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Executive Summary

This document describes the Time-Efficient (TEpait concept. The TE airport concept is one of the
three airport concepts that are developed withénAimport 2050+ project. The project proposes these
three airport concepts focussed on mobility, ecansprand sustainability in order to cope with the

expected bottlenecks that would exist at airponts2050 and beyond when operations remain
unchanged. Following the Concept Development Meatlagy [4], a structured overview has been

derived of the goals, needs, bottlenecks and pessututions of a 2050 TE airport concept.

Based on the foregoing study ‘Vision 2050’ [1] addist of goals, requirements and constraints with
respect to time-efficient air travel in 2050 hagebtained. From this analysis, a value strudtae
been set-up, describing what operational goals aifigort should fulfil in order to add value to the
airport concept. In addition to the earlier defipedject-wide goals of cost reduction, revenueease
and decrease of environmental impact, the core ddtsgare: minimise throughput time for aircraft,
minimise throughput time for passengers (and lugjaand have seamless intermodal connectivity.

Following the analysis of goals, the Concept Deprient Methodology [2] has been applied to the
current airport airside, landside, and intermodadcpsses (including interfaces between them) to
determine key bottlenecks, meaning those bottlenétkt are believed to persist in 2050 if the TE
solutions presented here are not implemented. ©tiebecks that were derived include, but are not
limited to:

» Airside: Taxi times (inaccuracy, long duration); inaccardeparture times; airport network
capacity; turnaround time; unavailability of turoand means; de-icing of aircraft;
nontransparent information sharing; spatial andrenmental limitations.

* Landside Waiting and processing time for travellers; losgcurity control procedures;
nontransparent information; way finding problemsnd walking distances; slow baggage
handling; unpredictable boarding/disembarking times

* Intermodal: Long distance between modes, transfer times, highof delays in door-to-
airport travel (resulting in buffers), baggage Hangdbetween modes, updated information
availability and guidance.

With these bottlenecks in mind, solutions for adifport concept have been developed. A selection of
solutions is proposed for the TE concept to mininttse drawbacks of these bottlenecks and offer a
time improvement of the airport processes. The sadpthese solutions is limited to the passenger,
baggage, and aircraft processes occurring withinbitbhundaries of the airport, including the areas
where intermodality occurs. Furthermore, in ordecteate a time-efficient door-to-door journey for

the passenger, the transport from origin and dat&tim to the airport is also partly included in the

scope. The airport processes that are expectedsire 2050 are defined as the invariant processes
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which cover airside, landside, and intermodal psees. The solutions proposed affect all invariant
processes of the airport and include the optimomabf turnaround services, the extensive use of
mobile devices for the identification and guidamfepassengers, the optimization of boarding and
loading times, the increase of automation, andirtiprovement of connections with other modes of

transportation. An overview of the followed Conc&avelopment Methodology can be found in the

table at the end of this summary, which includes:dxpected bottlenecks per process at the referenc
airport, which value drivers are affected, what em$p could be changed to cope with these
bottlenecks, and the names of the proposed sotutintine TE airport concept.

The proposed solutions are validated through twdesy A first validation cycle, which aims at
retrieving information from the industry on the gliaality of the proposed solutions, provided atfir
assessment of the concept’s solutions. The restilisis cycle are described in this document, and
showed that several of the proposed solutions apeated to be beneficial for achieving time-
efficiency. Furthermore it was shown that somehef solutions of the other two concepts are also
expected to be beneficial for achieving time-effi@y. A second validation cycle performs a process
simulation in order to evaluate the performancettd TE airport concept. This cycle will be
performed in the next months and its results Wirefore not be included in this document.

The TE airport concept should not be considerasalation from the other two concepts elaborated in
the Airport 2050+ project. Only together with théire-Green (UG) and Cost-Effective (CE) airport
concepts can the TE concept offer the benefits whihtenable the ensemble of large, medium and
small airports in Europe to become the seamlesdgbgiated nodes in an encompassing European
Transport Network of passenger and cargo operations

Processes & Key challenges Attributes Aspects that can be Resulting solutions [#1]
areas affected changed
affected
Airside
ATM, taxi Inaccurate taxi times; long Avg. taxi Increase accuracy and Electric taxiing using A-
taxi times due to distant times predictability in taxi SMGCS [TE1]
located runways (result of Avg. delay procedure; optimise taxi High speed rail system

spatial constraints at
airports); late decision
making; inaccurate actual
take-off times due to this;
unavailability of correct
aircraft sequences; arrival
and departure delays;
airport network capacity;
lack of accurate weather
predictions

planning for an optimal
airport network capacity;
alleviation of spatial
constraints provided by new
technologies that may lead
to better movement area
layouts

[TE2]
Electric guided taxi
system [TE15]

Also:
Intermodal SWIM [CE]
Intelligent ICT [CE]

! Identification number of the concept idea (seep@#ra5). Some ideas referred to are elaborateshénod the two other concepts, i.e.
Cost-Effective (CE) and Ultra-Green (UG) airporncept, as the ideas are in the first place apgécabthe key bottlenecks of those

concepts.
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Processes & Key challenges Attributes Aspects that can be Resulting solutions [#1]

areas affected changed

affected

Turnaround Unavailability of turnaround Avg. Reduce the need of means; Underground pier [TE4]
means; long turnaround standardise, make aircraft Underground automatic
connecting/fitting time of time stand independent of apron container loading [TED]
turnaround means, thereby Avg. delay vehicles; automate apron Automation of
increasing turnaround time vehicles turnaround processes
and delays [TE13]

Also:
Automated apron
services [UG]

Turnaround Unpredictability of Avg. Increase availability of Mobile device
passenger turnaround information; allow seamless | passengers boarding
boarding/disembarking time flow of passenger through [TES]
time; lengthy Avg. delay airport; optimise and Displaceable seats for
passenger/baggage standardise boarding passengers boarding
boarding/loading process; process; develop systems [TE14]
delays due to no-shows of for quicker baggage loading | Underground container
passengers and unloading in the case of | loading [TE5]

a no-show; enable real-time Fast baggage sorting/
information provision; containerising [TE9]
reduction of uncertainty in

passenger arrival time to

boarding gates

Turnaround Unavailability of sufficient Avg. Create more aircraft stands Underground pier [TE4]
aircraft stands with direct turnaround by more efficient use of Circular terminal [TE11]
access to passenger bridge time (aircraft) | space available and High-pier concept [TE12]
and loading devices Avg. enabling aircraft stands to

throughput be arranged more closely to
time curb- each other

gate

(passengers)

Turnaround Baggage unloading and Avg. Allow for a quick unloading Underground automatic
loading becomes critical in turnaround and loading process by pre- container loading [TE5]
terms of time; the use of time processing baggage and Automation of
apron vehicles may lead to Avg. delay cargo in dedicated turnaround processes
delays; time required to containers; eliminating [TEL3]
perform each turnaround apron vehicles and replace Fast baggage sorting/
activity apart from baggage by a solution that enables containerising [TE9]
loading/unloading fast unloading and loading

of containers; similar
solution needed for catering,
waste disposal, etc.

Turnaround, Unreliability in docking Avg. Add automatic Underground pier [TE4]

taxi process, due to e.g. bad turnaround detection/guidance for Automation of
visibility time (more placing apron service turnaround processes

time needed vehicles; add automatic [TE13]

for docking of | detection/guidance for Underground automatic

the aircraft) placing aircraft in the apron container loading [TE5]
Electric taxiing to and
from runway using A-
SMGCS[TE1]
High speed rail system
for aircraft taxiing [TE2]
Electric guided taxi
system[TE15]

Turnaround, De-icing of aircraft will Avg. Remove the need for de- Automated anti- and de-

taxi increase due to increased turnaround icing or increase the icing of aircraft [TE3]
traffic volumes thereby time throughput of de-icing
forming a bottleneck in the Avg. taxi time | facilities at the airport and Also:

turnaround and taxi process

avoid queuing of aircraft

Taxi solutions above
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Processes & Key challenges Attributes Aspects that can be Resulting solutions [#1]
areas affected changed
affected
Landside
Check-in, Waiting and processing Avg. Automation of several Walk through security
security, times will increase for throughput functional requirements of check corridor [TEG]
boarding, passengers due to increased | time curb- the security process, thereby
transfer security measures at the gate eliminating queuing for the Also:
airport; an even more Avg. waiting passenger and striving for a THz screening [CE]
detailed security screening time straight-through processing
will persist in 2050+; Avg. process of passengers
development of time
technologies/procedures
that enable a balanced
solution regarding time
required vs. safety ensured
in security checks; improve
public’s perception on
security checks
Passenger Information provision and Avg. Increase availability of Automated People
movement way finding; long walking throughput information; allow seamless | Movers (APMs) [TE7]
through distances; separation of time curb- flow of passenger through
terminal passenger due to safety and | gate airport; eliminate need for Also:
customs regulations; limited way finding; reduce walking Intelligent ICT [CE]
integration of information distances THz screening [CE]
Baggage Baggage sorting not fast Avg. Increase throughput of the Fast baggage sorting/
sorting enough; thereby requiring throughput baggage sorting system; containerising [TE9]
critical time for the time curb- minimise distance between Underground pier [TE4]
passenger’s baggage to be gate (result) aircraft and drop-off/pick-up | Circular terminal [TE11]
processed before loading point; minimise distance High-pier concept [TE12]
and after unloading between aircraft for
connecting flights
Transfer Uncertainty of Avg. Provide solutions for Similar as above
passenger/b schedule/connecting time; throughput bottlenecks of passenger
aggage long distances between time curb- and baggage flow (as above)
between aircraft; similar problems gate
connecting with way finding Connecting
flights (passengers) and baggage time/door-to-
sorting process will yield door time
longer connecting time
Intermodality
Transfer Long distances/long transfer | Connecting Shorten distance between High-pier concept [TE12]
between times time/door-to- | modes; provide fast APMs [TET7]
modes No updated information door time transport between modes Electric car for door-to-
Guidance and navigation to door transport [TE10]
terminal Integrated guiding
system [TE16]
Baggage Baggage handling between Connecting Shorten distance between Fast baggage sorting/
transfer modes time/door-to- | modes; provide fast and containerising [TE9]
door time baggage convenient Automation of

transport between modes;
move baggage drop-off
points to airport intermodal
area

turnaround processes
[TE13]

Also:
Automated apron
services [UG]
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Processes & Key challenges Attributes Aspects that can be Resulting solutions [#1]
areas affected changed
affected
Home-to- Large distance between None [total Improve transportation Electric car for door-to-
airport home and airport; speed door-to-door modes (speed); increase door transport [TE10]
journey capabilities of journey time] reliability of transportation Integrated guiding
transportation; unreliability by using dedicated system [TE16]
of travel time; capacity infrastructure for airport
constraints transport; better information
provision; passenger tailored
travel advice;
implementation of reliable
early baggage drop-off
points
Infrastructure
Turnaround, Spatial restrictions limit Avg. Create apron with densely Underground pier [TE4]
Taxi airside capacity; spatial and | turnaround located aircraft stands (e.g. Circular terminal [TE11]
environment restrictions time circular); move piers High speed rail system
limits runway use or building | Avg. taxi time | underground; distant [TE2]

Avg. delay located runways can be Electric guided taxi
connected with the main system [TE15]
terminal using an (external)
high speed taxi system;
remote terminals near the
runway reduces the need for
taxiing

Passenger Limitations to enable Avg. Shorten distance between APMs [TE7]

movement seamless intermodality; throughput modes; provide fast High-pier concept [TE12]
highly related with time curb- transport between modes
intermodality issues gate and eliminate risks for

delays
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1 Introduction

1.1 Purpose of the document

The 2050+ Airport project develops three airpomaapts for the future of 2050 and beyond. These
three airport concepts are the Time-Efficient (TH)tra-Green (UG) airport concept, and Cost-
Effective (CE) airport concepts. The Concept Depmient Methodology of WP2 provides the
guidance to the development of each of these ctsicep

The purpose of this document is to report on theld@ment process and the final outcomes of the TE
airport concept. It outlines why the concept is aleped, the requirements, the goals it intends to
achieve, and how existing and expected bottlenackischallenges in current airport operations are
proposed to be adapted to achieve time-efficieatatjfons for the year 2050 and beyond.

1.2 Intended Audience

The intended audience is the European Commissiaectorate General (DG) Research, which
commissioned the contract, and which will assesgept results. Further, the 2050+ Airport
consortium partners have used a draft of this decrto perform the first validation cycle in WP3,
followed by detailed research into this operatiac@icept. As such, this document can be considered
as a ‘living document’ throughout the project. Hiyairports and other ATM actors (as our main
stakeholders), receive an operational conceptishetpected to give guidance and to support them in
further planning and decision making of future artglevelopment.

1.3 Document structure

Chapter 2 discusses shortly the Concept DevelopiMetitodology, the methodology that has been
used for development of the airport concepts [4]e, based on the Vision 2050 [1] and other
relevant documentation that approaches the fuigperarelated developments, Chapter 3 describes a
more specific vision from a time-efficiency pointvdew, dealing with Key Focus Areas (KFASs),
stakeholder interests, boundary conditions, anér@jonal and user) requirements. From this initial
analysis, a value and objective structure is ddrifecussing the TE concept development on key
value-adding aspects. Chapter 4 describes a basaliport, based on a high level decomposition of
current generic airport processes and infrastractlinis reference allows the identification of tgda
most common critical elements, challenges anddywtks to the TE concept and where to improve
operations. Chapter 5 describes the proposed aeldaperational concept of the TE airport for 2050,
including the several solutions which drive thisxcept. In Chapter 6 an appraisal of the impact of
these changing operational conditions is condudiisihg the previously identified value framework,
the expected benefits of the TE concept’'s solutiares quantified in an industry experts involved
workshop to distil the most promising ideas and loo@tion of ideas. Finally, Chapter 7 offers
conclusions and recommendations with respect td Ehairport concept and its development.
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1.4 Background and context

The 2050+ Airport project is commissioned by thedpean Commission, DG Research, in order to
study the perspective of far-future developmerdigdorts in Europe. The project explores new airpor
concepts with novel solutions, to support the demelent of airports and to cope with the bottlenecks
that are expected to exist in them in 2050 and heéyehen operations remain unchanged.

The project develops three different airport comsephese three concepts address time-efficiency,
cost effectiveness, and sustainability, with eadtpoat concept strongly focusing on its own
objectives. This means, amongst others, reduceutharound time of aircraft, reduce the throughput
time for passenger from door to door, decreasemdispcost, increase airport revenues, minimise the
airport’s environmental impact, and strive for sirsbility. Even if these aims are over-ambitious
target values, they represent where the presertteporof airports’ deployment is most weak. The
three concepts show what the future airport cootik llike and which level of performance can be
expected. They describe the interface between afirand ground, passenger/baggage related
processes, new airport operations management pliescand how the application of new principles of
airport layout can better integrate future interaiazbnnections.

More precisely, the project’'s main activities coipr

* Building a methodology for airport concept developnent (WP2). A uniform methodology is
established to develop the three different airporicepts. The methodology is based on value
theory [4, 7]. It assesses the different stakehalglations and interests, and provides a highteve
set of objectives and attributes to set the fodusach concept. This makes it possible to rate the
concepts’ designs and make trade-offs between reiffe proposed solutions.

» Delivery of three concepts, one of which is the TRirport (WP4): Several ideas will be
captured mainly through workshops and brainstornsieggions. This in turn will create an initial
version of the concepts in accordance with the otlilogy, which will be further refined by
validation activities. The concepts will be updased the process will continue following a spiral
life cycle until they are considered sufficientlyatare (i.e. European Operational Concept
Validation Methodology (E-OCVM) late VO, close tol\{6, 10]).

» Partial validation of these concepts (WP3, [6])Validation activities will increase the maturity
level of the concepts and enable performance amsess to be done. During the first cycle, the
validation activities include gathering needs, gate ideas, identify potential areas of
improvement, and make an initial assessment ot promising ideas according to the experts
and to the methodology developed in the projecseBaon this validation a first selection of most
promising solutions can be made. During a secoote@ny issues detected during validation will
be used for further concept refinement and spetiéin. This task ensures the coherence of the

27-09-2013, v1.0 FP7-AAT-2011-RTD-1-284529-2050AP Page 20/145



2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

maturity level achieved by each concept. This regescribes the current status of the TE concept
and serves as input for the second validation cycle

1.5 Why develop an airport concept for 2050 Europe?

The world is changing and towards 2050 a strongease of air traffic demand is expected due to
increase of population and consumption worldwidewell as a strongly growing economy in the
emerging markets. Also, the air traffic demand urdpe is expected to grow, but this has to happen
under constraining conditions of accommodating gngviraffic in limited space available around the
airports and tight time provisions on for exampleiing, emplacement, and turnaround time.

The growth in travelling demand takes place becahsewish of European people to travel will
increase, but the expected increase takes plagewtrdn the European Transport industry is able to
meet its targets by enhanced mobility and imprasedice provision for door-to-door travelling. The
Flightpath 2050 report [3] sets the objective ttoval 90% of European travellers to be able to
complete their intra-European door-to-door journgthin four hours. Europe will meet this objective
only if the European Transport Network improvesigigantly [14], which means that:

» The connectivity through the critical nodes of tietwork has to improve.

» The network of nodes has to expand to offer fullezage.

A seamless service provision has to offer the doateor connectivity and to meet the
requirements for user-friendly, seamless connégtishd undisturbed and undelayed service
provision.

The airports are the nodes of this European Trah$petwork and, even if parts of the network are
present and are functioning well, the network isffam being a complete and harmonized network,
and does not comply with the four hours door-tordobjective. In order to achieve this objective,
improvements should be made to the processes airihert as well as their integration with the athe
means of transportation (intermodality). This isyvem advanced airport concept should be developed,
reflecting the current need to improve the perforogaof the airports as critical nodes of the future
European Transport Network.

In a competitive world, constrained by limitatiotise airports of Europe have to expand and enhance
their operations, strengthening their role in teénork:

» Airports have to improve seamless connectivity leetvairports and door-to-door connectivity by
providing enhanced connectivity services for tlweistomers in their catchment area. This justifies
the development of a TE airport concept for 208iproving seamless operations and removing
delays and other hurdles in travelling whenevesiids.
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< Airports have to reduce their costs providing sesslconnectivity services in a competitive
world. This justifies the development of a Costegffve (CE) airport concept for 2050, reducing
costs and improving efficiency whenever possible.

e Air Transport has to reduce its impact on the emrment by reducing environmental pollution
and by reducing any possible waste in consumptioresources. This justifies an Ultra-Green
(UG) airport concept for 2050, reducing the loadtlb@ environment as much as possible. This
relates to all operations at and around the airporhprising transport services as well as allothe
activities to build, maintain and operate the aitpo

European airports will all have to expand and moidertheir operations to seamlessly function as a
node in the travel chain bounded by the four-haordo-door services throughout Europe. Further,
the focus is on civil commercial air transport gEms. Very specific and dedicated service prowisi
such as airships and/or cargo drones operating ffedicated airfields, and/or dedicated cargo rail
transport lines are considered less relevant.

The three airport concepts are complementary. WiRSffer the airports new views and new ways to
initiate implementation plans for future enhancedrations.

None of the three concepts aim to offer a radi@l 1l pefinition of the Time-Efficient

way to operate an airport. The basic concept afafir | airport concept:
turnaround operations and seamless connectivity] The “Time-Efficient airport” is the airport
that has been designed and is operated

] and managed in such a way that the
Consequently, all three airport concepts are coad | mobjlity value is maximized for both

other means of transport operations is left uncedn

by analysing a baseline reference model for airf passenger and aircraft, through efficient
and effective air transport operations.

N . Based on new forthcoming technology it
the concept can be significantly improved by chaQg| s to make sure that the passenger's

parts of its mode of operations, but each time W#&h| and the aircraft's throughput time
specific focus on TE, CE, or UG improvemen{ through the airportis minimized and that
seamless intermodality is guaranteed.

N _ To do this the airport applies intelligent,
from each concept, benefiting from what suits th| cojlaborative, dynamic, and automated

operations, whilst identifying those opportunitigkere

Airports may ultimately adopt some specific soloso

purpose and their vision of improving their comppesi | systems capable of reacting to the daily

position within the European Transport Network. needs of its stakeholders.
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2 Summary of the Concept Development Methodology

This chapter summarises the Concept Developmertiddetogy, which is used to develop the Time-
Efficient (TE) airport concept [4] so that it reashthe objective of proposing solutions to addtess
‘time-efficiency’ bottlenecks that predictably wixist in 2050. The methodology, as developed
during WP2, essentially consists of four steps dimatuld be followed: (1) describing the background
of the concept, (2) analysis of a reference airpod bottleneck analysis, (3) solution generatzom

(4) initial value assessment that will compare dlnécomes of operations regarding time efficiency,
both for passengers and aircraft, between nowadaygedures and 2050 ones. This chapter will
describe these four steps in the subsequent seaiahforms the base for the rest of the document.

2.1 Background of the concept: vision and objectives

The goal of the first step is to create a cleakbeamund on the development of the concept, how it i
interpreted (definitions), what is in/out of scogaed which requirements are derived. In this step th
Vision 2050 [1] is re-examined to find which padkit are key for the concept in terms of future
forecasts, boundary conditions and pre-set perfocengoals.

Furthermore the Value Operations Methodology (VOM) is applied, by setting down the value
structure that will be used in the concept develepmWorking from the high-level value structure
presented in the VOM framework, more detailed dbjes and associated attributes are added to the
value lever that is of primary focus (in this caisee-efficiency). In this step also low-level weigh
can be assigned to all attributes. This part oMB®&1 has been applied in an early stage of theeptoj

so a clear focus existed beforehand on what theemrintends to achieve (based on the expected TE
needs of 2050), and which attributes are needeaetsure this. Such focus will help direct the effor
in the context analysis and solution finding phase.

2.2 Reference airport

When the concept's background, goals, and objextare clear, an analysis of the current airport
operational context is conducted. To make the fomhcept as widely applicable as possible, a
generic, medium-sized airport is chosen and destrib terms of processes, infrastructure, and/or
services as the baseline situation (or ‘reference’)

After this, the baseline airport is analysed inadatsing the tools and method presented in the fir
part of the Context and Architecture DescriptiodQ method [2]. This analysis will point out where
the key bottlenecks or challenges currently existiiport operations and is concept-specific,vileat
aspects in current airports are already main ahgdle that need to be overcome to achieve time-
efficiency levels as derived from the concept baokgd?
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Finally, taking the found bottlenecks as a starfiogt, these are translated to a 2050 situatiomatwW
will it mean if current bottlenecks are not solvesl8o, are there problems to be expected from other
airport areas that are currently not a challengethe concept, but will become so if no changes are
made from now to 20507 This step distils thoselehges that absolutely should be solved by the
concept in light of the 2050 goals, as derived fthmfirst step of the methodology (background).

2.3 Solutions and advanced airport concept

The foregoing analyses will have created a cleguraentation of what the future airport concept
intends to do, and what aspects of current airpoerations need to be radically improved to achieve
these goals. Using creative tools such as morploalbgnalysis, brainstorm sessions, and any other
means presented in the second part of the CADH&]innovative solution(s) (directions) to the 2050
challenges are now developed. This is the cregihase of concept development, guided by the
findings of the previous two steps.

Solutions will be developed for specific airporteas (landside, airside, intermodal links — or a
combination/integration of those if deemed worthahitogether with an outline of their expected
benefits to 2050 goals in terms of mobility, ecomsnand sustainability. It should be noted thameso
solutions can have impact on more than one proddse, some solutions can be compatible. This
leads to a TE concept of airport operations, ctingi©f a number of selected solutions for 2050 and
their expected benefits.

2.4 Change-Impact and value assessment

Following the steps outlined in the Change-Imp&ct)(methodology [16], the changes constituted by
the concept solutions are mapped to concrete opeaht processes/services/infrastructure. The
information obtained from the context analysis jes the framework for this. The specific
operational metrics attributes which are expeabdukctaffected are also listed.

Then, using the quantification scheme outlinechim €-I method, the different impacts expected from
these changes are estimated. This is initially dgnthe consortium partners (as shown in Chapter 5)
whereas the validation workshop in WP3 will invilbglustry experts to use this method to assess the
impact of the proposed solutions on the valuelaites. The results of this expert’'s C-1 analysdk wi
be used as input for the VOM and value structungs) which the value contribution (i.e. the/
score) for each solution is calculated. This anslgsovides a way of determining the most promising
solutions within the concept, as will be presentedChapter 6. Next to the C-I method a gaming
session will provide another way of evaluating skgeral concept’s ideas.

The results of the four steps of the Concept Dgaraknt Methodology as discussed in this chapter

will be elaborated in subsequent chapter. Chapteill3discuss the background of the TE airport
concept, including the derivation of its objectiv€&hapter 4 describes the reference airport and wil
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derive the expected bottlenecks for 2050 and beydim solution generation process will be
described in Chapter 5, after which the change-thpaalysis and value assessment of the concept
will be discussed in Chapter 6.
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3 Background of the concept

The first step of the methodology followed by thH#5@+ Airport project is to understand the concept
to be described and then to formulate a Visiontenyear 2050 and beyond. From the information
gathered, the concept-specific objectives can bizvatk The Vision 2050 was presented in general
terms and taking into account what could affectaingransport system [1]. In this chapter, thisiam

is analysed and expanded from a Time-Efficient (p&ht-of-view.

3.1 Understanding of the TE concept

The objective of the TE airport concept is to maganvalue for the passenger and aircraft through
efficient and effective air transport operationkisTmeans that the user (the passenger) needwe mo
between origin and destination in an optimal wayr this purpose, the user and its aircraft need to
come together and flow seamlessly through the pem=eof the air transport system, of which this
airport is a pivotal part. Thus, the whole processt allow the passengers to depart from theirtpoin
of origin, be transported to the airport, and botirel aircraft without any disruption. The aircraft
subsequently takes off and when it lands, the pgesecan exit straightaway and continue on to be
transported to his or her final destination. Thaswthe total journey time of a passenger (fromrdoo
door) is significantly shortened.

In order to ensure time efficient operations, iimgportant that the links with other modalitieskéi
trains, buses, monorail, taxis, trucks, and caeshot imply additional delays so that the passenger
does not lose valuable time during the transfemfrone modality to the aircraft. Therefore,
intermodality plays an important role in the dgstioin of the processes.

In this concept, the aircraft is treated as an kemdb create this efficiency for the customer.chaft
would be operated by airlines as today, althougheniilexibility regarding the schedule would be
necessary. Processes that need to be performee ble¢éotake-off of the aircraft need to be as iffit

as possible and not hinder the passenger flow.eBses like checking in, security checks, and
boarding are evenly distributed over the arrivirapsport section of the journey. Aircraft are shyift
emptied, serviced, and boarded, so as to facilghtet turnaround times. All this ensures that the
airport makes efficient use of all its resources] @& could be achieved through a dedicated lagbut
airside (runway systems/ platforms) and landsiee(inal building) to allow for the efficient hanad

of passenger, baggage, and aircraft. The airpoitegat process should describe the interface between
the aircraft and the ground and the new princidlas the airport layout including intermodal
connections.

The Vision 2050 document makes clear that in arse cafficient and intermodal connections will

become a core factor in 2050 airport operations.ths future focus will shift more and more to
viewing the airport as just one part of the erltigistical chain, it is deemed appropriate to asalfor
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each concept the door-to-door (or at least do@ni@ute) flow of both passengers and cargo to the
airport, and what this could mean in terms of prgcesses, technology, etc.

The process oriented view towards the airport fesusn the actual operational processes that are
conducted, how these are interrelated and whainfhés, outputs and performance are. This view is
most important for the TE concept as likely allgrdtal improvements that can be made for 2050 will
be due to how these processes are (re)designedredadranged. In this sense, the infrastructure
(mainly in terms of technological solutions) canrbainly seen as the enabler for this improved aesig
of processes.

3.1.1 Conceptual definitions and the scope of operations

The TE concept of the 2050 Airport is centred omrafional issues. Nevertheless, the solutions
proposed also address actual operations, desigrelogenent, and infrastructure. The Concept
Development Methodology [4] describes what is ias&hd what is outside the scope of airport
concept development. This scoping relates the gbiofeairport operations and concludes aspects to
be within or rather outside the scope of the condépwever, even that is insufficient. For example,
flight operations, in particular, departure andvatrprocedures, are outside the scope by beirzgeet|

to Air Traffic Management (ATM) although they hagestrong impact in the performance of the
airport, as they can be an important source ofyddlaus, that part of aircraft design, which isatet

to platform operations is within the scope of aitpooncept development. New aircraft design
solutions may have impact on airport design, atrpperations and airport deployment, and those are
an essential part of the concept as such.

Therefore, in the definition of the airport congejptcannot be ignored that the TE airport concept
assumes operations by aircraft types optimised risvaime-efficient service provision. This
definition of an extended scope of operations tessary in order to be able to describe a creditde

in itself consistent scope of operations of anairgoncept. Not only the airport itself is assunied
optimise its operations towards one of the selecotsumisation parameters, but also the world around
it and its operations have to be aligned with tla@ntheme of the airport concept.

3.1.2 Definition of an airport within the project
In the context of this project, the airport is uredeod as the geographical territory of the airport
including:

1. A tract of levelled land where aircraft can také-ahd land, usually equipped with hard-
surfaced landing strips, a control tower, hangairsyaft maintenance and refuelling facilities,
and facilities to accommodate passengers and cargo.

2. The areas dedicated to facilitate all other movemegquired to use airport services, i.e. all
facilities to reach the airport by means of pultensport, i.e. by trains, underground, buses
and shuttles, and all areas dedicated to facilgatate transport, to access the airport by car.

27-09-2013, v1.0 FP7-AAT-2011-RTD-1-284529-2050AP Page 27/145



2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

3. The areas for industrial activities, hotels and camity activities, related to the success of the
airport, but not belonging to deployment of thepait as such, but supporting it to be able to
act as an intermodal node in the transport network.

