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Abstract

This deliverablenalyseshe main levers and barriers for the adoption of new technologies by the
different ATM stakeholders. For this purpose, a mix of qualitative amhiifative methods are
employed. The qualitative assessment is based on a review of literature and case,studrggews
with key players in the industrgnd a workshop. The case studies focussedsoocessful and
unsuccessful experiences related tethptake of new technologies. The primary focus of the case
studies is on innovation in the aviation secttiralso includes the experience in other industries,
especially in network industries such as rail, electricity and teled@tiscombination of dek research
and stakeholder consultations used to identify the potential explanatory factors behind the
experiences, helping us understand the reasons eodditions for the success or failure of the
implementation of new technologies. This initial qtative assessmenrdlsoserves to depicseveral
mechanisms linked to the adoption of new technologi&@seseare then investigated by means of
guantitative economic radelling. Thefirst insight from our analysis is thakegulation of navigation
fees isnecessaryas without regulation the natural monopoly of ATM would allow prohibitively large
charges on airlineddowever too tight an enforcement of the fee may stimy any real investment in
technology as the ANSP may not recover its investment Begjliation should therefore beflexible
enoughto allow the ANSP to recover costs and make a small profit to allow for investiiesecond
insightis thatthe market uptake of new technologies in a or®-one setting is probably easieiThe
third and conneted insight is thatit is not clear if increased competition between ANSPs will
stimulate the uptake of new technologiedJsing a simple network analysis, we find that when airlines
can choose multiple parallel routes managed by different ANSPs, thetieesf investing in
technologies on the side of the airlines is reduced. The reason is that airlines lacking the necessary
equipment will find alternative routes by ANSRat do not make the necessary investments. In a serial
network one ANSP may freae on the investment of another ANSP, while the overall benefit for
airlines is reduced. This does not mean that-poonpetitive policies on the side of ATM and airlines
do not have other welfare benefits, but we find that in a more fractured market thestment
incentives are reduced hefourth insight- which is also supported by numerical analyssthat an
2OSNIff (0SOKy2ft23A0Ft YIYRFEGS F2NJ I WLINEWSY Q (S
reduces the uncertainty that would be causegldomarketled uptake of the technology in a fractured
and competitive markefThe conclusions of both the initial qualitative assessment and the economic
modelling are then used within a multicriteria analysisto define a set of promising policy and
regulatory measures Theseare explored in more detail in subsequent stages of the project
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1 Introduction

1.1 Scope and objectives

The air transport industry is facing a host of new challenges. Airlines are going through an era of strong
competition, while at the same time facing new restrictions related to climate change and a dwindling
capacity for slots in airports. The SESAR Joint Undertaking leverages the latest digital technologies to
AYLINRE @S 9dzNBLISFY Q& | @Al A sbiningt fitdrépréwihNadO satetgs >  F 2 (
efficiency,and minimal environmental impact. This strongly centres on technologies that automate,
virtualize,and enhance digital connectivity in air traffic management (AHdyever, despite all the

efforts undertakenthe results have not lived up to the expectations.

Researchers and stakeholders aljRB] point to the high level of protection that surround ATM. The
sector is still dominated by national monopolies and strong labour urjit?js There is a general lack

of austomer awareness and competition. This is shown to affect the uptake of disruptive technologies
[2], which has led some research¢2€] to propose regional forerunners to adopt new technologies
and increase competition between provide@ther reasons for the alv pace in technology adoption

are the very demanding safety requirements, the hodl wariety of the stakeholders, etc.

[32] acknowledgd that the SES initiativedalressed a clear need and has led to a greater culture of
efficiency in ATMTheyalsoconcluded that the SES has failed in achieving the expected performance

targets Therefore theyrecommended analysing a variety of alternative policy options. Morentigce

0KS alYS AyaltAaddziazy O2yRdzOGSR | ySé FdzRAG (2 NEF
of SESARt concludedhat, while the SESAR concept of common projects promotes coordinated action

and mitigatesthe s® | f t SR af I aid Y2 @SN | Rd@he PiidtlCandwox Prajedta ¥ A NJ
(PCPXsuffered fromseveralshortcomings and included projects for which Eidding was largely
unnecessary, as they would likely have been financed without EU sypgbrin its reply to the report,

[30] nuances some of theonclusions butecognises the need to facilitate the transition from the

SESAR development phase to deployment. In this context, the development of-daptin
understanding of thefactors that drive technology adoption in ATM and the identification of
mechanisms to accelerate thiResearch and InnovatioR&) lifecycle emerge as critical needs.

The ITACA project aims to shed light onsenéactors and thérivers and barriers forhie adoption of
new technologies in ATM, with theoal of supporting the identification, formulation and
implementation of policies and regulations that accelerate ATM modernisaWdithin this first
deliverable of the ITACA projest first take a step ek Weassess qualitatively the main barriers and
levers, how these can be linked to policy measures,ahalt isthe acceptabilityand applicabilityof
these measureslhis is based onraview ofliterature and case studies of successful and unsuccessful
experiencewith the uptake of new technologiemterviews and an online workshopm the second
part, we take a more quantitative approag¥ith a theoretical analysjsvhich is illustrated withtwo
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numerical example The analysisuses elements of principalgent modelling game theory and
transport economicst ffocusseon two aspects which are nget well understood:

- How do split incentives between the air navigation service providers (ANSP) and airlines may
affect the outcane of regulations and policies to increabe uptake of new technologies?

- What is tie influence of network effects when the benefits of the technology implemented
RSLISYRa 2y (GKS dzZLJilF 1S NIXGSZ | LINRPOfBY H6KAOK 7

The esult of this qualitative and quantitative assessment is a list of policy measures which should be
implementable in a relatively short time frame. Theme then further assessed within the ITACA
project using an agertased mode{ABM)

1.2 Structure of the document

The document is structured as follows:

I Section 2 providethe results of the qualitative analysis. This analysis is baseditamadure
review, interviews andhe first ITACAvorkshop.

I Section 3 presentthe economic modellingn which we quantitatively assess some of the
barriers discussed in section 2.

I Based on section 2 and Sectiord describesome of the potential policy measurediscusses
a multicriteria analysis of these measures to come to a selection of policy nesashich can
be further assessed in the ITACA praject

1 Section Ssummarizes the main results.

1.3 List of acronyms

Tablel List of acronyms

Acronym Definition

ABM Agent Based Model(ling)

ACCHANGE Accelerating Change IRegional Forerunners
ACL ATC Clearances Service

ACM ATC Communication Management Service
ADSB Automatic Dependent Surveillan®roadcast
AGL Above Ground Level

AMC ATCMicrophone Check Service

ANSP air navigation service provider

1 The PrincipleAgent theory focusses on conflicts in priorities between a person or entity and the representative
authorized to act on their behalf. The agent may act in a way that is contrary to the best interests of the principal.
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ATC Air Traffic Control

ATCO Air Traffic Controller

ATM Air Traffic Management

AU Airspace User

BEV Battery Electric Vehicles

CAA Civil Aviation Authority

CBA Cost Benefit Analysis

CEF Connecting Europe Facility

COMPAIR Competition for Air Traffianagement
CONOPS Concept of Operations

CPDLC Controller Pilot Data Link Communication
DLIC Data Link Initiation Capability

DLS Data Link Service Implementation Rule
EASA European Union Aviation Safety Agency
EATMA European ATMrchitecture

EOCVM European Operational Concept Validation Methodology
ERTMS European Rail Traffic Management System
ETCS European Train Control System

EU European Union

FAA Federal Aviation Authority

FAB Functional Airspace Block

FIS FlightInformation Service

GPS Global Positioning System

GSMR Global System for Mobile Communicati®ailway
ICAO International Civil Aviation Organization
ICE Internal Combustion Engine

ICT Information Communication Technology
ITACA Incentivising Technology Adoption for Accelerating Change in ATM
KPI Key Performance Indicators

LC Legacy Carrier

LCC Low Cost Carrier

MCA Multi Criteria Analysis

NSA National Safety Authority/Agency

OEM Original Equipment Manufacturer

10
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PCP Pilot Common Project

PHEV Plug in Hybrid Electric Vehicle

PM Project Management

R&D Research & Development

R&l Research & Innovation

RES Renewable Energy Sources

ROI Return On Investment

RP Reference Period

RTC Remote Tower Centre

RTS Remote Tower Service

SDM SESAR Deployment Manager

SES Single European Sky

SESAR Single European Sky ATM Research
SJuU SESAR Joint Undertaken

SPI'IR Surveillance Performance and Interoperability Implementing Rule
TRL Technology Readiness Level

V2Gg G2V Vehicle to Grid; Grid to Vehicle

11
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2 Qualitative analysis

2.1 Introduction

There are several indications of underinvestment at ANSP level. The deadlines for the full deployment
of the six functionalities of the Pilot Common Projects vary between 2adi20214]. The European

Court of Auditors estimated that by July 2018 only 23% of the Pilot Common Projects were completed,
47% were in progress, 17% were plan@ed 13% were not yet planned at all. Many of the projects
which were already launched also faced delays in their implementation. Part of this can be explained
when considering the yearly investments made by ANSPs. Within the first reference periodc{R&1) a
investments were about 25% lower than the planned investments and eight Member States even
invested less than half of the planned amouipi$]. Despite overspending (spending more than
planned) in the last two years of the second reference period, the Member States are still lagging by
nnn -8%) compared to the total planned investments for reference period 2 (R®RDuring the

last two years of the RP2, capital expenditures were more than planned, indicating that ANSPs
intended to catch up as they were underspending in all the years before. Note that fibis te the

total figures and that there is a large difference between ANSPs where some ANSPs have invested
more than planned (Sweden, UK), while others are still lagging far behind (e.g., Grelaod,.).

The reasongor thisrelativelyslow paceare multiple and some of them are well known: the demanding
safety requirements, the host and varied nature of the stakeholders, the monopolistic nattine of
F'b{taz X

Withing this section we make a first qualitative assessment of the main barriers and lever
technology uptake within ATM.First, wereview literature and case studies of successful and
unsuccessful experiences related to the uptake of new technologies. The primary focus of the case
studies is on innovation in the aviation sector, but alsdudes the experience in other industries,
especially in network industries such as rali&ctricity,and telecommunicationsSecondlypersonal
interviews and an online workshop with different stakeholders is used to identify the potential
explanatory &ctors behind the reviewed experiences, helping us understand the reasons and
conditions (e.g., level of competition, product lifetime cycles, etc.) for the success or failure of the
implementation of new technologies.

This initial qualitative assessmesgrves to depict several mechanisms linked to the adoption of new
technologies, which are then investigated by means of quantitative economic methods.

12
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2.2 Literature Review

Economic research focusing on Aidvhot abundant. Even less research hme@&stigated the drivers
behind the uptake of ATM technologiaad/or new concepts Technology uptake is researched within
sociology, industrial economif8] andorganisation and management sciences. This research consists
of descriptive analyses discussing the uptake of different technologies in different industries, empirical
assessments of technology uptake and diffusion (using econometrics), economic rtiodesdrial
economicsand gametheory) and behavioural and simulation models (Ag&ased Modelling)For
example[49] analyses the pricing and the technology investitseby telecom providers using a game
theoretical model while[51] empirically estimated the determinants of investments in maobile
telecommunicatiormarkets in Afria. [73] on the other hand provide a more descriptive assessment

of the diffusion and adoption delecom innovations.

