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1 Introduction

1.1 Background and Objectives of the Document

The development of the *A(Autonomous Aircraft Advanced) operational concajhs to
provide a solution to the efficient managementhaf éxpected radical increase of air traffic
during the forthcoming years. A necessary prerdguisr the practical implementation of the
new Air Traffic Management (ATM) operational contep the assessment of its potential
positive (benefits) and negative (costs) impactse Thtroduction of the A operational
concept is expected to generate positive and negatipacts to various stakeholders involved
in and/or affected by the ATM operations, thussitassential to consider the goals and
priorities of all affected parties (e.g. Airline&ir Navigation Service providers, etc.) in the
evaluation process. Moreover, given the organimatiocomplexities arising from the
participation of multiple stakeholders in the ATMs&em, it is important to study the
institutional and organizational issues associati¢ld the implementation of the%concept as
well as to identify appropriate recommendationstiier efficient and effective implementation
of the proposed concept.

In this context, the objective of WP6 is to vateladhe economic feasibility of the3A
operational concept [1]. This objective is achieWledugh a cost-benefit analysis study for
assessing the associated investment and the apedaitnpacts produced by the transition of
the ATM system from its current situation to th& éperational concept, including several
operational, technological, organizational, anditagonal changes. The proposed work for
achieving the above goals is divided into the felley sub-WPs: i) WP6.1 Development of a
methodological framework for cost-effectiveness lgsia, i) WP6.2 Institutional and
Organizational analysis for the implementationtted autonomous aircraft operations, iii)
WP6.3 Data collection for cost-effectiveness anajyis) WP6.4 Cost effectiveness analysis
and results assessment.

This document presents the methodological frameviorkperforming the abovementioned
cost-benefit analysis. In particular, the presepcuinent aims to provide the major
methodological steps for the comparative assessaighe current (baseline) ATM situation
with the ATM under the Aconcept in terms of costs and benefits, includirgmethods for
estimating the costs and benefits indicators, hadmorkplan and schedule for performing the
associated tasks. The proposed methodology colsershee assessment of the impacts of the
introduction of A concept on the ATM institutional and organizaticinamework. However,
more details on this issue will be provided in pagate deliverable of the project (i.e., D6.2:
Institutional and Organizational analysis for timeplementation of the autonomous aircraft
operations).

It should be stressed that the assessment of tieusaypes of operational impacts, e.g., on
capacity, workload, etc., should be quantified ba basis of alternative analysis scenarios.

28 January, 2009 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 4/50



iFly 6" Framework programme

The development of the cost-benefit analysis stesmas based on critical input received by
other WPs within iFly. Thus, substantial input iceived from WP1 related to the® A

operational concept description provided throughréports D1.1 “A3 High Level ConOps”

[2], D1.2 “A® Airline Strategy Concept’[3] and D1.3 %AConOps” [4].. Finally, the proposed

methodology has been validated in terms of beinglignment with the generic validation

framework within iFly, presented in D10.1i [6].

1.2 Organisation of report

The remainder of this report consists of ten sasticSection two presents the overall
methodology for achieving the goals of WP6. Sectlmee is devoted to the presentation of
an overview of the Aoperational concept while section four providelgvant cost-benefit
analysis studies for ATM improvements. Section fivesents the major methodological steps
of the cost-benefit analysis for assessing th@perational concept while sections six, seven
and eight present the relevant parameters, codtbanefit variables respectively. Section
nine provides the high level experimental designnfie@asuring the cost and benefit variables
while section ten presents the management plaadaieving the goals of the proposed cost-
benefit analysis. Finally section eleven providematuding remarks regarding the work
presented in this report.
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2 Overall Methodology

The assessment of the potential economic, inginatj and organizational impacts emerging
from the introduction of the AOperational Concept to the ATM may be achievedubh the
following major activities:

= Estimation of the potential positive (benefits) arebative (costs) impacts of thé A
Operational Concept

= |dentification of the Institutional and Organizatal barriers and enablers for the
effective implementation of the*Concept

= Assessment of the performance of theOperational Concept in terms of cost-benefit
analysis

= Determination of recommendations for potentialitnibnal/organizational changes
in the existing ATM framework in order to facilimthe implementation of the A3
operational concept.

The ATM system involves a set of operations that at the safe and efficient planning and
management of the air traffic. The ATM stakeholdetise relevant institutional and
organizational framework and the operational arthrielogical issues constitute the critical
factors that affect the performance of the ATM egst Thus a preliminary feasibility study
for the introduction of A concept in the ATM system should include the itigasion of: i)

the investment on new technologies and operatipnatedures required by the involved
stakeholders, ii) the potential operational improeats and the associated benefits for the
involved stakeholders, and iii) the impacts on pinevailing institutional and organizational
framework. Concerning the impacts of dperational concept on the safety of ATM, they are
studied separately at WP7 of iFly project. Figurprésents the scope of thé @perational
concept assessment within the study in WP6.

In particular, the analysis of the impacts on thstiiutional and organizational framework
aims at the determination of the enablers and drarencountered for the implementation of
the A® concept. This target will be achieved by the ammest of the compatibility of the
proposed operational A concept with the existing regulations and stakedws’
responsibilities. This task involves the followiagtivities: i) determination of the operations
of the ATM system and the associated stakeholdbishnare affected by the implementation
of the A’ concept, ii) comparative assessment of the newthe. existing role (tasks,
responsibilities and interactions) of the involvethkeholders, and iii) identification of
conflicts with the existing institutional and orgzational framework. The analysis described
above will be based on the outcome of WP1 and VéRZring to the changes of the current
responsibilities of the involved ATM stakeholdensedo the introduction of the3Aconcept.
Based on this analysis, a set of recommendatioth&merge referring to the institutional and
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organizational issues that should be reviewed deroto facilitate the implementation of the
A3 concept.

On the other hand the validation of the proposeeraimnal concept in terms of economic
sustainability, involves the assessment of the aisral performance of the new ATM
system in terms of costs and benefits. The objeaif\the proposed cost-benefit analysis is to
explore if the expected operational improvementsthef ATM performance due to the
introduction of the A concept overrun the associated costs of implemgnéperating and
maintaining the relevant system.

ATM INSTITUTIONAL/ INSTITUTIONAL/
ORGANIZATIONAL ORGANIZATIONAL RECOMMENDATIONS
FRAMEWORK BARRIERS & ENABLERS
ATM AUTONOMOUS COST/BENEFIT
AIRCRAFT ADVANCED ASSESSSMENT
STAKEHOLDERS CONCEPT
COST/ BENEFIT
ANALYSIS
METHODOLOGY
OPERATIONAL BENEFITS & COSTS
ATM OPERATIONS IMPACTS IDENTIFICATION

Figure 1. Overall Methodological Approach of WP6

It should be emphasized that the above evaluatiomtegs should be planned and
implemented based on the assumption of increaa#ft tvolume, leading for the forthcoming
years to three-six times higher air traffic in Bg@ropean airspace.

The present document is devoted to the presentafitte methodological framework for the
cost-benefit analysis. The proposed approach igdban existing validation (E-OCVM[13])
and cost-benefit analysis (EMOSIA [12]) methodogsgiwhile it takes into account the cost-

28 January, 2009 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 7/50



iFly 6" Framework programme

benefit analysis requirements identified by SESAR][ More information regarding the
methodology for the ATM institutional analysis igopided in a separate report of the project
(D6.2 “Institutional and Organizational Analysisr fthe implementation of the autonomous
aircraft operations”).
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3 Overview of the High Level A® Operational Concept

The continuous growth of the traffic in the Europesrspace is considered as a potential
bottleneck of the air transportation system. ATMistttutes a key issue in enhancing the en-
route capacity of the airspace. The delegationirofait self separation from its surrounding
traffic has been considered as an interventiohercurrent ATM system that could relieve the
workload of the ANSPs and improve flight efficiencghe Autonomous Aircraft Advanced
(A% operational concept aims to accommodate this ggan the ATM, by providing the
operations, communication systems, technologiesl sesponsibilities required for the
implementation of the self separation tasks aniities.

Based on the high level description of theoperational concept [21], the proposed approach
for implementing self-separation tasks involvesftilmwing processes:

i) Pre-flight Strategic Flow Management, referringhe activities performed by the
airspace users (through the Flight Operations €shtaind the ANSPs in order to
form the Reference Business Trajectory (RBT) faheffight.

i) Trajectory management, including the medium-termranping of the aircraft
trajectory within the self-separation airspace. Tiagectory management aims to
modify the en-route aircraft trajectory in orderaweoid bad weather conditions,
potential airspace areas with increased traffic mlerity, or other events (e.g.,
potential conflicts) that could decrease the fligfiiciency.

iii) Separation Management, which refers to the tasksdparating the aircraft from
the surrounding traffic. This process also involtles resolution of any potential
conflicts of the aircraft with one or more othepamaching aircraft.

The implementation of both processes from the fligiew requires substantial information
regarding the aircraft environment (e.g. weathamainding traffic). It is also imperative that
the aircraft disseminates any potential changessitrajectory to the other aircraft en-route.
On-board and ground communication systems areftereequired in order to facilitate the
information sharing and transmission within th& cdncept. More details regarding the A3
concept and the processes and technological syseugements for supporting it, can be
found in iFly Deliverable D1.1 [21] and D1.3 [4].

The identification and assessment of the impactthefA’ in ATM economy involves the
analysis of the potential ATM operational improvensearising from trajectory management
and self separation management and the costs emefgm the relevant operational,
organizational, and technological changes. Thisudwmt aims to present the approach for
performing the economic assessment of tA@racesses.
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4 Cost-Benefit Analysis in ATM

Cost-benefit analysis constitutes a major investraealysis tool for assessing the impacts of
operational, institutional or organizational chamge ATM. More than 20 ATM related
research projects have endorsed economic assessi&itM operational improvements
through applying cost-benefit analysis (e.g., SESABRATM, and CASCADE). The cost-
benefit analysis provides significant evidence aliba effectiveness of an ATM investment
for each individual stakeholder and overall as wedpecially for mature ATM improvements
(i.e., under the development or deployment phase).