Therefore, the boundary of this scope is thus disdlgnon the airport terrain limits, and at the
beginning of TMA for flight operations, though thidermodal connections to and from the airport will
also be included partly within the scope, duegdntpact in the time-efficiency of passenger’s aller
journey.

3.1.3 Focus

The TE concept focuses on the future changes odithbert regarding the processes followed by the
passenger, baggage, and aircraft within the airnpdrastructure. This includes also the associated
services and the apron, including the handlinchefdircraft. As the terminal building should sugpor
the seamless intermodal access in order to chawoge éne transportation mode to another (e.g.
bus/train/car), these connections should not regextra cost or time from the passenger. The
intermodal connections are also elaborated in thedncept as part of the journey.

The concept does not detail any of the ATM procesluit just gives an overview about the future
possibilities on developments, which should inflicenthe provided service structure in the
forthcoming period. The TE concept does not incloommercial aspects either. Finally, In the 2050+
Airport context the cargo operations are not detail

3.1.4 Classification of airports

According to the methodology framework, all theelniconcepts have to look at three possible airport
layouts: the small, medium, and large size (hubpasis. It was decided to develop a detailed
description for the medium size airport that carveseas the baseline for each concept because its
shape is generic whilst all problems experienced@ingested airport are present.

In addition these sizes of airports are expectegreav in the future, whilst some large (hub) aitpor
have already reached their limits in regard to capand might be strongly influenced by the ingtre
of a particular airline. On the other hand, somgdairports may have the potential to growth feirth
to very large hubs. Conversely, small airports wlBo grow, but their limited size will likely not
require radical new solutions; they will howeveneft from certain new ideas applied to medium-
sized airports. Also, the presence of wide varigtgervices that should be considered by the pr@gec
usually not fully configured at small airports, ateir direction of development might be not clgarl
established yet. Certainly, further developmenthighly dependent on the presence of transfer
passengers and the availability of scheduled iatemal and long range flights.

Whilst the medium sized airports have all the ugref services to be considered, they clearly have
the most potential of further development and ase influenced by interest of one major player.
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Therefore we consider them as good subjects tysaalossibilities of further development in terms
of cost effectiveness, time efficiency and mininima of environmental impact. However, the TE
airport concept specifically develops a detailetitsan description for large-sized hub airports, as
these airports will face the most challenges frotime-efficient perspective. As stated, large-sized
airports may or may not grow in the future. Whitere of these airports still have the opportunity to
grow, others might already have reached their $imiledium-sized airports are expected to grow
towards 2050+ and have the most potential for &srttevelopment [14]. Some medium airports will
grow towards current size large hubs. These asmiso require solutions that will contribute teith
time-efficiency. Small sized airports may also bérieom the time-efficient solution proposed ingh
documents, as both passengers as airlines may reedone-efficient journey and handling
respectively. Therefore, most of the solutionspps®d can be easily downscaled in order to apply
them to medium- and small-sized airports.

Table 1, derived from the methodology frameworkgApws the general characteristics that each size
of airport is understood to have, in the contexthas project.

Table 1: Airport layouts.

General characteristics Large airport Medium airport Small airport

Type of airport Large (hub) Large regional / small hub Regional

Operations type Scheduled Scheduled Scheduled / charter

Connecting passengers >50% transfer Limited transfer, or only No transfer

self-connecting

Intermodal connections Large number of Large number of Limited intermodal
connections connections connections

Fleet mix WB+NB, hardly any GA Mainly NB, some GA Regional with NB, fair share

GA

A/c movements > 150 75-150 10-75

[x1000/yr]

Pox numbers [millions] >15 10 - 15 <10

Runways 2 or more 1-2 1

Catchment area (120 min.) | >10 5-10 <5

[millions]

Example airport Schiphol, Frankfurt, Palma de Mallorca, Eindhoven, Targu-Mures,
Barajas Warsaw, Nice Kaunas

The specific features considered for the large $imed airport, like its building, number of secwyrit
gates, check-in desks and access to intermodakctans are further detailed in Chapter 4.

3.2 Global trends, key focus areas, and scope of opeiatis

The vision document address the main aspects dalatrport concept in the context of the year®05
[1]. This document does not have as main goal églipt the future with full accuracy, nor cover all
possible scenarios for year 2050. Instead of thatyvision document aims to consider several areas
like Demography, Society, Politics, Economics, Eorment, Mobility and Technology and how they
must be taken into account for a 2050 airport.
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The vision document aims several areas in the gbofea future airport, like environment, costs and
performance. In this sense, the main aspects sktheeas are summarized in time-efficiency, cost-
effectiveness, and sustainability. Also the docum@gscribes the interfaces between airport and
aircraft, between passenger, the baggage and taiffa vision document introduces the idea of same
stakeholders with similar desires. Some considmrataffect the following Key Focus Areas (KFAS),
as shown in Table 2, which includes only those KFfwsl aspects that may affect the TE airport
concept with respect to year 2011, in which thggutcstarted. For a complete overview the reader is
referred to [1].

Table 2: Relevant Vision 2050 aspects for the TE airport.

Key Focus Area Aspects affecting TE concept Value considered
. Growing of world population. o 9 billion (+28.6% from 2011)
Demography ¢ Pollution and noise effects.
. Needs of an older society. e 30% of population will be over 60 years
(+5% compared to 2010)
. . Evolution of a global middle class. o 70% of population travelling by air
Society «  The 2050 world will likely be based on transport [40]
connection. . Use of Information and Communications
e Society of 2050 will also be quite Technologies (ICT)
environmentally aware. . .
e 2050 society as a whole will have stronger *  Leisure travel: 70-80% of air travel by
influence and impact. 2050
- . Operations: . Intermodality is more relevant in the
Mobility e Door-to-door service overall transport network
«  The entire transport chain will need to be * Increase of security checks
robust. *  Worldwide traffic growth 4-5% per year
’ lgﬁni'lrzéfgzpaoﬁgiem willneedtobe | |\ ridwide RPK growth 2.5-3.5% per year
*  The operational and control systems between 2000-2050
should be much more flexible *  Worldwide air travel passengers 16 billion
¢ Safety and Security: per year (+ 540% from 2011)
. People will demand ever-increasing safety | «  Commercial EU flights
and security. « 25 million per year (+ 166% from 2011)
«  New conflicts can increase the threat of *  European air travel passengers
e+ 3-4 billion [+300-430% from 2009]
terrorism. * Needed airport capacity increase
. In the demand for smooth travel, people . >70% from 2005-2050
want to have the least amount of hassle e Door-to-door EU travel time
from e.g. security measures . 90 % <4 hours
. Secyri_ty focus _wiII remai_n_high, bu'g more «  Schedule deviation
realistic: foc‘usmglon efflc!ency, objective . 99% within +15 min
threats anq invasive gnly |f_ strictly r_1eeded. «  Airport operating hours
*  Increases in automatlop will make it e 24 hours operations of airports possible
paramount to assure high levels of «  Time spent by passengers in airport
reliability and thus safety in all situations.
related processes
o <15 min. (short-haul); <30 min. (long-
haul)
e Current aero-engines optimized to e  SESAR has been successful. New
Technology maximum fuel efficiency. technologies (A-SMGCS) are implemented
. Kerosene still used at a highly costly level, at most large airports. Data
but complementation by biofuels is much communication (largely) replaced voice
more prevalent. R/T. R/T existing only as backup
* Increased use of non-oil technologies such | *  The ATM network is able to cope with the
as solar, hydrogen and perhaps even demand. This means that the system is
nuclear power for non-aeronautical power. able to process all traffic and offer it to
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e SESAR will be fully implemented. the aerodromes. As such, research can
» Increased capability for safety/security- focus on airport bottlenecks.
checks. e Complete integration of airport operations
* Increased use of automated machines. in the aircraft trajectory possible (e.g.
+  Optimized aircraft designs. SWIM)
e 4D ATM with a large share of aircraft

taking care of their own flight path and
schedule

Regarding the stakeholders, the vision documenpga®s a classification of stakeholders not very
different from the current one. Nevertheless, réigar the TE concept, the stakeholders considered
would be the passengers, airports, and airlines.stdikeholders are limited to these three bechege t
are more implicated in the TE concept, and the nadfected in terms of time-efficiency. As an
example the following examples are provided:

* The passenger wants to have precise and updatecnation of the time of processes that it
should pass through (check-in, security, etc.)oAthese processes should be optimized so that
the passenger spends the least time at the aligporinal, eliminating waiting times.

* The airline wants to minimize the turnaround tiraethe airport.

» The airport is responsible for managing the passefhgws through the terminal, from the aircraft
to the other modes of transportation.

3.2.1 Expected impact of the TE concept with reference tthe Vision 2050

The TE airport concept, applied to air transpor¢ragions, has the aim of ensure reduced waste of
time in air transport operations focusing on therioved time-efficiency. The main activities are
focused on addressing a range of innovative coacapt methodologies. The results of that will
optimize passenger and flight related airport @iy, Expected impact comprises the following
elements:

* To enable the air transport system to accommodade@ thovements.

* To save time in arrivals and departures.

» To reduce the time spent by passengers in airports.

» To save time in all weather conditions.

* To maintain safety.

* To connect air transport to the overall transpgstem.

* Tointroduce advanced concepts and techniquesterdfficient freight operations.

Regarding airports, advanced concepts and tectmigeeeloped for time-efficiency will impact
among others on passenger and luggage flow, irepges boarding patterns, in planning of airports
operations, and in fleet management. ThereforeTEheoncept will focus on an in-depth analysis of
all airport processes and their performance aratrgiaitions.
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3.2.2 The TE concept challenges

The TE airport concept involves several challen§esne of them are related with technology, while
others are related with operational aspects ofattport. All of them leads to time saving and quick
processing. Some of the expected challenges afelth@ing:

* Movement of passengers within and between airpamihals (walking distances)

» Local transport inside the airport (e.g. Autom#&aople Movers (APMs))

» Safety and security processes requirements

» Stakeholders have conflicting goals

» Already existing infrastructure limitations, terralrdistribution

* Information sharing between stakeholders

» Peak demand management

* Intermodality

» Uncertainty of passenger arrival times

* Transfer delays

» Baggage processing times

3.2.3 Time efficient approaches

Mainly two different approaches may be introducsgbatential with respect to the TE airport of 2050.
The first one is grocess orientedview focused on the actual operational procesEbis trend is
based on the interrelation of inputs and outputshef systems and the performances of that. The
second trend is thiafrastructure orientedsiew that basically is oriented to technology swog and
how they are applied to the airport. The infradtites can be seen as the enabler for the desigmeof t
airport processes. Both approaches may impact oconEept in the sense of improving in processing
and time saving with technology.

3.3 Boundary conditions and requirements

This section’s objective is to lay down the bas@otprint of the architecture of the future
transportation system defined by the European Casiori (EC) and to devise the place and role of
the Time-efficient airport in it. Firstly, in ord¢o address the TE concept, boundary conditions and
requirements will be established. This will be resegy to delimit the solutions that will be defined
within the concept and to take into account theraj@al and user needs respectively. Next
definitions clarify those terms:

» Boundary Condition: Establishes the restraints gecgy and delimit the TE airport concept,
taking into account the situational context in #@50 (population, trends, economics, politics,
etc.), the future airport in 2050 with the futuramagement philosophy, procedures, systems, etc.
assumed as an integrating part of the future diguorcept, and of course, the management of the
processes based on a TE mentality.
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* Requirement: A statement of the stakeholders' neetd operational attributes of a concept
needed for the effective and/or efficient provisadrairport service for the time-efficiency

The boundary conditions and requirements will labetated in more detail in the next sections.

3.3.1 Boundary conditions
The boundary conditions will establish the restsito specify and delimit the TE airport concept

taking into account the situational context in #@50 as a set of conditions the 2050+ airports are
assumed to comply with. Two types of conditions learistinguished:

» External boundary conditions associated to theasdnoal context derived in the Vision [1] and
represented by the outer square remarked as 2660+ in Figure 1.

* Internal boundary conditions related to the airpmperations environment (as nodes into the
transportation network with its management priresplsystems, procedures, etc.) and specifically
those ones related to the TE airport processdsctedl in Figure 1 by means of the square divided
into four blocks representing the areas considered.

Vision 2050+ (situational context)

Airports as nodes into New Airport Operational
Transportation Network Concepts Implementation

Time-Efficiency

New Design of Processes

New Technology Implemented focussed on TE

Figure 1: External and internal boundary conditions.

3.3.1.1 External boundary conditions
The Vision 2050 has stated all of the boundary tmm$ associated to the total 2050 situational

context. Here, those boundary conditions will literied in order to relate them to the TE concept.

1) Increase airport capacity either by means of ergwindrastructures/resources and/or efficient
management of them due to increase of demand @ssaquence of:
a. Increase of world population to 9 billion people28t6% from 2011) will entail a
worldwide travel passengers growth, estimated imill®n worldwide air travellers per
year (+540% from 2011), according to the Vision @05
b. The increase of passengers/baggage movementsnpllf & required growth in aircraft
movements. According to EC Flightpath 2050 [3], thenber of commercial flights per
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year will be up to 25 million in 2050 (9,4 milliom 2011). In other words, the civil
aviation market will grow over 266% approximately.

2) Population concentration, i.e. more than 70% wik lin cities in 2050, will entail an increase
of the cities’ size. Therefore the access to thpoati must be improved trying to avoid the
bottlenecks in the curb side. The ageing of theufajon, as discussed in the Vision [1],
would be also an important condition to take intoaunt for the concept solutions.

3) Travellers’ selection of travel modes is possib@f a wide range of transport combinations,
focused on the door-to-door journey and fulfilliepir desired travel time. The passenger will
be flexible in his/her connections, and should eehia door-to-door travel time not bigger
than 4 hours for travel within in Europe (90% ofr&quean population [3]) if desired.

3.3.1.2 Internal boundary conditions
The following internal boundary conditions exist:

1) Airports are nodes in the whole European TransportaNetwork: A commonly envisioned
trend in the transportation industry is to go fretand-alone, local and self-contained pieces of
infrastructure which “can extract valued revenumrfithe airport users” (see [18]) to nodes in
the future Single European Transport Area (SETANSTSETA is characterised by “a fully
integrated transport network which links the diéfietr modes and allows for a profound shift in
transport patterns for passengers and freight”. [AS]such the future development of airports
will be intrinsically linked to the practical impieentation of, among others, the European
Commission’s Roadmap to a Single European Transport Arf®] and ACARE's
Aeronautics and Air Transport: Beyond Vision 2020wards 2050)20].

Airports will be nodes in the whole transportatirain and will be impacted by other modes
of transportation upstream and so on, will impagtvdstream. Therefore, airports and the
other modes of transportation within the whole ean Network will work under the same
objective of complying with the travel time schestlilalong the whole chain, and will be
responsible of the information sharing between thesmich it will be relevant to avoid or
reduce the negative impacts on the network of thaéations on schedule encountered on the
different modes.

Regarding security of the airport processes, tlogept considers a change shift from current
situation. As shown in the logical diagram of Figut, the security would be continuously
applied over all processes, so that there are mgelo security checkpoints creating
bottlenecks. This positively affects the total #htime of a passenger through continuous
examination of airport processes and time spechatging modes of transportation.
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Today’s practice

|
Transportation Intermodal area Landside —h—3 Airside

ICT (transportation) ICT (intermodal) ICT (landside)  Security ICT (airside)

Landside > Airside J

Integrated Security & ICT

A 4
A 4

In the future

L Transportation

A4

Intermodal area

A4

Figure 2: Rethinking of the TE airport concept in the Network.

2) New airport operational concepts are possible:

New operational concepts, currently under definitis not implemented yet, are expected to

be implemented or at least available in 2050, ngmel

» Airport Collaborative Decision Making (A-CDM).

* Improved airport airside movements throughput: meades of runway, taxiway, and
apron management (enhanced sequencing systemsasuélrival Manager (AMAN),
Departure Manager (DMAN), and Advanced Surface Naomet Guidance and Control
System (A-SMGCS)).

» Combination of above systems including 4D ATM (whiacludes the whole trajectory
followed by the aircraft, from off-blocks until iblock, i.e. the landside trajectory);
resulting in optimal landside planning.

* Improved airport movements capacity, at both sgiateas well as tactical level (for
example Dynamic Demand & Capacity Balancing (DCBhhanced Ground Based
Augmentation Systems (GBASS)).

« Enhanced Satellite Based Navigation Systems (®alilEuropean Geostationary
Navigation Overlay Service (EGNOS); Satellite-Bagedmentation System (SBAS)).

3) Technologies available:
Though it is impossible to foretell exactly whatadable technology will be in 2050,
conceptually it can be summarized as follows:
e Passenger centred culture shared across operdtdransport services and transport
planners.
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» Capability for early information to travellers andrgo shippers about airport links and
accessibility, providing real-time situational aemess (mapping, last minute changes
advisor, intelligent tracking, etc.).

» Real-time airport process monitoring (security arfdrmation sharing).

» Door-to-door intermodal passenger travel.

» Door-to-door journey planning capability.

* Integrated electronic ticketing compatible withdbtare management systems.

* Road-based fully automated transportation systems.

» High-speed guided transportation systems.

* Pipeline type goods transport systems.

» Transportation modes (approximate values for Eufppe

* Road:<100km/h for urban areas ag@d00km/h for interurban connections

» Rail: <200km/h for regional travel arlb00km/h for longer travel

* Plane:<600km/h for regional travek1050km/h for inter-European travel and
<2500km/h for intercontinental travel

* Choice of transportation modes:

= <300km will mostly be travelled by road or rail temortation modes
= 300km — 600km will mostly be travelled by rail dr tiansportation modes
= >600km will mostly be travelled by air transportatimodes

4) Airport processes are focused on time-efficienfgrarance.

3.3.2 Requirements

Requirements are a set of quantified parameterisediefrom the Vision [1]. Additionally, some
requirements are derived based on discussions nwithé consortium and they state certain
performance requirements that should be achiev&6§.

« Capability of the airports to cope with the worldeitravel passengers and baggage increase,
and to assume an increase in aircraft movements.

« Enhanced connections between cities and surrourgdipprts (maximise available public
transport modes, new curb side designs, etc.).

e 90% for travellers within Europe are able to cortgliheir journey in a maximum of 4 hour
door-to-door travel time.

« 30 minutes travel time from the core transport wekiv[14].

e Airports network information sharing requirements:
o Stakeholder information responsibility (accuraayality, privacy, etc.).

2 The so-called core transportation network will édeen built by 2030 to link major EU cities. Sdiezhcapillary connections will have
been developed by 2050 to assure greater mobility.
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o Capability of real time information sharing (sewviquality, service safety level, systems
needed, etc.).
o0 All stakeholders (passengers, airlines, airportMA&tc.) have access to extensive and
(near) real-time information on scheduling and peses.
0 Interoperability between systems associated temifit modes of transportation (codes,
services in charge of data sharing, etc.).
« Capability of the airport to provide service to nawcraft designs.
* Technology implemented in the airport to monitoreal time the airport processes.
e 10 minute maximum turnaround time.
« Flights arrive within one minute of the plannediattime regardless of weather conditions,

requiring improved reliability and resulting in imgved predictability.

e 10 minutes from arrival to the airport to board{pgssengers).
* Airside related time-efficiency should be indepemtd® the weather conditions.

e Minimum buffer times considered by the airlineghrir schedules.

Table 3 summarises and links the boundary conditiord requirements set in this section.

Table 3: Link between boundary conditions and requirements for the TE airport concept.

Aspect | Boundary condition Related objectives or Requirements
Increase of ¢ Increase of population ¢ Airports capable to assume the increase on
Airport Capacity (+28.6% from 2011) and passenger/baggage/cargo demand and
incease of provide service with the level of quality
Passenger/Baggage/Cargo required
¢ Increase of Aircraft ¢ Airports capable to assume the aircraft
Movements: 25 million per movements growth and provide service with
year (+266% from 2011) the level of quality required
Population ¢ Increase of the Cities size: ¢ Enhanced public transportation modes that
Concentration >70% of population living in conect cities and airports
big cities * New curbsides design
Door-to-Door ¢ Wide range of travel modes * Users Flexibility to select the different
selection and combinations transportation modes and the different
possible combinations
_ e Maximum door-to-door 4 hours travel
g ¢ 30 minutes for core transportation network
g ¢ Minimum time spent in intermodal areas
between different modes of transportation
Airports into * Airports and Network sharing e Stakeholders Information Responsibility
the Network relevant information (accuracy, quality, privacy, etc)
(Schedules, Resources, e Capability of real time information Sharing
combinations of differente (service quality, service safety level, systems
trasportation modes ...) needed, etc)

* Interoperability between systems associated to
different modes of transportation (codes,
services in charge of data sharing, etc)

e Current processes adaptedto | * New methodologies of process application
§ the idea of the whole * New philosophies of infrastructures design
§ transportation Network taking into account new processes
= (Security, Check-in...)
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Airport A- CDM * New procedures associated to new concepts
operational Improved Airport Airside * New systems in service related to new
Concepts Movements Throughput concepts

Improved Airport Movements

Capacity

Enhanced Satellite Based

Navegation Systems
New Passenger centred culture * New systems that share information with users
Technology Capability of information in real time:
applied to shared with travellers and o} Compatibility with user devices
transportation cargo shippers o} Free access to relevant information

Real Time Airport Processes
Monitoring

Door-to-Door capabilities
New Transportation modes
(New radical aircraft designs)

o] Flexibility to take the desired action
(changes on the initial travel plan,
baggage/cargo real time monitoring, etc)

New facilities design to provide service to new

aircraft design

Airport Processes focused on TE Performance

New processes focused on TE performance
TE performance independent of weather
conditions

Minimum turnaround time according to
aircraft.

Flights arrive within 1 minute of the planned
arrival time regardless of weather conditions
(improved Planning and Predictability)

15 minutes (approximately) from arrival to the
airport to boarding (passengers).

Minimize buffer times considered by the
airlines in their schedules

Maximum delays assumed 90% in case of
disruptive event

10 minutes maximum time spent along
intermodal areas between different modes of
transportation

Minimum time from leaving the gate to take-
off.

3.3.3 The Time-Efficient airport in the total travel chain
The 4 hour door-to-door travel timé the government requirement for the TE airportcept. It is
understood that a study of various travel scenasitisin the European Union will benchmark time
available for each item of the travel chain in Fegg3. Chapter 5 will elaborate further on how this

hour door-to-door travel time will be achieved.
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Figure 3: Door-to-door travel concept.
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3.4 Detailed objective structure

Based on the understanding and focus of the TEeganthe initial structure of objectives (introddce
in [4]) is now further detailed. The detailing feas on the time-efficiency value lever (previously
named ‘mobility’ in [4], to more accurately captutee value-goals as specific to this concept). The
general objective structure is shown in Figure %eme the objectives that were considered more
relevant for the airport are shown.

From Figure 4 it can be seen that the value strecftgiven by the objectives) of the TE airport
consists of the three parts: Time-Efficiency, Cefectiveness and Ultra-green, which matches the
three focus points of the project. In the TE comctye focus is given to the TE objectives. Thesoth
two value levers are left as-is, and will be givew (but non-zero) weight in the valuation of the T
concept in specific. Weighting will be discussecinapter 6.

Three high-level objectives are defined for thechBcept:

* Minimise throughput time of passengersThis is one of the essential aspects of time-efficy,
namely to reduce waiting to an absolute minimumspgeding up the flow of and between
passenger processes. This also affects the thraugiigpaggage, as passengers are required to
drop them off and pick them up.

= Minimise throughput time of aircraft: Similarly, it is required that the throughput tinoé
aircraft at an airport is minimised, i.e. minimigithe required time between aircraft touchdown
and take-off.

» Ensure seamless intermodality:As an integral part of the future European travetwork, the
airport should have the capability to enable tirffesient travel by all means. As such,
connections to other modes of transport shouldebenkess (with minimal waiting time), which in
turn should be achieved by maximising and makingenfiexible connections and travel speed.

The top-level objectives are further broken dowo imore specific low-level objectives, as shown in
Figure 5. These are split between goals with raspassengers and airlines, as they are the key
stakeholders that make use of the airport’s sesvacel for whom a time-efficient interaction is thus
the main goal and contributor to their perceivetl@aAs the low-level objectives follow naturally
from the high-level ones, they are not elaboratethér.
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Add value for airport and
stakeholders in 2050

Be cost-effective (area: Be ultra-green (area: Be time-efficient (area:

economics)

sustainability)

mobility)

|

Reduce cost

Increase revenues —

Reduce energy
consumption

Minimise throughput
time of passengers

cost

Reduce aeronautical

Increase aeronautical
revenues

Reduce emissions !

Minimise throughput
time of aircraft

cost

Reduce non-aeronautical

Increase non-
aeronautical revenues

— Keep noise <legal limit —

Have seamless
intermodality

Optimal use of resources
(recycling)

Optimal use of water

Figure 4: Airport 2050 high-level objectives.

Be time-efficient (area:

mobility)

Minimise throughput
time of aircraft

Minimise throughput
time of passengers

Have seamless
intermodality

Minimise taxi times

Minimise travel time
through airport

Minimise connecting
times between modes

Minimise turnaround
time

Minimise waiting time
between processes

Minimise delays

Minimise processing

time

Figure 5: Low-level objectives for the TE airport concept.

Following the checklist provided in [4], the objeets are checked for their usability in Table 4.

Table 4: Checklist for fundamental objectives.

Objective property Check

Essential Yes

Controllable Yes

Complete Yes

Measurable Yes

Operational Yes, at least for a qualitative first estimation

Decomposable Yes

Nonredundant Mostly yes, only: the two objectives minimise waiting time between processes and

minimise processing time may also affect mimise travel time through airport.
Concise Yes
Understandable Yes
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3.5 Detailed attributes

For each of the resulting objectives, attributesraow defined in order to enable measuring how well
they are fulfilled. These are shown in Table 5.aBé& note that the attributes related to the cost-
effective and ultra-green objectives will elabodaten deliverables D4.3 [21] D4.2 and [22]

respectively, but are given for completeness here.

Table 5: Detailed attributes selection.

Value lever: Be Time-efficient (“enable seamless mobility”)
High-level Low level objective Attribute Description Unit
objective group
Minimise Minimise taxi times Avg. Taxi time Time that the aircraft spends [min.]
throughput time - landing and taxiing until it
airlines reaches its parking position
(including pushback).
Minimise turnaround Avg. Turnaround time Time spent in all those activities | [min.]
time needed for finishing the arriving
flight (in-block), and preparing
the departing flight
Minimise delays Avg. delay level/ Time which is spent by the [min.]
schedule punctuality aircraft in the airport without
carrying an specific process.
Minimise Minimise travel time Avg. Travel time from Time spent by the passenger [min.]
throughput time - through airport curb-gate from the arriving to the terminal
passengers to the boarding gate.
Minimise waiting time Avg. waiting time Time that the passenger spends | [min.]
between processes in queues while waiting for an
specific process.
Minimise processing Avg. process time Time spent by the passenger in [min.]
time the specific processes.
Have seamless Minimise connecting Avg. ratio [connecting Time spent by the passenger [-]
intermodality times between modes time/total door-to-door | from changing between
time] different modes of transport,
including leaving the last mode
of transport before entering the
terminal.
Value lever: Be Cost-effective (“optimize economic performance”)
High-level Low level objective Attribute Description Unit
objective group
Reduce cost Reduce Aeronautical Aeronautical cost All those costs related with the [€/WLU]
Cost operation of the aircraft.
Reduce Non- Non-aeronautical cost | All those costs not related [€/passe
aeronautical cost directly with the operation of ngers]
the aircraft.
Increase Revenues | Increase Non- Non-aeronautical All those revenues related with [€/WLU]
aeronautical income revenues the operation of the aircraft.
Increase Non- Non-aeronautical All those revenues not related [€/passe
aeronautical income revenues directly with the operation of ngers]
the aircraft.
Value lever: Be Ultra-green (“be sustainable”)
High-level Low level objective Attribute Description Unit
objective group
Keep Noise within N/A Total annual noise Level of noise accumulated over | [Lden,
or below legal limit the year in the surrounding of EPNdB]
the airport.
Reduce energy use | N/A Energy consumed Global energy consumed by the | [KWh/yr]
airport in operation. or [GJ/yr]

27-09-2013, v1.0
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Reduce emissions3 | N/A Airport emissions (NOyx, | Global airport emissions. [kg/yr]
CO2, heavy metals,
particular matter, etc.)

Optimal use of N/A Volumes of waste Volume of waste made over the | [kg/yr]
resources (incidental/periodical) | year.

(recycling)

Optimal use of N/A Water consumption Water consumption in one year. | [m3/yr]
water (consumed-recycled)

The attributes are checked to fulfil the necespanperties in the Table 6.

Table 6: Checklist for proper attributes.

Attribute property Check

Unambiguous Yes

Comprehensive Yes

Direct Yes

Operational Mostly yes; although it may be difficult to estimate performance levels in the preliminary

design phase, which goes double for some of the constructed attributes. But in principle,
most of the required data is physically measurable.
Understandable Yes

3.6 Summary of scope, context, and objectives

The TE airport concept aims to make interactiorhwiie airport in 2050 as efficient in time as
possible. This enables the airport to act as ara@e in the future European transport network,
facilitating seamless travel between points, takinig account key boundary conditions with respect
to traffic growth, perceptions of mobility and akadility of technological solutions (both airpognd
non-airport specific).

To this end, the TE concept will take mainly a mssoriented view, looking at the logical sequence
of activities of passengers and baggage and thigraction with the transport chain, of which the
airport is a key node, facilitated by other modegansport.

