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EARTH

INCREASED RUNWAY ANRPORT THROUGHPUT

This CBA V3 is part of a project that has received funding from the SESAR Joint Undertaking under
grant agreement No731781 under European, YA 2y Qa | 2NAT 2y wnun NBaSlt
programme.

Abstract

This document along with the attached CBA Model spreadsheet provides the Cost Benefit Analysis
(CBA) forSESAR Project PJOSolution 08- Traffic optimisation on single and multiple muay
airports. The CBA forms part of the data pack supporting the V3 maturity gate séssietermines

if the development of four concepts integrated in Solution 08 is sound, ascertairgrand by how
much ¢ its discountedbenefits outweigh its costsThe scope of the CBA covers ECAC area within
20192040 timeframe. The costmve beerestimated mainly by expert judgment previous, whereas
the benefitshave beercalculated through monetisation of aggregated and extrapolated results of
validationexercise. All 4 concepts have been proved economically feasible as their benefits in terms
of increased airports capaciggnd reduced average flight durati@gnificantly outweigh the costs of
implementing the new technologies which gives basis for thestf phase of Industrialisation &
deployment i.e. developing a Very Large Demonstrator.
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1 Executive Summary

This document provides the Cost Benefit Analysis (CBA) related to a SESAR Soldii@nRidRs

been validated during validation activities at V3 level and forms part of the data pack supporting the
V3 maturity gatesession. Its objective is to provide information on costs and benefits of Solution
PJO208 deployment at an ECA&vel CBA Scenario which would support the decision of proceeding
with the Solution into V4 phase.

In V3 four Conceptséch representing a sie Ol) have been validated:

1 Concept 1:Optimised integration of arrival and departure traffic flows with the use of a
trajectory based Integrated Runway Sequence-(G3@L). This concept applies mainly to
execution phase and addresses mainly TWR and TNIOAT

1 Concept 2:0ptimised use of RWY capacity for multiple runway airports with the combined
use of an Integrated Runway Sequence and RMANRITS).

1 Concept 3increased Runway Throughput based on local ROT characterization (ROCGAT) (AO
0337).

1 Concept 4:Optimised use of RWY capacity for medium airports with the use of enhanced
prediction of Runway Occupancy Time (ROT)q2&3).

There have been 3 categories of stakeholders identified: ANSPs who are expected to deploy the
Solution and consequently bear theosts of investmentwithout impairing Safety or Human
Performance and Airspace Userand Airport Operatorsvho are expected to benefit from the
Solution in improved Environmental Sustainabili@apacity,Predictability and Punctuality with no
additionalcosts.

The results of validation exercises have been aggregaier ECAC leveh the Performance
Assessment Repgfl3] and thereafter monetised in the CBA to provide monetary values of the
benefits whicheach Goncept is expected to produce. In parallel, a cost assessmertiattified
deployment locations halseen performed. Both costs and benefits have then been confropted
each Concept.

ltem Result

Concept 1 bSG t NSaSyid < 1,618,851,130
B/C ratio 75.1

Concept2 bSu t NlasSyu £ 719,858,825
B/C ratio 38.1

Concept3 Nett NSa Sy u =1 t:924,791,948
B/C ratio 5.7

Conceptd bSU t NSaSyu 12994917
B/C ratio 13.5
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Tablel: Main CBA results

The positive NP3indicate that overall benefits attributed to Airspace Usarsl Airport Operators
SEOSSR 2@¢gSNYftf O2ada 2F !b{taod ! RRAGAZ2YyIl ffesx
tested, particularly on total costs, proving that within given ranges of confidatidéP\s remain

positive.

The results of 8 CBA demonstrate economic feasibiliof each Solution concepand support the
decision to proceed td/4phase In addition, sveral recommendations have been suggested which
may improve performancand development of final product within the nextphases
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2 Introduction

2.1 Purpose of the document

This document provides the Cost Benefit Analysis (CBA) related to a SESAR Solu@i8raPYR

level. It presents the cost profile results and a qualified assessment of both costs and benefits of the
Conceptsintegrating Solution PJOB8 in an ECAlEvel CBA Scenarid.he objective of V& Pre
industrial development & integration is threefold:

91 To further develop and refine operational concepts and supporting enablers to prepare their
transition from research to aaperational environment;

1 To validate that all concurrently developed concepts and supporting enablers (procedures,
technology and human performance aspects) can work coherently together and are capable
of delivering the required benefits;

1 To establish tht the concurrent packages can be integrated into the target ATM system.
The output from this lifecycle phassthis V3 CBA.

2.2 Scope

This document provides the Cost Benefit Analysis (CBA) related to a SESAR Solu@i8raPWR

level. The solution integrates 4 different concepts operating in both Execution and Planning Phases
(Short and Medium term) to support both APP Controllers, Tower Controllers and Supervisors in
monitoring and optimising runway system usage:

1 Concept 1:Optimisedintegration of arrival and departure traffic flows with the use of a
trajectory based Integrated Runway Sequence-Q3@L). This concept applies mainly to
execution phase and addresses mainly TWR and TMA ATCOs.

1 Concept 2:0ptimised use of RWY capacity foultiple runway airports with the combined
use of an Integrated Runway Sequence and RMARITY).

1 Concept 3increased Runway Throughput based on local ROT characterization (ROGAT) (AO
0337).

1 Concept 4:Optimised use of RWY capacity for medium airports with the use of enhanced
prediction of Runway Occupancy Time (ROT)J3&3).

As a result of an incorporation in V3 to the Solution a rmp&rational improvement (AOCQO704)
separate from thepreviously véidated in V2 OIS[(S0301 and T8313) and its subsequent split into
two separate Ols: AO337 and A338 with little or no dependencies between the Ols, the
decision has been taken to split the Solution into 4 separate concé&jtsh concept in entirdata
pack documentation has been described, validated and evaluated individAally.consequence of
a split 4 separate Performance Assessment Reports (per Cofi&dpgiave been produced and
separate CB# (per Concept)Therefore,the CBAcompares individuallghe costs and benefitef
each of the Concepts

The CBA results are presented at the aggregated level and individually from the viewpoint of the
impacted sakeholdess:

Founding Members 13
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w Airport Operators
w ANSPs
w Airspace Users

The geographical scope of the P CBA covers the European Civil Aviation Conference (ECAC)
countries Although in theCBAspecificairports are indicatedy location and nameshe CBA does

not aimto provide an individual result for Solution deployment at one specific location. In such cases
a much deeper levelof granularity would be needed taking account all local characteristics and
conditions for deployment.

The Solution and Reference Scenar@mnsider a 21 years period of time for the analysis of all
potential costs and benefits, from 2019 to 204Despite the deployment of the Operational
Improvements of the Solution is not expected before 2025, the time horizon has been aligned with
the Common assumptions for CBAs as maintained by%.J19

2.3 Intended readership
This document is intended for the following audience, due to the highlighted dependencies:
1 SESAR 2020 Projects/Solutions:

o PJO101 (Enhanced Arrivals and Departures): Extended arrival management with
overlappingAMAN operations and interaction with DCB.

o PJ0O102 (Enhanced Arrivals and Departures): Use of arrival and departure
management information for traffic optimisation in the TMA.

0 PJ0201, Optimised Runway Delivery on Final Approach32®

0 PJ0203 developsthe concept of Minimum Pair Separations Based on Required
Surveillance Performance (RSP) in support of a reduction of ttrailifMinimum
Radar Separation (MRS) from 2.5 NM to 2 NM on final approach.

o0 PJ03a01, since it provides the Routing function.