EUROCONTROL initiative towards the development oftandardized cost benefit analysis
methodology for assessing any investment in the Ajstem, has led to EMOSIA (European
Models for ATM Strategic Investment Analysis). EMIBS constitutes a generic
methodological framework for performing cost-benahalysis to assess the associated ATM
operational improvements [12]. It is an iterativegess that facilitates economic assessment
and decision making regarding ATM investmentsniiudes the following steps: 1) Define
decision criteria and collect data, 2) Generate efeofbr costs and benefits calculations for a
specific time horizon and category of stakehold8)sSensitivity analysis for a specified set
of input variables, 5) Risk analysis on input vakés with uncertainty, and 6) conclusions and
reiteration (if necessary). EMOSIA has the follogzimajor features:

= |tis a generic tool and thus appropriate custotimsaof its elements is needed for its
application for the assessment of a given cludt&Td/ operational improvements.

»= |t enables cost-benefit analysis from the perspeati any of the ATM stakeholders
(Airport, ANSP, Airlines, General Aviation, and Mdry) separately while it also
provides an overall cost-benefit analysis modekssiag the impacts on the entire
ATM system

= |t provides an inventory of costs and benefits ¢athrs and metrics applicable in
assessing ATM operational improvements, accompawigld the input variables,
parameters and the relevant formulae needed fouledéihg each metric.

*= |t enables the calculation of various economic mess like the net present value,
the internal rate of return and the benefit/cosbra

» |t enables the sensitivity analysis for severalaldes of the cost-benefit analysis, i.e.,
it explores how marginal changes to any variablehef evaluation problem may
affect the outcome of the cost-benefit analysi®.,(i.certain cost and benefit
measures).

= |t determines the risk of overestimating or undinegting the cost-benefit analysis
outcome. The risk analysis implied above is basedestimating the probability
distribution for each of the variables (with uneémty) that are found to affect
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substantially the outcome of the cost-benefit asialyThe outcome of this process
relates to the determination of the probabilityelikood of each potential net present
value.

EMOSIA constitutes a common assessment methoddlmgiuropean ATM projects [11].
Among the recent EMOSIA users are included the Agifdgramme and project managers
(e.g. Controlled and Harmonised Aeronautical Infation Network-CHAIN [16]), an
individual ANSP who customised EMOSIA for its owost and benefit analysis and Military
units [9].

Other cost-benefit analysis approaches include AIFO&d MEDINA [19]. ATOBIA is a
cost-benefit analysis tool designed for assessilBAR (Airborne Separation Assistant
System) operational improvements from the perspedf the airlines. Moreover, MEDINA
is a specialised cost-benefit analysis tool foreassig ATM improvements from the
perspective of ANSPs. MEDINA is built entirely onMBSIA, focused on ANSPs.
Concluding, both cost-benefit analysis approachesstitute methods for customised
economic assessment. Based on a recent revieve @fbitbve economic assessment methods
for ATM improvements, within the context of SESARoject [19], it was found that
EMOSIA is the most appropriate method to be taketo iaccount for assessing ATM
operational improvements in projects related t@aesh activities proposed or envisaged by
SESAR.

SESAR has recently reviewed EMOSIA in terms of pimg additional cots and benefit
indicators in order to improve the accuracy of tledevant computations [18]. The
development of the proposed cost-benefit analyssessment of A3 has been based on E-
OCVM, EMOSIA, and the SESAR framework for cost-bi#gnanalysis on ATM related
improvements.

It should be emphasized that for the case of theffoject the A operational concept under
consideration is at an early stage. Given thetfattthe A operational concept is at definition
stage it is not possible to assess its potentidbpeance through shadow-mode or operational
field trials. Moreover, since the system is in patmme definition stage and due to the time
constraints of the project it is not possible tmaiact simulation runs in order to assess the
operational improvements in the envisaged ATM. Miwdess, the application for the
economic assessment of Aerformance will be based on experts judgmentsing to
provide only an indication about the potential esi$éctiveness of the proposed ATM
operational changes.
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5 Methodological Framework For Cost-Benefit Analysis

The A® Operational Concept aims to mitigate the potenitiapacts emerging from the
predicted growth of the traffic flow in the Europeairspace (three to six times increase in
current air traffic levels) by improving the penieance of the ATM system in terms of
airspace capacity and flight efficiency. Howevdre tintroduction of the A operational
concept into the existing ATM will also incur coststhe stakeholders involved in or affected
by the ATM operations. In this context, the codeefiveness assessment of thé A
operational concept involves the estimation of tosts and benefits emerging from the
associated operational, technological, and org#orza changes in the ATM system. Cost-
benefit analysis constitutes a powerful tool foplementing this type of assessment. This
section provides a description of the proposed attlogy for the cost-benefit analysis of the
A® operational concept.

The assessment of thé impacts on the ATM system has the following feasur

= Many stakeholders (involved in or affected by timraduction of the proposed
operational concept) with different expectationd apeds

= Existence of various operational impacts on sewsTall key performance areas (i.e.,
flight efficiency, capacity, human factors, prediuiity)

= Difficulty in quantifying tangible or intangible @pational improvements in the ATM
system performance.

= Lack of objective measurements and data for asgebsinefits and costs.

A methodological framework has been developed ferfggming the iFLY cost-benefit
analysis taking into account the above featurethefproblem at hand. The development of
the methodological steps of the proposed approaslblen based on: i) the generic model for
Cost Benefit Analysis (CBA) application in ATM asegented in SESAR WP1.4.1/D1) [18],
i) EMOSIA [12], and iii) the E-OCVM [13]. In partular, the objective of the proposed
methodology is to identify the steps, the metrasy] the guidelines needed for applying cost-
benefit analysis for A This objective is achieved on customizing EMOStA the case of
assessing the %operational concept. E-OCVM, as a generic fram&or performing ATM
validation, has provided the guidelines for cus&ing EMOSIA for the assessment of th& A
The generic model for CBA from SESAR puts forwdnd bbjectives that should be covered
by the proposed iFly CBA methodology while E-OCV#used as a guideline for developing
the relevant methodological steps of the CBA apghigaoposed in this report.

Two major models are included in the generic schimapplying CBA: the cost model and
the benefits model. Each of the two models calegldhe cost and monetary benefit of a
specified deployment scenario for a cluster of AThanges, from the perspective of one or
more stakeholders. A given baseline scenario arsttaof standard inputs for a set of
performance variables (also used in previous CBRAs)stitute critical input to both models.
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The cost-benefit analysis should be applied foheztegory of ATM stakeholders affected

by A3 in terms of costs and benefits. Given that A8 operational concept relates to the en-
route operations of the ATM system, it is basicétly ANSPs and the airspace users that will
be directly encountered with costs and benefitsredeer, based on the scope of the safety
assessment in iFly [5], it is the commercial agdnair traffic that will be assessed in WP7.

Thus, the commercial airlines constitute the aicspasers that will be included in the cost-

benefit analysis.

On the other hand, E-OCVM is a broader validatiorthmdology for assessing ATM
operational improvements under the following levelsmaturity: i) V1 “Establish concept
principles”, ii) V2 “Initial proof of concept”, ijj V3 “Concept integration re-ops simulations”,
iv) V4 “Industrilization/ procedure approval’, andv) V5 “Implementation of
processes/procedures”. In [5] and [6] the iFly pecbjhas been identified to fit within the V1
phase. The E-OCVM sets the generic framework foowarall evaluation of a new concept
(including institutional, organizational, operatedntechnological improvements) through the
following major steps:

= step 0 “State Concept and Assumptions”

= step 1 “Set Validation Strategy”

= step 2 “Determine the Experimental Need”

= step 3 “Conduct Experiment”

= step 4 “Determine Results”, and

= step 5 “Disseminate Information to Stakeholders”.

Each of the above steps involves specific valicathativities presented in Appendix I. It
should be noted that the content for each of tlevalsteps varies according to the maturity
level of the ATM operational concept.

Although, the cost-benefit analysis constitutesyqdrt of such a validation process, certain
activities included in the E-OCVM steps are incaogted in the proposed methodology. In
particular, the E-OCVM steps applicable for theyi€bst-benefit analysis refer to:

)] State concept and assumptions (step 0). This asaslsessential step for the cost-
benefit analysis, since a well defined operatiamalcept constitutes the basis for
identifying the cost and benefit elements emerdiog the proposed operational
improvements.

i) Identification of the goals and expectations of iteolved stakeholders from the
A3 concept (step 1.1).,

i) Establish validation needs (step 1.5). From thepeetive of cost-benefit analysis
this activity involves the input parameters andialales and their methods of
measurement needed for calculating costs and b&nefi
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iv) Select validation tools and techniques (step li@iplying the surveys for
collecting experts judgments needed in order tontiiyathe costs and benefits
metrics,

V) Define validation strategy and plan (1.7), refegrio the management plan for the
performing the cost-benefit analysis related atgsi

Vi) Identify indicators and metrics (step 2.4) refayrito the costs and benefits
indicators and metrics needed for assessing thafigpeperational improvements
(based on the stock of metrics and variables peavid EMOSIA),

vii)  Specify scenarios (step 2.5), referring to deplayimeeenario for the proposed
operational improvements and the baseline scenader consideration,

viii)  Produce experimental plan, analysis plan, experiaheiesign (steps 2.6, 2.7, 2.8),
and

iX) Conduct the experiment (step 3), determine regsitsp 4), and disseminate
information (step 5).

The proposed methodology for the iFly cost bereefdlysis is presented Figure 2. A focal
point of the proposed methodology relates to theci§pation of the operational,
technological, and organizational changes in theMA3ystem that will emerge from the
introduction of the A operational concept in the existing ATM systemyAuange implied

in the proposed operational concept will be analyse order to identify the associated
positive or negative impacts in the ATM operatiofihie emerging impacts could be
considered either as negative if they involve esgtenses or positive if they imply benefits.
A step further in the proposed methodology rel&bespecifying the corresponding economic
benefits and costs indicators which are associaté¢kde above positive and negative impacts
respectively. It should be clarified at this pdimat the cost-benefit analysis performed within
iFly relates only to the assessment of the dimagtaicts of Aon the ATM system. Thus, the
proposed cost-benefit analysis will not take intoaunt any potential broader socio-economic
impacts or end users’ (passengers) costs and terdiireover, the Aimpacts on safety and
human factors will be explored separately by othéts of iFly project, and therefore they
will also be disregarded from our analysis.