Research took off by the classic work[66] and [6], whichfocused on therelationship between
market structure and the incentives fBesearch and DevelopmeR&D. Today, there is a consensus
that this relationship has an inverted-dhape: perfect competition leaves no profit for innovation,
while within a perfect monopoly #re are no real incentives. Thssparticulamelevart for ATM,with
ANSPs beingnonopolistic by natureand an aviation market working in more competitive
environment. The seminal work §82][63] not only discusses the incentives to innovate but also the
diffusion of innovations within an industry/society. A growing body tdrimation shows that human
factors and organisational/environmental factors play a very significant role in determining the success
or failure of technology transfer and commercialisation ventyég . Research focussing on ATM has
identified somepotential causes of the relatively slow technologptake. Within the economic
modelling of the WHE ACCHANGHoject (www.tmleuven.be/en/project/acchangelragmentation

of the market, price regulationhome bias and the power of the unionsame out as important
elements influencing the efficiency of ANSPs. The SESAR ER COMPAIRg)fojaecsed on the issue

of national monopolies and the introduction of some forms of competition as the solution to
encourage ANSRg invest in technologiesThe work of53] does not focus on ATM but on the factors
influencing technology diffusion. One of these factors is the technology itself. Within ATM many
technologies are characterised by: figtwork features in which the full benefits of upgrading a
system areonly realised if the whole network is upgraded leading to externalities and hence non

2 LIGA YL § Ay @lasi Moo yadvantegé & A My @WKAOK adl (1SK2ft RSNE G
investrents knowing that benefits only arrive when all stakeholders are equipped with the new
technology; and (iii) the need to take into accoutite legacy technologiesused by other
countries/partners, etc[4]focuses on the role of the user consultation process in the decmsi@king

by ANSPs. She states that this consultation process is hindered by: (i) the fact that the users are a very
diverse group (®all and large airlines, national and international, cargo, general aviation, etc), (ii) the
free rider problem (the benefits are for all the users, irrespective of who invested time and resources
in the consultation process) and (iii) the complexity @& technologies. As causestbé slow uptake

of technologies, she also adds the element of safety and the factojestationaldisruptions in the
system are not possible.

22§ dza S a i if &rghihdrdfthe text, but this should be interpreted in the broadest sense. It could
also stand for the uptake of a certain concept for which investments in technology may or may not be needed.

13
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Hence, there is not a single reason for the slow uptake of technologies withinbAiT &l combination
of different, interactive factors. The next sectioriscus on some specific examples within
ATM/aviation and in other industrie® get a first flavour of which are the most importaghablers
andbarriers.

2.2.1 ATM/Aviation

Three examples are discussed for ATM: datalink, the uptake of $j@@sesl Automatic Dependent
SurveillanceBroadcast ADSB) and remote towers. Datalink refers to the digital air/ground
communication between aircraft and ground systerARSB is an air trHic surveillance technology
that relies on aircraft broadcasting their identity, a precS®bal Positioning Syster®R$ position

and other information derived from choard systemdlt is automatic as no work is required from the
pilot or the Air Traffc Controller ATCQ. Spacebased means that information is transmitted using
satelliteto-satellite communication. Both are interesting examples as theguire that ANSPs,
aircrafts (and airports) are equipped, as the costs and benefits are differenthéordifferent
stakeholders and as the experience is different between different regions. Remote sewdice (RTS)

is a system which allows aerodrome air traffic con{@wI C)f flight information service (FIS) to be
provided from a location other thathe aerodrome whilst maintaining a level of operational safety
which is equivalent to that achievable using a manned Tower at the aerodrome to oversee both air
and ground movement§2]. It is an interesting example the potential benefits are large and even
larger if the provision at more than one aerodrome would happen from one single remote location
also called Remote Tower Centre (RTC). It is an example wherevéistment costs aréusually)for

the airports, which together with the airlines also have benefits from the investgespecially when

the remote tower can be sharedhile ANSPs lose revenue.

Datalink

Improvements in data linkr the digital air/ground communications between aircraft and ground
systems, have long been considered desirabl@n the other hand, dr automation voice
communications are inadequate to transmit detailed flight plan inforovafir1]. Datalink provides a
semiautomatic alternativeby enabling the Controllegpilot datalink communications (CPDLC), which
allows, by the time being, flight crewand air traffic controllers to exchange rorgent ATC
information by data messages instead of voice radlioe controller would still be in charge. It would
replace some routine administrative tasks, but not the controller itself.

While everyone agreethat it is a good idea, the implementation is not obviodgcording to the
supplier Honeywellreplacing voice communications by data link using CPDLC techrololglyadd

11% ofsectorcapacity if the usage rai@umber of flights or number of flightours)is about 75%25].
Notable about this technology is that the deployment was not led by the ANSPs bthieby
International Civil Aviation OrganizatiofCAQ and aircraft producers (and hence the airlines). It is
intended to meet a real need and uses a lot of the existing equipment, although some investments by
airlinesare still neededg besides the investments made by ANSH8s example is of key interest as

the implementation is very different regionally.

14
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The United States started relatively early with considering the deployment of datalink. Initially, the
idea was to expand dataknto all domestic centres by 2005, but the implementation itself was
seriously slowed down By

- The high costs for the ANSP

- The budget constraints for thEederal Aviation Administratiodf-AA. Moreover, the budget
of the FAAnustbe approved each year hySCongress, making the FAA focus on the Congress
as customer and not the users.

- The fact that the main benefits were for the users and not the agency

- Involvement of too many players withffirent objectives in which the airlines were mostly
interested in the aircraft data and not in the data for ATC. Tlaeegpotentially some savings
in fuel and in delays, but these savings would be the same for all users and hence do not lead
to a comparéive advantage. In additigrihere is a last mover advantage as the benefits only
accrue if the use is widespread and the costs are expected to decrease over time.

- Concern about safety as there are some doubts if softwareccasiderall possible optionas
@2dz Olyy2i (GSad SOSNER LRaaAioftS arddza G6Az2y 6aSy

- The reluctance to change a system that works.

- TechnicalssuesEarly issues with VDLn{@hich is a means of sending information between
aircraft and ground stationgeducedthe stakeholdes' confidence in the technologgven
though the situation has improved today

Today, due to COVAD® the deployment has been halted completely. Currently only Indianapolis,
Kansas City and Washington Centres are operating 24/7 with Controller Pilot Dea L
Communications. Earlier plans for Atlanta, New York and Boston Centres have been put on hold.

NAV CANADA, on the other hand, started real deployment in 2011 by gradually introducing datalink in
its centres. In addition, it introduceddifferentiated chargedepending on the use of the system and

not on the weight, encouraging the use of the data link technology. The result is that in Canada, the
usage rate is up to 83% (2015). Planning and the development of a concept of operations, promoting
and encouaging services and equipage, using a phased approach, coordination with users and the
setting of realistic timings were seen by NAV CANADA as the key levers of obtaining this result.

In Europe, datalink was pushed forward by Eurocontraire corporatizedANSPs such as Skyguide
and providers such as Honeywell. There is a mand&BeRegulation (EU29/2009), referred to as the
Data Link Service Implementation Rule (DLS IRffective since February 2020), requirinthe air
navigation service praders (ANSPs) to offer four datalink servideaté Link Initiation Capability
DLIC,ATC Communication Management ServicAQM, ATC Clearances Serviek@. and ATC
Microphone Check ServicAMC ) and the airspace operators to be capable (i.e. to haveped
aircraft and trained crews) to operate these services for all flights in the European airspace operating
above Flight Level 2827]. However, today the diffent ANSPs are at different levels of maturity

3 First three by[58], nextthree by[71], final one by anonymous reviewer.
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operation) Figure below shows that 18 states declare that they provide DLS in compliance with the
regulation, 5 gates provide DLS but not in fully compliance and 7 states declared that they currently
do not provide DLS

Figurel: Planned DLS provision in the European Airspgdcember 2019

PLANNED DLS

DLS Provided in compliance
with IR (EU) No 310/2015
DLS Provided but not in

D compliance with IR (EU) No
0/2015

L) 0LS Mot Provided

Source:Deliverable 11.1.Report on DL&rchitecture and Deployment StrategyDraft for SCP
consultation (2019)

One of the reasons stated for the delay is that datalink was maybe rolled out too quickly (bating
beenvalidated and proven ready). Another reason is the fragmentation of thhedean airspace
requiring more coordination effortdn 2020the number of flights capable (does not equal using) is
around66% in Europg28].

The uptake ofAutomatic Dependent SurveillaneBroadcast ADSB)

An ADSB equipped aircraft automatically broadcast information once per second to receiving stations
on the ground. This information includes (but is not limited to) a-G&tved aircraft position,
barometric pessure altitude and aircraft speed and direction. This information is used to display the
FANDONF FO 2y (KSWith 8pAdeddded ADSBNAVariark df3ADB bising satellites,
developed by Aireon)l00-percentglobal surveillance of air traffis nowpossible,and updates are
happening about six times faster than the traditiogabund-basedradar.

GivenADSB potential, the European Commission requires aircraft operators to equip their aircraft
with respective surveillance functioms pave the way towardthe ADSB availability The mandate is
known as the SPI IR, for Surveillance Performance and Interoperability Implementing Rule. The
diagram below shows the continued evolution of the equipage. The diagram is based on airline
planning data covering 60% of the Bdsed, mandated fleet, responsible for at least 85 % of monthly
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IFR movements. The evolution of the actual equipage (solid green curve) is monitored by
EUROCONTROL. As the goal for the first compliance date was not megresexof six months was
given.

Figure2: Evolution ADSB equipped aircrafts; planned versus detected.

memem EU27+4 planned fitments (2019) = ELI2744 planned ﬂllm — EUI27+4 V2 detected
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ifcally depictod in the diagram, instoad its members are distributed in ail th fations 2= per their equipage stans.
* Impl planning beyond June 2020 is based on planning data collected during 2018/ 2019 surveys that predate CIR (EU) 2020/ 587, An analysis of the impact of the SP1 IR amendment and the COVID-19
erisis i expected in Dacember 2020

Source: https://adsh-europe.eu/

With respect to the groundnplementation the uptake was much lower as can be seen ftbenmap
below showing the status of December 2019 at 30@btive ground level (AG{similar map for kght
Level300 can be found dittps://ads-b-europe.eu).

17


https://ads-b-europe.eu/

ITAC/A\

Incentivising Technalogy Adoption
for Accelerating Change in ATM

Figure3: ADSB Coverage nyac 3000 ft above ground level

).

ADS-B Coverage map - 3000 ft AGL

B ADS-B data operationally used
[ ADS-B capable systems in operations
Il ADS-B capable systems in evaluation

SESAR

Source: https://adshb-europe.eu/

In the US the uptake of ABBSwas relatively slow as most airlines were hesitant to invest before 2020
deadling[58]. They wanted to see that the FAA trained the controllers and if the performance gain was
big enough. In addition, the expectation was that it would become cheaper over time as production
volumes would increasécreating a last mover advantag#)appears that investing in AEESwasalso

more costly than in Europ&he reason for this is unknown. Recently, a sharp increase in the uptake
was noticed withabout 68% of the irservice turbine airafts registered in the US were ABSOut
Compliant in February 2019 while this was only 24% in October[20].6This was due to the Federal
Regulations 14.CFR 9253and 14 CFR 91.227 which mandated the equipment to be install@tisby

of December 2019 for most of the regulated airspace.

Regardingthe future ADSB provision,[8] focuses on the institutional framework influencing the
uptake of spacédased ADSB. His work describes the role of regulatieng(,price regulation and the
difficulty of using licenses instead of owning equipment), the influence of being part of tHe pub
sector (which implies risk aversion, slow decisiegking culture, etc.), the normative barriers.g.,
national entities and fragmentation) and the technological barrierg.(technological uncertainty, the
current static and stringent standards)isHdea is that disruptive technologies such as sqmsed
ADSB can facilitate institutional change and a move towards the use of more commercial market
principles but that at the same time the implementation of such disruptive technolagldadered

by the current institutions.
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Remote towers

With remote towers, instead of locating tall structures at each airport with controllers in dlaop

control room, a series of sensocan be installed at an airport, with the data transmitted to remote
location staffed by ATC personnel. In theory this concept could be applied to very small as well as very
large airports. At small airports with very little traffic, staffing could be shared with other small airports
at a single remote facility. At very largepairts it would help to cover mordistant runways, obviating

the need to construct a second tower.

