                     

A380 Passenger or Combi 1,642                              575                     

B747 -400 Freighter 5,019                              413                     

-400 Passenger or Combi 6,544                              397                     

-800 Freighter 2,297                              447                     

B767 -300 Freighter 218                                 187                     

-300 Passenger or Combi 7,434                              187                     

B777 -200 Freighter 5,640                              348                     

-200 Passenger or Combi 11,122                            299                     

-300 Passenger or Combi 11,701                            352                     

B787 -8 Passenger or Combi 2,951                              253                     

-9 Passenger or Combi 9,176                              254                     

Total 88,855                            5,311                  
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4.2.4 Other factors to consider  
This paragraph considers other factors, such as the expected growth of the global aviation industry, 

future aircraft, and retirement of aircraft. These factors eventually influence the choice between the 

concepts. 

The expected growth of the global aviation industry 
Over the years, the number of passengers and amount of freight tonnes has annually increased by 

6,3% and 4,4% respectively on average between 2009 and 2019 (ICAO, 2018a). Various organisations 

expect further growth, which is revealed in Table 11. This information is derived from ICAO (2018b), 

ACI (2017), Airbus (2019) and Boeing (2019). On average, it is expected that passenger traffic grows 

4,4% annually, while freight traffic increases by 3.6% annually from 2015 to 2040. Based on this, it is 

expected that aircraft movements will increase. Furthermore, Airbus forecasts that belly cargo 

increases by 4,3% per year, while main deck freight grows by 2,8% per year between 2019 and 2038. 

This means that by 2038, 60% of air cargo is transported by passenger aircraft due to an increase in 

belly cargo (Airbus, 2019). 

 

 

 

Table 10: Narrow-body aircraft at Amsterdam Airport Schiphol in 2018 (Royal Schiphol Group, 2019) 

Aircraft Subtype Freighter, Passenger or Combi Aircraft Movements MTOW (tons)

Embraer EMB 120 Freigther 396                                  12                        

ERJ 145 Passenger or Combi 1,125                               24                        

E170/175 Passenger or Combi 45,435                             37 /40

E190/195 Passenger or Combi 72,289                             52 / 53

B737 -300 Passenger or Combi 2,156                               63                        

-400 Freighter 234                                  68                        

-500 Passenger or Combi 982                                  62                        

-700 Passenger or Combi 43,092                             70                        

-800 Passenger or Combi 108,653                           79                        

-900 Passenger or Combi 9,665                               85                        

B737 Max -8 Passenger or Combi 508                                  83                        

B757 -200 Freighter 832                                  122                      

-200 Passenger or Combi 784                                  122                      

A220 -300 Passenger or Combi 1,254                               70                        

A320 family A318 Passenger or Combi 770                                  68                        

A319 Passenger or Combi 32,426                             77                        

A320 Passenger or Combi 54,504                             78                        

A320neo Passenger or Combi 2,987                               79                        

A321 Passenger or Combi 13,911                             94                        

Dash 8 -400 Passenger or Combi 7,832                               30                        

Bombardier CRJ700/900/1000 Passenger or Combi 5,100                               33 / 37 / 42

Fokker 100 Passenger or Combi 3,382                               46                        

Total 408,317                           1,296                   
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Table 11: Passenger and freight traffic forecast according to ICAO (2018b), ACI (2017), Airbus (2019) and Boeing (2019) 

Organisation Timeframe Passenger traffic 
forecast (annually) 

Freight traffic forecast 
(annually) 

ICAO 2015 to 2035 4.3% 3.9% 

ACI 2017 to 2040 4.5% 2.5% 

Airbus 2019 to 2038 4.3% 3.6% 

Boeing 2019 to 2038 4.6% 4.2% 

Average  4.4% 3.6% 

 
All of this growth in passenger traffic, air cargo and movements have to be transported. Therefore, 

various companies expect growth in aircraft fleets. This is presented in Table 12. 

Table 12: Fleet forecast according to Airbus (2019), Boeing (2019) and Oliver Wyman (2019) 

 
 
It can be concluded that aviation has grown over the years and will be growing in the future (from 

2023, taking into account the current corona crisis (NOS, 2020)) by an increasing amount of cargo, 

number of passengers and movements. It is expected that more new passenger aircraft will be added 

to the fleet instead of cargo aircraft. Although this is due to a larger passenger market, which accounts 

for 71.4% for KLM and 89.5% for Delta Air Lines of the revenues (Delta Air Lines, 2018) (KLM, 2018).  

Thus, for the future and the pushback/taxi concept for cargo aircraft, it has to be taken into account 

that more cargo is transported by passenger aircraft instead of cargo aircraft. This is already seen at 

AAS, whereby more and more freight is transported by widebody passenger aircraft. This is due to the 

capacity limitations of 500,000 aircraft movements. Therefore, no additional slots are available for full-

freighter aircraft and airlines move most of their cargo from full-freighters to passenger aircraft (Royal 

Schiphol Group, 2020).  

However, it is still expected that freighters continue to carry more than half of the global air cargo due 

to the highly controlled transport, direct routing, reliability and unique capacity considerations 

(Boeing, 2018). Even though, the movement to passenger aircraft has to be considered. Eventually, 

these passenger aircraft could still consist of widebody aircraft but transports less cargo than 

freighters. Nonetheless, this aircraft could still be pushed back and taxied by the pushback/taxi 

concept. 

What Part Airbus Boeing Average Oliver Wyman

Timeframe 2019 to 2038 2019 to 2038 2019 to 2038 2019 to 2029

Fleet Increase 22,680 to 47,680 25,830 to 50,660 24,255 to 49,170 27,492 to 39,175

Deliveries Total 39,210                  44,040                  41,625                 11,683                  

Passenger fleet 38,360                  43,000                  40,680                 20,919                  

Freighter fleet 850                       1,040                    945                       413                       

Narrow-body % 76% 75,4% 76% 60%

Wide-body % 24% 19,4% 24% 40%

New 25,000                  24,830                  24,915                 

Replaced or retained 14,210                  19,210                  16,710                 10,076                  

Freighters Total 2,500                    2,820                    2,660                   

New 850                       1,040                    945                       

Replaced 1,650                    1,780                    1,715                   

Narrow-body % 80% 40% 60%

Widebody % 20% 60% 40%
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Future aircraft 
For the pushback/taxi concept, future widebody aircraft have to be considered. It is possible that these 

aircraft are already in operation at AAS but are not represented in the aircraft movements of 2018. 

The widebody aircraft that are already in operation or expected to be taken into service in the 

upcoming years are the A350-1000 (MTOW: 319 tons), B787-10 (MTOW: 254 tons), B777X (MTOW: 

352 tons) (Airbus, 2020b) (Boeing, 2020b). 

Retirement of aircraft 
It is expected that the A380 and B747 will be retiring in the upcoming years (Garcia, 2019). This 

influences the maximum weight that the pushback/taxi concept has to transport. After these aircraft 

types are retired, the aircraft with the highest weight is the B777-300 or B777X with a weight of 352 

tons. Therefore, the pushback/taxi concept is chosen based on this weight. 

4.2.5 The concept for cargo aircraft at Amsterdam Airport Schiphol. 
Now that it is known what the requirements of the pushback/taxi concept have to be, a choice can be 

made on which concept has to pushback and taxi cargo aircraft at AAS, which is described in this 

paragraph. The choice is made between on-board and external systems, based on the towing capacity, 

speed and fuel and emissions reduction. 

On-board systems 
An on-board system is not an option for widebody aircraft, because it does not have the capacity to 

pushback and taxi aircraft of 350 tons or more. However, on-board systems are able and more suitable 

to move narrow-body aircraft. 

Only the WheelTug on-board system is still in production. Therefore, the characteristics of the 

WheelTug are described in Table 13. As can be seen, the WheelTug is only able to move aircraft up to 

85 tons, which are narrow-body aircraft. If it is certified to pushback and taxi the Embraer EMB 120 

and B737-400, it could likewise move these freighter aircraft. 

As can be seen, the WheelTug is expected to reduce emissions and fuel, while it saves time and money. 

However, the reduction in emissions and fuel from pushback and taxiing is put into perspective 

because the additional weight increases the emissions and fuel consumption during flight. 

Therefore, it is not an option for widebody aircraft, because these kinds of aircraft are typically used 

for intercontinental transport and usually make flight cycles with legs longer than 1000 NM. Hence, 

widebody aircraft have less on-ground time, which decreases the efficiency of an on-board system. 

Due to higher flight time, the added weight of an on-board system has more effect on the fuel 

consumption and emission production of widebody aircraft. Accordingly, the extra weight of on-board 

systems cannot be offset to the decreased fuel consumption and emission production from the ground 

operation. 

It may not even be an option for narrow-body aircraft due to the speed. This influences the throughput 

because the normal taxi speed is 55 km/h according to Innovators Autonomous Airside (Appendix VIII). 
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Table 13: Characteristics of WheelTug on-board system (Lukic et al., 2019), (WheelTug, 2017)  

 WheelTug 

NLG or MLG? NLG 

Propulsion APU 

Power supply Kerosene 

Maximum pushback / taxi speed (km/h) 16.7 

Towing Capacity (tons) 85 

Maximum aircraft it can pushback / taxi 737-700, -800, -900 

On-board weight (kg) 130-160 

Expected emission reduction pushback & 
taxiing 

60% 

Expected fuel reduction  50% of taxi fuel 
 

Time savings 6 min on pushback time 
15 minutes on on-time performance 

Money savings $385,000 per aircraft per year 

Estimated time to enter service 2019 

 
External systems 
In contrast to on-board systems, external systems are more operationally capable to pushback and taxi 

widebody aircraft. All external systems are described in Table 14, in which it can be seen that all 

systems have a towing capacity of 250 to 600 tons. Therefore, it is able to pushback and taxi all 

widebody aircraft as can be seen in Table 8. 

However, the Mototok is only able to do the pushback due to the low speed. Additionally, Kalmar and 

Hydro Systems have a slower speed than the TaxiBot, which influences the throughput at AAS due to 

the maximum taxi speed of 55 km/h according to Innovators Autonomous Airside (Appendix VIII). 