0o PJ.Bb06 which develops runway condition continuous monitoring and prediction
tools.

o PJO4 (Total Airport Management): Improved prediction and quality of estimated
take-off and landing time for Airport DCB.

o PJ09 (Advanced DCB): Improved prediction and quafligstimated takeoff and
landing time for Network management.

o PJ16 (Controller Working Position / Human Machine Interface): HMI integration
aspects.

o PJ18 (4D Trajectory Management): Improved prediction and quality of estimated
take-off times for trajectwy management processes.

o PJ20 (Master Plan Maintenance).

o PJ22 Validation and Demonstration Engineering.

Founding Members 14
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o0 PJ19: Content Integration
1 Ingeneral, the SESAR JU community.

2.4 Structure of the document
The structure of this CBA is as follows:

1 Section Athe presentsection) provides general information on the document.
1 Section Jdescribes the scope and objectives of the CBA.

I Sections 4 and 8etail, respectively, the benefits and the costs.

1

Sections 6, 7 and 8letail, respectively, the CBA model, the CBA results samsitivity
analysis.

Section Yrovides recommendations and next steps.

Section 1Qorovides a list of applicable documents and reference documents.

2.5 Background

There is no information on previous activities in the same domain e.g. previous CBémomic
appraisals covering the SESAR Solution or parts (precursors) of it and thus defined the input(s) to the
project a part of the previous PJ-A08 V2 CBA.

2.6 Glossary of terms

Term Definition Source of the definition
Net Present Value Net Present ValugNPV) is the sum of all discounti Investopedia
cash inflows and outflows during the time horiz
period.

Cost Benefit Analysis | A CostBenefit Analysisis a process of quantifyin SESAR 1
economic terms the costs and benefits of a projec
a program over a certain period, and those of
alternatives (within the same period), inorder to ha
a single scale of comparison for unbiass@luation.

Business Case A Business Caseis a neutral financial tool that hi SESAR 1
decision makers to compare an investment with ott
possible investments and/or to make a choi
between different options / scenarios and to selg¢
the one that dfers the best value for money whi
considering all the key criteria for the decision.

Time Horizon Time horizon refers to a definite time period durii SESAR 1ATM CBA fo
which all cost and benefits related to a given proji Beginnes [4]
occur.

Stakeholder Stakeholders are organizations and entities who v SESAR 1 ATM CBA fo

have to pay for or will be impacted by the proje Beginners [4]
directly or indirectly.
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Discount Rate Discount Rate is a way to capture the time valu¢e SESAR 1 ATM CBA fo
money. This is a percentage that represents i Beginners [4]

increase in the amount of money needed or estima
to keep the same value as one year ago.

Cost mechanisms Costmechanisms are a description of the poteni SESAR 1 ATM CBA fo

costs of theproject broken down into relevant cos Beginners [4]
categories (e.g. investment, operating).

Benefit mechanisms Benefit mechanisms are a cause effect descriptioi SESAR 1 ATM CBA fo

the improvement proposed by the project. They sh Beginners [4]
how benefits ae delivered.

Benefit Benefit is a positive impact of monetary value: SESAR 1 ATM CBA fo
stakeholders. Beginners [4]

2.7 List of Acronyms

Acronym Definition
ACC Area Control Centre
AMAN Arrival Manager
ANSP Air Navigation Service Provider
APT Airport
AROT Arrival Occupancy Time
ATM Air Traffic Management
ATCO Air Traffic Control Officer
BIM Benefit and Impact Mechanism
CBA Cost Benefit Analysis
C/B Cost to Benefit
CR Change Request
DCB Demand CapacitBalancing
DMAN Departure Manager
ECAC European Civil Aviation Conference
EU European Union
EXE Exercise
FOC Final Operating Capability
FLTD Forecasted Landing Time
FTD Final Target Distance
FTOT Forecasted Tak®ff Time
HMI Human Machine Interface
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Acronym Definition
HP Human Performance
I0C Initial Operating Capability
IRR Internal Rate of Return
ITD Initial Target Distance
KPA Key Performance Area
KPI Key Performance Indicator
N/A Not Applicable
NPV Net Present Value
OE Operating Environment
Ol Operationallmprovement
OSED Operational Service and Environment Definition
PAR Performance Assessment Report
PIRM Programme Information Reference Model
PAR Performance Assessment Report
PCP Pilot Common Project
Pl Performance Indicator
PJ Project
PMP ProjectManagement Plan
RMAN Runway Manager
ROCAT Runway Occupancy Categorisation
ROT Runway Occupancy Time
RWY Runway
SESAR Single European Sky ATM Research Programme
SJuU SESAR Joint Undertaking (Agency of the European Commission)
TBC To be confirmed
TBD To be defined
TLDT Target Landing Time
TMA Terminal Manoeuvring Area
TTOT Target Take Off Time
TWR Tower
VALP Validation Plan
VALR Validation Report

Founding Members
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3 Objectives and scope of the CBA

3.1 Problem addressed by the solution

This document provides the Cd3enefit Analysis (CBA) related to a SESAR Solutico® & has

been validated during validation activities at V3 level and forms part of the data pack supporting the
V3 maturity gate session. Its objective is to provide information on costs and tsepéfSolution
PJO208 deployment at an ECA&vel CBA Scenario which would support the decision of proceeding
with the Solution into V4 phase.

In V3 four Concepts (each representing a single Ol) have been validated:

1 Concept 1:Optimised integration of aival and departure traffic flows with the use of a
trajectory based Integrated Runway Sequence-Q3@L). This concept applies mainly to
execution phase and addresses mainly TWR and TMA ATCOs.

1 Concept 2:0ptimised use of RWY capacity for multiple runwapats with the combined
use of an Integrated Runway Sequence and RMANRITS).

1 Concept 3increased Runway Throughput based on local ROT characterization (ROCAT) (AO
0337).

1 Concept 4:Optimised use of RWY capacity for medium airports with the use ludirered
prediction of Runway Occupancy Time (ROT)Q3&3).

3.2 SESAR Solution description

Solution PJ.0R8 1 Traffic optimisation on single and multiple runway airports provides tower and
approach controllers with system support to optimise runway operati@amnsval and/or departure
spacing and make the best use of minimum separations, runway occupancy, runway capacity and
airport capacity.

The Solution aims amproving single and multiple runway airport operations by:

- increasing the predictability and pun@lity as well as fuel efficiency through the
management of an Integrated Runway SequenceO@®), or with a combination of
optimised runway configuration management and Integrated Runway Sequence in case of
multiple runways (T-8313)

- Increased RunwaVyhroughput based on local ROT characterization (ROCADB@Apand
Increased Runway Throughput based AROT optimisatio0836).

The solution aims to provide these improvements without impairing Safety or Human Performance,
which are overall expected toe maintained even if the sharing of an Integrated Runway Sequence
between the different actors should enhance situation awareness and therefore safety.

The solution integrates different concepts operating in both Execution and Planning Phases (Short
and Medium term) to support both APP Controllers, Tower Controllers and Supervisors in
monitoring and optimising runway system usage:
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1 Concept 1:Optimised integration of arrival and departure traffic flows with the use of a
trajectory based Integrated Runwaedbience (T9301). This concept applies mainly to
execution phase and addresses mainly TWR and TMA ATCOs.

1 Concept 2:0ptimised use of RWY capacity for multiple runway airports with the combined
use of an Integrated Runway Sequence and RMARITY).

1 Conept 3:Increased Runway Throughput based on local ROT characterization (ROCGAT) (AO
0337).

1 Concept 4:Optimised use of RWY capacity for medium airports with the use of enhanced
prediction of Runway Occupancy Time (ROT)q3&3).