Ly G4KS '{zX G4KS C!'! Q& NB&aSIFINOK TFLFOAtAle Ay 'Gfly
showing that controllers performed betteespecially iaen there is low visibility. Since then, little

progress has been made in the US. Controllers opposed as dreycancerned about their join low

activity towersmaking this a key example of failed adoption due to labour unions pressure

In Europe, the Swedish ANSP, LFV, worked together with prdeater firms such as Sa&ensis to
develop and certify remote towers in 200By October 2014the first approval was giverand the
remote tower was in use by April 2015. A second is also dpeadtand a third one has been approved

[47]. In Germany there is one remote tower operational and planned for three other airddnsPJ05

Final projectreportdt 1 S& GKI G NBY20S (26SNR | NB AYLX SYSy i SF
that the success of this case is in the fact that the initial concept is taken even further towards having
one ATCO serving2airports Note that the US foresaw thigotential benefit already from the start

while in Europe there is opposition from the labour unions against the simultaneous operation as it is
considered not safeMain driver in Europe is the increased cost efficieratgited to the increased
ATCO prodetivity and the potential as a contingency service to cover any temporarilyamaitability
(London Heathrow, Hungary). The main issues in Europe are the complexity, the reluctance of the
ATCO labour unions and the safety concerns.

Hence in summary, theesult has been mixed. The initial concept of remote towers is implemented in
Europe but not in the US. At the same time, the next plees is serving multiple airports with one
remote tower¢ encountered much more opposition.

2.2.2 Other industries

Railc European Rail Traffic Management SysteBERTM$

Toincrease the security, capacity and competitiveness of European Rail, the European Commission
encourages the adoption of ERTMS, a commons railwayllgignsystem. Its implementation has,
however, been mach more expensive and slower than anticipated. ERTMS has been in development
since the nineties. The aim was to replace the 20 different systems with one common system which
had been jointly developed by eight companies. ERTMSistsof two main parts:EEuropean Train
Control SystemETCpwhich is the main pillar and GSR! which is the Global System for Mobile
CommunicatiorRailway. ETCS exists of two subsystems: the equipment of the track and the
equipment on the train. These two subsystems need to arge information constantly. Depending

on how this happens there are two levels of control. Level 1 in which the information is exchanged via
radio frequencies and Level 2 in which this is done using-B3#quencies. Over the years different
versions oETCS developed to adapt to the advances in technology but this gave rise to compatibility
LINE o f [33Yribt¥d that between 20022020 about 4 billion eurosere allocated towards ERTMS
andthat at the same time the development has been low and fragmented. This even if, in principle,
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the railway industry supported the idethe timing was right (as severaltm®rks had to consider their
controcommand system especially due to thigh-speeddevelopment)]48] and that already 2002,

the first technical specificationsof ERTMS interoperability became legally binding. In 2009 a
Deployment Plan with landmarks in 2015 and 2020 was set up and in 2012 ERTMS was obliged in all
projects funded by the EU. This policy did not lead to the expected results as in 2017 only h&% of t
Core networkwas equipped31]. The reaction of the Commission was to move the deadline for 2015

to 203Q By thebeginning of 2020he % had modestly increased1@% of the Core netwoll60]. [33]
distinguishes three main reasons forgtslow progress:

- Unwillingness of the infrastructure managers and railway companies due to the costs and
feasibilityissues In generalthe incentives were very low ilemberSates such as Germany
where the national system functions well.

- TheEuropean Commission did not estimate the total cost of the introduc@only in 2015 the
Commission started to assess the costs, but this was limited to equipment and its installation
costs and restricted to the core network corridois reality, the defpyment of ERTMS (in
combination with the associated works such as the costs of migration) proofed to be costly.
The EU auditors estimatehat the overallcost could be 80 billion euroy 2030for the Core
network or up to 190 billion by 2050 when the mprehensive network is expected to be
equipped with ERTMS

- The Member States opted to develop ERTMS at different stages or with tailored solutions
which led to compatibility issuend increased the risk for the investors.

Two other issueareraised by[65]. Frstly, the ERTMS specifications were instable, written in informal
language, nostonsolidated and incomplete. Updates were postponed in anticipation of newatapd
leading the various ERTMS levels and different systems provided by different sudjlieralso led

to costs which are higher than necessary as the EC allowed the industry to develop the product further
to get more subsidiesSecondly, the deregulain led to an increase of the number of players and
actors leading to issues for the implementation at the train s{d&] added to this the issue that
operators care to see the migration towards ERTMS as an additional cost as long as there is not a
whole network as it is just another system to be added to the national ones.

[48]JLINR L2 &S & I az2fdziaizy GKS daidNrasS3ae 2F avltf
system and hope that the big ones follow, although the larger networks are more reluctant and even
actively slow down the process. Hence stronger policgéslad which leads to a minimum number of

km equipped which form a true network such that it is not perceived aadtitional costto the
operators. Note that the EC cannot subsidise the operators to migrate (rule competition) and that
operators might pereive the implementation of ERTMS as leading to more cdaitiqe on their own

home market.

Telecom-packetswitchingrevolution (Internet)

The old telecom sector was organised in three different layers: an equipment layer, a nédywerk

and a service layer. Due to increasing returns to scale the second layer used to be characterised as a
natural monopoly. In many countrie®.g., Japan, Btain, France, Germany) there was a close
cooperation between the national network provider and the national equipment providers, which are
not a natural monopoly per se. Tigsastverticalintegration also meant that most R&D was done in
house. This woed well due to normmarket incentives for innovation such as the cooperative
competition between national systems and the political pressure to improve the services for both
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residential and business customer$e technology providers were protected in theRome countries

but were forced to compete on the foreign market and hence were under some competitive pressure.
Butthe systemalso had some drawbacks. Due to the closed innovation system, the high entry barriers,
the limited amount of innovators, the dgmented knowledge base, relatively small markets and the
strong focus on reliability, the innovation process was relatively slow and sequ@ajdihis type of

close cooperation between the service level and the equipment level, in house development and
sequential innovation can also be observed within ATDcE the evolution which happed within the
telecom sector is highly relevant for the ATC sector.

In the mid-eighties for different political and economic reasons Japan, the UK, US decided to end the
national monopolies. The incumbent operatarstsourced their norcore tasks andeft the R&D to

the equipment suppliers and were forced to open up their procurem&nom the nineties on new
entrants emerged which were aggressive in their competition. They were able to enter the market as
there were no large technical barriers for new entrgrasthey could turn to the technology suppliers

for both technical and hman resourcesind as the financial market facilitated the entry and initial
growth of new entrantsHencethey did nothaveto worry about old legacy technology. On the other
hand, it was more difficult to hav@unique advantag¢36].

Around the same time the internet emerged as a comeiad force, creating an alternative way for
delivering the same and/or similar services to those provided over the conventional telecom network
and delivering a host of new services. This was only possible due to a technical revolution. The initial
goal d the internet was to connect computers. This was first done over the telephone lines which was
costly due to monopoly pricing and the use of circuit switckihgch was not very well suited for this.

Gt O11F3S agAlGOKAYAE | f { thoadS Rgafeandidh moredfiBddamSaddraRié y I Y A C
to move (transmission is no longer synchronised). This technology was already possible in the sixties
but telecom engineers were reluctant to change as there was no real need for it at the time. The real
chang came with a group of outsiders, computer professionals, which had a fundamental different
starting point. They demonstrated in 1972 that this concept worked and was not a mere theoretical
concept. By 1978 already, virtually all new data networks weredas packeswitching[36]. This

on its turn facilitated the breakip of the value chain and opened the door for more competititime

role of outsidergIT, mediafinancial servicesyithin technology uptake within the telecom industry is

also emphasised L 1].

The internet changed the telecom industry completeyeating an InformationCommunication

Technology (ICT) instead of a telecom and IT ind{i8®}y In this industrycustomers are demanding

different levels of serge qualityl YR I NB gAffAy3a (2 LI& F2M o0SaGdS
response to this the network providers developed a series of service levels and pricing plans which are

both acceptable and competitive. This was not possible in the legacy retinat provided pre

dominantly highquality voice servicéhMth the new technology there is much more freedom for traffic

to move (transmission is no longer synchronised) and to separate the services from the network
carriers (eg., Google provides-eail services]37].

But having the technology is not enoughelecom providers were able to do so as the service
regulation was flexible enoughhile for voice transmission there was much more regulati@guiring

cost pricing) This was not intended, but initialipost ofthe revenues came from voice transmission

and hence this was the main (regulatory) focuSver time this flexibility remained aggulators

wanted to boost the internef18]. The flexibility enablel the offering of new services, pricing at
incremental costs and stthe revenuesontributedtotl KS Sy G A NB vy J3rpitalsdhélgs 2 @S NK
that the normal interplay between costs and technology innovation does not hold. Normally one
expects that overiime the prices decrease for new technologies. As in ICT services can also become
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more complex this is not necessarily the case and prices do not necessarily dd@&addis is
important as telecommunication is characterised by economies of scale and scopkngéhfixed

costs which cannot be attributed to individual services on a causal basis but still need to be recovered
[18].

[76] on the other handfocusses on the role of ownership on investments. Based on a statistical
analysis on the number of patents filed within telecom, they find that mixed ownership (government
and private) leads to less investments than if a firm is 100% government owned or 100% private. The
main argument is that mixed ownership is associated with governance conflicts. In general, the
investments in technology within telecom increase with sizZDRapital,and scientific capabilities.
They decrease when foreign sales are higher, when profits are higher, when there are financial
constrained and when the ownership is mixed. Hertbey conclude that when the decision for
privatisation is made, thgovernment should move, quickly, to a full privatisatidfithin Europe there

are two key examples of partially privatised ANSPS: MAftere the government holds 49% of the
shares and a golden shdi®], and Skyguide where the Swiss Confederation holds the majority share
[69]. [3] did not focus on the uptake of technologies did found that pupfizate ownersip form with
stakeholder involvement achieves statistically significantly higher productive and cost efficient en
route levels compared to either a government corporation or a state agency. As there are no fully
private ANSPi$ could not be assessed tigy would perform better or not.

Energyc Electric Vehicles and smart grid

This section focusses @wo related concepts: the takap of battery electric vehicles (BEV) and the
smart grid which allows a Vehiel®-Grid (V2G) and a Gritl-Vehicle (G2V)etationship.

Toreduce CO2 emissions, policy makers are looking at both the demand and the supply of energy. On
the demand side much of the attention goes to battery electric vehicles (and heat pumps), on the
supply side the focus goes to Renewable En&ayrces (RES) such as wind waaterpowerbut also

to residential solar panels. Important is the potential synergy between them. An important
disadvantage of RES is the volatility of the supply combined with the difficulty of storing energy. BEVs
on the other hand could be seen as disconnectexdeage facility (G2V) where excess power could be
stored, and even brought back to the network (V2@&)wever, in practice there are still many barriers

to overcome.

At the demand side, it is clear thaxcept forNorway with 75% of all new passenger cagistrations

a BEV or Plug in Hybrid Electric Vehicle (PHEV), the uptake of electric vehicles is still relatively low.
Although the share of electric vehicles in the European fleet increased from 3.6% in 2019 to 11.0% in
2020[29]. [10], [39] and givean overview of the main drivers and barriers to the talgof BEVs. They
emphasise that onenustlook beyond the economic and technological dimensions to overcome the
barriers and hace should also look at institutionsfrastructure,and societyThe main barriers listed

are

- Involvement of many different actors: automotive, supply chain firms, infrastructure
providers, governments, finance providers, BaNA @S NB = X

- Thetechnical limitations of current BEV technologies

- High costs which only decrease by economies of sedtleough the prices of batteries are
decreasing and hence this might be a smaller issom

- Consumer risk aversidor relatively new productsg reluctance to change
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- Consumers short time frame asking a return in maximum 4 years. BEH are characterised by
large upfront costs and usually, but not certain, lower running costs and the séaoti
market value is largely unknown.

