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Summary 
In view of the high level of worldwide CO2 emissions, in which the Dutch aviation sector is responsible 

for 7% of the nationwide CO2 emissions (ATAG, 2020), several parties that operate in the Dutch 

aviation sector have set up the ‘Slim én Duurzaam’ action plan. The action plan should ensure a 35% 
decrease in CO2 emissions in 2030 compared to 2020. Schiphol Airport processed 1.570.000 tonnes of 

freight in 2019 (Royal Schiphol Group, 2020).   

 

To make sure that the air freight sector can contribute to this decrease in emissions and still stay 

attractive for customers to choose the Netherlands for transporting cargo, changes need to happen 

in cargo operations that lower emissions. Autonomous vehicles are a future concept that could be 

looked at in order to see what benefits they can offer in safety, efficiency and most important, 

sustainability. To see if autonomous dollies have any impact on those three elements, the following 

research question was formed:  

‘What effect can the implementation of autonomous cargo dollies have on the 

safety, sustainability and efficiency in the process of airside cargo transport at 

Schiphol Airport?’ 

To give an answer on the question above, formulas to calculate the carbon footprint were used, 

several interviews were held with respondents working in the environment to get a clear view on their 

vision of autonomous vehicles and an implementation plan was created to give an overview of how 

autonomous dollies could be introduced in the current operation.   

 

The results in this thesis indicate that there is an interest in autonomous dollies from the community 

at Schiphol Airport and Schiphol’s plans are to be fully autonomous on airside by the year 2050 which 

makes the autonomous dollies a fitting addition. Autonomous vehicles have the potential to improve 

safety on roads by eliminating human factors in traffic. Human factors in traffic are responsible for the 

vast majority of accidents that occur. Efficiency can be improved when the dollies will be operating in 

a pooling system in which all ground handlers have a share in the total number of dollies. This reduces 

total movements at the airport and reduces waiting times for vehicles that are not needed at the 

particular moment. Clear agreements have to be made to make the pooling attractive for all involved 

stakeholders. 

 

Autonomous dollies contribute to the improvement of sustainability when they are driven by a 

sustainable propulsion, like electricity or hydrogen. Electricity is better for the short term, because it 

is already available and does not need a completely new infrastructure like hydrogen does. Hydrogen 

production is still expensive compared to other means of propulsion, like fossil fuels, which makes 

hydrogen unattractive at this point and can only become more popular and widely used when 

production becomes cheaper. Hydrogen is better in the long term, because it wins in operational 

range, eliminates long charging times and is better for heavy-duty operations.  

 

Further research and development will be necessary before autonomous dollies can be implemented 

or tested, while the calculation of the carbon footprint could not be executed, due to missing 

information because of COVID-19.  The implementation of autonomous dollies is still some time away. 

The best option is to start testing such systems at cargo aircraft stands at Schiphol Zuid-Oost first. At 

Schiphol Zuid-Oost is less traffic and it can give the dollies the opportunity to ‘get used to’ driving at 
the airport. When it functions properly, the autonomous dollies can be used allover Schiphol Airport. 
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Definition of Terms 
 

Autonomous vehicle 

“An autonomous vehicle, or a driverless vehicle, is one that is able to operate itself and 

perform necessary functions without any human intervention, through ability to sense its 

surroundings.” (TWI-Global, 2020) 

 

Sustainability 

“Everything that we need for our survival and well-being depends, either directly or indirectly, 

on our natural environment. To pursue sustainability is to create and maintain the conditions 

under which humans and nature can exist in productive harmony to support present and 

future generations.” (United States Environmental Protection Agency, 2020) 
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1. Introduction 
This research has been done on behalf of Air Cargo Netherlands (ACN). ACN is the branch organization 

of the air cargo sector in the Netherlands and its goal is to innovate and optimize the air cargo sector 

at Schiphol Airport and regional hubs in the Netherlands by establishing links between different 

parties that transport air cargo.  

 

Schiphol Airport shipped a total of 1.570.000 tonnes of freight in the year 2019, which is an 8,5% 

decrease from the year 2018 (Royal Schiphol Group, 2020). This puts Schiphol Airport in the top five 

of biggest freight airports in Europe. Schiphol’s excellent network of destinations encourages 

companies to choose Schiphol as an operating base for their distribution and consolidation centers. 

Fifty-seven percent of the cargo is transported in full freighter aircraft and forty-three percent is 

transported in the ‘belly’ of passenger aircraft (Royal Schiphol Group, 2020).  

 

Air cargo is part of the air cargo supply chain. The air cargo supply chain is the complete process of 

transporting products from the shipper to the consignee. Figure 1 illustrates this supply chain. There 

are still many ways in which the supply chain can improve, but this research focuses on the ground 

handler part. The ground handler is responsible for receiving the cargo from the forwarder and for 

loading it on the aircraft for export cargo and vice versa for import cargo. This is a complex process 

where multiple ground handlers work to load and unload all the aircraft.   

 

 
Figure 1: Air cargo supply chain (ICAO, 2013) 

There are improvements possible within the ground handling process. These improvements include 

the efficiency and contribution to the sustainability of the aviation industry. Chapter 1.1 further 

describes the background of the problem and what the aim of this research is. This chapter should 

give a clear image on why this research is done.  
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1.1 Background of the Problem 
The air cargo sector is responsible for 25.000 jobs at Schiphol and contributes 2.3 billion euros to the 

Dutch Gross Domestic Product (GDP). With only 3.6% of the total air movement slots at Schiphol, 

cargo is still a small part of the total operations (ACN, s. d.).  

   

Besides the successive impact of the aviation industry on the Dutch economy, changes need to happen 

to keep it successful. The aviation industry is responsible for 2% of the global CO2 emissions and for 

7% of all CO2 emissions in the Netherlands (ATAG, 2020). The action plan ‘Slim én Duurzaam’, released 

by several parties performing aviation operations in the Netherlands, states the need of change in the 

aviation industry to increase the sustainability, while still maintaining a leading position in the 

industry. CO2 emissions need to decrease by 35% in the year of 2030 (Luchtvaartsector, 2018). The 

emissions should be lower in 2030 than they were in the year 2005, see Graph 1, instead of increasing 

even further. 

 

 

The ‘Slim én Duurzaam’ action plan consists of seven different areas in which the carbon footprint 

should decrease (Luchtvaartsector, 2018). The seven different themes are:  

1. Optimization of flight routes and procedures 

2. Stimulation of cleaner aircraft via airport fees 

3. The usage of biofuels 

4. Radical fleet renewal 

5. The use of trains and other sustainable modalities of transport for short distances 

6. The realization of a zero emissions airport 

7. A fast, efficient and sustainable first- & last mile 

  

Graph 1: Emissions of Dutch aviation industry (Luchtvaartsector, 2018) 
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The first five areas are related to the reduction in emissions in the aviation industry in the Netherlands. 

The last two areas are related to the emissions of ground operations.  All seven areas directly relate 

to the Paris agreement to set the cap of global warming at 2 degrees Celsius and pursuing efforts to 

limit it to 1.5 degrees Celsius (European Comission, 2020).  

 

It is clear the sustainability in the air cargo industry should improve (Luchtvaartsector, 2018), but on 

what fields is the air cargo sector going to start with optimizing and innovating? This research focuses 

on the improvement of the ground handler part of the supply chain and zooms in on the transport of 

cargo to or from the aircraft. It aims to design a way in which autonomous land transport vehicles can 

increase the sustainability of this part of the cargo process. Autonomous ground equipment will 

become more viable for the airport, hoping that human errors on the platform can be eliminated and 

efficiency and safety in airside regions at the airport can be increased (IAGCargo, 2018). 

 

At this point, people do not trust autonomous vehicles yet. Especially at places near aircraft, where 

safety is the number one priority, people do not trust autonomous vehicles (Fagnant & Kockelman, 

2015). To make people aware of the fact that autonomous vehicles are a viable option for the future, 

the issue around safety needs to be addressed.  

 

1.2 Problem Statement 
After clarifying the background and aim of this research, the problem can be stated in one sentence: 

‘The current operations of transporting cargo from the warehouse to the aircraft 

and vice versa need to change in order to meet Schiphol Airport’s plans to reach a 
CO2 neutral and sustainable airport by the year 2030.’  

1.3 Research Objective 
The objective of the research should come forth from the problem statement. The aim of this research 

is to find a way to improve the transport of cargo between the warehouse of the ground handler and 

aircraft in an efficient, safe and sustainable way. Currently, this is done with man-driven, diesel 

powered tractors which tow four to five dollies. This research focuses on the feasibility and 

implementation of autonomous, electric or hydrogen, powered dollies and their potential for 

reduction of (CO2- and NOX-) emissions. Therefore, it is important to map out the routes manual 

controlled tractors with dollies drive and how much cargo they transport each time they drive from 

the warehouse to the aircraft.  

 

This is an exploratory research, because the research aims to explore the feasibility of a new way of 

transporting cargo to/from the aircraft. Such innovations have not been researched before. Follow-

up research can be performed on this topic to find out what the costs and benefits are of implementing 

the findings of this research.  

 

ACN issued this research, because as a branch organization for the air cargo sector in the Netherlands, 

they want to have a way to improve their position as an air cargo hub compared to the rest of the 

world, while at the same time reducing emissions.   
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The outcome of the research is a document with recommendations on how autonomous vehicles can 

improve the position of Schiphol Airport in the air cargo sector. This is also a document that will be 

handed in at the AUAS as a graduation thesis for the student. 

 

ACN expects a summary of this research that will serve as an appendix for the ‘Slim én Duurzaam’ plan 

to show the government that the Dutch cargo industry is really looking at improving the sustainability 

of the sector. This will also be used to gain more slots at Schiphol Airport for cargo. 

 

1.4 Research Relevance/Significance 
This research is necessary to take a step ahead in the air cargo industry by using autonomous dollies 

to transfer cargo. A positive outcome regarding the autonomous dollies might inspire other airports 

to research the same topic for their airports. If the solution of autonomous dollies is not feasible for 

Schiphol Airport, further and more elaborate research on this topic might be needed to get a different 

solution for this topic. 

 

1.5 Research Questions 
This sub-chapter describes the different research questions that need to be answered to find a 

solution for this research. This chapter is divided into the main research question, sub-questions and 

background questions.  

 

1.5.1 Main Research Question 
The main research question arises to find a solution to the problem stated in the previous chapter. It 

is essential to find a good research question to guide the research (McCombes, 2019). The main 

research question is formulated as follows: 

What effect can the implementation of autonomous cargo dollies have on the 

safety, sustainability and efficiency in the process of airside cargo transport at 

Schiphol Airport? 

1.5.2 Sub-Research Questions 
After formulating the main research question, sub-questions are formulated. Sub-questions should, 

in combination, answer elements of the main research question (McCombes, 2019). The sub-

questions of this research are as follows: 

• What is the current dolly situation at Schiphol Airport? 

• What types of autonomous dollies can replace the current cargo dollies and tractors? 

• What effect could autonomous dollies have on safety? 

• What effect could autonomous dollies have on sustainability? 

• What factors have to be taken into account to improve efficiency? 
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1.5.3 Background Questions 
Each sub-question needs background questions to answer them. The background questions linked 

with the sub-questions are as follows: 

• What is the current dolly situation at Schiphol Airport? 

o What tractors are ground handlers currently using? 

o What dollies do the ground handlers use? 

o What are the routes the dollies follow each day? 

o What is the carbon footprint of freight transportation at Schiphol Airport? 

• What types of autonomous dollies can replace the current cargo dollies?  

o How far is the technology of autonomous vehicles at airports? 

o What autonomous systems are already on the market? 

o Which autonomous concept is most viable for Schiphol Airport? 

• What effect could autonomous dollies have on safety? 

o What are the safety benefits of using autonomous vehicles? 

o What measurements need to be taken to maintain safety? 

• What effect could autonomous dollies have on sustainability? 

o What sustainable energy sources can be used for autonomous dollies? 

o What is the decrease in emissions after the implementation of electric autonomous 

dollies?  

• What factors have to be taken into account to improve efficiency? 

o What are the functional- and non-functional requirements that need to be taken in to 

account? 

o What are constraints related to autonomous dollies? 

o What are important KPIs to pay attention to? 

o What possibilities does equipment pooling offer? 

 

1.6 Research Scoping 
Autonomous vehicles herald a new age in the future of airports (IAGCargo, 2018). Every type of vehicle 

can become autonomous in the future. To make sure that the research will not become too 

apprehensive in finding out ways to introduce autonomous vehicles at airports, research scoping is an 

activity that cannot lack in a research plan. This chapter describes which topics will be zoomed in on 

and which topics are outside the scope of the research. 

 

Cargo dollies 

Cargo dollies are small carts on which cargo is transported from the ground handler to the aircraft and 

the other way around. This process is currently executed by tractors, driven by humans, that pull 

multiple dollies. This is an operation that has the potential to become more efficient to have less 

environmental impact when it is automated. This research will solely investigate the dollies and 

tractors. No other transporting vehicles used by the ground handlers will be looked at.  

 

Schiphol Airport 

The researcher will focus just on the implementation of autonomous dollies at Schiphol Airport. Other 

airports are not part of this research.  
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Sustainable dollies 

The researcher focuses on the use of electric or hydrogen powered dollies. Dollies that still run on 

fossil fuels are not an option, because they do not contribute to Schiphol’s ‘Slim én Duurzaam’ plan to 

reduce emissions. Therefore, the focus is on sustainable dollies that do not run on fossil fuels. 

 

Sustainability and safety 

The research investigates more deeply the sustainability and safety aspect of autonomous dollies. The 

efficiency part will not be fully elaborated, because the focus of the research lies on sustainability and 

safety.  

 

Implementation plan 

The final chapter focuses on implementation of autonomous dollies, rather than an inventory 

calculation to what the emission difference is between the old and new situation.  

 

1.7 Thesis Structure 
This chapter describes the structure of the thesis. The report consists of the following segments: 

• Introduction (background, problem, research questions, thesis structure) 

• Literature review (theory, professional and academic references around the problem) 

• Methodology (in what manner and why the research questions will be answered) 

• Results (the findings – no comments here about these) 

• Conclusion (answer to the main research question, limitations and further research and 

solutions) 

• Discussion (what do the findings mean in the light of the problem identified and the literature 

reviewed – answers to research sub-questions) 

• Recommendations (recommendations for the research) 

• Implementation plan (activities, costs & benefit analysis and system realization) 

• References (APA style) 

• Appendices (including student’s reflection on the assignment steps, progress, expectations, 
achievements etc.) 
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2. Literature Review 
Literature review is important in the research as it serves as foundation for further information in the 

research. Chapter 2.1 describes the different sources that have been used for the literature research 

and chapter 2.2 explains the results from the literature.  

 

2.1 Literature 
Articles form journals: 

Talebpour, A., & Mahmassani, H. S. (2016). Influence of connected and autonomous vehicles on 

traffic flow stability and throughput. Transportation Research Part C, 143-163. 

 

Fagnant, D. J., & Kockelman, K. (2015). Preparing a nation for autonomous vehicles: opportunities, 

barriers and policy recommendations. Transportation Research Part A: Policy and Practice, 167-181. 

 

Zheng, F., Liu, C., Liu, X., Jabari, S. E., & Lu, L. (2020). Analyzing the impact of automated vehicles on 

uncertainty and stability of the mixed traffic flow. Transportation Research Part C, 203-219. 

 

M. C. van der Heijden, A. v. (2002). Using Simulation to Design an Automated Underground System 

for Transporting Freight Around Schiphol Airport. Journal on Applied Analytics, 1-90. 

 

Zein, Y., Darwiche, M., & Mokhiamar, O. (2018). GPS tracking system for autonomous vehicles. 

Alexandria Engineering Journal, 3127–3137. 

 

Igliński, H., & Babiak, M. (2017). Analysis of the potential of autononous vehicles in reducing the 
emissions of greenhouse gases in road transport. Procedia Engineering 192, 353-358. 

 

Kopelias, P., Demiridi, E., Vogiatzis, K., Skabardonis, A., & Zafiropoulou , V. (2019). Connected & 

autonomous vehicles – Environmental impacts – A review. Science of the Total Environment. 

 

Conference papers 

Bijjahalli, S., Ramasamy, S., & Sabatini, R. (2016). A GNSS INTEGRITY AUGMENTATION SYSTEM FOR 

SUSTAINABLE AUTONOMOUS AIRSIDE OPERATIONS. Second International Symposium on Sustainable 

Aviation (ISSA 2016) (p. 4). Melbourne: ResearchGate. 

 

2.2 Findings from Literature 
Autonomous vehicles (AVs) are believed to be the next-generation technology for future societies (Liu, 

Zhao, Liu, & Hao, 2019). AVs represent a beneficial change to our transportation system (Fagnant & 

Kockelman, 2015). AVs offer great benefits for ground handling operations, by increasing safety, 

efficiency and sustainability (Bijjahalli, Ramasamy, & Sabatini, 2016). Safety and sustainability are 

major subjects for airports and are both extensively mentioned in the annual report of Royal Schiphol 

Group (2020) and efficiency is an important element when implementing a new system at an airport 

the size of Schiphol. AVs in airside operations have not yet been extensively researched, despite the 

potential benefits they can offer.   
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For this reason, this literature review is based on AVs in general instead of specific for airside. Fagnant 

& Kockelman (2015) already performed research on how AVs influence today’s world and their 
research is used throughout this literature review. This literature review elaborates the main 

elements: safety, sustainability and efficiency. 

 

Safety 

Though autonomous traffic at airports might seem unreliable to a lot of people, it may bring benefits 

to the safety of everyone involved. Assuming that these AV technologies become successful and 

available, AVs have the potential to change the transportation network dramatically. AV systems have 

the potential to alter transportation systems by avoiding deadly crashes, AVs can be programmed to 

abide all traffic laws and their reaction times are quicker (Fagnant & Kockelman, 2015). 