Nowadays, KLM Ground Services is already testing with the Kalmar TBL800, while AAS is testing with 

the TaxiBot. KLM plans to replace all conventional pushback trucks with electric pushback trucks for 

the pushback operation by 2025, while AAS expects to autonomously pushback and taxi aircraft by 

2030. KLM is now focusing on pushing back narrow-body aircraft and will later focus on widebody 

aircraft. AAS focuses on the most common aircraft, which are narrow-body aircraft. (Head of Support, 

Appendix VII) (Innovators Autonomous Airside, Appendix VIII). The focus on this type of aircraft is due 

to the total fuel consumption and emissions from taxiing at AAS, which is likewise described in 4.1.2.  

However, not every external system is suitable to taxi aircraft, because of fatigue loads on the NLG. 

Only, the TaxiBot is suitable for this, because the pilot is in control instead of the external system. 

Further, by using the TaxiBot it is not needed to modify the aircraft, there is no FOD damage and it has 

reduced noise and air pollution (TaxiBot, 2020). Besides, it reduces fuel and emissions from taxiing due 

to unused aircraft engines. Only, 2% emissions and taxi fuel are produced due to the APU. However, 

one TaxiBot costs around $3 million according to Lukic et al. (2019).  

Due to the test of KLM Ground Services and AAS and the ability to pushback widebody aircraft, this 

research further focuses on external systems. This system is likewise made to taxi with it and therefore 

able to reduce taxi emissions as described in 4.1.2. 
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Table 14: Characteristics of various external systems 

 Mototok TaxiBot  Kalmar Hydro 
Systems 

Blissfox 

Type Spacer 250 Widebody TBL800 Emover F1-340E 

Propulsion Electric Hybrid Hybrid Electric Electric 

Power (kW) N/A 500 300 to 400  720 kW N/A 

Maximum 
speed (km/h) 

10  42.6 25 23 N/A 

Towing 
Capacity 
(tons) 

250 575 575 600 380 

Aircraft range 
it can 
pushback/taxi 

A320 to A350 
B757 to B787 

A330 to A380 
B767 to B747 

A330 to A380 
B767 to B747 

E170 to A380 B777 

Expected 
emission and 
fuel reduction 

100% on 
pushback fuel 

98% CO2 
98% of taxi 
fuel 

N/A 100% on 
emissions 

N/A 

Sources (Mototok, 
2020) (Lukic 
et al., 2019) 

(Lukic et al., 
2019) 
(Hospodka, 
2014b) 
(TaxiBot, 
2020) 

(Kalmar, sd) (Hydro 
Systems, 
2020) 

(Bliss-Fox, 
2018) 
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4.3 Sustainable Propulsion 
Dependent on the choice between external concepts, it is assumed that the concept still uses fossil 

fuel power to move the aircraft. To create a completely sustainable system, a sustainable propulsion 

has to be used. Therefore in this paragraph, sub-question 3 is answered, in which the sustainable 

energy source that has to be used for eventual propulsion is described in 4.3.1, while the characteristics 

with all advantages, disadvantages, constraints, and challenges are established in 4.3.2. The turning 

point between sustainable energy sources is elaborated in 4.3.3. 

4.3.1 Sustainable energy source 
Nowadays, most of the energy is generated using fossil fuels, such as oil, natural gas, coal, peat, which 

eventually depletes and thus are non-renewable. In contrast to that are renewable energy sources, 

such as wood, plants, dung, water, geothermal sources, solar, nuclear, offshore and onshore wind, 

biomass or biofuels and tidal and wave energy (Grant, Trautrims, & Wong, 2017). This kind of sources 

do not exhaust natural resources or cause severe ecological damage and has the ability to be 

maintained at a steady level (Collins, 2020). Therefore, these sources are sustainable. 

Nowadays, in the Netherlands, 16.4% of the net energy production is generated by renewable energy 

sources in 2018, see Figure 21. From the 16.4%, solar panels generate 20%, biomass 25%, wind energy 

54% and waterpower 1%, as presented in Figure 22 (CBS, 2020). In 2030, two-third of electricity 

production has to be renewable, while the electricity production has to completely consist of 

renewable energy in 2050 (PBL, 2019). This is to support the -1.5 degrees Celsius goal of the Paris 

Agreement and the target of the Netherlands to reduce emissions with 49% and 95% respectively to 

1990 (Rijksoverheid, 2019) (European Commission, 2019). 

 
In the meantime, AAS’s goal is to be emission-free in 2030 and emission positive in 2050 (Royal 

Schiphol Group, 2020). Therefore, more and more renewable electricity and sustainable applications 

have to be used. To support the emission-free and emission positive goal, the external concept could 

be propelled by using biofuel, renewable electricity, or hydrogen, which are all generated by 

sustainable energy sources.  

 

1%

54%
20%

25%

Renewable energy production 
by energy source

Waterpower Wind energy

Solar energy Biomass

Figure 22: Renewable energy production by energy source in 
the Netherlands in 2018 

3,1%

80,0%

16,4%

0,5%

Net energy production by 
energy source

Nuclear power Fuels Renewables Other

Figure 21: Net energy production by energy source 
in the Netherlands in 2018 
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Biofuel 
Biofuel is made from biomass, which is usually blended with petroleum fuels. Using biofuel reduces 

the consumption of petroleum fuels (eis, sd). Biofuel and biomass are considered to be sustainable 

due to the amount of vegetation that absorbs CO2 is the same as the combustion of biomass and the 

process to produce biofuel (Rijksoverheid, 2019). However, the sustainability of biofuel production is 

dependent on what biomass generation is used.  

The first and second generation are unsustainable when it competes with available land for food 

production and when forest areas are converted to grow biomass, the threat of biodiversity and food 

prices increase (Andrée, Diogo, & Koomen, 2017) (Aguilar, et al., 2017). The third and fourth generation 

of biofuel, produced from algae, do not compete with food crops on arable land but require more 

energy input than the first and second generation. Additionally, large quantities of water are needed. 

It depends on what type of energy is needed to produce algae, otherwise it is considered unsustainable 

(Leu & Boussiba, 2017) (Datta, Roy, & Hossain, 2019). 

Nonetheless, if biofuel is made sustainably, it could be used for the external concept, because it 

reduces emissions. However, fossil fuel power, mixed with biofuel, is still used, which produces 

emissions. Therefore, this research does not further focus on biofuel due to the implementation of a 

completely sustainable external concept with which no fuel is used and thus no emissions are 

produced. 

Renewable electricity 
Only energy produced from geothermal systems, hydropower, wind turbines and solar panels is 

considered to be renewable energy because it is produced from renewable sources (Doble & 

Kruthiventi, 2007). In contrast to that, are biomass, biofuel, and nuclear energy. Biomass and biofuel 

have been described above. Likewise, nuclear energy is not sustainable, because the stock of uranium 

is not renewable. However, the stock is so enormous that it is possible to generate nuclear energy for 

100,000 years. Nuclear energy emits fewer emissions compared to fossil fuels but is not completely 

emission-free. On the other hand, radioactive waste increases environmental and health risks and an 

incident with a nuclear power plant has enormous consequences. Thus, nuclear energy could help to 

reduce emissions but is not completely sustainable (Milieucentraal, sd). 

To make the external concept completely sustainable, it should use energy made by solar panels and 

wind turbines. Although, it is unverifiable to determine whether electricity for the concept is produced 

from renewable energy sources because all energy (likewise energy from fossil fuels, nuclear power 

plants and biomass) comes from the same power grid (ACM, sd). In this way, it is considered that by 

propelling the external concept with electricity, the concept is sustainable, because it does not make 

use of fossil fuel and therefore does not produce any emissions. 

Hydrogen 
Hydrogen can be used for the external concept. There are three types of hydrogen: grey, blue, and 

green. The grey hydrogen is the least sustainable because CO2 emissions are produced by using gas or 

coal to produce hydrogen. In contrast to this, blue hydrogen is CO2 neutral. The CO2 that is produced 

by the production of blue hydrogen is captured and stored. The most sustainable hydrogen is green 

hydrogen because it uses renewable energy to produce it (Shell, 2020). Therefore, this research further 

focuses on green hydrogen.  
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Conclusion 
Eventually, green hydrogen and electricity produced out of solar panels and wind turbines will be used 

for the external concept, because these make it completely sustainable in the operation. Although, it 

is unverifiable if electricity is made by renewable energy or by nuclear power plants, biomass, or fossil 

fuels (ACM, sd). Therefore, it is assumed that electricity for the concept is sustainable in the operation 

because it does not make use of fossil fuel and does not produce any emissions.  

4.3.2 Characteristics of the sustainable energy source  
The characteristics of renewable electricity and hydrogen are represented in this paragraph. Therefore, 

the aspects of each sustainable energy source are analysed in generating, transporting, storing, and 

charging or fuelling. 

 
Generating 
In the Netherlands and at AAS, most of the renewable electricity is generated by solar panels and wind 

turbines (CBS, 2020) (Royal Schiphol Group, 2020). However, this electricity has to cope with 

intermittency, variability and unpredictability, because it is dependent on the number of hours the sun 

shines, the wind blows around, the elevation angle of the sun and the intensity of the sun and wind 

(Zorica, Vuksic, & Zulim, 2014). Furthermore, the energy supply and demand vary in seconds to years 

as can be seen in Figure 23 in Appendix VI. Therefore, this makes balancing of supply and demand of 

electricity challenging (Azhgaliyeva, 2019). 

This is where green hydrogen kicks in because it can temporarily store electricity. If renewable 

electricity generation by solar panels and wind turbines exceeds demand, this can be used to produce 

hydrogen (Chi & Yu, 2018). This is a solution to the intermittency of renewable electricity generation.  

The trade-off in the generation of renewable electricity and hydrogen is dependent on the efficiency 

and the costs. The efficiency of electrolysers is between the 60% and 80%, while the efficiency of solar 

panels and wind turbines is around 10% to 15% and 50% to 59% respectively (Wilson, 2013) (Centre 

for Sustainable Systems, 2019).  

The costs of every technology are described in Table 15. As is shown, the costs of wind turbines are 

lower due to the higher efficiency compared to solar panels, from which renewable electricity could 

immediately be used for the external concept. For hydrogen production, wind turbines are the best 

option due to costs and efficiency.  