- Consumers do not take riahal decisions when buying a car.
- Lack of vehicle choice
- Shortage of energy supply infrastructures

- Reluctance by Original Equipment Manufacturer (OEM) which have made significant
investments in Internal Combustion Engine (ICE), this is the issuegef dank costsA
complete new set of suppliers, assembly process, technologies requiring technical and human
capital and large investments costs are needed to make the trangit@nIn addition, a loss
in maintenance and repair revenue is expected as the BEMdvasr moving parts, lubricants,
filters, etc.

- Variability,inconsistencyand timelimited nature of incenties/policy measures.

- Network externalities such as the value of fuel availability, learning by doingegil (think
of range anxiety), dependence on¥ill NJ SG = X

The stimulation of niche activities is seen as an important endilyl§t0]. Tesla might be considered

as a company which focussed on a very specific market making observers believe that it is more than

a car company41] but an identity.[39] on the other hand focusses mandates and subsidies to
overcome the transition costs/network externalities. They also emphasise the need for a transition

policy which balances the need to estiahllong term goals and the need to adapt policies as society

f SENYya o2dzi GKS LINPINBadaa 2F ySg (SOKyz2ft23ASa |y

However, with a high uptake of BEMssues such as network congestion, th@®ase voltage
imbalance and frequency pbtems, system peaks and reduced power quatiyy arise.Hence the
need to control EV charging to minimize the impact as BEMsever, BEVs are also an opportunity in
their potential use as energy storage and hence enabler to manage better the uncertai7]RES
increase the power quality and in r@lgting voltage/frequency?23]. This could also lower the costs of
the BEV as the owner could be compensated for his vehicle to be used as a supplier in thedfirak an
loaded in the off peak in a V2G settifr®] . However, the following barriers still stand in the way

- Potential battery degradatiorof the BEVfiused as an energy storage systgh
- asthe battery of a BEV is relatively small, you need a lot of BEvake this work7].

- Monopoly power of the oil market and incumbent OEMs which try to blocksitem. [70]
gives the example of the California legislation which was pushed back with five years due to
extensive lobbying.

- Reluctance of the electric suppliers as this would imply a shift away from centralised plants
and be seen as competitors to traditional forwiselectricity provision. [70]

- Reluctance of people and businesses to fully embrace the opportunity of own generation as
this is not their expertise. Hence for2G to succeed a sufficient level of automation,
transparency and ease of use is requiféd)].
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- (Cyber) security of the netwoifk0].

- need for smart meterswhich on its turn is hindered by issues around data privacy and security
and the uncertainty around the additional costs they might impf{&@ and the potential
problems of accepting more complex pricidg].

- Uncertainty on what is needed for a smarter grid, the technology is not yet clear, will the smart
meters of the first generation be smart enough, timescéle O {i1X]2 y X

Overall the progress has been summed up as being small and far from compl&@ipis potential
levers[70] sees a change in the R&D pathways away from focussing purely on costs and technological
feasibility towards an integrated path including economic, behavioerdtural, and infrastructural
obstaclesThis is confirmed by17], who also argue that as there are many actors involved, a multi
actor approach focussing on acceptance is neeflied.also lists the following enablers

- A change in the current price regulation towards more dynamic pricing or real time pricing
would help to overcome the reluctance of the traditional suppliers.

- Access of the market by new playasisuld be possible.

2.2.3 Lessons from previous experiences

¢tKS GKNBS a!¢a (GSOKy2t23ASa¢ ftf KIR Ay 02YY2y
regions. The table below summarizes the observed main drivers and barriers for the implementation

of thesethree technologiesAs the implementation of some of them is different in different regions it

is possible that a certain policy is listed both as a barrier and a lever. For exanepficiency of a

mandat is correlated with the enforcement of the maiate.

Table2: Levers and barriers ATM/Aviation technologies

Technology Barriers Levers

Data Link High costs ANSPs/Budget constraing Differentiated charges

Principalagent problem: nain benefit| Promotion of technology
for usersq who do not bear the majo
share of theinvestment Phased approach

Stakeholders with different objective Realisticimelines
Last mover advantage Coordination efforts
Safety concerns Mandate
Reluctance to change
Unrealistic timelines
Fragmentation airspace

Technical issues
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ADSB

Lack of enforcement

Reluctance to change
Fragmentation airspace

Technology uncertainty

Use of static and stringent standards
Last mover advantage

Costs for ANSPs

Mandates with strict

enforcement

Realistic timahes

Remote Tower Contro

Opposition ATCOs
Safety concerns

Complexity

Large potential benefits
Potential as contingency servig

Regional forerunners (starting :
very small airports)

The next table shows the observed drivers and barriers from the technologies discussed in the other

industries.
Table3Y [ SOSNE FyR oF NNASNAR a20KSNJ AYyRdza i NRSa&é
Technology Barriers Levers
ERTMS Unstable  specifications -> | Condition for receiving
different g/stems -> | subsidies

compatibility issues

Fragmentation
network effect

network ¢

In some countries needed to K
replacedanyway

Regional forerunners (sta
Lack of enforcement with smaller networks)
Reluctance to change Stronger policy
Underestimation costs + golg
plating
Large number of actors
Telecomg packet switching Reluctance to change Flexibility in regulation
Price regulation (cost pricing) | Competition with other
providers

Reliability

Political pressure
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Human capital Liberalisation

Mixed ownership Financial market
Separation  technology ¢
services
Outsiders

Energyc BEV Changing policy measures Outsiders ¢ niche markets

(Tesla)

High costs

Uncertainty on actual costs an Mandates

benefits Subsidies

Risk aversion consumers Adaptive policy

Many actors involved

Reluctance OEMs

Technical limitations

Lack of vehicle choice

Shortage loading infrastructur

Reluctance OEMs

Energyg smart grid Battery degradation Real time pricing

Many BEV needed New players

Reluctance electrisuppliers Multi-actor approach

Reluctance consumers Integrated R&D pathway

Lobbying oil industry

(Cyber) security

Data protection issues

Technological uncertainty

Comparing the experiences in the other industries with the experiencteiaviation/ATM sectors

we see that similar barriers arise. This is not unexpected as we focussed on other industries which
shared some of the main characteristics (national monigsolnetwork industries, large number of

I O G 2wtk XTM.Hence in most of these experiences the uptake of technology was relatively slow.
An important exception is the telecom industry which changed drastically over the last 30 years. From
this experierce, and most relevant for ATM, we learn the importance of
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- The role of demonstration that something actual works (see data switching)
- The role of outsiders with a different viewpoint (computer specig)list
- The role of flexibility in (price) regulatigralthough unintentional at the start

- The need for some competitive forces

2.3 Interviewsand ITACA wrkshop

This section descrilsthe results of the interviews and the ITACA workshop. The goal of the interviews
was to gain more insight into three elementie main barriers and levewsith respect tothe uptake

of technologies within ATMhe importanceof several factors during the decision process and the
decision flow mechanisms within the organisation of the interviewees. The main goal of the workshop
wasto collect further feedback on the identification of levers and barriers, to make the link between
barriers and potential solutions and to receive some feedback on a first set of selected potential policy
measures.

2.3.1 Set up of the interviews

The main purpee of the interviewsvas to collect feedback from different type of stakeholders about
both operational and technical points of view of the life cycle (creation, evolutemd
implementation) of innovative concepts/technologies to identify the main factmfluencing the
decisionmaking processes at different stages.

The interview is structured in three patts

1. Part I:Open questions regarding the main levers and barriers of the uptake of disruptive
technologies and the individual perspectives of the role of each kind of stakeholders within
the research and deployment cycle.

2. Part ll:Classification of a set of proposéattorsabout their importance during thdecision
makingprocesses of the adoption and implementation of a new technology and whether they
could be considered as a lever or barrier for the same objective.

3. Part lll:A business case is presented to participants showing the main outcomeisngadts
of a new technology at the end of the research phd3atticipants are asked to define their
2 NH | Y A etidiokn2aiirg drocBss of both:

o Internal decision processes of a esjfic organisation/stakeholder to the
implementation of the technology.

o Coordination flow needed to push the adoption between all stakeholders.

4 A template of the interview structure is attach@Annex 1
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2.3.2 Set up of the workshop

The workshop took place online on tl23rd of November 2020 with about 20 participantoiin
outside the consortium. The workshop entailed three main parts: a general introduction of the project
and the overall methodology, an interactive part focussing on the validation of the results of the
interviews and a policy measure poll exercise.

2.3.3 Results
This section discusses the main resultbath the interviews and the workshop.

2.3.3.1 Part I Barriers and potential solutions
Perception of the stakeholder with respect of his company being a leader or a follower

The result of this questionlepends highlyn the actual identity of the respondents. Henaee only
discuss the more general tendencies. Industry should be seen as leaders within the aviation sector.
They develop products which their clients will buy only years later. The picturfines, airports

and ANSPs is more mixed. Airlines are, overall, more to be considered as followers although regional
differences existand the larger airlines can play a leading role. Airports are in general very interested
in the R&D field but areefs active in innovation on the air side. The business model and the financial
state of the ANSRas well as the type of technologyay a key role in whether an ANSP will be more

of a leader than a follower.dtvever,regional differencesre present

Agreement on slow uptake of technologipsxtensive list obarriers identified

All interviewees agreedhat the uptake of technologiewithin aviationwasslow to extremely slow

Even up to the point that some technologies were obsolete by the time deimgntation.This leads

to some frustration as concepts with great potential dagging Some argue that the uptake of
technologies should be slow due to the safety considerations, but that in any case it should go faster
than the current pae. One respodent argued that if there is really a need, implementation can go
fast ¢ although this would not be the general case, while another respondent stated that this mainly
depends on the technology itself.

A very long list of barriersras identified. Some ofiem were mentioned only once, others were
discussed bynost ofthe respondents; although sometimes with a slightly different focus/phrasing
and some of the barriers overlaphe replies are the same over all stakeholders. Hénisenot the
case that some stakeholder groups focus more on certain barriers than oth#fe distinguish three
groups and list them in order of frequency:

- Barriers mentioned times or more

- Barriersmentioned 35 times.

- Barriers mentioned R times.
Barrier mentioned6 times or more

1. Itis a complex system withlat of stakeholders many different systems in use and a lot of
interdependenciesin addition, there are large differences between stakeholders: airlines are
completely market driven, ANSPs are national monopolies and airports are somewhere in
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between. Even within one group of stakeholders such as the ends tisere can be large
differences.

2. Culture of the sectgmwhich isveryreluctant towards change Different reasons for this are
mentioned such as the fact that ANSPs are national geographical monopolies, often state
ownedwith little incentives to invesfno competitive advantagend whichattach great value
to safety.

3. Thegap between research and actual implementatiofK S LINR (2 0 @ LISQ& Y I { dzNX&
of the research phase is not enough to start the deployment phase. Most of the results
achieved in the research phaaddresses nominal use casées.(80% of the total use cases),
but the remaining 20% is out of research stage and thus, out of the validatioch infpacts
the deployment and implementation of new systenfReal demonstrations projects are
needed to pushthe uptake of technologie®and more communication and coordination
between development and operation

4. Too much regulatior{including different national regulations due to the fragmentation of the
European market) and procedures including the procurememgés which lead to a high
administrative burdenThe bureaucracyinvolved in (funded) research is also perceived as
excessive.

5. Linked to the third point ishe safety environmentin which aviation operateDue to the
stringent safetyregulation, it takesmore time to develop and validate a new technology.
Sometimes the development does not even start as there is the risk that the technology will
not be approved by the safety agency.

6. Difficulties of transition Aviation is @ontinuousbusiness which camt be stopped to replace
one system by another. In addition, often different systems (legacy system and new system)
mustbe used simultaneously as not all stakeholders invest simultaneously in all systgms
ADSB). It is difficult tobuild a business case when two systemgstwork next to each other.