 

Table 1 highlights the quantity of traffic crashes in the United States in general and indicates the 

causes that can be avoided when using AVs. The table tells us that 93% of all accidents is caused by 

human errors. AVs are capable to dramatically reduce crashes in busy traffic flows (Fagnant & 

Kockelman, 2015). Zein et al. (2018) mention the same number in their research. The table also tells 

us that many of these accidents are caused by a person that is either speeding, distracted or fails to 

keep in the right lane. People affected by alcohol are responsible for 31% of the accidents, though this 

percentage shall probably be lower at an airport.  

 

Table 1: US crash vehicle scope and selected human and environmental factor involvement (Fagnant & Kockelman, 2015) 

 
 

While many driving situations are fairly easy for an AV to handle, designing a system that can perform 

completely safe in every situation is challenging. The recognition of humans and their behavior or 

other obstacles on the road is both critical and more difficult for an AV to detect than for human 

drivers. Obstacle recognition is difficult for AVs, because the type of material may influence the driver 

to keep driving or to stop. For instance, if the obstacle consists of high grass the driver can decide to 

continue his route, while another vehicle would lead to another decision. Poor weather, such as snow, 

fog, reflective road surfaces from rain and ice create more challenges for sensors and driving 

operations.  
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Some analysts however predict that AVs will overcome most problems that inhibit them from 

accurately responding in complex situations (Fagnant & Kockelman, 2015). The ultimate goal of 

implementing AVs is to reduce the accident rate in traffic. In order to accomplish this, the role of 

human factors in traffic should be limited. A research performed by Google shows that until now only 

one AV crashed. This was due to a human who took over control of the vehicle  (Fagnant & Kockelman, 

2015). Regardless of how safe AVs may seem, the initial perception of AVs in general is that they are 

potentially unsafe, because they lack a human driver. Brown (2017) mentions that academic literature 

and accident investigations reveal that automation of systems can have a negative impact on humans. 

Humans want to be in control of the situation. Not being in control worries and stresses humans and 

can cause them to take wrong decisions. 

 

A system of Connected Autonomous Vehicles (CAVs) can be formed so that every AV is connected 

with the other  (Kopelias, Demiridi, Vogiatzis, Skabardonis, & Zafiropoulou , 2019). This network in 

which the AVs communicate with each other prevents the AVs from driving into each other and into 

other obstacles.  

 

The points mentioned above indicate that AVs can help to make airside at Schiphol Airport safer by 

eliminating human factors, because human factors are the cause of many accidents. This research will 

show if they are indeed safer. 

 

Sustainability 

The dynamic and continuous growth of road transport, especially in the busy airside transport, leads 

to increasing emission of CO2 and NOx (Igliński & Babiak, 2017). Kopelias et al. (2019) mention in their 

research the environmental impacts of AVs. Vehicle weight, performance and size all contribute to the 

amount of emissions produced by a vehicle. Currently, tractors pull the dollies; autonomous dollies 

do not need a tractor. This means that the total weight for this kind of transport will be lower when 

using AVs and might therefore produce less emissions or none at all when they are powered with 

‘green’ electricity or hydrogen.  

 

So far actions towards reducing energy consumption and emissions, such as more sustainable engines, 

have not yet caused a decrease in global emissions. One of the reasons for this effect is that the 

demand for transport grew faster than the efficiency improvement of emissions reduction and energy 

consumption. This is in line with the growth of the aviation sector, a factor that in uncontrollable. In 

order to meet the global need to reduce emissions, AVs have shown to diminish fuel consumption 

(Fagnant & Kockelman, 2015). AVs can register the velocity of other vehicles and so adapt their own 

velocity by anticipating acceleration, deceleration and braking decisions of the others. This technology 

allows for smoother adjustments, leading to fuel savings and less brake wear  (Fagnant & Kockelman, 

2015). The reduction of fuel consumption is estimated at 23-39% if AVs that still run on fossil fuels are 

used. Sustainable vehicles, like electrical or hydrogen powered AVs, increase this number even more 

(Fagnant & Kockelman, 2015). In comparison with the current situation where dollies are pulled by 

tractors, the reduction is even more. 
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Accurate estimation of the reduction in emissions is difficult due to a series of variable factors that 

condition the functioning of future transport systems. However, it may be expected that in the future, 

the total decrease will be approximately 40-60% (Igliński & Babiak, 2017). This percentage is expected 

to be higher when the current tractors are replaced with sustainable vehicles. Kopelias et al. (2019) 

show that the expected reduction in emissions will vary between 7-94%. This proves that this number 

is completely variable for different sorts of operations and that there is no fixed number in the 

decrease of emissions when Schiphol decides to implement autonomous vehicles at airside. 

 

Ridesharing is a great contribution to the decrease in emissions (Igliński & Babiak, 2017). Furthermore, 

it is something that Schiphol can implement with a shared pool of autonomous dollies that multiple 

ground handlers can use. By making it a pooling system, less dollies are necessary on the airport and 

the utilization percentage will increase too. Fagnant & Kockelman (2015) show that the unoccupied 

rate of AVs fell to less than 1% when ridesharing was permitted. The demand rose, which is also a 

positive impact on efficiency. These points have an impact on the continuous drive of Schiphol Airport 

to improve the sustainability (Royal Schiphol Group, 2020).  

 

Efficiency 

The analytical study of Talebpour & Mahmassani (2016) revealed that AVs can improve the string 

stability of the traffic flow. The study shows that AVs decrease platoon sizes and thereby reduce the 

collision thresholds. There is a similarity with the research of Bijjahalli et al. (2016), which states that 

the deployment of AVs at airside would indeed increase the development of navigation strategies, 

such as path-planning and the optimization of the autonomous fleet. This means that there will be 

fewer empty dollies driving around at the airport.  

 

The use of AVs also brings efficiency to the parking of the vehicles (Igliński & Babiak, 2017). AVs can 

park at a parking spot away from the place they need to be, which clears up space at the aircraft stand 

or warehouse of the ground handler. Vehicles driven by humans need to stay in reach to prevent long 

travel times to and from the vehicles. When the AV has performed its task, it will independently find 

the nearest parking spot. This may mean that the AVs will cover longer distances, but the so-called 

parking cruising will then disappear and the net effect will not have impact on any emissions. To 

conclude, autonomous dollies appear to have a positive impact on the efficiency, because the dollies 

can form a connected network and the parking of the dollies becomes more efficient.  

 

Challenges 

One barrier to a large-scale adoption of the operations at airside is the cost of the AV platforms. 

Renewing the whole dolly fleet at Schiphol Airport would cost the companies that use them a high 

amount of money (Fagnant & Kockelman, 2015). The costs of an AV are on average four to five times 

higher than of a normal vehicle (Igliński & Babiak, 2017). With the use of autonomous dollies, 

employees’ salaries no longer have to be paid which are high costs for a company with a 24x7 business 

model. Weighing these costs against the benefits AVs offer as previously explained, a trade-off is 

necessary to determine if the implementation is feasible. This is countered by making use of 

ridesharing in which the total number of vehicles decreases, and thus make investment costs 

significantly lower.  
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Infrastructure investments and operational improvements, travel choices and parking needs, land use 

patterns and other activities may be affected when implementing an autonomous dolly system on 

Schiphol Airport  (Bijjahalli, Ramasamy, & Sabatini, 2016). AV systems can be difficult to install, 

especially on an airport, because there are many factors to take into consideration. For instance, 

regulations and the high number of vehicles operating at airside have to be taken into consideration. 

Before implementing an AV system, a clear implementation plan should be made to explain 

advantages and disadvantages of a major project like this.  

 

Conclusion 

Though AVs are not yet commonly used or accepted, it offers great opportunities for the future. On 

the basis of the aforementioned studies, there are a number of factors that are influenced by the use 

of autonomous dollies on airports. First of all, when talking about safety in traffic, the human factor is 

one of the major reasons for accidents and thus by implementing an AV system on Schiphol Airport, 

the safety will be improved on all the roads at airside. In addition to that, the AVs contribute to the 

improvement of the sustainability at Schiphol Airport, because the AVs have a positive impact on fuel 

consumption and the reduction of emissions. Autonomous dollies also appear to have a good 

influence on efficiency, since the interaction between the dollies improves and the dollies can be 

parked more efficiently. Finally, there are multiple important challenges, namely accounting for costs 

and the acceptance of a major change at Schiphol Airport.  
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3. Research Methodology 
This chapter describes the methodology of how the research was executed. Each step of the process 

has been clearly described as to how it has been researched. Different methods of how to execute 

this research will be used: desk research, literature research and field research. These methods of 

doing research are mentioned in this chapter and how these methods ultimately lead to answering 

the main research question.  

 

3.1 Research Design 
The purpose of this research is to see how autonomous dollies contribute to reduce emissions of 

ground operations to reach the 35% decrease in emissions by the year of 2030. This will be achieved 

by qualitative and quantitative research.  

 

The literature research in chapter 2.2 is the basis of the subsequent information. The information 

contributing to the results of the research are extracted from articles, journals, reports and other 

forms of documentation from different sources that have a relation with the topic and can give 

answers on the research questions. Literature research has been performed to check if autonomous 

vehicles influence safety, sustainability or efficiency and to investigate outcomes of particular 

researches. Desk research is performed to gather ways of calculating the carbon footprint of the 

tractors and dollies at Schiphol Airport. Field research in the form of interviews is performed to 

support the literature and desk research.  The type of research performed per sub-question is shown 

in Table 2.  

 

Table 2: Research methods 

 
  1 2 3 4 5 

Desk Research x x x x x 

Literature Research   x  x 

Field Research x  x x x 

 

Desk research 

Questions can be answered by doing research in existing (Krul, 2017). Desk research is used to achieve 

factual and existing data to answer the sub-questions. Desk research was used in every sub-question 

of this research.  

 

Literature research 

Literature research is used during this research to gain knowledge on the subject of autonomous 

vehicles at airports. This information is gathered from different sources that will be evaluated and 

compared.  

 

Field research 

The aims of field research is to achieve certain information by doing research in the field yourself 

(Dingemanse, 2017), instead of using existing data. Information can be achieved via different 

methods: surveys, interviews and observations. This research used field research in the form of 

interviews. 
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3.2 Research Hypothesis 
Prior to performing the research, the following research hypothesis is formulated: 

“The use of autonomous dollies will improve the safety, sustainability and 

efficiency of airside cargo transportation, and is in line with the goal of 35% CO2 

emission reduction in 2030 relative to 2020 of the ‘Slim én Duurzaam’ action 
plan.” 

This hypothesis is formulated due to the increasing presence of autonomous vehicles in traffic and 

industrial areas. It is expected that safety improves on the sideroads of the airport by eliminating 

human factors in traffic. Autonomous dollies also contribute to improve sustainability in the air freight 

sector, because the new dollies will be equipped with a sustainable power propulsion and will replace 

the current tractors that run on diesel. Efficiency can improve when dollies form a large fleet at the 

airport in which ground handlers can use the number of dollies they need for their operation. This 

could decrease total movements and reduce travel times.  

 

3.3 Framework 
This sub-chapter describes the different types of methods that have been used during the research, 

such as the different methods to calculate the carbon footprint of the current operation, the methods 

used for conducting interviews and the type of implementation used in the final chapter.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

•ICAO (2011)

Carbon footprint 
calculations for tractor 

emissions

•Semi-structured, 30-60 minutes, online

•Multiple interviews to compare answers

•Changed questions based on previous interviews

Interviews with ground 
handlers, airport and 

sustainable energy 
suppliers

•Scribbr implementation structure (2020)

•PDCA cycle
Implementation plan

Figure 2: Framework schematic 
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Carbon footprint calculations 

The calculation of the carbon footprint can come in a few forms and are based on the methods of 

ICAO (2011). There are multiple levels of reliability and validity in each calculation, based on the 

amount of information that is available. The more information is available, the more accurate and 

reliable the outcome will be. The several methods of calculating the carbon footprint are listed below.  

 

A simple approach to calculate the emissions at airports is by using a formula. The formula is 

formulated as follows: 

 

EmissionPollutant [g] = Σfuel types (total fuel type used [kg] × average emission factor 

[g/kg fuel type] 

 

The amount of emissions is calculated by multiplying the total fuel used with the average emissions 

factor. The emissions factors are shown in Table 3. Using this formula is a simple method and does 

not need much information and ground handlers can easily calculate it for their operations. The more 

information is available, the more specific and accurate the emissions calculation is. A more complex 

calculation can be done using the following formula: 

 

EmissionPollutant [g/GSE] = power [kW] × load [%] × emission factorPollutant [g/kW] × 

time [h] (× DF)  

 

This formula calculates the emissions of one specific GSE, for instance a tractor. The power is the size 

of the engine, expressed in kW or break horsepower (BHP). This power is different for each type of 

GSE; they have different engines which also influence the emissions polluted by the vehicle. The load 

[%] indicates the load factor of the total capacity of the vehicle. The emission factor is the same 

number as in the previous formula and is different for each fuel type. The time [h] stands for the total 

annual operating time of the vehicle and DF is the deterioration factor. This formula is more specific 

and accurate than the previous one. If information is missing to use this more extensive formula, the 

simpler method has to be used. 

 

The following formula can be used for the most accurate and sophisticated approach: 

 

EmissionPollutant [g] = power [kW] × load factor [%] × emission factorPollutant [g/kWh] 

× timeA/C–Ops [h] × DF 

 

Where:  

- timeA/C–Ops [h] = the average time of operation for a GSE unit depending on type of operation 

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

- DF = deterioration factor (reflects age and maintenance of GSE) 
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The emission factors of different are as follows: 

 

 

 

 

 

 

 

 

 

 

Interviews 

Interviews during the research period allowed the researcher to receive information that has not yet 

been recorded in any document. The questions in the interviews derived from the literature research 

conducted in chapter 2.2. The interviews were held in a semi-structured form to allow further 

questioning on the interviewee’s answers. The interviews were held via digital platforms Microsoft 
Teams, Zoom, Skype or via the regular phone. The duration of the interviews was 30 minutes to one 

hour, depending on the questions that were asked and the answers that were given. The interviews 

were not recorded due to privacy matters. Some of the interviews were held collectively with other 

graduate students at ACN to minimize the time required from the interviewee in busy times due to 

COVID-19.  

 

This research contains two verbal interviews and one written interview. The interviews were held to 

obtain information on ground operations at Schiphol Airport. Head of ground support at KLM Ground 

Services and Business Unit Manager Freighter Handling at Menzies Aviation were interviewed 

verbally. Project Leader Cargo Operations at Menzies was interviewed by e-mail. The information 

gathered from these sources can be used in this research, because they all have a connection with 

ground operations at Schiphol Airport.  

 

Three more interviews were held with interviewees whose specialty is in sustainable power sources.  

These interviews were held to gather more information about the difference in electricity and 

hydrogen for the drive of vehicles. One interview was held with the Secretary of OpWegMetWaterstof 

and one interview was held with the Senior Project Developer Hydrogen of Total Gas Mobility. These 

people are experts when it comes to sustainable power supplies and thus the information acquired 

from these interviews are used in this research. Another interview with three employees from Royal 

Schiphol Group was held to relate the sustainable power supplies to Schiphol Airport. The 

hydrogen/electricity innovators and the innovation lead at Royal Schiphol Group provided more 

insight into the sustainable power supplies at Schiphol and are also used in this research.  

 

The interviewees gave reliable and representative information, because they work in the field the 

questions were about. This makes the information acquired from the interviews reliable and valid.  

 

  

Table 3: Emission factors (ICAO, 2011) 



 

 25 

Implementation plan  

The implementation plan that is described in chapter 8 is a form that is set up by Scribbr (2020). This 

form is chosen due to the variety possibilities in implementation plans and can be used for almost 

every situation. The Plan – Do – Check – Act (PCDA) cycle in that chapter is derived from lessons given 

at the AUAS.   
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4. Results 
This chapter describes the results found for each sub-question, by using the methodologies explained 

in chapter 3.3. Chapter 4.1 maps the current situation of cargo transportation at Schiphol Airport and 

gives information on how the current emissions can be calculated. Chapter 4.2 further examines 

different autonomous solutions that have been tested in autonomous airport transportation traffic 

and examines what solution is applicable for autonomous transport at Schiphol Airport. The 

importance of safety and the correspondingly factors are explained in chapter 4.3. Chapter 4.4 

compares different types of energy sources and examines what energy source is best suitable for the 

autonomous dollies. Chapter 4.5 describes what to consider in order to make the autonomous dollies 

an efficient replacer of the cargo tractor.   

 

4.1 What is the current dolly situation at Schiphol Airport?  
It is crucial to know the current dolly situation at Schiphol Airport in order to make an implementation 

plan for a new system that replaces the old system. This sub-chapter is divided into six different 

chapters in which each chapter describes one particular part of the current situation.   

 

4.1.1 Tractors 
Tractors are the vehicles that tow dollies to their destination. The ground handlers at the airport own 

a certain number of tractors. These tractors are used to transport freight from the aircraft to their 

warehouse or vice versa. Tractors meant for cargo transport are usually small vehicles with a lot of 

power. This subchapter covers some of the tractors used at airports to transport cargo from one place 

to another.  

 

Diesel tractors 

Diesel tractors are the classic tractors that offer the power required to pull multiple freight dollies. 

There is a wide array of different tractors. Table 4, which is stated below, gives an indication of several 

types of tractors from MULAG that are used in the ground handling operations at Schiphol Airport 

(Business Unit Manager Freighter Handling Menzies Aviation, 2020). Table 5 displays several tractors 

from the brand Charlatte Manutention.  