Table 15: Capacity and costs of renewable electricity technologies (EnergySage, 2018) (IRENA, 2012b) (IRENA, 2012a) 

Technology  Per kW Maximum 
capacity 

Costs per 
technology 

Costs to produce 
5 MW 

Electrolyser  $1000 – 
$1400 

  $5 million to $7 
million 

Solar panel  $3000-
$6000 

0.25 kW per 
panel 

 $15 million to $30 
million 

Wind 
turbine 

Onshore $1800-
$2200 

2 MW $3.6 million to $4,4 
million 

$9 million to $11 
million 

 Offshore $4000-
$5000 

3 to 5 MW $12 million to $25 
million 

$25 million 
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Transportation 
After renewable electricity and/or hydrogen is generated, it has to be transported to AAS. The 

electricity is directly transported via the electrical grid, while hydrogen has to be stored locally. 

However, the electrical grid has to be highly flexible due to intermittency. Further, there can be more 

demand for transport than the electrical grid can handle. This can make the transition from fossil fuels 

to completely renewable electricity a problem, due to expansion of the electrical grid in a densely 

populated Netherlands. (Netbeheer Nederland, 2019). 

A new electrical grid is expensive and takes much time to implement. Therefore, hydrogen is a better 

option, which is cheaper and shorter to implement (Secretary, Appendix IX). Hydrogen is transported 

by tube trailers or pipelines in the form of compressed gas or liquid hydrogen as can be seen in Table 

16.  

Table 16: Transportation form of hydrogen in volume, restrictions, and solutions (Shell, 2017) (Gigler & Weelda, 2018) 
(Apostolou & Xydis, 2019) 

Transport form Volume Restrictions Solution 

Tube Trailers 
(gaseous) 

Small Low density and quite heavy 
Costs of €800 times the 
capacity of stored mass 
quantity 

Transport in liquid form. 

Tube Trailers 
(liquid) 

Medium Liquefaction costs Lower trucking costs due to larger 
volume in contrast to gaseous form. 

Pipelines Large High level of investment of 
€400,000 - €3,200,000 per km 

Could use gas network pipelines 

 
Eventually, the most suitable option for transporting hydrogen to AAS is dependent on the amount of 

hydrogen that has to be transported, the distance over which it has to be transported and the priority 

of low costs (Shell, 2017). This determines the costs of the hydrogen together with the desired quality 

and frequency of supply (Gigler & Weelda, 2018). 

Storage 
After renewable electricity and hydrogen is generated and transported, it has to be stored at AAS. 

Storage is able to diminish surpluses and shortages of intermittent renewable electricity (Laugs, 

Benders, & Moll, 2020). If the sun is not shining and/or there is no wind, the stored electricity can be 

used. 

The renewable electricity is transported via the electrical grid, which similarly is used as a storage. 

Although, the capacity of the grid is limited. In this way, when renewable electricity is increasingly 

produced and transported, and there is no capacity on the grid, the electricity has to be stored 

(Netbeheer Nederland, 2019). 

Renewable electricity can be stored in chemical, electrochemical, mechanical, electrical, or thermal 

technologies (Amrouche, Rekioua, Rekioua, & Bacha, 2016). All storage technologies come with 

various efficiencies and costs are demonstrated in Table 17. 
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Table 17: Energy storage medium, time scale and costs (Amrouche et al., 2016) (ESNL, 2019) 

Energy storage Medium Time scale to 
store 

Efficiency Costs per kW Costs per 
kWh 

Chemical Hydrogen Days to 
seasons 

65% - 75% >$10,000 - 

Electrochemical Nickel 
batteries  

Minutes to 
hours 

60% - 70% $300 - $4000 $150 - $2500 

 Sodium 
batteries 

Minutes to 
hours 

86% - 89% $1000 - $3000 $300 - $500 

 Lithium-ion 
batteries 

Minutes to 
hours 

90% - 95% $1200 - $4000 $600 - $2500 

 Zebra 
batteries 

Minutes to 
hours 

75% - 85% N/A N/A 

 Lead-acid 
batteries 

Minutes to 
hours 

75% - 85% $300 - $600 $200 - $400 

 Flow 
batteries 

Minutes to 
hours 

70% - 80% $700 - $2500 $150 - $1000 

Mechanical Flywheels Minutes 80% - 90% $250 - $350 $1000 - $5000 

 Compressed-
Air Energy 
Storage 
(CAES) 

Minutes to 
hours to 
days 

70% - 85% $400 - $8000 $2 - $50 

 Pumped 
Heat 
Electrical 
Storage 
(PHES) 

Days to 
seasons 

64% - 75% $650 - $2500 $5 - $100 

Electrical Electrostatic 
field 

Seconds 90% - 98% $100 - $300 $300 - $2000 

 Magnetic 
field 

Seconds 90% - 99% $200 - $300 $1000 - 
$10,000 

Thermal Warming a 
storing 
medium 

Hours to 
days to 
seasons 

80% - 90%  N/A N/A 

 

The thermal storage has the highest efficiency to store high amounts of electricity, but the costs per 

kW and kWh are unknown. Therefore, CAES as mechanical storage technology has the highest 

efficiency relative to the low costs per kW and kWh. Lithium-ion batteries have the highest efficiency 

to store a smaller amount of electricity but are expensive in comparison to other electrochemical 

technologies. Therefore, lead-acid batteries have the highest efficiency relative to the costs. 

Electricity can likewise be stored in hydrogen. This is less efficient than storing electricity in the above-

described technologies because electricity has to be converted to hydrogen. Due to the conversion, a 

margin of electricity is lost (Secretary and Senior Project Developer Hydrogen, Appendix IX). High-

pressure tanks, salt caverns, exhausted oil fields, gas fields and aquifers can be used to store hydrogen 

in a compressed, liquefied and metal hydride mode (Shell, 2017) (Amrouche et al., 2016).  
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Compressed hydrogen in tanks has a storage density of 22 g/l to 42 g/l. However, to achieve higher 

storage density, stronger materials and auxiliary energy are required to compress it to 700 bar. The 

salt cavern is the most suitable to store hydrogen, but likewise the most expensive. To reach an even 

higher storage density of 70 g/l, liquefaction by a complex technical plant is required. This needs much 

energy and increases costs. Further, hydrogen is stored in metal hydrides, which have hydrogen 

absorption properties. However, it requires a thermal management system and hydrogen absorption 

and restoration are quite slow (Shell, 2017) (Amrouche et al., 2016) (Hadjipaschalis, Poullikkas, & 

Efthimiou, 2009). 

Electrically charging and hydrogen station 
After renewable electricity and hydrogen are generated, transported, and stored, it finally has to be 

used for electrically charged or refuelling with hydrogen. The charging or fuelling station can be placed 

at the gate or at a central point, such as the parking spot of the external system, to charge or refuel 

the on-board system or external system.  

For charging the external concept with electricity, only a charging station is needed. The charging 

station could function as: 

• a station to charge the external concept at site; 

• a battery swap station, which charges batteries that can be exchanged if it takes too long to 

charge the concept with electricity at site. 

(Goswami & Kreith, 2016). 

The external concept is compared to trucks due to the heavy aircraft weight of the aircraft. The time it 

takes to charge an electrical truck is around one to two hours with fast chargers and costs around €0,30 

to €0,59 per kWh. (VDL, 2018) (Volvo Trucks, sd) (Liimatainen, Vliet, & Aplyn, 2019) (Engie, sd). 

In contrast to electrical charging is refuelling the external concept with hydrogen. The refuelling 

station has to consist of: 

• electrolyser (for on-site production); 

• purification unit (for on-site 

production); 

• compressor; 

• storage tanks; 

• gas booster to regulate the pressure 

of 350 or 700 bar during refuelling; 

• cooling unit to not exceed 85°C and 

ensure safety during refuelling; 

• safety equipment; 

• mechanical and electrical equipment, 

such as control panels; 

• dispensers.

(Apostolou & Xydis, 2019) 

To fuel hydrogen in three to five minutes, high-pressure of 350 or 700 bar is needed. This ensures that 

a compressor is needed when hydrogen is delivered under low pressure. Due to the compression of 

hydrogen, it heats up during refuelling. In this way, the cooling unit is needed to ensure that it does 

not exceed 85°C and ensure safety (Shell, 2017). The hydrogen at the hydrogen station will cost around 

5 €/kg. However, this could decrease to 4 €/kg by chain optimization (Gigler & Weelda, 2018). 

The safety risks of the hydrogen station have to be taken into account because hydrogen is classified 

as a highly hazardous material. Hydrogen itself is not explosive or toxic but needs an oxidant to burn 

together with an electric spark to ignite (Shell, 2017). 
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Additionally, it burns almost invisibly, which makes it unsafe. Therefore, open-air or enclosed spaces, 

with good aeration and ventilation are needed to store hydrogen, because it escapes upwards (Shell, 

2017). In this way, it needs much distance to other site operations, which takes up space (Wolff, 2018). 

Propulsion by electricity or hydrogen 
Eventually, the external concept will be propelled by electricity or hydrogen. The trade-off is 

dependent on the energy efficiency and radius of action.  

The radius of action of hydrogen of 600 km is more than electricity of 300 km. For trucks, which have 

to deal with heavier weights, hydrogen is a better option. This is due to the energy density of hydrogen 

compared to batteries. As a consequence, many batteries are required to achieve the same radius of 

action as hydrogen. Due to the energy density of hydrogen, less space is needed in which more power 

is stored compared to batteries. In this way, the payload is not decreased, the radius of action is higher, 

and more power can be used. As a consequence, hydrogen is the ideal propulsion for vehicles that 

have to transport heavier weights, need more radius of action and power (Secretary and Senior Project 

Developer Hydrogen, Appendix IX). 

The higher energy density of hydrogen compared to batteries can be seen in Table 18. However, 

batteries have better electric efficiency. This is because hydrogen has to be converted into electricity, 

while the electricity out of batteries can be used immediately. Nonetheless, if more energy density is 

needed, hydrogen is the best option. The electric efficiency only decreases by a margin, while the 

energy density increases significantly. As a consequence, hydrogen stays the better option for 

transporting heavier weights. 