The tables provided belowummarise Validation Targets assigned to the Solutioac@iered by
the Solution ananablers associated to Ols:

SOL APT TMA ER CAP PUN PRD FEFF CEF2 CEF3  SAF
CODE CAP CAP

Solution { 1,341%: 3,599%: 0,000%: 0,000%: 5,030%: 8,5kg : 0,000%: 0,000%: -0,45%
PJ.0208

Table2: Solution PJ.0:D8 Validation Targets as iRJ19: Validation Targets (2019) D4.8 (Word)

SESAR Ol Stepsref. Ol Steps definition (coming Ol step  Comments on the Ol step
Solution ID (coming from  from the Integrated coverage title / definition
the Integrated Roadmap)
Roadmap)
PJ.0208 Tt { TS0301 Integrated Arrival Departur¢ Fully
Traffic Management for full traffic
optimisation optimization on the Runwa
on single an
multiple TS0313 Optimized use ofrunway: Fully
runway capacity for multiple runway
airports airports.
AO-0337 Increased Runwai Fully New Ol Step. CR 0327
Throughput based on loca creates AGD337 to replace
ROT characterizatio AUGO0704
(ROCAT)
AO-0338 Use of Enhanced Runwa:! Fully New Ol Step. CR 0327
Occupancy Time (ROT) f creates AGD338 to
medium airports complement former AUO
0704 New enabler to bt
created: AERODROMEC
55a
Table3: SESR Solution PJ.0®8 Scope and related Ol steps
Founding Members 19
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EARTH

Applicable Comments on
stakeholder the Enabler /
definition

TS0301 | AERODROME

ATG33 (R)

Coupled sequencing toc
enhanced to better handlé
arrivals and departures.

Fully

ANSP

AERODROME
ATG58 (R)

Agile synchronization of
arrivals with departure
information for the same
airport

Fully

ANSP

APRATG164
(R)

APP ATC System adapted
support integrated
arrival/departure sequencé
Fdzy OGA 2yl £ A

Fully

ANSP

AERODROME
ATGO9C (O)

Improvement of operationa
orchestration among arrival
departure management an
surface management servic

Not
addressed

AERODROME
ATG27 (O)

Sequence Managemer:
system enhanced tase new
wake turbulence separation

Not
addressed

AERODROME
ATG34 (O)

Sequence Managemer:
system enhanced to us
reduced and predicted RO

Not
addressed

AIMS16 (O)

Electronic  Terrain
Obstacle Data (TOD)

an

Not
addressed

AIMS23 (O)

Enhancedligital data chain
to ensure Aeronautica
Information data provision tg
meet full 4D trajectory
management requirements

Not
addressed

METE@3c (O)

Provision and monitoring
real-time airport weather
information for timebased
separation and curvec
approaches

Not
addressed

! This includes System, Procedural, Human, Standardisation and Regulation Enablers
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METE@4c (O)

Generate and provide ME

information relevant for
Airportand approach relate
operations at short notice
(‘time to decision' between 3
minutes and 7days) includin
rotorcraft and RPAS

Not
addressed

NIMS12 (0)

Demand Capacity Balancir
equipped with a tool to
identify and arbitrate
multiple imbalance anc
hotspots

Not
addressed

SWIMAPSI7b
®)

Consumption of
Meteorological Information
services for Step 2

Not
addressed

SWIMAP S8
(©)

Provision of  Airport
Information services for Ste
2

Not
addressed

SWIMAPS09b
(0)

Consumption of Airpor

Information services for Ste
2

Not
addressed

TS0313 | APRATG164

(R)

APP ATC System adapted
support integrated

arrival/departure sequence
FdzyOuAazyl fAd

Fully

ANSP

AERODROME
ATG74 (R)

Airport Demand and Capaci
system enhanced for multipl
runway airport

Fully

ANSP

AERODROME
ATG29 (O)

Enhanced Runway Demar

and Capacity system fg
mixed mode runway

Not
addressed

METEG3c (O)

Provision and monitoring o
real-time airport weather
information for timebased
separation and curvec
approaches

Not
addressed

METE@4c (O)

Generate and provide ME

information relevant for
Airportand approach relate
operations atshort notice
(‘timeto decision' between 3
minutes and 7days) includin
rotorcraft and RPAS

Not
addressed
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AO-0337: AERODROME: Airport ATGnalysertool for i Fully ANSP New Ol Step. CI
ATG55 (R) predicting ROT 03274 creates
AO-0337 to
replace AUO
0704
AO-0338: AERODROME: Airport AT@nalysertool for ;| Fully ANSP New Ol Step. ClI
ATG55a (R) : optimising AROT 03275 creates
AC-0338 to
complement
former  AUQ
0704 New
enabler to be
created:
AERODROME
ATG55a
AERODROME: Runway conditionawarenes Not
ATG32 (O) management system base addressed
on weatherbased runway:
condition model

Table4: Ol steps and related Enablers

3.3 Objectives of the CBA

The objective of the V3 CBA is to providermation on the costs and benefits of deploying Solution

PJO208 in an ECACS @St /. ! {OSYIFINA2d® ¢KAA FaasSaavySyid oAt
the Solution is worth deploying. While the views of individual stakeholders involved in the
deployment are considered, this CBA task does not provide CBA results for specific local
deployments.

The V3 CBA presents the cost profile results and a qualified assessment of both costs and benefits
(i.e. the performance assessmepBr eachof the Conceptitegrating Solution PJE28.
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3.4 Stakeholder$identification

3.4.1 Stakeholders identification (Concept 1)

Sources used to identify the stakeholders were the:

- Benefit and Impact Mechanisms (From the OSED Append2]A this focuses on who is
impacted (benefits or negative impacts);

- List of stakeholders assigned to each Enabler in the eATM R6Jtahis focuses on who will
bear the costs;

- Internal evaluation with Solution partners.

Stakeholder The type of Type of Impact Involvementin Quantitative
stakeholder and/or the analysis results available
applicable subOE in the current CBA

version

ANSP ANSPs providing Invest, operate Provided inputs, @ Yes
TWR/APP at reviewed results
deploymentairports

Airport Operators : Deploymentirports i Enjoybenefits reviewed results : Yes

Airspace Users : Airspace Users Enjoy benefits notinvolved Yes
operating at
deploymentairports

Table5: Stakeholders and impacts Concept 1

3.4.2 Stakeholders identification (Concept 2)

Stakeholder The type of Type of Impact Involvementin Quantitative
stakeholder and/or the analysis results available
applicable subOE in the current CBA

version

ANSP ANSPs providing TW Invest, operate Provided inputs, : Yes
atdeployment reviewed results
airports

Airport Operators: Deployment Airports: No cost, no benefits notinvolved No

Airspace Users : Airspace Users Enjoy benefits notinvolved Yes

operating at

% Note that the terminology used to describe AU stakeholders in the CBA differs from that associated
with Enablers in the dataset. This is due to costing being providediffereht types of aircraft
regardless of the operations they perform.
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. deploymentairports :

Table6: Stakeholders and impacts Concept 2

3.4.3 Stakeholders identification (Concept 3)

Stakeholder The type of Type of Impact Involvementin Quantitative
stakeholder and/or the analysis results available
applicable susOE in the current CBA

version

ANSP ANSPs providing Invest, operate Provided inputs, : Yes
TWR/APP at reviewed results
deploymentairports

Airport Operators : Deploymentairports : Enjoy benefits reviewed results : Yes

Airspace Users : Airspace Users Enjoy benefits notinvolved Yes
operating at
deploymentairports

Table7: Stakeholders and impacts Concept 3

3.4.4 Stakeholders identification (Conce)

Stakeholder The type of Type of Impact Involvementin Quantitative
stakeholder and/or the analysis results available in
applicable subOE the current CBA

version

ANSP ANSPs providing Invest, operate Provided inputs, @ Yes
TWR/APP at reviewed results
deploying airports

Airport Operators i Deploying airports i Enjoy benefits notinvolved Yes

Airspace Users : Airspace Users Enjoy benefits notinvolved Yes

operating at
deploying airports

Table8: Stakeholders and impacts Concept 4
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3.5 CBA Scenarioand Assumptions

3.5.1 CBA Scenarios and Assumptions (Concept 1)

The following section8.5.1.1and 3.5.1.2provide a detailed description of reference and solution
scenarios simulated in the performed V3 validation exercises (including both RTS and FTS) to
evaluate the benefd brought by the implementation of Concept 1

3.5.1.1 Reference ScenarifConcept 1)
The Reference Scenario considers the future situation but without the deployment of the Solution.