 

Table 4: MULAG tractors (MULAG, 2020) 

MULAG products Trailing load Dead weight Application  

Comet 3D 8.6ton at 30 km/h 

26ton at 6 km/h 

3500kg Lightweight cargo 

Comet 4D 11.5ton at 30 km/h 

35ton at 6 km/h 

4000kg Lightweight cargo 

Comet 6D 17.2ton at 30 km/h 

50ton at 6 km/h 

6000kg Heavy cargo handling 

Comet 8D 23ton at 30 km/h 

70ton at 6 km/h 

8000kg Heavy cargo handling 

Comet 12D 34.4ton at 30 km/h 

100ton at 6 km/h 

12000kg Heavy cargo handling 
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Table 5: Charlatte tractors (Charlatte Manutention, 2020) 

Charlatte products Trailing load Dead weight Application  

TD-225 20T 20ton 3040kg Lightweight cargo 

TD-225 25T 25ton 3260kg Lightweight cargo 

TD-225 30T 30ton 3800kg Heavy cargo handling 

 

Electric tractors 

Electric tractors have already made their introduction at Schiphol Airport. Several ground handlers 

have them in their operation (Head of ground support KLM Ground Services, 2020). Implementing 

them was difficult due to longer charging times, which means that planning becomes essential to make 

sure that maximum usage can be achieved during peak hours. Most airport tractor producers make 

electric tractors. The specifications of those tractors are similar to the diesel-powered tractors. Table 

6 illustrates a few examples of electric MULAG tractors.  

 

Table 6: MULAG electric tractors (MULAG, 2020) 

MULAG tractors Trailing load Dead weight Application  

Comet 3E 8.6ton at 30 km/h 

26ton at 6 km/h 

3700kg Lightweight cargo 

Comet 4E 8.6ton at 30 km/h 

26ton at 6 km/h 

4470kg Lightweight cargo 

Comet 6E 8.6ton at 30 km/h 

26ton at 6 km/h 

6700kg Cargo handling and 

easy operable in close 

surroundings 

 

Electric tractors weigh more compared with diesel-powered tractors. This extra weight comes forth 

from the added weight of the battery. The more power the tractor needs, the bigger the battery 

becomes and the longer it takes for the battery to charge.  

 

4.1.2 Types of ULDs 
A Unit Load Device (ULD) is either aircraft container, or an aircraft pallet and pallet net combination 

(IATA, sd). The ULDs are removable aircraft parts and have strict aviation authorities’ requirements 
from design, production, testing and operations to repair and maintenance. For a ULD to be airworthy, 

it must be structurally capable of restraining the loads and provide adequate protection to the aircraft 

structure and systems during the flight. The ULDs are the only aircraft parts not in control by the 

airline, since they are outsourced to ground service providers.  

 

There are about 1 million aircraft ULDs in service as of now. They represent a replacement value of 

over 1 billion US Dollars (USD) and thus are expensive assets that require correct handling. Many 

people do not know that ULDs are aircraft parts and that they directly contribute to flight safety (IATA, 

sd). This is an important factor when transporting these ULDs with autonomous vehicles.  

 

  



 

 28 

The size, weight and type of ULD determine which dolly will be used to transport the freight. The 

different types, appearances, load capacities, corresponding aircraft and dollies on which they are 

transported on, are shown in Appendix II ULD types (SeaRates LLC, 2020). Chapter 4.1.3 further 

describes the different types of dollies.  

 

4.1.3 Dollies 
Cargo dollies are un-motorized carts tugged by the tractor. Freight is loaded on top of the dollies via 

the roller belt at the warehouse of the ground handler and loaded onto a high loader when arriving at 

the gate or aircraft stand to load it into the aircraft (or the other way around). There are different 

types of dollies and each dolly carries different types of cargo. All the different dollies have rollers on 

top that are used to move the cargo on and off the dolly. This sub-chapter describes the different 

types of dollies.  

 

Five-foot dollies 

Five-foot dollies are the smallest types of 

transport dollies. There are several models of 

these dollies, but the average weighs around 

800kg. They are used to transport three types of 

ULDs with a maximum weight of 1.600kg: LD1, 

LD2 and LD3 ULDs (S-P-S, sd). These dollies have 

steering in both axles, which allows them to 

follow the same path as the tractor instead of 

shortening the corners.  

 

Ten-foot dollies 

The slightly bigger dolly is the ten-foot dolly, 

which weighs around 1.250kg. This dolly is used 

to transport larger ULDs with a maximum 

weight of 6.800kg: LD1, LD3, LD5, LD6, LD9, 

LD10, LD11, P1, P6 and P9 ULDs.  

 

Twenty-foot dollies 

Twenty-foot dollies are the last types of dollies 

operational at Schiphol Airport. These dollies 

are used to transport large cargo volumes that 

do not fit on the five- or ten-foot dollies. These 

dollies weigh around 3.600kg and can transport 

cargo that weighs up to 26.000kg. The ULDs can 

be loaded on the dolly by using the rollers on 

the dolly to simplify the (un)loading of the 

cargo.  

 

  

Figure 3: Five-foot dolly (S-P-S) 

Figure 4: Ten-foot dolly (S-P-S) 

Figure 5: Twenty-foot dolly (S-P-S) 
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4.1.4 Platform  
This chapter gives an indication on the positioning of the dollies on the platform. There are specific 

parking spaces for the dollies to prevent the ground handlers from placing them anywhere on the 

platform. The specific parking spaces contribute to an uncluttered, organized and safe platform. The 

size and type of aircraft influence the type of gate to which it is assigned. At most airports, there are 

two aircraft stands that can be found:  

- Gate stands with a passenger boarding bridge that connect the aircraft to the building. 

- Open/remote stands where an aircraft is parked with no direct connection to the building. 

 

 

Where: 

1: Passenger bridge 

2: Moving area passenger bridge 

3: Assigned parking space for ground handling material 

4: Un-assigned parking spaces for ground handling material 

5: Fuel hydrant pit 

6: Aircraft clearance line 

7: Broad red clearance line 

8: Parking strip pier-side 

9: Driveway, and waiting area for arrival 

10: Assigned parking space for un-motorized vehicles with height limitation 

11: GPU-space 

12: Parking restriction 

13: Entryway for aircraft with stop lines  

 

  

Figure 6: Passenger aircraft stand (AUAS, 2019) Figure 7: Cargo aircraft stand (Google, sd) 
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Figure 6 illustrates an aircraft stand for passenger aircraft. Tractors with dollies approach the aircraft 

stand from the road on the top. The space marked with number 10 is the assigned space for un-

motorized vehicles. This space is reachable by driving from the road at number 9 on the right side. The 

ground handler drops the dollies in this dedicated space and waits for the ground team to load the 

cargo into the aircraft by using a high loader. The reason for this position is so that the loading doors 

are easier to access.  

 

The markings on the platform are different for cargo aircraft stands. A cargo aircraft does not have 

passengers on board, which means that the area marked in red (number 2) is not marked on the 

platform of a cargo aircraft stand. Figure 7 displays a cargo aircraft stand at Schiphol Airport. There is 

a lot of space available for the un-motorized vehicles on the sides of the aircraft. Apart from this, the 

aircraft stand is fairly similar.  

 

4.1.5 Routes  
The next step of the inventory of the current operations was to find out what routes the tractors use 

when transporting cargo from their warehouse to the aircraft. Sixty percent of the freight at Schiphol 

Airport (ACN, s. d.) goes into full freighter aircraft. Full freighters are easy to load and unload, because 

the aircraft stand is right in front of the warehouse of the ground handlers. The distances that the 

dollies have to travel are minimal compared to belly freight. Forty percent of the freight is loaded into 

the ‘belly’ of passenger aircraft. These aircraft stands are spread out over Schiphol, which means that 

the tractors have to drive with the freight on dollies to the correct aircraft stand. There are several 

routes at Schiphol Airport that these tractors with dollies can take, illustrated in Figure 8 in the form 

of black lines. The route taken by the tractor is determined by what the destination gate of the dollies 

is. The average travel time from KLM Cargo to the passenger aircraft gates is twenty minutes (Head of 

ground support KLM Ground Services, 2020). KLM Cargo is situated in Schiphol Centre, which makes 

the travel time for other ground handlers situated at Schiphol Zuid-Oost longer. The plan for the future 

is to move KLM Cargo and dnata both to Schiphol Zuid-Oost. Schiphol Zuid-Oost has enough space to 

further expand, which makes space for further expansion of Schiphol’s passenger piers at Schiphol 

Centre. The downside of Schiphol Zuid-Oost is that travel times increase and that the ground handlers 

would possibly need more tractors and dollies in order to keep up with the demand.  
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Figure 8: Dolly routes at Schiphol Airport (Schiphol, 2016) 
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4.1.6 Emissions  
To comply with Schiphol’s plans of being emission neutral by the year of 2030, it is necessary to make 

an inventory of the current operation emissions. Making a calculation is necessary in order to make a 

clear inventory of the emissions of the tractors which contains pollutants that affect air quality at 

Schiphol Airport. The amount of emissions emitted by a vehicle depends on a couple of factors, namely 

fuel and speed. 

 

Fuel 

The type of fuel that is used determines the total amount of emissions of the vehicle. With the 

increasing volume of biofuels in the world, the impact of this factor on the environment has been 

reduced (slightly). ICAO’s Airport Air Quality Manual (2011) mentions different ways to calculate the 

total emissions of the operations at an airport. These methods are mentioned in chapter 3.3. Many of 

the Ground Support Equipment (GSE) are non-road vehicles designed to provide services required for 

aircraft. The tractors that tow dollies belong to these non-road vehicles. These tractors are generally 

powered by internal combustion engines, but other technologies are sometimes used (e.g. electrical 

equipment).  

 

Speed  

The amount of emissions depends on the speed of the vehicle (Otten & van Essen, 2010). The research 

of Otten & van Essen (2010) states that driving at lower speeds is better for the environment. 

However, when driving at lower speeds, the CO2 emissions increase, because the average speed takes 

the stop-and-go into account. This can be seen in Figure 9. Stop-and-go situations often occur when 

driving in e.g. a city. Traffic at an airport is not allowed to go faster than 30 km/h. Stop-and-go 

situations occur often at airports, because the distances are not big and there is a lot of traffic. With 

lots of stop-and-go situations at the airport, it becomes important that the type of propulsion is 

sustainable. Sustainable options for vehicles are further elaborated in chapter 4.4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 9: Average speed and CO2 emissions (Otten & van Essen, 2010) 
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4.2 What types of autonomous dollies can replace the current cargo dollies? 
This chapter elaborates different systems that can be used for the automation of dollies at Schiphol 

Airport. Chapter 4.2.1 describes the innovative baggage handling system of Vanderlande called FLEET. 

Chapter 4.2.2 explains the new concept of SPPAL and Gaussin and chapter 4.2.3 gives an insight into 

Charlatte Manutention’s autonomous tractor test at Toulouse Airport.  

 

4.2.1 FLEET 
Vanderlande, one of the world’s biggest logistics automation and material handling companies, 

launched a baggage project called FLEET, which is a flexible and sustainable baggage logistics solution 

and is shown in Figure 10 and Figure 11 (Vanderlande, n.d.). FLEET uses AV technology and intelligent 

software that enable the seamless handling of individual bags or batches of bags (in ULDs). This system 

runs inside the baggage hall and up at the aircraft stands. By using Vanderlande’s intelligent software, 
FLEET replaces the need for fixed conveyor belts and sorting systems. The FLEET system combines 

transport robot systems with baggage handling and real-time track & trace of individual bags can also 

be facilitated. FLEET is designed for passenger baggage, but this concept can be adapted for cargo 

ULDs. The size of the vehicles would have to be bigger when using it for cargo ULDs, but there is not 

much of a difference in the operation of this smart and innovative system as when using it for 

passenger baggage. This chapter elaborates the FLEET concept and the benefits this innovative system 

offers.  

 

 

Rotterdam The Hague Airport (RTHA) implemented this system in their baggage hall in 2018. RTHA’s 
unique selling point is to offer short windows in which to process passengers and also has a strong 

focus on meeting its sustainable objectives. RTHA’s reason for using the FLEET system is that they 
wanted a reliable system that does not rely on fixed infrastructure, but could adapt to the ever-

changing operational environments and demands of passengers who’s technical knowledge is 
increasing (Vanderlande, n.d.). 

 

The FLEET system 

FLEET uses AVs that carry one bag at a time in the baggage handling area of an airport. The FLEET 

system eliminates the need for fixed conveyor belts and sorting systems in a baggage handling area 

at an airport based on the technology of AVs. The AVs have barcode/RFID scans on-board which scan 

the bags of passengers that land on it. After receiving the bag, the AV takes the baggage to a conveyor 

that is connected to an x-ray scan which checks the baggage and drops it on the same AV again when 

the scan is complete, as shown in Figure 12. This process can be used for a smaller airport, as well as 

for a bigger airport.  

Figure 10: FLEET Self Bag Drop (Vanderlande, 2017) Figure 11: FLEET Flexible Infrastructure (Vanderlande, 2017) 
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The number of x-ray scans is variable and can be added when needed or removed when the system 

already reaches the maximum capacity. The same goes for more AVs: the larger the area of 

operation gets, the more AVs can be implemented to decrease the throughput times of the baggage. 

The final step of the FLEET system consists of the AV dropping off the baggage at the right chutes. 

These chutes end on a small conveyor where the ground handling team picks up the baggage to put 

them on baggage carts.  

 

 

 

 

 

 

 

 

 

 

 

 

Vehicles that are inactive can be parked in a central area where they can wait for a new task and 

charge simultaneously. This parking location is near the area of where the AVs should pick up their 

new baggage to reduce the waiting time for the baggage at the conveyor.  

 

There are several benefits to using a system like this, such as flexibility and scalability. It is easy to add 

or remove x-rays and a number of AVs, depending on the capacity needed for the operation. The 

system also brings benefit to the sustainability of the airport. Vanderlande claims that these AVs 

require only half of the energy traditional systems require and that the AVs are designed to be 

recycled, which contributes to the circular economy. The FLEET system requires less space in the 

baggage handling area than the normal operation, because these AVs can handle more bags per cubic 

meter.  

 

A system with only one conveyor can cause delays easier than the AVs of FLEET. Because there is more 

than one, there is some form of redundancy with the AVs. If one breaks down or gets jammed 

somewhere, it does not stop the other AVs from continuing their operation. Only the bag that is on 

the AV is affected by this error. This possibility for AVs to bypass one another increases the operational 

continuity and throughput of bags.  

 

  

Figure 12: FLEET x-ray system (Vanderlande, 2017) 
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The system is realized by creating paths for the AVs, as can be seen in Figure 13. These paths are 

configurated to design a system where the AVs can jump in when they are needed for a task. These 

paths can be custom-made for any solution and is usable at an airport. The paths would have to follow 

the side-roads and have exits at each gate for them to deliver the freight to the destination. 

 

 

 

 

 

 

 

 

 

 

Concluding, this FLEET system offers benefits for the future of baggage handling systems. The reason 

for mentioning this passenger baggage handling system is that this concept might also be viable for 

the transport of air freight at Schiphol Airport. The size of the vehicles would have to be increased, 

but the concept stays the same.  

 

4.2.2 Gaussin  
Gaussin, an engineering company based in Hericourt, France, designs, assembles and markets 

innovative products and services in the transport and logistics industry. Their specialization includes 

the transport of people and goods, autonomous solutions for driverless use of the Automotive Guided 

Vehicles (AGV) type and the integration of new generations of batteries and hydrogen. Gaussin 

produced over 50.000 vehicles worldwide and enjoys a strong reputation in the four growing markets: 

airport and port terminals, people and logistics mobility.  

 

Gaussin has over 20 years of experience in AV solutions for applications requiring a high level of safety, 

productivity and repeatability. Together with Siemens Postal, Parcel & Airport Logistics (SPPAL), 

Gaussin launched a test of autonomous freight transportation at London Heathrow Airport, as seen in 

Figure 14. The outcomes of this project are not known yet since it has recently been tested. SPPAL 

contributed among others its reliable and efficient conveyor technologies and Gaussin brings its 

innovative AGVs to the table.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 14: AAT (Autonomous Airport Transporter) (Gaussin 

Manugistique, 2018) 

Figure 13: FLEET path configuration (Vanderlande, 2017) 
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SPPAL serves 16 of the 20 largest passenger airports worldwide and handles a total of 1.1 billion airline 

customers per year. In addition to that, SPPAL serves 6 of the 10 largest cargo airports that in total 

add up to 19 million tonnes of cargo per year. Together with Gaussin, SPPAL states that AGVs are set 

to improve the transportation flows at large airports, which leads to higher productivity and thereby 

shortening the time needed for processing ULDs with cargo.  

 

4.2.3 Charlatte & NAVYA 
Charlatte Manutention is one of the world’s leading manufacturers in electric and thermal vehicles for 
both industrial purposes and airport purposes. NAVYA is a French leader in autonomous driving. These 

companies created Charlatte Autonom in October 2018 in order to develop autonomous tractor 

solutions for airports and industrial sites. This new concept combines the proven quality and 

performance of Charlatte’s T135 electric tractor, which is the best-selling tractor on the market with 

more than 20.000 vehicles in operation worldwide, with NAVYA’s knowledge on autonomous systems. 

 

Test at Toulouse-Blagnac Airport 

In November 2019, these two companies and Air France tested this autonomous baggage tractor at 

Toulouse-Blagnac Airport in France and can be seen in Figure 15. The AV transported baggage 

between the baggage sorting area and the aircraft stand and aims at improving baggage flow 

performance and ramp safety at airports. The AV can be used for both baggage transport and cargo 

transport.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The way this tractor works is similar to the current situation, namely baggage is loaded into containers 

in the baggage hall and loaded onto dollies. When the dollies are fully loaded with baggage containers, 

the agent inserts the travel plan into a tablet on-board of the AV. These travel plans are associated 

with the specific gate where the baggage needs to go. When the AV arrives at the assigned gate, it 

stops and waits for a gate agent to unload the dollies before sending it back to the baggage sorting 

area.  

 

  

Figure 15: Autonomous and electric tractor (AirFrance, 2019) 
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To make sure that the AV carries out its task and deals safely with ramp traffic, the vehicle is equipped 

with intelligent sensors that allow the AV to recognize its environment, detect obstacles at 360 

degrees, position itself with great precision and make the right and safe decisions. Thanks to all the 

sensors that the AV has on board, it is able to operate fully autonomous and it can also communicate 

with the hub’s traffic signals.  
 