Barriers mentioned &b times

1. Conflict of interestbetween the (owner of the) ANSP and the client. Usually, the benefits are
for the client, leaving little incentives fahe ANSPs. Igeneral, ANSPs almost only focus on
technologies which increase performance.

2. Limited human resourcesThere is a shortage operationalstaff, as thepriority is tomaintain
the ATCO positions, so involvement in projects is lowest irrigyricespecially as there is a
shortage of ATCOs at EU leg&h 2018 there was a shortage of AT&@ff of 8% on average
[22]. There is also a shortage teichnicalstaff leading to the same experts being involved in
many projects.

3. Home bias ¢ especially by ANSPgading to a preference of inhouse developmevitich on
its turn hinders interoperability and the customer basise(below).

4. There is a large difference between the cost benefit analysis done within SESAR and the one
during thereal implementation
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Barriers mentioned 12 times

1.

10.

Budget constraintsas ANSPsre often government ownedand airlinesoperate with small
margins. In addition, airlinesvork with relatively shortpay back periodsnaking large
investments nearly impossible.

Weak management and low pressure from the EDhere is not enough regulation to
homogenize the use of technologies and no maorcementin the case of noitompliance
with the performance targets.

Lack of standardéoperational or technical) for ANSPs axdtional Safety AuthoritieNSA¥

to be fdlowed. They have their own standards, which make it very diverse. Hence there is a
lack of homogeneity of standards. Different standards of a same technt@dgy ambiguity

and confusion (e.gsoftware standards)Although some claim that would be dfficult to set
standardsdue to the different local needs.

Chicken and egg problendifferent stakeholders wait until the other takes the first step.

For the industry,ATM is not a large customerHigh investments are needed for few
customers. Due to hue bias, local needs and custom equipment, the number of potential
customers even further decreases.

SESAR solutions do not take enooghisideraton tothe local needslf the innovative solution
does not address local existing needs and the legacy system works properly, there is no
willingness to develop and deploy other technologies, although that may bring benefits.

Social pressure; labour unions.ATM systems maintaia strong dependencgn human
resources especially, engineers, technicians, operations stafis dépendency leads to the
influence of social and organizational aspects on the development and deployment.

Aviation has always been workirgplated; interchanges with other industries are not usual

Lack of willingnes® exchange essential informatianThis slows down the process as not all
available and useful information is shared with the others.

Military is a big player and can sometimes hinder the implementation of new concepts.
Although on a national level there are some improvements, but decisions betiesmber
Sates are mostly politically driven.

Potential solutions according to the stakeholders

With respect to the potential solutions adtinctioncan be made between the different stakeholders,
although, as with the barriers, there is quite some overlap. In general, introducing more incentives for
both ANSPs and airlines is mentioned by all staldgrajroups. ANSPs focus a bit more on the need
of standardisation and more validation and demonstration of solutions while airlines demand a
stronger leadership and clear mandat@$ese solutions aré line with the findings of the literature
study.

Three groups opotential solutionsare listedaccording taheir frequency.
Solutions mentioned 5 times or more

Onlythree solutions were mentioned five times or more:
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1. Increase the credibility of new technologies imgreasing the validation effortgin a real
environment, useof demonstration networks, close collaboratiarth operational staff) and
increase the awareness of the potential benefits by making detaikddble, and credible
costbenefit analyses.

2. Createincentivesfor the adoption of new technologies. The respondents distinguish between
two systems

a) t SNF2NXYIyOS ol &SR 2LISNLaI2Y 43 S NDKR Rbegt N0 8@ S &
& S NI S R Qften MoKakcapted d@s ibduld lead to discrimination between users, but
this is not necessarily the case. It would reward the early mover while not necessarily have

a negative impact on the others. There are cases where there is also a benefit fastthe
movers

b) Monetary bonusses and penalties. For the users, this could take the form of a discount or
surplus on the user charges. For the ANSPs this could be based on the performances or
related to aKey Performance Indicator&R) linked to technologyuptake (e.g., NAV
Canada change in charges for increasing datalink uptake)

3. Make sure that there arenough human and financial resource$hs ncludes monetary
incentivesfor ATCOs to participatie research and developmeas thér income decreases if
GKSe a6AG0OK FTNRBY opéricipaiing lasih AFCO@KpartdSR&D.! ¢ / h (2

Solutions mentioned 34 times
1. Change ibusiness model/culture
2. Highstandardisationlevels
Solutions mentioned 12 times

1. No more additional bodies butetter coordinationbetween existing bodies. For example, by
including the safety agency and authorities in the research phase

2. Better leadership and governance includiclgar mandateswith no extensions calculated
upfront. This could take the form of a paBuropean infrastructure manager with enough
enforcement power.

3. Increased virtualisatiorwhich decreases the costs and increases the flexibility to take up new
technologies.

4. Break dowrthe system in small pieces to easedaspeed up the adoption of technologies. Use
incremental stepdo facilitate the adoption

5. Public fundingsuch that businesses do nlasemoney in the event a solution is not accepted
due to safety concerns.

6. Bring in people from other industrieand increase theuality of project management in all
stages of the process (researchkevelopmentcindustrialisation implementation)

7. Separateservice provision and technology adoptiorHence no inhouse development, but
keep the customer involved enough such that the development meets the needs
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8. Make sure there is eontinuous research cycle from innovation to implementation.
9. Sart from amore generalconceptsand leave the standards up to a much later phase

10. Sart by setting standardssuch that the solutions would certainly compNote that this
contradicts the solution above.

Linking barriers with policy measures

In the workshopwve asked the participants to litke policy measures to the most important barriers.
In the following sections we discuss the main resultsdarbarriers.

1. Home bias in development

The home bias was mentioneds3times in the interviews, but at the workshop the views were more
mixed,and the question was raised if they are really a barrier.

This barriermight not be relevant for airportdue totwo main reasons: (1) theelativelysmall size of

some airports, especially compared with other stakeholders,(ASPs), leads to outs@ing given

the available resources and the reasons to develop a solution in house (except for the top ten larger
airports); and (2) the lack of expertideveloping complex systems in house.

Airlines usually avoid ifhouse developments: from the business case perspective, it is important to
get higher levels of amortizations. Generally, purchasing the product to a supplier is cheaper than
developing the slution in-house. On the other hand, there are some exceptions, especially in areas
that impact on the knowhow, confidentialdata, or safety requirements.

From theAir Navigation Service Provider (ANSP) perspectivesome cases, it might be quicker to
implement a developmeni it is made in houseBesides, development of4mouse solutions does not
imply systems that do not comply with standards (iie-house developments and adoption of
standards are not incompatible Moreover, by outsourcing the equipment may not have a
functionality that is required for specific tactical operations of the ANS#sides the previous
considerations and depending on the nature of the technology to be developed, most ANSPs do not
have either the capabilities to affoid-house developments (e.gvirtual Centre$ or the expertise in
defining functional requirements (i.gequirement language).

Regardless of the approach for implementing a new technoldyl, Aviation Authority(CAA) focuses
onevidence Therefore, whoever produces and provides the system is transparent for them. Although,
lack of standards and information which, in some cases, might be implied within theuge
developments, can disrupt the expectations of #ystem,and shift the feaus to thecoordination and
communication between the stakeholder and the CAMBecause ofthis, generally, irFhouse
developments may translate into longer acceptance and approval processes.

2. Lack of standards

When the SESAR programme was created, the ambitwvas twofold: to provide a blueprint for the
future of ATM, addressing all aspects of ATM and to provide support to standardization. Therefore,
the goal was to define the reference architecture (IEPEATMA: European ATM Architecture).

When SESAR startethe ambitions slightly changed: the approach moved tseaviceoriented
architecture. Therefore, services could be standardized and provided by one system and used by
others. Under these circumstances, the problems raised Hyuse developments wereackled,
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especiallyfor the ANSPs: they can adopt the SESAR architecture as a reference and add local solutions,
which have been developed beforehand for other ANSPs, by integrating standardized services.

Nevertheless, ANSPs face the incompatibility betwé®sn current architecture and the service
oriented approach: legacy systems are not ready for integrating sendgspscially within the core.
The issue, therefore, is not the development of new functionalities pdgethe transition from the
legacy gstems to the new onesespeciallyegarding thecoreand thecost of upgrading the system
Participants proposed the followingitigation measurego address thehome-bias in development
the lack of standards andh generalto speed uphe adoption of new technologies:

I To avoid vertical integration clearly differentiatebetweenthe data provider, the service
provider,and the user

9 Transition to serviceoriented architecture

9 Stronger performance regulation to create market conditiariBhis wouldoster competition
andbe a moveaway from monopolistic business models.

9 Toincentivize the adoption of new technologigkr example by rewardingarly adopters.

3. Complex system with many interdependencies

To overcome the complexity of the $g81, thefollowing measuresare mentioned

1 Highstandardisation levels lack of standards is seen as a bari€ne telecommunication
industry is mentioned as an industry where expansion has been triggered by high
standardisation

1 KPlsat Europearievel

1 Avoiding in-house developments There is a need to haveomeone from outside the
organisationasthe different stakeholders camterfere with efficient development and hence
there is a need for an outside player.

4. Gap between SESAR and Deployment

Increasal virtualisation and increased validation efforare seen as the main solutio®ne mustry

to prevent the maturity gap by adding steps to the procesakingsure that the prototype is fit
Virtualisation will help to plan better andssess if a solution is .filOther solutions includéiigh
standardisation, better coordination, and governance As an additional mitigation measure an
independent agencys proposedas there are too many conflicty interests between the stakeholders
pushing solutions beforethey areready. An independent agency would be more objective as today
sometimes solutions pass the maturity gate while they are not ready and sometimes the information
provided by SESAR is tie¢ information needed by the stakeholdersdecide

5. Organisational and cultural limitations

The reluctance to change is oftéinked to thehigh workload withirthe organisationensuring there
are enough resourcesould ease the pressure. Change of culture/business model is also seen as a
potential solution.
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6. Extensive regulation and bureaucracy

Yt LQa | af befier gofedad&fare seen as solutions. Bgre importantis that respondents
are not sure if there are too many regulatiosireaucracy is more of a problerand alargerbarrier
(a lot of agreement on this).

7. Safety critical environment

High standardisation level|shalance between safety and flexibilitand the importance ofunding

and the use ofncremental stepswere appointed as possible mitigation measures for boosting the
implementation of new technologies in a safety critical environment. An important reradhat the
CBAIn projects involving safety critical elements is most of the times negative, thus, an eventual
funding or a reduction of safety certification costs are needed to ntakemplementation of such
technologiesappealing whiléncreasing the leel of safety.

8. Limited human resources

Regarding thesafety critical environmentlimited human resourcesnd operational difficulties for
transition, theuse of incremental stepsvas proposed to be an effective way to solve these problems.
The rationale bhindthis isthe risk reduction when a modular approach is takéorexample, the
time required for certification and training is split into shorter parts, which are easily addressed.

Toensure that there are enough human and financial resoureessraised as another measure for
tackling this problemPoliticalcommitment should bethe way to ensure these resources.

A need forculture changeand better communications with professional associationmgasproposed
to avoid false assumptions and division Wween management and professionals with consequent
negative actionsuch asstrikes of air traffic controllers.

9. Conflict of interests between stakeholders

Areward systemwasseen asa good measure to deonflict the situation and move the unavoidable
individual interests towards the common interest.

Some comments about theunctional Airspace BlocksAB environment and the (lack of) willingness
of states to enforce it suggesthat political interestsare sometimes against expert agreements. Some
rules at European level regarding this matter should be set to avoid this interest barrier.

10. Operational difficulties for transition

Thiswas seeras oneof the most important barriers in ATM.omitigate itseffect, theincentives for
adoption of new technologiessuch asnonetary incentives are important.The use ofncremental
stepswould reduce risks in operational deployment and therefore the difficulties, as asserted before.