Finally, the focus of the TE airport has been cagutuin a detailed objective and attribute structure
The initial structure of the Concept Developmenttielology [4] has been revised and elaborated,
especially with focus on the time-efficiency (or loilty) value lever. This has resulted in a struetu

of objectives and associated attributes that gigthe key value-adding element of this concept,
particularly for airlines and passengers as theamaeérs of the airport. These objectives and atii

will direct the focus of the subsequent analysad, & the end of the design phase be combined in a
value function to assess the concept’s performance.

3 . . - .
Including emissions for airside vehicles.
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4 Reference for the Time-Efficient airport concept

This chapter explains the reference airport thatlbeen used for developing the Time-Efficient (TE)
airport concept. Subsequent sections will defiregecific characteristics of the reference airpod
will analyse current processes on this referengmgi Analysing the reference airport from a pssce
oriented view is an essential step of the Concepeldpment Methodology (D2.1.2 [4]).

4.1 Baseline concept for present airport operations

Figure 6 gives a schematic representation of argemage hub airport, and illustrates which
operational/infrastructural elements are within duwepe of the project. For the following Context
Architecture Description (CAD) analyses, not alpests will be considered; only those that are
deemed relevant for the main time-efficient flovWpassengers, baggage, and aircraft.

En-route
e YA VA-—-——————————— -
Passengers Baggage

3

VA VA z
Airside 23
@<
‘ Infrastructure (e.g. runways, taxiways, platform, hangars, etc.) ‘ Q0 >

(o]
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‘ Turnaround ‘ ‘ Security ‘ ‘ Safety ‘ ‘ Baggage ‘ Maintenance‘ %

Landside

‘ Infrastructure (e.g. terminal, offices, hotels, shops, etc.) ‘

‘Security‘ ‘Safety‘ ‘Baggage‘ ‘Check—in‘ ‘Customs‘ ‘ Real—estate‘ ‘ Retail‘ ‘ People flows ‘

Intermodal

‘ Infrastructure (e.g. train stations, bus stations, roads, parking, curbside, etc.) ‘

Baggage ‘ ‘ People flows

~ scopeboundary
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Passengers Baggage
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[
|
|
T
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|
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Figure 6: Areas/processes proposed by WP2 to present a high level airport decomposition.

4.2 Reference baseline airport and its basic charactesiics
This describes the main elements of the nowadagsi(mm-sized) reference airport. For each element
the basic characteristics are also given.
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4.2.1 Runways and taxiways

The medium size airport bears 1 or 2 runways whiehconnected with the apron by several taxiways

and rapid exit taxiways. In case of parallel runsvalgey are able to operate parallel take-off and

landing. For a further specification of airporteszsee section 3.1.4. The Instrument Landing System
(ILS) at the runways is at least Category Il. Téegth is around 3500 metres, the width is around 45
metres. The fire fighting capability is Level 5.

4.2.2 Terminals

The passenger terminal serves about 10-15 millessengers per year, consisting mainly of origin-
destination passengers, with a limited amount afdfers. The terminal is capable to accommodate
international and domestic flights (and Schengen @on-Schengen operations for European
purposes). It should have jet bridges and rematadstas well. The minimum connecting time (MCT)
should be around 45 minutes.

4.2.3 Air Traffic Management

It is a ‘controlled airport’ which operates 24 hew day. It supports Air Traffic Management (ATM)
communication needs (radio frequency, on-line) supgports Automatic Terminal Information Service
(ATIS) creation and broadcasting. It has publisethdard departure and arrival procedures. Tower
control (ATCT) is available and TMA-control is geally available. Generally, radar services are
supported.

4.2.4 Intermodal connections

The intermodal ways of transportation identified fiee baseline airport are: car, taxi, bus, meira
mid-range train (or light train). The generic im®dal links layout for a medium-sized airport with
the modes of transportation above described isnsatieally shown in Figure 7.

T

Road (car/bus/taxi) Rail (train) Rail (metro)

Airport terminal X

Figure 7: Schematic impression of the intricate intermodal airport connections.
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Private transport connections are provided by medgraccess and short- and long-term parking
facilities.

4.2.5 Energy supply
The airport must have auxiliary and back up (irgerenergy sources which are capable of providing

sufficient energy to:

ATM facilities

Safety equipment

Security equipment

Terminal building (operations)
Apron and runway lighting
Aircraft at the apron

o g ks whPE

4.2.6 Invariant processes
Throughout the project a uniform process view heenbdeveloped for the reference airport, which is

referred to as the invariant processes. The invangiocesses are defined as the processes that
currently exist on the reference airport, and dse axpected to still exist in the 2050+ airpoigufe
8 gives a schematic overview of the invariant psses.
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Figure 8: Invariant processes framework for which solutions are developed.

An analysis of the details per process can be fautike following sections.
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4.2.7 Terminal characteristics
The average terminal is assumed to have at leashracteristics shown krror! Reference source
not found..

Table 7. Terminal characteristics.

Feature Amount

Terminal building 1

Jet bridges ~15

Remote stands ~25

Security gates ~14

Check-in desks (normal) ~30

Check-in desks (self-check-in) ~12

Intermodal connections Access to rail and/or metro,
public bus transport, motorway

4.3 Airside processes

In this section the segment affecting the airsidec@sses is analysed: it covers from the approach
(landing) of the aircraft and until the departufeéhe aircraft (take-off). This way, the airsidegsnent
will include the final approach, landing, taxi-wayate arrival, turnaround, gate push-back, taxi-way
and take-off. It includes all the processes betweeding and take-off. It is important to take into
account that what it is considered for the airportbe the airside segment, has been considerdub as t
ground segment for those projects involving theinmss trajectory concept (according Single
European Sky ATM Research (SESAR)). SESAR extehddrajectory management to include the
airports, which will be fully integrated into theirATraffic Management (ATM) network. This way,
those processes related to the ATM will have tedardinated with the whole trajectory as they will
be a part of it. This will bring the application tie collaborative planning process, where all the
stakeholders involved in the processes would parfittrose activities on schedule without bringing
additional delays to the whole network. In theduling section an analysis of the airside operation
includes a description of the main milestones, edtalders involved, and the main bottlenecks and
processes.

Relatively to the efficiency of the airport, it vgorth to mention at least the following conceptsl an
technologies, currently available up to certaireagtat the airside operation of most of the Eurnpea
medium and large size airports: Airport-CollaboratDecision Making (A-CDM), Advanced-Surface
Movement Guidance and Control System (A-SMGCS),ivatr Manager (AMAN), Departure
Manager (DMAN), Surface Manager (SMAN), and Flow ridgement for planning. All of this
concepts and projects tackle problems related éartbfficiency of daily airport operations and the
non-availability of reliable information.

A-CDM is as an important enabler that will improedficiency and punctuality at the airport
operations. The basic foundation of A-CDM is to éawproved information sharing and data quality.
This exchange of information should be mainly awbento avoid the bottlenecks that cause oral
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communications. It is important that the right antppartners get accurate data at the right timten
right place in order for them to make decisionslevtiorking together. This will lead to a better uge
resources, partners being able to make preferemgegved punctuality and predictability.

In particular the approach followed by the A-CDMncept, as it pursues objectives of improving
efficiency relevant to our project, is highly redet for the time efficient concept.

The airside processes are analysed using milestdtiésstones are significant events that occur
during the planning or progress of the aircraftrapen. They concern mainly the airside operation,
but at the same time link airside and landsideg@sfly during the turnaround operation, where some
critical events happening at the landside direaffgcts the airside operation. A total of 23 mitews
have been identified for the airside processeschvhie listed in Appendix A. The milestones have
been grouped according of the phase of the aigi@eation in which they take place, which are the
following four:

* Network process

e Arrival process

* Turnaround process
» Departure process

4.3.1 Network process at the outstation

These are meanly processes taken place at the Astiork level, outside the airport, but that can
impact the operations taken place in the airpoue B the ATM network effects, some processes and
events taking place at the outstation departungodiwill determine the arrival time or Estimated
Landing Time (ELDT) of the aircraft to the destioat airport and therefore will conditioned the
efficiency of its operations.

These processes are related with the slot allotdiyoCentral Flow Management Unit (CFMU) and

with any change or deviation in the expected tdkere and flight duration that may vary the larglin
time at the new airport.
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Network processes

Process

Description

Agents

Bottlenecks

Stand and gate
allocation

The Stand allocation is related
with the operational
management of airports.
When parking positions are
needed from the time of
arrival to the time of
departure, the aircraft have to
be allocated in parking
positions (stands). The stands
are located near the terminal,
with a walkway connecting the
plane parked in this location
to a gate. There are often
other parking positions of the
terminal (on the apron), where
planes can be parked for
longer periods.

The Flight Dispatcher is
the responsible of
Apron/Stand and aircraft
check finished between
the in block and off-block
times.

- Tactical constraints like works,
staffing, rosters, equipment
availability, etc.

- Occupied stand due to delay

- Physical constraints due to
aircraft size and type.

- Incompatibility of the aircraft
size with the walkway.

- Separation of national and
international flights due to
customs regulations.

- In some cases, the stands are
placed on the apron, so
passengers must be transported
by mobile lounges or buses,
causing cost, inconvenience and
often delay.

- The ground handling agent
assures that the stand is free of
obstacles and other occupants
and the handling equipment
and staff are present.

Slot allocation

The slot allocation depends on
the CFMU decision taking into
account the ATM capacity and
schedules. The airport’s slot
capacity available for
allocation is determined twice
yearly by the competent
authorities, according to the
two programming 'seasons'
(winter and summer) in place
in international aviation.

The EU country
responsible for the
coordination of a
facilitated airport or the
airport coordinator or
schedules facilitator. The
aircraft operators should
negotiate with them in
order to have their slots
scheduled.

- Capacity shortfalls (scheduled
works, known deficiencies).

- Tactical constraints (works,
staffing, rosters, equipment
availability, etc.) can be
mitigated.

- Downstream effect of imposing
ground delay on individual
flights that cascades through
the network.

- Inaccuracy of ATOTs (Actual
Take-Off Time), derived from
EOBT+ Standard taxi time, is a
mayor source for uncertainty in
the overall traffic prediction.

CTOT allocation

The slot allocation and slot
modification process relies to
a large extent on an exchange
of ATFM Messages between
the AO, the CFMU and ATC
Units.

- Aircraft Operator
- Central Flow
Management Unit
- ATC units

The inaccuracy of ATOTs (Actual
Take-Off Time), derived from
EOBT+ Standard taxi time, is a
mayor source for uncertainty in
the overall traffic prediction and
this lack of predictability leads
to inefficient use of existing
capacity.

4.3.2 Arrival process

The arrival processes are those processes thaeeegsary to manage, prioritize, and/or composing o

arrival data:

e Estimated Landing Time (ELDT)
e Estimated In Block Time (EIBT)

» Flight status: Information indicating the progredésa flight, and also to illustrate the composition

of the Flight Update Message (FUM) data.
- Estimated Taxi-In Time (EXIT)
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Processes for updating this arrival planning infation are defined in order to determine the best

available ELDT, EIBT and flight status at all tim@hese processes form the basis for the design of
information sharing and processing. Processes toelael harmonised for both standard flights (regular

flights, charter flights, low costs, intercontinehtetc.) and non-standard flights (e.g. emergency,
diversions from their nominal route).

Table 9: Arrival process overview.

Arrival processes

Process Description Agents Bottlenecks

Update of the The process begins when the flight - Approach Uncertainty and ELDT non-accuracy at

ELDT enters in the FIR of the destination controller this stage significantly increase risks
airport. for bad and last minute decisions and

internal disruptions.

Taxiing Taxiways are the airport arteries, - Taxi - Unstable sequence information to
connecting runways to parking areas. controller controllers and aircraft operators if
Given the long developmental lead - Runway the sequence is not fixed.
times, land and other infrastructure controller - De-icing on the platform causes
constraints and cost, taxiways are delays on taxi times.
strategically designed to best facilitate - Constraints such as layout
the most commonly operated aircraft or complexity, construction works,
runway operating modes and available weather conditions, de-icing, CFMU
‘real estate’. Consequently, taxiways slot, and runway throughput will all be
and runway entry/exits cannot be reflected in Target Start-up Approval
optimal for all aircraft types or Time (TSAT).
operating modes. - Default taxi times are used at most

airports today to calculate In-Block
times. Normally a single taxi time is
attributed to each runway
configuration. These values apply to
all types of aircraft, all weather
conditions and all parking stands.

In-Block An accurate estimation and automated - Control - Default taxi times can vary
taxi time calculation for each flight of Tower. significantly due to aerodrome layout.
the In-Block time (derived from a - Airline The use of default times produces
variable taxi in time) prior to landing, - Ground inaccuracies (difficult to adhere to
enable ground handlers to make more Handlers Calculated Take-Off Time (CTOT)).
efficient use of existing facilities and - Inaccuracies of take-off times,
resources. unpredictability.

4.3.3 Turnaround process

The turnaround process includes all those activitieeded for finishing the arriving flight, and
preparing the departing flight. In the turnaroumdgess, there are several milestones which allew th
tracking of the progress. For example, the inforomatibout passenger and luggage related activities
that take place on the landside can be used tothlarstart and finish of passenger boarding and
luggage loading.

The turnaround includes from the Actual Landing @ifALDT) to the Actual Take-Off Time (ATOT)
where the aircraft does not leave the businessctajy. So the turnaround should form an integrated
part of the trajectory.

Table 10: Ground handling process overview.
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Ground handling processes

Process Description Agents Bottlenecks

Docking (positioning | Docking is the arrival at the - Flagger - Inaccurate marshalling.

of passengers exact location for arranging the - The equipment - Unclear signalling.

bridge/stairs) handling processes. As pilots operator is - Changes in gate allocation.
are not able to see the location responsible for - Ice on taxiways.
of their wheels, a flagger or the location of - Stationed ground vehicle in the
automatic docking system is the stairs or taxiway.
necessary to signal the crew bridge until the - Unknown Position: Turnaround
how to move and where exactly de-boarding activities are easily affected by
to stop. starts. low visibility conditions.

- Under extreme hot or cold
temperatures aircraft cabin must
remain conditioned during the
turnaround.

De-boarding De-boarding starts with bringing | - Passenger - Delay of passengers
a bridge or stairs to the aircraft. | - Crew disembarking

- Sick Passenger: Sick passenger
on board can be considered as an
emergency leading to the
passenger to be disembarked.

- In case passengers and crew
disembark via stairs, additional
airport personnel are necessary to
guide them to the buildings or
bus. The crew gets a special
treatment as they will leave after
the passengers and need more
time for final checks.

Baggage and Baggage unloading can typically | - The cargo - Collision between ground

cargo/mail start almost immediately after agents vehicles.

unloading the aircraft has come to a stop. - Mistreatment of baggage.

A dedicated company will take - Delays in the unloading of cargo.
out the baggage and bring this - Reckless driving (high speed)

to the terminal building. - Crossing of forbidden areas
Cargo, if not too voluminous, is - Wet pavement: The presence of
unloaded at the aircraft’s stand. liquid contaminants causes wet
More commonly, cargo from pavement. The inadequate state
combi-aircraft is unloaded at the of the pavement or aquaplaning
airport’s cargo area, in which cause slips which can hinder
case the aircraft will be towed to operations related to aircraft.
that position with a tow vehicle.

Cleaning Cleaning concerns the interior of | - The cleaning - The cleaning agent has to be out
the aircraft, including toilets and | agent is the of the aircraft. He cannot start
water wase, which is prepared responsible for until the last passenger has left.
for the following flight. starting the crew

cleaning till the
end.

Catering Catering delivers the necessary - The catering - Unavailability of resources.
food to the aircraft. Depending agent is the one - Distance between aircraft and
on the destination of a flight, responsible for the Catering vehicle area.
certain types of food are not start to the end - The number of companies
allowed. Some airlines allow of the process of | working in the handling process,
passengers to indicate special catering as they all have to be coordinated
wishes (like vegetarian meals) replenishment. to carry out all the processes
beforehand. involved in the turnaround
Several airlines do not serve process. Any deviation from the
food to every passenger; instead schedule or a wrong position of
they provide food and drinks at one vehicle during the process
a cost. In this case, fewer could cause a delay.
catering items will be required.

Clean water should also be
supplied.
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vehicles, which take the
kerosene from hydrant wells,
which are located at the gates.
Alternatively, tank vehicles bring
the fuel to the aircraft.

provider is the
responsible for
the refuelling.
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Security All passengers and their luggage | - The security - Undocumented passengers.
have to pass a security check. If | personnel make - Not clear identification
this is performed at the gate, the specific - The queue waiting time at
the process is included in the passenger security control. The security
handling process. crossing security | personnel have to wait until the
At some airports, the security control/rejected last passenger crosses the
check is performed at a central at security security control.
area. In this case, the security control. - Specific passenger crossing
check is not included in the passport control/rejected at
handling process. passport control.

Fuelling Fuelling is performed with pump | - The fuel - Fuel availability

- Distance between the fuel take
and the aircraft.

- Unknown quantity of fuel to
refuel.

Provision of electric Start till the end of the - Ground - Availability of energy supply.
supply electrical power supply. personnel
Passenger boarding | Passengers can board the way - The passenger - Missing passenger

they disembark, either through agentis - Special passenger procedure

an boarding bridge, through a
short walk on the surface or
through a bus connection.

responsible of:
open of check-in,
declaration and
liability release
form, check in
time for each
passenger. Then
the close of the
check-in and the
start of boarding
till the end of
boarding.
Counting of the
passengers on
board.

(unchecked baggage, Disabled
passengers...)

- Delays in the placement of the
passengers.

- Number of passengers on a
flight: times on passenger
boarding, baggage loading and
placement. The higher the
number of passenger is, the
higher the possibility of delay is.
- Aisle blockage.

Baggage and cargo Like cargo unloading, if - Ground - Lost or damaged baggage.
loading necessary, cargo loading is handling. - Location of the ground handling
performed at the cargo area. equipment far from where the
Once the baggage is checked in aircraft is.
and all its information, it should - Bad information regarding the
cross the Baggage crossing position of the aircraft to be
check points to finish at the served.
corresponding baggage belt. - Malfunction of any resource
Then the ground handling implying the turnaround Time.
transports them from the
terminal to the aircraft position.
Then starts the baggage cargo
loading activity.
Aircraft check The crew is responsible for the - Crew - Engine Failure: Engine failure is

flight and will check the aircraft
thoroughly before each flight.
Aircraft checks concern
inspections on the outside of
the aircraft and proper
functioning of the aircraft
machinery and equipment
(checks in the cockpit).

a special incident not foreseen in
the operation of the airports.

- Delays due to inspection of the
aircraft
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Start-up request On the taxiway and on the ATC - All traffic related factors causing
runway, it is ATC who Aircraft Operator | delays on TSAT, e.g. low visibility,
determines throughput and snow, ice, and wind.
sequence, and as a - Deviations between aircraft
consequence the traffic flow readiness (Target Off-Block Time
balancing needs to be in control (TOBT)) and ATC start-up target
of ATC as well. (TSAT), despite the service

oriented aim of a controller to
equal TSAT to TOBT as much as
possible. This difference has the
effect that the aircraft needs to
hold/wait at the stand before
start-up is granted.

De-icing De-icing is the process of - De-icing - Ice can be accumulated on
removing the snow or ice from personnel fuselage, tail, wings and engines.
the aircraft surfaces prior to This causes that the airplane
operation. It is also possible to shape is distorted and the free
apply chemicals over the movement of the control surfaces
surface so that the formation of is not possible.
ice is avoided for a period of - Delay caused because of the
time, allowing an easier removal application of de-icing materials.
of ice.

Start-up and Push- When all boarding processes - Handler - Misunderstanding of

back have been completed, the - Airline information.
aircraft can depart. Aircraft at - ATC. - Unavailability of the push-back
gates need to be pushed-back vehicle at the specified time.
using dedicated push-back
vehicles. Aircraft at stands
mostly require a pushback
as well, depending on the
configuration of the stand. At
some stands, aircraft can
directly start up their engines
and start taxiing.

Bottlenecks affecting all the processes of thearoand:

* Non-compliance with the slot allocation requirensend as such in inefficient use of the

available en route and airport network capacity.
» Inefficient or not transparent sharing of infornoati
* No clear information

* Inaccuracy of sequencing

» Arrival delays: if the arrival aircraft has a deldlyen the handling resources plan has to be atlapte
to the new scenario.

» Unavailability of means, i.e. unavailability of adrding gate could cause delays while searching
an available one.

* Iced Aircraft: Under cold weather ice is accumuliate fuselage, tail and a wing. The airplane
shape is distorted and free movements of ailernddlaps are difficult.

» Insufficient or unreliable information: most relewainformation exists somewhere around the
airport in various systems, but is not readily klde to all partners.

» About the information systems, no single partnes li@de complete picture (the information
systems of the various partners have been devebopduilt independently).

27-09-2013, v1.0 FP7-AAT-2011-RTD-1-284529-2050AP Page 52/145



2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

» Accurate information is provided too late for atpar to be ready: poor information on expected
arrival time, together with the fact that the tumand is not integrated into the overall planning
process, leads to the late arrival of ground hagdiigents and equipment at the gate.

» Restricted information sharing: some partners anwilling to share information because they
consider some data “commercially sensitive” or siharing of the information demands extra
work from them.

» Standalone information systems: information systeependently developed and built by various
partners.

» Lack of continuous monitoring and update of the@infation.

4.3.4 Departure process

The flight plan presentation, CTOT allocation armmtlated take-off time estimate processes for the
outstation airport will also take place for theceaft departure from the airport.

Knowledge of realistic taxi times under changingditions enables Air Traffic Control (ATC) to
optimise the push back, taxi and take-off sequamckehence reduce queuing and taxiway congestion
improves CTOT compliance. Table 11 Table 11: Deparprocesses overview.shows an overview of
the departure processes and its bottlenecks.

Table 11: Departure processes overview.

Departure processes

Process Description Agents Bottlenecks

Taxi-out Taxi Time is key factor to - As this phase is highly dynamic, it is
predictability of accurate therefore difficult to predict.
take-off in block times - Deviation between TOBT and TSAT is caused
especially at complex by the overall surface traffic situation, which
airports. At complex can put additional constraints to the off-block
airports the layout of sequence. Factors such as airport lay-out
runways and parking complexity, construction works, weather
stands can result in a conditions, de-icing, CFMU slot, and runway
large difference in taxi throughput will all be reflected in TSAT,
time. despite the progress of one aircraft.

4.3.5 Key current bottlenecks to time-efficiency goals
The above analysis gives a general picture of gigside processes. Main drivers for delay are:

e Turnaround related delays (non-Air Traffic Flow a@&pacity Management (ATFCM)): are
primary delays caused by airlines (technical, biogrdetc.), airports (equipment, etc.) or other
parties such as ground handlers involved in theatwund process.

» Air Navigation Service Provider (ANSP)-related gmlaare primary delays resulting from an
imbalance between demand and available capacisreTis distinction between airport, en-route,
and weather related ATFCM delays and ANS-relatdaydeat the departure airport.
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* Weather related delays (non-ATFCM): This group aorg delays due to unfavourable weather
conditions including delays due to snow removatiesicing. Weather related delays handled by
ANSP are not included here (see previous category).

» Reactionary delays are secondary delays causedifmarg delays on earlier flight legs which
cannot be absorbed during the turnaround pha$e airport.

All these delays affect directly the efficiencytbk airport airside processes. The relative impoga
of the processes can be compared qualitatively thighfollowing objectives taken from the detailed
TE objective structure:

e Minimise Waiting Time between processes [WT]
* Minimise Processing Time [PT]

* Minimise Travel Time through airport [TT]

* Minimise Taxi Times [TA|]

e Minimise Turnaround Time [TU]

* Minimise Delay [DE]

Table 12 shows the relevant objectives regardimg-g&fficiency compared with the different airside
processes.

Table 12: Estimation of reference process' relation with TE objectives.

Process WT PT T TA TU DE
Network process / M / /

Arrival process / / / / M

Taxi-in L /
Turnaround process

Position passenger bridge/stairs

Disembarking of passenger

Cabin services

Boarding of passengers

Remove passenger bridge/stairs

Cargo/Baggage handling

Aircraft services

Towing or pushback

Departure process

Taxi-out

* Relatedness is estimated by H(igh), M(edium), L(ow) or / (not relevant)
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4.4 Landside processes

In this section the processes occurring at theoeifpndside are analysed, in order to determiee th
current operational bottlenecks that occur in #msa. This information can then be extrapolated to
2050, taking into account on-going development &ne expectations with respect to airport
operations as outlined in the Vision 2050 [1]. Thidl then lead to the identification of key
bottlenecks to time-efficiency.

The airport landside represents the link between'dhtside’ of the airport (curbside and intermodal
links) and the actual air transportation area @ingide). For the purpose of the project, the latelis
defined asThe location connected to airside and curbside,relpassengers and baggage are moved
from/to the aircraft and intermodal links. This @@nns e.g. the terminal buildings, baggage faeiiti
check-in desks, etc.

More precisely, the process flow will be considered

*  Within the airport terminal.

» Concerning only passengers and their baggage. Caprations are outside of scope.
Furthermore, processes pertaining to providing tamdil services (shopping, general security,
cleaning, etc.) to passengers are not taken intouat, as they are not directly influencing the
time-efficiency of the main procesées

» For passengers: Starting with the entry from thdvside, until entering the airport airside behind
the security check.

» For baggage: Starting with the entry from the cigidasuntil entering the airport airside after the
going through the baggage system.

» As the reference airport is assumed to have ome/laverage terminal, processes of passenger
handling/checking/security as well as baggage @<ing are assumed to be located in this one
terminal (centralised system).

4.4.1 Passenger processes
Generally, it can be said that current terminakpager processes constitute the following:
» For departures:
0 Arrival in the termindl
Check-in at the airline counter
Optional: baggage check-in if more than carry-ogdage is present
For international and/or non-Schengen flights: pagscontrol

o O O O

Security check

4 As understood by the TE airport concept, actisisech as shopping remain completely optional &sspngers. But as the passenger
remains free in ‘adding’ more time on the airpaostiee/she sees fit, such processes are considereaf scope for the TE concept's
solutions and thus also for the reference analysis.

s This is only taken as the starting point, i.e! 4Dthe landside phase. This point occurs at tieaf the intermodal processes. As it is
only a starting point and not a real process onvits, this step is not further detailed here.
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0 Transport between different counters and checitgreby foot or people mover
* For arrivals:

o For international and/or non-Schengen flights: pagscontrol

o Optional: baggage reclaim if more than carry-ongaag is present

o0 Optional: customs if there are items to declare

o0 Transport between different counters and checitsereby foot or people mover

» For transfer passengers:

o Not applicable as transfer passengers do no lésvaitside. In case a transfer passenger
leaves the airport (e.g. due to long free time), iheeffectively treated as an
arrival/departing passenger.

* General:
o Provision of information and guidance (e.g. tragehedule, signage, etc.)

Figure 9 indicates how these processes are gensesh to be related to each other. This divisson i
based on [31, 32, 33].

I

I

| Information processes: Continuously provide information on scheduling, gates,
} delays, signage etc.

|

Pax processes (outbound)

r—-————~ - = | r—-————~ - = |
! | ! |
I s . | I |
—H (il o Gt Check-in - Security check 4>} To airside (pax) —p»

| (pax+bag) } | ]
I ; I

Optional: baggage Non-Schengen:

. Ll
check-in passport control

(T Pax processes (inbound) (T !

modes (pax+bag) !

[ (pax) i :

|
i |
| Lo )
| Onward to other | _ | Arrival in terminal |
| 1
|
i |

o Optional: baggage
reclaim

Non-Schengen:
passport control

Optional: customs

Figure 9: Generic (landside) passenger processes.

4.4.2 Baggage processes
Generally, it can be said that current landsideghgg processes constitute the following:
» For departures
o0 Check-in, weighing and labelling at the airline otar, or via drop-off points
0 Security scanning
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o Transport into the baggage system

0 Sorting/reconciliation and transport to correct pie

o0 Optional: manual transport and sorting of odd-iaggage
* For arrivals

o0 Transport to baggage system

o0 Loading into the baggage system

0 Scanning, sorting, and transport to correct reckiea
* For transfer passengers

o Transport to baggage system

o0 Loading into the baggage system

0 Scanning, sorting, and transport to correct departier

Figure 10 indicates how these processes are gbngeain to be related to each other. This divison
based on [31, 32].

Bag processes (outbound)
T T T T I T T |
} Arrival at check-in } e CEE Transport into ‘ To airside makeu }
——b! L (Weighing and > s B Security scanning ] L
! (bags) ! R baggage system (bags) |
I } labelling) } I
e J * Lo
Manual sorting Sorting/
and transport off reconcilliation +
odd baggage moving to pier
Bag processes (inbound)
I } I }
I I
" | Presentationto ! Sorting + moving | Transport into | Unloaded from a/c } "
} pax } toreclaimarea | baggage system } (bags) }
I I
L L

Transport into | Unloaded from a/c I
baggage system (bags) |

Security scanning &

Manual sorting
and transport off

I
} Optional: tail-to-
odd baggage }
I

tail transfer

Sorting/ I -
= reconcilliation + —»,‘ o alrs(f:g:;akeup

moving to pier !

—»
|

Figure 10: Generic (landside) baggage processes.
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4.4.3 Key current bottlenecks to time-efficiency goals

The above analysis gives a general picture of gilpadside processes. Although devised currently
for the generic, medium-sized reference airporis true that most airports across the world execut
more or less the same processes (with more orclasplexity depending on the airport’s size and
layout).

Which of these processes are actual bottlenecksnmefficiency depends largely on any airport’s
specific configuration, organisation and traffiamers. However, enough relevant inferences cdn stil
be made. To do this, the different processes catobpared to the Time-efficiency objectives as set
down in Section 3.4. In order to only derive ladé@sbased bottlenecks and challenges, only the
following objectives are taken into account herdhey can easily be seen to be most relevant & thi
context:

* Minimise Travel Time through airport [TT]

* Minimise Waiting Time between processes [WT]
* Minimise Processing Time [PT]

* Minimise Connecting Time between modes [CT]

Table 13 compares the relevant landside process#setmain landside-applicable Time-efficiency
objectives, in a way akin to the Change-Impact maivhich will later be used to map out solutions’
expected benefits. In the table, an estimate isrgof the ‘relatedness’ that each main processtsiep
with the relevant TE objectives.