The test at Toulouse-Blagnac Airport was very successful, even though the operational consequences 

are not optimal yet. An employee still has to be on-board of the vehicle when it travels around the 

airport to make sure that the vehicle operates safely and the employee can intervene when needed 

to avoid dangerous situations. The test was successful, so the idea of Air France is to continue with 

this concept to integrate it into the operational processes at airports. The test was the first step of a 

more widespread roll-out of autonomous vehicles at airports that should contribute to easing the 

growing logistics flows.  

 

Vehicle specifications 

The companies that cooperated in this project released a document with the specifications of the 

vehicle. This information of the electric and autonomous vehicle gives an impression of what the 

vehicle is capable of doing. It is a regular electric tractor that has the function to also operate 

autonomously. The important specifications of the vehicle are mentioned below.  

 

The size of the vehicle is similar to the size of a regular tractor that transports baggage or cargo. The 

power of the engine is 23kW, which is less than a regular tractor. The top speed of the tractor is 

25km/h when driving manually, but 15km/h when driving autonomously. The cart can pull a total 

weight of 25 tons to be able to drive autonomously. The vehicle is able to drive autonomously by using 

the Global Navigation Satellite System (GNSS). This system allows vehicles to capture GPS signals that 

guide them in their navigation around the airport. 

 

4.2.4 Solution for autonomous dollies at Schiphol Airport 
The concepts of Vanderlande and SPPAL & Gaussin can be beneficial and will be further used 

throughout this research. The reason is less unnecessary weight added to the dollies, instead of 

needing an extra vehicle that can pull the individual dollies. Single dollies are more mobile and can 

transport freight more efficiently. Dollies do not have to be connected or disconnected from the 

tractor when a certain number of dollies are required to transport the freight. This also eliminates the 

extra weight of dollies that are unnecessary. 

 

When using electrical individual dollies, the size and weight of the battery decreases, because the 

dolly requires less power to transport the freight. The type of propulsion that is most beneficial for 

autonomous dollies is elaborated in chapter 4.4.  
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4.3 What effect could autonomous dollies have on safety? 
Safety is IATA’s number one priority (IATA, sd). Safety plays an important part in the aviation industry. 

ICAO supports the continued evolution of a proactive strategy that improves the safety performance 

of the aviation industry (ICAO, sd). Both organizations strive to improve and maintain the safety at 

airports. The implementation of autonomous dollies at Schiphol Airport is a major change in 

operations at airside that could bring extra dangers. This chapter elaborates different safety aspects 

that have to be taken into account when implementing an autonomous vehicle system.  

 

4.3.1 Perceptions of safety on roads 
Acceptance of the community is a topic that plays a big role in the safety discussions. Even though AVs 

might offer benefits to safety in traffic, the word autonomous causes people to think of danger, 

because the vehicles are not controlled by humans. This topic has been briefly mentioned in the 

literature review but continues in this sub-chapter.  

 

While improved safety is a cited potential benefit of AVs, another frequently cited concern is new 

safety challenges that AVs introduce  (Pyrialakou, Gkartzonikas, Gatlin, & Gkritza, 2020). Although 

improvement of road safety is one of the highly anticipated benefits of AVs, there are also many risks 

involved, such as the potential for system hacking and failures, an increase in AV users risk-taking 

behavior and the risk of platooning AVs with regular human-controlled traffic. These risks may cancel 

out the safety benefits expected to result from removing the human factors in traffic. Many tests have 

been executed to evaluate the hypothetical safety impacts of AVS. However, a level of uncertainty in 

the tests arises to measure the statistically safety performance and is arguably infeasible through 

model testing (Pyrialakou, Gkartzonikas, Gatlin, & Gkritza, 2020).  

 

Testing the AVs is an important factor in the implementation plan of such a system (Innovation Lead 

Royal Schiphol Group, 2020). If crashes or other incidents occur during these tests, regardless of the 

AV causing the incident, media scrutiny and scientific uncertainty can affect both the attitudes toward 

and perceived safety of AVs among the general population and can reveal strong opposition to AVs. 

Perceived safety of AVs is widely assumed to be a factor affecting the attitudes, behaviors and 

intentions of people using AVs (Pyrialakou, Gkartzonikas, Gatlin, & Gkritza, 2020). This can be related 

to airports, because safety is the number one priority for an airport like Schiphol. Because the 

autonomous dollies at Schiphol Airport will operate in mixed traffic conditions, it is critical to inform 

the developers of AVs about the fact that the AV will operate in an area with a wide range of road 

users, particularly about the vehicles that cannot drive autonomously.  

 

The perception of safety of these autonomous vehicles is something that can be influenced by proving 

the people that doubt the safety of AVs wrong. A first step towards changing to the idea of having AVs 

at airside, is by performing multiple tests with different forms of traffic. The study of Pyrialakou et al. 

(2020) calls for more studies in areas where humans have direct exposure with the AVs and where 

opinions or perceptions might therefore more closely reflect on a real situation. In the situation of 

autonomous traffic at Schiphol, multiple studies and tests have to be performed in order to be able 

to implement an autonomous vehicle system (Innovation Lead Royal Schiphol Group, 2020). 
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4.3.2 Collision avoidance 
Collision avoidance is a factor that is of high importance on an AV as stated in the literature review 

and previous chapter. A proper and perfect function collision avoidance system on the AVs brings trust 

to the people that work on airside. When multiple robots have to perform their tasks in the same area, 

plus extra human-controlled vehicles, the risk arises that they run into each other while moving 

around the airport. There are two different approaches to avoid these risks, where the first approach 

is based on vehicles following a pre-defined path and the second approach is based on vehicles that 

have a flexible operating field.  

 

The first approach is applicable for vehicles following a pre-defined path, which is the case for 

autonomous transport at Schiphol (Silven, 2018). Because the AVs will be travelling on the side-roads 

on airside, they cannot follow a flexible path around these roads. The AVs cannot freely decide where 

they drive. When collisions occur at routes, the central unit that controls the different AVs, can reform 

the routes of the AVs that are not at the collision yet. The collision can be avoided that way and the 

AVs are able to continue their routes. This is only possible when the collision does not occur on any of 

the main roads at Schiphol. These routes are unavoidable for vehicles and thus the AVs will arrive at 

this collision too, which forms congestion at this road segment. This approach of avoiding collisions 

can be mitigated by equipping the vehicle with multiple sensors on the front and sides.  

 

Another way to counter this risk is to program the AV with software that allows the vehicle to move 

around a vehicle that is at a standstill on the road due to an unexpected incident. This is illustrated in 

Figure 16. A factor to take into account here, is that the AV needs to scan its surroundings to make 

sure that it can perform an action like this.  

 

 

 

 

 

 

 

 

 

 

 

 

The second approach is applicable for AVs that follow flexible paths and do not follow specific paths 

(Silven, 2018). Their navigation plans are updated frequently, because they move independently. The 

first route of the dolly is congestion and collision free, but when something happens along the way, 

the route adjusts to a better solution. There is no guarantee this route stays collision and congestion 

free, because the individual AVs constantly update their own routes. Path crossing is something that 

will happen when the AVs do not follow specific routes. Path-crossing can cause AVs to pile up in one 

area, causing delays and increasing the chance of collisions. When the controlling unit notices that 

multiple AVs reach the same area at the same time, rerouting some of the AVs heading for this area 

can prevent this from happening.  

 

Figure 16: AV collision avoidance 
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For the concept of using autonomous systems on Schiphol Airport, the first approach is more viable, 

because the side-roads on which the dollies will travel do not allow the use of flexible routing in an 

area. The AVs can only travel on the roads, which makes flexible routing difficult. The AVs should be 

equipped with multiple sensors on all sides that prevent the AV from running into objects. AVs should 

not be able to run into each other, because there is communication between the dollies and the 

sensors do not allow collisions to happen. 

 

4.3.3 Inspection of the cargo 
Inspection of cargo that takes often place after unloading the aircraft but before the goods enter the 

warehouse of the ground handler. Dutch customs has an inspection site on the airport to check import 

cargo, this is the Joint Inspection Centre (JIC). It also has landside access to inspect export cargo before 

delivery at the ground handlers.  

 

In addition, Schiphol’s security personnel check all drivers, tractors and dollies entering airside from 
the handlers’ warehouses with outbound cargo, to make sure no Improvised Explosive Devices (IED) 

or other forbidden articles get access to airside.  

 

The JIC is the place where cargo can be checked by the Dutch customs. The JIC is one of the projects 

within the Schiphol SmartGate Cargo (SSGC) program.  The JIC makes the handling of cargo safer and 

more efficient by making enforcement and inspection authorities collaborate of air freight checks. This 

program was a collaboration between ACN, Amsterdam Airport Schiphol, KLM Cargo and Dutch 

customs. The JIC is a place where logistics and enforcement come together. The building has facilities 

for an expedition floor, a scan hall, storage- and research spaces, a quarantine space for small animals, 

garages for scan vehicles, offices and a training centre.  

 

The JIC is important for the implementation of autonomous dollies, because the freight might be 

forced to be inspected at the JIC. This means that there also needs to be a route for the AVs to and 

from the JIC. The JIC needs a facility for the AVs where they can drop their freight, let it be checked 

and where they can pick it up again. This can be similar to the FLEET x-ray process. The AV drops off 

the freight at a conveyor, the freight is checked by customs and put on a conveyor that connects to 

the AV again.   
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4.4 What effect could autonomous dollies have on sustainability? 
Sustainability is an important topic for the aviation industry to keep growing and it is the main reason 

for this research. The aviation sector is not environmentally friendly, due to the high amount of 

emissions from the aircraft engines. Even though the aviation sector is responsible for only 2% of the 

total emissions worldwide, it is still a significant total number (ATAG, 2020). It is quite clear that the 

aviation industry has to change to become more sustainable, but how is this challenge going to get 

handled? This chapter gives an insight to how and where the implementation of autonomous dollies 

can reduce the airport’s emissions. 
 

Operational emissions 

Aircraft ground handling during operational turnaround is an important airport-related emissions 

source (ICAO, 2011). The type and number of equipment and vehicles used for ground handling 

depends on a couple of factors, including aircraft type and size, aircraft stand characteristics, and the 

operational and technological characteristics of ground handling equipment. There are two types of 

emissions comprised of four sources in this category: ground support equipment, airside vehicle 

emissions, aircraft refuelling and aircraft de-icing. The last two generate evaporative emissions do not 

have a relation to the research and thus left out of scope.  

 

The calculation to make an inventory of the emissions pollution of one specific type of GSE was 

mentioned in chapter 4.1.1. Figure 17 illustrates the characterization of GSE operations. The different 

characteristics decide which type of GSE is used.  

 

 
Figure 17: Characterization of GSE operations (ICAO, 2011) 
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Since this research is on the use of autonomous dollies, the emissions of other GSE are left out of 

scope. The next chapter describes different options for sustainable energy that can be used for the 

propulsion of the engines of the dollies.  

 

4.4.1 Sustainable sources of energy   
The source of the energy is decisive to determine total emissions of certain operations. The current 

cargo transport operations are performed by tractors that run on fossil fuel diesel. This fuel is harmful 

for the environment, due to the emissions of the vehicles. The emissions of diesel and gasoline are 

illustrated in Table 7.  

 

 

 

 

 

 

 

 

 

 

 

The emission of one kilogram of diesel consists of 3150 grams of CO2 and 48.2 grams of NOx. These 

are high numbers that can be compensated by using biofuels or reduced by other means of energy. 

Sustainable energy sources are electricity, which is already used extensively throughout the world, 

and hydrogen, a carrier of energy that is still being researched and is not yet used a lot in the 

transportation industry. This sub-chapter describes both energy sources, by analysing the production 

of these alternative energy sources.  

 

4.4.1.1 Electricity 

Everyone is familiar with electricity. From lighting in the house to driving cars. Electricity is a form of 

energy that has made its introduction in the transportation industry quite some time ago. The 

standard unit for electric power is watt. This power is defined as the rate of consuming or producing 

energy (McFadden, 2017).  

 

There are already electric vehicles operating at Schiphol Airport and the goal is to replace as many 

vehicles that run on fossil fuels with electric vehicles as possible. This subchapter explains different 

methods of generating electricity. 

 

There are different ways to generate electricity. Some are environmentally friendly and some are 

environmentally hostile. In many ways, the electricity is generated by spinning turbines that generate 

kinetic energy. The electricity is produced when the kinetic energy turns copper wires within the 

turbine (Gilani, 2018).  

 

  

Table 7: Example European emission factors for aircraft 

handling (ICAO, 2011) 
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A form of electricity generation are nuclear power plants. Nuclear power plants generate high 

amounts of electricity and generate steam by heating water (Energy Information Administration, 

2019). The steam is used to spin large turbines to generate electricity. Nuclear power plants use 

nuclear fission that produces the heat to heat water. Nuclear fission is the process of splitting atoms 

to form smaller atoms, which releases energy. This process takes place in the centre of the nuclear 

power plant, which contains uranium fuel. The heat produced by the process of splitting atoms is used 

to transform water into steam, which turns the blades of the turbine and generate electricity. After 

the steam runs through the turbines, it is turned back into water by cooling it. Cooling can be done by 

using the water from ponds, lakes or seas. The cooled down water is then reused for producing steam. 

These nuclear plants produce high amounts of energy and have a 33-37% efficiency compared to fossil 

fuelled power plants. Nuclear power plants bring the following advantages (Milieu Centraal, sd): 

- Virtually no CO2 and other greenhouse gases are polluted when nuclear energy is created. 

- The material Uranium is fairly cheap. 

- Nuclear energy is less dependent on political unstable regions, compared to the use of oil or 

gas. Uranium can be found all over the world in rocks, soil and sea water.  

 

There are a couple of disadvantages in the use of nuclear energy: 

- The biggest disadvantage is the radioactive waste coming from the plant, as well as the 

radioactive waste coming from uranium exploitation and demolition waste after the closing 

of a plant. Radioactive radiation forms a great risk for the health of the population and can 

stay in the area for tens of thousands of years.  

- The chance of an incident is rather small, but when it does, the impact is huge. The effects 

from an explosion at a nuclear power plant are immense and comparable to the explosion in 

Chernobyl. The radioactive radiation stays in the air for thousands of years, which makes the 

area around the plant unusable.  

 

Biomass is a way of electricity generation that uses the heat from burning organic materials, like 

vegetable oils, fertilizer, wood and several other materials. Bioenergy has a big share in the Dutch 

used sustainable energy. In 2015, 50% of the sustainable energy produced in the Netherlands 

originated from bio-mass energy generation. Biomass is seen as sustainable, due to the materials 

required are able to reproduce naturally. To determine if this method of producing energy is really 

sustainable, the whole method, from beginning to end, needs to be investigated. Removing the trees 

for using it for bio-mass production pollutes CO2 into the air from the machines used in the process. 

That makes it still unclear if biomass is really sustainable (Milieu Centraal, sd).    

 

Fossil fuelled power plants are coal- or oil-fired power plants and are used for small scale production 

of electric power. These power plants are not very popular, due to the high maintenance costs, high 

number of emissions and high fuel prices (NS Energy, 2019).  

 

Hydroelectric power plants make use of flowing water. These plants are usually stationed in water 

dams, because of the water flowing from the top to the bottom level. Compared to the fossil fuelled 

power plants, hydroelectric power plants produce fewer greenhouse gases (NS Energy, 2019). The 

downside of this type of energy production, is the huge investment of the construction requires.   
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Solar energy 

Solar power plants are among the popular ways of generating electricity nowadays. Solar energy is a 

type of energy that never runs out. Everyone can use the power of the sun to generate electricity for 

their own households, but it can also be used on a large scale by using large solar fields or solar power 

plants. This section covers information of the generation, cost and productivity of solar energy.  

 

The generation of solar energy comes forth from solar cells or photovoltaics and converts sunlight into 

electricity. It is expected that solar energy will play a major part in the future electricity generation 

mix. Solar panels offer multiple benefits, including (International Renewable Energy Agency, 2012): 

- Solar energy is renewable and is available everywhere in the world. 

- Solar photovoltaic technologies are highly modular and small and can be used virtually 

everywhere.  

- Unlike other electricity power plants, solar panels require no fuel costs and has relatively low 

maintenance and operation costs.  

 

Generating solar energy is preferred over other methods of generating electricity, besides wind 

energy, because of the low operation costs. There are no costs related to the production of electricity 

after installation of solar panels. Solar panels do not need direct sunlight to work. They can also 

generate energy on cloudy days. Solar panels are popular among households, because a few panels 

can cover energy expenses over the years. For bigger companies or operations, big fields of panels are 

necessary which are less appealing for companies, especially for operations on airports that require 

high amounts of power.   

 

The costs of solar energy are fairly high, due to the high investment costs of the solar panels. The costs 

on a utility-scale of solar panels is around $3600-5000/kW (International Renewable Energy Agency, 

2012). However, the prospects of the continuous decline in solar panel costs are very good. With the 

rapid increase of interest and research of solar panels, it is expected to decrease to $2900-4100/kW.  

 

Wind energy  

Wind energy can also be seen as a renewable energy source. Wind power plants are popular as well 

in the Netherlands. Like solar energy, wind energy comes from a source that never runs out, namely 

the wind. CO2 emissions are 50 times lower than emissions of ‘grey’ power, which is made from fossil 
fuel plants (Milieu Centraal, sd). Wind turbines generate electricity without producing CO2 emissions. 

The only CO2 from wind turbines is produced during the building, maintaining and removal processes. 

After three to six months of functioning, the wind turbine has compensated for these emissions. 

During the whole lifespan of a wind turbine, which is around 20 years, the wind turbine produces up 

to 80 times more energy than is needed to produce one turbine. The wind turbines in the Netherlands 

have spared 4.4 million kilograms of CO2 in the year of 2018 (Milieu Centraal, sd). This number is high, 

because there was a lower demand for the more harmful methods of producing electricity.  