¢KS /.1 GFr1Sa I WRStGFQ F LLINRIF OK enéshetieenthed LISO G &

Reference and Solution scenarios. The Reference Scenario will not be quantified.

The Traffic Optimisation on single and multiple runway airports concep03U0¥), considers the
current situation where AMAN and DMAN work separately.

Theprocedures used are the following:

1 The Tower Runway Controller uses the arrival and departure sequences calculated by the AMAN
and DMAN as support in order to maximise runway throughput. The integration of both
sequences and the use of the runway occupatimtye per flight is done in the ATCOs head and
not shared via HMI with the other stakeholders.

1 The Tower Ground Controller manages the traffic taking into account the arrival and departure
sequences calculated by the AMAN and DMAN. The Tower Ground @ontmobktly manages
the departure sequence calculated by the DMAN taking into account the arrival sequence
calculated by the AMAN.

1 The Apron Controller manages the traffic in order to permit the Tower Ground Controller to
manage the departure sequence cdted by the DMAN.

1 The Executive TMA controller manages the traffic taking into account the arrival and departure
sequences calculated by the AMAN and DMAN. The Executive TMA controller mostly manages
the arrival sequence calculated by the AMAN taking iatecount the departure sequence
calculated by the DMAN.

The TWR Supervisdequence Manager manages the arrival sequence by planning, setting and
adjusting runway landing rates according to changes, by monitoring the arrival sequence and by
introducing onit the necessary manual changes when required. In this situation, consistency
between tools are only maintained by coordination betweEWR Supervisor andMA andTWR
ATCOs.

3.5.1.2 Solution Scenari¢Concept 1)
The Solution Scenario considers the future sitoatiith the deployment of the Solution.

The main goal for the Integrated Runway Sequence function is to establish an integrated arrival and
departure sequence by providing accurate TTOTs and TLDTS, including dynamic balancing of arrivals
and departures wite optimising the runway throughput.
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The following tasks will be performed by the Integrated Runway Sequence function:

9 Calculation of an integrated arrival/departure sequence based on a dynamic balancing of arrival
and departures, by using the estimatgdhes at the runway;

1 For multiple runway airports, provide balancing of flights between the runways for the best
utilisation of runways;

I Assign TLDTs and TTOTs to arrivals and departures based on the best runway sequence which
optimise the runway throughpy

1 Update applicable parts of the sequence based on new information on arrival and departure
flight progress;

1 Provide a buffer of departing flights (predefined number) at the Runway hold to consider
variability and delays depending on specific situation;

I Balancing operformanceparameters
A Runway Throughput
A Fuel Efficiency
A Predictability
A Punctuality

3.5.1.2.1 Geographical scope and deployment locations
The geographical scope covers the European Civil Aviation Conference (ECAC) countries.

: Operating Additional Constraints for
Ol Step Ol Step Title Environment deployment
TS0301 : Integrated Arrival Departure managemeni APT Very Large Singleandmultiple RWY
for full traffic optimisation on the RWY APT Large airportswith
APT Medium AMAN/DMAN
implemented

Table9: Operating Environment Concept 1

The Solution 0B8 / The concept of Traffic Optimisation on single and multiple runway airports is
applicable in Medium to Very Large Airports with runways operated in mixed mode or having other
dependencies between arrivals and departures between the runway®305 is applicable to all
these airports

The Traffic Optimisation on single and multiple runway airports concept applies to complex as well
as to noncomplex taxiway layouts.

¢ KSNBAaWRONWRBAO / b{ (GSOKy2f23& ARSYUAFTASR T2NJ GKS

As the main goal of the concepttiaffic optimisation on single and multiple runway airports aims at

providing ATC with an integrated support toitegrated Runway Sequen&enction), LINS NB Ij dzA & A { ¢
F2NJ RSLI 2 0OSASALHF KE KNIALINS A 2dza adz00Saafdd AYLE S
AYLX SYSY(iSRZ NBII NRA y3 i'J’K SA 9 dzZNR2 ’L-.qS/I-ty !!2\¢I\a],_J2aN<I]éz§\G,S\AN0
I NS ©06€& MHKHAMPP LYy TFRzZNLESDI RSEJDEf LIS yiwu 2{ 29 Hiu 3 ¥
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A 2 4 A 9~

St SOGSR o6& GKS 9dNBLISHY /2YYAaarzy G2 0S5 LI NI
LISNF GSR Fd Hp 9dzNBLISIFY ! ANLRNIA & FNRBRY maid wk

¢CKS TFT2ff20Aya3Sal lGoKESS |aLde¥t YAFONJO ©S RSLIX 28 YSyd 201 A

Number of
Region Category Airport APT SUWDE movements

(2018)
EGGL Heathrow Airport Very large 477464
LFPG Aéroportde Paris Very large 488038
Charles de Gaulle
EGKKGatwick Airport Very large 283804
LFPQAéroportde Pari©rly : Large 232369
EGS§ Stansted Airport Large 200252
LIMC Milano Malpensa Large 194355
EDDF Flughafen Very large 511773
Frankfurt/Main

LEMDc Aeropuerto de Adolfo : Very large 409455
SlarezMadrid-Barajas

EHAM- Amsterdam Airport Very large 510966

EDDM MunichAirport Very large 410301
LIRF Aeroporto di Roma Very large 307873
Fiumicino

ecac | EVandEFTA: ,p airports LEBL Aeropuerto de Very large 335521

Member States BarcelonzEl Prat

LSZH Flughaferiirich Very large 271348
EDDI- Dusseldorf Internationa) Large 218429
Airport
EBBRBrusseld\irport Large 229847
ENGM- OsloGadermoen Very large 257638
Airport
ESSAStockholmArlanda Large 243690
Airport
EDDB Schoenefeld Airport Medium 100984
EGCEManchesterAirport Large 201110
LEPA Aeropuerto dePalmade : Large 220242
Mallorca

EKCHCopenhageAirport Very large 265977

LOWW-Vienna International ;| VerylLarge 256343
Airport
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EIDW DublinAirport Large 232449

LFMN- AéroportNice Cote Medium 143779

d'Azur

LPPTLisbon Airport Large 217946

LSGGGenéve Aéroport Large 180255

LKPRPragu#Airport Large 150961

LROPHenri Coanda Medium 122660

International Airport

Non-PCP EVRARIiga International .

UKBB BoryspilState Medium 97272

International Airport

E_PWAWarsaV\FedenoChopm Large 187263

Airport

EFHK HelsinkiVantaa Airport : Large 192291
Other third countries 'I&?'r%grﬁtatijrk International Very large 455660

Table10: Deployment airportsg Concept 1

3.5.1.2.2 Time horizon

CBA results will be calculated up to 2040. Although the deployment of the Operational
Improvements of theConceptis not expected before 2026, the time horizon has been aligned with
the Common assumptions for CBAs as maintained by [BJa#d the timehorizon will cover a 21
years period from 2019 to 2040.