Table 13: Estimation of reference process' relation with TE objectives.

Process

Arrival at the terminal

Check-in passenger

Baggage check-in

Passport control

Security check

Transfer between desks/checks

Baggage weighing and labelling

Baggage security scanning

Transport into baggage system (dep)

Sorting/reconcile and transporting bags to pier

Sorting/reconcile, transport to pier (transfer)

Manual sorting of odd-size baggage

Transport into baggage system (arr)

Transport of bags to the reclaim area

Provision of information, guidance
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* Relatedness is estimated by H(igh), M(edium), L(ow) or / (not relevant)

Looking at this broad analysis, and combining thith current knowledge of airport operations, a
number of core bottleneck processes can be idettifihese are described in Table 14 and Table 15.

Next to the perceived bottlenecks and affectedsydhé underlined agent names indicate which actor
is believed to have a key role in causarg alleviating these bottlenecks. When human actiedf}

are responsible, key causes of bottlenecks are eftaply due to too little capacity/staffing. Incsu
cases, alspersonnel assignment, training and costing deteasld be considered in achieving time-
efficient operations, next to just process improgats.

Table 14: Passenger process overview

Passenger process

Process Description Agents Bottlenecks

Security check This process is very Security e  Waiting time: waiting in line
lengthy and involves much | agent, *  Processing time: being processed, which
hassle, especially when passenger includes taking out carry-on baggage,
travelling to strict walking through the scanners, being
countries. In principle all patted down etc.
TE objectives are affected +  Predictability of schedule: because it is
highly unknown how long this will take,

travellers have much uncertainty in their
time planning, and as such often build in
buffers

. Flexibility of schedule: because the
security check is mandatory and takes
time, passengers have to build in buffers
in their planning, which limits their ‘free-
travelling’ flexibility

o Connecting time: due to the time
consumption, total time to connect to the
actual flight is lengthened

o Information/facilities: information w.r.t.
security rules and carry-on allowances is
often unclear to non-regular travellers.
This creates hassle at the security
station, delay and frustration.

Transfer between This process constitutes Passenger e Travel time through the airport: self-
checks/desks all walking times and explanatory
distances, and is e Connecting time: although ‘connecting
especially of influence on time’ is a term reserved mainly for
airports with large spread transfer passengers (which are based
of facilities airside), one can also see this as

applying to departing passengers. The
larger the distances in the airport, the
longer time is needed to get from the
‘door’ of the airport to the final aircraft.

o Information/facilities: during the
transfer/walking process, passengers are
searching where to go. The more
information they have (mainly signage),
the more ‘in control’ they will feel over
their schedule and the more effective
(time-efficient) they can travel through
the airport. On the other hand, less
freedom of walking can also contribute to
being time-efficient.
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Passenger and/or | These processes can be Passenger, *  Waiting time: depending on capacity and
baggage check-in key bottlenecks, especially | check-in airport size, this can be an issue
when desk capacity is agent especially in peak periods.
insufficient. However, as *  Processing time: This depends directly on
more and more self- the effectiveness of the staff and/or self-
service options become service functionality.
available, these processes e Predictability: due to uncertainty about
are not usually dominant how busy check-in is, passengers will
need to build up buffers.
¢ Flexibility: idem
e Connecting time: idem
. Information/facilities: Especially at larger
airports it can be unclear where (and at
which counter) one has to check-in. Also
current self-service solutions can
introduce frustration due to lack of
information or defects.
Provision of This process is continuous, | Airline e Travel time: incorrect or confusing
information, interacting with agents, ATM, signage and gate info can really turn
guidance passengers at every step, | gate passengers around and lead to much
and is only as good as the | scheduling, time lost and frustration.
information it receives security e Predictability: incorrect or delayed
from other operational agents information with respect to flight times,

processes

boarding gates etc. gives people less in
control of their schedule.

. Information availability: related strongly
to the last point, the less detailed
process/planning/direction information
is available to passengers, the worse and
less efficient they can move through the
airport

Table 15: Baggage process overview.

Baggage process

Process Description Agents Bottlenecks
Transport into the When passengers are Baggage Waiting time: self-explanatory
baggage system (at deboarding, in principle | handlers, Processing time: directly influenced by the
arrival) they would like to have | baggage baggage process
their bags waiting for system Predictability: As the unloading/sorting can take
them at the carrousel. very different amounts of time, passengers and
However, due to airlines have uncertainty in their planning.
crowding at either the Reliability: Current baggage systems may not be
apron or before entry to reliable enough to allow time-efficiency in the
the baggage system, baggage process.
this takes more time, Information/facilities: often passengers get little
causing waiting time for information on how the unloading process is
the passengers proceeding, causing frustration.
Connecting time: The speed of baggage delivery
directly affects how quickly passengers can enter
their next mode of transportation.
Sorting/reconciling Baggage handling Baggage Processing time: self-explanatory
and transporting bags | systems are highly handlers, Flexibility of schedule: because bags need a
to piers (inc. transfer) | optimised and as such baggage certain minimum time to be sorted, flight (and thus
have a minimal system passengers’) schedules lose flexibility.

processing time for any
given bag

Transfer time: especially for transfer-flight bags the
processing speed is a limitation, and often a direct
cause of lost baggage in any particular flight.
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4.4.4 Translating to the future: core issues to be solvely the TE concept

In total there are thus 6 main processes deemgasi ecurrentchallenge to TE goals:
The security check

Transfer/walking between desks and checks

The check-in process

Sorting and transporting of outbound baggage (tiottransfer)

Entering inbound baggage into the baggage system.

Information provision

o g A wh P

However, it is likely that some of these will aldyabe solved by natural developments in current
research/applications. As such, these processkseuilire less focus for the TE concept. Specifjcal
two processes are considered in this regard:

* The check-in process: current e-check-in and sgifise baggage drop-off points will develop
over the coming years to become more standarduéls, shis process will not be investigated in
detail for radical solutions. However, the curréethnologies may be extrapolated with new
functionality if applicable, to possibly offer imprements over the current situation.

» Transfer/walking between desks and checks: airpmilttsremain large and possibly grow even
larger in the future. As this occurs, current teathgies already offer the best solutions to keep
walking times acceptable (e.g. transport bandsalars, mini-trains etc.). These will thus be
used as applicable to the concept.

Effectively, thus four main landside bottlenecke #oreseen, for which new solutions need to be
investigated in detail for the TE concepécurity inbound baggage entry speeasitbound baggage
sorting/transport speedndinformation provisioft

4.5 Intermodal transport services

One of the high level objectives for the transpatwork is that 90% of travellers within Europe are
able to complete their journey, door-to-door withimours. Thus, intermodality plays a major role in
achieving such objective, which means that therimbelal processes performed at the TE airport
concept have to be analysed in depth. Figure 1Wslhiwe passenger’s total journey from origin to the
airport, including the origin-to-airport transpdite and the area in which the passenger is chgngin
from one mode to the airport. A first approachhe bottleneck analysis and the subsequent possible
solutions analysis has shown that several solutiorsottienecks have the potential to add value not
only in the processes occurring in the airport rimtedal area, but also in the journey from the
passenger’s origin point — which will be calledhe from now on in this section — to the airport.

6 Although it can easily be argued that current neddi technology will be well capable of solvingighproblem in the future, no real
roadmaps or common architectures are yet devisgditie this implementation. As such this will alsminvestigated.
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Therefore, with the objective of increasing theueatielivered by the time-efficiency airport concept
more holistic view of the door-to-door journey hmeen proposed for the intermodality section and its
solution proposals. It should be noted that, asdtheslopment of the TE airport concept was initiall
bound to the airport terrain limits, the ‘home-igpart’ part of the journey will not be elaborated
depth in the document. However, considering itsi@aio the TE airport concept, this part of the
journey cannot be completely neglected.

Airport

Intermodal

Figure 11: Passenger's journey to the airport.

Firstly, in this section, the processes taking @lacthe airport intermodal areas are analyseddero
to determine the current operational bottlenecks decur in this area, and secondly, but in a fesse
extent, a process analysis on the home-to-airparhgy is given. This will lead to the identifigati of
key bottlenecks to time-efficiency that remain t® $olved in the development of the TE airport
concept.

4.5.1 Road access

Planning of airport roads is a specialised subjgtall airports there will be public (landside)aas
open to all traffic, and non-public (airside) seeviroads restricted to authorised vehiclég large
airports, it is preferable to separate servicetedl@raffic long before arriving at the passengeminal
curbside area.

4.5.1.1 Public (landside) airport roads

The landside road system serves a number of casgurtraffic, such as:

* Private cars: for passengers; airline and airpogleyees.

* Inter-terminal shuttles.

e Crew buses and staff vehicles (who can, of cowmestitute a significant blockage at airside entry
points because of the need to screen their baggage)

< Airport service vehicles.

It also needs to satisfy certain basic criteria:
* Basic planning requirements for landside roads.

! Part of this section is based on the IATA recomdations, presented in tigérport Development Reference Manual 9th edifib.
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* They should be designed to accommodate peak traffiemes and have adequate expansion
capacity (unless the airport takes the conscioussida not to cater for peak flows).

» All public roads should be clearly signposted. @leaisible signs should be positioned on the
roads and on the terminal curbside areas well warck of desired destinations to allow drivers -
to make any necessary changes without abrupt chasfgane and direction. Signs should be
properly lighted for night use, and lettering aratkground colours should enhance clarity and
visibility. Messages should be concise, quicklyniifeable, and easily understood. Colour coding
for multiple terminals, for specific airlines, arfmajor facilities like car parks, is recommended.

» Links between the external public road system &ednon-public or service road system should
be planned carefully in order to avoid either catige or reductions in the potential for future
expansion.

* Main through roads should bypass the road alonfptteof the terminal building.

* Roads running along the face of the terminal bogdshould be wide enough to permit passing of
stopped vehicles and should have a minimum of thaees. These should be wide enough to
allow space for loading and unloading bags.

» There should be no access to the apron, taxiwagarays from public roads.

4.5.1.2 Public transport and commericial landside vehicles

Taxis, buses, and coaches are commercial landgldieles and should have access to the airport’s
intermodal area:

e Taxis: The requirement to provide a continual supplyaxig to the arrivals curbside loading area
can be accommodated by creating a taxi pool stayiea. This needs to be reasonably close to the
terminal area, and provision for orderly stagingl aequential dispatch of taxis to the curb is
necessary. A means of alerting drivers to the rfeedaxis at the curb (and, in multi-terminal
airports, which curb), is also needed.

* Buses & coachesThere are various types of buses and coached,wahioh have different needs
to be catered for, namely:

o Charter and tour buses need dedicated curb spac&his is often provided at the end of
the terminals or in a dedicated transportationreerithere is also a need for waiting and
parking space, ideally with some form of communaratfor drivers meeting inbound
passengers.

o Shuttles for hotels, car rentals, and car parksThese also need dedicated curb space for
loading and unloading, and facilities for waitingasgengers (including phones for
communications with hotels). In order to reduceaiport traffic, some airports have
consolidated hotel shuttles into a number of fixedte services, each one serving a
number of local hotels.

o0 Long distance buses and coache3hese are usually accommodated at a dedicated
transportation centre. This can be a valuableifaddr local residents, who generally are
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more likely to need a bus than a plane. A dedicataasportation centre needs a good
walking route or a people mover to the terminals.

0 Local (public transport) buses.These are particularly valuable for employeesufber
of airports have provided a direct subsidy, starfunding, or assistance with marketing
for buses on core routes, especially those opgr&dhhours a day. Some are demand-
responsive, deviating from a fixed route if pre-ked - a useful answer to personal
security concerns. Some airports have introduced &r discounted travel schemes for
employees to reduce car traffic and to increask po®| of labour. The reputation of the
airport depends in part on the quality of (oftew Ipaid) retail and cleaning staff, and
increasing the ability of all shifts to get to woek an acceptable price is useful. A few
large airports have negotiated free-tare zonesdrthe airport to encourage employees to
use the bus for travel between on-airport sitesdkample to meetings) rather than to use
acar.

4.5.2 Rail access

In the planning stage, a full analysis of the aitpail access system is required: the capacitthef
system needs to be designed for the airport's dgpdllose coordination between airport planners,
local planning authorities, and local transportatfyoviders is necessary to ensure that proper and
timely provision for the requirements, current gdjected, is in the local or regional transpoctati
plan and in the appropriate capital expenditurgm@mmes.

Advance planning is highly important. Surface rkcess development plans should be part of the
airport master plans and development plans fostin®unding area. The forecast modal split between
rail based access and road based access (privataxdéabus and other), can either be an inputrtan
output from these plans.

Figure 12 shows images of the four types of ragleas. The characteristics of each type should be

reviewed to decide which is best for the transf@cesses in hand. Each type has evolved to meet

local requirements. The four types of rail access a

* Metro and light rail: Especially used at some European airports loca¢ed a larger city. This
type is less good for air passengers- especiatigettiravelling long haul, with much baggage.
There may not be appropriate accommodation onrétiest and the airport needs to be alert for
problems and to be ready to liaise if necessary thig transport provider.

» Regional and national rail: Public transport services connecting the airpoth&near-by region
as well as the rest of the country. Often high eatinity to the rest of the rail network for a larg
catchment area.

» High-speed (dedicated):This is often a premium rail service (compared dgional rail) and
offers high-speed connection to the airport fronrendistant areas, both in the same country as
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well as some international areas. Some high-spesdsthave dedicated infrastructure, to be
independent of other regional services and thusagtee a reliable service.

(c) Light Rail SeaTac Airport (d) AlRail Station

Figure 12: Types of rail access.

4.5.3 Intermodality and airport access
This section discusses the processes in the intimarea of the airport, i.e. the area in which the
airport and other modes of transport connect.

4.5.3.1 Principle of intermodal travel

Passengers and staff may travel by car to the rairgs it is both attractive and convenient. At the
same time, other types of intermodal travel, whitkhis context means the principle of using one or
more modes of transport to supplement the singléenad vehicular transport travel to and from the
airport complex, are actively promoted by IATA. if advantageous to the short and long term
aspirations of airports to progress plans of intatah travel, since it offers the airport compler th
following advantages:

e Passenger and staff car parking facilities becanéegs onerous in size and complexity.

» Traffic congestion and therefore road infrastrugttain be correspondingly downsized.
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* The resulting volume of road traffic and the enmim@nt impacted upon is lessened.
» Car parking road space saved can be used for @rpagrians by the airport operator.

4.5.3.2 Developing an intermodal strategy

The airport operator must work with the local conmityy as well as with local transport companies
that support the operational airport, to ensureettugy that a network and tare structure is
advantageous to staff and passengers. Typicallylaige airport the passenger should have to travel
long distances in a short time. That makes it rssogg0 equip the airports with an internal paseeng
transport network based on people movers and otiemhanical facilities. It should connect the
curbside and transfer stations with the boardingga

Three different intermodals models could be devedidipcused on the airport:

* A door-to-door approach: from the origin to the tolileg gate in dedicated vehicles.

* A door-to-door approach in a multi-mode network iagdin a transfer station at the airport
intermodal network and people movers and other ar@chl facilities to boarding gate.

* A multimode network up to the curbside to link witie airport intermodal network and people
mover and other mechanical facilities to boardiatgg

According to ACARE conclusions the key attributésaell-developed intermodal airport strategies

can include:

» Clear and competitive pricing.

» Total commuter and passenger travel solutionsetioe-to-door approach.

» Optimization of all resources and facilities.

» A strategy that aligns with the master plan asioingt for the developing and expanding airport
operation.

* Physical interfaces to ease transfer (differentmtssenger/freight): infrastructure needs to be in
place to provide efficient and convenient transiefween modes.

* Information to customer, tracking and tracing, gnticketing/waybill for complete journey with
alternative ways: provide alternative transport nseia a visible and ease transfer between modes.

» Consistency of security checks.

4.5.3.3 Curbside design considerations for road modes

Private cars, taxis, and buses will need an interfaith the airport’'s terminal entry. The curbside
the area in which mostly cars, taxis, and somesaosenect to the airport’s terminal. A major isg@ie
curbside capacity and the potential for congestisnyell as the avoidance of queues and accidents.
The following curbside facilities should be providat the terminal complex:

» Departing passengers drop off:
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o Temporary stop, offload and go areas for cars axig.t
0 Accommodating park and ride bus schemes.

* Arriving passengers pick up:
o0 Temporary stop on, load and go areas for carsaisl t
o0 Accommodating park and ride bus schemes.

It is essential that signage is clear to all pagsenand that simple routes to and from the areas
dedicated to the above functions are adequatedyl §ind positioned. Buses usually use fixed stopping
points: there is a need to ensure that these asemably convenient for entering the terminals.

It is advantageous to accommodate taxi stand imgaremotely (off airport) and provide a dedicated
holding area for taxis so that the terminal complers not become congested with competing taxi
traffic. Taxis can be controlled into the airpoothplex by on-demand flow management processes.
This ensures the taxi areas are adequately suppiiidtaxis at the correct time and that all taxi
companies with licences to operate at the privapmd have equal opportunity to pick up fares. The
major advantage of controlling taxi traffic flow fhat less interference with other traffic existela
that emergency vehicles have unhindered accebg wirport frontage at times of emergency, and that
security can be monitored appropriately.

Finally, the following considerations should alsothken:

» At large airports, special lanes may be reservetiiffh-occupancy vehicles, and the curbside area
should segregate buses and taxis (inner lanes)driMate vehicles (outer lanes).

» Provision should be made for a future people maymtem (note that such systems can be
elevated above highways).

* Adequate facilities for two-wheeled vehicles (ergotorcycles) should be provided: secure
parking spaces should be available near work amedspublic transport stops. Safety can be
improved by the provision of a segregated networkwo wheeled or un-powered vehicles.

4.5.3.4 Airport intermodal area design considerations

The airport’s intermodal area contains the intexfaetween rail and different forms of road accesk a
the airport’s terminal. Further, the area shouldude parking spaces for passengers arriving by car
and with the need to park their car for a certairation.

Rail access

There are a number of characteristics which ainplariners should consider for the implementation of
train systems. The assessment should includesttleafollowing characteristics:

1. The number of vehicles or carriages required tcgss the demand,

2. The speed and frequency of the train operationsinedjto meet the demand,

3. Track and signal operating limitations,
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4. Compatibility with other train operating and statgystems,
5. Operational flexibility of the train operating sgsts,
6. Technology suitability.

Road access

For road access which does not continue to thesiehseveral facilities are required:

» Parking areas for short- and long-term parking.

» Separate bus stations for the different forms & tbansportation: public transportation, coaches,
charters, and hotel shuttles.

These facilities need to be adjusted for the reguitemand at the airport.

Airport station characteristics

The location of the station(s) to serve the airpsrimportant, especially if there is more than one
terminal. If there is more than one station, thisr@ need for good signage and communications;
although a railway can then be used for inter-teahitransport. Stations for cargo, maintenance,
sightseeing, or hotel areas are all possible, douprto geography and demand. Here all future
expansion plans need to be borne in mind to erntbatdhe station -a relatively fixed point- will thioe
rendered out of date (or at least to ensure tleataiway can continue to serve the airport effidig.
When planning the station, there is a need to denshe capacity of the access system. Provision fo
change of level needs to be appropriate for thebeusilikely to be using them - the likely volumds o
passengers and baggage from peak trains.

The following facilities should be available:

» Baggage trolleys. This can be an issue betweeratlveay and airport. For understandable safety
reasons, train companies prefer those where theli|mon unless released by a user. Many
airports prefer those where the user is actuatiyired to apply the brake when necessary.

* Accommodation for change of level can include nglistairs, although here and on escalators
trolley policy needs to be considered. Conveniaarat safety need to be balanced. Lifts/elevators
are valuable especially for those with reduced titghithey need to be designed to carry a
stretcher if necessary. Ideally a choice shouldrbgided some people are claustrophobic in lifts.

* Check-in, away from the platforms but on the ndttrate from the platforms to the terminals, is
valuable. It will facilitate passenger circulatiand relieve stress by disencumbering them of their
bags as early as possible. It reduces the neddoftays and for circulation space on the route to
the terminals, and may even reduce the need fakedhespace in the terminals.

* In-town check-in needs to be considered for therdown terminal or at major interchanges. The
facilities can range from self-service machinestfarse with just hand baggage via baggage drop
systems, to full hold baggage check-in. Althougksthalternatives are popular among passengers,
so far the economic case for them has been diffiounake. Everyone benefits, but matching the
flow of costs and the flow of benefits can be difft. Certainly baggage is a significant element in
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choice of modal split: the presence or otherwisdoags is a key determinant of mode choice
(another is the need to change vehicle, althoughwibight to be attached to this is a matter of
debate and varies with the market).

4.5.4 Key current bottlenecks to time-efficiency goals

The preceding sections discussed the current desiggiderations (infrastructure view) and processes
within intermodality. This process is schematicalhown in Figure 13. All these process affect only
one attribute from the TE airport concept’s objetstructure, being the connection time as patth@f
door-to-door journey, which has to be minimiseddach the concept’s objective. It is important to
note that the objective only has impact on thespaftthe journey where passengers and luggage
transfer from one mode of transport to anotheictBtrseen, this does not encompass the travel time
on other modes of transport than the aircraft. ®namg the time spent on other modes of transport
(such as train from home to the airport’'s curbsidi@gs however contribute to time-efficiency of the
passenger. This section therefore also addresses important bottlenecks in the home-to-airport
journey. Since this part of the journey is slightiyt of the scope of the project, this discussidhbe
limited though.

The core bottlenecks related to transfer internitdéile. the transfer between modes) and the home-
to-airport journey are identified and summarised@amle 16 and Table 17 respectively.

Home-to-airport Airport intermodality
Passenger .
. | Transportation - . - .
departure at » mode .2, ..n Curbside > Terminal >
home
Airport Transfer to
intermodal area | |~ terminal

Figure 13: Process view of the current passengers’ home-to-airport journey and intermodality.

Table 16: Intermodality process and bottlenecks overview.

Process Description Agents Bottlenecks

Intermodal and Physical transfer from one Passenger Long (walking) distances between modes
curbside mode to the airport’s terminal Long transfer times

infrastructure Baggage handling between modes

Facility readiness for people with
reduced mobility (PRM)

Number of parking slots

Number of bus stops

Escalators, elevators, people movers

Intermodal and Situational awareness during Passenger Signage
curbside services transfer from one mode to the Path finding
airport’s terminal Information update
Schedules constraints for all types of
transportation
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Table 17: Home-to-airport transportation process and bottlenecks overview.

Process Description Agents Bottlenecks
Travel from home-to- Actual travelling to get from Passenger, Large distance between home and
airport home to the airport other transport airport

modes’ Speed of the transportation

operators High buffer times taken into account by

passenger due to unreliability of
transportation system
Number of available modes of

transportation

Capacity constrains for road and railroad
Connecting between Physical transfer from one Passenger Long transfer times
multiple modes mode to another (both not Baggage handling between modes

being the aircraft/airport)

4.5.5 Translating to the future: core issues to be solveldy the TE concept
The current challenges to TE goals are thus identified in thusas: transfer intermodality and the
home-to-airport journey:

1. Transfer intermodality
a) Long physical distances between modes
b) Updated information availability
c) Guidance and navigation on the way to the ternbndding
d) Baggage handling
e) Long time spent on transfers
2. Home-to-airport journey
a) Large distance between home and airport
b) Speed capabilities of transportation
c) Unreliability of travel time resulting to buffemties taken by the passenger
d) Number of available modes of transportation
e) Capacity constraints

However, again it is likely that some of these E@raes and bottlenecks will be (partly) solved by
natural developments. Information provision and \iagling is an on-going research area, though the
increase in passengers and the high expecteddéselvice will continue to bring challenges togee
areas. Current efforts are also done for providie@mless baggage transfer between different tyfpes o
modes. However, such solutions are currently oedyetd on a small scale (pilot phase). Providing thi
service for all passengers still implies some maj@curity and capacity related issues. Integrating
different modes both in terms of location as welsaheduling still remains an important challenge.

As stated in the Vision 2050, more people will limdarge cities, which may provide opportunities f
better high-density connectivity to the airport. e other side, capacity will be more constraiimed
2050.Also in 2050, speed and reliability of differdorms of ground transportation will still be a
challenge.

27-09-2013, v1.0 FP7-AAT-2011-RTD-1-284529-2050AP Page 70/145



2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

As such, most of the giveaurrent bottlenecks (except information provision and guick) are
expected to also Hature bottlenecks.

4.6 Infrastructure

A process based view on infrastructure itself isuseful in terms of time-efficiency, as most (&ies

and landside) processes are located within thastriricture. Therefore, infrastructure provides ame

to perform such processes. From the analyses eé thecesses, improvements can be proposed for
the infrastructure.

Infrastructure shall enable time-efficient procesdeelating this back to the objectives of the TE
airport concept, this would mean that infrastruetghould not be a bottleneck to minimise the
throughput time of aircraft and passengers andit@ Iseamless intermodality. Infrastructural changes
can enable to comply with these objectives, as somaeacteristics have influence on the low-level
attributes. For example, minimising the time fromrhbside to gate for the passenger is partly
influenced by the distance between curbside arelayad therefore the size of the terminal. As amothe
example, the airside infrastructure (both in forma @istances) has influence on the average tag tim
of aircraft.

The key bottleneck at the reference airport calsethfrastructure can therefore be summarised as:
limiting the possibility to minimise the throughptime of passengers and aircraft and to have
seamless intermodality. With this bottleneck in dhithanges to existing infrastructure may be
proposed as part of the TE airport concept.

4.7 Summary of the reference airport context and key céllenges

The previous sections described the reference rairpis processes, and its expected future
bottlenecks. These bottlenecks provided a stapwigt for the generation of solutions to cope with
them. The solution generation process can be suisgdain a derivative of a morphological dtids
stated in the Concept Development Methodology T2js table, as shown in Table 18, lists the key
bottlenecks that exist per area (airside, landsictermodal, and infrastructure) and shows which
objectives of the TE airport concept are affectgdt.bThe next column summarises what can be done
to overcome these bottlenecks. The resulting geidbes as an input for the concept’'s solutions
presented Chapter 5, as these follow from the mepaspects that can be changed.

8 Note that the morphological charts was proposef@]iras both a tool for solution finding as well asvay of relating solutions with
bottlenecks and documenting this as such.
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Table 18: Key bottlenecks, attributes affected, and the possible changes to cope with them.

Processes Key challenges Attributes affected | Aspects that can be changed

& areas

affected

Airside

ATM, taxi Inaccurate taxi times; long taxi Avg. taxi times Increase accuracy and predictability in
times due to distant located Avg. delay taxi procedure; optimise taxi planning for
runways (result of spatial an optimal airport network capacity;
constraints at airports); inaccurate alleviation of spatial constraints provided
actual take-off times due to this; by new technologies that may lead to
unavailability of correct aircraft better movement area layouts
sequences; arrival and departure
delays; airport network capacity

Turnaround | Unavailability of turnaround means; | Avg. turnaround Reduce the need of means; standardise,
long connecting/fitting time of time make aircraft stand independent of apron
turnaround means, thereby Avg. delay vehicles; automate apron vehicles
increasing turnaround time and
delays

Turnaround | Unpredictability of passenger Avg. turnaround Increase availability of information; allow
boarding/disembarking time; time seamless flow of passenger through
lengthy passenger/baggage Avg. delay airport; optimise and standardise
boarding/loading process; delays boarding process; develop systems for
due to no-shows of passengers quicker baggage loading and unloading in

the case of a no-show; enable real-time
information provision; reduction of
uncertainty in passenger arrival time to
boarding gates

Turnaround | Unavailability of sufficient aircraft Avg. turnaround Create more aircraft stands by more
stands with direct access to time (aircraft) efficient use of space available and
passenger bridge and loading Avg. throughput enabling aircraft stands to be arranged
devices time curb-gate more closely to each other

(passengers)

Turnaround | Baggage unloading and loading Avg. turnaround Allow for a quick unloading and loading
becomes critical in terms of time; time process by pre-processing baggage and
the use of apron vehicles may lead Avg. delay cargo in dedicated containers; eliminating
to delays; time required to perform apron vehicles and replace by a solution
each turnaround activity apart from that enables fast unloading and loading
baggage loading/unloading of containers; similar solution needed for

catering, waste disposal, etc.