 

Wind turbines work fairly easily. The blades at a high altitude are turned by the force of the wind. The 

axle in the centre of the blades is connected to cogs that drive the electricity generator. The size of 

the blades and height of the wind turbine determine the amount of electricity that is generated. The 

more wind is pushed against the blades and the faster they turn, the more electricity is generated.  
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There has been a rapid growth in the global number of wind parks. As wind naturally occurs as a source 

of energy, there are no limitations to harness the power of wind. Wind parks are not as reliable for 

generating power as nuclear power plants are. Wind parks are highly dependent on the power of the 

wind, because there is a possibility that there is no wind for a couple of days. However, wind parks 

are favourable over other types of power plants, due to low operational costs. Wind parks can be built 

almost anywhere in the country, such as on agricultural lands or in the sea (Milieu Centraal, sd). 

 

There are a couple of downsides to wind turbines, mostly to do with the people living around the wind 

turbines. Wind turbines are big machines and people may find that their sight of the surroundings is 

ruined when looking up to one. When the sun is low, the blades of the wind turbine can also cause 

flickering shadows for surrounding residents. They also make quite a bit of noise. All these 

disadvantages of wind turbines can be avoided when building wind parks in water. The electricity that 

can be produced at sea is not less than the amount produced on land.  

 

Secretary OpWegMetWaterstof (2020) mentioned in an interview that wind energy will become very 

important in the coming decades. Wind parks at sea will be responsible for a large part of the 

electricity supply in the Netherlands.  

 

Wind turbines are variable in costs. There is a difference in location and size. Offshore wind turbines 

are significantly more expensive. Onshore wind turbines generally cost $1850-2100/kW in Europe, 

while offshore wind turbines cost $4000-4500/kW. The difference primarily is in the installation costs, 

as these are much higher in water.  

 

Most efficient sources 

Solar panels and wind turbines are the most sustainable sources of electricity. They are seen as green 

energy and are making big steps into the electricity industry.  There are little to no operational costs 

involved and there are no emissions while generating electricity. Keeping the environment in the back 

of our heads, makes these options the right choices. Nuclear power plants have advantages opposed 

to solar energy or wind energy, but the risk of incidents and nuclear waste detoriate the profitability 

of these power plants.  

 

4.4.1.2 Hydrogen  

This subchapter provides more insight into the use of hydrogen. Hydrogen is still a new type of 

substance that can be used for the propulsion of engines and is still being researched. Hydrogen 

naturally exists in bound form, so the hydrogen has to be produced in several ways in order to be used 

for energy purposes. This chapter describes the production, transportation and storage of hydrogen. 

 

Hydrogen is an energy carrier that is clean, safe and versatile (Hydrogen Europe, 2017). Hydrogen is 

another name for H2 or dihydrogen. The molecule is made of two atoms hydrogen (H2) and is usually 

in a gaseous form. Many people know the term hydrogen from the periodic table with chemical 

symbol H and was first made after the Big Bang. Hydrogen is the most common substance in the 

universe and is the richest energy source for stars like the sun. Hydrogen is non-toxic and does not 

cause environmental damage. It can be seen as environmentally neutral (Shell & Wuppertal Institut, 

2017).  
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Hydrogen does not exist naturally on planet earth. Most of the hydrogen on planet earth exists in 

molecular forms like water or organic compounds. It exists in water in combination with oxygen and 

forms H2O. In combination with carbon, hydrogen forms the molecule Methane (CH4). Hydrogen has 

the lowest energy content by volume, but the highest energy content of any fuel by weight. This 

chapter describes the production process, transportation process, storage process and application of 

hydrogen. 

 

Production of hydrogen 

The Shell Hydrogen Study (2017) describes that there are multiple ways of generating hydrogen as a 

power source. Because hydrogen naturally exists in bound form, it has to be produced by means of 

several processes in order to be used for energy purposes. Figure 18 illustrates the share of primary 

energy carriers in hydrogen production. Most of today’s hydrogen production is based on fossil energy 
sources. A small part of hydrogen is generated from electrolysis, only 5%. The assumption is that the 

amount of electricity produced from electrolysis will rise significantly if renewable electricity becomes 

increasingly available.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The share of the renewable electricity method of producing hydrogen has to and will increase in the 

future, which makes the process of producing hydrogen almost emissions-free, with only 13g CO2/MJ 

H2. The year planning of hydrogen production is visible in Figure 19.  However, the use of regular 

electricity is far from emissions-free. Figure 20 shows the greenhouse gas emissions of the hydrogen 

production. The difference between centralised and decentralised, is that centralised paths are large 

plants that transport the hydrogen via pipelines or trucks and decentralised paths are small plants 

directly at the position of use.  

 

 

Figure 19: Year planning of hydrogen production (Gigler & Weeda, 2018) 

Electricity
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Coal

11%

Oil

16%
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Figure 18: Share of primary energy carriers in hydrogen production  
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As can be seen in Figure 20, the emissions of electrolysis are very high. This is because the EU electricity 

mix primarily consists of nuclear and fossil energy. Therefore, when hydrogen has to be made 

sustainably and usable on a large scale, only electricity from renewable sources should be used for 

electrolysis resulting in very low CO2 emissions during the production of hydrogen (Shell & Wuppertal 

Institut, 2017).  

 

The costs of producing hydrogen are higher for electrolysis than for fossil fuel methods, as can be seen 

in Figure 21. The current production and investment costs for electrolysis lies between €5-8/kg H2 

(Shell & Wuppertal Institut, 2017). It is assumed that this number will decrease towards €3-4/kg H2 by 

2030 (Gigler & Weeda, 2018). This can be converted to the price of energy and is around €1400/kW. 
This number is expected in the future when the supply of electricity is renewable and sustainable. The 

rapid increase of renewable energy sources is partly responsible for this. The more renewable energy 

sources there are worldwide, the more hydrogen can be produced by renewable electricity 

electrolysis.  

 

 
Figure 21: Hydrogen production costs (Shell & Wuppertal Institut, 2017) 

  

Figure 20: Greenhouse gas emissions of hydrogen production (Shell & Wuppertal Institut, 2017) 



 

 48 

Overall, hydrogen is a source of energy that is eligible to change the future of transport. The costs of 

electrolysis are currently significantly higher than other methods of producing hydrogen. When the 

supply of renewable electricity becomes more accessible, the costs will eventually lower to a minimal, 

making the production of hydrogen more attractive. The next section further examines the 

transportation of hydrogen and examines what factors are important to keep under consideration.  

 

Transportation of hydrogen 

The transportation of the final product hydrogen is a challenging process. High volumes of hydrogen 

will have to be provided to the airport once more and more vehicles have to use hydrogen as fuel. The 

current method of transporting gaseous and liquid hydrogen is by lorry and gaseous hydrogen can 

also be transported by pipeline. The current methods of transport are unlikely to change in the 

medium term (Shell & Wuppertal Institut, 2017). Large-scale use of hydrogen as power source needs 

infrastructure for the transportation and distribution to connect hydrogen suppliers and consumers.  

 

Hydrogen in gaseous form can be transported in small to medium quantities by lorry in compressed 

gas containers. Several pressurized gas tubes or cylinders are bundled together on so-called CGH2 (as 

can be seen in Figure 22) trailers for transporting larger volumes of hydrogen. The tubes are bundled 

together inside a protective frame. Gas containers transported by lorries are meant for operations 

that require small amounts of hydrogen.  

 

 
Figure 22: Hydrogen road transport possibilities (Shell & Wuppertal Institut, 2017) 

An alternative to transporting hydrogen in gas containers is in the form of liquid transport. The density 

of the hydrogen is higher this way and more hydrogen can be carried in liquid form with an LH2 trailer 

(as can be seen in Figure 22). Liquid hydrogen transport is preferred above gas transport when 

transporting over longer distances. A liquid tank can substantially carry more hydrogen than gas tanks. 

These distances can usually not be longer than 4.000 kilometres, due to the tank heating up. This can 

cause the hydrogen to evaporate and extract from the container. Liquid hydrogen is also viable for 

water or rail transport, provided that loading terminal are available.  

 

Pipeline networks would be the best mode of transport for comprehensive and large-scaled 

operations that require hydrogen. The downside of pipeline transport is the high investment cost of 

the pipeline network. This can weigh up to the usage of the pipeline network, providing enough 

demand of hydrogen to cover the expenses of the investment. Smaller hydrogen pipeline networks 

can eventually be combined with transregional networks. Worldwide already 4.500 kilometres of 

hydrogen pipelines are installed, most of which are operated by hydrogen producers. USA owns the 

largest hydrogen pipeline network. 
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It is possible that in the future, when natural gas will no longer have a function in regular households, 

their pipelines can be used for hydrogen instead (Gigler & Weeda, 2018). Given the extent of natural 

gas pipelines, these large networks could store and transport considerable amounts of hydrogen (Shell 

& Wuppertal Institut, 2017). The use of pipelines is more cost beneficial for large networks, due the 

cost advantage and for the long run (Gigler & Weeda, 2018).   

 

Storage of hydrogen 

The way an energy carrier is stored, is much influenced by the energy content. Hydrogen has by far 

the highest gravimetric energy density, but the volumetric density is fairly low (Shell & Wuppertal 

Institut, 2017). Therefore, for practical purposes the density of the hydrogen must be significantly 

increased for storage purposes. The most important and most-used storage methods include physical 

storage based on either compression or cooling or a combination of both methods (hybrid storage). 

Besides those storage methods, many new storage methods are being investigated or pursued and 

are named under materials-based storage. The different storage methods can be seen in Figure 23 

and are elaborated in this sub-chapter.  

 

 
Figure 23: Hydrogen storage methods (Shell & Wuppertal Institut, 2017) 

The most mature and frequently used storage methods fall under physical storage. There is a 

distinction between cooled and high-pressure hydrogen storage. The first option of storing hydrogen 

is by using pressured hydrogen gas. Salt caverns, exhausted gas and oil fields or aquifers can be used 

for the industrial storage of hydrogen.  

 

Liquefied hydrogen is in demand with applications acquiring higher levels of purity (Shell & Wuppertal 

Institut, 2017). Liquefied hydrogen has a higher energy density than hydrogen in gas form, but requires 

cooling at -253°C. This leads to a complicated technical plant and an extra cost. Besides that, the 

storage facilities have to be insulated to keep the hydrogen from evaporating. Existing storage 

facilities are rarely able to prevent such effects and can only delay the process. Liquified hydrogen 

tanks are primarily used for space travel.  

 

Separate compression or cooling can be combined to create a hybrid storage method: cryo-

compressed hydrogen storage. Depending on how much the hydrogen is cooled, it is either referred 

to as cold-compressed hydrogen (when it is above 150 Kalvin) or cryo-compressed hydrogen (CcH2). 

The cryo-compressed hydrogen is cooled to specific critical temperatures to make sure the hydrogen 

stays gaseous. The advantage of this storage method is that the energy density is higher. However, 

there is an additional equipment requirement to keep the compressed gas at low temperatures. 
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Slush hydrogen is the last option for physical hydrogen storage. The hydrogen is cooled down even 

further to its melting point, causing the hydrogen to turn into a gel or slush. It has a 16% higher storage 

density than liquefied hydrogen. It is primarily investigated for space travel. It is clear that high storage 

densities come at a price. The higher the storage density, the more energy is required for the cooling 

or compression of the hydrogen. The design of the hydrogen tanks and infrastructure also become 

more complex.  

 

This is an alternative to physical hydrogen storage and is provided by hydrogen storage in liquids and 

solids and on surfaces. However, these storage methods are still being researched and investigated. 

These methods are based on the binding of hydrogen with other elements by extracting the hydrogen 

into its element form H, which can absorb the gas volume up to 900 times the material’s own volume. 

 

Application of hydrogen  

Hydrogen can be used as an energy source for transportation purposes. The most promising and 

important combination in the future is a fuel cell as energy converter and the hydrogen as energy 

source. This subchapter examines the possibilities for hydrogen as an energy source in the 

transportation industry, specifically for cargo transport at an airport.  

 

Hydrogen was regarded until recently as a promising alternative fuel for combustion engines. Engines 

can process different gaseous and liquid fuels and hydrogen is suited to use in combustion engines, 

because of its combustion and material properties. Another advantage of hydrogen is its carbon-free 

combustion and significantly reduced emissions in comparison to regular fossil fuels. Hydrogen 

combined with oxygen can convert into electrical energy in a fuel cell, which is often used in a 

hydrogen engine (Shell & Wuppertal Institut, 2017).  

 

To focus the use of hydrogen more on the autonomous dollies, the possibilities for hydrogen as energy 

source in industrial trucks can be seen as a comparison. Airport industrial trucks, like the tractors, are 

available in both combustion engines and electric engines. In case of larger operational fleets, cost 

reductions can be achieved for hydrogen vehicles in comparison to electric vehicles, because of the 

improvement of productivity in material handling (Senior Project Developer Hydrogen Total Gas 

Mobility, 2020). Refuelling of a vehicle using hydrogen as energy source can be done within a few 

minutes, compared to the longer charging of electric vehicles (Shell & Wuppertal Institut, 2017).  

 

The fuel cells in tractors generally take up less space and are cheaper to repair and maintain (Shell & 

Wuppertal Institut, 2017). Using tractors with fuel can be used uninterrupted and those tractors are 

suitable for a larger fleet in operations (Secretary OpWegMetWaterstof, 2020). On the way to 

commercialisation, industrial trucks for material handling, represent an early market application for 

fuel cell technology.  
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4.4.2 Decision between electricity and hydrogen 
Hydrogen and renewable electricity are both environmentally justified and are both options to use in 

the future. However, the decision of choosing one over the other is challenging. These decisions are 

based on the desk research performed in previous chapters and the information received from 

interviews with the Secretary OpWegMetWaterstof (2020), Hydrogen/electrification innovators Royal 

Schiphol Group (2020) and Senior Project Developer Hydrogen Total Gas Mobility (2020). These 

decisions are further analyzed in the appendices.  

 

Short term 

The use of zero-emissions equipment on the short term is possible, but not completely renewable yet. 

Hydrogen does not play a part in the short-term possibilities. This is due to the current lack of 

renewable energy to efficiently produce hydrogen and the lack of transportation options of hydrogen 

(Secretary OpWegMetWaterstof, 2020). High-voltage lines are already in place to transport electricity. 

Hydrogen requires either lots of trucks supplying Schiphol Airport with hydrogen, or a pipeline system 

that can efficiently supply Schiphol with hydrogen. The pipeline network can supply Schiphol Airport 

with enough hydrogen to efficiently transport hydrogen. To build up a pipeline network costs lots of 

money and time to get the permits to be able to build one (Senior Project Developer Hydrogen Total 

Gas Mobility, 2020).  

 

Electric equipment is an environmental-friendly option and is possible on the short-term and for 

operations that do not require heavy-duty equipment (Senior Project Developer Hydrogen Total Gas 

Mobility, 2020). Electric equipment already exists and operates with zero operational emissions. The 

downside to an all-electric equipment fleet is the limit of operational utilization, due to charging times 

(Secretary OpWegMetWaterstof, 2020). It becomes a requirement for companies to purchase more 

vehicles than they actually need, because a few will be inactive during recharging.   

 

Long term 

The long-term situation changes the perspective of energy use at Schiphol Airport. Because hydrogen 

is about ten years behind on development on electricity (Secretary OpWegMetWaterstof, 2020), it 

will make its introduction in the transportation sector in the coming years. As previously explained, 

the production of hydrogen cannot currently be executed fully with renewable energy, but this will 

become possible in the future. The production of hydrogen will be more attractive once renewable 

electricity supply increases, like wind or solar power, as seen in Figure 21. Electricity will still play a big 

part in the long run. Renewable energy supply will increase, which lowers the costs and emissions 

electricity production.  

 

Transportation of hydrogen is also a factor in the decision of using hydrogen in the long run. Supplying 

hydrogen by trucks requires many rides between a hydrogen supplier and the airport. Installing a 

pipeline network requires time and money, so this is something for the future (Secretary 

OpWegMetWaterstof, 2020). This will supply Schiphol Airport with a constant supply of hydrogen.  
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Consideration between electricity or hydrogen 

The decision between the two sustainable energy sources depends on the type of operation. Heavy-

duty equipment will unlikely become fully electric, due to the power they need. This also forces the 

battery to increase in size which increases the weight of the vehicle and decreases the available 

capacity of the vehicle. Hydrogen offers advantages in the long run, because with enough supply of 

renewable energy, the storage or the energy is more efficient in the form of hydrogen than keeping it 

as electricity.  

 

4.4.2.1 Emission reduction with autonomous cargo dollies 

The goal of this chapter is to find out if the implementation of autonomous cargo dollies on airside at 

Schiphol Airport improve the sustainability of the air cargo sector. There are different ways to 

calculate the emissions of the operation, depending on the amount of information that is available. 

This chapter further explains the impact of autonomous dollies on the improvement of sustainability.  

 

Carbon footprint 

To determine the difference between the two scenarios, extensive information is required to map the 

emissions of the current operations as it is. Parties that would like to know the difference in emissions 

between the scenarios, should make a calculation of both instances.  

 

When electrifying a fleet of vehicles, the operational emissions become zero. The only emissions 

polluted by the operation originate at the production of the energy source and the installation of the 

transportation system. The difference in emissions calculation becomes easy and can be seen as 

follows: 

 

Emission Difference = Emission New situation – Emission Old situation 

 

It is likely that the emissions of the new situation will be zero, due to the complete electrification of 

the vehicles with either electricity or hydrogen as power source. This means that the decrease in 

emissions of the cargo tractors becomes 100%. This research does not fully cover the calculation of 

the decrease in emissions, because autonomous dollies will not be implemented in the coming few 

years, which makes it difficult to fully determine what the propulsion of the engines will be. Electric 

dollies are the better option for now but might be different in ten years when hydrogen becomes 

more popular and attractive to use. The emissions can then be different than it would be now.  
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4.5 What factors have to be taken into account to improve efficiency? 
Before implementing an autonomous dolly system at Schiphol Airport, it is important to know if the 

operation can handle autonomous dollies and what would change in the operation when the current 

tractors and dollies are replaced by autonomous dollies. This chapter explains the factors to keep in 

mind with autonomous vehicles at airside.  