Deployment timeframe is based on Solution Ol steps / Enablers:

a. Deployment Start date(g)reflect the start d investments for the first deployment location
b. Deployment End date(s) reflect the end of the investments for the final deployment
location
c. Initial and Final Operating Capability (IOC/FOC dagtef)ect the rampup of benefits across
ECAC as more logaits deploy the Solution
Initial Final
Ol step Deployment Start DeploymentEnd Operating Operating
date (CBA) date (CBA) Capability Capability
(EATMA) (EATMA)
Concept 1 { TS0301 31-12-2026 31-12-2030 31-08-2026 31-08-2030

Tablel1: Deployment timeframeg Concept 1
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3.5.1.2.3 Traffic evolution and discount rate

The traffic evolution values will be taken from tlinallenges of GrowtR018traffic forecast which
assumed a growth of traffic of approximatel% from10,6M flights in 20¥ to 16.2M flights in
2040[21].

! RA&AO02dzyd NI GS 2F vy gAff 0S dz&ASR F2NJ F &t adl
S2020 Common Assumptioft.
If required, residual values will be calculated when an investment is made near the end of the CBA

period and a significant proportion of the benefits are expected to ladised after the end of the
CBA period.

3.5.1.3 Assumptins

Assumptions are captured in the following table. Additional assumptions are also captured when
relevant to the CBA.

Common assumptions Description
1. i The deploymentis ECAC : S2020 Common Assumptions
Traffic evolution European Aviation in 2040: Challenges of Growth 2018, Flight fore
to 2040
3. i Cost of fuel SESAR Cost Benefit Analysis Single Soluti@2s.6.
4. : Costof CO2 SESAR Cost Benefit Analysis Single Soluti@2s.6.
5. i Cost of strategiclelay Standard Inputs for EUROCONTROL-Bes¢fit Analyses vol. 7.0
6. : Discount rate S2020 Common Assumptions
7. i CBAtime frame S2020 Common Assumptions
8. i Unacconmodated demand i SESAR Cost Benefit Analysis Single Solutid@12s.6.

Table12: Common assumptiong Concept 1

Local Assumptions Description

1. | Deployment locations : See3.5.1.2.1

2. i Deployment period See3.5.1.2.2

3. i Traffic shares Airports raffic shares were counted on basetddffic values in 2018
reported in Airport OE Dataset February 2019

4. | Peak hours traffic share Peak hours traffic share waalculated on common assumptions data
high density airports.

5. i AN costs It was assumed that the cost of Integrated Runway Sequence wi
managed byANSP

6. i Costshare Operating cost were established as a portion of investment costs

7. i Sensiivities Sensitivity ranges were based on expert judgment.

Table13: Local assumptiong Concept 1
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Scenario feature 2030 2035 2040 Source

9/ 1/ UNIFFAO oWnnn | 13846 | 15174 @ 16200 @ CoG 2018
Equipage rate N/A N/A N/A

Applicability: Number of locationi TS0301

where Solution is deployed (# ROE 33 Airports i 33 Airport : 33Airports: internal
Impacted traffic, i.e. experiencing th % of ECA 45,3% 45,3% 45,3% internal
benefits from the Solution(s) traffic

Table14: Solution Scenarig Concept 1

Equipage rate is not applicable for this solution.
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3.5.2 CBA Scenarios and Assumptions (Concept 2)

The following section8.5.2.1and 3.5.2.2provide a detailed description of reference and solution
scenarios simulated in the perfored V3 validatiofiR T ®xercise to evaluate the benefits brought by
the implementation of Concept 2.

3.5.2.1 Reference ScenariConcept 2)

The Reference Scenario considers the future situation but without the deployment of the Solution.
¢ KS /.1 { Iappsoach ko the &sBettsithatare monetised are the differences between the
Reference and Solution scenarios.

The Reference scenario for Concept 2-@383 ¢ Optimized Use of Runway Configuration for
Multiple Runway Airports) is the Solution scenario fon€apt 1 (T®310). This scenario consists of

the use of an Integrated Runway Sequence not fed by a Runway Manager tool. The Tower Supervisor
establishes the runway configuration based on experience. Changes in runway conditions need to be
reported from Tover Supervisor to the Tower Controllers in order to ensure consistency from the
planning to the execution phase.

The procedures followed are:

1 TheTower Runway ControlleiTower Ground ControllerApron Manager Executive TMA
controller and Sequence Managefollow the common plan provided by the Integrated
Runway Sequence function.

1 TheAirport Tower Supervisodecides a Runway Configuration based on experience and
information about the planned demand without any decision support tool.

The Solution applies tthe locations where an Integrated Runway Sequence funetiihavebeen
deployed, and that have a multiple runway environment.

3.5.2.2 Solution ScenarigConcept 2)
The Solution scenario considers the future situation with the deployment of the Solution.

The Saltion scenario consists of the use of the Runway Manager (RMAN) tool integrated with the
Integrated Runway Sequence function. RMAN is a support tool for the Tower Supervisor to
determine the optimal runway configuration and distribution of demand accortiingapacity and

local constraints.

Prediction of capacity on complex airports might be difficult for the controllers, since available
capacity can be distributed over the runways in different ways according to the applicable
dependencies.

For the time hoizon in which the Integrated RWY Sequence function is active, the RMAN
continuously monitors the planning in order to take appropriate actions for the following hours. The
optimal runway configuration is assessed by calculating operational KPIs (delatggshand
punctuality).

Since the demand is continuously evolving along time, the RMAN continuously computes the
optimal runway configuration and the associated Forecasted Landing (FLDT) and Take Off (FTOT)
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Times of arrival and departures flights thaaximises the runway throughput. The output of RMAN
is taken as an input by the Integrated Runway Sequence function.

Concept 2 is therefore built on top of Concept 1. It may be considered as an upgrade of Integrated
Runway Sequence which provides additiohanctionalities (RMAN) to the airports with multiple
runways.

3.5.2.2.1 Geographical scope and deployment locations

The geographical scope covers the European Civil Aviation Conference (ECAC) countries.

The Solution 0®8 Concept 2 is applicable in Medium to Vieayge Airports with runways operated

in mixed mode or having other dependencies between arrivals and departures between the
runways. T9313 is only applicable to the locations where an Integrated Runway Sequence function
is deployed and with a multiple nway environment.