In essence, the cost benefit analysis will be peréal for each involved stakeholder
separately. Thus the cost and benefits indicatdr e identified for each stakeholder
separately. The outcome of the proposed cost-liemadiysis involves the estimation of the
net present value of the costs and benefits defiwed introducing the Aconcept. However,
additional measures will be calculated including ltienefits to costs ratio and the internal rate
of return.
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Changes in ATM:
v’ Operational

Stakeholders in ATM

v Technological
v’ Organizational
v Institutional

Expected Operational Impacts of A3
= Capacity
= Efficiency
= Human Factors
I
\7 2
Positive Impacts Negative Impacts
v v
Benefit Indicators Cost Indicators
1) Decision Criteria 3) Sensitivity Analysis
EMOSIA 2) Generate Model 4) Risk Analysis

|

!

Comparative Assessment: Baseline vs A3 ‘

¥

’ Cost-Benefit Analysis ‘

Figure 2. Methodology for cost-benefit analysis.

The calculation of the total benefits and costoeasased with any stakeholder at a specific
time period will be based on the differences betwt® expected cost and benefit for the
rolling baseline situation i.e., by comparing tfiation with and without the A Thus, the
benefits and cost calculation constitutes an merajprocess based on a rolling and
continuously evolving baseline scenario. More infation on this issue will be provided in
the section that presents the detailed calculationgstimating the costs and benefits. The
identification and estimation of the metrics asate with the cost and benefit indicators will
be based on the relevant inventory of metrics atichation formulae of EMOSIA.
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6 Parameters of the Cost-Benefit Analysis

This section outlines the basic input parametersde@ for performing the cost-benefit
analysis calculations. This set of parameters dedu i) the discount rate, ii) the timing
parameters of the analysis, iii) the geographicalecage of the operational concept, iv) the
airspace coverage of the proposed concept, v)ithea#fic growth rate for each year in the
time horizon of the analysis, and vi) the airceafhiual growth and retirement rate throughout
the time horizon of the analysis. The potentialieal of the above parameters will be decided
by the iFly consortium taking into account the esponding values in relevant ATM
investment analysis [15], the existing performameeiew studies [10], and the analysis
scenarios that will be developed. Note that theingmparameters (e.g. start year of the
analysis, implementation period), the airspace @leand the geographical coverage of the
analysis will be based on the detailed descriptiérthe A® operational concept. Thus,
deliverable D1.3 regarding the description of tHeoferational concept should provide the
essential information required for determining di®ve parameters. The remainder of this
section provides a more detailed description of thajor cost-benefit analysis input
parameters, enhanced with the potential sourcaddatifying their potential values.

6.1 Discount Rate
The discount rate (r) constitutes a major preretgufer calculating the present values of the
costs and benefits. In general, assuming thats the monetary value of an asset at year (T),

its present valuex, (where present is denoted with t=0) is given bynidae (1) below [20]:

S 1)

X, = T
o)

Specifying the value of the discount rate is caiticn performing the computations and

therefore it should be made before the data calegbrocess begins. Similar investment
analysis studies should be consulted in order ¢addeon the discount rate value. For instance
in the investment analysis study for the Free Réutspace concept, the discount rate used
was 8% [15]. Note however, that more than one wkmuld be selected (i.e. maximum,

average, and minimum) reflecting the correspongalges prevailing throughout Europe.

6.2 Timing Parameters

The timing parameters of the cost-benefit analysfer to the following elements of time
pertinent to the implementation of the A3 operagicroncept:
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* Time Horizon of the cost-benefit analysis
»  Start year of the analysis

«  Pre-implementation period of’A

« Implementation period of A

* Benefits Lag

» Aircraft Retrofit Period

The specification of the time horizon of our anayplays a key role in estimating the
influence of the A concept in the ATM system performance. It shoakktinto account the
time required for the implementation of the systand the time required for being fully
operational within the European airspace. The seleof the appropriate time horizon for the
cost benefit analysis constitutes a critical decisand basically lies on the assessment of the
iFly partners regarding the time required for ofieralising (putting into operation) the
relevant A functionalities. The start year of the analysisléined as the point in time in the
future that the operational, organizational, anceraponal changes implied in the®A
Operational Concept will take effect within the ATyistem.

The start year will be used as the base year fouleding the present value of the costs and
benefits. The specification of the start year @f tbst-benefit analysis constitutes the basis for
initialising the remaining input parameters, ethe airspace traffic growth rate. A more
definite estimation for this parameter will be mafter the detailed Aoperational concept
will be finalized and issued.

The pre-implementation period refers to the prepayaasks and activities (simulations, pilot
applications, validation) needed for the implem#ataof the A operational concept, while
the implementation period refers to the actualoaction of A operations into the current
ATM system. It is unlikely that upon the start dfetimplementation period, the benefits
emerging from this concept will simultaneously ari¥wo major time elements are critical in
this aspect: i) the year that benefits will startd ii) the year after which the entire spectrum
of benefits are encountered. The benefits lag esdifference between these two points in
time.

The aircraft retrofit period refers to the time deé for all aircraft in operation to be equipped
with the on-board systems required for applyingAfl®perations.

The above critical time elements of the cost-bérafalysis depend on the content of the
proposed A operational concept. Therefore, the completiontld proposed concept

constitutes a major prerequisite for specifying #i®ove time elements. The support and
judgment of the A3 operational concept developgessential in estimating these parameters.
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6.3 Air Traffic Growth Rate

Based on the iFly technical annex [1], thé dperational concept should be assessed for
increased traffic volume three to six times higtten the existing traffic level. Increase of
delays and capacity deficiencies are foreseenhferfoarthcoming years given the expected
saturation of the airspace under the existing ATpérational concept. It is evident that the
projection of the traffic level on the time horizoh our analysis plays a key role especially
for the estimation of the increase of capacity tredelays reduction due to the introduction
of A® concept. However, performing forecasting in ordeestimate the evolution of traffic is
definitely a complex task which is out of the scagehe iFly project. Alternatively, it has
been decided that the traffic projection for parforg the cost-benefit analysis will be based
on the corresponding projections of other relevasiearch projects for comparable time
horizon. Anyhow, the selection of the annual affic growth rate should be decided by the
iFly consortium. A useful source of information fitris decision could be the Performance
Review Report [10] issued for 2006 by the PerforogarReview Commission of the
EUROCONTROL (or any other more recent version, vhikble), which provides the
projection of the air traffic growth rate up to ye®12.

6.4 Annual Aircraft Fleet Growth/ Retirement rates

The aircraft annual growth and retirement ratestyyge of aircraft refer to the average rate of
the new aircraft included in the European fleet tredcorresponding rate of the aircraft being
deactivate each year. Both parameters could beinsadier to estimate the costs of the new
(if any) airborne technologies introduced by@ncept. The values for these two rates will be
based on the relevant data provided by EUROCONTIRKDL while similar studies will be
consulted in order to estimate any potential chamgthin the time horizon of the analysis.

6.5 Airspace and Geographical Area Covered by A 3

This parameter refers to the part of the Europaespace and geographical area that the
proposed operational concept will cover. The erffiveopean airspace and geographical area
will be considered as the basis for developingcthst-benefit analysis operational scenarios.

6.6 Stakeholders

The stakeholders involved in or affected by thelementation of the Aoperational concept
are: i) the Air Navigation Service Providers (AN$PFg the Airspace users (Airlines and
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General Aviation), iii) Airport authorities, iv) éhCentral Flow Management Unit (CFMU),
and v) the regulatory authorities.

The ANSPs include the following categories of ofigations: i) The Air Traffic Management
service providers (i.e. Air Traffic Controllers su@as NATS, DFS, AENA etc.), ii) the
Communication, Navigation, and Surveillance (CNSgrviee providers including

organizations like SITA, INMARSAT, and ITU , iihe Aeronautical Information service
providers, and iv) the Meteorological (MET) servim®viders. The Aoperational concept is
expected to relieve the workload of the ANSPs stheeresponsibility of somef their tasks

for traffic separation will be delegated to theceaft operators.

The airspace users within the context of iFly perteo the General Air Traffic, i.e.,
commercial air transport (e.g. passenger and caidmes), Business Aviation, General
Aviation, and military flights (for transport purpes). The A operational concept aims to
enable the flight crew in performing the en-routparation and trajectory management task
on its own. This aspect of*As expected to increase the efficiency of thehfligoutes. In this
context, the flight efficiency is expected to inese while the en-route delays will be reduced.

The airport authorities involved in or affectedthe A’ operational concept will benefit from
the increased punctuality of the flights (due tauwed delays) and the corresponding
improvement of the resources utilization. Howevee, current version of the A3 operational
concept does not cover airports.

The CFMU provides the ATC and the airspace usetls thie flight plan data while it aims at
the best utilisation of the airspace capacity witkurope (smoothing of traffic flows and
avoidance of traffic overloads). The Bystem is expected to affect the role and opersitid

the CFMU since flexible flight routes determined thye airspace users are expected to be
supported by the Poperational concept.

Finally, the introduction of the Poperational concept will definitely require thedrvention
of the regulatory authorities for tackling the ineptions to the existing institutional and
organizational ATM framework. More information redag the role of each of the above
stakeholders will be provided in Deliverable D6l&stitutional and Organizational Analysis
for the implementation of the autonomous aircratrations”.

Based on the above analysis, the ANSPs and th@atiesUsers are the actors which will
potentially face direct economic impacts due to A3eOperational Concept. Therefore, the
cost-benefit analysis will be focused on the bésednd costs associated with these actors
only.

! By the time that this document was written, naadet! description of the A3 operational concept aaailable.
Therefore, this issue will be further specified whbe detailed description of the A3 operationadcapt will be
available (i.e. D1.3).
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Figure 3 below, presents the major financial angtise flows among the major stakeholders
involved in the A Operational Concept. This representation facditahe specification of the

interrelationships among the involved stakeholddosig with the specification of the major
costs and benefits categories per stakeholder.iffbemation for developing Figure 3 was
taken from EUROCONTROL document [14].
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Figure 3. Major financial and service flows among the ATM aoomity

6.7 Basic Cost-Benefit Analysis Variables

The objective of this section is to determine thsib input variables which will be used for
the calculation of the associated cost and beakfihents. The identification of the variables
involved in this analysis was based on the custatiois of the EMOSIA variables for the
case of the A operational concept. The correspondence of thg dBkt-benefit analysis
variables with their counterparts from the EMOSIAdels are also clarified in order to
validate the conformance of the proposed analygts BMOSIA. Moreover, the cost-benefit
analysis variables will be grouped into the follagicategories ([23]):

» Global variables, referring tovariables which remain constant throughout theyenal
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» Global timing variables, referring to time variables associated with critieaents e.g.
start of implementation period.