 

4.5.1 Requirements, constraints and KPIs 
This subchapter summarizes the functional and non-functional requirements for the new autonomous 

dolly system, the constraints related to the system and the most important KPIs to keep in mind when 

measuring the efficiency of the system.  

 

Functional requirements 

The basic functions of the autonomous dolly system are that the system needs to transport cargo on 

dollies from the warehouse to the aircraft stand or vice versa. When the dolly is not transporting 

cargo, it needs to set up at either a collection area or a charging area to maximize the utilization of 

the dollies. The ground handler puts cargo with a certain size and weight on the collection-conveyor 

belt for autonomous dollies. The cargo receives a type of label that includes the destination of the 

cargo. Scanners at the conveyor belt scan the label and communicate with an autonomous dolly that 

the cargo is ready for pick-up. The dolly picks up the cargo and delivers it at a certain speed to its 

destination gate, while supporting it, so the cargo does not fall off the dolly. The dolly transports the 

cargo based on the information gained from the scanner, so that the cargo is transported to the 

correct destination. Once the fuel or battery level of the dolly is low, it needs to go to either a charging 

station, inductive charging pad or hydrogen refuelling station. If the autonomous dollies do not receive 

a task for a while, the dolly can enter stand-by mode to save power and can turn on once it gets a new 

task (Silven, 2018).  

 

Table 8 summarizes the functional requirements mentioned above and is divided into three sections: 

the system as a whole, the task of transporting cargo and the requirements when the dollies are not 

transporting bags.  

 

Table 8: Functional requirements 

 Functional requirements  

Dolly system 

 

 

 

 

Transportation of cargo 

 

 

While not transporting cargo 

- Communication between scanners and dollies to obtain 

destination information to activate dolly 

- Pick-up cargo after communicating with drop-off 

conveyors belts to signal that it can transfer bag onto 

dolly.  

- Handle cargo with certain size and weight 

- Provide enough support to keep cargo on dolly 

- Sort cargo 

- Drop off bags at destination conveyors 

- Put dollies on stand-by when there is no task 

- Send dollies to charging or refuelling area when battery 

of fuel is low 
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Non-functional requirements 

Besides functional requirements, non-functional requirements can be identified for the autonomous 

dolly system. The first non-functional requirement is capacity flexibility. The dolly system should 

provide capacity flexibility, which is important to make the system more flexible. Flexibility of the 

system can react to any (seasonal) variations in cargo demand. The system should also provide room 

to increase in capacity, so it should be flexible in expanding. The system cannot be too ‘big’, as there 
will be many unoccupied dollies, which results in a low utilization rate. This is coherent to the overall 

capacity of the system, which is expressed in the maximum amount of cargo that can be handled at 

the same time. The dolly system should be resilient to any instances that may lead to deficiency of the 

dollies, which makes the system reliable too. Maintenance in the system is required in case any 

deficiencies occur. Changes are needed when this happens more often. At last, the most important 

non-functional requirement is safety. It should be safe for every person involved to enter the 

operating area of the autonomous dollies. These non-functional requirements are summarized in 

Table 9 (Silven, 2018). In order to the autonomous dolly system to be successful, it should comply with 

all these requirements in at least the same way the current operation does. Preferably, the new 

system should perform better than the current operation.  

 

Table 9: Non-functional requirements 

 Non-functional requirements 

Dolly system - Capacity flexibility 

- Flexibility for possible expansion 

- Utilization rate 

- Capacity 

- Resilience for deficiencies 

- Reliability 

- Maintenance 

- Safety 

 

Constraints  

Constraints are limitations on the functional and non-functional requirements. Constraints are 

restrictions on the degree of freedom in providing a solution (Ambler, sd).  These constraints related 

to the autonomous dolly system are listed in Table 10 below.  

 

Table 10: Constraints 

 Constraints  

Dolly system - Input capacity 

- Cargo size and weight 

- Dolly capacity 

- System capacity 

- Speed 

- Number of exits 

- Size of operating area 

Maximum number of facilities 

No odd-sized cargo 

Amount of cargo per dolly 

Number of dollies in the system 

Maximum speed at side-roads 

Maximum number of destination gates 

Operating area without obstacles 
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Key Performance Indicators 

Key Performance Indicators (KPIs) make the performance of the dolly system measurable. It 

demonstrates how effective the operation is in achieving key objectives and it evaluates the success 

at reaching targets (Klipfolio, sd). The outcomes of KPIs should be better compared to the current 

situation. If not, the new autonomous dolly system would not be beneficial for the operation, so 

implementing it would be a bad idea. The KPIs of measuring performance for the new dolly system 

are listed in Table 11 below.  

 

Table 11: Key Performance Indicators 

 Key Performance Indicator Unit Optimal value 

Dolly system Number of incidents at airside roads 

Average number of dollies in use 

Occupancy rate: 

- Percentage of operational time 

while loaded 

- Percentage of operational time 

but empty trips 

Percentage of operational time while 

charging 

Average process time of cargo 

Percentage of cargo exceeding norm 

time 

Energy consumption 

[#] 

[#] 

 

[%] 

 

[%] 

 

[%] 

 

[time] 

[%] 

 

[Kwh/m2] 

As low as possible 

As low as possible 

 

As high as possible 

 

As close to 50% as 

possible 

As low as possible 

 

As low as possible 

As low as possible 

 

As low as possible 

 

4.5.2 Equipment pooling 
Equipment pooling is a way of operating when different stakeholders share their inventories with the 

aim of reducing costs, while improving performances (Braglia & Frosolini, 2012). Equipment pooling, 

with the support of proper IT solutions, can be considered as an effective strategy that improves total 

availability, while reducing total costs and excessive equipment.   

 

London Luton Airport launched a GSE pooling project in April 2017 in collaboration with the ground 

handlers at the airport Swissport and Menzies and with equipment provider TCR. This project was a 

global first on its scale, according to London Luton Airport. They said that the initiative reduces 

congestion and leads to greater efficiency in the aircraft turnaround process (AiQ Consulting, 2017).  

 

An equipment pooling network works as follows for an autonomous dolly system: one autonomous 

dolly fleet at Schiphol Airport is accessible by the different ground handlers that require transportation 

of cargo. With an IT platform where the ground handlers are affiliated with, they can link their cargo 

volumes and their scanners at the conveyor to notify the system that dollies are needed to transport 

their cargo.  
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Equipment pooling is possible, but the agreements have to be correct and everyone needs to have 

the same interests (Business Unit Manager Freighter Handling Menzies Aviation, 2020). Equipment 

pooling leads to less movements around the airport and thus less emissions. However, there are a few 

challenges to equipment pooling. It should be clear about who owns the vehicles. The ground handlers 

can get ownership papers over a certain number of equipment, or they can lease the equipment from 

one party, for example the airport. This clarity about ownership can become an issue when incidents 

start happening or when maintenance is necessary. Ground handlers also demand different 

specifications on their equipment (Head of ground support KLM Ground Services, 2020). Some ground 

handlers may want air conditioning, but others do not. This is of course eliminated when using 

autonomous dollies, since there is no need for an employee to travel with the dolly.  

 

Another challenge is that the competitive advantage of ground handlers can be erased when 

equipment pooling makes an introduction with leased contracts (Business Unit Manager Freighter 

Handling Menzies Aviation, 2020). Ground handlers do not own equipment anymore and new ground 

handlers can start operating at the airport by simply paying the equal amount of money in order to 

use equipment. There can be a cooperation in which all the ground handlers collectively buy and use 

the number of autonomous dollies for the size of their operation. The competitive advantage will be 

maintained because all stakeholders are shareholders in the dolly fleet. An advantage that comes from 

the cooperation is that no ground handler has to control the dollies, because that will become the 

task of an outsourced company that overlooks the system.  

 

Overall, equipment pooling offers many possibilities and benefits, but agreements need to be made 

in place to make every involved party positive about the idea.  

 

4.5.3 Simulation  
Simulating airport scenarios is a way for airports to test new ideas on improving individual systems to 

get a larger perspective on how adjustments will affect the organization (Simio, 2020). To get an 

ultimate idea and view of the autonomous dolly systems where individual dollies transport cargo over 

the airport, simulation is required to see how it can perform on the KPIs, mentioned previously in this 

chapter.  

 

As mentioned in the methodologies for simulation of the current scenario and desired scenarios, it is 

currently not possible to simulate the different scenarios, due to a lack of information. Simulation is 

beneficial when the system has been tested, so that the information from the test can be used as 

input for the model (Innovation Lead Royal Schiphol Group, 2020).   
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5. Conclusion  
Qualitative and quantitative research have been performed to gather information in order to answer 

the main research question: 

What effect can the implementation of autonomous cargo dollies have on the 

safety, sustainability and efficiency in the process of airside cargo transport at 

Schiphol Airport? 

The calculation of the carbon footprint of the current situation at Schiphol Airport is not included in 

the research, due to the lack of information.  

 

The results in this research have shown that there are several airport equipment developers working 

on autonomous vehicles for airside freight transportation. Their vehicles exist of either a tractor that 

can drive autonomously, or an autonomously driven dolly that can move itself. Vehicles that transport 

freight autonomously, have not yet been implemented in the air cargo operations anywhere, which 

means that the concept is still in the development phase.  

 

Because safety is the number one priority in the aviation industry, the introduction of autonomous 

vehicles must contribute to improving safety at Schiphol Airport in order to be accepted. Currently, 

the majority of accidents in airside traffic are caused by human factors.  

 

As the aviation industry is responsible for 7% of total emissions polluted in the Netherlands, the focus 

on a sustainable operation becomes more important than ever. Qualitative research revealed that 

multiple ground handlers already have electric equipment. These are functioning well, although 

creating challenges due to long charging times. Using hydrogen to power the autonomous dollies 

would be better than using electricity form batteries, because hydrogen is more beneficial for heavy-

duty operations like freight transportation. It is crucial for the autonomous dollies to have a 

sustainable energy propulsion, like electricity or hydrogen, to contribute to the 35% CO2 reduction by 

the year of 2030 relative to the year of 2020 of the ‘Slim én Duurzaam’ action plan.  
 

Results have shown that pooling of autonomous dollies could help to reduce the overall movements 

at Schiphol Airport and thus increases efficiency of the operation, while taking into consideration the 

KPIs and constraints linked to freight transportation. The benefits of reducing movements and thus 

decreasing energy usage, makes equipment pooling useful in the operation, provided that the 

agreements between the involved stakeholders are clear.  

 

Actual implementation is still some years away, depending on the development speed of both 

autonomous vehicles and sustainable energy sources. The dollies can drive on the already existing 

sideroads and can utilize the space meant for unmotorized vehicles on the aircraft stand. The system 

will be tested first, after which modeling and simulation reveal how the system would function in the 

whole operation. The system can be implemented after the simulation is positive.   
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6. Discussion  
The research analysis and results provide insights to the implementation of autonomous dollies for 

freight transportation at Schiphol Airport. For the calculation of the fuel consumption and carbon 

footprint of the current situation, calculations from ICAO (2011) are used that take all different type 

of considerations into account. It can be stated that these formulas are valid and reliable and can be 

used for any further research.  

 

Information for this research was partly acquired from interviews, so the level of validity from those 

interviews becomes important to prevent providing false information. The respondents all work in the 

area where the interview was about, which means they knew what the questions were about. Based 

on this, it can be said that the results of the analysis are valid and can be used to answer the main 

research question.  

 

The results in the first research question indicate that there was unsatisfactory information available 

on the total fuel consumed at the airport. The goal of the sub-question was to determine and calculate 

the total emissions polluted by all ground handlers for the transportation of freight at airside. Because 

the coronavirus forced everyone to work from home and developed some sort of crisis at the airport, 

due to a high reduction in flights, companies were unable to provide the researcher with the right 

information that led to a lack of information to calculate the carbon footprint and this could not give 

an answer on the sub-question.   
 

The second sub-question included desk research and revealed that there are several companies 

working on autonomous transport at airports. Tests with those autonomous vehicles have been 

performed and were called successful, but the results of those tests were not known to the public. 

Vanderlande and SPPAL & Gaussin designed autonomous dollies meant for cargo only, which makes 

the concept more efficient, because there are no extra vehicles necessary to pull the weight of the 

dollies. That is why their concepts are considered to be the best option for autonomous freight 

transportation in this research.  

 

The results revealed that autonomous vehicles could improve safety at Schiphol Airport by eliminating 

human factors from traffic and is in line with the research of Fagnant & Kockelman (2015). Even 

though that there are already less than 100 accidents per year, autonomous traffic aims to reduce this 

number even more.  

 

The fourth sub-question revealed that autonomous dollies reduce operational emissions and that 

hydrogen will be the best option for engine propulsion, even though electricity is the best short-term 

option. Studies of Kopelias et al. (2019) and Fagnant & Kockelman (2015) show that autonomous 

vehicles can decrease fuel consumption and that fuel consumption is in line with weight and 

performance of the vehicle. Even though fossil fuels will not be beneficial to use in the autonomous 

dollies, it can be seen as energy consumption overall. The results confirm, with information gathered 

from interviews, that electricity is more beneficial than hydrogen at this moment and that hydrogen 

can become more attractive in around ten years when the supply of renewable electricity increases 

to make hydrogen production cheaper. Hydrogen wins on operational range and short recharging 

times, while the infrastructure for electricity already exists and is used in the future, reason why 

electricity wins on the short-term.   
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The results of the fifth sub-question have shown the requirements and KPIs related to autonomous 

vehicles and that equipment pooling is a good way of increasing efficiency of the system. This can be 

linked to the study of Bijjahalli et al. (2016). This study has shown that autonomous vehicles increase 

the development of navigation strategies, which makes path-planning more efficient. In combination 

with pooling, autonomous vehicles have the opportunity to improve fleet management at the airport 

and decrease movements altogether.   

 

The last sub-question reveals that the date of implementation is unclear due to several circumstances, 

but the goal is to become a fully autonomous airport by the year of 2050. COVID-19 caused the 

aviation sector to step back in many ways and the airport has other interests at the moment than 

implementing an autonomous system. Results explained that when implementation comes in sight, 

the concept should be tested on a small scale first, after which it can be simulated to find out if the 

system can perform well.  

 

There were a couple of implications during the research that resulted in a lack of information. The 

calculation of the carbon footprint has not been executed due to insufficient information because of 

COVID-19. Only one ground handler (out of five) was able to give the fuel consumption of their 

equipment in the first quarter of the year of 2020. COVID-19 had already made its impact by then as 

many flights were already cancelled, which made the information unreliable. Only a complete 

overview of fuel consumption could have given an accurate and reliable outcome of emission savings.  

 

Besides missing information of fuel consumption, observations on the platform were not executed to 

obtain operational information on e.g. waiting times and operating times. The observations were not 

possible due to social distancing and no one was allowed on the platform without the need to be 

there. This has led to insufficient information to fully reveal how autonomous dollies can improve the 

current operation.  

 

It was also not possible to visit companies working on autonomous vehicles and thus it was not 

possible to see how they work and how they can change the way of operating at the airport, because 

company visits were prohibited during the time of research.  

 

More research on this topic is necessary to make clear if autonomous dollies offer enough benefits to 

outweigh the downsides and calculate the carbon footprint of the current and new desired situation, 

using the ICAO (2011) formulas to calculate the emissions. The information that is required for the 

carbon footprint calculation might be difficult to obtain for a researcher at an industry association like 

ACN. Specific information on operating times, load factors and equipment types are necessary to make 

the outcome more accurate, rather than using the simple approach to get a simple overall view of the 

total emissions. This information is easier to obtain for someone that has access to this information, 

which is why the recommendation of further research can better be done by someone that has all the 

necessary information available.  
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7. Recommendations 
The research revealed that the implementation of autonomous vehicles offers several benefits in 

safety and efficiency and is a sustainable option for the future. Because the research did not give the 

intended outcomes, it is recommended to wait with the implementation until the operations at the 

airport are back to normal and therefore giving the involved stakeholders time to get their operation 

up and running again and recover from impacts of the coronavirus. It is also recommended to wait 

with autonomous dollies due to high investment costs of the system, in which no involved stakeholder 

is interested in at this time.  

 

Another recommendation is, when time is right, to equip the autonomous dollies with a hydrogen 

engine propulsion, since it offers benefits for heavy-duty freight transportation in both longer range 

and the elimination of long recharging times.  

 

The implementation plan of autonomous dollies is described in chapter 8.   
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8. Implementation plan 
The last step of determining if autonomous dollies benefit the airport enough compared to the current 

situation, is to set up an implementation plan. Implementing the system is the most complex step and 

should be done carefully and well thought out. Controlling and maintaining the performance of the 

implementation is checked and tested after implementation to continue the improvement of the 

system.  

 

The implementation of autonomous dollies should contribute to the improvement of sustainability at 

the airport to reach the ‘Slim én Duurzaam’ goal of a 35% decrease of emissions at the airport by the 

year of 2030. This chapter goes through the implementation steps, gives a cost and benefit analysis 

and explains where the system can first be tested before implementing it at the whole airport.  

 

The base for a new implementation or process changes, is the control and evaluation of the different 

steps. Constant control and action are required to keep improving the performance of the 

autonomous dolly system. The Plan – Do – Check – Act (PDCA) cycle is a way of ensuring that this 

happens. The cycle can be seen in Figure 24. The operation can be improved step-by-step and brings 

the organization to a higher level (van Beek, 2020).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The cycle of autonomous dolly systems at Schiphol Airport is still in the planning phase. It has never 

been tested yet and thus the model cannot yet be used. After testing the model for the first time, 

which brings it to the do phase, the last two steps, check and act, can be applied as well. The process 

can be repeated when the first cycle has been performed. Linking the objectives and KPIs of the 

autonomous dolly system is crucial to use in the planning phase, to make clear what the outcome of 

the system should be. The outcome should be a concept that improves the sustainability of the 

airfreight sector and perform similar or better on the KPIs mentioned in chapter 4.5.1.  