Turnaround | Unreliability in docking process, due | Avg. turnaround Add automatic detection/guidance for

Taxi to e.g. bad visibility time (more time placing apron service vehicles; add

needed for docking | automatic detection/guidance for placing
of the aircraft) aircraft in the apron

Turnaround | De-icing of aircraft will increase due | Avg. turnaround Remove the need for de-icing or increase

, taxi to increased traffic volumes thereby | time the throughput of de-icing facilities at the
forming a bottleneck in the Avg. taxi time airport and avoid queuing of aircraft
turnaround and taxi process

Landside

Check-in, Waiting and processing times will Avg. throughput Automation of several functional

security, increase for passengers due to time curb-gate requirements of the security process,

boarding, increased security measures at the Avg. waiting time thereby eliminating queuing for the
transfer airport; an even more detailed Avg. process time passenger and striving for a straight-

security screening will persist in
2050+; development of
technologies/procedures that
enable a balanced solution
regarding time required vs. safety
ensured in security checks; improve
public’s perception on security
checks

through processing of passengers
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Processes Key challenges Attributes affected | Aspects that can be changed
& areas
affected
Passenger Information provision and way Avg. throughput Increase availability of information; allow
movement | finding; long walking distances; time curb-gate seamless flow of passenger through
through separation of passenger due to airport; eliminate need for way finding;
terminal safety and customs regulations; reduce walking distances
limited integration of information
Baggage Baggage sorting not fast enough; Avg. throughput Increase throughput of the baggage
sorting thereby requiring critical time for time curb-gate sorting system; minimise distance
the passenger’s baggage to be (result) between aircraft and drop-off/pick-up
processed before loading and after point; minimise distance between aircraft
unloading for connecting flights
Transfer Uncertainty of schedule/connecting | Avg. throughput Provide solutions for bottlenecks of
passenger/ | time; long distances between time curb-gate passenger and baggage flow (as above)
baggage aircraft; similar problems with way Connecting
between finding (passengers) and baggage time/door-to-door
connecting | sorting process will yield longer time
flights connecting time
Intermodality
Transfer Long distances/long transfer times Connecting Shorten distance between modes;
between No updated information time/door-to-door provide fast transport between modes
modes Guidance and navigation to terminal | time
Baggage Baggage handling between modes Connecting Shorten distance between modes;
transfer time/door-to-door provide fast and baggage convenient
time transport between modes; move baggage
drop-off points to airport intermodal area
Home-to- Large distance between home and None [total door-to- | Improve transportation modes (speed);
airport airport; speed capabilities of door journey time] increase reliability of transportation by
journey transportation; unreliability of travel using dedicated infrastructure for airport
time; capacity constraints transport; better information provision;
passenger tailored travel advice;
implementation of reliable early baggage
drop-off points
Infrastructure
Turnaround | Spatial restrictions limit airside Avg. turnaround Create apron with densely located aircraft
Taxi capacity; spatial and environment time stands (e.g. circular); move piers
restrictions limits runway use or Avg. taxi time underground; distant located runways
building Avg. delay can be connected with the main terminal
using an (external) high speed taxi
system; remote terminals near the
runway reduces the need for taxiing
Passenger Limitations to enable seamless Avg. throughput Shorten distance between modes;
movement | intermodality; highly related with time curb-gate provide fast transport between modes
intermodality issues and eliminate risks for delays
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5 The advanced Time-Efficient airport concept

This chapter will describe in detail the advancaderEfficient (TE) airport concept. . The discussio
starts with a short overview of the aim of the Tigpart concept, after which the state-of-the-art
operations in 2050 are described. The differentgsses considered are also discussed, after which
the separate solutions are elaborated in the subsecgections. These solutions are summarised
afterwards in order to explain their contributiorthe 2050+ airports.

5.1 Overview of the concept

This section discusses the underlying idea of &ffieient travelling in the TE airport concept. Big

14 shows a timeline for what is possible withinoarfhour door-to-door trip today and in 2050, as
stated in Vision 2050 [1], assuming travel timeata from (i.e. the catchment area) the airporQis 3
minutes maximum. Even though the timing is verptigvith just small allowances for delay getting

to and from the airport (15 and 10 minutes respelst) and just 10 minutes for boarding, it currgntl
only allows a cruise flight time of about 50 minaitédssuming a ground speed of 850-900 kilometres
per hours, this results in a range of about 708nkditres. The time spans needed for each step in the
process are estimates based on experience andlastiyate an arbitrary European journey. The dctua
layout of the journey is of course dependent onctiesen modes of transport, departure and arrival
airports, and other local circumstances. The tipendetween the passenger’s leave at home and the
planned take-off time is even optimistic, as pagsenusually tend to arrive at the airport’s cubsi
more than 1 hour before take-off time because yoth@ tendency to be on time for their flight, (B
requirement may be set by the airline, and (3)ntduide a buffer for possible disruptions during
transportation to the airport.
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Figure 14: Current and future four hours door to door journey.

The flight range of about 700 kilometres is howetbsarely enough for a flight within northwest
Europe, as can be seen in Figure 15. With thisasteit will therefore be impossible to serve arfou
hour door-to-door travel for 90% of European tréarsl This statement is strengthened by an analysis
of the air travel distances within Europe, as waslenin [25]. Figure 16 shows the cumulative
distribution of the distances of direct Europeaghtis, in which it can be seen that 90% of European
direct flights are approximately within the 1600 kamge.
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If a 4-hour door-to-door travel time for 90% of Bpean travellers is required and the speed of groun
and air travel does not significantly increasearege of 1600 km is only possible in 2050 by indreas
the time-efficiency, i.e. reducing the time neetedore and after the flight. In order to accomplish
this, the processing, waiting, and transfer timeh@airport must be reduced significantly, nexthe
reduction in buffer time due to possible delaydiggtto and from the airport.
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Figure 16: Network of direct flights in Europe (left) and cumulative distribution function of the
distances of intra-European direct flights (right) Source: [25].

5.2 State-of-the-art airport operations in 2050

Before discussing the ideas proposed in the TEdigpncept, a short summary will be given on the
state-of-the-art operations expected in 2050. #hisis based on the project’s vision on 2050 (0.1
[1]) and on the expected results of the Single pean Sky Air Traffic Management (ATM) Research
(SESAR). Furthermore the security and travel caltfr2050 will be discussed in this section.

5.2.1 Technology in 2050

The SESAR programme will be fully implemented apémtional by 2025 and the European ATM
Master Plan will have led to the application ofeintrajectory-, and performance-based operatigns b
2030 [34, 35]. The ATM system has evolved resuliimg ‘European high-performance, integrated,
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network-centric, collaborative, and seamless augd ATM system’. More specifically, the
following technological improvements are expectg@650.

Integrated systems such as Arrival Manager (AMADNgparture Manager (DMAN), and Surface
Manager (SMAN) will be operational and will alloverf a capacity-optimised planning of ground,
departure, and arrival movements. Runway capadty increased due to the use of time-based
separations, optimal aircraft sequencing, and t&olgy which enables the reduction of the minimum
(wake turbulence) separation between aircraft. Dyod®emand & Capacity Balancing (DCB) allows
for dynamic planning of aircraft movements and wault in capacity benefits, especially in special
circumstances such as reduced visibility. The imigletation of the planning and guidance part of
Advanced Surface Movement Guidance and Control eBys(A-SMGCS) makes sure that the
surveillance, control, route planning, and guidaofeairport ground movements is accurate and
reliable — also in reduced visibility. The lattarat developments will increase the airport’s reliapi

in terms of capacity. Other technology will be implented to have an optimal aircraft's en-route
phase, ideally leading to a reduced flight time.

Current aircraft design is proven and is still usedll new aircraft designs and aircraft that landt at
the time of writing. The newest aircraft will stilly in 2050 and it is therefore expected that the
aircraft’ design will not differ considerably byahtime. Although the Blended Wing Body (BWB)
design is gaining interest, none of the aircrafbufactures have shown plans to actually introduce a
aircraft of such type. Furthermore, as stated énMision 2050, fossil fuel will still be used iniation.

As of today several flights have already been sagfally performed using alternative bio-fuels and i
is therefore expected that this use will increaseatds 2050.

By 2050, an improved way of information sharingvetn different stakeholders will exist. Airport-
Collaborative Decision Making (A-CDM) will be impigented and increases the airport’s operations
by increasing the predictability and reliability ¢dhe Target Take-Off Time (TTOT) through
collaboration between the different partners icraift operations [37]. The System Wide Information
Management (SWIM) will provide the means for thisformation sharing. Information &
Communication Technology (ICT) will thus be usedthigher extend in 2050, not only by the airport
but also by its customers, i.e. airlines and pagsen Passengers will be more informed through
mobile information devices and will be able to ha&egter control of the journey.

On the landside part, new active and passive sgmieening technology is foreseen to enable for
more optimal security processes compared to todi&g airport’s landside will have improved
connections with the catchment area, especiallyhéo larger cities in which the population will
concentrate even more than today. Different modéd® integrated to a certain extent, most notably
in terms of enhancing connectivity between diffémodes of transport.
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5.2.2 Security culture

Airport security aims to reduce to the minimum tpmbability of an unauthorised access or
interference with aircraft or systems on the grouvidreover, the security within the airport is paft

an integrated security strategy for all modes afigport which is based on the principles of: reisde

and effectiveness; passenger experience; andifdsgrated and seamless processes. The security
process should be consistent in order to avoidiibireiptions between processes such as security and
check-in, which nowadays force the passengersit@aarlier to their flights.

The security in the airports of 2050 would be femisainly on the user. The travel experience would
be considerably improved through non-intrusive sgcyrocesses which should preserve the user
privacy and personal dignity. This is achieved wilie implementation of dissuasion and detection
systems with improved performance and extendedesddpe majority of passengers will pass through

airport security processes without disruption odiageThe assessment of risks is integrated into the
security screening process for passengers and calggp, based on a range of inputs such as
intelligence information and behavioural recogmtto ensure that resources are focused appropriatel
and effectively. All the airport and air transpaldta networks (i.e. navigation and air to ground

communications) are secure and resilient to neaatsrlike cyber-attacks ensuring the continuous and
normal operation of the airport.

The security system is structured as a multi-layeset of processes (check-in, boarding, etc.) or
segments:

e Security of inter-modal structures, ground serviets.

»  Security within air transport infrastructures (pkeoand goods)

e Security while boarding

» Air space security: take-off, en-route, approacth landing subspaces

Each layer has its own probability of failure. Temluce the probability of a simultaneous failure, th
number of layers has been increased and the seetfdttiveness of each one of them improved. The
human factors are also considered, as the sequmityedures would ultimately be supervised by
people. The different layers provide continuousibsek and support to each other and allow an easier
supervision of them. There is also a deeper ural@sig of how to recognize and identify potential
security situations and how to act appropriatelthese circumstances.

The changing nature of the security threats (wigctine main driver for change in security systems)
has resulted in the implementation of variable grenfince capabilities instead of an increase in the
number of security measures imposed. The diffesystems are well integrated and are more
responsive for the needs of changing scenariosthpurpose, new intelligent and highly automated
systems would complement currently existing sohgioThis makes the security systems to be
responsive to the specific threat. For instancmgushodelling and simulation it would be possilie t
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predict behaviour in potential dangerous scenddaipport security managers through an intelligent
decision making process.

The new communication and surveillance technologlksv a better access to information and the
position of every element (passenger, baggage,cheehetc.) within the airport, improving the
efficiency, affordability, and continuity of theffiirent processes (like an integrated mobile securi
system; an Unmanned Aircraft System (UAS) based aueveillance system; CBRNE detection and
support; an automated real time detection of undée luggage and tracking of specific goods). The
imaging and sensing technologies would be stillsa in the airport, but the checkpoint concept doul
be changed for one based on new technologies airggnscanning and detection (like biometrics
evaluation and testing, fast and trustworthy idatiion and check of the identification card).

5.2.3 Travel culture

Air transport remains the only viable direct wayaminnection between several regions Europe. Air
transport is the principal way of conveniently siing the growing demand for diffused, flexible

point-to-point connections. The number and quabfy aviation market services has increased
significantly mainly because of passengers demangldn and predict their journeys in real time

whilst at the same time staying connected to wrelatives and friends. Namely, the European air
transport system is integrated in a complete lmgikttransport system and is part of a fully

interconnected global transportation system thdtaised on a multilateral regime. Commercial air
transport services are provided mainly by airlioeganised as a few global alliances. This improves
the mobility of all passengers, so that those cgnfiom outside Europe experience the same
processing time as the others.

In the year 2050, passengers and freight experiefiicgent and seamless travel services, based on a
resilient air transport system which is effectiveihtegrated with other means of transportation,
allowing passengers and freight to travel seamjessin door to door. The user is offered in real-
time with different choices between customised potsl and services offering levels of facilities,
guality of service, on-board comfort, journey tirgtional rescheduling and price.

As today, the users of commercial aviation woulddbeded between tourist and business, the first
interested in reaching their destination withowtraiptions and the latter willing to pay more for
getting faster to their destinations. However, éh@ould be two other concepts of aviation sharireg t
airspace with commercial aviation in 2050: the gahaviation (GA) users, and those users of a new
concept of flight, the sub-orbital spacecraft, whiwould develop its en-route phase above the
atmosphere and would provide great benefits ingeshflight duration. The TE-concept has focused
in solving the bottlenecks that mainly exist inpairts due to commercial aviation operations, big th
does not mean that some of the solutions can’tsed within the GA operations in small or medium
airports.
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A collaborative planning has been implemented ab dh parties involved in flight management from
departure gate to arrival gate can plan their digts/ based on the performance achievable by the
system. Shared information platforms and new ITist@nd services facilitate data exchange and
decision making. They support optimised and intenected services, providing real-time information
to professionals and the travelling public and echey system resilience in the event of disruption
and crisis.

The transport system is resilient against disr@ptewents and is capable of automatically and
dynamically reconfiguring the journey, includingmnsfer to other modes, to meet the needs of the
traveller if disruption occurs. Finally, access a@ports is facilitated by specialized vehicles.
Traditional hub airports operate at high utilisatievels. Delays are mitigated by highly efficient
operations.

5.3 Airport concept development following the invariant processes
Given the objectives and value attributes for tReairport concept, several areas of improvements ca
be identified. In order to identify these, the emtrair travel process has to be discussed.

5.3.1 Invariant processes

In order to have a common framework for which gohg are developed between the different airport
concepts, a set of processes is defined whichssua@ed to exist in the 2050+ scenario. The invarian
processes are the minimum processes that are ndedadhieve the loading and unloading of

passengers and their luggage into and off theadirdFigure 8 in Chapter 4 shows an overview of
these so-called invariant processes. This diagfaows the areas that can be improved in order to
create a TE airport concept.

Four main areas can be identified. The intermodeh @omprises the process of getting passengers
from and to the airport. Airport services can beugred in two categories: airside and landside.
Airside services include landing, take-off, andcedft turnaround. Landside services include the
various passenger services and disembarking andibgdacilities. Air Traffic Management (ATM)

is also included as one of the processes. In tivee@nvironment of operations, with the Perfornganc
Based Operations (PBO) concept implemented withenXTM, the trajectory of the aircraft would be
en-route to en-route based. Therefore the trajgcdeveloped within the airport would also be pdrt o
the aircraft trajectory. Changes to any of the wlised areas may also imply changes to the
infrastructure of the airport.

5.3.2 Needs, solutions, and benefits

Recalling the three main objectives for the TE @itpconcept (i.e. minimise throughput time for
aircraft, minimise throughput time for passengensd seamless intermodality) already implies the
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needs for a time-efficient airport. First of aletthroughput time for aircraft should be reducedisT
can be achieved by minimising the turnaround timd aeliminating congestions and delays. The
turnaround time is defined as the process of oe tireeded for loading, unloading, and servicing an
airplane [13], which implies that the turnarounahdi can be reduced by minimising time needed for
servicing, loading, and unloading the aircraft.Ufiohs are also necessary to eliminate the chahce o
congestions and delays, which may increase thegedurnaround time.

Secondly, in order to minimise throughput time fmssengers, the time necessary for passenger
processes related to air travel should be minimigmth the process and waiting time of these
processes therefore need to be minimised. Thibeathieved by radically improving processes such
as security and the airport’s layout in terms ohimial physical distances. Furthermore by referring
back to Figure 14, uncertainties in air travel fioe passenger should be minimised to the highest
extent, such that current buffer times can be reduihereby increasing the time available for fyin

As a last objective, different forms of transponbgld be integrated in order to deliver seamless
intermodality. This should lead to a minimised tibetween different forms of transport, for example
between the train, which brings the passengerdaitport, and the boarding of the aircraft. Next t
this, the chance of delays should be minimisedHese processes. Thereby buffers nowadays taken by
the passenger can be reduced and the time avditalflging can be increased.

By finding solutions for these three high-level etijves a TE airport concept can be developed for
2050+ European air travel.

5.3.3 Concept solutions and expected benefits

In summary, the TE concept follows a known struetaf processes along lines (called the invariant
processes), and which takes into account the fliopassengers and luggage through the airport from
arriving by any means of transport to departureaby means of transport. In order to achieve the
operations as described, innovative concept saolsiiteed to be implemented. Solutions are described
for four areas: (1) airside airport services, (@hdside airport services, (3) intermodal transport
services, and (4) infrastructure. Each solutioelé&borated and the expected contribution to the TE
airport concept’s objectives is given. Table 19vehidhe solutions of the TE airport concept, which
will be discussed in Sections 5.4-5.7. The soldiare presented in the following order: airsidpair
services, landside airport services, intermodalspart, and infrastructure.

In order to give the reader a better insight indkpectetibenefits that the proposed solutions have for
the TE airport concept, the solution descriptiores fallowed by an estimation of their impact on the
low-level objectives of mobility. Recall from Semti 3.5 that seven low-level objectives were

° The benefits presented in Chapter 5 are firsimedtons made by the consortium. Chapter 6 (vabidatf the ideas) will give the
expected impact foreseen by different stakeholders.
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established for mobility. The expected impact aseialised in a spider graph, indicating the effefct
the solution on each low-level objective.

The expected impact per objective is given for esmlution. This score is given on a linear scale,
ranging from -2 to 2. Negative scores indicate gatige contribution to the given objective, while
positive scores indicate a positive contributiorthte objective. In summary, score -2 is the woastec
scenario, while score +2 represent the best cartioi to the objective. Score 0 indicates no vamat

A justification of the chosen scores can be foundeu the solution description. An example of the
radar plot given per solution is shown in FigureihAvhich a positive score (0, +1, or +2) is shawn
green, while a negative score (-1 or -2) is showrrdd. Note that minimising process, waiting,
connecting, and curb-gate times are related t#ssenger throughput time. Minimising the taxi and
turnaround time and the delay level are relatetie¢aircraft throughput time. The same format |
used in Chapter 6 to display the results of theedgvalue assessment.

Table 19: Overview of solutions in the TE airport concept presented in this chapter.

Identifier |Area Description
TE1 Airside Electric taxiing to and from runway using A-SMGCS
TE2 Airside High speed rail system for aircraft taxiing
TE3 Airside Automated de-icing and anti-icing systems
TE4 Airside Underground pier
TE5S Airside Underground automated container loading
TEG Landside Walk through security check corridor
TE7 Landside Automated People Movers (APMs)
TE8S Landside Using mobile devices to sequence passenger boarding
TEQ Landside Fast baggage sorting and containerising system
TE10 Intermodal Electric taxis for door-to-airport transport
TE11 Infrastructure Circular terminal concept
TE12 Infrastructure High pier concept
TE13 Airside Automation of turnaround processes
TE14 Landside Automatic displaceable seats for passenger boarding
TE15 Airside Electric guided taxi system
TE16 Intermodal Integrated guiding system
Taxi

Connecting Turnaround

Process Delay

Waiting Curb-gate

Figure 17: Example radar plot indicating how solutions contribute to the objectives.
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5.4 Airside processes
This section elaborates all solutions that affeside processes.

5.4.1 Electric taxiing to and from the runway using A-SMGCS

5.4.1.1 Concept description

Electric motors for taxiing can be attached todheraft's nose wheel and can be used during tkie ta
phase of the flight, thereby eliminating the needuse the aircraft's jet engines for taxiing and
providing better speed control of the aircraft.2@50 technologies like A-CDM and A-SMGCS are
foreseen to be implemented, enabling an optimal feocess using information sharing and, at the
same time, using A-SMGCS to better cope with opmmatunder bad weather conditions.

An electric motor can be attached to the aircraftise wheel to enable electric taxiing. Figure 18
shows an artwork of an existing idea. While seve@ltions have already been introduced (e.g.
WheelTug [8]) at the time of writing, electric tang is far from implementation. Some existing
solutions describe the attachment of an electritomafter touchdown. However, in order to achieve
time-efficiency (by eliminating the need to haveegparate electric motor that has to be attach#dtkto
aircraft on the airport), the authors propose attdt motor that is attached permanently. Another
current developed solution is the TaxiBOT syster) yéhich replaces the pushback truck with a
hybrid towing truck that still performs the pushkabut also enables the aircraft to taxi using the
truck’s power. The systems allows for a ‘transptrexi process for the pilots, as they are in coint

of taxiing. The taxi speed that can be achievedinsilar than conventional taxiing. Combining
advanced versions of these solutions with advago@hnce and control systems is expected to result
in a more optimal, time-efficient taxi processta firport.

5.4.1.2 Implementation and expected benefits

One functional requirement (in terms of time-e#ty) when using this motor for taxiing is that the
aircraft can reach equal of preferably higher tsp@&eds as is currently achieved with jet engines,
obtaining at the same time the required power tsaldrom an electric energy source installed on
board. This energy source is expected to be amugoolof the current jet engines installed in thig t
cone of the aircraft (i.e. the Auxiliary Power Un{APUs)) combined with an electric generatorher t
outcome of recent research on fuel-cells, whicheapected to be able to provide electric powehéo t
aircraft when needed [26]. Fuel cells may in theglterm even replace the APU.

Using an electric engine attached to the aircraftse gear may improve the current performance
levels of the airport system in several ways:

* Minimisation of the average taxi in/out time, doebietter and more efficient speed control of the
aircraft compared with current full thrust and brakpractices using jet engines.
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* Improvement on pushback operations:

o Elimination of the pushback done with trucks or itagvvehicles, due to the aircraft's
capability of taxiing autonomously, including puskk. Thus there would be a reduction
in the time needed to perform such operation aad alreduction in the probability of
interference between vehicles in the apron.

o For the same reason, the number of vehicles wtdgh to interact with the aircraft during
its turnaround is reduced, easing the turnaroundgss and eliminating the possibility of
not having available pushback trucks at pushbamk st

» Better air transport system performance: Increagbd accuracy of the Calculated Take-Off Time
(CTOT) due to the new simplified pushback operatiwhere the only agents involved are the
pilot -using cameras and training while driving kbaards-, the aircraft itself and the ground
controller, so the dependency on and use of extpusdback equipment (like towing vehicles) is
no longer needed. A better predictability on thiegess will have a positive effect on the flow
management, improving the current slot allocaticadenby the Central Flow Management Unit
(CFMU) and the way peak demands on certain air@odssatisfied and redistributed in time so
that the efficiency of the air transport systermeximised, creating an optimal arrival pattern and
taxi process for all the aircrafts.

Using an electric taxi engine can have several baaks:

» The APU has to be operative for longer periodsimetand the power of this unit should be
bigger, as it should feed all the current aircsafstems plus the electric engine attached to the
aircraft’'s nose gear. Approximations on the poveguired to move an aircraft (size of B737) at
current taxi speeds determine a needed power of230(B67,5 kW) only to perform the aircraft
towing by the electric engine. This power can bduded from the friction coefficients between
aircraft and ground [28] and basic equations. Aeothossibility is airport supplied power,
however this dependency on airport infrastructuesy rhave negative impact in terms of time-
efficiency, as additional time will be requireddlace the aircraft in the taxi starting point.

» Engines must be turned on around 5 minutes befdedff (there should be a procedure oriented
to solve the risk of engine start failure). Givédnstneed, fuel cost savings and environmental
benefits will be minimal on small airports havirtgpst taxiways between the terminal and runway.

» Extra space should be reserved in the cargo compattto fit the electric engine and its
complements inside the aircraft. This would dintinihe available space on-board to carry
payload. Furthermore this will lead to an increaseaircraft weight and the need for a more
powerful APU.

* In this solution the pilot is still the last personcommand of the aircraft during the taxi operati
This means that in low visibility conditions thectired capacity for taxiing will be probably
lowered even using A-SMGCS, which will already impe operations in such conditions, but not
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fully eliminate the weather-related issues, astled controller are in this system still in charge
of keeping safe distances between aircraft.

» Given the drawback mentioned right above, situali@wareness is not completely solved. The
main problem will still be the control of the pilahder low visibility conditions and the presence
of other aircraft or vehicles. Also, in operatioitwother aircraft which do not have this system, i
will be required to wait for them to clear the &gy as nowadays.

The expected impact on the TE KPIs is positiveaomtime, turnaround time, and delay levels. This i
summarised in Figure 19. Electric taxiing furthersmbas a positive impact on the KPIs for the Cost-
Effective (CE) and possibly also for the Ultra-Greg@/G) concepts, most notably regarding energy
use, emissions, and noise on the airport. The ueebcells for the electric engine can resulttam
reduction of 19% in emissions [27]. However, anged weight to the aircraft may neutralise this
positive impact. Consequently, the solution ideaaiso mentioned in those airport concepts.
Furthermore, airlines would also benefit furtheonfr the implementation of this solution, as the
maintenance of engine fans, compressors and tsrbuoeld be reduced due to lesser ingestion of
debris and small particles during the taxi operatio

Figure 18: Example artwork of a safran-honeywell electric motor attached to the aircraft's nose wheel
(Source: [17]. © www.aeronauticmedia.de).

Taxi
Connecting Turnaround
Process Delay
Waiting Curb-gate

Figure 19: Expected impact of electric taxiing on the TE KPIs.
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5.4.2 High speed rail system for aircraft taxiing

5.4.2.1 Concept description

Both now and in the future runways may be locatedendistant from the terminal due to spatial and
environmental constraints existing in some Europ@aas. To avoid long taxi times to and from these
runways, the TE airport concept proposes an autnail-based system for taxi operations. Aircraft
can be placed on a moving, adaptable to sevewattitypes platform (‘train cart’, although other
solutions like contactless rails/magnetic levitatimay also be worthwhile to consider), which will
move the aircraft to and from the runway. Depending local circumstances, this rail system
(schematically shown in Figure 20) can either bplémented for a certain path in the taxiway system
or can be expanded to cover the whole taxi patim fgate to runway, as also shown in Section 5.4.7.
The pilot would take control of the aircraft onte tplatform releases it automatically before tafte-o
or, on the other side, would have to place thedira a on the platform after landing.

higher taxi speed

g na—

automatic up and e.g. (electric) aircraft can drive on platform
down of fixer rail technology by itself or by a towing truck

Figure 20: High speed rail system, moving platform for aircraft taxiing.

5.4.2.2 Implementation and expected benefits

This solution proposes moving the aircraft fromittetands to the runway (and vice versa) using a
track system similar to a train rail system. Aiftsavould do taxi operations placed on one or saver
moving platforms that would be assembled on theaeks. By implementing this system the
restrictions imposed on the taxiing speed no loggend on the performance of the aircraft’s tmes
pilot's skills, although some acceleration limitowd still be needed, i.e. those associated to the
comfort of the passengers during taxi operatiorts ¢ine turning speeds.

This platform-railway track system would provide/seal benefits to both airport and airlines:

* Minimisation of the average taxi in/out time: Hightaxiing speed, which would lead to a
reduction in the amount of time needed to perfar dperations in airports; especially on those
airports which have greater distances between talsand runways.

* Improvement on pushback operations: the pushbaekatipn can be eliminated as the aircraft is
placed at the gate using this train system.
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* All weather system. Taxi movement would not be @#d by low visibility conditions or cross
wind conditions. The aircraft's taxi speed using tlail system would not have to be decrease
because of low visibility conditions, as the rgi$tem is autonomous.

» Better air transport system performance:

o Positioning the platforms in the track system udiagcons similar to those used in current
train transportation systems would be much eadian tpositioning aircrafts in the
movement area of the airport using ground radar, ia currently done. As the aircrafts
would be attached to these platforms, this wouled l¢o a better control of aircraft
movements within the airport, especially under taéther conditions. Altogether, these
facts would generate a positive impact on CTOT Hulite associated positive impact on
CFMU performance) and slot allocation, improvingstiwvay the air transport network
performance.

0 This solution can even result in lower delay leyvdige to the unified stream of aircraft at
the airport (given that the train system has sigfficcapacity).

To develop a successful system like this, sevexlirements should be met. The system should first
of all comply with safety, passenger comfort andasation standards. Furthermore the reliability
should be ensured, both such that it can achiewenditessary capacity, also during severe weather
conditions. The implementation of a rail taxi systevould require full integration with ATC
procedures and systems.

The high speed rail system furthermore has a pesitihpact on the KPIs UG concept, most notably
regarding emissions and noise on the airport. Rerdirport the system however results in high
investment and maintenance cost and more energguogstion. Furthermore controllers are needed
for the system, adding possibly to staff cost, giothis might be integrated with current ground
control operations. Aeronautical costs may thusease, resulting in a possibly negative impact for
the CE airport concept. The expected impact is samsed in Figure 21.

Taxi
Connecting Turnaround
Process Delay
Waiting Curb-gate

Figure 21: Expected impact of a high speed taxi train system on TE KPlIs.
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5.4.3 Automated de-icing systems

5.4.3.1 Concept description
De-icing aircraft can result in a considerable galacurring after the turnaround process and tdke-o

of the aircraft. Currently, de-icing is done usome or more de-icing vehicles at a dedicated piatfo
The TE airport concept proposes (1) to automate phmocess, and/or (2) to introduce anti-icing
systems either on the aircraft or as a facilityhag airport. Introducing anti-icing solutions mgstl
relate to the aircraft itself. On the airport, simos like ‘protected turnarounds’ may minimise the
generation of ice on the moving parts of the aftciss such solutions are already described inlfze

airport concept, this section will focus on autoiag the de-icing process.

Today's de-icing process requires an extra prosesgsbetween the start of the taxi process and take
off. More specifically, the aircraft mostly firsth to taxi to a dedicated de-icing platform, whese
icing liquid is sprinkled over the aircraft manyallsing preferably at least two de-icing vehicles
(process will take about 20 minutes [36]). Bothsttetour in the taxi process as well as the process
(and waiting) time for the de-icing process will dose delays on the departure times. As an
illustration, Figure 22 shows the two de-icing fdats available at Amsterdam Airport Schiphol. The
detour distance necessary and the waiting timerdepe the aircraft’'s gate, departure runway, and
other local circumstances. However, Figure 22 gigesidea on the implied queuing and detours

necessary in the case de-icing of aircraft is &esty.
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Figure 22: De-icing platforms available at Amsterdam Airport Schiphol Source: [29].
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5.4.3.2 Implementation and expected benefits

The TE airport concept tries to integrate the degievith the taxi process as much as possiblegther
eliminating extra imposed waiting and process ttlae to de-icing. Two ideas are proposed to achieve
this: the use of de-icing robots and in-taxi dedcuse automated de-icing vehicles.