* Uncertain timing variables, i.e.time variables which involve uncertainty

* Uncertainties, referring to those cost and benefit related vaesbivhich involve
uncertainty, i.e. they cannot be assessed withracgiased on objective measurements.
The estimation of this type of variables will behswed by identifying a range of values
provided by experts, instead of a single pointneste.

» Basdline variables referring to the performance variables for theehae scenario.

» Deterministic variables, i.e. composite variables which are calculatedetasther
variables

In what follows there is an exposition of the Glbaad Global Timing input Variables along
with the Uncertain, Baseline, and Deterministicunpariables in tabular form. Each of the
tables provided includes the name of the varialdeglefinition, the measurement units, the
corresponding EMOSIA variable, the applicable stakeers categories (i.e. airspace users,
ANSPs, and airports), and the potential sourcegformation for estimating its value. In
particular, this last column refers either to a&vet study or an organization involved in iFly
that could potentially handle the provision of tteeresponding estimate.

Name Description EMOSIA Ref Stakeholders Potentsdiriation

Sources
Aircraft Baseline The number of aircraft in the systemAircraft BL Airspace Users iFly Consortium
Number during the start year of the modelNum

There is no distinction in the model of
the type of aircraft (number of seats,

weight, etc.)
Aircraft  Growth Annual growth in the aircraft fleet. Aircraft Airspace Users  iFly Consortium
Rate Growth Rate
Aircraft Retirement The annual retirement rate of aircrafAnn Airspace Users iFly Consortium
Rate in the system. Used to calculate annud&etirement

deliveries (i.e. the number of newRate
aircraft entering the system in order to
reach the total number indicated by the
aircraft growth rate).

Average Flight Average flight length of commercial Avg Flt Length Airspace Users iFly Consortium

Length airline flight (From standard inputsMin S1
document)
Discount Rate Discount rate applied for net presenDiscount Rate Airspace Standard Inputs for
value calculation. Users, ANSP, EUROCONTROL
Airports CBA [8]
Optimum delay per The target delay per flight. DelayOptimum delay Airspace Users iFly Consortium
flight reduction is not allowed to exceed thiper flight
target.
Annual number of The number of airline flights in theS1 BL Ann Airspace Users iFly Consortium
Flights system during the start year of thelts
model.
User Share Percent of total service costs that uséser Share Airspace Users iFly Consortium
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pays for.
Value of The net value of adding one additional/alue of Airspace Users Standard Inputs for
Additional Flight flight on an annual basis, after takingAddtn'l Flt EUROCONTROL

into account incremental costs CBA [8],

associated with the incremental flight. UCAM

Table 1. EMOSIA Global Variables applicable for th& cost-benefit analysis .

Table 2below presents the EMOSIA uncertain timing vaeabivhich are applicable for the
economic assessment of the A3 operational concept.

Name Description EMOSIA Ref Stakeholders Potentsirgation
Source
BenefitsLag The lag between implementation starBenefits Lag Airspace iFly Consortium
and benefits start and implementatiofyears) Users, ANSPs,
end and benefits achieved at full Airports
operating capability.
Implementation The duration of the Aimplementation Imp Duration Airspace iFly Consortium
Duration period. (years) Users, ANSPs,
Airports
Pre- The length of time for pre- Pre-Imp Airspace iFly Consortium
Implementation implementation expenditures,Duration Users, ANSPs,
Duration beginning in the pre-implementation(years) Airports

start year. (Input a non-zero number,
even if associated costs are zero).

Retrofit Duration ~ The length of time for retrofitting Retrofit Airspace Users iFly Consortium
aircraft, beginning in implementationDuration
start year. (Input a non-zero number(years)
even if associated costs are zero).

Table 2. EMOSIA Uncertain Timing Variables applitafor the A3 cost-benefit analysis .
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7 Major Cost categories

The A’ operational concept constitutes a cluster of djweral improvements which can be
integrated into the ATM system through a processuding the following phases: i) pre-
implementation phase, which involves the reseamy development activities for the
proposed A system operations, ii) implementation phase, riefgrto the period devoted to
introducing the A operations into the existing ATM system, includieghnological systems
installation, personnel training, monitoring andnagement activities for a testing period, and
iii) operational (post-implementation) phase inahgdthe activities for operating the modified
ATM system according to the A3 operational concapaccordance with the above analysis,
the total cost for the Bsystem involves the following major categoriepr@-implementation
cost, ii) implementation and installation cost, aidoperating cost. This type of analysis of
the total investment cost is also incorporatedMSIA [12].

A more detailed analysis of the above categoriesf leads to the cost elements pertinent to
the iFly cost-benefit analysis. Thus, the pre-impdatation cost involves the cost of resources
for covering A operational, technological, and organizationaliieanments and validating the
emerging ATM system in terms of safety, operatiomarformance, and economic
sustainability. The implementation cost includes tlost of the resources needed for training
controllers and pilots, and managing the overaltpss of incorporating the new or modified
operations in the existing ATM system. It also ud#s the installation cost referring to the
acquisition of the on-board and ground equipmegqtired for the implementation of the’ A
concept. The operating cost refers to the additionst of the resources needed for the A
operations and the associated maintenance additosarequired throughout the entire time
horizon of our analysis, i.e. the additional op@gatcost arising from the introduction of the
A® operational concept.

More details regarding the constituent elementthefabove cost categories is provided for
each stakeholders separately in order to assuralth@otential cost elements have been taken
into account. Thus, in what follows there is an asipjon of the preliminary set of cost
elements applicable to each of the involved stakigne separately. The description of each
cost element is further enhanced with an approachthe required data for estimating its
value. The set of cost elements will be updated rewised (if necessary) when the actual
content of the detailed %operational concept and the associated technalogi functional
requirements will be issued.

7.1 Air Navigation Service Providers’ cost elements

Applying the proposed operational concept involires development and validation of new
operational procedures for the Air Navigation SesviProviders (ANSPs). The pre-
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implementation cost associated to the ANSPs retatd® validation of these new operational
procedures in the new context of ATM. Moreover, theoduction of the A operational
concept in ATM will impose on the ANSPs the follogielements of implementation cost: i)
capital implementation cost, including the cosany new ground systems and the cost of the
interface with the System Wide information Systel@WIM), and ii) the one-off
implementation cost including the Project Manage@ost for systems transition and the
Training Cost. Finally, the operating costs areidadly induced from the maintenance of any
new ground systems. However, since the A3 systeexpected to reduce the operating cost
of the ANSPs, this element of cost is studied uiderbenefits analysis. In what follows there
is a detailed description of each of the above eleshents categories for the ANSPs.

7.1.1 System Pre-implementation Cost

The integration of the Aconcept into the ATM involves the specificationtbé operational
procedures for the ANSPs (e.g. procedures thatyafopl clearances (if any), ATC-pilot
communication, navigation service provision, flighénning). This cost element includes the
investment on resources for validating the proposgxrational procedures through
performing and analysing simulation runs, experitaa@m/and collecting experts judgements.
Expert judgements will be collected and analysedrater to provide an estimate about the
total cost of the pre-implementation phase of tBeoferational concept.

7.1.2 Cost of new air-ground information communication systems

This cost category refers to the investment on cemmunication systems and technologies
which are essential to the ANSPs in order to exgbamformation with the flight crew
(through SWIM). The estimation of this type of costuires the determination of the actual
systems (e.g. data link communication) emergingnfrthe A operational concept and
therefore more details will be provided as soothasinformation is available. However, one
should note that this cost may differ significanéi;mong the various ANSPs across Europe
since the required systems and technologies magirbady available at various levels of
maturity at some of the corresponding working emwmnents. Thus, the estimation of this cost
will be based on the experts judgment regardingAfiesystems required for each ANSP
involved with the A operational concept.

7.1.3 Acquisition cost of an interface with the SWIM

The availability of the airspace constitutes catignformation for the provision of air
navigation services from ANSPs. Acquiring this tym# information involves the
development of an interface with the ISS. The tmstleveloping this interface (if not already
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available) should also be included in the ANSPstscoBUROCONTROL constitutes the
major source of information for estimating this éyqost.

7.1.4 Project Management Cost for system transition

Incorporating new systems and procedures in the ADNKtitutes a critical task in terms of
safety. Thus, an implementation management andtororg process is required for assuring
the safe incorporation of the new operational cphae ATM. The project management cost
for system transition refers to the investmenthaf ANSPs on the management of the process
for setting up the new system(s) and procedurekimwitne working environment of the
ANSPs. This cost can be measured by multiplyingnilnaber of person months required for
this process with the cost of each person montpeEs judgments will be elicited in order to
estimate the number of person months required Hr task, and the associated cost per
person month.

7.1.5 ANSPsTraining Cost

The implementation of the new procedures of the RBI®r offering the air traffic services
implies the appropriate training of the ANSPs persd in order to safely and efficiently
apply the new procedures. The associated trairosgjrnay be measured by the product of the
cost for training an air traffic controller and thember of controllers applying the’ felated
procedures.

7.1.6 ANSPsCost Variables

Table 3 summarises the cost elements pertineritetdt operational concept and associates
them with the corresponding EMOSIA (EMOSIA ANSP Casodel) variables. The
EMOSIA cost model for ANSPs will be used for measgithe total costs emerging from the
A® operational concept. Table 4 presents the EMOSf&rehinistic variables needed for the
calculation of the ANSPs total costs while Tablprésents the EMOSIA uncertain variables
needed for estimating the deterministic ANSPs gasiables mentioned above. Note that at
the last column of Table 5 the iFly consortiumnsdicated for handling the provision of the
corresponding estimates.
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Cost Category EMOSIA Variable iFly Context Desdotp

Function of

EMOSA Variable

Variable Category

Pre-Implementation
Cost

S1 Pre-Imp Cst TS

Time series used to schedule pre-implementatiots éossystem transition.
Assumption is costs are spread evenly over preemghtation time period.