 

  

Plan

Do

Check

Act

Figure 24: PDCA cycle 
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Activities 

There are several activities necessary for the implementation of the autonomous dollies. During the 

first step in the PDCA cycle, it is imperative to determine what resources are required to set up the 

system before implementation (Benders, Een uitvoerbaar implementatieplan bij jouw scriptie of 

adviesrapport, 2020). The first resource that should be available is infrastructure at the airport to allow 

for the autonomous dollies to operate. Sideroads at Schiphol Airport are already available so the 

investment will not be as high. The second requirement are the dollies themselves. The type of 

autonomous dolly that will be used is similar to the dolly used by SPPAL & Gaussin as described in 

chapter 4.2. The dolly can transport four ULDs that normally go on 5ft dollies, or two ULDs that 

normally go on 10ft dollies. The dollies will be equipped with sensors on all sides so the need for 

beacons at Schiphol Airport is redundant. Conveyors will be required at aircraft stands in order to let 

the dollies drop their freight on them. These conveyors should be placed in the dedicated space for 

unmotorized vehicles at the aircraft stand. These conveyors can also be used by the autonomous 

dollies as pick-up conveyors when the ground handling team is unloading the aircraft. There should 

also be a conveyor on the border between the warehouse of the ground handler and airside sideroads. 

This conveyor should function as a useful way of transporting the freight from warehouse to the 

sideroad, where the dolly will be waiting to pick up the freight or where the dolly will load the freight 

for arriving freight.  

 

The autonomous dollies should be tested on a remote location before testing the autonomous dollies 

at airside. The risk of an accident happening at airside should be mitigated in any way possible. Testing 

the system remotely decreases the chance of causing any potential dangers. The first test at Schiphol 

can also determine the exact travelling times, loading times and average speed. The model can be 

further enhanced after these results are known, such as the exact needed number of dollies at the 

airport. The first test shall be executed with a single vehicle and can be increased in size once the 

operation and results allow it to.  

 

Schiphol Airport is the party that is ultimately responsible for the implementation and application of 

the autonomous vehicles. The ground handlers are going to take either ownership over the 

autonomous dollies or will set up some sort of lease contract that allows them to lease the dollies 

from one party. The execution of the system is monitored by both the airport and the ground handlers. 

Intermediate assessments of the concept are evaluated by both parties to keep improving the concept 

and adapting where needed. Close communication between the involved stakeholders is necessary to 

make this concept beneficial for the improvement of sustainability, safety and efficiency at the airport.  

 

Costs & benefits 

The budget of the whole autonomous system cannot be completely presented, because it is not yet a 

system that has been implemented anywhere in the world. The costs are presented in Table 12 with 

the necessary applications that require an investment, together with the benefits that autonomous 

dollies offer. The costs are difficult to map, because autonomous vehicles will likely not be 

implemented within the coming years. Prices may change and hydrogen might be a better option, 

which makes calculating costs uncertain. An exact and reliable cost analysis can be set up after the 

system has been tested and after it becomes clear on what scale the system needs to be.   
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Table 12: Costs & benefits 

Costs Benefits 

• Autonomous dollies 

• Software 

• Conveyors at gate 

• Conveyors at warehouse 

• Hydrogen pump station 

• Electricity charging stations 

• Induction charging area 

• System supervising employees 

• Maintenance  

• More efficient operation 

• Safer environment at Schiphol 

Airport 

• Minimization of operational 

emissions 

• Less equipment at Schiphol thanks 

to equipment pooling 

• Reduced employees’ costs 

• Compliant with Schiphol’s plan of 
autonomous airside in 2050 

 

System realization 

The system realization is something that is desired to take place in the future. When this realization 

will be exactly is unknown, since it is not a concept that is very necessary at this moment. Innovation 

Lead Royal Schiphol Group (2020) mentions in an interview that Schiphol’s plans are to make airside 
fully autonomous by the year of 2050. This gives an indication on the priority of autonomous traffic at 

the airport. The development and test of the concept will probably be postponed due to the current 

coronavirus. Involved stakeholders have to determine if the investment of autonomous vehicles is 

worth at the moment. Head of ground support KLM Ground Services (2020) mentions that his opinion 

is to wait for an autonomous concept that is a break-through for the industry. Purchasing a half-

developed system right now is inefficient, so waiting for a more developed and perfectly operating 

system would be worth it more. This prevents the necessity to switch products halfway through its 

lifetime.  

 

The first step of realizing is to test the system remotely. Following the remote test is an actual test at 

Schiphol Airport. Since the autonomous dollies are meant for freight, the best location to test the 

dollies is at cargo aircraft stands at Schiphol Zuid-Oost. Traffic at the sideroads is less congested, so 

there is more room for the dollies to get acquainted to driving at airside. Modelling and simulating the 

autonomous dolly system can be modelled and simulated after its first test. The first test at Schiphol 

gives insight to actual driving times, handling speed and reliability and is the input for the simulation 

model (Innovation Lead Royal Schiphol Group, 2020). When the simulation gives a positive outcome, 

the dollies can be fully implemented at Schiphol Zuid-Oost. After the dollies function properly at the 

cargo aircraft stands at Schiphol Zuid-Oost, they can make their introduction to Schiphol Centre. 

Traffic is more congested at Schiphol Centre due to the added number of vehicles meant for passenger 

baggage, lavatory, cleaning crews and several more. However, since 40% of all freight is transported 

in the ‘belly’ of passenger aircraft (ACN, s. d.), it is beneficial to implement the dollies all throughout 

Schiphol. Figure 25 illustrates the implementation road map of the introduction of autonomous dollies 

at Schiphol Airport.  
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Implementing the dollies at Schiphol Zuid-Oost first, followed by the implementation at Schiphol 

Centre, creates two different scenarios. The goal of using different scenarios is to determine the 

dynamics of change and use the insight acquired to reach solutions or to find information to reach the 

desired situation (OECD, sd). The different scenarios portray possible future solutions that can have a 

positive outcome on the autonomous dolly system.  

 

The outcomes of the different scenarios and the simulation should give an insight to how many dollies 

are necessary and should give a solution on what the emission reduction is. Looking at the different 

options for energy sources should be determined before investing in the system and implementing 

the system all throughout Schiphol Airport. The tests might be a few years apart from each other, 

which means that by the time the system has been tested, new energy sources might be more 

beneficial to use.  

 

 
Figure 25: Implementation road 
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Appendix I Reflection 
 

The research opened up many new experiences and insights for me regarding the air cargo sector in 

the Netherlands. The research period went different than expected, which forced me to adapt and 

discover new ways of obtaining information on the subject.  

 

Sustainability is a term that is used often in the aviation industry and not in a positive way. Doing 

research on a subject related to sustainability was interesting in the hope that the research can add 

value for the air cargo industry in the Netherlands. The research has taught me many things about the 

importance of sustainability in the aviation industry, different sustainable energy sources for vehicle 

propulsion and the results of using autonomous vehicles. 

 

The research progress changed significantly during the course of time. The global pandemic COVID-19 

forced me to work from home during the final fourteen weeks of the internship period. The field 

research part in form of observations became desk research performed from my one-room 

apartment. Observations should have provided me with all the information regarding KPIs on the 

platform and on airside roads. Because I was not welcome on airside due to social distancing, the 

research changed from determining the values of the KPIs to just listing the KPIs. This was unfortunate 

since the observation part of the research was going to be the most enjoyable.  

 

I did learn from the whole working from home regulations, as it forced me to adapt and try new ways 

of communicating. Interviews have still been performed, but it was more difficult to interview 

respondents via a digital platform than in a face-to-face interview. The interviews also took place 

much later than intended, because all the respondents had company matters to attend to before 

being able to have an interview with me. I noticed after the interviews that it is more difficult to ask 

certain questions online, because the visual connection is not there. Some interviews happened with 

camera, but some did not. Not being able to see one another makes the interview more awkward or 

hard to understand. The sound was not always optimal, which made understanding the respondent 

more difficult. I did learn after each interview what I could do better for the next interview. If I could 

do the interviews again, I would have to prepare the interviews better and I would pay more attention, 

so that I can ask more useful questions after. I tried to keep the interviews valid by only interviewing 

people that are directly working in the field that I was interested in. That way, the information that I 

got during the interviews could be seen as valid and reliable. Focus groups that were scheduled did 

also not happen due to COVID-19, which should have been interesting and educational. I would like 

to participate in focus groups in the future, as I always learned that focus groups are helpful and 

interesting. 

 

I learned a lot during the graduation period. Being forced to work from home was discomforting and 

a lack of motivation began to become a problem. Working from home made me more relaxed which, 

in this case, made me less strict regarding my performance and concentration. It was difficult to stay 

disciplined and motivated, but I managed to work through it and I kept a positive mindset during the 

internship period.  
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Regarding time management, I always used my planning and I did not deviate from it. The planning 

forced me to keep working every day and it paid off. The weekly video calls with my thesis advisor 

motivated me, he helped me through these rough times and helped me to stick with my planning. The 

feedback that I got from both my supervisors was helpful and stimulated me to keep working on my 

thesis.  

 

Even though this graduation internship went different than expected due to COVID-19, I have enjoyed 

it and learned a lot from it. 

 

Sebastiaan den Heijer 

Amsterdam, June 2020  
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Appendix II ULD types 
 

Table 13: Types of ULDs (S-P-S, sd) 

ULD Type and 

IATA code 

Appearance Load 

capacity 

Suitable for  

LD-1 - AKC 

contoured 

container 

 

 
 

1.588kg 747, 767, 777, 787, 

MD-11 lower hold 

 

LD-2 – DPE 

contoured 

container 

 

 

 

1.225kg 747, 767, 777, 787 

lower hold 

 

LD-3 – AKE 

contoured 

container 

 

 
 

1.588kg A300, A310, A330, 

A340, 747, 767, 777, 

DC-10, MD-11, and L-

1011 

LD-4 – ALP 

rectangular 

container 

 

 
 

2.449kg 767, 777, 787 lower 

hold 
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LD-6 – ALF 

contoured 

container 

 

 
 

3.175kg 747, 777, 787, DC-10, 

MD-11 lower hold 

 

LD-7 – P1P flat 

pallet with net 

 

 
 

4.626kg All widebody aircraft 

LD-8 - DQF 

 
 

2.450kg 767, 787 lower hold 

 

LD-9 - AAP 

enclosed pallet on 

P1P base 

 

 
 

Lower hold, 

4,624kg 

main deck, 

6,000kg  

 

747, 767, 777, 787, 

DC-10, MD-11 lower 

hold 

 

LD-11 - ALP 

rectangular 

container 

 
 

3.176kg 747, 777, 787, DC-10, 

MD-11 lower hold 

 

LD-26 - AAF 

contoured 

container on P1P 

base 

 

 
 

6.033kg 747, 777, 787, DC-10, 

MD-11 lower hold 
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LD-29 - AAU 

contoured 

container on P1P 

base 

 

 
 

6.033kg 747 lower hold 

 

LD-39 - AMU 

contoured 

container on P6P 

base 

 

 
 

5.035kg 747 lower hold 

 

M-1 - AMA 

rectangular 

container on P6P 

base 

 

 
 

6.804kg 747F, 747 Combi, 

777F center loading 

only 

 

M-1H - AMD 

contoured 

 

 
 

 

6.800kg 

747F, 747 Combi, 

777F center loading 

only 

 

M-2 - AGA 20-ft 

box container 

 

 
 

11.340kg 747F, 747 Combi, 

777F center loading 

only 

 

M-6 - PGA 20-ft 

flat pallet with net 

 

 
 

11.340kg 747F, 747 Combi, 

777F 
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MDP - PRA 16-ft 

pallet with net 

 

 
 

11.300kg 747F, 747 Combi, 

777F 

 

PLA Half Pallet - 

PLA half pallet with 

net 

 

 
 

3.175kg 747, 777, 787 lower 

hold 

 

PMC/P6P Pallet - 

P6P 10-ft flat pallet 

with net 

 

 
 

- 747, 767, 777, 787, 

DC-10, MD-11 

 

PNA Half Pallet - 

 
 

2.449kg 767, 787 lower hold 
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Appendix III Interview Secretary OpWegMetWaterstof  
 

What does your company Op Weg Met Waterstof stand for? 

 

It is a platform for the community of hydrogen users. The platform strives stimulates the cooperation 

between the different companies to continue the improvement of hydrogen development. When 

everyone works together towards improving the development of hydrogen, the extensive use of 

hydrogen can be realized sooner. Not just one company is responsible for coming up with new ideas, 

but the whole community is.  

 

We base our goals on our three principles: 

- We support new changes in policies that support the use of hydrogen. How can hydrogen be 

implemented on a larger scale? Not only in the Netherlands, but for the whole European 

Union. 

- Knowledge distribution is very important to share the latest developments on hydrogen. Our 

goal here is that we want to make the people feel comfortable with this new and innovative 

energy carrier.  

- Coalition forming is very important to us because it can help to spread the news about 

hydrogen faster. Network drinks, meetings and gatherings help to fasten this process and 

make hydrogen a more recognizable term.  

 

How do you think that renewable energy is going to develop over the coming years? 

 

No one can look into the future. We expect that wind energy is going to make a big flight. Wind 

turbines on sea will become very important to the electricity generation in the Netherlands. To 

provide the Netherlands with enough electricity by the year of 2040, it will require many more wind 

parks at sea. The connection with hydrogen will become interesting in the future.  

 

We expect that larger wind parks and hydrogen production plants become more popular on a world-

scale. It is unnecessary that every country becomes self-providing. Large wind parks or solar parks, 

and hydrogen plants can be located in e.g. the Sahara in Africa. After generating large amounts of 

electricity in those areas, it can be converted to hydrogen to make transport easier. These plans are 

not feasible before the year of 2050, I think.  

 

Solar panels will see a large growth in use too. These will be used for electrification of certain 

applications and will also be a large input source for the production of hydrogen. 

 

What is the action radius of a vehicle driven by electricity or hydrogen? 

 

It depends highly on the type of vehicle that is used and what the vehicle is used for. The average 

electric car has an action radius of about 300km, whereas vehicles driven by hydrogen can have a 

reach of 600km like the Toyota Mirai.  

 

It is unlikely that vehicles, like trucks or heavier equipment will drive fully on electric. The size and 

weight of the battery will become larger and heavier than normal. It is more convenient to wait for 

hydrogen driven trucks that may be coming in about ten years.   
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What are the advantages/disadvantages of using electricity as opposed to hydrogen and vice versa?  

 

It highly depends on the type of vehicle and what it is used for. It is also dependent on the type of 

logistical operation. Charging an electric vehicle takes time and if your operation does not allow for a 

lot of downtime, electric vehicles become less attractive. Vehicles driven by hydrogen have a longer 

range and refueling it only takes up a couple minutes. The operation has less changes opposed to the 

current operation in that sense.   

 

Electricity becomes more attractive when inductive charging is used. The vehicle is charged while 

waiting for a new task or the whole surface of operation provides the vehicles with electricity. With 

this way of operating, there is no downtime and the vehicle can continue its operations without 

stopping. Another advantage of using electricity is that there is no energy loss of converting hydrogen 

to electricity using fuel cells. The electricity can be directly stored in the battery and used for driving 

the vehicle. When the supply of renewable energy increases however, this advantage kind of fades 

away.  

 

It is for garbage trucks, for example, unlikely to become electric due to the weight of the truck and the 

power needed to compress the garbage.  

 

Why is hydrogen not yet extensively used? 

 

The breakthrough of hydrogen in the world has to do with scale. Regular fossil fuels are still very 

popular, cheap and used extensively. This makes it hard to penetrate the same industry with a new 

type of fuel that is more expensive.  

 

Bigger communities will phase out fossil fuels step by step. Amsterdam is already banning diesel cars 

from before the year of 2010 and Amsterdam pursuits being fully electric by the year of 2030. The 

development of hydrogen is waiting on some key players to start promoting it and using it. When this 

causes a breakthrough of hydrogen, it can get cheaper for everyone.  

 

The only way of promoting new ideas is to phase older ones out to make space available for the newer 

ones. This can take up to 20 years. The current crisis caused by the coronavirus will probably slow 

down the progress even further.  

 

 What is needed for the production, transportation and storage of electricity and hydrogen at 

Schiphol Airport? 

 

How it currently looks, vehicles driven by hydrogen will probably consume hydrogen in gaseous form. 

This can be easily used to convert to electricity in the fuel cell of the engine and used as power for the 

drive of the vehicle. This is a real zero-emission way of moving vehicles from one place to another.  

 

The most efficient and effective way of powering the vehicles is by using wind turbines and use that 

electricity directly. This is a tough choice due to the unavailability of wind turbines at Schiphol Airport.  
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It is important that it is not electricity or hydrogen, but electricity and hydrogen. Large wind parks at 

sea are most efficient for generating electricity, but the electricity is hard to transport and save. Best 

option would be to convert the electricity directly into hydrogen to ease the transportation and 

storage process. Hydrogen does not require any high-voltage lines, which can take up to 10 years to 

install. The hydrogen can be easily converted back to hydrogen after transportation is finished.  

 

The cost of a refueling station for hydrogen is fairly expensive and costs approximately 1.5 million 

euros, which is something to keep in mind.  

 

What is your short- and long-term vision on electricity and hydrogen? 

 

Hydrogen on large scale is something for the longer term. Vehicles driven by electricity started around 

ten years ago. It is very popular now and you see more and more electric cars driving. My expectation 

is that vehicles driven by hydrogen start becoming popular in about ten years.  

 

The leading developers bring their first vehicles by the year of 2030, after which the rest will follow. 

Heavier vehicles will lean towards hydrogen because the power and capabilities are larger than 

electricity.  

 

What is the breakthrough point from where everyone will decide between electricity and hydrogen? 

 

It highly depends on the operator. Action radius, logistic convenience and implementation into the 

operation are all deciding factors. At this point, it is better to use electricity due to the high costs of 

hydrogen. In the long run, in twenty years or so, hydrogen may be the better alternative. Production 

costs of hydrogen will have lowered significantly, and it may be more financially and logistically 

attractive to use hydrogen.  