Preference for performance fated policies

There was a clear preference for measures which include some relationship with perforrivéhen.
choosing betweelpolicy measures related to the monopolistic nature of AJé&vformance monitoring

was chosen by most participants, followed bgrdstick competition. Today there is already
performance monitoring, which is not leading to the desired results. It was argued that performance
monitoring is key, but it would be good to include some bemadus system within this performance
monitoring pocess.Focussing on policy measures related to fnmcipal agent problemthis is the
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main investor is not the main beneficiagygrformance related payments were unanimously chosen
as the preferred optionWhen considering onlpon-financialpoliciesrelated to the principal agent
problem, contract design was almost unanimously chosen as the preferred option. Mandatory
implementation with strict enforcement was onghosenonce and by one patrticipant as the best
solution and only when forced to choobetweennon-financialincentives. The main reasof the
reluctance towards this approacits that monitoring would be difficult (you monitor that it is
implemented and not the outcome) and practically not possible (as there are more than 130 solutions).
In addition, the organisation mandating might not choose the most optimal solutions.

2.3.3.2 Part ll:Factors behind the decision process
List of proposed factors

Factors are split into two different phaseResearch and Deployment, since some of them could be
different in each stage of the cycle or have a different importantee factorsdiscussed during the
interviewsarelistedin the following table:

Table4: List of factors; part Il

Factors Description

Research phase Stakeholders This means the involvement of the differe

stakeholders during the research phase
Operational/Technological

a0l 1SK2ft RSNARQ A

SESAR This is more about the global purpose
SESAR and if the solutions proposed by SH
ATM needs alignment are aligned with the real needs of ATM.
Funding for research Additionally, is it important to hav{
(European) funding to commit to th
research?
Results We distinguish here between the resul
Maturity level themselves (hence the results of the reseal
) phase with respect to maturity level, benefit]
Researcloutcomes: : . . o
impact, requirements, X 0 YR

positive/negative impacts on KPA

. dissemination of the results to th
and requirements

stakeholders. Does dissemination also play|
Dissemination to impacte( important role in the uptake of a technology
stakeholders

Deployment phase Stakeholders This § the involvement of the stakeholdel
Operational/Technological during the deployment phase.
allF1SK2ft RSNARQ A
. . A . = | In addition, we would like you to assess t
{ub1SsK2t RSNDa O importance  of coordination  betweet
stakeholders. E.g. If there is central
coordination, is a technology more likely to |

implemented?

Implementation requirements This means the requirements which result
from the research phase to implement th
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Operational: Human licensing and solution (licensing, training, development
training new technology, integration within existin

Technological: technolog| ¥ = © K yagt23ex

development and implementation

Legal Framework We distinguish two main aspects:

Policies and regulations
1) which policies must be created/modified

support thesolution and if the systems nee|
Rewards/penalisations to comply with existing policies.d, Platform
to be equipped on board may need to comy
with certain laws and regulations.

Funding/subsidies/charges

2) Incentives to adopt the technology eith
positively (by subsidies, discount (
navigation clarges, priority when equipped
or negatively (by higher charges, penalties

Business criteria The impact on the own company

Organisation Business model

. Individual cost benefit analys{€BA)
Willingness to change

Impact can be different depending o
business modet which models are mory
willing to invest in new technologies

Tradeoff between revenues and
costs

Culture of the companyg willingness to
change

Aggregated results

Within the interviews, respondents wef@st asked to rate the importance of each factoy giving a
scoke between 1 and for the figure this scoring was transformed to three categories: {@gore 1

or 2, mediumg score 3 or 4 and highscore 5. Secondly, they were askedgtate whether the &ctor

acted as a lever or a barrier bothand to give some comment§hefollowing figure shows the results

as stated by most of the participaniBhe colour (tone of blue) of the boxes depends on the percentage
of the interviewees that contributed to this classification. This means that this reflects the opinion of
most of the participants but still there are some individual opposite opinions. Sorastthere are
differences betweendifferent types of stakeholders, but mostly the differences are related to
individual perspectives and experiences.
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High

imponance - . - -
importance

Low
importance

Barrier -

Figurel Factors' classification Part (from interviews)

The main reasonsr commentsof this classification are listed below, separated into research and
deployment phases. These are consolidated opinions of all participamiwjing bothsides (e.g. why
some think a factor is important arather statethe opposite):

Research phase:

1. Not all stakeholders' involvemeis at the same level Eg., airline involvement is low as they
R2y Qi KI @S GKS NBaz2daNOSa (2 KIFI@S Iy !'¢ta ws5s

2. If ATM needs are aligned with SESAR Master Planeittivesthe adoption of the technology
in a shortterm horizon. But it somehowtopsthe longterm researchaslongterm R&D slould
not be constrained by the current ATM needs atmbuldgive moreroom to disruptive and
innovative ideas.

3. Thefundingis in general always welcomelowever|f private entitiesare really interested in
a certain technologythey willfund the researchthemselves

4. The maturity of the technology is important in R&D phase sinedatedto the gap between
Research and DeploymentNowadays the maturity at the end of R&D phaseften not
enoughto be quickly implemented bthe operational team. However, people also think that
if the technology is very desirable and interesting for the community, then the level of maturity
is nota big issue, which can be solved eventually.

5. Others think that maturity levels and specificallythe European Operational Concept
Validation Methodology EOCVN), introduces noise to the R&D phaseOr at least has a
higher influence/importance than it should have.

6. Theadministrative sideof the R&D projectsstoo complicated andmpedesthe involvement
of some stakeholders.
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The betterthe outcomes/benefits of the technologthe more likelyit will be adoptedby the
operational sideThis does not mean that technologies which have both positive and some
negative impacts are natcceptable

The dissemination today is not goodas the message is ndbrwarded to the correct
community. Disseminatiorshould includehe operational teamsandthe decision makers.

Deployment phase:

1.

The need of involvemertdf certain stakeholderandthe need forcoordination betweerde
different stakeholders depends atine kind of technologyto be adopted Technologieghat
donotneed a common collaboration to be implementégye a loweneed . Specially airports
need to align the use of equipmemith the airspace userAU) Airports also need
standardsedguidance fromrEUROCONTRI most ofthe deployments.

Thea il { SK2f RS N Qot dlways dliyded thustoo much involvement could
sometimes create noise instead of helpihgployment forward

The operational and technological requirements resgjtfrom the researchphase are
necessanffor the implementation Althoughnot all changes are not welcomed, they are
necessaryand wemust make peopleaware of it and accept it Additionally, from airport
perspective, the technological changes are more important than operational, while for the
ANSPs, the staff training (ATC@s)ucial.

The policies and regulations hawso sides The existing ones that the technologyust
comply with are barriers (specially for the industry) and the new ones that we create to
promote adoptionare levers.

Funding is always welcomed in both R&D and Deployment phases. Nevertheless, people also
think that it is not that important & reward (early adopters) or penalisbut to promote the
willingness to the changelf people are interested in the technology aa willingto adopt

it, this works better than giving them some economidisladvantagesThis isespeciallytrue

for the publicentities; for the airlines rewards/penaltiescould work better.

The business model of the company/organisatdoes nothave a big influence on the
DecisioaMaking process (althoughhe larger the alignment, the larger tHielihood). it is
more about thewillingness to changdor public entities (ANSPs) and t&88A analysifor the
private entities (Airlines, Industry). However, there are benefhiat arenot considered in the
CBA S me benefits are not visible at th&tart and mightonly appear when the solution is
implemented. In other wordssome operational benefits remain out of the CBA

Other peoplestress thatmost ANSP&re ina monopoly situation while competitive private
companies are more willing to innovatélence, the red for a holistic business model
approach Thisis theneed to be aware dathe different business models: Airborne and ground
industries have very different business models. Airborne industry invests first andsrieed

wait for airline orders. Ground industry will not invest before they have at least one order
from a service provider. Airborne industry needs to take more riskether words, to be a
business that uses holistic techniques, it means that the entire organization is considered in its
processes and policies, as opposed to focusing only on its specific components.
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Workshop feedback

During the # ITACA Workshop, the results this part were a bit differenfrom the results of the
interviews

High SESAR
alignment SESAR
autcomes: SESAR halders | ion
e outcomes: stakeholdars
W 605 3y Ialvement (Deployment)
[Research) Worldwide

interoperabili Legal Business
" ” SESAR outeames: rramegwotk Iterl
criterla

Dissemination

Low

Buslness

e eriteria

Stakehaolders framework

Irnealvemient .
Implementation

Requirements

Figure2 Factors' classification Part 1l (from Workshop)

Regarding the level of importance, the main difference is that the SESAR alignment seemed to be the
most important factor when during the interviews th&yere considered notrucial for the uptake. A

new factor came upbout the worldwide interoperabilithetween aircrafs. In the deployment phase,

0KS adlr(1SK2t RSNEQ Ay@2ft gSneSshere toysikered Yritidghl Sor e/ G | G A 2
technology implementationThe legal framework and businessiteria were equally importanbut

slightly lowerthan the othertwo.

For the lever and barrier identification, only four factors were highlighted and discussed. The business
criteria seemed to be the closest to a lever compared with other factors and the implementation
requirements the closest to a baer - this opinion was quitdike the results of the interviews.

The mainarguments fotthis ranking are described below:

Level of importance

I SESAR alignmenBESAR solutions fit the ATM needs. Besides, the different stakeholders are
involved in their definition and decide which solutiorustbe addressed.

1 SESAR outcomes: Performandegom the ATM perspective, research programmsash as
SESAR look for optimstlutions. SESAR is performanlteven butachieving very promising
performances in areas that are not relevant for ATM is not the ambition.

1 SESAR outcomes: Maturitiaturity level is the indicator for measuring the readiness of the
technology to be deplged. Therefore, maturity is essential for any stakeholder to support the
decisionmaking process.

{1 Stakeholder involvemen{research)5 dzZNA y3 NBa S| NOK3> (KSisadsdl I { SK2 €
relevant since as long as they are involved in the solution definition, they wileeeerto
deploy it.
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1 Worldwide interoperability (airborne industry).Out of the European framework, airborne
industry needs tobe interoperable, whichserve for the different airspace users from a
worldwide perspective.

I SESAR outcomes: Disseminatidinthe solution is aligned with ATM needs and resszhhigh
maturity level, disseminatioisthe easiest step. Theasondor the different stakeholders for
implementing or embracing a new technology should be considered in both the performance
and maturity of the SESAR outcomes.

1 Stakeholder involvemeni{deployment) The main reason foscoringthis item highlyis the
risk that the technologys not fit for the user.It was stated that the role that coordination
bodiessuchas theEuropean Commission take nowadays is limited to monitoriimsleads
to a mismatch between expectations and promises. Therefore, it was suggested that more
power and accountability of these bodies could improve the deployment process. Additionally,
in practice, the funding from SESAR wenthe bigger companies and smafitakeholders
(small ANSPs, small airlines) were not taken into enough consideration.

1 Implementation requirements:mplementation requirements need to be known clearly and
mustbe kept in mind, but it was also acknowledged that you are likely to have to adjust them.
Some disenchantment with the European ATM roadma&mas shown and trustful
implementation expectations and timing are needed. In relation to the trust, more validation
of implementations in different environments should be required. It is important to note the
link between implementation requirements, business case and funding: a requirement not
beneficial for you should be supported with monetary incentitesalliate the negative
business case.

1 Legal frameworkThis should be in place before the deployment phase starts. Regarding this
aspect, it was highlightedthat mandatory implementationmust come with funding
appropriately targeted at overcoming negative businesteria.

f Business criteriaDA @Sy (GKFG AG RNAGSAE (KS RSOAaAA2Yy AY
AYLERNIFYOSQ ax Ay (GKS RSLIX2eYSyd LKIFIaSsz AdG &
It was stated that individual benefitirive decisionn the first place and the accomplishment
of goals at global, network level must be incentivised properly. Only if the business @aiteria
not positive, the other factors (especially the legal framewark)st push forward the
implementation of a new technology. It should be highlighted that the provision of ATM
service is a must, regardless of negative business criteria.