OlStep Ol Step Title Ope_rating Additional Constraints for
Environment deployment
TS0313 | Optimised Use of Runway Capacity for : APT Very Large Multiple RWY airport
Multiple Runway Airports APT Large
APT Medium Integrated Runway
Sequencémplemented

Table15: Operating Environment, Concept 2

CKSNE A& y2 &ALISOATAO /b{ (SOKy2fz23& ARSYUAFASR
([:KS 0oSoR&EYYI N\P\véé,é 0KS LILX A0HoR&2BAERE EYFYE Av ?@
RSLJfZéYS)/u tf20FdA2ya NS GKS &FYS | a -z 4128 OS L
FANLERNI & o[ 2yR2y {GlyadSR IyR wA3dlovo
Number of
Region Category Airport RWY gFI;T SUb movement
s (2018)
ECAC: EU and PCP airports Multiple : Very 511773
EFTA Flughafen Frankfurt/Main large
Member
States Multiple : Very 410301
Munich Airport large
Multiple : Very 283804
Gatwick Airport large
Multiple  Very 477464
Heathrow Airport large
Multiple | Very 510966
Amsterdam Airport large
Multiple : Very 265977
Copenhagen Airport large
Aeropuerto de Barcelon&l : Multiple : Very 335521
Prat large
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Aeropuerto de Adolfa Multiple : Very 409455
Suarez MadrieBarajas large

Aéroport de PariCharles: Multiple | Very 488038

de Gaulle large

Aeroporto di Roma Multiple : Very 307873

Fiumicino large

Flughafen Zurich Multiple : Very 271348
large

OsloGardermoerAirport | Multiple : Very 257638
large

Vienna International Airpor: Multiple | Very 256343
large

Aéroportde PariOrly Multiple : Large 232369

StockholmArlanda Airport @ Multiple : Large 243690

Brussels Airport Multiple : Large 229847
DusseldorfInternational Multiple i Large 218429
Airport

Dublin Airport Multiple i Large 232449
Aeropuerto de Palmade : Multiple : Large 220242
Mallorca

Manchester Airport Multiple : Large 201110
Milano Malpensa Multiple : Large 194355

Aéroport Nice Cote d'Azur : Multiple : Medium : 143779

Schoenefeld Airport Multiple i Medium : 100984
Non-PCP Geneve Aéroport Multiple : Large 180255
airports

Lisbon Airport Multiple : Large 217946

HelsinkiVantaa Airport Multiple : Large 192291

Warsaw Frederic Chopin i Multiple ; Large 187263

Airport

Prague Airport Multiple : Large 150961

HenriCoanda International: Multiple : Medium : 122660

Airport

Boryspil State International Multiple : Medium : 97272
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Airport
Other third Atatlrk International Multiple : Very 455660
countries Airport large

Table16: Deployment airportsg Concept 2

3.5.2.2.2 Time horizon

CBA results will be calculated up to 2040. Although the deployment of the Operational
Improvements of theConceptis not expected before 2026, the time horizon has been aligned with
the Common assumptions for CBJAsand the timehorizon will cover a 21 years period from 2019
to 2040.

Deployment timeframe is based on Solution Ol steps / Enablers:
a. Deployment Start date(€)reflect the stat of investments for the first deployment location

b. Deployment End date(s) reflect the end of the investments for the final deployment
location

c. Initial and Final Operating Capability (IOC/FOC dagtesf)ect the rampup of benefits across
ECAC as moredations deploy the Solution

Initial Final
Ol step Deployment Start DeploymentEnd Operating Operating
date (CBA) date (CBA) Capability Capability
(EATMA) (EATMA)
Concept2 | TS0313 31-12-2026 31-12-2030 31-08-2026 31-08-2030

Table17: Deployment timeframeg Concept 2

3.5.2.2.3 Traffic evolution and discount rate

The traffic evolution values will be taken from the Challenges of Growth 2018 traffic forecast which
assumed a growth of traffic of approximately 53% from 10,6M flights in 2016M flights in

2040([21].

Il RA&O2dzyd NraGS 27F yiz2 gAft 0S daASR F2NI Fft adl i
S2020 Common Assumptioft.

If required, residual values will be calculated when an investment is made near the end of the CBA
period and a significant proportion of the benefits are egfed to be realised after the end of the

CBA period.

3.5.2.3 Assumptins
Assumptions are captured in the following table. Additional assumptions are also captured when
relevant to the CBA.

Common assumptions Description

1. : The deploymentis ECAC : S2020 CommoAssumptions

Founding Members 34

EUROPEAN UNION  EUROCONTROL



SESAR SOLUTIONOB2COST BENEFIT AKBIS (CBA) FOR V3 x»

5 PJ02 SESAR ¥

EARTH JOINT UNDERTAKING

2. i Traffic evolution European Aviation in 2040: Challenges of Growth 2018, Flight fore
to 2040

3. i Cost of fuel SESAR Cost Benefit Analysis Single Solutid2s.6.

4. i Costof CO2 SESAR Cost Benefit Analysis Single Soluti@2s.6.

5. : Cost of strategic delay Standard Inputs for EUROCONTROL-Besefit Analyses vol. 7.0
6. : Discountrate S2020 Common Assumptions

7. : CBAtime frame S2020 Common Assumptions

8. i Unaccommodated demand: SESAR Cost Benefit Analysis Single Soluti@12s.6.

Table18: Common assumptiong Concept 2

Local Assumptions Description

1. | Deployment locations : See3.5.2.2.1

2. : Deployment period See3.5.2.2.2

3. i Traffic shares Airports traffic shares were counted on basdmaiffic values in 2018
reported in Airport OE Dataset February 2019

4. i Peak hours traffic share Peak hours traffic share was calculated on common assumptions da
high density airports.

5. i ANSP costs All coss managed by ANSP.
6. | Costshare Operating cost were established as a portion of investment costs
7. i Sensitivities Sensitivity ranges were based on expert judgment.

Table19: Local assumptiong Concept 2

Scenario feature 2030 2035 2040  Source
ECACtrafio Wnnn | FEAIKGAO Ay 13846 15174 @ 16 200 | CoG 2018
Equipage rate N/A N/A N/A

Applicability: Number of locations wher TS0313 31 31 31 internal
Impacted traffic, i.e. experiencing th % of ECAC 4389 43,8% 43,8% internal
benefits from the Solution(s) traffic

Table20: Solution Scenarig Concept 2

Equipage rate is not applicable for this solution.
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3.5.3 CBA Scenarios and Assumptions (Concept 3)

The following section8.5.3.1and 3.5.3.2provide a detailed description of reference and solution
scenarios simulated in the performed V3 validation BRe3cise to evaluate the benefits brought by

the implementation of Concept EX.0208.V3.005 was a joint exercise which aimeassess the
operational feasibility and acceptability of the enhanced predictability of ROT conbapéd on

aircraft type when combined with the ORD tool (EUROCONTROL LORD tool with FTD and ITD) (AO
0328)and TB PWA separation scheme (A@B06) under segregated runway operations. The latter

Ols are to be fully validated by PJ@P

3.5.3.1 Reference Scenario

In Concept 3 reference scenariadar separation standards for arrivals and departures include MRS
which prevents aircraft collision and WT separation which is intended to protect aircraft from
adverse WTEs. In current day operations WT separations are defined between categories of aircraft
which are grouped based on their MTOW. Examples of WT categemsslinclude ICAO, REEAT

EU 6 category and UK 6 category. When no WT separation is applicable then MRS is applied. This is
typically 3Nm although can be 2.5Nm under certain conditions. Radar separations in current
operations are defined in distance farrival aircraft.

If the Flight Crew perform a visual approach, the separation mode changes, and the responsibility
lies with the Flight Crew to determine the spacing.

Radar separation is applied by observing the headings, distances, and speeds,rbetwsscutive
aircraft. The Final Approach Controller knows the locally applied wake turbulence radar separation
table (i.e. ICAO). From the respective aircraft wake turbulence categories from the flight strips, or
from the target labels, the Controller &blishes the wake turbulence radar separation required
between the respective aircraft.

The separation distance limits are determined by the Controller by the use of scales on the radar
map and through the observation of catcip from the separation distace progression observed
between the follower aircraft and the lead aircraft. In case of possible infringement, the Controller
will first use speed instructions, and then use vectoring, or order-argand. Inside of 4ANm from

the runway threshold no speeidstructions are advised.

3.5.3.2 Solution Scenario

In order to influence performance the Enhanced AROT Prediction concept requires further
integration into the dedicated ATC systems.