 

What are important factors to take into consideration when implementing electricity or hydrogen 

at a place like Schiphol Airport? 

 

If hydrogen is something you want to use, you need to pay attention to the preparation. How will you 

acquire hydrogen, do you use an existing supply, or do you generate it yourself? The way you want to 

use hydrogen or electricity also depends on the decision. There are multiple vehicles at airports that 

require high power that can be more easily reached by hydrogen driven vehicles.  

 

The refueling infrastructure is something to keep in mind, because hydrogen is expensive and can take 

up some space.  
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Appendix IV Interview Head of ground support KLM Ground Services  
 

What is your job description and what are your activities within KLM Ground Services? 

 

I am Mr Slob and I work with KLM Ground Services. I am head of the ground support department 

where I make sure that ground handling is possible. I do this partly by giving staff trainings.  

 

I am involved with multiple sustainability initiatives within KLM. KLM wants to achieve a 20% decrease 

in emissions as opposed to the year of 2011, which will be easily achieved due to the coronavirus. KLM 

wants to be emission-free at Schiphol Airport by the year of 2030. Of our total emissions, 99% comes 

from the flight process, which includes the emissions polluted while taxiing. The other 1% is polluted 

by the ground handling of aircraft. This 1% can be reduced with 42% when all the ground operations 

are performed electrically and from this 1%, 9% comes from cargo handling. The tractors are 

responsible for 10% of the ground handling emissions.  

 

All baggage tractors have been recently replaced with electric variants. This was a difficult decision, 

because the older tractors used to drive for an average of six hours before having to refuel. Electric 

tractors lose time, because their operational reach is lower and they lose valuable time when 

recharging. The recharging takes up significantly more time than regular refueling the tractor.  

 

Are you familiar with autonomous vehicles at airports or warehouses? 

 

I know that Air France recently tested an autonomous tractor in collaboration with Charlatte. KLM has 

to put more time into research on autonomous traffic. The reason that KLM is not doing it extensively 

at this moment, is because the technology rapidly improves, so we rather wait for a system that could 

be a big breakthrough.  

 

What are your thoughts on an autonomous transport system at Schiphol Airport? 

 

It has to be safe and it should improve the process overall. The test with Charlatte was successful, but 

there always needs to be an employee in the tractor to make sure that the autonomous. It is inefficient 

and unnecessary in that case to implement autonomous tractors.  

 

An autonomous system can help to reduce costs. Investment costs may be high, but a lot of employee 

costs are avoided. One autonomous tractor can compensate for 1 full-time employee of €70.000 per 
year. If all tractors become autonomous, or the dollies become autonomous, it can help avoid a lot of 

employee costs in the longer run. That makes an autonomous system more attractive. 

 

What would the implications on safety be with autonomous vehicles at airside? 

 

Everything has to be safe, especially on airports. The goal of Schiphol is to allow for less than 70 

accidents from happening. In contrast, there were only 90 accidents last year. For the amount of flight 

movements this is a very low number. If autonomous vehicles do improve safety and make incidents 

at sideroads less likely to happen, it could be a great addition to Schiphol Airport. I do not see why this 

should not be tested. 



 

 11 

 

How do you think that autonomous vehicles could help to improve the sustainability at Schiphol 

Airport? 

 

KLM is currently putting research into the use of electric tractors, primarily for passenger baggage. 

Cargo is heavier than passenger baggage, which means that the tractors should have a lot more power. 

Electric tractors can give enough power, but the durability of the battery decreases. Regular cargo 

tractors can ride approximately for 10 hours on the same tank of fuel. Electric vehicles run out of 

power much sooner, which forces it to charge at charging stations.  

 

The amount of electric charging stations at Schiphol Airport is way too low to provide all GSE if they 

were electric. There are approximately 400 charging stations at Schiphol Airport, which should 

increase to around 900 to provide all vehicles with electricity. We are forced to make the decision to 

purchase new fossil-fueled equipment, because there are not enough charging stations at the airport.  

 

Schiphol Airport supplies the charging stations parallel to the number of electric equipment, which is 

why there are not enough charging stations yet. If we decide to renew our fleet with all electric 

equipment, the number of charging stations would not be enough.  

 

How do you think that equipment pooling could help to improve efficiency of the autonomous dolly 

system? 

 

I do not see why equipment pooling would not work. There are some things to consider, however. 

Some ground handlers could have other demands of the equipment specifications than other ground 

handlers. One employer wants air conditioning for his employees, the other thinks it is unnecessary. 

It is difficult to come up with solutions together.  

 

However, in the case of autonomous dollies, there are no employees involved physically. There are no 

demands other than that the dolly delivers cargo on time.  

 

Do you think an autonomous dolly system is contributing to the overall performance of Schiphol 

Airport?  

 

An autonomous system can definitely help to improve the overall performance. The easiest way to 

equip the dollies with a sufficient enough system, is to equip them with sensors on all sides and let 

them drive autonomously without the need of beacons around Schiphol Airport. Otherwise the 

investment of the system becomes higher and higher, which you want to avoid.  

 

 

 

 

 

 

  



 

 12 

Appendix V Interview Royal Schiphol Group 
 

Can you all please introduce yourselves? 

 

My name is Mr Koelemeijer and I am currently working in the corporate development department in 

the Royal Schiphol Group. I am responsible for the roadmap sustainability Schiphol.  

 

I am Mr Kroesen and I work in the team of Ed. We are working on improving our sustainability strategy. 

We look at different options for propulsion of vehicles. They include different forms of biofuels, 

electricity and hydrogen. We primarily look at electricity at this moment due to the fast development 

of the development of electric vehicles.  

 

My name is Ms Kotey and my job description is innovation lead at Royal Schiphol Group. My specialty 

lies in autonomous traffic at the airport. We want to reach our goal of a completely autonomous 

airside in the year 2050. We are currently working on the automation of the taxi-bot, which is an 

autonomous taxi- and pushback vehicle.  

 

What is the current situation of development and use of hydrogen at Schiphol Airport? 

 

There is currently no hydrogen at Schiphol Airport. There has been a test in year of 2011, where a 

baggage tractor was rebuilt to use hydrogen as a combustion substance. This test was successful, but 

was never continued. There was a discussion regarding safety of hydrogen at an airport. Hydrogen has 

a high chance of exploding, which made the fire brigade doubt the use of hydrogen at the airport.   

 

We rely on the service providers of hydrogenic vehicles to come forward with ideas that we can use 

in our operations. We already implemented electric buses. We will only start using hydrogen in our 

operations when the service providers can offer hydrogen supply at an attractive price. We only want 

to use hydrogen that comes from a renewable energy source, which can take up to twenty years.  

 

What is your vision on the use of hydrogen at Schiphol Airport? 

 

It is very unclear when we will begin to use hydrogen. Up until now we only have implemented electric 

options as sustainable means of transport. As said before, we do not know when the service providers 

come with hydrogenic solutions.  

 

We can look ahead what options for renewable hydrogen can be beneficial for hydrogen use at 

Schiphol Airport.  

 

What are potential risks of hydrogen at Schiphol Airport? 

 

Safety is of high importance in the aviation industry. Dangers of using hydrogen could be explosion 

danger, pipelines breaking and leaking hydrogen. We are not familiar with any other risks of using 

hydrogen.  
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What makes you decide between choosing electric or hydrogenic vehicles? 

 

The types of operational and logistical needs are very important for the decision between the two. 

The charging times are very important. Electric vehicles lose a lot of time when recharging, which is 

crucial for the performance of the operation. Hydrogenic vehicles are more attractive, because they 

do not lose time recharging. Refueling the vehicle with hydrogen only takes about the same time at 

regular fueled vehicles, so the operation does not change in that perspective.  

 

We look at different options of propulsion methods in different business cases. Once every few years 

we change the vehicle fleet and will look at the different options when the time of replacement is 

there. We ask the service providers of energy sources to come with several ideas which they think are 

most suitable for Schiphol Airport and hydrogen has not yet been in there. At some time, we would 

have to demand hydrogen options as it can be more efficient in the long run.  

 

The most important factor in this process is to look at the feasibility of the different scenarios. These 

scenarios are compared and the best solution is picked. Renewable hydrogen will be scarce the coming 

few years, which is why this it is not yet an option for us. Our long-term strategy is to use renewable 

hydrogen for synthetic kerosene. Using the hydrogen as energy source to produce kerosene makes 

flying more sustainable, which is still the most polluting process in aviation.  

 

What energy source would be best for the autonomous dollies?  

 

Electric vehicles are the option for now, even though you lose a lot of time recharging the vehicles. To 

make sure that we get the most out of them, we use the seven busiest peak hours, which the vehicles 

should be able to cover. During these hours all vehicles should be available and when it is not as busy 

anymore, the vehicles have the opportunity to recharge. This way we can use electric vehicles in our 

operation without having to purchase more than we need to be able to cover the peak hours.  
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Appendix VI Interview Senior Project Developer Hydrogen Total Gas Mobility 
 

Could you give a brief introduction about yourself and where you work? 

 

My name is Mr Marinić and I work for Total Gas Mobility. It used to be Pitpoint, but has been changed 

to the name mentioned before. We work on the design, build, installation, maintenance and export 

of hydrogen fueling stations.  

 

We have a business line with many participants in which we support country organizations in the 

production and distribution of hydrogen. This is not just in the Netherlands, but worldwide in 130 

countries with 103.000 colleagues.  

 

How do you think renewable energy will develop in the coming years? 

 

The production of renewable energy will soon rise significantly. Energy is becoming more renewable 

everyday thanks to the installation of more and more wind and solar parks. The low prices of oil and 

gas do not cooperate, however. Just a small group of people is prepared to pay more for renewable 

energy.  

 

What are the advantages and or disadvantages of hydrogen compared to electricity? 

 

Hydrogen is not as efficient as electricity in terms of energy transition. Energy is lost during the process 

of converting electricity to hydrogen and vice versa. The storage of hydrogen is more efficient than 

electricity. The energy stays together, whereas electricity loses energy over time when stored for 

longer periods of time.  

 

Hydrogen is preferred over electricity in terms of transportation. The use of pipelines is very efficient 

and can transport hydrogen very easily. Linking this to the transport sector, it is more likely that 

international transport will run on hydrogen instead of electricity. This is due to the long distances 

they travel which makes hydrogen more efficient.  

 

Why has hydrogen not made a break yet into the world? 

 

There are still too many vehicles powered by regular fuels. Their prices are lower and so hydrogen 

cannot compete with them. Another problem is that the production of hydrogen is still rather 

expensive to produce it with renewable electricity. Once the supply of renewable electricity becomes 

higher and more common, hydrogen will start to become more popular.  

 

Another issue is that electric vehicles have just exploded in the transportation industry. Everyone is 

investing in electric equipment and so the production of hydrogen is not as stimulated as electric 

driving was. People are unknown to hydrogen and because of that they do not pay attention to other 

sustainable means of transportation technologies.  
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What would be necessary for hydrogenic autonomous dollies at Schiphol Airport? 

 

It depends highly on the type of operation. Heavy-duty equipment will lean more towards hydrogen, 

whereas equipment that does not need much power will more likely become electric. Heavy-duty 

equipment requires much power which requires the battery to increase in size. This leaves less space 

for the operation it is meant for, e.g. garbage trucks, they need large available volumes to process and 

store the garbage. This space is lost when half of the vehicle is equipped with batteries.  

 

For using hydrogen at Schiphol, one or more hydrogen fueling stations need to be installed and a 

transportation network of hydrogen has to be set up. This will most likely be a pipeline system because 

it will be used on a larger scale. A pipeline network is very expensive and requires many permits to 

install.  

 

What is your short-term and long-term vision of hydrogen? 

 

Personally, I think hydrogen will become more popular when the amount of renewable electricity 

grows, which could take up to twenty years. It also depends on the location you are, as batteries in 

Scandinavia do not perform as well as they do here.  

 

The production of hydrogen can only increase when the demand is there. Without demand it is 

difficult to introduce a new way of travelling. The investment in hydrogen research is not high, because 

people do not want to invest in an energy form that is in low demand and low availability.  

 

What would be the decision point to choose for either hydrogen or electricity? 

 

It highly depends on the types of operational and logistical needs. One company can run its operation 

on a fully electric fleet, because the vehicles are not meant for heavy-duty operations and they can 

allow for the time lost to recharge vehicles. Using batteries in heavy-duty equipment is not 

recommended for using due to the lost space and added weight in the vehicle. It is then recommended 

to wait a few years until the supply and production of hydrogen increases.  
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Appendix VII Interview Business Unit Manager Freighter Handling Menzies Aviation 
 

Could you please give a short introduction about yourself? 

 

I am functioning as Business Unit Manager Freighter Handling at Menzies Aviation, so I am responsible 

for everything that happens with freighter handling and includes finance, GSE, staffing and training.  

 

What are your thoughts on an autonomous dolly system? 

 

I have open thoughts about projects like these if the autonomous dollies have the right performance. 

That means that they are everywhere on time and on the right place. At this moment, depending on 

the type of contract with airlines, freight is packed and ready three to four hours before the aircraft 

arrives. The loading sequencing has to be right, which decides which freight gets transported to which 

aircraft stand and at what times. I think this can be tough for an autonomous system.  

 

I do not see any disadvantages to an autonomous dolly system if it works properly. I just think it can 

be a difficult implementation and I think it can be a costly new project.  

 

In which ways can an autonomous system influence the safety at an airport?  

 

I do not know if autonomous dollies can improve the safety at Schiphol Airport. I am not familiar 

enough with autonomous systems to give an answer to this question.  

 

The number of parking spaces are not sufficient enough to accommodate all the GSE of the ground 

handlers. The airport is not facilitating enough with parking spaces for GSE. The lacking space for these 

vehicles can cause dangers. The level of danger comes from the ground handlers themselves of course 

with how they cope with this limited space. Activities that may cause dangers will have a higher chance 

of occurring.  

 

Could the autonomous dollies cause problems with the already limited space for airside operations? 

 

I think so. I think you need more autonomous dollies than you are really going to use, to make sure 

the system can still be efficient and keep up with its operational needs. The dollies will probably drive 

slower when they operate autonomously than the tractors do now. The tractors are allowed to drive 

30 km/h on the sideroads and 5 km/h on the aircraft stand. The speed at the aircraft stand will be fine, 

but I think they will lose time on the sideroads and I think this requires more autonomous dollies than 

the current number of regular dollies.  

 

How can autonomous dollies contribute to the efficiency improvement of the transportation 

process? 

 

It depends on how fast the dollies will be ready for picking up freight and when can I expect the next 

one? There are around 40-50 dollies required for a full 747 freighter. The number of autonomous 

dollies becomes very high and can become crowded. To program the dollies correctly can become a 

challenge.  
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What do you think of equipment pooling? 

 

I am personally in favor of equipment pooling, but there are many things to consider where I do not 

see any advantages of just yet. There are differences in demands of equipment. Ground handlers may 

want equipment type A, but another one might want equipment type B.  

 

Who will own the vehicles? Does every ground handler have ownership papers over a certain number 

of vehicles, or does everyone lease them from one company that could be the airport? This also counts 

for maintenance contracts. These need to be either revised or established again.  

 

Another important point is that our competitive advantage we built up over the years could be 

vanished when a new type of leasing system is introduced at Schiphol Airport. New ground handlers 

do not need to invest in their own equipment, but only need to pay the same prices we do to allow 

them to perform ground handling activities.   

 

When something might happen to my tractor, either a maintenance issue or it could be an incident, I 

always need to have backup equipment available. When leasing equipment and something like that 

may happen, I always need to pay 10% more in my contract to be able to have backup vehicles. This 

is also a disadvantage of equipment pooling where no one has an answer to yet.  

 

I think the best option would be zoning. Every ground handler gets their own area in which they handle 

aircraft. There would be a 20% overlap with the ground handler next to you in which you can handle 

an aircraft if your area is full. A result of this would be that all your equipment stays in your own reach 

and your staff does not need to travel from one side of the airport to the other. This would reduce the 

movements of equipment and staff. 

 

Overall, I think that equipment pooling is possible, but the agreements have to be correct and 

everyone needs to have the same interests.  
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Appendix VIII Interview Project Leader Cargo Operations Menzies 
 

What is your function within your company? 

 

My function is Project Leader Cargo Operations and Toezichthouder Medewerker 

Stralingsbescherming IR within Menzies. 

 

Are you familiar with autonomous freight transportation in the airfreight sector? 

 

Yes, I know of its existence and read an article about it, which was about the cooperation between 

Siemens Postal, Parcel & Airport Logistics and Gaussin Manugistique with their autonomous freight 

dolly at London Heathrow Airport.  

 

What are your thoughts on an autonomous dolly system at Schiphol Airport? 

 

It will undoubtedly be involved in future airside operations. I think it is one step too far off for now. 

We are just starting to drive autonomous on the road. In the case of autonomous traffic at airside, it 

is not just the tractor with that should drive autonomously, it is also if importance that the freight on 

the dollies is monitored and I think that this will be a challenge if this process happens autonomously.  

 

Which factors are important for implementing an autonomous dolly system? 

 

How the dollies will be delivered to the aircraft stand when an aircraft is there? Are there any dangers 

that could occur? 

 

Which influences will an autonomous dolly system have on the safety at Schiphol Airport? 

 

The chance of incidents from happening, can decrease by eliminating human factors.  

 

What are potential dangers that could occur after the implementation of autonomous dollies? 

 

The same as happens with regular cars, they can become uncontrollable and accidents can happen.  

 

How do you think that autonomous dollies contribute to the improvement of sustainability at 

Schiphol Airport?  

 

If the initiative comes from Schiphol and the transport of several companies is combined, it might lead 

to a decrease in number of movements at the airport.  

 

How do you think a pooling concept would work with autonomous dollies? 

 

It could work if it is clear who is responsible for the on-time performance of freight delivery to export 

freighters.  
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