S1_Ann_Pre_Imp_Cst_M_Eu
S1 Pre_Imp_Start_Year

S1_Pre_Imp_Duration

Uncertain
Timing

Uncertain

Implemetnation Capital S1 Capital Cst Imp

Cost TS

Time series used to schedule the following capitats: i) Cost of new air-
ground information communication systems, ii) dostinterface with the
ISS. Assumption is costs are spread evenly oveleimgntation time period.

S1_Ann_Cap_Imp_Cst
S1 Imp_Start_Year

S1_Imp_Duration

Deterministics
Timing

Uncertain

One-off Implementation
Cost

Time series used to schedule one-off implementatimts including: i)

S1 One-Off Imp TS  Project Management Cost for system transition,igfidaining Cost.

Assumption is costs are spread evenly over impléatien time period.

S1_Ann_One_Off Imp_M_Eu
S1 Imp_Start_Year

S1_Imp_Duration

Deterministic
Timing

Uncertain

Table 3. Cost categories for the ANSPs
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Deterministic Cost Variablesfor ANSPs

Name Units Description Function of:
S1 Investment €M Cost of the A3 investment during theS1 Pre Imp_Cst_TS
total life span from an ANSP S1 One Off Imp_TS
perspective. S1 Capital_Cst_Imp_TS
-S1PrelmpCst TS € M per Time series used to schedule preSl_Ann_Pre_Imp_Cst_M_Eu
year implementation costs. Assumption isS1_Pre_Imp_Start_Year

costs are spread evenly over preS1_Pre_Imp_Duration
implementation time period.

-S1 Ann One-Off Imp M- €M One-off implementation costs on ar61_One_Off_Imp_Costs_M_Eu
Eu annual basis. Implementation Duration.
Imp Start Year calendar Implementation start year. Used foPre_Imp_Start Year
year ground/space equipment. Pre_Imp_Duration
-S1 Capital Cst Imp TS €M Time series used to schedule capit&1_ Ann_Cap_Imp_Cst

costs. Assumption is costs are spred®il_Imp_Start Year
evenly over implementation timeS1_Imp_Duration

period.
S1 Ann Cap Imp Cst M- € M Capital implementation costs on ar8l_Ground_Space_Imp_Cst_ M_Eu
Eu annual basis. Imp_Duration.

Table 4. Deterministic EMOSIA variables relatedMdSPs costs, applicable for the Bost-
benefit analysis [22].

Uncertain Cost Variablesfor ANSPs

Name Description Potential Estimation
Sour ces

S1 Ground Space Imp Cst M-Total ground/space implementation costs for segrhent iFly Consortium
Eu (€ M)

S1 One-Off Imp Cst M-Eu (€ One time implementation costs that doesn’'t requiiEly Consortium

M) replacement. (e.g. training)
S1 Ann Pre-Imp Cst M-Eu (€ Annual pre-implementation costs for segment 1. Eonsortium
M per year)

Table 5. Uncertain EMOSIA variables related to ANS®sts, applicable for the®Aost-
benefit analysis [22].

7.2 Airspace Users’ Costs

The categories of cost elements applicable for Alvspace Users refer to: i) the pre-
implementation, ii) the capital implementation costluding the On-board Communication
Systems Cost, the On-board flight planning and mament Systems Cost, and the Cost of
developing an Interface with the Information Shgrigystem (ISS), iii)) the one-off
implementation cost including the system Transit@st and the Training Cost, and iv) the
operating cost (i.e. Maintenance Cost). The renaiod this section is devoted to elaborating
the above cost categories for the Airspace Users.

7.2.1 Prelmplementation Cost

28 January, 2009 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 27/50



iFly 6" Framework programme

This category of cost refers to the investment adddr validating the proposed operational
concept for airspace users through performing aralysing simulation runs, experiments
or/and collecting experts judgements.

7.2.2 On-board Communication Systems Cost

This type of cost relates to the acquisition of aey communication systems (air-ground or
air-air) required for the communication of the fligcrew with the ground (e.g. SWIM) or any
other surrounding aircraft (en-route).

7.2.3 Avionic Systems Cost

This type of investment refers to the new on-botgdhnologies and flight planning
applications required for the incorporation of fitconcept in the ATM system. Based on the
generic equipment requirements presented in Dhd airspace users will undertake the
following technological costs: i) Acquisition cofir the Airborne Separation Assurance
System (ASAS) application, ii) Acquisition cost fahe Trajectory Builder (probably
integrated in the Flight Management System), amd Acquisition cost for the traffic
congestion predictor. More details on the relevaniipment will be provided as soon as the
functionalities included in the $operational concept will be available.

7.2.4 Interfacewith the System Wide Infor mation Management (SWIM)

The availability of the airspace constitutes catignformation for flight planning and
autonomous separation management. Therefore, divesiwill take on the cost of obtaining
(or developing) an interface with the SWIM.

7.25 System Transition Cost

A management process from the side of the airspsees is required for the efficient
transition from the existing ATM to the new ATM erging from the A operational concept.
The cost of this process can be measured by tliriprof the total person months needed for
this project and the average cost per person month.

7.2.6 Training Cost

The implementation of the Aoperational concept requires the training of thghf crew
within the proposed framework of air route plannargl navigation. The flight crew training

28 January, 2009 TREN/O7/FP6AE/S07.71574/037180 IFLY Page 28/50



iFly 6" Framework programme

cost could be estimated by multiplying the totaiimg time (number of pilot-hours of
training) with the cost per training hour.

7.2.7 Operating Cost

This type of cost refers to the cost of maintainthg above mentioned new {Aelated)
avionics systems and ground systems.

7.2.8 Airspace Users Cost Variables

Table 6 presents the major categories of cost edsdo the A3 operational concept, and the
corresponding EMOSIA variable taken from the EMO®lilines Model.

Function of
Cost Category iFly Context Descritpion Variabl
EMOSIA Variable anav'e
Category
Pre-Imp_Start_Year Timing
(F;Les:tlmplementatlon Time series of pre-implementation costs.  Pre-Imp_Duration Uncertain
Pre-Imp Cst M-Eu Uncertain
Forward_Fit_Equip_Num Deterministic
Airborne equipment (equipage) plus
ground/s_pace equipmen_t: i) Acquisition cost Equipment_Cst_K_Eu Uncertain
for the Airborne Separation Assurance - T~
Implemetnation Capital System (ASAS) application, ii) Acquisition ) . s
Cost cost for the Trajectory Builder, iii) Retrofit_Equip_Num Deterministic
Acquisition cost for the traffic congestion ] )
predictor, iv) Interface with the Information Retrofit_Install_Cst_K_Eu Uncertain

Sharing System
Ground_Space_Imp_Cst_M_Eu  Uncertain

One_Off_Imp_Cst_M_Eu Uncertain
One-off Time series of the one-off implementation
Implementation Cost costs including the Flight Crey\( Training costimp_Duration Uncertain
and the cost for system transition.
Imp Start Year Timing

. . N S1_Benefit_%_Achieved_TS Deterministic
Cost incurred during the operating life - - = -

Operating Cost including the Maintenance Cost.

FOC_Operating_Cst_M_Eu. Uncertain

Table 6. Cost categories for the Airspace users
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The EMOSIA cost model for the airlines will be uded measuring the total costs emerging
from the A operational concept. Table 7 presents the EMO®H&reinistic variables needed
for the calculation of the airspace users’ totatomhile Table 8 presents the corresponding
EMOSIA uncertain variables needed for measuringcthsds for the airspace users. Note that
Table 8 also includes the organization that shdwdddle the provision of the estimates
needed for each uncertain variable.

Deterministic Cost Variablesfor Airspace Users

Name Units Description Function of:
Investment €M Cost of the A investment from the Capital Cst_Imp_TS
airline perspective Pre Imp_Cst M_EU
Pre Imp_TS

Pre_Imp_Duration
Operating Cst TS

-Operating Cst TS €M Airspace users Costs during th&1l_Benefit_%_Achieved_TS
operating life of & FOC_Operating_Cst M_Eu
S1 Benefit % Achieved decimal Benefits are calculated assuming fulEquippage_Factor
TS fraction equipage and full infrastructure andnfrastructure_Factor.

then adjusted downward for the
degree of infrastructure and equipage
implementation.

Infrastructure Factor decimal Benefits are adjusted for the degreémp Start Year

fraction that infrastructure is implemented.  Imp Duration
Percent Equipped decimal Percent of the fleet equipped. Number_of_Aircraft

fraction Cum_Equipped.
Cum Equipped units Cumulative aircraft equipped thhou Retrofit_Equip_Num

either forward fit or retrofit. Forward_Fit_ Equip_Num

Equipage Factor decimal The equipage factor is used to adjus®ercent_Equipped

fraction benefits downward for equipage.Minimum_Equipage_Req'd_%.

(There is also an infrastructure
factor.) Benefits are zero until a
critical mass (minimum equipage
required) is met; then benefits are
achieved proportional to the percent

equipped.
-Capital Cst Imp TS €M Airborne and ground/spaceForward_Fit_Equip_Num
equipment cost Equipment_Cst_K_Eu
Retrofit_Equip_Num
Retrofit_Install_Cst_K_Eu
Ground_Space_Imp_Cst_M_Eu
Ground_Space_TS
Imp_Duration.
Forward Fit Equip Num aircraft Number of aircrafinfvard fitted per Annual_Deliveries
year. Forward_Fit TS.
Forward Fit TS decimal  Time series used to schedule forwar&quipage_Start_Year

fraction fit costs. Assumption is forward fit End_Year
occurs to 100% of deliveries after the
implementation start year.

Retrofit Equip Num aircraft The number of aircrafttrofit per Retrofit_ TS
year. This is an “iffthen” function, Aircraft_Fleet_in_RF_Start_Yr
tied to the retrofit time series, whichAnn_Retirement_Rate
is used to make sure that aircraft arRetrofit_Duration.
only retrofit during the retrofit period.
In addition, the start number of
aircraft, at the beginning of the period
is adjusted downward for retirements.
Finally, the number is divided by the
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Deterministic Cost Variablesfor Airspace Users

Name Units Description Function of:

retrofit duration to determine the
annual number of aircraft retrofit. The
implicit assumption is retrofits occur
evenly over the retrofit period.