The hypothesis takehy Concept Jor Solution Scenariare based on the hypbesis of an Enhance
Predicted ROT model that require a separation delivery tool, i.e. when the ROT provided is aircraft
type dependent when the Enhanced Predicted ROT model output vary for aircraft types within the
same Wake Categories.

When a separatiordelivery tool is not required, the operating method are deemed identical to
Previous Operating method described in previous section.
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The present section summarizes most important element of the Separation Delivery tool that
supports the Controller in defering the required separation or spacing, including the ROT spacing
constraint.

The Separation Delivery function aims to compub® tminimum applicable separation per pair,
considering a wake separation scheme, applicable MRS down to 2.0 NM and leader ROT

The separation delivery function could be distance based or times based. In the latter case, it
considerghe wind conditions accounting for wake constraint (if any).

The Separation Delivery tool calculates and displays Target Distance IndicatorsofT bhs)
Approach and Tower CWPs. The TDIs include an FTD indicator which displays the required
separation/spacing to be delivered to the required delivery point and an Initial Target Distance (ITD)
indicator which displays the required spacing to deliverttz¢ DF to support the Controller in
delivering the required separation / spacing.

The key steps regarding the calculation and display of these TDIs are as follows:
1 Determine the Approach Arrival Sequence;

f LRSYGATe | ff¢ I LILX A O lr arfivél pait @ecliiddsirail arl iokin-tnail & LI OA y
pairs);

/| 2YLIzi S GKS SldA@rtSyid RAaGlIyOS F2NJ Fye GAYS

Select the maximum applicable separation or spacing which is known as the FTD

1
1
1 Compute the ITD by taking into account the effetcompression;
1 Determine if the TDI should be displayed,;

1

Display the TDI on all applicable CWPs.

The time when an aircraft needs to be given clearance to land will depend on the local operation,
but this should be considered when defining the ROT spgaconstraint which the Separation
Delivery tool will use.

See PJOR1 SPRNTEROP/OSED for V3 for full description of the Separation Delivery tool.

3.5.3.2.1 Geographical scope and deployment locations
The geographical scope covers the European Civil Aviation €noée(ECAC) countries.

The Solution 0B8 Concept 3 is applicabie capacity constrainelarge to Very Large Airpossth
runways operated in segregated mode with series of consecutive arrivals and operating at or close
to maximum runway capacity duringeak hoursin line with PJ.0®1 assumption on deployment
locations

The following table summarises the applicable operating environment

OE Applicable subOE Special characteristics
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Airport Very Large / Large EBBR Brussels / BrusselsNational
EDDF Frankfurt- Main
EGLL London Heathrow
EHAM Amsterdam Schipol
EKCH Kobenhavn Kastrup
ESSA Stockholmg Arlanda
LEBL Barcelona
LEMD Madrid
LEPA Palma de Mallorca
LFPG Paris Charles de Gaulle
LGAV Athens
LOWW Vienna
LSZH Zurich
LTBA Istanbul¢ Ataturk

Table21: Operating Environment Concept 3.

3.5.3.2.2 Time horizon

CBA results will be calculated up to 2040. Although the deployment of the Operational
Improvements of the Concept is not expected before 2026, the time horizon has been alighed wit
the Common assumptions for CBAs as maintained by [BJ)&8d the timehorizon will cover a 21
years period from 2019 to 2040.

Deployment timeframe is based @olution Ol steps / Enablers:
d. Deployment Start date(s)reflect the start of investments for the first deployment location

e. Deployment End date(s) reflect the end of the investments for the final deployment
location

f. Initial and Final Operating Capabilfto C/FOC dateg)reflect the rampup of benefits across
ECAC as more locations deploy the Solution

Initial Final
Ol step Deployment Start DeploymentEnd Operating Operating
date (CBA) date (CBA) Capability CR  Capability CR
20) 20)
Concept3 | AC-0337 31-12-2026 31-12-2030 31-12-2026 31-12-2030

Table22: Deployment timeframeg Concept 3

3.5.3.2.3 Traffic evolution and discount rate

The traffic evolution values will be taken from the Challenges of Growth 2018 traffic forecast which
assumed a growth of traffic of approximately 53% from 10,6M flights in 2017 to 16.2M flights in

2040[21].

Founding Members 38

O

EUROPEAN UNION  EUROCONTROL



SESAR SOLUTIONOB2COST BENEFIT AKBIS (CBA) FOR V3 x»

5 PJ02 SESAR ¥

EARTH JOINT UNDERTAKING

! RA&AO02dzy i NI S 2F y: deégindnts i e NRY Saculafich Mlline with & G I |
S2020 Common Assumptioft.
If required, residual values will be calculated when an investment is made near thef émel CBA

period and a significant proportion of the benefits are expected to be realised after the end of the
CBA period.

3.5.3.3 Assumptins

Assumptions are captured in the following table. Additional assumptions are also captured when
relevant to the CBA.

Common assumptions Description

1. | The deploymentis ECAC : S2020 Common Assumptions

Traffic evolution European Aviation in 2040: Challenges of Growth 2018, Flight fore
to 2040
3. i Cost of fuel SESAR Cost Benefit Analysis Single Soluti@2s.6.
4. : Costof CO2 SESAR Cost Benefit Analysis Single Solutid@2s.6.
5. i Cost of strategic delay Standard Inputs for EUROCONTROL-Bes¢fit Analyses vol. 7.0
6. : Discount rate S2020 Common Assumptions
7. i CBAtime frame S2020 Common Assumptions
8.

Unaccommodated demand: SESAR Cost Benefit Analysis Single Solutidh?s.6.

Table23: Common assumptiong Concept 3

Local Assumptions Description

1. | Deployment locations : See3.5.3.2.1

Deployment period See3.5.3.2.2

3. i Traffic shares Airports traffic shares were counted on baserafffic values in 2018
reported in Airport OE Dataset February 2019

4. i Peak hours traffic share Peak hours traffic share was calculated on common assumptions da
high density airports.

5. i ANSP costs All costs managed by ANSP.

6 : Capacity Monetisation mechanism of CAP3.2 for segregated mode operati
follows the same mechanism as CAP3 for mixed mode operation

7. i Costshare Operating cost were established as a portion of investment costs

8. i Sensitivities Sensitivity ranges were based expert judgment.

Table24: Local assumptiong Concept 3

Scenario feature Year2030 Year2035 Year2040 Source
9/ !/ UNXFFAO oOoWniusp | 13 846 15 174 16 200 | CoG 2018
Equipage rate ENB XX N/A N/A N/A
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ENB YY N/A N/A N/A
Applicability:  Number of Ol ZZ 14 airports i 14 airportsi 14airports : internal
locations where Solution i
deployed (# ROES)
Impacted traffic, ie;¥Ynnn | 175 193 206 internal
experiencing the benefits fron per year additional : additional : additional
the Solution(s)

Ynnn | N/A N/A N/A

hours per year

Table25: Solution Scenaria Concept 3

Equipage rate is not applicable for this solution.
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3.5.4 CBA Scenarios and Assumptions (Concept 4)

3.5.4.1 Reference Scenario

In current operations, the Tower Runway Controller is responsible for providing landing clearance to
arriving arcraft. In order to do this, the arrival traffic is transferred to the Tower Runway Controller a
few nautical miles from the threshold, and the Tower Runway Controller monitors that the runway
occupancy of preceding aircraft is progressing as expectesl. Totver Runway Controller monitors

the speed and position of the next approaching arrival, in order to determine when to give a landing
clearance, or to order a garound, if the previous aircraft runway occupancy exceeds the applied
separation. Both visuaut of the window, and surveillance equipment, is used.