Table 18: Energy density and electric efficiency of batteries and hydrogen (Goswami & Kreith, 2016) 

Type Energy density (Megajoule per 
litre) 

Electric efficiency 

Ultracapacitors 0,2  95% 

Li-ion batteries 1,8  85% 

NiMH batteries 0,6  80% 

Hydrogen at 350 bar 3 47% 

Hydrogen at 700 bar 5 45% 
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4.3.3 The turning point 
This paragraph is based on the previous paragraphs 4.3.1 and 4.3.2 and the interviews with Secretary 

and Senior Project Developer Hydrogen (Appendix IX) and Innovators Sustainability (Appendix X).  

Eventually, hydrogen is the ideal propulsion for the external concept due to energy density, power, 

and radius of action, which meets the requirement to move heavyweight aircraft. However, in the 

short term, hydrogen will not be used. This is due to the expectation that hydrogen will be widely used 

in 2030. Besides, for hydrogen a completely new transportation infrastructure, in the form of trucks or 

a pipeline system, is needed. In addition, there is a lack of renewable electricity to efficiently produce 

hydrogen because energy is lost during conversion from electricity to hydrogen. Therefore, more 

renewable electricity is required to obtain the same energy amount of hydrogen. 

Hence, electric external concepts are used in the short term because the technology and infrastructure 

are already available. Besides, electricity does not require additional tasks to store it. However, electric 

equipment has logistical and operational consequences to the availability and utilization of the 

equipment, which is due to the relatively high charging times. Therefore, more equipment is required 

to compensate for the equipment that is charging and to continue the operation (Business Unit 

Manager Freight Handling, Appendix VII). 

To diminish the compensation and logistical and operational consequences, hydrogen will be used in 

the long term. In the upcoming years, the production of renewable electricity will increase. This has as 

consequence that electricity production is increasingly intermittent, causing the electric grid is more 

and more constrained. Because of this, it is more attractive to produce hydrogen and to store 

electricity in it, which eventually can be used for the external concept.  

Besides, the completely new transportation infrastructure for hydrogen takes a few years to 

implement, which causes hydrogen to be used in the long term. 
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4.4 Logistical and Operational Consequences 
There are various logistical and operational consequences by using the external concept and 

corresponding sustainable propulsion. Therefore, this paragraph answers sub-question 4, in which the 

consequences of the external concept are elaborated in 4.4.1, while the sustainable propulsion 

consequences are described in 4.4.2. 

4.4.1 External concept 
The detach operation of the concept from the aircraft to disconnect communication and gear safety 

pins is moved from the apron to the taxi- or runway. Therefore, a person has to walk on the taxi- or 

runway, which is considered as an incursion (EUROCONTROL, 2016b) (EUROCONTROL, 2016a). This 

causes safety issues due to the engine check, start-up, and warm-up of the aircraft that is in front of 

the following aircraft. 

Additionally, the engine check, start-up, and warm-up transfers from the apron to the taxi- or runway, 

because the aircraft engines are off during the pushback and taxi operation. The process cannot be 

done during this operation, because of the engine blast for the following aircraft, which represents a 

safety hazard. Therefore, dedicated areas have to be placed at both ends of the runways. These are 

used to do the engine process and to wait for landing aircraft. However, it further complicates the 

pushback and taxiing procedures and airport infrastructure (Lukic et al., 2019). 

Furthermore, additional roads for truck movements have to be made, due to the congestion and higher 

accident risks of the trucks on the taxiways (Lukic et al., 2019) (Guo et al., 2014). However, it has 

consequences for airport operations and workload of ATC. 

Although, these complications are avoided when the disconnection of the concept is regulated, and 

safety hazards are taken away. In this case, dedicated areas and additional roads are not needed, while 

it is possible to drive over the taxi- and runways. However, the throughput at AAS has to be maintained 

to avoid airport congestion. 

The time it takes to detach the concept and do the engine check, start-up and warm-up influences the 

departure sequence of Airport Collaborative Decision Making (ACDM). Therefore, it is needed to let 

the following aircraft in the departure sequence wait longer at the gate to avoid congestion at the taxi- 

and runways. Although, this could result in congestion for gates for arriving aircraft and increases the 

workload of ATC. 
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Assuming that it is possible to drive the concept over the taxi- and runways, the external truck has 

several options to do:  

• After the truck has detached on the runway, it drives to the nearby taxiway and waits there to 

check if the aircraft departs. If the aircraft has problems, it is possible to reattach the aircraft 

to the truck and return to the gate.  

• If the aircraft does not have problems and departs, the truck returns to do another pushback 

and taxi operation.  

• The truck could go to another runway to taxi an arriving aircraft to the gate. However, the 

aircraft then has to stop and wait for a few minutes to attach to the truck, which lengthens 

taxi-in time. This influences the separation time between arriving aircraft and thus the arriving 

flow at AAS, which increases the workload of ATC. Meanwhile, the aircraft could already have 

been at the terminal building without stopping. However, hereby fuel is consumed, and 

emissions are produced (Lukic et al., 2019). 

Last but not least, the external truck has a lower speed than conventional taxiing. Further, pushing 

back and taxiing cargo aircraft even has a slower speed due to the weight of the aircraft. As a 

consequence, the congestion increases, which influences the throughput at AAS and workload of ATC 

(Innovators Autonomous Airside, Appendix VIII). 

4.4.2 Sustainable propulsion 
By making use of sustainable propulsion, the external concept is completely sustainable in operation.  

However, it has logistical and operational consequences, which depend on whether electricity or 

hydrogen is used. In this paragraph, it is assumed that electricity or hydrogen is generated, 

transported, and stored, while the propulsion and charging or fuel station are considered.  

The placement and time it takes to charge or refuel the sustainable external concept/truck with 

electricity or hydrogen has logistical and operational consequences. To supply the truck with 

electricity, at every gate a charging station could be placed. Likewise, a central charging station could 

be placed where the trucks are parked and fuelled. However, it takes time before the truck is 

completely charged, in which it cannot be used. Therefore, multiple trucks are required to solve it, 

which is limited by the available parking spaces (Business Unit Manager Freight Handling, Appendix 

VII). This increase costs. Another option is to place a battery swap station to avoid the charging time 

and multiple trucks. 

Nonetheless, many batteries are needed due to low energy density. Hydrogen has less logistical and 

operational consequences as it has a higher radius of action and can be refuelled fast, once or twice a 

day. Therefore, hydrogen does not influence processes and it is not required to invest in double 

sustainable trucks. 

However, the hydrogen fuel station is placed centrally because it needs distance to other site 

operations due to safety risks. This has as consequence that it takes time before the sustainable truck 

is refuelled and back in operation. Although, it is certainly shorter than recharging batteries. 
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5. Conclusion 
The purpose of this quantitative and qualitative research was to provide an answer to:  

‘What sustainable pushback/taxi concepts can be introduced at Amsterdam Airport Schiphol for cargo 

aircraft to contribute to the 35% CO2 reduction objective for 2030 relative to 2020 of the ‘Slim én 

Duurzaam’ plan?’ 

The analysis of the current situation of taxiing aircraft reveals that widebody aircraft consume the most 

fuel (0.76%) and produce the most CO2 emissions (2.77%) per aircraft movement. However, narrow-

body aircraft have the highest total fuel consumption (1.27%) and CO2 emissions (4.64%), which is due 

to the higher number of aircraft movements this type of aircraft make. The total fuel consumption 

represents 2.03%, while the CO2 emissions are 7.41%. The fuel consumption and emission from taxiing 

are divided through the total from Schiphol Group Airports, which had 3,920,078 tons total fuelled 

kerosene and 1,359,432 tons CO2 emissions in 2018. Further, the analysis indicates that it is not 

possible to calculate the emissions from pushback equipment due to a lack of data and 

representativity. 

The insight into the current traffic at Amsterdam Airport Schiphol exposes that 57% of the cargo is 

transported by freighters, which account for 3% total movements. Since freighters are 91% widebody 

aircraft, most cargo is transported by this type of aircraft. To reduce the fuel consumption and 

emissions from widebody aircraft, the external system (a truck to pushback and taxi aircraft without 

the use of a conventional pushback truck or aircraft engines) is the most operationally capable. This is 

due to the towing capacity and speed. In this way, the external system is able to pushback and taxi 

every widebody aircraft. Likewise, on-board systems are not an option, due to the additional weight. 

This negatively influences fuel consumption and emission during flight, which cannot be offset to the 

sustainability improvement in the ground operation. This applies especially to widebody aircraft, 

because of the longer flight distance this type of aircraft makes. Further, when focussed on the 

expected growth of aviation, future and retirement of aircraft, the external system is still the one for 

widebody aircraft. 

To create a complete sustainable external system/truck a sustainable propulsion has to be used. For 

this truck, hydrogen is the ideal propulsion due to its energy density, power, radius of action and fast 

refuelling time. This meets the requirement to move heavyweight widebody aircraft. However, 

electricity is used in the short term. Electricity has no conversion losses during generation, does not 

need completely new infrastructure for transportation, no additional tasks to store and there only is a 

charging or battery swap station needed. 

However, the external system/truck and sustainable propulsion have logistical and operational 

consequences. The sustainable truck influences the throughput at Amsterdam Airport Schiphol and 

workload of Air Traffic Control. To maintain the throughput, additional roads or dedicated areas have 

to be added or processes have to be improved. Further, hydrogen has fewer consequences on the 

availability and utilization of the truck due to the fuelling time and radius of action in contrast to 

electricity. Therefore, the preference for hydrogen over electricity for the sustainable truck is higher. 
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6. Discussion 
For this research, the calculation of the fuel consumption and emissions from pushing back and taxiing 

cargo aircraft at AAS is based on the formulas of ICAO (2011). The calculation of taxiing is modified in 

such a way that all considerations (movements, taxi time, runway usage factor, fuel flow and emission 

factors per specific aircraft type) are taken into account. Therefore, it can be stated that if this research 

is repeated, with the same considerations, the results would be the same, valid, and reliable. 

Another method that was used, were interviews. The interviews were carried out multiple times to 

check the answers from one respondent with the other if the subject was the same and possible to do. 

Further, the respondents deal with the subject in their function on which questions were asked, which 

ensures they had knowledge about the subject. Last but not least, the questions were altered based 

on the previous interview to obtain improved answers. In this way, the answers are considered to be 

valid and reliable and useful in this research.  