Aircraft Fleet in RF Start aircraft The number of aircraft in the existingNumber_of_Aircraft
Yr fleet at the start of the retrofit period. Imp_Start_Year_Switch
Aircraft_Fleet in_RF_Start_Yr.
Retrofit TS decimal  Time series used to schedule retrofitEquipage_Start Year
fraction and retrofit costs. Assumption isRetrofit_Duration

retrofit is spread evenly over the
retrofit time period.

Ground Space TS decimal Time series used to schedulédmp_Start Year
fraction ground/space costs. Assumption igmp_Duration
costs are spread evenly over
implementation time period.

Annual Deliveries aircraft The number of new aiftdelivered Number_of_Aircraft
each year. Aircraft_Growth_Rate
Ann_Retirement_Rate.
Number of Aircraft aircraft The number of aircraft the system Aircraft BL Num
for each year of the analysis Aircraft Growth Rate
Imp Start Year calendar Implementation start year. Used folPre_Imp_Start_Year
year ground/space equipment. Pre_Imp_Duration
Imp Start Year Switch decimal This switch determines the year inmp_Start Year
fraction which the cluster starts

implementation. Its used to determine
the aircraft population at the
beginning of the implementation
cycle, for purposes of determining
how many aircraft have to be retrofit.

-Pre-lmplementation TS Decimal Time series (of decimal fractions)Pre-Imp_Start_Year
fraction used to schedule on time the total prePre-Imp_Duration
implementation cost, under the
assumption that the relevant total cost
is spread evenly over the pre-
implementation time period.

-Ann One-Off Imp M-Eu €M One-off implementation costs on arOne_Off_Imp_Cst_M_Eu
annual basis. Imp_Duration.

Table 7. Deterministic EMOSIA variables relatedaicspace users’ costs, applicable for the
A3 cost-benefit analysis [23].

Uncertain Cost Variablesfor Airspace Users

Name Description Potential Estimation
Sour ces

Equipment Cst K-Eu (€ Cost per aircraft for equipment. This is appliecbtth forward fit iFly Consortium
K) and retrofit aircraft.

Retrofit Install Cst K-Eu Cost to install equipment on retrofit aircraft. 3hiost is iFly Consortium

(€ K) incremental to the equipment cost.
Pre-Imp Cst M-Eu (€ Costs incurred during the pre-implementation phaskeuthe form iFly Consortium
M) of research, prototyping, trials, and simulations.

(Number of person hours required for managing wadilnd) the new
operational procedures)x(Cost of each person hour)

Minimum Equipage The minimum equipage required teefienefits are achieved. iFly Consortium
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Req’'d %

FOC Operating Cst M- The annual operating costs when the cluster ig foiplemented in iFly Consortium
Eu (€ M) terms of equipage and infrastructure.

One-Off Imp Cst M-Eu One time implementation costs that don’t requirplaeement. iFly Consortium
(€M) (number of training person hours required for ezmfitroller)x(cost
per person hour)

S1 Ground Space ImpTotal infrastructure (non-equipage) cost required the A° iFly Consortium
Cst M-Eu (€ M) investment

Table 8. Uncertain EMOSIA variables related to @ace users’ costs, applicable for thé A
cost-benefit analysis [23].

8 Major Benefit Categories

The major categories of benefits have been spdclfieanalysing the expected operational
improvements emerging from the® foperational concept. Based on thé dperational
concept provided in D1.1 and D1.3, the expectedatipmal improvements of the®Aoncept
are the following:

OI-1) Improvement of the en-route situation awassnaf the flight crew.

OI-2) Reduction of the ANSP workload, since theksasf aircraft separation and trajectory
management within the airspace covered Byare delegated to the flight crew. Since the
ANSPs are relieved from these tasks, their effotancentrated on other tasks including the
management of the traffic outside thé @rspace, thus increasing the traffic that theyid¢o
handle. This last impact implies the increase efdapacity of currently congested airspace.

OI-3) Optimization of the flight route planning arding to the airspace users routing criteria,
e.g., development of 4D Reference Business Trajestwith less flying time.

OI-4) Minimization of flying distance due to effant aircraft trajectory management.

OI-5) Flight route flexibility improvement within he A% airspace, i.e., conflict
avoidance/resolution manoeuvres causing minimumMTElays.

OI-6) Flight Punctuality Improvement, since spexiiime windows for entering and exiting
the A® airspace will be provided for each aircraft. Cangrthis type of scheduling constraint
in A% airspace enhances the reliability of the overikesliule of the flights.

Note that this list of operational improvementshiased on the Aoperational concept
provided in D1.1 and D1.3.

By further analysing the above operational improgets, the following positive impacts
arise: i) possible reduction of the en-route sejmraninima within A airspace (due to OI1),

i) increase of the ANSPs productivity (due to Oi&hich implies either the reduction of
resources required for managing traffic for uncabge airspace or the increase of the en-
route capacity in congested airspace, iii) reductibthe flying distance (less expected flying
distance due to flight planning under airspace sisgtteria, i.e., OI-3, iv) reduction of the
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ATFM en-route delays (OI-3 & OI-5) in Jairspace, and v) reduction of the ATFM ground
delays due to improvement of the flight schedulegbwality (OI-6).

Previous relevant economic analyses of ATM investsieonclude that the monetary benefits
of an ATM investment fall under the following threategories: i) increased revenue due to
the potential increase of the en-route or/and gitogapacity, ii) cost savings due to potential
improvement on the ATM system performance, and dost avoidance basically due to
potential reduction of required resources for paniag ATM and/or airport operations.
Customizing the above categories of benefits fer Afl operational concept, the following
potential A benefits arise [14] :

= Additional revenue to stakeholders. This benefieagas from the capability of the
A® operational concept to accommodate the expecttictrgrowth due to the
increased capacity of the (managed arf)l dirspace (ANSP, Airspace users). The
increased revenue of the ANSPs is attributed tactteesponding increased charges
for the Air Traffic Services provided to the airspausers. The relevant increase in
the revenue of the airspace users comes entirety the charges of the increased
annual number of flights.

* Investment expenses savings, e.g., avoidance l@cieg equipment not essential by
the stakeholders (ANSP, Airspace users) withih Phis benefit cannot be further
specified until the actual technological needs&doperational concept are specified.

= Reduction of the resources needed for Air traffionol Services provision
(applicable in uncongested airspace)

= Reduction of the en-route cost (due to less flyrsgance) for the airspace users,
= Reduction of the cost emerging from en-route ATFbgls,

= Environmental benefits, which in monetary termslddae expressed by the reduction
of the fines paid by airspace users for emissiolsreise pollution.

Additional benefits arising from the introductiofi the A® operational concept relate to: i)
safety improvement (reduction of risk bearing imeits and accidents). However, this type of
benefit is assumed to have limited direct impadh® ATM economy and therefore they are
not incorporated in the economic evaluation of Afeoperational concept. In what follows,
there is an exposition of the above categorieseaghbts, customised for each of the involved
stakeholders.

8.1 ANSPs benefits

The expected benefits for the ANSPs relate to ds¢ savings due to the delegation air traffic
separation and the trajectory management tasksnwhie A’ to the flight crew.The ANSPs
workload reduction emerges from delegating the certer traffic separation and trajectory
management tasks within thé Airspace from the ANSPs to the flight crew. Thhs, actual
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benefit realised by the ANSPs relates to the rediiaif resources required for managing the
continuously increasing air traffic. In this contethe ANSPs will achieve to facilitate the
control of the maximum possible traffic with the mmum resources. The indicators that
measure this type of benefit are: i) the staff odidm due to the expected new role of the
ANSP, and ii) the operating cost reduction emerdiom delegating the separation task to the
flight crew. In principle the estimation of the oesces reduction should be performed by
experts. The average cost of an ANSP resources bgilbased on the range of values
confronted within the European ANSPs. The EUROCORNTR entral Route Charges Office
would be a potential source for this type of infatman.

Furthermore, an additional potential benefit foe tANSPs relates to the cost savings
emerging from the avoidance of rehabilating or rreamng any systems which will become
useless due to the delegation of the responsilfitthe separation tasks to the flight crew.
More detailed description of this type of benefiultl be provided when the technological
requirements for the Poperational concept will be issued. In case tlasuch savings are
possible from the Aconcept, the above indicator should be disregarded
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Function of
Benefit Category = EMOSIA Variable iFly Context Ddggion ]
EMOSIA Variable Variable
Category
S1_BL_Staff Cst M_Eu Baseline

Reduction of
Staff Cost

S1 Staff Cst Svg TS

Staff cost savings from cluster implementation.

S1_RB_Staff Cst M_Eu.

Deterministic

Operating Cost S1 Operating Cst Avoid

Avoidance TS

Operating cost avoidance over time

S1 Benefit % Achieved

Deterministic

S1 Operating Cst Avoid %

Uncertain

Table 9. Major Benefit Categories for the ANSPs.
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The EMOSIA benefit model for ANSPs will be used foreasuring the total benefits
emerging from the Aoperational concept. Table 11 presents the EMQSidertain variables
which should be estimated in order to measure énefits for the ANSPS. Note that Table 10
presents the EMOSIA deterministic variables neddedalculation of the ANSPs benefits.

Deter ministic Benefit Variables for ANSPs

Name Units Description Function of:

S1 Benefit €M Benefits accruing from the A3S1Staff CstSvgTS
investment during the life span from theS1 Operating Cst Svg TS
ANSPs perspective.

-S1 Staff Cst Svg TS €M Staff cost savings from clusterS1_BL_Staff Cst M_Eu
implementation. S1_RB_Staff Cst M_Eu.
S1 Staff Cst Avoid % TS decimal Staff cost reduction over time. S1_Staff Cst_Avoid_%
fraction S1_Benefit_%_Achieved.
S1 Benefit % Achieved decimal Benefits are calculated assuming fulBenefit_Start_Year
fraction infrastructure  and  then  adjustedBenefit FOC_Year

downward for the degree of infrastructure
implementation.