Lever and barrier @htification

1 Stakeholder involvementThiswascategorizedas being both a lever and a barrier in practice
while ideally it would be a lever. It was suggested thal | | S KigvbNe@exdmast be
approached differently than todayn somecasesit was considered as a barrier since no clear
coordinabr has sufficient power and accountability to steer the actions of all stakeholders. An
effective and efficient coordinat would make this factor a lever.

1 Implementation requirements:Somecategorzedthem as being both a lever and a barrier as
it can both help as stand in the way if there are many hurdles. It was argued that the exact
effect depended on the technology. Ideally it is used as a lever to show the usefulness of a
technology Other participants saw this as a barrier, since this factor is many times associated
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with the lack of benefit provided. Also, the timing for implementation and expectations are
considered not aligned with reality by stakeholders.

1 Legal frameworkit was unanimouslgeen as the maibarrier, as the legal requirements are
what can block the implementation and is teme-consumingprocess.However, some
participants found this factor as a lever, sincecdin counteract the effects of a negative
business criteria.

1 Business criteriaA link was made with the research phase. If tihganizatiorwas involved in
research, as is often the case for ANPs, this will not so much be a barrier. For stakeholders less
or not involved in the research it could be a barrier. For example, for airlines this is the phase
where they look at the business case as they are not so much involved in the research phase.
It was also seen as a potential barrier due to lack of consistémdyme and across
stakeholdersHowever, others considerdtlas a clear lever, since a good business case makes
the process advance smoothi@n the othehand, abad business case is not necessarily a no
go factor.

2.3.3.3 Part lll:Decision making
The inteniewees were given the following three decision making approaches as a starting based.

General management (GM) A specific department (eg. A specific department (eg.

evaluates the innovative approach Research) notifies GM Research) notifies GM

Different departments receive it and
coordinate themselves to build a

GM asks the involved departments

. . GM evaluates the innovative
to build a business case from the

approach

point of view of the own company business case
Report to the GM of the business GM asks the involved departments Report to management the business
case to build a business case case
GM gives a final decision for the Report to the department in charge GM gives a final decision for the
deployment (not equal to the GM) deployment

Department gives a final decision for
the deployment

Figured. Decisioamaking approaches.

Based on this,wto decisioamaking diagrams were defined based on the trigger that pushes the
adoption of either a new technology or a new concept: on one hand, EC implements a regulation to
move SESAR concepts into operations (€gmmon Projects); on the other hand, an organisation
decides on implementing a solution that addreskesown need.

Because of the relevant differences between both processes, two flow diagrams were outlined.
Regardless of the trigger, a colour code is used to show the different aspects that influence the process:
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Blue boxesillustrate the ype ofcompany/stakeholder (e.gairspace user).

Grey boxsindicate the gproach to the decisiomaking processis discussedbove, three
kindsof procedures are considered: botteap approach, togdlown approach, and feedback
loop. Figure4 depicts, from ageneralperspective, the steps defina all those processe®n
the other hand,boxes in white with a greycontour collect some considerations about the
approach to thedecisionmaking process.

Green arrows and boxesepresent the relationships among the different stakeholders to
move forward with the deployment proces#/hite colour and green contour boxegather
the main considerationsegardingthe relationships between the stakeholders.

Orange arrows and boxein white and orange contoudepict the main risks and issues that
the different organisations may face during the deployment phase.the green arrows
represent the coordination to advae with the deployment; relationships among the
organizations mayame up because of the risks they face.
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Decision making when adoption is triggered by an EC mandate

A department serves as bridge
between research and
deployment

GM is natified but does not
trigger the process

The solution may not solve
GM decides how to procesd

SESAR the lpcal needs
DEPLOYMENT —— Bottom up approach {Planning issues }
MANAGER Lack of effart
— -
ANSE [Clualified personnel ]
[No culture of PM/CBA ]
Eurapean collaboration | o o ¢ ofistic cBA out
framewark is essential to )
., of SESAR not sufficient.
foster the deployment it
the deployment required a
coordinated action Industry has their own
BIELWORK —+  INDUSTRY  — S
MANAGER Eurapean collaboration
Top down approach framawark might mean a o
Top down approach disincentive since your  Competitian within the
P PP RED s Involved in since th N X company between AT
|besln:l::o vecin since the Fompetltgrs mlght be selutions and develepments
Opposition from the involved in the forum for wther purposes
social partners
:
[External factors ] ¥ Since the deployment is based on a EC
date, NSA T rted by EASA
Metwork Manager Board Ec mandate NATIONAL i s supportec by
. >
ts of
:::f;:niatives of the {e.g. PCP) SAFETY AGENCY No planning issues since the NSA is
AT sElelalis f involved sinca the beginning

Corporate image is

impartant.
EASA rem— Parie mrldEe Campetition within the
3 - company bebwesn AT
Al RSPACE USER : solutians and develapments
b Feedhack invalves the o e VRS
Invelvement of the Top down feedback as;ess?‘lttanznf fl:tam:latl
Mational Safety Agencies and sately departments

The approach is clasely
linked to the country and
the owner,

| Generally, airparts are
— AIRPORT quite independent.

Bottom up approach

Figureb. Diagram flow when the adoption is triggered by &C mandate.

The process is triggered by the European Commig&@iafter conducting a large consultation with
the different stakeholders. THECproduces a mandate thaiffects differentstakeholdersdepending
on the solution to be deployedrhe EC alsaitiatesthe coordination phase between, on one hand,
ANSB and industry which could be applicable for all the stakeholdensd, on the other hand and
most importantly, thecertification stage

Left sideof Figure5 represents the involvement of the stakehold@nshe elaboration of the mandate
and prior its releaseEuropean CommissioNetwork Manager,European Union Aviation Safety
Agency (EASAand SESAR Deployment Mana@@DM)oordinateamong themselves order to make
a decision about what, when and hawdeploy a new technologyromthe workshopfour comments
need to be considered:
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91 In theory, allstakeholders and organisations are invalva this first step since the Network
Manager Board consists of representative of tliéedent stakeholders.

I Theadoption of the common projects.€., EC mandatesipllow four steps: (i) setting the
conten, (ii) stakeholder consultatior(jii) endorsement and institutional consultatipand (iv)
adoption. Therefore prior to the release of thenandate, theEC first makeis own business
case to decidef it is worth to deliver that mandate and, secondlgpnductsa large
consultation to ensure that the different stakeholders can comply with the content and the
assigned deadlines.

1 The involvement of EASA implies the participation ofrtagonal Safety Agencies.

1 TheSDMhastwo main rolesfirstly, it isresponsibé for the management leveg(g.,develop,
maintain,and implement the deployment programme) arskcondly the coordinator of the
framework partnership€.g.,implement and monitor the action plaf).

Once the EC mandate has been relea@ed adoption phase)the different stakeholders follow their
own approach to include thdeployment related to the mandate in their planning. It is important to
highlight some comments considering the behaviour of the different stakeholders:

1 ANSP:

0 The solutbn to be deployedmay not solve the local needsnaking ANSPs more
reluctant to implement the mandate

o The fact of including a mandatory deployment in a tight planning results in planning
issuedeadingto lack of effort and qualified personnigr addressng the deployment.
Hence the importance of setting realistic timelines.

9 Industry:

o0 European collaboration framework isssentid to foster the deployment if the
deployment requirs acoordinated action.

o European collaboratioframework mightmean adisincentivesince your competitors
are alsanvolved in the forum

o Positive holisti€BAout of SESARNot sufficientas it does not consider the individual
impacts

o0 Competition within the company between ATM solutions @edelopments for other
pUrposes.

5 The deployment programme refers to PCP or CP1 and the actions plans are purely related to the deployment of a solution
in a specificountry.
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91 Airspace User:
o Corporate image is important.

o0 Competition within the company between ATM solutions and developments for other
purposes.

o Pareto principle 20% of the effort invested in a project addresses 80% of the
project/use cases.

o Feedback involves the assessment of financial and safety departments.
1 Airports:

0 The approach is closely linked to the country and the owner.

0 Generally, airports are quite independent.

o Coordination with other airports (if that happens, it is mothe first step).

o Airports might look for collaborative frameworks feasingthe deployment €.g.,
Connecting Europe Facilit@EFprogramme) after the request of the SDM

Importantly, most stakeholders conduean individualcost benefit analysis to particularise the net
benefits from the research phas&he elaboration of awn business caskets companies prioritise
the tasks(i.e., fit the solution in the tight planningand design the process for achieving the
deployment

Finally, regarding the behaviour of tiNational Safety Agenciesvhich are responsible for the final
certification of the solutionthey count on thesupport of EASAand, therefore, issues related with
planning and lack of resources do not come up.

Decsion making when adoption is triggered by a local need

Under the term oflocal need the own localdemands of the stakeholdersre consideredThese
solutions do not need a European framework to be either resestabr deployed. Hence the
development most likely happarin-house. Furthermore, local needasualrequire lower budget
than within the large collaborative frameworksch agthe SESAprogramme

According to the participants of the workshtige process for deciding and develogia solution that
addresses a local need follows the steps below:

1 Minor coordination + Initial planning + Initial risk assessmeiihis step consists basicadify
gathering the internal information (i.erelated exclusively to the own organisation) remai
to perform the business case.

1 Minor coordination for checking the available technologyfhe catalogue of available
technologdesin the market is checked.

1 Business CaséA CostBenefit Analysis (CBA) and a Return on Investment @gd@lsisare
performedto decide

9 Local Needs Prioritisation.
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9 Planning:The final plan for the deployment is elaborated and the steps to its achievement are
discussecamong theinvolved departmentslt is worth mentioning thaintermediate gates
and milestones aressential for the design and adoption of the process design.

9 Certification.

> ANSP *
Planning issues ]
Bottom up approach [Lack of effart ]
A department serves as bridge re
hetween research and [qua“{IEd personnel ]
deployment [No culture of PM/CEA ]
Miner coordination for
checking the availabl :I INDUSTRY
solutions

Positive holistic CBA out

T L A of SESAR not sufficient.

RED is involved in since the
beginning

[ATCO acceptance ]—

[Regulator\r acceptance ]

Competition within the
company betwean AT
solutions and developments
for other purposes

Industry has their own

Certification

Assistance to the
providerfuser until the

effective deployment

road map.

¥

NATIONAL

" SAFETY AGENCY
F 3

[Plan ning issues ]

iy

[

> AIRPORT

Generally, airparts are
Bottom up approach quite independent.
The approach is closcly
linked to the country and
the awner,

Coordination with other
airparts (if that happens,
it is not in the first step).

R

— AIRSPACE USER

Campetitinn within the
company between ATM
sclutions and develepments
far ather purposcs

Top down feedback

Corporate image is
impartant.

Figure6. Diagram flow when the adoption is triggered by a local need.

Since the trigger is a local need the research, development and deployment argclguite
independent from other stakeholdergrganisations. However, a minor coordination of the
stakeholders and industry must be considered: ATM osgdioins stay close to industry to check and
be aware of new technologies and solutions that may apply to address their own rizeckise of
the independence ofhe process, links among the stakeholders are not dhéy result of the
coordination phase but the risks as welh the one hand, industryeals with the risk oAT® and
regulatory acceptance through the research phase and, on the other hand, issudsp&bming and
human resources come up because of the lack of coordination with the NSAs.
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Figure6 illustrates therelationshigs between stakeholder$or deploying a local solutionn this case,
the trigger, the local need itself, is not shared by the partnérss important to highlight some
comments considering the behaviour of the different stakeholders:

1 ANSP:

0 Under the local need approacANSPs suffer from the same risks explained in the EC
implementation: planning issues, lack of effort and qualified personnel.

o An additional risk comes up due to the nature of the local need: the deaisaking
process within the ANSPs is not usubtigedon the results of a CBAhe difficulties
of measuring and assessing the benefits, espeaiedigrdingoperational necessities
and solutionsijs believed talistort the results of the CBA.