The results from the first sub-question reveal that there is a lack of information and representativity 

about the fuel consumption from pushback equipment. Nonetheless, the fuel consumption and 

emissions from taxiing at AAS have been calculated. The results indicate that the fuel consumption 

represents 2.03%, while CO2 emissions account for 7.41% of the total from Schiphol Group airports. 

Further, narrow-body aircraft represent 1.27% fuel consumption and 4.64% CO2 emissions, while 

widebody aircraft account for 2.77% CO2 emissions and 0.76% fuel consumption of the total by 

Schiphol Group airports. This is as good as in line with the reports of Bylinsky (2019) and Airport Carbon 

Accreditation (2020), which stated that the airport industry produces around 2% to 5% of the air 

transport sector’s CO2 emissions with aircraft ground movements (taxiing) and ground support 

equipment (pushback).  

A potential explanation for this result, that it is not completely in line, offers the researches of Winther 

et al. (2015) and Xu et al. (2020) because this took into account scheduled aircraft, airside configuration 

and ground operational data. This eventually influences fuel consumption and emissions. Another 

possible interpretation for this result is the ground time and aircraft movements of narrow-body 

aircraft in contrast to widebody aircraft. As a consequence, the relative fuel consumption and 

emissions from narrow-body aircraft are higher than widebody aircraft. 

The result of the second sub-question is in line with the research of Lukic et al. (2019), which concluded 

that widebody aircraft will prefer to use the external systems, while narrow-body aircraft are in favour 

of the on-board system. The likely explanation for this result is offered by the research of Hospodka 

(2014b) that stated that hub airports will use external systems due to the high fuel consumption and 

high taxi-out times. Another feasible judgement is the already known technology of pushback truck, 

which is easy to modify and apply for pushing back and taxiing aircraft, while on-board systems are 

new. 

The results of the third sub-question reveal that hydrogen is the ideal propulsion to move heavyweight 

widebody aircraft, but electricity is used in the short term. This matches with Tait (2019), which stated 

that hydrogen wins on range and fuelling time. Another imaginable explanation is that technology for 

electricity is already there, while hydrogen technology is not yet completely developed. 
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The fourth sub-question exposes various logistical and operational consequences of using a sustainable 

external concept/truck. A potential clarification for this is that it is completely new and thus still has to 

be developed. In this way, various problems and consequences are identified. Besides, the 

infrastructure for sustainable propulsion has to be developed, which identifies various problems and 

consequences. 

Eventually, this research complements the existing literature on pushback/taxi concepts because 

previous studies have not provided any conclusions on pushback/taxi concepts for cargo aircraft. Based 

on this research, the Dutch air cargo sector should focus on external pushback/taxi concepts for cargo 

aircraft, because this concept is the most operationally capable to support to reduce the fuel 

consumption and emissions at airports. In addition, the Dutch air cargo sector may obtain additional 

slots for freighter flights when AAS and the Dutch government are convinced on what the Dutch air 

cargo sector is doing to support the sustainability of the Dutch aviation sector. 

However, it should be taken into account that the calculation of fuel consumption and emissions from 

taxiing at AAS exclusively focuses on fuel flow and emission factors of engines, the number of engines, 

taxi time types, aircraft movements and runway usage factor. Once focused on other aircraft and 

engine characteristics, assumptions, and factors, which influence fuel flow and emission factors, the 

results may be different. This influences the validity and reliability of the results.  

Eventually, this research focuses on widebody aircraft with the assumption that these aircraft all 

transport cargo, which influences the validity and reliability of the results. Not all aircraft transport 

cargo, but it was not exactly known by the researcher which aircraft transport cargo or not.  

Further, this study does not treat the fuel consumption and emissions from pushback equipment at 

AAS due to a lack of information and representativity. The available data represents the fuel 

consumption of pushback equipment from only one ground handling company at AAS between 

January 2020 to March 2020. In this period, COVID-19 influenced the number of flights that have been 

carried out at the airport and thus the fuel consumption and emission from pushback equipment. In 

this way, the data could not be used for the calculation. Further, there was an overall lack of 

information because other companies were unable to provide the researcher with the right 

information due to the corona crises. 

Besides, observations and focus groups could not be done, because COVID-19 forced everyone to work 

from home. This influenced the number of interviews that could be held, which were harder to 

arrange. The interviews had to be done online rather than physically, which influenced the assessment 

of body language. All of this had consequences for the results and the validity and reliability of it. 

The advice for follow-up research is therefore to conduct a study into other aircraft and engine 

characteristics and factors to find out more about fuel consumption and emissions from taxiing. 

Further, a study into the fuel consumption and emissions from pushback equipment has to be carried 

out to eventually discover the total reduction by using an external system. Moreover, more research 

has to be done on electricity and hydrogen, related to the finance and infrastructure that has to be 

established. Besides, a study into whether it is economically possible to use a system to pushback and 

taxi cargo aircraft has to be conducted. Last but not least, research has to be carried out on cargo 

aircraft to determine which type of aircraft transports the most cargo to improve the fuel consumption 

and emission results of cargo aircraft. 



 

57 
 

In all these studies multiple physical interviews, focus groups and observations have to be done to 

improve the validity and reliability of the research. All of these studies together create a higher 

potential for the external concept to reduce the fuel consumption and emissions from pushing back 

and taxiing cargo aircraft. 
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7. Recommendations 
Based on the conclusions, a number of recommendations can be provided to Air Cargo Netherlands 

and the related Dutch air cargo sector about the use of external sustainable trucks for pushing back 

and taxiing cargo aircraft to contribute to the 35% CO2 reduction objective of the ‘Slim én Duurzaam’ 

plan. 

The research has revealed that freighters, of which 91% consist of widebody aircraft, transport 57% of 

the cargo at Amsterdam Airport Schiphol. Widebody aircraft are responsible for 0.76% fuel 

consumption of the total fuelled kerosene and 2.77% CO2 emissions of the total emissions by Schiphol 

Group airports. To contribute with 2.77% to the 35% CO2 reduction of the ‘Slim én Duurzaam’ plan, it 

is recommended to make use of the external system.  

The external system is recommended to be used, because of the towing capacity and speed. In this 

way, it has the capacity to pushback and taxi widebody aircraft. Additionally, compared to on-board 

systems, it does not add weight to the aircraft, which negatively influences fuel consumption and 

emissions during flight.  

To make use of a completely sustainable external system, which has enough energy density, power, 

radius of action and fast refuelling time, it is recommended to use hydrogen in the long term. Besides, 

hydrogen has fewer logistical and operational consequences on the availability and utilization of the 

concept due to the fuelling time and radius of action in contrast to electricity. However, in the short 

term, it is recommended to use electricity, because affordable hydrogen may not be widely available 

before 2030. Likewise, there are no conversion losses during generation, is no completely new 

infrastructure for transportation, are no additional tasks to store electricity and only a charging or 

battery swap station is needed.  

Additionally, it is recommended to maintain the throughput at AAS to avoid airport congestion. The 

engine check, start-up and warm-up and detachment of the external concept replace from the apron 

to the taxi- or runway, which may influence the throughput and have logistical and operational 

consequences if these last too long. Therefore, it is recommended to optimize the engine-related 

processes and detachment of the external concept by creating clear procedures and a wireless 

communication system.  

Last but not least, it is recommended to initially offer a sustainable truck for a lower price than the 

price of taxi fuel to encourage cargo airlines to use the concept. This is done by using subsidies related 

to innovative sustainable systems. In this way, cargo airlines contribute to the reduction of fuel 

consumption and emissions. Likewise, the system has to be used in the first place for the most 

consuming and polluting widebody aircraft to benefit the most in the short term, which are the: 

• A330-200/-300 

• A340 

• A380 

• B747-400f/-400/-800 

• B767-300 

• B777-200f/-200/-300 

• B787-9 

 

The recommended implementation plan of the external system for cargo aircraft at AAS is described 

in chapter 8. By using all these recommendations, ACN and the Dutch air cargo sector are able to 

contribute to the 35% CO2 reduction objective of the ‘Slim én Duurzaam’ plan. 
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8. Implementation Plan 
In this rough implementation plan, all main activities for the development of a sustainable external 

concept/truck for cargo aircraft at AAS are elaborated. The methodology for this implementation plan 

is described in 3.3.3. The objective of the plan is expressed in a SMART goal as can be seen in Table 19. 

The starting point of implementation of the external concept is described in 8.1, while 8.2 elaborates 

on the activities. The responsibilities and encouragement of the related stakeholders are established 

in 8.3 and 8.4, respectively. The conclusion and discussion of the implementation plan are placed in 

8.5. 

Table 19: SMART criteria for the external concept for cargo aircraft at Amsterdam Airport Schiphol 

 
 

For this goal, the process of pushing back and taxiing cargo aircraft changes: 

• The operation of (dis)connecting the sustainable truck from the aircraft shifts from the apron 

to the runway.  

• The taxi operation from taxiing on aircraft engines to taxiing by the sustainable truck, all the 

way to and from the runway. 

• The employees that are needed to bring the aircraft to the runway or the aircraft stand. 

However, this is not required when the sustainable truck drives autonomously. 

All stakeholders must communicate openly and fairly about their operation for the optimal planning 

and number of external concepts that are needed to provide every cargo aircraft with the service. In 

addition, all stakeholders have to be actively included in the implementation. These are also the risks 

of implementations, but these are mitigated by including all stakeholders immediately, elaborating the 

goal and how each stakeholder can benefit from it. 

 

 

 

 

 

 

Specific Contribute to the 35% CO2 reduction objective for 2030 relative to 2020 of the ‘Slim 
én Duurzaam’ plan by using the external concept for cargo aircraft at Amsterdam 
Airport Schiphol. 

Measurable The contribution is measured by the reduction in used fuel and produced emissions 
by the aircraft engines and pushback trucks. 

Acceptable Acceptable, because the Dutch air cargo sector has to improve their sustainability. 

Realistic Realistic, because of the current tests of Amsterdam Airport Schiphol and KLM and 
the expected development of it and the timeframe is sufficient to implement the 
external concept for widebody cargo aircraft. 