Benefits Start Year calendar The year benefits start accruing. Imp_Start_Year
year Benefits_Lag
Benefits FOC Year calendar The year benefits are fully achieved. Imp_Start rYea
year Benefits_Lag
Imp_Duration
Imp Start Year calendar Implementation start year. Used foPre_Imp_Start Year
year ground/space equipment. Pre_Imp_Duration
S1 RB Staff Cst M-Eu €M Staff costs after clusterlgnpentation. S1_BL_Staff Cst M_Eu
S1 Staff Cst Avoid % TS.
-S1 Operating Cst Svg TS €M Operating cost savings from cluster ir81_BL_Operating_Cst_M_Eu
PES S1. S1 RB_Operating_Cst_ M_Eu
S1 RB Operating Cst M-Eu €M Operating costs after stelu S1 Operating Cst Avoid TS
implementation S1 BL Operating Cst M-Eu
S1 Operating Cst TS
S1 Operating Cst Avoid TS decimal Operating cost avoidance over time. S1 Benefit %ad\cid
fraction S1 Operating Cst Avoid %

Table 10. Deterministic EMOSIA variables relatedAdSPs benefits, applicable for the' A
cost-benefit analysis [22].

Uncertain Benefit Variablesfor ANSPs

Name Description Potential Estimation
Provider
S1 Staff Cst Avoid% The proportional reduction ie ttost of resources used iFly Consortium

S1 Operating Cst Avoid The proportional reduction in the operating cose do less iFly Consortium
% excessive delays

Table 11. Uncertain EMOSIA variables related to Aé®enefits, applicable for the’ 8ost-
benefit analysis [22].

Basaline Benefit Variablesfor ANSPs

Name Description Potential Estimation
Provider
S1 BL Operating Cst M-  Baseline operating (non-staffts for segment 1. iFly Consortium
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Eu (EM)

S1 BL Staff Cst M-Eu Baseline staff costs for segment 1. iFly Consortium
(EM)

S1 BL Service K-Units Baseline number of service units for segment 1. @dpsortium

TS (thousands of units)

Table 12. Baseline EMOSIA variables related to AN®Bnefits, applicable for the® Aost-
benefit analysis [22].
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8.2 Airspace Users’ benefits

The cost savings from the improvement of flighiadéincy and the reduction of the en-route
delays, constitute the major benefits for the aicgpusers. The indicators that express the
above benefits are: i) the cost reduction due ® réduction of flying time, ii) the cost
reduction due to the decreasing en-route delay8lighbt, iii) cost savings from ground delays
reduction, and iv) the cost savings from the reidacbf the Air Navigation Services (ANS)
charges. The above indicators will be measurea fepecified time horizon and annual traffic
growth rate. The traffic projection used in thisidst will be based on the corresponding
values used in similar studies, the most receaffidr performance reports issued from
EUROCONTROL [10], [8], and it will be aligned withe outcome of WP7. The cost savings
from flight efficiency will be based on the averggeportional reduction of the annual flying
time. The product of this quantity with the averagst per flying minute and the annual total
flying time, constitutes an estimate of the fligiticiency cost savings. The cost savings due
to the reduction of the en-route delays is estithaiethe product of the average proportional
en-route delays reduction per flight with the cpst minute of flight delay and the annual
total number of flights in the Pairspace.

The increase of punctuality of flights through tA& operational concept will potentially
reduce the ground delays. The economic impact fthenreduction of ground delays is
expressed by the product of the average propodiatelay reduction per flight, the average
flight ground (off-block) duration and the costafe unit of ground delay.

Finally, the delegation of the trajectory managena separation tasks from the ANSPs to
the flight crew should reduce air traffic serviadmrges for the aircraft using thé airspace.
This type of cost savings is expressed by the miodiithe expected proportion of charges
reduction and the annual charges paid to the ANyRIse airspace users.

The estimation of the reduction of the ground amdaite delays within Europe will be based
on experts judgements collected through appropmdéeviews. The experts will be asked to
estimate the probability distribution of a set o&43pecified levels of proportional reduction
of ground and en-route delays per flight given aceir assumption for the annual traffic
growth, with and without the Poperational concept. Note that the experts shprddide this
type of judgments for various alternative ratesfual traffic growth thus covering a wide
range of possible traffic growth scenarios. Thdysmms of the experts’ judgements will lead to
the expected value of the annual reduction of gilcamd en-route delays with and without the
A® concept. A similar approach will be used for estimg the reduction of the flying time.
The relevant cost units will be taken from the meg8tandard Inputs for EUROCONTROL
Cost Benefit Analyses” [8].

The EMOSIA benefit model for Airspace users wil bsed for measuring the total benefits
emerging from the Aoperational concept. Table 15 presents the EMQSidertain variables
which should be estimated in order to measure émefits for the airspace users. Note that
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Table 16 presents the required EMOSIA baselineabées while Table 14 presents the
EMOSIA deterministic variables needed for calcaatof the airspace benefits.
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Benefit Category EMOSIA Variable iFly Context Degmion

Function of

EMOSIA Variable

Variable Category

Cost savings from flight

S1_Net Eff_Gain_per_Flt

Cost_per_Flight_Min

Deterministic

Global Variable

efficiency S1 Efficiency Svg TS The annual efficiency savidge to more efficient flight path.
Avg_Flt_Length_Min_S1 Global Variable
S1_RB_Annual_Flts_M. Deterministic
- . o S1_Net_Flts_Enabled Deterministic
Revenue Increase S1 Net Revenues TS The additional revenues (this should be operatmfijtp)

realised due to additional capacity.

Value_of_Addtn'l_Flt.

Global

Cost Savings due to reduce

ANS charges dSl ANS Charges Svg TS Annual ANS Charge Savings

Service_Cost_Difference

User_Share

Deterministic

Global

Cost Savings due to reduce
en-route delays

Annual delay savings, calculated based on thepm=st

dSl Delay Svg TS unpredictable delay minute.

S1_Net_Delay_Red_per_Flt
S1_RB_Annual_Flts_M
Cost_per_Unpre_Del_Min
Structural_Delay TS
S1_Net_Delay_Red_per_Flt
S1_RB_Annual_Flts_ M
Cost_per_Struct_Del_Min

Structural_Delay TS

Deterministic

Deterministic

Global

Deterministic

Deterministic

Deterministic

Global

Deterministic
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Function of

Benefit Category EMOSIA Variable iFly Context Deaggion
EMOSIA Variable Variable Category

S1_Net_Struct_Del_Red_per_Flt L
Deterministic

Savings form Reduction of S1 Structural Delay Svg  Annual structural delay savings, calculated basethe cost per Cost_per_Struct_Delay_Min

Structural Delay TS structural delay minute. Global

S1 RB_Annual _Flts M. N
- - - - Deterministic

Table 13. Benefits for the Airspace users.
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Deter ministic Benefit Variablesfor airspace users
Name Units Description Function of:
Total Benefits €M Total benefits including delayvisas, S1_Efficiency_Svg_TS

efficiency savings, ANS charges savingsS1_Structural_Delay Svg_TS
additional net revenues, and structuré&l_Delay Svg TS

delay savings.

S1_ANS_Charges_Svg_TS
S1 Net_Revenues_TS

S1 Efficiency SvygTS €M

The annual efficiency savings due to mor81_Net Eff _Gain_per_Flt

efficient flight path.

Cost_per_Flight_Min
Avg_Flt_Length_Min_S1
S1_RB_Annual_Flts_M.

S1 Net Eff Gain per decimal fraction

Flt

The percentage gain in
efficiency on a per flight basis.

flight

pat81_RB_Flt_Path_Ineff %

S1 BL Flt_Path Ineff %.

S1 RB Flt Path Ineff decimal fraction

%

The rolling baseline for ineffingy in

flight path.

S1_BL_FIt_Path_lneff_%
S1_Increm_Eff_Gain_%
S1 Benefit %_ Achieved TS.

Millions
flights

S1 BL Annual Flights

of

The baseline annual flights in PES 1.

S1_BL_Ann Hitig
S1_Ann_Flt Growth

S1RB Annual FltsM €M

The rolling baseline of anhilights.

S1_BL_Annual_Flts_M
S1 Net Flts_Enabled.

S1 Structural Ddlay €M
SvgTS

Annual structural delay savings, calculate81_Net_Struct_Del_Red_per_Flt
based on the cost per structural dela@ost per_Struct_Delay Min

minute.

S1_RB_Annual_Flts_M.

S1 Net Struct Del minutes
Red per Flt flight

per

The net structural delay reduction peBS1l_RB_Struct_Delay per_Flt

flight, from this cluster.

S1 BL_Struct Delay per Flt.

S1 RB Struct Delay minutes

per

Rolling baseline for structural

delayS1 BL_Struct_Delay_per_Flt

per Flt flight minutes per flight. S1_Struct_Delay_Red_%
S1_Benefit %_Achieved TS
Sl Delay Svg TS €M Annual delay savings, calculated based d®l_Net_Delay Red_per_Flt

the cost per unpredictable delay minute. S1_RB_Annual_Flts_ M

Cost_per_Unpre_Del_Min
Structural_Delay TS

S1 Net Delay Red per minutes
Flt flight

per The net delay reduction per flight, fromS1_BL_Delay per_Flt

this cluster.

S1 _RB Delay per Flt.

S1 RB Delay per Flt minutes
flight

perRolling baseline for delay minutes peMAX(S1_BL_Delay per_FIt*(1-

flight.

S1_Increm_Delay Red_%*S1 Ben
efit_%_Achieved_TS),Optimum_De
lay_per_Flight)

Structural Delay TS

decimal fraction

Time seriescdu$o determine the percenBenefit End_Year

of unpredictable delay that
structural delay.

becomeginal_Year

S1 Net ANS Svg per € per flight
Flt

The net savings in enroute charges p8l_RB_ANS_Charge_per_Flt

flight.

S1 BL_ANS Charge per Flt.

S1 RB ANS Charge € per flight
per Flt

The user charge per flight after thaster S1_BL_ANS_Charge_per_Flt

improvement.

S1_ANS_Charge_Red_%
S1 Benefit %_Achieved_TS.

S1 Net RevenuesTS €M

The additional revenues (this should b81_Net_Flts_Enabled

operating  profits)
additional capacity.

realised due

toValue_of Addtn'l_Flt.

S1 Net Flts Enabled flights The annual number ghts enabled by S1_RB_Flts_not_Accom_

the cluster. S1 BL_Flts not Accom.
S1 RB Flts not flights The rolling baseline of flights notS1_BL_Flts_not_Accom
Accom accommodated. S1_Flts_Enabled

S1 Benefit %_Achieved_TS.