0 ANSPs usually maintain contact to keep abreast of changing tkxies and
solutions that might apply to thewwn context and needs.

91 Industry:

0 As technology providers industry is not a source of local needs but, since they are
involved in the research for a continuous improvement of the ATM, industry must be
considera within the local need diagram. Thectaof being part of the processpt
working for their own purposes but providing technologies to solve other
stakel2 f RSNEQ ySSRa YI1S GKSY FIF0S (62 NRa
National Safety Agenciesn one hand, the AT@acceptance and, ultimately, the
acceptance from the ANSP itself and, on the other hand, the regulatory acceptance,
linkingindustry with the local Safety Agency.

1 Airport:
0 The approach is closely linked to the country and the owner.
0 Generally, airports are quite independent.

o0 Regarding the coordination with other airports, if that happens, it is not in the first
step.

1 Airspace user:
o Corporate image is important.

o0 Competition within the company between ATM solutions and developments Farot
purposes.

o0 Pareto principle.
o Feedback involves the assessment of financial and safety departments.

The development of solutions for addressing local needs impliesSéu@ty Agencieare not involved
since the beginning and do not count on the support of EASK.I8dds toboth planning issues
because of the short notice for the approval dadk of qualified personnel for the certification of the
solution.
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2.4 Conclusion qualitative anlgsis

The casstudiesrelatedtdK S G KNBS a! ¢a (SOKy2f23ASa¢ +ff KIFIR A
level differs across regionghis seems to indicate that the real issue is not the techndbogthat the

institutional framework, including regulation and policy measugmore important Based on the

case studieshe ¥ 2 f £ A @AM YAD &d YobthedadkNBkes) played amportant role

-  Differentiated charging

- Promotion and demonstration of the technology
- Realistic timelines and phased approach

- Coordination efforts

- Mandatesand credible enforcement

- Starting at a niche market

Comparing the experiences in the other industries with the experiences in the aviation/ATM sectors
similar barriersarose This is not unexpecteds the choseindustries sharedsome of the main
characteristics (national monopolies, network industries, éangmber of- O {i 2 With XTM. Hence

in most of these experiences the uptake of technology aki® perceived aselatively slow. An
important exception is the telecom industry which changed drastically over the last 30 years. From
these experiencain other industries and most relevant for ATM, we learn the importance of

- The role of demonstration that something actual works (see data switching)

- The role of outsiders with a different viewpoint (computer specig)list

- The role of flexibility in (price) retation ¢ although unintentional at the start

- The need for some competitive forces

- Starting at a niche market

- Role of(conditiona) subsidies and mandates

- Role of coordination.
Which are very similar to thépolicy measuresdrawn from the ATM experience.
b2GlotS Aa GKS FILOG GKIFIG Y2ad 2F GKSasS aLRftAaoe v
the workshop.There is a strong agreement on the need for better dissemination and demonstration
of technologiesBetter coordination was also raised asolution.Some flexibility within the pricing
regulationg especially related tperformancebasedpricingor performancebasedserviceswas also
acceptable by thetakeholders. Although mandates could overcome some of the barriers leading to
slow implementation, theappetite with the stakeholders waalmost nonrexistent. The main reasons
for the reluctance towards this approach is that monitoring would be diffigidtt monitor that it is

implemented and not the outcome) and practically not possible (as there are more than 130 solutions).
In addition, the organisation mandating might not choose the most optimal solutions.
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The interviews and the workshop also broughtt valuable lessons about the barriers and levers
during both the research and the deployment phase, and about the relationships between the
different stakeholders.

From theinterviews itwas clear thathe most important factor during research phase¢his outcomes
(results)of the research projecttself (supported by more than 60% of the participants) terms of
performance/operational benefits, the expected impacts on the different Key Performance Areas
(KPA) and the requirements to support the cept The results ar¢he key factor to lead to a
successful implementation of the concept/technolo@yemore positive the benefits (economical and
performance)of the concept/technology, thé&eenerwill be all affected stakeholders to adopt i

line with this, whenthe negative impact@re bigger the organisations are less motivated by this
change. On the other hand, tlegher factors remain quite within the same level of importance.

Regarding the levébarrier classificationin the interviews,aimost all the factors areategorised

between dever and 6 2 (i Kbét claser to dever) without any remarkabledifference.
dmplementation N5 |j dzA NBisvtiSeyesucaption and clearly identified astmrrier, although a

minority believet G KI G A (iboth® 2 dihéRrequirénents are needed to support the
implementation With respect the workshop feedback this same analysig, should be highlighted

that the most important factotthere wasthe 6SESAR alignmehsinceonly with proper alignment

with the ATM needs andith solutions addresagthe current problems the interest and adoption of

the solution by the different stakeholdessill be triggered For the lever and barrier analysis, the
Gmplementation requirementg | NB | f 42 O2 yasAlR SINGSR AlyEl ShNgdmasSNANRA S NO R
criterias¢ G KS Of2asSad G2 F tSOSNI aAyOS AT fA3yYSyid
aligned it should not be considered a-go factor (the legal framework woultiake it mandatory if
necessary).

Notwithstandingthe difficulties of summarizing the particularitied the different stakeholders when
decidingand deploying a solution, the differences between the cases analysed above i.e. EC mandate
and local needie in the role of the local Safety Agendyhen there is an EC mandate tRSAs are
involved since the beginningn the case of addressing local neeNSAs are not part of the process

until the certification step what poses planning amnglsourceissues on their sideBeyond the
differences, the importance of elaborating an individual and specific business case to analyse the costs
and potential benefits of the solution was highlighted. However, at the same time, the difficulties for
assessing, @ecially, the benefits from operational solutions were commented and considered.

49



ITAC/A

Incentivising Technalogy Adoption
for Accelerating Change in ATM

3 Economic modelling

3.1 Introduction

Economic research focusing on ATM is not abundant and even less is known about the barriers and
drivers behind the uptake of new ATM technologies.

Researchers and stakeholders alike [2] point to the high level of protection that surround ATM
management. fie sector is still dominated by national monopolies and strong labour unions [3]. There
is a general lack of customer awareness and competition. This is shown to affect the uptake of
disruptive technologies [4], which has led some researchers [5] to peopegional forerunners to
adopt new technologies and/or increase competition between providers [6]. Other reasons for the
slow pace in technology adoption are the very demanding safety requirements and the host and
variety of the stakeholders

To tackle tie new challenges created by increased demand, climate change and growing competition
between airlines, to name just a few, new technologies are proposed to make ATM services more
efficient and performant. As pointed out in previous sections, the uptakéhese technologies
remains disappointing. Several reasons for the slow uptake have been suggested, such as, the
monopolistic nature of the ANSP and its strong labour unions, the stringent safety requirement
inherent to the industry or the large number da&eholders involved.

In this section we want to focus on the technologies itself and see whether certain characteristics
displayed by ATM technologies could hinder their uptake. Indeed, ATM technologies possess some
specific characteristics, namely:dfjen both the ANSP and the airlinea®eed to make an investment

(ii) there is an imbalance in the allocation of benefits and costs as most of the investment costs are
often born by the ANSP, while it is the airline that egjmost of the benefitand (i) ATM technologies

often display networkeatures in which the full benefits of upgrading a system are only realised if the
whole network is upgraded leading to externalities and hence-oytimal investments

We develop a simple model to analyse theal@ of certain ATMechnologies based on the potential
efficiency gains by both ANSP and airlines. We start from a simpl séth a single ANSP and airline.

We then enrich the model by allowing multiple types of airlines. This adds realism to thd asoite
introduces competition between airlines and allows us to gain insight in the difference in reaction of
low-cost carriers (LCC) or legacy carriers (LC). In our last step we generalize the model even further
considering two ANSPs, either in serialroparallel connections on the same origin and destination.
This is inspired by how transport network capacity decisions are reached. As the ANSPs will need to
recuperate at least a part of the cost of the investment in new technologies, both the steuatuhe

market and the possibility of an airline to reroute aensideredn this model variant. Finally, we apply

our model to two ATM technologie€oéntroller Pilot Data Link Communication (CPDLC) and Remote
Towers)which exhibit different characterigis to illustrate how these affect the ease or difficulty to
implement them.

50



ITAC/\

Incentivising Technalogy Adoption
for Accelerating Change in ATM

3.2 Model components

3.2.1 Agents and interactions

We consider four economic agents (deigure?); the regulator, ANSPs, airlines and passengers. The
regulator €.9g, EUROCONTR)@an impose policies amdles onthe ANSPS and the airlindbese can

be monetary incentives, such as suliss] or certain mandates or price regulations such as caps on
the navigational charges etc. The ANSPs provide ATM services to the airlines in return for navigational
charges and finally, the airlines provide air kilometres to the passengers in retuokef tares. The

model could be modified to include airports instead of airlines touteep the analysis as simple as
possible wdocus on the interaction between airlines and ANSPs.

regulator

Subsidies/mandates/ price regulation
ect...

Subsidies/mandates/price
regulations ect..

___________________

ATM

. [ Navigational fees ]
services

r A
1 1
“°t7 airport |
A, !

___________________

e mm A ——————

—>
[ o |

Figure7: Agents and their interactions

Ourmodel is set up within &wo-stagegame(seeFigure8). In a preliminary stage, the regulator sets

the rules or policies. These are taken as exogenous to our modge first stage, the ANSPs set the
navigational charges and decide whether to adopt the new technology or not. We consider several
ways in which the service providers set its char@ee option is to assume the current situation where

the ANSP is allowed set its charges as to recover its cogisother option is to impose a caginally,

we considerthe possibility that there are no restrictions and the ANSP simply maximises its profits. In
the second stage, airlineecide whether to invest in the net@chnology anathoosethe desired flove

to maximisetheir profits. In the simplest set up of our model we consider only one ANSP and one
airline, both will act as monopolistic entities. In the first extension, we allow multiple airlines to use
the airspace of the ANSP. This altbus to gain insight in the question whether competition between
airlines could potentially make the uptake of technologies more or less likely. The next extension is to
allow competition between ANSPs by considering mathgNSP<&either in a parallel or serial network.
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With a parallel networkin the second stagehe airlines not onlysettheir flows butalso ch@setheir
routes.

Figure8: Two stage game and 3 S ydétiSieén tree

3.2.2 Demand and @st Functions

We assumeanairline (or multiple homogenous airlineshich serves single market between a single
origin-destination pair. For analytical purpose& assume linear demand and cost functiofbe
number oftrips served by the airlings given byr). We assume a fixed load factor per flight and thus
the number of flightds proportional to the number of passengeddencewe can express everything
in terms of passenger km without loss of generality.

The airlines profitfunction (L is simply its revenues minus its total cosfhe total costs

("™ consists of three categories; a variable cost, a fixed cost and a cost associated with congestion
or delays Variable costs are the sum of the direct operational c¢&ts such as fuellabour and
maintenance and the navigational fe¢ (which the airline pays to the ANSP for theMA3ervices.
Navigational feemakeup to 10% of the variable codf&l]. The fixed costs are the naperating costs

(also called overhead costs) such asquisition of aircraft or investment in infrastructure or
technology. Fixed costs are typically high in the airline industry and can make up more than 50% of the
total costs[74]. Finally, the delay or congestion costs incregbescosts per flight proportional to the
number of flights (or passengers) and depends on the avaitapacity. We assume a linear marginal
congestion cost such that the total congestion costs are a quadratic function of the demand. This set
up was also used i2]. The airlines revenue is determined by the demand times the averagpdare

km. Putting all this together we obtain the following expression for the profit of airline A (see also
Figure9):
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