Time-
bound 

From 2023 to 2030. 
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8.1 Starting Point  
The starting point for the external concept for cargo aircraft is 2023. This is due to the expectation that 

aviation is back at its normal level in the Netherlands in 2023 (NOS, 2020). Besides, it is due to the ‘Slim 

én Duurzaam plan’, which aims to scale up the electric pushback/taxi concept and researches the 

application for widebody aircraft between 2021 and 2025 (Luchtvaart Nederland, 2018). However, this 

is already assessed as an ambitious and specific plan by Faber and Van Velzen (2018).  

Additionally, it is due to the current tests of AAS and KLM Ground Services with the external concept. 

AAS expects that the concept will be completely in operation in 2030. However, their target to have 

an autonomous concept is even more ambitious. KLM wants to replace all conventional pushback 

trucks with electric pushback trucks for the pushback operation by 2025, which first focuses on narrow-

body aircraft and later on widebodies (Head of Support, Appendix VII) (Innovators Autonomous 

Airside, Appendix VIII). 

Based on these reasons, 2023 is chosen as a starting point for the sustainable truck for cargo aircraft. 

8.2 Activities 
From 2021 to 2023, various studies related to the sustainable truck for cargo aircraft are conducted 

and preparations are made for the development. One reason for this is to research the application 

more and to wait for the results of the current tests of AAS and KLM Ground Services with their external 

concept. This is to avoid the same problems during development, which reduces costs. Besides, the 

development of Dutch aviation after the corona crisis is monitored before the sustainable truck is 

implemented to avoid an investment mistake.  

In 2023, the development of the sustainable truck for cargo aircraft is started with simulations and 

pilots. The information and data from tests and development of AAS and KLM Ground Services’ 

external concept are used as a setup for the simulation and pilot, which are used to test the 

performance of the truck for cargo aircraft. The applied DMAIC Cycle is shown in Table 20. 

Table 20: DMAIC Cycle in simulation, pilot, and tests 

 
 

The simulation and pilot are expected to last for one year to develop and gather enough information 

before the tests with the sustainable truck are started. The tests are expected to last for another year. 

In 2025, the sustainable truck is taken into operation, which is propelled by electricity. As is read in 

4.3.3, eventually the truck uses hydrogen rather than electricity. Although in the short term, the 

external concept uses electricity.  

  

Define The performance of the sustainable truck for cargo aircraft has to be simulated and 
tested. 

Measure The following performance is measured: 

• The time it takes to pushback and taxi. 

• The corresponding speed. 

• The towing capacity. 

• The reduction in fuel consumption and emissions. 

Analyse Analyse the measured data and create a corresponding planning and the maximum 
number of concepts that are needed. 

Improve Improve the performance to obtain an improved planning and fewer concepts to 
reduce the costs. 

Control Control the performance. 
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In 2027, the conversion from electricity to hydrogen starts. The conversion has to start in 2027, 

because then by 2030 all trucks are sustainable to contribute to the 35% CO2 reduction objective of 

the ‘Slim én Duurzaam’ plan. Besides, this complements to the expectation that hydrogen is widely 

used in 2030 (Secretary, Appendix IX). The conversion from electricity to hydrogen is quite easy to do 

according to Senior Project Developer Hydrogen (Appendix IX). 

At the beginning of the implementation, infrastructure for electricity and hydrogen has to start 

immediately. According to Business Unit Manager Freight Handling and Head of Support (Appendix VII) 

and Innovators Autonomous Airside (Appendix VIII), it is needed to start quite early with investing in 

the infrastructure to provide enough electricity and hydrogen by 2027 and 2030, respectively. 

During the implementation, it is necessary to monitor what is going to happen in the future with the 

development and retirement of aircraft, because this changes the requirements of the sustainable 

truck. 

The DMAIC Cycle in Table 21 is used when the sustainable truck is taken into operation. 

Table 21: DMAIC Cycle in operation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Define The performance of the sustainable truck for cargo aircraft has to be continuously 
improved to have better efficiency and effectivity in operation. 

Measure The effectivity and efficiency of the operation is measured by using the following key 
performance indicators: 

• The time it takes to pushback and taxi. 

• The corresponding speed. 

• The towing capacity. 

• The reduction in fuel consumption and emissions. 

• Utilization. 

• Availability. 

• The departure and arrival flow at AAS. 

Analyse Analyse the measured data, create a corresponding planning and the maximum 
number of trucks that are needed to improve the operation. 

Improve Improve the performance to get an improved planning and operation. 

Control Control the performance. 
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8.3 Responsibilities  
The following stakeholders have to be included in the implementation of the external concept for cargo 

aircraft: 

• ACN; 

• AAS; 

• ATC, Luchtverkeersleiding Nederland 

(LVNL); 

• Ground Handling Companies; 

• Cargo Airlines; 

• Sustainable Energy Providers.

The responsibilities of every stakeholder are described in Table 22. 

Table 22: Responsibilities of every stakeholder 

 
 
 
 
 
 
 
 
 

Stakeholder Responsibility How? Why? 

ACN Encourage every 
stakeholder, especially 
Amsterdam Airport 
Schiphol and cargo airlines 
to develop, implement and 
make use of the sustainable 
truck. 

Make clear that the 
sustainable truck is able 
to contribute to the 35% 
CO2 reduction objective 
of the ‘Slim én Duurzaam’ 
plan. 

To achieve the 
reduction objective. 

Amsterdam 
Airport 
Schiphol and 
Cargo Airlines 

Manage the 
implementation and 
utilization of the 
sustainable truck and set 
up the simulation, pilot and 
tests together with other 
stakeholders. 

Make use of a detailed 
implementation plan 
with an encouraging goal. 

To eventually 
implement and make 
use of the sustainable 
truck. 

Air Traffic 
Control, LVNL 

Be supportive to the 
implementation and 
utilization of the 
sustainable truck. 

By managing the traffic at 
Amsterdam Airport 
Schiphol during the pilot, 
tests and operation of 
the sustainable truck. 

To let stakeholders 
gather information 
and to operate the 
sustainable truck in 
the most optimal 
way. 

Ground 
Handling 
Companies 

Be supportive and 
responsible for managing 
employees that are needed 
to drive the sustainable 
truck. 

By supplying employees 
to pushback and taxi 
cargo aircraft by the 
sustainable truck. 

In possession of 
pushback and taxi 
operation knowledge 
by a truck. 

Sustainable 
Energy 
Provider 

Equip the sustainable truck 
with enough energy. 

Setting up the whole 
infrastructure for the 
energy supply. 

In possession of the 
knowledge of 
supplying energy with 
corresponding 
infrastructure. 
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8.4 Encouragement  
Eventually, every stakeholder must be included in the implementation and operation of the 

sustainable truck. This is done by addressing the goal and how every stakeholder benefit from the 

sustainable truck. However, not every stakeholder benefits from it. 

The cargo airlines are encouraged to use the sustainable truck by AAS providing the truck for lower 

costs than the costs of taxi fuel. The operation of the truck is offered at a lower price by using subsidies, 

which are related to innovative sustainable systems. In this way, the used fuel and therefore emission 

production decreases. Additionally, both stakeholders benefit from increased sustainability. 

Not every stakeholder benefits from the sustainable truck. LVNL has more work to do because there is 

more traffic at airside. Besides, ground handlers lose a service to provide to the airlines. However, they 

still provide the employees that are needed to drive the truck. Nonetheless, these employees may not 

be needed anymore when the truck for cargo aircraft is made autonomous. In either way, the costs of 

the ground handler are decreased, and their focus can be set on increasing the sustainability of other 

equipment. 

The sustainable energy provider benefits from arranging the energy and infrastructure that are 

needed. In this way, the business and image of the sustainable energy provider are increased. 

8.5 Conclusion and Discussion 
The implementation of the sustainable external system/truck starts in 2021 with studies and 

preparations for the simulations, pilots, and tests. The implementation starts in 2023 with simulations, 

pilots, and tests, in which all stakeholders have their responsibilities, tasks and are encouraged to be 

involved. In 2025, the truck is taken into operation, while the conversion from electricity to hydrogen 

is started to improve the performance of the truck in 2027. In 2030, all trucks are sustainable to 

contribute to the 35% CO2 reduction objective of the ‘Slim én Duurzaam’ plan with a contribution of 

2.77%. This matches with Visscher (2014), who states that only when there is demand or supply of 

hydrogen, hydrogen would be widely used. Another possible explanation is that hydrogen is still not 

completely developed, which influences the usage of it for various applications. The feasible reading 

that the implementation starts in 2023, is that the sustainable truck is not yet completely developed. 

For the implementation plan, the structure of Scribbr (2020) has been used to when this research is 

repeated, the results from the implementation plan would be the same, valid and reliable. However, 

not all aspects of the implementation plan are taken into account due to a lack of information about 

all the details. As an example a cost and benefit analysis and a risk mitigation analysis of the external 

concept on a sustainable propulsion have not been researched, which decreases the validity and 

reliability of the implementation plan.  
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Appendix I Reflection 
This appendix contains a reflection on myself during the research period. 

This research opened up many experiences because it went differently than expected. As a 

consequence, I learned much about sustainability in the Dutch air cargo sector, about myself but 

likewise about doing research in challenging times. 

The Dutch air cargo sector is behind in terms of sustainability. Therefore, it was interesting to research 

a topic in this and add value to it by this research. However, the complex times of the COVID-19 

outbreak, made it challenging to do this research. It changed the research completely from field 

research to more desk research since I had to work from home. All planned field research activities in 

the form of observations and focus groups dissipated, while the only possible activity was interviews 

with the stakeholders in the environment of this research. Hence, the experience and knowledge of 

doing observations and focus groups disappeared, since the whole Dutch aviation industry was busy 

with the COVID-19 measures. This was quite disappointing.  

Additionally, the COVID-19 measures had consequences for interviews because these had to be 

rescheduled and done online, which changed the whole environment around it. For me, it was my first 

time doing interviews and it was online, which made it even more challenging and special. In the 

process of doing interviews, I noticed that a number of questions did not work. Therefore, in the 

subsequent interview, I changed the questions to even focus more and obtain the answer that I 

needed. Nonetheless, I still have to learn in this, because most of the time I forgot to ask further on an 

answer or after an interview is done, I still had questions which I forgot to ask during the interview. 