Table 14. Deterministic EMOSIA variables relatedaitspace users’ benefits, applicable for
the A® cost-benefit analysis [23].
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Uncertain Benefit Variablesfor airspace users

Name Description Estimation Provider

Cost per Flight Min (€) Cost per flight minute. Essential input for assepsire iFly Consortium
P 9 incremental cost savings from flight efficiency.

iFly Consortium

Cost per Struct Del Min Cost per structural delayuten Standard Inputs for
EUROCONTROL CBA [8]
iFly Consortium

Cost per Unpre Del Min (€) Cost per unpredictablagahinute. Standard Inputs for
EUROCONTROL CBA [8]

iFly Consortium
Standard Inputs for

S1 Ann Flight Growth (%) The annual flight growthEuropean Airspace. EUROCONTROL CBA [8]
Performance Review
Report [10]

S1 Flts Enabled ( flights per iFly Consortium

The annual flights enabled by the cluster.

year)
Minimum Equipage Req'd % Zsﬁien\\/gljmum equipage required before benefits are iFly Consortium
The % reduction of remaining delay due to the elusk iFly Consortium

0,
S1 Increm Delay Red % value of 1 would eliminate all unpredictable delay.

The percent of the remaining inefficiency reducetha end iFly Consortium

in o
S1 Increm Eff Gain % of the cluster implementation.

Percent Structural Delay (%) The final amount of delay |ncurr(_ed in the basetimet iFly Consortium
becomes structural then unpredictable.
S1 Struct Delay Red % The % reduction of remaintngcural delay due to cluster.  iFly Consortium

Table 15. Uncertain EMOSIA variables related ts@ace users’ benefits, applicable for the
A3 cost-benefit analysis [23].

Baseline Benefit Variablesfor airspace users

Name Description Estimation Provider
) S iFly Consortium

S1 BL Flt Path Ineff% The proportion that expregbesbaseline inefficiency

S1 BL Flts not Accom The baseline annual flights not accommodated due to  iFly Consortium

(flights) capacity constraints.

S1 BL Delay per Flt (minutes iFly Consortium

per flight) The baseline delay minutes per flight.

S1 BL Struct Delay per Flt
(minutes per flight)

The baseline structural delay minutes per flight. IFly Consortium

Table 16. Baseline EMOSIA variables related topsice users’ benefits, applicable for the A
cost-benefit analysis [23].
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9 High Level Experimental Design and Open Issues

The measurement of the cost and benefits elementsaich category of stakeholders (i.e.,
airspace users, ANSPs, and airports) will be peréat by calculating the EMOSIA variables
presented in the corresponding tables for sectioA &ey issue in performing the above
calculations relates to the estimation of: i) thimlal and Timing variables presented in
Tables 1-2, ii) the Uncertain variables presentedables 5, 8, 11, 14, 18, 22, and iii) the
Baseline Variables presented in Tables 15, 1928nd

The changes for the ATM system proposed through pifbject are still at the stage of the
definition of the operational concept. Thus, gitka time constraints of the projects it is not
possible to conduct any shadow mode field trialssionulation runs in order to provide

objective observations for the performance of theppsed cluster of improvements.

Alternatively, the estimation of the Global, Timimgd Baseline variables will be based on
values provided by similar ATM cost-benefit anasystudies or subjective estimations
provided by experts.

The uncertain variables require the provision oé¢hvalues (high, medium, and low). Each of
the above values will be based on subjective estims provided by a group of experts. In
section 8, an organization (participating in thej@ct) is assigned to each of the above
variables, with the task to provide the subjecegéimations for the corresponding variable.
The collection of the above estimates will be ctbe through a questionnaire which will be
presented in Deliverable D6.3.

In addition, the major prerequisites for the impémation of the proposed cost-benefit
analysis and the collection of the required da@edo the following issues:

= Specification of the categories of fechnologies and the associated avionic costs. No
estimation of the cost and benefits variables cammlade unless the functionalities
and potential technologies of thé dperational concept are specified.

= Specification of the geographical area covered Iny & operational concept.
Similarly on estimation about the additional opergiand capital costs can be made
unless the area covered by ia specified.

= Specification of the Aairspace, i.e., determine which part of the Eusopairspace
(boundaries) will be used in terms of the A3 operatl concept.

The above issues will be specified on the basishefoperational scenarios that will be
defined within task 6.3 “Data Collection for Codtdetiveness Analysis” of WP6.
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10 Cost-Benefit Analysis Management Plan

The implementation of the proposed methodologicaimework includes the following
activities:

Definition of operational scenario. It involves thhetermination of the geographical scope
and the boundaries of the airspace thawil take effect. This is an essential prereqaeisit
in order to estimate other cost benefit analysigattes such as the number of flights, the
number of aircraft flying in Aairspace etc.

Development of Data Collection and Analysis toals, questionnaire for collecting
estimates for the uncertain, global, and timingaldes.

Identification of Experts. Each partner involvedthe measurement of the cost-benefit
analysis variables as indicated in Tables 1-16ulsh@entify a set of experts in their
organization for providing the corresponding estasa

Data Collection (completion of data collection fa&)n This process refers to the
determination of the values of some cost-beneftyais variables from existing studies.

Expert Judgments Collection (completion of questare).
Deliverable D6.3: "Report on Data Collection”.

Perform the analysis. This process involves thesalfation, processing, and analysis of
all the data collected through the data collectiwocess. The analysis of data should
include the determination of the Net Present Vé&NRV). Moreover, sensitivity analysis
and risk analysis will be performed in order toemssthe robustness of the estimated
NPV.

Draw Conclusions

Deliverable D6.4(i) "Interim Cost-Effectiveness Ayss" and Deliverable D6.4 "Cost-
Effectiveness Results Presentation”.

Figure 4 presents the time-schedule of the abotreitaes. The proposed schedule takes into
account the deadlines of the Deliverables D6.3 B6d4, and the interim report D6.4(i)
according to the initidliFly Technical Annex [1].

2 By the time that this version of the report wasuid, the revised description of work time wasafticially
approved by the EC. Upon EC approval, the time plasented in the section will be revised accoigling
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2008

2009

2010

2011

Sub-task

Partners Involved

Oct | Nov | Dec

Jan |Feb |Mar |Apr |l\/lay|Jun|JuI |Aug|Sep| Oct | Nov | Dec

Jan | Feb | Mar | Apr | May | Jun |Ju| |Aug |Sep | Oct | Nov | Dec

Jan |Feb |Mar |Apr |May

Definition of operational scenaria

AUEB,NLR, ISDEFE,

forms)

HNWL, EEC
Development of Data Analysis tools AUEB ——
Identification of Experts AUEB, HNWL —
Data Collection (completion of data collection AUEB ——————

Expert Judgments Collection (comlpetion of

AUEB, NLR, ISDEFE,

questionnaire) HNWL, EEC D6.3
Deliverable D6.3: "Report on Data Collection” AUEB. HNWL —A
4.1 Perform the analysis AUEB —
i ]
4.2 Draw Conclusions AUEB
Deliverable D6.4(i) "Interim Cost-Effectiveness A
Analysis" AUEB, HNWL
Deliverable D6.4 "Cost-Effectiveness Results AUEB, HNWL,
Presentation" ETHZ UCAM ‘

Figure 4. Time schedule of the cost-benefit analysis acésiti

% This time plan was based on the Project SchedwdéNork plan included in the Initial Description\0fork of the iFly Project. By the time that thisrsien of the report was

issued, the revised description of work time watsafficially approved by the EC. Upon EC approvhk time plan presented in the section will besediaccordingly.
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11 Concluding Remarks

The economic assessment of theoberational concept is achieved through the cesgfit
analysis of the associated positive and negatiyaats to each stakeholder category affected
by the proposed concept. The objective of this nej® to present the methodological
framework for performing the above stated cost-bearalysis.

The proposed methodological framework aims to ifierthe major cost and benefits
indicators and metrics for each category of stakie by utilising standard ATM
operational concept validation methodologies like E-OCVM and the EMOSIA. Each of
the cost and benefit indicators is associated itstbounterpart variable in EMOSIA cost and
benefits models. In this context the measuremertoh indicator is achieved by utilising the
corresponding EMOSIA cost and benefit models pakedtolders category. In addition any
EMOSIA variable needed for the calculation of tH@owe cost and benefit indicators is
presented in order to clarify the input requiredderforming the cost benefit analysis.

The determination of the values needed for meagutie cost benefit analysis variables
constitutes the next step in applying the proposethodology, and will be addressed in
WP6.3 “Data Collection for Cost-Effectiveness Argdy. The associated values along with
the data collection tools will be provided in D6Report on Data Collection”.
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13 Appendix 1: E-OCVM steps and activities

Step Activity Description
Step 0 “State Concept angd0.1 Understand the problem
Assumptions” 0.2 Understand the proposed solution(s)
1.1 Identify the stakeholders, their needs, issapd, involvement
in the validation
1.2 Identify the level of maturity to ensure thapectations arg
. N realistic
giregtegil" Set  Validation 1.3 Describe the expected outcome of the validaiiocess
1.4 Identify high level performance objectives
1.5 Establish initial validation needs, potentiabge and draft plarn
1.6 Select validation tools or techniques
1.7 Define validation strategy and plan
2.1 Identify stakeholder acceptance criteria andfopmance
requirements
2.2 Identify low level validation objectives
2.3 Refine validation strategy
2.4 Identify indicators and metrics
Step 2 “Determine thg 2.5 Specify scenarios
Experimental Needs” 2.6 Produce experimental plan
2.7 Produce analysis plan
2.8 Produce detailed experimental design
2.9 Identify assessment requirements
2.10 Prepare the platform or facility
2.11 Conduct pre-exercise testing
Step 3 “Conduct the 3.1 Conduct validation experiment
Experiment” 3.2 Assess for unexpected effects or behaviors
Step 4 *“Determine th 4.1 Perform analys?s speci_fied_ in the analysis plan
Results” 4.2 Prepare anz_sllys!s contributions
4.3 Prepare validation report
Step 5 “Information for 5.1 Disseminate i_nformation to_ stakehold_ers andsoEt mgker_s
5.2 Draw conclusions and decide on actions feedbagklidation

Dissemination”

strategy.
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