De-icing robots — which are also proposed in theaBRort concept — allow for quick and effective
de-icing of aircraft. These robots, as illustratedrigure 23, can be attached/put on both wings and
stabilizers, after which they automatically stagtiding the surfaces. As the robot is attachedhen t
wing, the de-icing itself can be more effective pamed to today’s practice, as sprinkling of degcin
fluid is done as close as possible on the wings Wil reduce the amount of waste in terms of
excessive fluid that is not sprayed on the surfaea and therefore reduces or even eliminates the
need for dedicated de-icing platforms with apprageridrainage facilities. The de-icing can take glac
during taxiing, given that the robots are safetacted, that they perform an automated de-icingef
whole aircraft (probably engines will require a cp8y tailored solution, as their surfaces are ast
regular as wings and fuselage ones) and, findilgt, tobots safely detach and go back to its origina
position following a de-icing dedicated path thrbagt the surface movement area. If the taxi time is
shorter than the time needed for de-icing, theaircan hold on a holding platform for the remai
time necessary for finishing the de-icing procedsle still gaining time by performing part of tlde-
icing process during taxiing. By 2050 advanced gtcbmovement management systems are in place,
in which this process could also be integrated oBefake-off the robots are detached automatically
and returned to their ‘base’. In local circumstanceorking conditions restrictions at the gate,
holdover timé° of the de-icing material, and taxi planning alléow this, the robot can already begin
working at the gate itself.

Another possibility is to develop automatic de-gcitmwers which are not attached to the aircraft but
run along the taxiways at the same speed of tkeaftir This can be especially useful at an airpaitt

a longer, rather straight, taxi path to a distactted runway. A graphical representation is given
Figure 24. One major challenge with this solutisrthie obstacle clearance that has to be provided fo
the aircraft. The automatic de-icing sprinklers calh after the aircraft's wings, thereby reduciting

risk of collision with them, though collision witthe horizontal stabilizer can still be a risk. Aglhi
reliability of the system is thus required. Furthere, the automatic de-icing tower needs to have
dedicated rail or asphalt on both sides of thewayiincluding drainage facilities for excessiveidlu
Another challenge is the length of the straight teth and the taxi speed of the aircraft, whichllsh
be aligned with the time needed for de-icing thieratt.

The expected impact of this solution is given igufe 25. In summary:

10The holdover time is thestimatedime the anti-icing fluid will prevent the formaticof ice and frost and the accumulation of snow on
the protected (treated) surfaces of an airplang [30
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« Both options will decrease taxi time during de-icinonditions, as de-icing will take place
somewhere during the taxi phase. Both solutions tainperform de-icing during the already
existing taxi time as much as possible.

* As queuing for de-icing may also be reduced, thera positive impact on reducing the delay
levels.

* As both solutions are automated, no human visibézk can be done on the aircraft’s surfaces. A
solution for this shall be thought of. The solutishould also comply with obstacle clearance
regulations and should not have the risk of therait to collide with the de-icing towers.

Figure 24: Moving automatic de-icing towers

[43] wing art concept. Modified by AP2050+ moving behind the aircraft's wings.
consortium.

Figure 23: Automatic de-icing robots. Source:

The de-icing robots will lead to less waste in teroh excessive de-icing fluid, thereby also hawng
positive effect for the UG airport concept. In termf cost-effectiveness, the de-icing solution will
impose high investment costs, though cost incussethe de-icing vehicles (and staff) may be reduces
and addition revenues may be generated from prayithis faster de-icing process at the airport.

Taxi
Connecting Turnaround
Process Delay
Waiting Curb-gate

Figure 25: Expected impact of the new de-icing process on the TE KPls.
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5.4.4 Underground automated container loading

5.4.4.1 Concept description

This system is connected with the automated bagt¢fagesport and distribution system which is
currently available in many airports. With thisw@n, which is schematically shown in Figure 2& t
baggage belt specifically assigned for a flighibisated not in the terminal building as it is todhut

in a level below the aircraft stand position. Fronere, the baggage is placed into the standard
containers which rise to the platform level throaghelevator or lift platform.

g

From baggage main distribution

Figure 26: Schematic view of the underground container loading.

5.4.4.2 Implementation and expected benefits

The Underground automated container loading casel@ as an extension of the current system of
baggage transportation. The current system consista highly automated railway mechanism
(baggage conveyors) to distribute and transporb#ggage from the passenger check-in position to a
flight specific-belt. This belt is located in tharbside limit of the terminal, where the handling
vehicles (baggage trucks) take the baggage toitbmf The new system, which implies a new
infrastructure with severe costs, covers the exgstlistance between the aircraft and the terminal
curbside. This will reduce the number of vehiclesptatform as the baggage trucks. These vehicles
have to move between the aircraft and the terndndlincrease the platform congestion and special
safety procedures should be put in place. Withitm@ementation of this system, they will be no
longer necessary, thus reducing platform occupati@hincreasing safety of the aircraft.

Another expected benefit is brought for the turnacbtimes, through the improvement of automation.
Placing the aircraft baggage belt in a level betbw aircraft will make the baggage distribution

system to be closer to the aircraft. This bengfitsloading and unloading times of baggage to and
from the aircraft. As a limiting factor, this autatiron comes with an increase of complexity, as the
system to lift the baggage to the aircraft from kbwer level should take into account the aircraft

positioning and the safety procedures on platform.

This solution is completely adaptable to the curegrports and also to the underground pier concept
The latter puts the departure lounges, gates, anchfd bridges underground. This will result in a

clean, open aircraft stand positions with loading &oarding equipment appearing from under the
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ground after the aircraft has parked. Aircraft d&ean be put more closely to each other and the
necessity of supporting vehicles is reduced.

The underground automated container loading is xansion of the current system of baggage
transportation, and covers the distance betweeaitbeaft and the terminal. This allows reducing th
number of vehicles on the platform and reducee tapent in the turnaround, as can be seen from
Figure 27.

Taxi
Connecting Turnaround
Process Delay
Waiting Curb-gate

Figure 27: Expected impact of underground container loading.

5.4.5 Underground piers

5.4.5.1 Concept description

In the advanced TE airport concept all servicelifes, including (part of the) departure lounges,
access roads, passenger boarding gates, fuel |p@atater, ground power, air conditioning, waste and
luggage handling are moved underground, as illiestran Figure 28. Passenger boarding gates and
loading devices can be deployed from and retraatedhe apron level, allowing an open and obstacle
free apron.

Figure 28: Apron with underground access roads.
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5.4.5.2 Implementation and expected benefits

This solution proposes the construction of a complederground set of facilities and equipment that
can cater for all the needs of the aircraft and tlessengers during its turnaround and
boarding/disembarking processes. Although it iseeigd that the above-the-surface terminal part
would be reduced considerably, the constructioralbfthe underground part of the terminal and
equipment would have a negative impact on the dhvawat of construction. Furthermore, aspects such
as future maintenance, operation in all-weatheditimms, risks emerging from the new apron layout
proposed in this solution (i.e.: event of a luggagasport container getting stuck in an undergdoun
facility or tunnel while being moved from the temal to the aircraft and in a zone of difficult assp
should be accurately addressed and consideredydherdesign phase of the infrastructure.

However, the underground pier has advantages eshect to time that can add relevant value to the
TE concept:

* Minimisation of taxi times:

0 The aircraft can taxi straight in and out, removihg need for coupling and decoupling

pushback trucks and the need for wing walkers &xklfior clearance from obstacles.
» Elimination of pushback operations in some cases:

0 Pushback is not necessary anymore, as after bgaadith loading the bridge and loading
devices will be stored underground, after which #ireraft can taxi-out straight. This
straight taxi-out can only be done when there isincraft standing before the other, i.e.
optimal gate planning is therefore a prerequisite.

» Relief of surface activities performed by differemhicles around the aircraft:

0 An added benefit of this solution is the reductadrcongestion on the apron. Due to the
underground-based activities associated with tieatound process of the aircraft the
amount of vehicles transiting the apron would benimised, avoiding interferences
between vehicles and between vehicles and aircrafis would surely improve the
efficiency of current airport turnaround activitigst only having a positive impact in the
UG concept, but also minimising the probabilities onavailability of certain
equipment/vehicles at aprons when required, whiohldvmean as well a positive impact
for the TE concept.

0 At the same time, the previous benefit can havecargary impact on the waiting time of
passengers due to a more efficient performancdl dieaactivities needed to be carried
between the disembarking of passengers from thégque flight and boarding of the new
passengers, such as cleaning of the aircraft, gegtpmding/unloading, fuelling, etc.

* Minimisation of passenger boarding/disembarkingesm

o Passenger boarding can take place from both timé &ed back of the aircraft, as bridges
are stowed underground when the aircraft is moaing not interfering with the wing, as
illustrated in Figure 29. For example, a very lagyeraft, as the A380 with up to 800
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passengers, can be serviced by eight bridges, tveaoh side for each deck as illustrated
Figure 29. A wide-body, such as the A350 with ugld® passengers, can be boarded by
four and a single aisle, as the A321 with up to p@8sengers, can be boarded with two
bridges. Depending on how and when the aircrafesaito the stand the front boarding
bridges already be deployed to allow a quick disakibhg process. With one bridge per
100 passengers, a ten minute boarding time woulthrhearding would take place at one
passengers per six seconds per bridge, which saamasonable value especially when
using an optimal boarding sequence.
* Minimisation of travel distances:

o Aircraft can be placed closer with respect withreather and the apron, reducing travel
distances and thus time spent getting from theiterno the gate.

Underground
Lounge

Underground
Lounge

Figure 29: lllustration of A380 ground handling with four bridges at a side. Deployed bridges (left), stowed
(right).

Two downsides to the underground pier are, in fitate, the level changes required during boarding,
which are estimated to be about 8 meters for the heck and 11 meters for the upper deck. This
requires long bridge, of about 50 and 68 metengsecs/ely, to get a reasonable slope of 16% [23]. A
moving walkway, or even an escalator is thus gobbeequired. The lower part of the bridge, which
would contain the escalator, could be steeper lamdhigher, extendable part could be more horizontal
As can be seen in Figure 29 the resulting (stobedrding bridges (illustrated on scale) are not
considerable larger that the aircraft's wing sp&arsecond issue or challenge that this solution aoul
need to solve is how can current infrastructuresd deth a progressive evolution from the currently
extended stands-terminals layout to the one praplses, incorporating all the infrastructural chesg
needed to achieve it.

The impact on the TE KPIs is given in Figure 30eTunderground pier furthermore has a slight
positive impact on the KPIs for the UG airport cepts, as the use of apron service vehicles can be
reduced by the use of this underground concept.edewy from the CE concept’s perspective, the
solution has negative impact on airport costs.
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Figure 30: Expected impact of the underground pier on the TE KPIs.

5.4.6 Automation of turnaround processes

5.4.6.1 Concept description

Some services existing today for the turnaroundbeaimproved through an increase in automation. If
the several turnaround processes are coordindiedinte efficiency of the aircraft servicing impes/
The main achievement of this will be an optimizacharound time and an increase of predictability.
For achieving this, the automation should be agphethe following processes:

» Passenger handling (all passengers disembark amnd tiee aircraft)
» Cargo (equipment positioning/removal and cargo argh)

» Refuelling

* Cleaning

» Catering (toilet servicing and potable water seng

* Ground handling servicing

5.4.6.2 Implementation and expected benefits

The current situation, with some processes alreadgmated, includes some procedures which are
time consuming and that could be improved if nestesns are applied. The common point for these
processes is that they have to be performed witlatttraft at full stop in its stand position asesal
servicing vehicles have to move around it and osifThe servicing points should be designed and
located in order to:

* Minimize access time
» Allow simultaneous access to all critical servicengs
* Minimize the risk of damage to aircraft by groungbgort equipment

In the current situation, the stand positions riexhe curbside are designed following these presnis

For making these services automated, one of the sadiitions is to make the aircraft a part of arle
servicing concept’, where the aircraft arrives t® $tanding position and the service points are
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available as soon as it arrives. These servicetpaire flexible and can adapt autonomously to the
aircraft size or stop position respect to the taahbuilding. This could be done with special belts
pipelines which connect the terminal directly witle stand position. With this solution the numbier
ground vehicles needed is reduced, with it alsaitkeof collision and the reliability of the tunmaund
operations regarding time needed to perform thehis Bystem should have the condition of
adaptability in order to give service to the majodf the aircraft types and sizes.

Additionally, the option of a multipurpose fingeashbeen considered as adequate in order to improve
adaptability of the airport to several aircraftesizand reduce the space needed for servicing the
aircraft. This finger would feed the aircraft ditlgcfrom the terminal building providing the fuel,
energy, catering goods baggage, passengers, gimn thie same structure.

The main expected impact is the reduction of thie tspent by the aircraft in the airport, which g o

of the business objectives of the A/C companiess a@lso brings benefits to the passengers, as the
boarding and deboarding will be reduced.

Taxi
Connecting Turnaround
Process Delay
Waiting Curb-gate

Figure 31: Expected impact of automation of turnaround processes.

5.4.7 Electric guided taxi system

5.4.7.1 Concept description

This solution consist of a moving platform or etectowing system which moves the aircraft through
the taxiways once it has landed, allowing the aftdo turn off its engines throughout the taxaghg

in the stand and push-back operations. This caaldm thought as an automated guided system to
move the aircraft in the airport.

5.4.7.2 Implementation and expected benefits

This system allows the movement of the aircrathm platform area without using the engines to gain
speed and wasting valuable quantities of fuel @& glocess. It should allow fast taxi-in and taxi-ou
operations to be competitive and reliable. Theré v no need to push-back using the engines or a
special towing vehicle on platform.
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The system will also allow the correct and pregissitioning of the aircraft with respect the teraiin
building. An increase of the accuracy in the tuonad process increases the predictability and
improves the efficiency of the other processeslireain the turnaround (from in-block to off-block)

The system can be a towing system which adaptsetadse landing gear wheel and pulls the aircraft
following a rail network system or a moving platforvhich pulls the aircraft also following a guiding
system. The layout of the towing system could bepéetl to existing airports or to the circular
terminal concept. It can also be integrated withuhderground and high-pier concepts.

The expected impact affects mainly the positionoigthe aircraft and the taxi times positively.
Another benefit is the all-weather operations,hés $ystem is capable of autonomous operation under
low visibility conditions. However, the electric igance and towing system can highly increase the
costs of operations, effect that can be balancezhghe fact that the airline costs of operaticas loe
highly reduced taking into account the fuel thatdsed with this solution.

A simplified layout of this solution is shown indtire 32. Once the aircraft has landed in the runway
it will reach an specific position (shown as a back). From this position, a rail towing systenllwi
hook up the front landing gear of the aircraft. 3dérolding positions can be modified along the
runway length, adapting to the distance neededhiraircraft to stop after landing. With a pulling
mechanism, and following the rail (dotted line)e thircraft would be taken from the runway to its
stand position (taxi operation). Once the airchadis arrived to its stand position, finished the
turnaround processes, it is again pulled by the machanism from the standing position to the
specified runway needed of departure. This waygetiggnes can be started upon arrival to the runway
and not before, avoiding additional fuel consumptior wasted time due to acceleration of the
aircraft.

Figure 32: Schematic view of the electric guided taxi system.
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Figure 33: Expected impact of guided taxiing.

5.5 Landside processes
This section discusses the solutions provided fme aeith the expected key bottlenecks for landside
processes.

5.5.1 Walkthrough security corridor

5.5.1.1 Concept description

In 2050 the security process is proposed to be owdhbnto a single, non-stop check. This check will
have the functionality to check the passenger’stitle as well as checks for forbidden and danggrou
items in any luggage. Manual checks are only nacgsghen deviations are detected. Prototypes of
this walkthrough security have already been proghdsethe International Air Transport Association
(IATA) [24], as can be seen in Figure 34.

5.5.1.2 Implementation and expected benefits

The security corridor will be implemented as a ftah through which the passenger will walk. Using
advanced security equipment the identificationhef passenger, the contents of any luggage, and the
passenger's body will be checked without the neédpe&rforming previous actions such as
withdrawing certain objects from hand luggage (éagtops or electronic devices), removing belts,
etc. These actions currently suppose an importamtribution to the bottlenecks present in security
checks. The scanning equipment will be evolved Bystems that do not require the passenger to
stand still or the baggage to be placed on a dpeeia Currently research is performed on thegpe ty

of security systems, as the limitations of curreeturity equipment in terms of capacity are
recognised. The Airport detection and Tracking @fgkerous Materials (ATOM) FP7 project is one of
the projects investigating active and passive ragasors [41]. Experiments are done to test radar-
based full-body screening of moving passengers [BRs technology would be suitable for a more
evolved security check corridor. Once a passengescieened and requires a manual check, the
passenger can be ‘pulled out’ of the flow withoigtutbing the flow within and towards the corridor.
Research is also carried out into passive, contimusecurity systems, which could for example
continuously monitor the whole terminal or loungéese systems will help to improve the airport’s
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security, though the advantage of having a sectedayridor’ is that passengers carrying forbidden
goods can be filtered out rather easily and withdisturbing natural passenger flow within the
terminal. As such, dedicated security ‘checkpoirti®® expected to still exist in 2050, added with
passive security equipment.

Figure 34: IATA's security checkpoint [Source: IATA].

Passengers currently suffer from long waiting armat@ssing times at the different security checks.
The single, non-stop security walkthrough is expédb provide a high processing time and little
waiting timé*. Furthermore, less human control and interfereiscenecessary in the process.
Therefore, high benefits are expected for the pamsein terms of their throughput time.
Consequently, installing the same ratio of secusfigck corridors per passenger as is currently done
with manual security checks, less queuing is exgaedAlso, combining passenger identification and
the security check will reduce the amount of preess(i.e. one single process as opposed to two
separate processes).

The expected impact of this solution on the TE airpconcept’'s KPIs is given in Figure 35.
Introducing this security check concept allows fmiicker passenger processing time and reduces,
through less queuing, the passengers waiting tindedelay. This lead to a more seamless journey
from the curbside to the airport’'s gate. The solutiurthermore is expected to have positive impact
for the CE airport concept, as it will reduce aenatical costs (security staff) in the long term.

1 The waiting time is dependent on the required cépan terms of passengers, the capacity of thetesy, and the amount of
walkthroughs installed.
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Figure 35: Expected impact of walk through security.

5.5.2 Automated People Movers

5.5.2.1 Concept description

High speed people movers would be fast and intedraystems to move the passengers from the
terminal building to the aircraft standing positidihey can also be though as vehicles to be used fr
the place where the passenger arrives to the tatrfiiiermodal connection). In this case, the APMs
can integrate the check in and security procesgbshe vehicle.

5.5.2.2 Implementation and expected benefits

High speed APMs are vehicles owned by the airpogirivate companies which would be fast and
integrated with the airport services. They will raothe passengers from the terminal building, or a
specific platform where the users will board, te Hircraft standing position. It could integratbeot
airport processes if they are not carried out lefuwarding to the APM, such as the check in and
security processes.

The APM will take the passenger (or small groupttidm) from the platform located next to the
intermodal connection point in order to decreaseutjhput times. There, the APM will be able to
read the passenger and its baggage so that tandbfarmation about their selected flight and the
position of the aircraft, as shown in Figure 36a®l and updated information is needed for this
process. Then, the vehicle will move to the aitgpakition at high speed.

This way, the APMs reduce the walking distancepfassengers and eliminate way finding problems,
and decreasing processing time. These vehiclebecatso improved by allowing them to carry out the
check in and security processes related with thesgrager and its baggage. In such way, these
processes can be decentralized from the airpartinet and provide additional space to allow the
movement of passengers. Also, it will allow the pames know the exact position of their
passengers, i.e. using a low priced RFID chip,hay theck in as well as baggage, increasing the
predictability of times spent for each passengeoykng the position of the vehicle from the airtraf
Connecting passengers can be also transporteditatxt aircraft.
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Terminal building

Dedicated rail for
APMs

Figure 36: Schematic view of the operation of APMs for passengers in the terminal.

Upon implementing large APM systems at the airgbs,airport can consider the movement of (parts
of) the terminal more towards the runway. This wiordduce taxi time for the aircraft, and adds only
little time to the curbside-to-gate time for thespanger by elongating the APM system. Doing this
would be useful for airports that currently needhamsion, are of medium- or large size, and
consistently use the same runways. Smaller airpaitesn already have terminals located near the
single runway that they have, and this propostiasefore of less interest for them. Large airptrét
have an alternating runway use might also beredg from this proposal, as a centralised termal i
more suitable in this case.

APMs for transport within the terminal improve paisgers experience in airports and assure that the
passengers are at the boarding gates on time fparttee. They also include the baggage
transportation. These systems will transport huiglref passengers in one day so the cost of
maintenance is expected to be high. It is also @epdo increase the energy consumption.
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Figure 37: Expected impact of APMs.

5.5.3 Using mobile devices to sequence passenger boarding

5.5.3.1 Concept description

The implementation and broad use of mobile dewdd#scome together with several way finding and
localization options. An idea of a current versadrsuch applications is given in Figure 38. On¢hef
features expected to be useful is the sequencipgsdengers within the aircraft cabin as they arriv
reducing the boarding and queuing and congestiobl@ms that are found today. It also assigns a seat
for every passenger as they arrive so that thenaabvement of passengers is fluent.

Figure 38: Mobile device assisted boarding sequence.

5.5.3.2 Implementation and expected benefits

This application will be mobile based and will beamaged by the aircraft operator company. It
combines alerting services (Implementation of Id€AT functions to alert passengers) with enhanced
logistics through the application of ICT and sesstbroughout the airport. Considering that all the
passengers would be used to the mobile devicearty out several processes (such as check in), it
will be easily extended to other processes. Wiih shistem, the passengers are sequenced following a
passenger sequencing method to board in the diegdhey arrive to the waiting room or close ® th
aircratft.
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This is achieved with an ICT system located atiéneninal which detects the position of the passenge
through its mobile device and also authenticaeswner. Communication and detection procedures
should be in place. It then applies an algorithmptovide place for the passenger following a
proximity sequencing pattern. This allows passerigeknow not only its position in the boarding
gueue, but also the aircraft company to know thatiom of all passengers to be boarded (also if any
passenger is going to be late). Also helps the eompo measure the loading of the aircraft.

This solution can be extended to other serviced) ag placing the passengers in the aircraft.

It also enables the passenger to connect to theraterminal network which recognises him/her as a
valid passenger and provides all necessary infeomatbout the flight. The extensive use of mobile
applications reduces the cost of implementing othetems and saves money. Passengers would
benefit from the reduction of boarding times arel khowledge of their exact position in the cabin.

The passengers are sequenced to board in theflaiasrahey arrive or following a proximity
sequencing pattern. This allows passenger to ke position in the boarding queue, but also the
A/C company to know the position of all the passgado be boarded (also if any passenger is going
to be late). Also helps the company to measuréotiding of the aircraft
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Figure 39: Expected impact of mobile boarding.

5.5.4 Fast baggage sorting and containerising system

5.5.4.1 Concept description

Baggage sorting will be done in 2050 quite simjlaais today, but with a focus on time-efficient
processing. Baggage scanners will have been imgrtweachieve higher system reliability and a
lower error and delay level. Solutions such as &&dequency Identification (RFID) chips either
built-in suitcases or attached with a label carp helachieving this aim. Furthermore, besides more
time-efficient scanning and sorting, in 2050 baggagstems will consist of more baggage robots that
could also automatically and quickly load aircredntainers with luggage. This will reduce the need
for manual baggage loading into the aircraft.
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5.5.4.2 Implementation and expected benefits

The advanced baggage system that is foreseen iF&lagrport concept essentially consists of attleas
three features: (1) conveyor belt with higher sgedd) quicker scanning and sorting systems with
higher reliability, and (3) increased use of rob&tautomatic container loading (Figure 40). While

technology to enable these systems already exasthy pit is expected to be developed further and
reach certain maturity and implementation towat@s02so that human intervention is minimised in all
the processes associated with luggage handling.

On the other hand, the morphology of baggage hagdlystems such as conveyor belts and scanning
systems will likely stay the same in the next desadneaning that scanning machines can maybe be
reduced in size, but will resemble the ones thatectly perform scanning activities and conveyor
belts may change the system used to provide moveiméimem, but it's intrinsic objective of carrying
the baggage from one place to another establistgsigal limits (usually associated with common
luggage dimensions) that nowadays have already beached or almost reached. Given these
assumptions, solutions (1) and (2) won't be ‘haapped’ from the infrastructure point of view, as
they don’t need any radical change or adaptatigdgheturrent airport infrastructures to embracenhe
Moreover, it is expected that improvements in sganmnd conveyor belts/baggage transportation
solutions will enforce their integration. Solutionmber (3) may face some more challenges, but it is
expected that its origin is more related to thdestdé-the-art technology, its robustness, and its
reliability rather than in the airport infrastruptucapability to include it.

Figure 40: Automatic container loading using a luggage robot arm (Source: Grenzebach, [38]).

The benefits that these new solutions on fast lgggrting will bring to the airport 2050 are
summarised below:

27-09-2013, v1.0 FP7-AAT-2011-RTD-1-284529-2050AP Page 103/145



2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

* Minimisation of luggage travel time between chegkand the aircraft: Solutions (1) and (2) will
result in a higher processing speed of luggagehagtiter reliability of the systems, which results
in less delay of luggage.

» Minimisation of the time each passenger spendsiggalge-related: The quicker and almost fully-
automated baggage process will allow the passeaongspend less time at the airport, which is
beneficial for the passenger throughput time. Qulyethe baggage process may be a critical
process from a throughput time perspective.

* Minimisation of the aircraft’s turnaround times:

o Future baggage systems are foreseen to be ableittonatically load baggage in
containers (3), which are ready for loading inte #ircraft once the aircraft has been
unloaded from the previous flight. Loading robotdl Wwe a crucial tool in this process,
providing for a more accurate and quicker loadimycpss compared to manual container
loading. The loaded containers can be loaded quickb the aircraft, as opposed to the
conventional loading of individual baggage items.

0 The above mentioned solutions would suppose remtlucth the number of vehicles and
equipment transiting on the apron. This can impriinedelays induced by interferences
between vehicles during turnaround activities, thiosining a smaller turnaround time for
the aircratft.

The expected impact on the TE KPIs is given in fagil. Note that the passenger’s time spend in the
terminal is expected to be reduced due to the gquibkggage sorting process, allowing the passenger
to arrive on the departure airport later than téglayactice. This positive impact can only be acadk
when a high reliability of the system is assuredlv#nced baggage systems furthermore have a
positive impact on the KPIs for the CE and UG cgtgemost notably due to the reduced amount of
services vehicles at the airport and the redudtiostaff costs (which is considered larger than the
initial investments costs in these systems).

Taxi
Connecting Turnaround
Process Delay
Waiting Curb-gate

Figure 41: Expected impact of advanced baggage sorting systems on the TE KPIs

27-09-2013, v1.0 FP7-AAT-2011-RTD-1-284529-2050AP Page 104/145



2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

5.5.5 Automatic displaceable seats for passenger boarding

5.5.5.1 Concept description

This concept affects also the aircraft structuré drerefore is a solution that has to be validatéd

the aircraft manufacturers. It consists of a spaniavable platform with the seats on top, which is
placed in the terminal building and has a dedicaidsystem allowing the correct positioning oéth
seats into the aircraft once the passengers atedsdahas the advantage of providing the waiting
room service before boarding, as passenger seheinplaces upon arrival. The boarding process is
made automatically as the seat is placed insidaiticeaft with the passenger already seated and its
baggage placed. For this purpose, these seats Wwawddan integrated baggage place that is adapted t
the aircratft.

5.5.5.2 Implementation and expected benefits
For this solution, there are several ways of pladime seats within the cabin once the passenger is
seated.

The first considers a unique platform containin the seats and baggage placing. This unique
platform fits in the aircraft structure so that displacements can cause structural problems. This
structure allows the passenger to seat as theyeaarnd stay physically in the terminal but in a
dedicated space. In this case the boarding of pgeseés made at one time, as the platform moves
from the terminal inside the aircraft.

The second case (shown in Figure 42) option is roomeplex, as takes into account the movement of
individual seats or rows of seats. This requiresemammplex systems to manage the movement of
seats as the passengers get seated. The seatbeqilited so that they are distributed individuall
with the baggage compartment or could be groupeéations.
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Figure 42: Layout of boarding for automated displaceable seats.

In both cases, the availability of seats as passengrrive and their positioning reduce the queue
problems and the boarding times of the passendper s€ats will integrate the positioning of the hand
baggage, greatly reducing the current corridor estign problems and also offering the option of re-
sequencing the passenger on board for optimalftnattsthe next flight in case this is needed.

Once the aircraft arrives, the deboarding procediiltebe symmetric to that of the boarding, so that
the passengers are deboarded in order and witlwoutlar flow disruptions. Each passenger would
leave its place taking the time needed.

The complexity of this system is very high and wviiting some problems like compatibility. The
boarding system would need to be adaptable foerdifit aircraft sizes and row numbers, as well @as th
spaces between seats when they reach their spegifisition. This would also bring difficulties
regarding the structure of the aircraft and addélaveight.

The main impact of this solution affects the boagdand deboarding times, which is one of the most
time-consuming processes of the turnaround takittgaccount the aircraft manual.

While it is clear that this solution will be a googtion for improving passenger experience in teos
time efficiency, it requires complex systems fa fifatforms and the interface terminal /aircrafickh
might increase the positioning times and the coStgperation. Similar solutions can be developed fo
other processes such as catering, which are irgtludethe automation of turnaround processes
solution.
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Figure 43: Expected impact of displaceable seats.