The next time I do an interview, I will prepare myself better on what questions I can ask further. 

Further, I learned much about changing myself to the situation. As said, I was forced to work from 

home, which made it a challenge to keep myself to my discipline and planning of the research. It is 

quite easy to do other activities than the research when you are at home, which sometimes messed 

up the planning of the research. Additionally, when I did not have a clear objective per day, I had stress 

and was quite quickly angry on myself and others. Based on advice, I learned to create a daily schedule 

to rest myself to keep my mind clear for the research. Further, I made a planning that made clear what 

activities I had to do on a specific day. This planning and daily schedule motivated me to do the 

activities on the planning because I rewarded myself by doing activities I like at the end of the day. 

Therefore, next time, I need to make a clear planning, keep myself to it by making a daily schedule with 

enough rest and rewarding myself at the end of the day. 

From feedback, I learned that I sometimes focus too much or say no too soon, while I learned to focus 

more in the third year internship because I included too many details. Eventually, next time, I have to 

react more nuanced, accept it, think about it, do a small research and come up with arguments, why I 

would or would not do a certain extra topic. In this way, someone would imagine less that I do not 

have an interest in scientific research. Likewise, when the extra topic is relevant, I would include it 

sooner in my research, while it is still in the scope of the project. 

Eventually, all this knowledge and experiences make me feel satisfied because I can use it in the 

foreseeable future in my career. 

Jeffrey Kersbergen, June 12, 2020 
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Appendix II Difference in Runway Usage for Landings and Starts 
This appendix shows the difference in runway usage for landings and starts per year related to 2018, 

which is based on BAS (2020). 

Table 23: Difference in runway usage in landings per year related to 2018 based on BAS (2020) 

 
Table 24: Difference in runway usage in starts per year related to 2018 based on BAS (2020) 

 
 

 

 

 

 

 

 

 

 

 

Baan 10th, mean or 90th? 2014 2015 2016 2017

Kaagbaan(06) 10th 5% 2% 4% 11%

Buitenveldertbaan (09) Mean 0% 0% 0% 0%

Zwanenburgbaan (18C) Mean 0% 3% 0% 1%

Aalsmeerbaan (18L) 10th 0% 0% 0% 0%

Polderbaan (18R) 90th -6% -8% -9% -9%

Kaagbaan (24) 10th 0% 0% 0% 0%

Buitenveldertbaan (27) Mean 0% -3% 0% -1%

Zwanenburgbaan (36C) Mean 1% 2% 2% -2%

Polderbaan (36L) 90th 0% 0% 0% 0%

Aalsmeerbaan (36R) 10th 0% 5% 3% 0%

Difference in landings related to 2018

Baan 10th, mean or 90th? 2014 2015 2016 2017

Kaagbaan(06) 10th 0% 0% 0% 0%

Buitenveldertbaan (09) Mean 1% 0% 2% 0%

Zwanenburgbaan (18C) Mean -2% -1% -1% -3%

Aalsmeerbaan (18L) 10th -2% 1% -2% -7%

Polderbaan (18R) 90th 0% 0% 0% 0%

Kaagbaan (24) 10th -2% -6% -6% 3%

Buitenveldertbaan (27) Mean 0% -1% 0% 0%

Zwanenburgbaan (36C) Mean 1% 5% 4% 3%

Polderbaan (36L) 90th 4% 2% 3% 4%

Aalsmeerbaan (36R) 10th 0% 0% 0% 0%

Difference in starts related to 2018



 

74 
 

Appendix III Total Fuel Consumption per Aircraft Type and Movement 
This appendix reveals the total fuel consumption per aircraft type and movement at Amsterdam 

Airport Schiphol based on the aircraft movements in 2018. 

Table 25: Total fuel consumption (tons) per aircraft type  

 
Table 26: Fuel consumption (kg) per aircraft type movement  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fuel consumption (tons) 10 pctl Taxi-in 10 Pctl Taxi-Out Mean Taxi-In Time Mean Taxi-Out Time 90th Pctl Taxi-In 90th Pctl Taxi-Out Total

Widebody Aircraft 1,472                    6,390                       3,921                             3,334                                 7,821                        6,812                            29,749                         

Narrowbody Aircraft 2,462                    11,255                     6,600                             5,125                                 13,365                      11,056                         49,862                         

Total 3,934                    17,645                     10,520                           8,458                                 21,186                      17,868                         79,611                         

Fuel consumption (kg) 10 pctl Taxi-in 10 Pctl Taxi-Out Mean Taxi-In Time Mean Taxi-Out Time 90th Pctl Taxi-In 90th Pctl Taxi-Out Total

Widebody Aircraft 1,116                    558                           1,046                             2,093                                 881                           1,456                            7,150                            

Narrowbody Aircraft 407                       204                           382                                763                                    321                           531                               2,608                            

Total 1,523                    762                           1,428                             2,856                                 1,202                        1,987                            9,757                            
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Appendix IV Total Emissions per Aircraft Type and Movement 
This appendix reveals the total emissions per aircraft type and movement at Amsterdam Airport 

Schiphol based on the aircraft movements in 2018. 

Table 27: Total emissions (tons) per aircraft type  

 
Table 28: Emissions (kg) per aircraft movement  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Emissions (tons) 10 pctl Taxi-in 10 Pctl Taxi-Out Mean Taxi-In Time Mean Taxi-Out Time 90th Pctl Taxi-In 90th Pctl Taxi-Out Total

Widebody Aircraft 1,910                                                    8,298                                 5,088                             4,322                                 10,152                      8,837                             38,607                              

Narrowbody Aircraft 3,218                                                    14,712                               8,627                             6,699                                 17,470                      14,451                           65,177                              

Total 5,128                                                    23,009                               13,715                           11,021                              27,622                      23,288                           103,784                            

Emissions (kg) 10 pctl Taxi-in 10 Pctl Taxi-Out Mean Taxi-In Time Mean Taxi-Out Time 90th Pctl Taxi-In 90th Pctl Taxi-Out Total

Widebody Aircraft 724                                                       362                                    679                                1,358                                 572                           945                                4,639                                 

Narrowbody Aircraft 158                                                       79                                       148                                295                                    124                           206                                1,010                                 

Total 882 441 827 1653 696 1150 5,649                                 
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Appendix V All Emissions 
In this appendix, all types of emissions are demonstrated that are produced from taxiing at Amsterdam 

Airport Schiphol based on the aircraft movements in 2018. 

Table 29: Total emissions (kg)  

 
Table 30: Total NOx emissions (kg) per aircraft type  

 
Table 31: Total HC emissions (kg) per aircraft type  

 
Table 32: Total SO2 emissions (kg) per aircraft type  

 
Table 33: Total CO emissions (kg) per aircraft type  

 
Table 34: Total CO2 emissions (kg) per aircraft type 

 
 

 

 

 

 

 

 

 

 

 

CO2 Emissions Total   10 pctl Taxi-in    10 Pctl Taxi-Out    Mean Taxi-In Time    Mean Taxi-Out Time    90th Pctl Taxi-In    90th Pctl Taxi-Out  Total

Total Widebody Aircraft 1,860,471                  8,076,747                     4,955,766                           4,213,747                              9,885,569                      8,610,469                         37,602,770                       

Total Narrow-body Aircraft 3,111,960                  14,226,101                   8,341,880                           6,477,428                              16,893,495                    13,974,181                       63,025,045                       

Total 4,972,431                  22,302,848                   13,297,645                         10,691,175                            26,779,064                    22,584,650                       100,627,814                     

CO Emissions Total   10 pctl Taxi-in    10 Pctl Taxi-Out    Mean Taxi-In Time    Mean Taxi-Out Time    90th Pctl Taxi-In    90th Pctl Taxi-Out  Total

Total Widebody Aircraft 36,632                       163,264                         97,887                                79,589                                    196,760                         167,001                             741,132                             

Total Narrow-body Aircraft 81,015                       370,356                         217,169                              168,630                                  439,797                         363,797                             1,640,764                         

Total 117,647                     533,620                         315,055                              248,219                                  636,557                         530,798                             2,381,896                         

SO2 Emissions Total   10 pctl Taxi-in    10 Pctl Taxi-Out    Mean Taxi-In Time    Mean Taxi-Out Time    90th Pctl Taxi-In    90th Pctl Taxi-Out  Total

Total Widebody Aircraft 29                               128                                78                                        67                                            156                                 136                                    566                                    

Total Narrow-body Aircraft 49                               225                                132                                      102                                         267                                 221                                    948                                    

Total 79                               353                                210                                      169                                         424                                 357                                    1,514                                 

HC Emissions Total   10 pctl Taxi-in    10 Pctl Taxi-Out    Mean Taxi-In Time    Mean Taxi-Out Time    90th Pctl Taxi-In    90th Pctl Taxi-Out  Total

Total Widebody Aircraft 6,244                          28,448                           16,731                                13,075                                    33,849                           28,098                               126,445                             

Total Narrowbody Aircraft 14,857                       67,918                           39,826                                30,924                                    80,652                           66,715                               300,893                             

Total 21,101                       96,366                           56,557                                43,999                                    114,501                         94,813                               427,337                             

Nox Emissions Total 10 pctl Taxi-in   10 Pctl Taxi-Out  Mean Taxi-In Time Mean Taxi-Out Time 90th Pctl Taxi-In 90th Pctl Taxi-Out Total

Total Widebody Aircraft 6,743                                 29,037                                            17,945                                         15,463                                              35,712                                     31,352                                          136,252      

Total Narrow-body Aircraft 10,320                               47,175                                            27,662                                         21,480                                              56,020                                     46,340                                          208,997      

Total 17,063                               76,212                                            45,608                                         36,943                                              91,732                                     77,692                                          345,249      

Total emissions (kg) 10 pctl Taxi-in 10 Pctl Taxi-Out Mean Taxi-In Time Mean Taxi-Out Time 90th Pctl Taxi-In 90th Pctl Taxi-Out Total

Nox 17                                                         76                                       46                                   37                                      92                              78                                   345                                    

HC 21                                                         96                                       57                                   44                                      115                           95                                   427                                    

SO2 0                                                           0                                         0                                     0                                        0                                0                                     2                                        

CO 118                                                       534                                    315                                248                                    637                           531                                2,382                                 

CO2 4,972                                                    22,303                               13,298                           10,691                              26,779                      22,585                           100,628                            

Total 5,128                                                    23,009                               13,715                           11,021                              27,622                      23,288                           103,784                            
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Appendix VI Intermittency of Renewable Electricity 
In this appendix, the intermittency of renewable electricity is shown. 