5.6 Intermodal transport services

The advanced TE airport concept has the objeativeave seamless intermodality. While this can be
reached by integrating different modes of transportertain infrastructure, the TE airport concept
also foresees electric (personal) taxis for doeaitport transport will become essential in reaghin
intermodality and increase the time available fgng.

5.6.1 Electric taxis for door-to-airport transport

5.6.1.1 Concept description

In 2050 environmental sustainability and fuel psiceill have pushed all transport modes towards
more efficient means of enabling mobility, inclugimll kinds of road transport. This opens the
possibility to develop an airport-dedicated electexi network that will bring passengers from thei
door to the airport’s curbside and vice versa,grening particularly well in sparsely populated aea
where access to mass transport is not cost eféeatid congestion on roads is limited. This trartspor
mode will be highly enhanced by new informationteyss and data availability on passengers
location, schedules and road traffic, which wilhgeate optimal pick-up schemes for a passenger o
group of passengers.

Another expected improvement is that taxis willdeo automatic (self-driven). This will turn taxitd
a more cost-effective transport mode and is theeefoore accessible for travellers. Moreover, the
flexibility given by any road transport mode willaike them also suitable for densely populated areas.

5.6.1.2 Implementation and expected benefits

Airports or a combination of different investors iath may have interests in this solution, such as
municipalities around the airport, will provide tbeonomic resources to deploy a suitable taxi,fleet
depending on its demand.

Electric taxis, as schematically shown in Figure Wl enable direct connection from the curbside t
the next landside airport process. During thisreyr several elements will minimise the connecting
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time with respect to the total door-to-door jourrigge, while making taxi mode more accessible for
travellers:

» Optimal pick-up scheme:the appropriate information sharing and availgbikill enable the taxi
network to determine an optimal pick-up scheme,si@ring the suitability of picking up
travellers who come from geographically close moentd requested the taxi service, road traffic,
flight departing times of each of the passengeiggdge carried and total distance travelled from
home-to-airport.

* Automatic, electric-powered taxi (AET): Technology will enable self-driven cars and electri
engines will be already of common use in road wartsmodes. This will have a good impact on
UG and CE concepts if the total journey is congdeRegarding TE concept, using all available
information on road traffic and gate allocation tadiveller's aircrafts will minimise the time
needed for each passenger on its door-to-door ggurRurthermore, better predictability of the
time required to travel from home-to-airport wi#t ensured.

» Availability of information on passengers locationand estimated time of arrival to the
airport curbside: Mobile devices providing information to the traleelwill have an important
role in 2050+ air transport. Before being picked e@ch passenger will confirm its location. The
time and location where the passenger is pickedilifpe sent immediately to the airport, which
will reveal to the airport the time of arrival dig passenger’s to the curbside. This information
will be relevant for airport and airlines, as theyl know if their passenger’'s will arrive to the
airport on time and if there has been any distuwwbauch as rerouting due to traffic.

» Updated information sharing with the passenger:At the same time, updated information on
flight schedules, gates, and any changes on thdmbwisent to passengers, altogether with
applications that will enable the passenger workinghopping for goods during the journey that
will be ready to be picked up after disembarkinghat arrival airport. This allows the passenger
for optimal use of the transport time in the AET.
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Figure 44: Schematic view of the AET solution.

Even though this solution trespasses the boundesiablished for the TE concept, its advantages and
characteristics have a positive impact on miningisthe passengers’ connecting time during the
journey, as it is shown in Figure 45. The solutiorthermore has positive impact for the UG airport
concept, as the taxis will be automatic and electri

Taxi
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Figure 45: Expected impact of electric taxis for door-to-door transport.

5.6.2 Integrated guidance system

5.6.2.1 Concept description

The integrated guiding system is a proposed salutio cope with the five bottlenecks regarding
intermodality at the airport in the 2050+. Evenugb parts of it might be out of scope of the pryjic

has been included in the document due to the netevaf the intermodal processes and the need of
incorporating a solution that provided seamlesermodality in ariports. Thus, it contains several
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elements that together try to add a positive impacthe concept’s aim to minimise the connecting
time needed during a door-to-door journey. The el@s) shown schematically in Figure 46, focus
mainly on information sharing, better guidance, alehination of uncertainties and are as follows:

e Better information provision:

o How to go to the airport: The passenger will beistsd in finding the best mode of
transport to travel to the airport, taking persanédrmation into account. The advice will
be based on all information, such as the flightdesoof transport, current traffic advice,
etc. This information can for example be captursthg an Intermodal System Wide
Information Management (SWINf)system. Applications (‘app’-like) will exist to pport
this process and help the passenger choose adrtaign mode to the airport, including
the suggested departure time based on the cuiteatien.

o Where to park: Passengers arriving by car can meduowards the parking place that is
most time-efficient for them, taking into accoumé tflight the passenger needs to take, the
applicable terminal entrance, and availabilitylw parking spaces.

o How to walk: From the parking space (or other ptaicethe intermodal area, e.g. train and
metro stations), clear and unambiguous walkway andd is given towards the baggage
drop-off point and ‘passenger transportation’-emtea Dynamic signage on a per
passenger base can help to decrease uncertamtiegineeded for the passenger to reach
the airport’s terminal. Applications on mobile des$ can also assist in providing this
guidance.

» Passenger arrival scheduling: From the airport'sgective, information is available from the
Intermodal SWIM on which passenger will arrive dtawvtime and location at the airport. Using
this information, the airport can apply dynamimaedition of airport resources (e.g. baggage drop-
off points and passenger transportation), which regult in a decrease in processing and waiting
time of certain processes and will contribute taimising the connecting time.

» Dedicated intermodal area including baggage drépidfe airport will have a dedicated area for
intermodality, which consists of parking spacesatishs for different modes, and the
aforementioned facilities. Early baggage drop-dfings will be available in this area to allow the
passenger to hand-in his/her luggage as soon aibgos his will ease in the passenger’s transfer
to the terminal, as no heavy luggage will havedaéarried.

» Passenger transportation to terminal: In ordelitoigate the long physical (walking) distance that
Is currently present at several European airptdssportation facilities should be used. This can
be achieved by for example using APMs (as discussedction 5.5.2) or modes that provide an
individual way of transportation for the passengsuidance through dynamic signage and/or
mobile devices with guidance functionality will Inde these modes of transport.

12 The CE airport concept (D4.3, [21]) elaboratestos Intermodal SWIM solution.
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Figure 46: Overview of the integrated guidance system in the intermodal process.

5.6.2.2 Implementation and expected benefits

This new solution is expected to have positive icha minimising connecting time by specifically
addressing the bottlenecks that are expected &1 exithis area for 2050+. This positive impact is
achieved by speeding up the passenger’'s transfertr@msportation processes between modes.
Improved system-wide information provision and guide will help the passenger to achieve a time-
efficient journey. The expected impact is summakisethe radar plot in Figure 47.
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Figure 47: Expected impact of the integrated guidance system.

5.7 Infrastructure
This section discusses the infrastructural chatigaswill contribute to the TE airport concept.
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5.7.1 Circular terminal building

5.7.1.1 Concept description

The circular terminal makes efficient use of linditepace available at airports. By arranging aitcraf
stands and the terminal in a circular way, a lang@unt of aircraft can stand next to each otheis Th
is a solution that can be applied to large airpaith expansion problems. A schematic represemtatio
in given in Figure 48. Aircraft are furthermore gda more close to each other, thereby reducing the
MCT, and the overall distances in the terminal mmguced. With this solution, an integrated A-
SMGCS is needed in order to avoid or manage prypieel congestion of the intersecting areas.

Figure 48: Aircraft stands arranged in a circular way.

5.7.1.2 Implementation and expected benefits

The implementation of a circular terminal concepexpected to be useful especially at airports that
are constrained by available space, but want tavthran terms of airside (aircraft stand) capachy.
combination with the underground solutions proposethis airport concept may even increase the
potential benefits. At the same time, it will alsduce taxi times because thanks to the particular
disposition of the taxiways (in blue in Figure 4&st taxiing is enhanced from the stands to the
runways through wide and two directional taxi lameslucing the number of crossings in the way. The
terminal building and concourses will be as they taday except that they will have circular shapes.
Passengers will still be boarding and disembarkimgugh fingers and all handling will be carried ou
as it is done today.

It is expected that the concept has positive imfzadboth aircraft as well as passenger throughfsit.
the aircraft are placed more closely to each othemmaller terminal is required, thereby minimising
the passenger’s time spent from curbside to gaien€rting passenger may profit from a short MCT,
making the airport more attractive from a hub pecsipe.

The expected impact is given in Figure 49.
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Figure 49: Expected impact of the circular terminal.

5.7.2 High pier concept

5.7.2.1 Concept description

The high pier concept layout, as shown in Figurei®@imilar to that of a hangar and has a building
placed above the stand position of the aircrafts Tay, the passengers terminal is placed above the
aircraft. The stand positions are placed in colusmshat the building is perpendicular to the aiftcr
taxiways and the runway. This way, the aircraft tmde placed exactly below the building. The
passenger movement is carried out in this buildimgl the gates are above the aircraft. The boarding
will be made from platforms hanging above the aiftcstand position. With this layout, the boarding
and servicing of the aircraft are separated sottigaboarding is made from a higher level and daés
interfere with other turnaround processes.

5.7.2.2 Implementation and expected benefits

The high-pier is an unconventional pier which isd®d above ground and allows the aircraft to taxi-
in and -out underneath it. This means that theiteand passenger bridges are located above the
aircraft stand position, thereby clearing the apaoza for the turnaround processes to be carried in
parallel. Passenger bridges can be moved down tmipeected to the aircraft once it arrived at the
aircraft stand, while the baggage loading and tiveroturnaround processes can be carried out in
parallel in the ground floor level.

The main advantage of the high pier is the redndtidaxi time due to the elimination of the pustiba
procedure. Thus, the infrastructure should be demed as a 'drive-through' hangar. Furthermore,
boarding and deboarding of passengers is not artedg with the other turnaround processes and thus
reduces turnaround waiting times. This high piethiermore acts as a protection ‘roof’ for the aftr
which is especially useful in severe weat her ciont. The need for de-icing may be reduced by this
sometimes resulting in an even shorter taxi timee Tayout of the terminal, forming one column,
would bring shorter taxi times for those positiamtsser to the runway, but could be disadvantageous
for those positions farther, especially if the aitghas many movements.
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An additional advantage is brought by the possiédi of use of the terminal building as an
intermodality area. If a train or APM vehicle irdteucture is possible in this terminal building,
without causing infrastructure problems, it wouldgossible to have the passenger arriving to the ga
of its aircraft from this vehicle, thus greatly ueihg their time walking in the high pier termin&@his
vehicle would have to combine the check in and isiggprocesses.

The disadvantages would be all the structural problrelated with high tail planes like the 25 neeter
of the A380 and to allow the straight taxi-in armbt-and the weight and wind loads that have to be
considered for high buildings with few supportingings. Additionally to the loads problems, the
platform for boarding/deboarding should be adagtaiol the plane door configuration (time of
adaptability of the platform), adding additionahitations to the building. Another challenge migkt

the accessibility of the passenger bridges, asalgasdescribed in the underground pier-solution.

Passenger waiting room and
intermodality

Adjustable and
moving platform

\'\
\ I
JL\

i thit

— D ——
QO 'O ~0 ©
o TG o

§ @

Figure 50: Schematic view of the high pier concept.

The expected impact of the high-pier concept iggiv Figure 51.
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Figure 51: Expected impact of the high-pier concept.
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5.8 Summary of the advanced Time-Efficient concept

The latter sections discussed the elements that together the TE airport concept. While the bésefi
of the individual elements are indicated, this isecyives the reader an overview of the benefitthef
total airport concept, by combining all solutiomsdne TE airport concept. The concept description
will start at the beginning of the passenger’ jayn

5.8.1 From home to airport curbside

From densely populated areas, such as large diiesnost efficient way to the get to the airpsrby
dedicated public transportation or private vehic®gstem-wide (real-time) information management
will allow the passenger to be guided in choosimg Inost time-efficient transportation mode to the
airport. Electric taxis become an option when thang from sparsely populated areas, where acaess t
mass transport is not cost effective and congesimrads is limited.

What will be different in 2050 is that cars and ghiaxis will most likely be electric and fully
automatic (self-driving). It is expected that theifl be more cost effective and thus accessible for
travellers. The airport, that knows the time thighii departs well in advance, will take into accoun
travel times and plan an electric taxi to pick hp passenger on time. The schedule of the Automated
Electrical Transports (AETS) is continuously opteid with respect to all passengers who need to be
taken to or from the airport. This will ensure potable transport from the passenger’s door to the
airport curbside.

Before the passenger is picked up, the locatiothefpassenger is confirmed and the passenger is
signalled by a portable device where and when tB& #vill pick him up. Mobile devices providing
information to the traveller will have a very impamt role in 2050+ air transport. During the ride t
the airport, the passenger is updated of any clsaingalans and can use his time in whatever fashion
he likes (e.qg. for working or shopping for good$jet he can pick up after disembarking at the afriv
airport). This allows the passenger for optimal akéhe transport time in the AET. The airport and
airline are able to track his progress and will mtified if any disturbances occur, such as réngut
due to traffic, and will know his estimated timeaofival at the terminal.

The passenger is dropped off in front of the emieaio the passenger terminal, after which the AET
will drive to its station to recharge and wait ftg next ride. If the passenger favours shoppinthet
airport, the AET can arrive earlier to provide thigtra time to the passenger. This allows the
passenger to have control over the schedule.

On the public transport side, the probable increaagse of this mode as a way to reach the airport
brings attention to the fact that new solutionsehovbe developed in order to ease the home-tosairp
journey for the passengers. This is necessaryctease the reliability on the transport networkthsd
buffers taken due to low predictability of the timeeded to get to the airport are minimised. All
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public transport will gather in the airport's imeodal area, where optimal passenger guidance has
matured. Additionally, early baggage drop systemds laetter information systems can help airlines,
airports, and passengers to achieve better cotiminand knowledge on the transport network status
and the delays (either from passengers or aircraft)

5.8.2 Curbside to passenger boarding

The passenger then enters the terminal, where inensart possible pre-tagged baggage into the
baggage drop off. Check-in is moved to the begigprof the travel process and can possibly be
combined with the reservation of the AET. He thencpeds directly to the security point, where he
enters a walk through security corridor, which deteny unsafe objects he might be carrying on him
or in his hand luggage. If anything is detectedadditional scan is made. Customs related cheaks ca
be done also in the walk through security checks Tll reduce buffers and waiting times in the
present security process.

At the other side of the security corridor the pag®r gets to a row of Automated People Movers
(APMs). When he gets in, his mobile phone will passthe passenger’'s data to the APM and the
APM will send an update to the airline and drive gassenger straight to his underground gate. &Vith
sufficient velocity any gate can be reached welhimi several minutes. This avoids the walking
distance for the passenger and also eliminatesvagyfinding problems.

When the APM arrives at the gate, the passengerafetand the APM drives to the next required
location. The passenger picks up any items he raag brdered earlier and is now ready to board.

5.8.3 Airside operations

When boarding begins, the passengers are sigrnalledard on their mobile phone. A pre-defined
optimal boarding sequence can be used in ordeunitklygy board the aircraft. The passenger boarding
bridges can be stored underground and connectsitterground gate with the aircraft doors. Catering
is also loaded using a similar bridge. Baggage rizcgssed using a fast baggage sorting and
containerising system, which will allow ready-t@atb containers to be available when the aircraft
enters the stand. An underground container loadeaviailable to quickly load the pre-loaded
containers into the aircraft. Several other turnatbrelated processes are also automated.

When all passengers are boarded, the door is chysthe boarding bridge is automatically retracted
All loading facilities will be placed undergrouniven that push back might still be necessary,
electric motors attached to the aircraft's gearfeailitate this, thereby eliminating the need &opush
back truck.

When the aircraft is ready for departure, it hataio to the runway. Two solutions for the taxi pess
exist. Firstly, electric taxiing assisted by AdvadcSurface Movement Guidance and Control System
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(A-SMGCS). Optimisation of all taxi movements wi#duce the risk of congestions and delays and
will enable seamless taxiing to the runway. Thenmiation used for this optimisation can be retrieve
by A-CDM, which should be fully integrated by 2050rhe aircraft starts its engines several minutes
before take-off during the taxiing phase and cap-af immediately.

For runways that are located more distant fromtaélxe stand a high-speed taxi train is provided. The
aircraft will taxi using its electric motor to theain, after which the aircraft is transported he t
runway by the train system.

Note that in applicable weather conditions de-icivith be either automated and speed up or will be
unnecessary due to the use of anti-icing matevialgircraft.

5.8.4 Arrival to airport terminal

After the aircraft has landed one of the aforenmer@d solutions will be used to allow for quick
taxiing to the gate. At the gate, the undergrounidige and the container loading systems are
connected automatically, the door is opened angalssengers can begin to disembark. At the end of
the bridge APMs are again waiting to bring passenge the terminal, where they retrieve their
baggage shortly after it has been processed biashéaggage sorting system, and exit to the alebsi

Transfer passengers are taken by the same APMe tgate of their next flight, thereby reducing the
Minimum Connecting Time (MCT). If the transfer tingelarger than the MCT, the passenger can use
the APMs to move to the terminal area and backeabnnecting aircraft at the right time.

5.8.5 From airport curbside to destination

At the curbside AETs are waiting and when the pagsegets on, the passenger’s mobile phone will
send the data to the AET so it knows where to dterAhe passenger is dropped off at his destinatio
the AET drives to his next customer or a holdingeaif the passenger is using public transportation
guidance is available for the passenger througlexample mobile information devices and dynamic
signage, to enable a seamless continuation ofabsepger’s journey to his/her destination.

This chapter proposed the advanced TE airport ganddne different elements in the concept are
elaborated in detail, including a discussion of éxpected impact of each of the solutions has. The
next chapter will discuss a first assessment ofchrecept, which was established in a validation
workshop with industry experts.
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6 Value assessment of the Time-efficient airport concept

This chapter discusses the validation of the TirfiesiEnt (TE) airport concept, which is based og th
outcomes of the first validation cycle in WP3. Tiesults are obtained from the second validation
workshop held on June 19, 2013 at the Polytechmiweysity in Madrid. The goal of the workshop
has been to determine together with a large audiefexternal stakeholders the most appropriate
concept ideas supporting the cost-effective, teen and time-efficient airport of 2050+. To
accomplish this, the workshop was split up in paets [39]:

1) a brainstorm to select concept ideas from thealiniist of ideas, and create new ones,
assuming five different roles (i.e., airport, aidi passenger, ANSP, industry)

2) an expert judgment exercis&d\( definition) to prioritise the relevant attribut&®Is per
concept (example attributes: average taxi timessioms, aeronautical costs)

3) a strategy game to rank the ideas per role sela@ttE) from 5 (best) to 1 (worst), and identify
the priorities of each stakeholder

4) an expert judgment exercisA\{ assessment) to assess the impact of each coitegpbn
each concept attribute/KPI, from ++ (very positivgpact) to -- (very negative)

5) a concluding exercise to link three ideas that @ombrk together in order to improve the
overall efficiency of the airport in terms of timas isolated ideas can improve certain
processes, but not the overall efficiency of thpat’s layout

This chapter presents the post-analysis of the stanix results and shows the expected benefits of the
TE airport concept’s ideas presented in previouaptdr. This chapter thereby focuses on the
conclusions that can be made for the TE airportept) whilst the workshop report [39] focuses on
general conclusions from the workshop in terms dafthodology and validity. This chapter
furthermore investigates which ideas from the UGir@en (UG) and Cost-Effective (CE) airport
concepts could be beneficial for the TE airportaagt.

The chapter is structured as follows. Section @uhrearises the TE's operational changes to the
airport’'s invariant processes as proposed in thevipus chapter. Section 6.2 presents the value
function that is established by expert judgemenadeess the relevant attributes per concept, after
which Section 6.3 & 6.4 discuss the validation Hssof the experts gaming and judgement sessions
respectively. The chapter is concluded in Secti@dnvéith a discussion of the combinations of ideas
that could together be most beneficial to the Tifpaat concept, an overview of the best individual
ideas, a perspective of the TE airport concept, amtiscussion on recommendations for further
development.
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6.1 Identification of operational changes in the Time-HEicient concept

The TE airport concept solutions presented in thevipus chapter propose several operational
changes to the airport’s invariant processes. Tpeseesses, which would otherwise have remained
unaltered (invariant) over time, will need to bedified to implement the concept ideas proposed in
the previous chapter. These modifications can bevsarised as follows for each invariant process:

» Airside process The TE airport concept proposes both the useledftrec engine taxiing and
(electric) guided taxi systems. The first solutimguires modifications on the aircraft, while
guided a guided taxi process at least requiresfioation to the airside and makes the taxi process
dependent on the airport’s infrastructure. Howelieth solutions are expected to quicken the taxi
process, especially in combination with an optinedi planning and control using the systems
(e.g. A-SMGCS) available in 2050.

* Turnaround process Several ideas are proposed to improve the tunmar@rocess. In general,
these solutions include the automation of severakiround processes. For unloading and loading
baggage and other goods, underground loading devare proposed that deploy from
underground if necessary. This requires an infuasire change, but also reduces the amount of
apron vehicles necessary and allows for fasteradlshy and loading of the aircraft. Another
innovative idea is to use automatic seat loadinglding hand luggage) instead of the current
boarding process, which has heavy impact on tleeadiiayout and airport operation.

» Passenger transport For door-to-airport transport electric taxis &meeseen. In order to benefit
in terms of time-efficiency, the concept proposebsave a centralised, airport operated, system of
electric taxis driving from and to the airport. $hivould allow for an optimised planning and
operation of the taxis. Also inside the terminaliacreased use of Automated People Movers
(APMs) is foreseen, as these have the benefit asfsporting passengers quickly to the gate,
thereby also eliminating way finding and long walkidistances. Several pre-boarding processes
could be integrated in these APMs. To optimiselibharding process, passengers are called on-
time using their mobile information devices. Setyuchecks are comprised in a walk through
security corridor, in which the passengers anddgggare checked for dangerous goods without
stopping. The latter solution is a severe changapeoed to today’s operations.

» Baggage transport Fast baggage sorting is required to enable tifficiency for the passenger.
The TE airport concept also proposes the auton@diding of baggage in containers, e.g. by the
use of robot arms. This will enable a quick loadimgcess of the baggage into the aircraft.

* Infrastructure : The TE airport concept proposes some radicaastifuctural changes in order to
achieve time-efficiency. Moving the terminal pierdathe loading devices underground has the
benefit of a clean apron area, which allows fottraight taxi-out (i.e. no pushback necessary).
However, it also involves large infrastructural éstments in underground facilities. The circular
terminal concept allows for more aircraft standsameas with spatial limitations. This also
concentrates aircraft stands and thereby reducgtandes between terminal and aircraft and
connecting flights. The high-pier concept movesttreninal and loading facilities upwards, such
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that the aircraft taxis ‘under’ the terminal whitee passenger and baggage movements are above
the aircraft. This has similar advantages as thderground pier, but also requires severe
infrastructural changes.

* Intermodality : The concept proposes better information shanmfjguidance for the passenger in
the intermodal process, both for the home-to-airjmurney as well as at the curbside and in the
intermodal area of the airport. Automatic Electraxis (AETS) are proposed for an optimal home-
to-airport journey, though different forms of publransportation are suggested to be improved by
using dedicated infrastructure.

During the validation workshop the concept ideagewpresented in a simple, short format and
participants were encouraged to think of the charbje ideas have on the airport’'s operation. From
this an expert judgment of the expected impacterseven time-efficient attributes aircraft tariei,
turnaround time, delay, passenger curb to gate, forezess time, waiting time, and connecting time
between modes was made for each idea chosen gathieag session.

6.2 Composing a value function to evaluate the concept
This section discusses the value function for tBeaifport concept, including the weights used.in it

6.2.1 Determination of the value function

The value function was established from a highlleme WP2, as is described in the Concept
Development Methodology in D2.1.2 [4]. The low-lewsbjectives per concept where established
iteratively throughout the project, and for thetlfier definition of the value function. Recallingeth
value function from D2.1.2:

AV(AF;%OISIO) = /]E ( EZOSOJ +/]M [ M 2050j +As( Szostj (1)

2011 2011 201

Where AV represents the change in value provided by thetisnlu/, represents the weight of the

different objective areas, aiit] M, andS refer to economics, mobility, and sustainabiliégpectively.
Taking @ as the weight of the specific low-level attribuigls as time, and as delay level, the time-

efficient elemenM in equation (1) can be described further by itg-level attributes in the form:
(MZOSOJ - C‘J.L tta><i,2050 +C()2 tturnaround,2050 +w3(52050j’+ a)4 tcurb-gate,ZOSO +
I\/|2011 tta><i,2011 t turnaround,201 5 20 t curb-gate,2011

&)5 twaiting,2050 +w tproce$tsg,2050 +CL)7 tconnecting,2050
t °l t t
waiting,2011 processing,2011 connecting,20

27-09-2013, v1.0 FP7-AAT-2011-RTD-1-284529-2050AP Page 120/145



2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

Similarly, the low-level objectives of economicsdasustainability can be included. The (final) value
function that has been used during the worksholudies 16 low-level objectives in total. Workshop
participants had the opportunity to propose nevibaties to be included, but these were not takem in
account during the final, quantitative analysishaf workshop results.

6.2.2 Determination of the weight factors

The weight factors were determined per concept fexpert judgement during the WP3 validation
workshop. All stakeholders (airport, airline, pasge (user), Air Navigation Service Provider
(ANSP), and industry) were asked térem a time-efficiency point of viewgive:

1) a division of importance to the weights for theethareasi,
2) give adivision of importance to the weight factofshe low-level objectivesy

The weight factors given by the experts were awetdgom the different stakeholder roles during the
workshop. The final division for the Key Performan&reas (KPAS) is given in Figure 52.

Sustainability
15%

N Economics
23%

Mobility
62%

Figure 52: Division of importance of the three KPAs for the TE airport concept.

The division for all low-level objectives, i.e. inding those related to the CE and UG airport
concepts, is given in Table 20. Note that the tesnlthis table express the relative importanceawh
low-level objective for time-efficiency, with weitghadding up to the value 1 for each concept.
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Table 20: Division of importance of all low-level objectives for the TE airport concept.

Low-level objective L?i?g:&cg;?:;gﬁt factor)
Economics

Reduce Aeronautical Cost 0,33
Reduce Non-aeronautical cost 0,19
Increase Aeronautical income 0,27
Increase Non-aeronautical income 0,21
Total 1,00
Mobility

Minimise taxi times 0,09
Minimise turnaround time 0,14
Minimise delays 0,17
Minimise travel time through airport 0,16
Minimise waiting time between processes 0,08
Minimise processing time 0,08
Minimise connecting times between modes 0,28
Total 1,00
Sustainability

Keep noise within or below legal limit 0,28
Reduce energy use 0,20
Reduce emissions 0,21
Optimal use of resources (recycling) 0,18
Optimal use of water 0,13
Total 1,00

A few notes can be made from the results. Firsalbfin the TE airport concept sustainability and
economics still play an important role in the deteation of the added value. Mobility is most
important with a weight of 62%. Regarding the levdl objectives of mobility, it can be seen that
minimising the connecting time between nodes is @hthe main drivers of being time-efficient. In
total, more importance is given on being time-édiit from a passenger’'s point of view compared to
the aircraft's point of view. The latter observatiis in line with the idea of the TE airport contép
which aircraft are enablers for the air transpgstem.

Besides the determination of the weight factorpeets were also asked to assess the completeness of
the value structure. One interesting missing attélwas introduced during the gaming session: kocia
working conditions should be part of the area s$natility, as sustainability is more than being
environmentally friendly.
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6.3 Expert judgment of the Time-Efficient concept solutons

6.3.1 Set-up of the validation workshop

The validation of the ideas was performed in twgysvg1) an expert judgment gaming session and (2)
a value assessment of the chosen fde@e gaming session included all ideas developed/iP4,
including the UG and CE concept id€asThe set-up of this gaming session can be founthén
validation workshop report [39].

6.3.2 Results of expert gaming session

In the gaming session, experts were asked to selecstrategy game the 25 best time-efficientsdea
and rank them by assigning scores to them (thrtluigtgame’). Table 21 lists the selected ideasién t
order of the score given by the experts. Theseltseseflect which concept ideas are favourable
according to the different stakeholders. The TERiaith the highest score is the automation of the d
icing process. In applicable weather circumstartbés solution is believed to have considerable
positive impact on the time-efficiency of the aaitrand thus also of the passenger. Other TE ideas
that are believed beneficial are the walk-througbusity check corridor, the high-speed aircrafi tax
system, and the electric taxi for door-to-door $gzort.

Some ideas of the two other concepts were alsddemesl beneficial in terms of time-efficiency. The
biometric identification of passengers and microsvand THz for homeland security are believed to
decrease the processing and waiting time of thectsfl passenger security processes. The synthetic
vision in the cockpit was originally meant to dexse the airport’s cost, but can also have a pesitiv
effect to the time-efficiency in severe weatherditions, as aircraft may have the ability to flypsér

to each other thereby increasing capacity in tieesditions. Several TE ideas were not chosen by the
experts during the gaming session and are thusdftess beneficial for time-efficiency. No value
assessments have been made for these solutiohe byperts. These are:

» Electric taxiing to and from the runway using A-SKI&: Experts do not expect to gain time
during the taxi process compared to conventiondihig

* Underground automated container loading: Experfseexless flexibility, which may result in
additional delays.

» Fast baggage sorting and containerising: Expertsotisee added value for time-efficiency in this
solution.

* High pier concept: Experts do not see added vaugrhe-efficiency in this solution.

13 For a complete description of the validation wbwdgs, the reader is referred to the WP3 Validatitam 6] and Workshop Report [39].

14 Two TE airport concept ideas were excluded fromvthlidation workshop in order to have a workabiteant of concept ideathe
Mobile device boarding [TE8jvas combined in the CE idéatelligent ICT supported airporand theElectric taxi enginevas merged
with similar ideas stated in the UG and CE airjgoricepts.
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Table 21: Ranking of ideas from expert's gaming session.

Idea Concept Points
Idea 28: Biometric identification of passenger CE 24
Idea 18: Automatic de-icing TE 22
Idea 27: Microwave and THz for homeland security CE 21
Idea 8: Synthetic vision for cockpit CE 20
Idea 29: Walk through check corridor TE 17
Idea 11: High speed a/c taxi system TE 17
Idea 26: Door-to-door transportation of baggage CE 17
Idea 10: Electric taxi for door-to-door airport transport TE 16
Idea 9: Configurable Platform Runways and Taxiways uG 16
Idea 6: Remote Tower CE 15
Idea 22: Underground pier TE 15
Idea 23: Automation of the turnaround processes TE 14
Idea 36: Door-to-door integrated transport chain All 13
Idea 16: On-Board self-boarding gate CE 11
Idea 38: Intermodal SWIM CE 10
Idea 2: Magnetic levitation for take-off/landing UG 10
Idea 12: Electric Guided Taxi System TE 9
Idea 20: Automatic People Movers TE 9
Idea 37: Intelligent ICT supported airport All 7
Idea 5: 3D Holographic HMI TWR-Apron controller position CE 7
Idea 25: Automatic Displaceable seats TE 5
Idea 34: Circular Terminal Concept TE 4
Idea 1: Dual split threshold runway UG 4
Idea 3: Electric Engine accelerators for take-off uG 4
Idea 24: Automated moving seat system uG 3
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Figure 53: Ideas chosen by experts and placed on the invariant processes chart.

The selected ideas listed in Table 21 were placgedhe invariant processes chart to clarify their
position and relation to the specific airport prsms. Figure 53 shows the invariant processes chart
with the amount of chosen ideas per process irexpert's gaming session. Most ideas chosen are
related to the take-off and the taxi-in/-out phasedeas have been chosen related to the passenger
process, e.g. security and boarding. As such, &peoncluded both that these areas have
opportunities for improvement and that promisinlyisons exist for these and related areas.

A review of the invariant process chart made byeetgpshowed that expect modifications in the
location of some of the processes. Especially sofrtee passenger related processes (check-in and
security check) may move to another time duringdlieney or even before the journey. Also, experts
could not agree on the location of commercial s&xi Some experts expect no commercial services
within the airport by 2050, while others do. Alsaggage drop-off could be moved out of the airport
terminal in order to improve time-efficiency. Margolutions require changes to the airport's
infrastructure and could therefore also be (paglgked outside of the invariant processes — silyila
as the circular terminal.

6.3.3 Improvements to the Time-Efficient concept solutios

For some ideas improvements were suggested durengidaming session, which are summarised in
Table 22 and which could improve the time-efficigiof the ideas considered.
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Table 22: Suggested improvements to some of the ideas.

Ideas Proposed improvement

Idea 8: Synthetic vision for cockpit Functionalities that could be added are:

*  Wake turbulence detection

*  Weather situation

e Surface surveillance
By doing this aircraft can fly closer to each other and the aircraft
throughput/capacity can be increased in several scenarios, i.e.
normal and bad visibility operations.

Idea 22: Underground Pier Move the whole terminal underground; which will allow for a clear
airport platform, thereby adding to time-efficiency.
Idea 37: Intelligent ICT supported airport Add commercial needs to this solution, in order not to lose non-

aeronautical revenues due to an increased time-efficiency. This
proposal allows the passenger to use commercial services at any time
during the journey, for example during the journey from home to the
airport’s curbside.

Idea 5: 3D Holographic HMI TWR-Apron Include SMAN services to assist the pilot during taxi movements,

controller position thereby increasing reliability of the taxi process, decreasing average
taxi times and delay levels.

Idea 11: High speed aircraft taxi system Electronic speed control done by Total Airport Management (TAM)

Idea 7: Electric ground movement Optimise operations and adapt them for low visibility conditions, to
achieve high performance also during these conditions

Idea 12: Electric guided taxi system Replace rails/glides with contactless systems, such as an
electromagnetic system

Idea 20: APMs Combine with a city terminal to move passengers from the terminal to
the aircraft outside the city

Idea 19: Fast baggage sorting & Combine with a permanent baggage tag to eliminate the attachment

containerizing of a baggage tag every journey, either at home or at the airport.

6.4 Value analysis of the Time-Efficient concept solutins

In a subsequent expert judgment exercise fileassessment), the experts were asked to assess the
impact of each of the selected concept ideas ovallke attributes. This assessment was done using a
simple scale ranging from ++ (very positive impatd) -- (very negative impact). Using this
assessment together with the value function estaddiin Section 6.2 the added value for idea ean b
calculated. The results of this calculation aresgiin Table 23.

6.4.1 Most value-adding ideas

Using the calculated added value, another rankingleas could be made. Note that this ranking,
based on the added value calculated from expegssisgent by scale (from ++ to --) is different from

the ranking obtained in the strategy game discussdtie previous section. From the TE airport

concept, automatic displaceable seats, the eleguiitted taxi system, and the walk through security
check corridor are expected to provide the mostevab the TE airport concept. Idea 27 with new
security technology is expected to add most vatuthé concept, as this will cause several security
processes to be improved and speed up.
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Table 23: Expert's value assessment of ideas for the TE airport concept.

Ideas Concept AV
Idea 27: Microwave and THz for homeland security CE 60,6
Idea 25: Automatic Displaceable seats TE 44,0
Idea 12: Electric Guided Taxi System TE 39,4
Idea 1: Dual split threshold runway uG 38,4
Idea 29: Walk through check corridor TE 35,7
Idea 28: Biometric identification of passenger CE 35,1
Idea 10: Electric taxi for door-to-door airport transport TE 33,4
Idea 9: Configurable Platform Runways and Taxiways UG 33,3
Idea 16: On-board self-boarding gate CE 32,1
Idea 20: Automatic People Movers TE 29,4
Idea 11: High speed a/c taxi system TE 27,3
Idea 37: Intelligent ICT supported airport All 26,9
Idea 24: Automated moving seat system uG 25,4
Idea 26: Door-to-door transportation of baggage CE 24,9
Idea 34: Circular Terminal Concept TE 22,9
Idea 18: Automatic de-icing TE 22,7
Idea 23: Automation of the turnaround processes TE 22,2
Idea 38: Intermodal SWIM CE 20,9
Idea 22: Underground pier TE 20,0
Idea 3: Electric Engine accelerators for take-off uG 11,1
Idea 8: Synthetic vision for cockpit CE 9,7
Idea 36: Door-to-door integrated transport chain All 5,0
Idea 5: 3D Holographic HMI TWR-Apron controller position CE 0,3
Idea 2: Magnetic levitation for take-off/landing uG -1,7
Idea 6: Remote Tower CE -2,3

6.4.2 Validation of the time-efficient specific ideas

In order to analyse the impact of each solutiomore detail, the following sections show two radar
plots. The left plot indicates the impact of theadon the seven value attributes related to time-
efficiency. The right plot shows the value conttiba to the three airport focuses (Key Performance
Areas (KPASs)), which is calculated using the conggbgalue function. The latter plot is thereby also
indicating from a high-level perspective how theosdn ideas are affecting sustainability and
economics.

6.4.2.1 Automatic displaceable seats

The use of automatic displaceable seats is havipmgsdive effect on the throughput time of both the
passenger and the aircraft. The aircraft's turnadotime can be shorter as the passenger boarding
process will be replaced by ‘loading’ a single fadanh of seats, baggage, and passengers. This will
also reduce the possibilities of delays. The pagselpenefits from a shorter process and waiting.tim
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As such, the impact of mobility is considered hygpbsitive, whereas the impact on economics is
neutral (cost increase for the airport, but revenmay also increase) and the impact on sustaityabili
is negative due to the increased use of energy.

Taxi

Sustainability

Turnaround

Process

Economics Mobility

Figure 54: Impact of displaceable seats on TE Figure 55: Impact of displaceable seats on KPAs.
attributes.

6.4.2.2 Walk through security check corridor

The walk through security check corridor will hagehighly positive impact on minimising the
throughput time for the passenger. Airport throughprocess, waiting, and even connecting time are
expected to decrease by replacing current sequmityesses with a walk through solution, which will
eliminate or at least reduce the amount of martegksin the security screening process. This et

to less queuing and thus a faster process andngditine, which consequently result in less time
spend at the airport, thereby also minimising coting time between nodes.

The idea therefore has a high positive impact obilityg however, due to increased non-aeronautical
cost it is expected to have negative impact on @wies. Energy consumption is expected to reduce
compared to the scenario where this solution isimpiemented, resulting in a positive effect on
sustainability.

Taxi

Sustainability

Turnaround

Process

Economics Mobility

Figure 56: Impact of a walk through security check Figure 57: Impact of a walk through security check
on TE attributes. on KPAs.
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6.4.2.3 Electric guided taxi system

The electric guided taxi system is present infaké concept documents and is expected to decrease
the aircraft’s taxi and turnaround time, as it notee aircraft quickly from and towards the runway.
Due to this systematic way of taxiing, delay levale expected to decrease. The results also show a
positive pact on the passenger’s curbside to gats though as the solution is not affecting thRIK

this result is considered incorrect.

Taxi
Sustainability
Connecting Turnaround
Process Delay
Economics Mobility
Waiting Curb-gate
Figure 58: Impact of guided taxiing on TE Figure 59: Impact of guided taxiing on KPAs.
attributes.

The idea also has positive impact on KPA sustalitgbias it will eliminate the taxiing with
conventional jet engines. How positive this impacis of course dependent on the taxi distance. Th
impact on economics is neutral, as the idea wiltéase revenues but also increase the airportts cos
due to the system.

6.4.2.4 Electric taxi for door-to-door airport transport

Adding electric taxis for door-to-airport trans@ion positively impacts the passenger’s mobility.
The solution will not only contribute to less dedagnd a lower connecting time, but also has the
potential to reduce processing and waiting timehef passenger, by integrating different processes
such as security checks and shopping into the hora@port journey.

The idea has positive impact on sustainabilitylastecity-based and as the airport can gain regenu
of it, it can have a positive effect on economics.
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Figure 60: Impact of electric taxis on TE attributes. Figure 61: Impact of electric taxis on KPAs.

6.4.2.5 Automatic People Movers

The use of APMs is expected to highly decreaseepags process, waiting, and connecting times. The
time spent by the passenger between curbside angatle can also be reduced, as the use of APMs
eliminates way finding and long walking distances.

While thus having positive impact on mobility, irassed energy use will result in a negative impact o
sustainability. The effect on economics is againstdered as neutral. Investments and maintenance
cost for the APM system increase the airport’'s aersnautical costs, but on the other hand revenues
can be expected for offering this type of serviceluding its benefits in terms of mobility.

Taxi

Sustainability

Turnaround

Process Delay
Economics Mobility
Curb-gate
Figure 62: Impact of APMs on TE attributes. Figure 63: Impact of APMs on KPAs.

6.4.2.6 High speed aircraft taxi system

The high speed aircraft taxi system is expectaddgease the aircraft’s taxi and turnaround timd an
delay levels, especially at airports with distamtated runways. This solution has no impact on
connecting time and passenger throughput time.

By reducing the use of jet engines during taxiitigs solution has positive impact on sustainability.
Aeronautical cost will increase with the requiredrastructure, while aeronautical revenues can also
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be increased for this service. Therefore the impaceconomics was estimated neutral during the
validation workshop, although details necessaryntike a more precise approximation were not
available.

Taxi
Sustainability
Connecting Turnaround
Process Delay
Economics Mobility
Waiting Curb-gate

Figure 64: Impact of the aircraft taxi system on TE Figure 65: Impact of the aircraft taxi system on
attributes. KPAs.

6.4.2.7 Circular terminal concept

The circular terminal is especially expected tauliem a reduction of taxi times, as taxiways and

runways are located next to each other. The foregesitive impact for the passenger curbside te gat

time is not present in the expert judgment, instead impact on the passenger’s throughput is

considered neutral.

Taxi
Sustainability
Connecting Turnaround
Process Delay
Economics Mobility
Waiting Curb-gate

Figure 66: Impact of the circular terminal on TE  Figure 67: Impact of the circular terminal on KPAs.
attributes.
The solution has a positive impact on sustainghilite to the reduction of taxi distances and thes t
reduction in jet engines use. Fewer costs are deregor the investment and maintenance in the
runway and taxiway system, which results in a pasitmpact on the airport’s economics.

6.4.2.8 Automatic de-icing systems

Automating the de-icing of and on the aircraft wikicrease the taxi time when de-icing would be
necessary. Furthermore due to a faster processieddss delay is expected before departure.
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The reduction of currently used de-icing materiabaesults in a positive impact on sustainabdityl
the reduction of staff and de-icing vehicles wilcdease cost in the long run.

Taxi
Sustainability
Connecting Turnaround
Process Delay
Economics Mobility
Waiting Curb-gate

Figure 68: Impact of automatic anti- and de-icing  Figure 69: Impact of automatic anti- and de-icing
on TE attributes. on KPAs.

6.4.2.9 Automation of turnaround processes
The turnaround process can be faster when autognétim turnaround process. Due to the better

availability of turnaround equipment and less dejeeicy on ground staff less delays are foreseen.

Additionally, positive impact is foreseen on botlsinability and economics, due to the decrease in
necessary apron vehicles and the decrease ircetdffespectively.

Taxi
Sustainability
Connecting Turnaround
Process Delay
Economics Mobility
Waiting Curb-gate

Figure 70: Impact of the automation of turnaround Figure 71: Impact of the automation of turnaround
processes on TE attributes. processes on KPAs.

6.4.2.10Underground pier
The underground pier is expected to lead to shauerarounds and less delays. Furthermore the

passenger process, waiting, and throughput timaxamved. The latter is due to the fact that aiftcr
can be placed more closely to each other.

27-09-2013, v1.0 FP7-AAT-2011-RTD-1-284529-2050AP Page 132/145



2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

Underground constructions are in general more esipencausing a negative impact on economics.
Sustainability will improve. Experts further madbet note that less flexibility is one of the

disadvantages of underground constructions. Inrashtvith normal terminal and pier constructions,
underground piers cannot be easily expended and thakairport therefore less flexible and scalable.

Taxi
Sustainability
Connecting Turnaround
Process Delay
Economics Mobility
Waiting Curb-gate
Figure 72: Impact of the underground pier on TE Figure 73: Impact of the underground pier on
attributes. KPAs.

6.4.3 Limitations to the analysis

The preceding sections showed the valuation ofirtipact of solution on the KPIs, as expected by
aviation experts. It should be noted that this ysalis based on the opinion of one or more experts
As such, the results are just a first estimatiomxikrnal experts (not involved in the project)tiud
impact that solutions have. More information on therkshop methodology and its validity can be
found in the workshop report (D3.3, [39]).

6.5 Summary, perspective, and potential of the Time-Ei€ient concept

The previous sections discussed the results ofalgation of ideas in the TE airport concepts.sTisi
based on the outcomes of an expert gaming sesaibrtha expert’'s change-impact analysis. A list
with ‘best’ ideas follows out of both analyses.

6.5.1 Best ideas for the Time-Efficient concept

Figure 74 lists the best ideas coming out of tHaeevanalysis (left side) and expert judgement (righ
side). Half of the ideas following from the analysee considered to be most promising friooth
analyses, which are displayed in the centre ofituee. The walk through security check corridodan
the electric taxi for door-to-airport transport arensidered as the most beneficial ideas of the TE
airport concept. Furthermore, the advance homelaedurity, biometric identification, and
configurable platforms — ideas originating from th& and CE airport concepts — are also considered
to be highly beneficial for the TE airport concept.
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Value function Common Expertjudgement
* Idea 25: Automatic * |dea 27: Microwave and THz for * |dea 18: Automatic De-Icing
Displaceable seats homeland security

* |dea 12: ElectricGuided Taxi * Idea 29: Walk through check corridor ' ¢ Idea 8: Synthetic vision for
System cockpit

* |dea 1: Dual split threshold + Idea 28: Biometric identification of * |dea 11: High speed a/c
runway passenger taxi system

Idea 16: On-Board self Idea 10: Electric taxi for door-to-door Idea 26: Door-to-door
boarding gate airport transport transportation of bagga

a 20: Automatic People Idea 9: Configurable Platform Runways
and Taxiways

Figure 74: Best ideas from expert judgment, value assessment, and combined.

6.5.2 Expert's most promising combinations of ideas

As a last part of the validation workshop, when d¢xperts were familiar with the ideas of Airport

2050+, they were asked to write down a combinatibrihree ideas that could work together to

improve the overall efficiency of the TE airportnoept. The results of this are given in Table 24.
Table 24: Expert's judgment on the best ideas for the TE airport concept.

Expert 1 Expert 2 Expert 3 Expert 4 Expert 5
Idea | Idea 23: Idea 27: Idea 11 : High Idea 7: Electric Idea 27:
Automation of Microwave and THz | speed taxi [TE2] ground movement Microwave and THz
turnaround metrology for [TE1] metrology for
processes [TE13] homeland security homeland security
(including ideas
13,17, 19)
Idea Il Idea 7: Electric Idea 13: Idea 13: Idea 31: Shielding Idea 22:
ground movement Automated apron Automated apron TOL operations Underground pier
[TEZ] services services with vegetation [TE4]
Idea lll Idea 38: Idea 30: Self- Idea 23: Idea 1: Dual Idea 25:
Intermodal SWIM cleaning materials | Automation of the threshold runway Automated
turnaround displaceable seats
processes [TE14]

It can be seen that most experts choose a contninattideas that are affecting different airpoeas
(i.e. landside, airside, infrastructure, and intedad). Especially combining an automation of the
turnaround process, microwave security technol@md electric and high-speed taxi solutions is
expected to lead to time-efficiency, as this ‘p@Ekaof solutions positively affects all low-level
objectives of the TE airport concept. This inforioatis valuable for the integration of concept slea
at the end of the validation in WP3.
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6.5.3 Synthesis and potential of the Time-Efficient conqat

From the aforementioned validation results somezg@rconclusions can be made. Ideas that were
proposed in the TE airport concept often have dipesn either or both the passengers and aifcraft
throughput time. They furthermore often go handhémd with the objective with respect to
sustainability. The new ideas often induce new rantical or non-aeronautical cost for the airport,
but on the other hand may introduce a new typeewémue by regarding the idea implemented as a
service to airlines or passengers.

Ideas proposed in the two other airport conceptewaéso found to be beneficial in terms of time-
efficiency, some of them are even regarded morefigal than the ones proposed in the TE airport
concept. Additionally, although the validation hgs limitations, the outcomes shall be taken into
account in the continuation of the development dEaairport concept as a reference.

Combining the best ideas of all validation analyisethis chapter results in (1) a set of TE iddeasd t
could be worked out further, (2) a set of ideagiodting from other concepts that interested tokwor
out further in terms of time-efficiency, and (3ket of TE ideas that are considered valuable fer th
UG, CE, and an integrated airport concept. Theselteeare given in Table 25. Note that the experts
were not told from which airport concept the selétaas were originating (i.e. the game was not
biased in that sense). It is therefore interestingee which ideas are considered most time-efficie
and from which concept they are originating.

Table 25: Recommendations for further development of the TE airport concept.

1. Recommended TE ideas to be
further developed

2. Recommended CE/UG ideas to be
further developed for the TE airport
concept

3. TE ideas that were found most
valuable for the CE & UG airport
concepts (or an integrated (mixed)
airport concept)1>

Walk through security check corridor
[Idea 29/TE6]

Microwave and THz for homeland
security [Idea 27/CE]

Electric ground movement [Idea 7]
(valuable in: CE, UG & mixed)

Electric taxi for door-to-airport
transport [ldea 10/TE10]

Biometric identification of passenger
[Idea 28/CE]

Walk through security check corridor
[Idea 29/TE6] (valuable in: CE, UG &
mixed)

Automatic displaceable seats [Idea
25/TE14]

Configurable platform runways and
taxiways [Idea 9/UG]

Electric guided taxi system [Idea
12/TEA15] (valuable in: CE, UG &
mixed)

Electric guided taxi system [Idea
12/TE15]

Dual split threshold [Idea 1/UG]

Automatic People Movers [Idea
20/TE7] (valuable in: UG & mixed)

Automatic People Movers [Idea
20/TET]

Synthetic vision for the cockpit [Idea
8/CE]

High speed aircraft taxi system [Idea
11/TE2] (valuable in: UG)

Automatic de-icing [Idea 18/TE3]

On-board self-boarding gate [Idea
16/CE]

Automation of turnaround processes
[Idea 23/TE] (valuable in: mixed)

High speed aircraft taxi system [Idea
11/TE2]

Remote tower [Idea 16/CE]

Fast baggage sorting and
containerising [Idea 19/TE] (valuable
in: mixed)

15 Abbreviation between brackets () yield the congeliz/CE/mix) in which this solution was found valile.

27-09-2013, v1.0

FP7-AAT-2011-RTD-1-284529-2050AP

Page 135/145




2050AP 7" Framework programme The Time-Efficient Airport Concept—-D4-1

7 Conclusions and recommendations

The 2050+ Airport project develops three airpomaapts for the future of 2050 and beyond. These
three Airport Concepts are the Time-Efficient (T&jport concept, the Ultra-Green (UG) airport
concept, and the Cost-Effective (CE) airport concdjme Concept Development Methodology of
Work Package (WP) WP2 provides the guidance taé&welopment of each of these concepts.

This document reported on the development procasshe final outcomes of the TE airport concept.

It outlined why the concept is developed, the regjuents, the goals it intends to achieve, and how
existing and expected bottlenecks and challengesuirent airport operations are proposed to be
adapted, to achieve time-efficient operations leryear 2050 and beyond.

The expected growth in air transportation woulcetplace only if the European Transport industry is
able to meet its targets by enhanced mobility amgroved service provision for door-to-door
travelling. The objective to enable four hour démdoor travel for 90% of European travellers [8].
order to meet this objective, the European TransNetwork should improve significantly, which
means that the connectivity through the criticademof the network has to improve. The network of
nodes has to expand to offer full coverage, andstomer focused service provision has to offer the
door-to-door connectivity and to meet the requinetedor user-friendliness, seamless connectivity
and punctual and undelayed service provision.

The airports are the nodes of this European Trah$petwork and, even if parts of the network are
present and are functioning well, the network isffam complete and far from providing full network
and door-to-door services. In a competitive woddhstrained by limitations, the airports of Europe
have to expand and enhance their operations, stvamgg their role in the network. This justifiéet
development of a Time-Efficient (TE) airport contémr 2050+, improving seamless operations and
removing delays and other drawbacks in travellitngmever possible.

The objective of the TE airport concept is to masemvalue through efficient and effective air
transport operations. This means that the air pantation enabler (airline operator) needs to mevi
the required services to the passenger and thagtheeed to come together at the airport andivece
support in managing the traffic flows seamlessugtothe air transport system, of which the airport
the pivotal part. Thus, the whole process mustattee passengers to depart from their point ofioyig
be transported to the airport, and board the dtrarighout any disruption. To achieve time efficign
the following objectives must be satisfied:

* Minimise throughput time for airlines
* Minimise throughput time for passengers

* Ensure seamless intermodality
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This document proposed several solutions that iné to a TE airport concept for 2050+, such as a
walk through security check corridor, electric saxor door-to-airport transport, an integrated
(intermodal) guidance system, Automated People Mo @&PMs), and underground piers. The
solutions affect one or more invariant processee.-the processes that are assumed to be present i
air travel of 2050+. For each solution the possifgrefits for a 2050+ airport concept have beeargiv
by analysing their impact on the Key Performancdidators (KPIs) of the three extreme airport
concepts considered.

A first assessment of the elements in the TE dirpamcept has been made by industry experts during
an interactive validation workshop. This worksh@sulted in an initial validation of the expected
benefits to time-efficiency of the ideas develofredhe 2050+ Airport project. The most promising
ideas from the TE airport concept in terms of tigfigciency are:

» Walk through security check corridor e Automatic People Movers (APMs)
» Electric taxi for door-to-airport transport e Automatic de-icing
» Automatic displaceable seats « High-speed aircraft taxi system

» Electric guided taxi system

Several ideas from the two other airport concepts é@nd CE) are expected to be beneficial for the
TE airport concept, which includes: microwave anéizTfor homeland security; biometric
identification of passengers; configurable platfanmways and taxiways; and dual split thresholds.
The other way around, several ideas proposed $rditiument are also found to contribute to the UG
and CE airport concepts. The results of the vatidatvorkshop — part of the first validation cycle —
give an indication on what ideas are worthwhilebetating further. The second validation cycle will
further validate the TE airport concept using simioh, thereby quantifying the impact the solutions
have on the 2050+ Airport.

After the finalisation of the validation (WP3), WR&II draw conclusions of the worked performed
throughout the project with the three airport caiseof which this document is thus a pivotal part,
developed in WP4 as main input. During this finalrkvpackage an integrated concept of operations,
which should maximise the value of all three foewsas (CE, UG, and TE), will be developed.
Furthermore recommendations for further researdhhei provided in this concluding part of the
project.
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Acronyms

A-CDM Airport Collaborative Decision Making

A-SMGCS Advanced Surface Movement Guidance andrGlo&ystem
AET Automated Electrical Taxi

ALDT Actual Landing Time

AMAN Arrival Manager

ANSP Air Navigation Service Provider

APM Automated People Mover

APU Auxiliary Power Unit

ATC Air Traffic Control

ATCT Tower control

ATFCM Air Traffic Flow and Capacity Management

ATIS Automatic Terminal Information Service

ATM Air Traffic Management

ATOM Airport detection and Tracking Of dangerouatitials
ATOT Actual Take-Off Time

BWB Blended Wing Body

CAD Context Architecture Description

CE Cost-Effective

CFMU Central Flow Management Unit

C-l Change-Impact

CT Connecting Time

CTOT Calculated Take-Off Time

DCB Demand Capacity Balancing

DE Delay

DG Directorate General

DMAN Departure Manager

E-OCVM European Operational Concept Validation Melblogy
EC European Commission

EGNOS European Geostationary Navigation Overlayi€er
EIBT Estimated In-Block Time

ELDT Estimated Landing Time

EXIT Estimated Taxi-in Time

FUM Flight Update Message

GBAS Ground Based Augmentation System

KFA Key Focus Area

KPA Key Performance Area

KPI Key Performance Indicator
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ICT Information and Communications Technology
MCT Minimum Connecting Time

PBO Performance Based Operations

PT Processing Time

SBAS Satellite-Based Augmentation System
SESAR Single European Sky ATM Research
SETA Single European Transport Area
SMAN Surface Manager

SWIM System Wide Information Management
TA Taxi Time

TE Time-Efficient

TMA Terminal Manoeuvring Area

TOBT Target Off-Block Time

TSAT Target Start-Up Approval Time

TT Travel Time

TTOT Target Take-Off Time

TU Turnaround Time

RFID Radio-Frequency Identification

UAS Unmanned Aircraft System

uG Ultra-Green

VOM Value Operations Methodology

WP Work Package

WT Waiting Time
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Appendix A Milestones of the airside processes

Table 26 gives an overview of the different milese that exist in all airside processes. Figure2&22
give a detailed view of the most important turnawband departure processes.

Table 26: Overview of milestones in the airside process.

Network process

Milestone 1 - Flight plan presentation (ATC flight plan activation)
Milestone 2 - CTOT allocation

Milestone 3 - Updated Take-Off Time estimate

Milestone 4 - Take-off from outstation or ADEP (departure airport)
Arrival process

Milestone 5 - Update of the ELDT

Milestone 6 - Final Approach

Milestone 7 - Aircraft Landed

Milestone 8 - In-Block

Turnaround process

Milestone 9 - Position passenger bridge / stairs

Milestone 10 - Disembarking of passengers

Milestone 11 - Cabin Services

Milestone 12 - Boarding of passengers

Milestone 13 - Remove passenger bridge/stairs.

Milestone 14 - Cargo/baggage handling.

Milestone 15 - Aircraft Services.

Milestone 16 - Towing or pushback.

Milestone 17 - Air conditioning

Departure process

Milestone 18 - Establishment of the pre-departure sequence
Milestone 19 - Start up request

Milestone 20 - Start up approved

Milestone 21 - Off-blocks

Milestone 22 - Taxi-out

Milestone 23 - Take-off

Cleaning

- Remove litter
- Washing
- Cleaning of
Transport staff galleys and seats Transport staff
to aircraft - Cleaning of toilets to terminal

-Vacuum

- Change pillows
and blankets

Staff starts Staff finishes
cleaning cleaning

Figure 75: Cabin services process.
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Cargo/Bagagge handling
Storage at the

Open side Close side

baggage belt doors doors

while waiting

Baggage Baggage load on Loading of

Transport

Security check

Baggage/
Mail

pallets/containers

to aircraft

Transfer from
— flight of

connection

v

Figure 76: Cargo and baggage handling process.

Refuelling

Reporting Reporting quantity
quantity of of actual fuel
fuel to refuel refuelled

Attachment of

Detachment of

Locate fuel

Refuelling

fuel fuel

truck/pump
pipe/nozzle pipe/nozzle

Passengers
disembarked

Figure 77: Refuelling of the aircraft during the turnaround.

Disembark of passengers

Option Bridge

Locate Assist passenger

passenger disembark

bridge

1
Open aircraft
door

Option Stairs

Figure 78: Disembark of passenger process summary.

Landside
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Start-up and push-back

Security check Authorization Starfup
finished for push-back engine

Remove

passengers Security check of
bridge/stairs aircraft (FD)
(EO)

Connect push-
back and

remove chocks

Push-back or

drive forward

Remove

push-back

Figure 79: Start-up and push-back process summary.
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