 
Figure 23: Intermittency of renewable electricity (Laugs et al., 2020) 
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Appendix VII Interview Menzies (Business Unit Manager Freight 
Handling) and KLM Ground Services (Head of Support) 
This is the interview with Menzies and KLM Ground Services about the current situation of pushing 

back aircraft. 

General questions 
1. Who are you and what is your function within the company? 

2. What studies have you done? 

3. What other functions have you had? 

4. How did you end up at this company? 

5. Is the pushback truck one of the components of the company’s ground support equipment? 

a. If yes, go to: “pushback questionnaire” 

b. If not, go to the: “ground support equipment questionnaire” 

c. If you still have knowledge about pushing back aircraft, would you, therefore, like to 

complete the: “pushback questionnaire” 

Pushback questionnaire 
1. What equipment is currently used to pushback aircraft? 

a. Why the choice for this type of equipment? 

b. What does the choice depend on? 

c. What type of aircraft can your company mainly push back? 

2. How is the pushback process started? 

a. How far in advance does the pushback process start? 

i. Where should the pushback truck come from, from Schiphol centre or close 

to the warehouse? Is it parked nearby? 

ii. How long does it take for a pushback truck to arrive? 

b. How long does the pushback process take? 

c. What happens during the pushback process? 

d. What is the speed of the pushback truck during the pushback process? 

i. What does this depend on? 

ii. Are there still differences in the strength needed to be able to pushback 

different types of aircraft? 

e. How does the pushback process end? 

f. What happens to the pushback truck after the process? 

i. Will the pushback truck be parked somewhere, or will it be pushing back 

another aircraft? 

ii. How long does the pushback truck standstill in a day/week/year? 

iii. Where is the pushback truck parked? 

1. Why there? 

3. What movements/routes does the pushback truck cover in a day? 

4. How often per day/week/year the pushback truck is refuelled? 

a. What fuel type does the pushback truck have? 

b. How much fuel does each pushback truck receive? 

c. What does all this depend on? 

d. Where is the pushback truck refuelled? 
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5. What is your opinion about the pushback/taxi concept? Why or why not the pushback/taxi 

concept? 

a. What do you expect from the pushback/taxi concept for the pushback process? 

b. What challenges/disadvantages do you see in the pushback/taxi concept? 

c. What advantages do you see in the pushback/taxi concept? 

d. Would you like to use the pushback/taxi concept? 

i. Why?  

ii. Why not? 

6. What is your view on the use of green electricity or hydrogen for the pushback/taxi concept? 

a. What do you expect from this? 

b. What challenges/disadvantages do you see in this? 

c. What advantages do you see in this? 

7. Do you have any further data on the pushback operations, if so, could you share it with me? 

a. List of all pushback equipment (specific types of pushback trucks) 

b. Driving movements (logs) 

c. Distance 

d. Age of vehicles 

e. Fuel type 

f. Amount of fuel 

g. Emissions 

Ground support equipment questionnaire 
1. Which equipment is part of the company’s ground support equipment? 

2. Do you already have equipment that is electrified? 

a. If yes: 

i. Which equipment is electrified? 

ii. What challenges have you faced with electrified equipment? 

iii. What are the benefits? 

b. If no: 

i. How do you feel about electrifying ground support equipment? Why electrify 

or not? 

3. What is your opinion if the ground support equipment will be powered by hydrogen? 

a. What do you expect from this? 

b. What challenges/disadvantages do you see in this? 

c. What advantages do you see in this? 

4. Do you have any data regarding ground support equipment, if so, could you share this with 

me? 

a. List of all ground support equipment (specific types of vehicles) 

b. Driving movements (logs) 

c. Distance 

d. Age of vehicles 

e. Fuel type 

f. Amount of fuel 

g. Emissions 

If I forgot something to ask about pushing back aircraft or ground support 

equipment, but you want to share it with me, fill it in here: 



 

80 
 

Processed Interview Menzies - Business Unit Manager Freight Handling 
- 3-4- 2020 - 12:15-13:15 
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Processed Interview KLM Ground Services - Head of Support - 7-4-2020 
- 9:00 -10:00 
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Appendix VIII Interview Royal Schiphol Group (Innovators Autonomous 
Airside) 
This is the interview with Royal Schiphol Group about the pushback/taxi concept. 

General questions 
1. Who are you and what is your position within the company? 

2. What study(/ies) did you do? 

3. What other functions have you had? 

4. How did you end up at this company? 

5. If you know more about the pushback/taxi concept, go to “pushback/taxi concept 

questionnaire” 

Pushback/Taxi Concept Questionnaire 
1. What are the emissions of taxiing and pushing back aircraft at Schiphol? 

2. How is this calculated? 

3. How many pushback trucks are there now at Schiphol? 

4. How did Schiphol come up with the idea to research the pushback/taxi concept? 

5. What do you expect from the pushback/taxi concept in reducing emissions and fuel at 

Schiphol? 

6. What challenges/disadvantages do you see in the pushback/taxi concept for the pushback 

process and Schiphol? 

7. What advantages do you see in the pushback/taxi concept? 

8. How many emissions and fuel do you think it will save 

9. Could the pushback/taxi concept be used at Schiphol for the pushback/taxi process? 

a. Why? 

b. Why not? 

10. What is the speed of the pushback/taxi concept and is this the same speed as the normal taxi 

and pushback speed? 

11. What would have to change at Schiphol, both in airside configuration and in processes, to be 

able to use the pushback/taxi concept? 

12. Why first the narrow-body aircraft instead of widebody aircraft? The same goes for 

passenger and cargo aircraft? 

13. What is the range of a pushback/taxi concept? How many aircraft can it pushback with this? 

14. How long does it take before the pushback/taxi concept is charged and can be used again? 

15. What are the minimum requirements of Schiphol about the pushback/taxi concept to 

completely use it, such as: 

a. Electric or hydrogen propulsion 

b. Towing speed 

c. Empty speed 

d. Aircraft types that it can pushback/taxi 

e. Range 

f. Emission reduction 

g. Fuel reduction 

h. Time reduction 

i. Maintenance costs reduction 

16. Are the costs comparable to a conventional pushback truck? What are the costs? 
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17. Why first on electricity instead of hydrogen? 

18. What are the regulations regarding electricity and hydrogen at Schiphol? 

19. When would the pushback/taxi concept be completely operational at Schiphol? Why? 

20. Is it taken into account that on-board systems can be placed on aircraft so that a full 

pushback truck is no longer necessary? 

21. Why should one now invest in the pushback/taxi concept? 

If I have forgotten anything to ask about pushback, taxiing or ground support equipment and you 

want to share it with me, please fill it in here: 
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Processed Interview Royal Schiphol Group - Innovators Autonomous 
Airside - 16-4-2020 - 13:00-14:00 
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Appendix IX Interview OpWegMetWaterstof (Secretary) and Pitpoint 
(Senior Project Developer Hydrogen) 
This is the interview with OpWegMetWaterstof and Pitpoint about sustainable energy. 
 
General questions 

1. Who are you and what is your position within the company? 

2. What does OpWegMetWaterstof contain? 

3. What other functions have you had? 

Interview questions 
1. How do you think renewable energy, in production, transport, and storage, will develop in 

the coming years? 

2. What is the energy efficiency/density of an electric or hydrogen-powered vehicle (cars, 

trucks)? 

3. What is the range of an electric or hydrogen-powered vehicle (cars, trucks)? 

4. What are the advantages/disadvantages of hydrogen over electricity or vice versa? 

5. Why has hydrogen not yet broken through? 

a. How can this happen? -> subsidies, government measures, etc 

6. What should be needed for our applications in the production, transportation, and storage of 

electricity and hydrogen? 

7. What are the costs of production, transport, and storage of electricity and hydrogen? 

8. What would be most useful in our applications for the production, transportation, and 

storage of electricity and hydrogen? 

9. Is it possible to use hydrogen at Schiphol? 

a. What are the risks involved? 

b. Why / why not? 

10. What is your short- and long-term view of electricity versus hydrogen? 

a. Why? 

11. Where is the turning point then? / When do you decide whether to go for an electric or 

hydrogen drive? 

12. What are the important factors to consider when implementing electricity or hydrogen for 

the application? 
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Processed Interview OpWegMetWaterstof - Secretary - 23-4-2020 - 
13:00-14:00 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

87 
 

Processed Interview PitPoint - Senior Project Developer Hydrogen - 28-
4-2020 - 11:00-11:30 
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Appendix X Interview Royal Schiphol Group Hydrogen/Electrification 
(Innovators Sustainability) 
This is the interview with Royal Schiphol Group about the electrification and use of hydrogen at 

Amsterdam Airport Schiphol 

General questions 
1. Who are you? 

2. What is your function within the company? 

Interview questions 
1. What is the current status of the development of hydrogen and electrification at Schiphol? 

2. What is your vision of the hydrogen development at Schiphol? 

3. What risks are attached to the utilization of hydrogen at Schiphol? 

4. What is the turning point or when do you decide to use an electric or hydrogen propulsion? 

5. Previous interviews have shown that hydrogen will become a lot more attractive in 10 years. 

Are you going to invest in hydrogen or first in electrification? Why? 

6. If you have to put it on a timeline, when do you see that hydrogen will make its introduction 

(large-scale) use at Schiphol? 

7. What would be better for the application? Electricity or hydrogen? Why? 

8. What should be needed for the application in the production, transportation, and storage of 

electricity and hydrogen? 

9. Are you going to encourage companies to electricity or drive on hydrogen? Or do you leave it 

to the companies themselves? 

a. Why? 

b. How? 

10. What are the important factors to consider when implementing electricity or hydrogen for 

the application? 
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Processed Interview Royal Schiphol Group Hydrogen/Electrification - 
Innovators Sustainability - 6-5-2020 - 10:30-11:15 
 