If in mixed mode, the Tower Runway Controller also has to deliveupirand takeoff clearances to
departing aircraft, and time this so that the gap between the two associated arrivals can be used

3.5.4.2 Solution Scenario

Concept 4 solution scenario assumes tti@ Enhanced AROT Prediction concispitegratedinto

the dedicated ATC systemBhe proposedn Concept 4 scenariis of a simplest integratiowhere
Enhanced AROT Predictor is used diraatlfower Runway Controller CWP via modification of the
information available via EFS.

In Concept 4 it is assumed that Enhanced AROT Prediction is available at a certain time interval
before the estimated time of touchdown for each arriving flight. The mteh algorithm not only

takes into account the aircraft type and Wake Category but also other parameters that are related to
current approach performance and designated runway condition. In this setting each time an aircraft
is on final approach there ian AROT estimate available for this flight at some point in time.
Currently based on operational and technical constrains the lead time of AROT prediction is set to be
5 min. before planned touchdown.

3.5.4.2.1 Geographical scope and deployment locations
Establismg deployment Concept 4 deployment locations requires sextendedexplanation.

As a consequence of a split of AOID4 into two separate Ols, Solution-08 Concept 3 was
reinvented to target Very Large and Large airports while Concept 4 was reinventzadetMedium

Airports Concept 4 aims to increase capacity of medium airparith runways operating in
segregated mode or mimode with series of consecutive arrivals and operating at or close to
maximum runway capacity during peak houby allowing easier operations in reduced separation
minima on final approachin SESAR 2020 airport capacity increases are primarily measured by CAP3
KPI: Peak Runway Throughput (mixed mode) and later on monetized by the value of adigitional
accommodatedtraffic. This KPis however reserved taothe most challenging (or constrained)
environments targeting on the basis of busy hours at certain reference airports, i.e. the capacity at

. Swidt | aaé  o. A fuéstioh ArissIE Bdy afdnedium sizeidpart (accommodating

annually 40.00€0.50.000 movements) can be regarded as one of those most capacity constrained
airports, where provision of extra runway capacity would create additional traffic that otherwise

could not be accommodated. In the absendeacstrict definition oraOF 4 SI2 NRA al dmi 2y 27T
/£ &aa¢é¢ FANLRNIA a2YS SPARSYyOS KFra 0SSy =t §KSNBF
150.000 movements annually will not contribute to generating additional traffiabyean of
increasimy runway capacity:
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1) European Aviation in 2040 Challenges of Growd#fines congested airports as those
operating at 80% or more of capacity for 6 consecutive hours: There were 6 airports at this
level of congestion in Summer 2016; London Heathrow beinghigeyearround. The
F2NBOlLald Aa y2¢ TFT2NJ GKAA (27 {GfOA YIOANLEB NMa O
Regulation and Growth, or even 28 in Global Growth scenasidhe group of Very Large
and Large airports amounted t81 and is expected to grow 8 it is unlikely that any 3
aSRAdzY aAl S F'ANLRZNI O2dZ R 06S NBIIFNRSR lFa aoO2
2) European Aviation in 2040 Challenges of Growth Annex 3 Mitigation Measures identified 27
airports whose capacity could be increased by SESAR improvements

3) European Aviation i2040 Challenges of Growth Annex 3 Mitigation Measures suggests that
for Medium airports there is a link with current traffic and declared future capacitizsf of
singlerunway airports reported future airport capacities under 150,000 movements per year
These low values seemto be driven more by current traffic and demand than by fundamental
limits to capacity.

Following this approaclf CAP3 measurement and subsequent benefitsare not targeted for

Medium size airport and Concept 4 not expecting éfés in any other KPA, then Concept 4 would

have no practical application. However, as CAP targets werasdggned for Medium airportsub

OE a small group of 5 airports from this has been selected that theoretically could benefit from CAP
increase (dteria: >100.000 movements, high utilization of available capacitig listparticularly
doesnotincluddD Rl Za1 ! ANLR2 NI ¢ KSNBE / 2 y08.83.08c PANSAIFES, O f A R
as the traffic sample used in the exercises-@B0operationgper hour) corresponds to a Number of

LCw CfAIK(I az2@SYSyida Ay tSF1 12d2NJAY HaAaMy O055wH
43.000movementsof real traffic is not likely to benefit from CAP3 increase.

OE Applicable sulDE Specialcharacteristics

Airport : Medium LEMG i Malaga/Costa Del Sol
EGGW : London Luton

GCLP Gran Canatria

LIML Milano/Linate

EGBB Birmingham

Table26: Operating Environment Concept 4.

3.5.4.2.2 Time horizon

CBA results will be calculated up to 204Although the deployment of the Operational
Improvements of the Concept is not expected before 2026, the time horizon has been aligned with
the Common assumptions for CBAs as maintained by [BJ)&8d the timehorizon will cover a 21
years period from 2019 to 2040.

Deployment timeframe is based on Solution Ol steps / Enablers:
a. Deployment Start date(g)reflect the start of investments for the first deploymelotcation

b. Deployment End date(s) reflect the end of the investments for the final deployment
location

c. Initial and Final Operating Capability (IOC/FOC datef)ect the rampup of benefits across
ECAC as more locations deploy the Solution
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Initial Final
Operating Operating
Capability CR  Capability CR

Concepd | AG0338 31-12-2026 31-12-2030 31-12-2026 31-12-2030

Deployment Start Deployment End

Ol step date (CBA) date (CBA)

Table27: Deployment timeframeg Concept 4

3.5.4.2.3 Traffic evolution and discount rate

The traffic evolution values will be taken from the Challenges of Growth 2018 traffic forecast which
assumed a growth of traffic of approximately 53% from 10,6M flights in 2017 to 16.2M flights in
2040[21].

I RA&O2dzyd N»XraGS 27F yiz gAft 0S dzASR F2NI FEt adl i
S2020 Common Assumptioft.

If required, residual values will be calculated when an investment is made near the end of the CBA
period and a significant proportion of the benefits are expected to be realised afterritieoethe
CBA period.

3.5.4.3 Assumptins

Assumptions are captured in the following table. Additional assumptions are also captured when
relevant to the CBA.

Common assumptions Description
1. : The deploymentis ECAC : S2020 Common Assumptions
Traffic evolution European Aviation in 2040: Challenges of Growth 2018, Flight fore
to 2040
3. i Cost of fuel SESAR Cost Benefit Analysis Single Solution s.6.3.2
4. : Costof CO2 SESAR Cost Benefit Analysis Single Solution s.6.3.2
5. i Cost of strategic delay Standardnputs for EUROCONTROL €Restefit Analyses vol. 7.0
6. : Discountrate S2020 Common Assumptions
7. i CBAtime frame S2020 Common Assumptions
8. i Unaccommodated demand: SESAR Cost Benefit Analysis Single Solution s.6.3.2

Table28: Common assumptiong Concept 4

Local Assumptions Description

1. | Deployment locations : See3.5.4.2.1

2. i Deployment period See3.5.4.2.2

3. i Traffic shares Airports traffic shares were counted on base of traffic values in 2
reported in Airport OE Dataset February 2019

4. Peak hours traffic share Peak hours traffic share waalculated on common assumptions data
mediumdensity airports.

5. i ANSP costs All costs managed by ANSP.
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6. : Costshare

Operating cost were established as a portion of investment costs

7. i Sensitivities

Sensitivity ranges were based on expgerdgment.

Table29: Local assumptiong Concept 4

Scenario feature Year 2030 Year 2035 Year 2040 Source
9/ /1 UNFFFAO OoWnush I 13846 15 174 16 200 | CoG 2018
Applicability: Number of Ol ZZ 5 airports 5 airports 5airports internal
locations where Solutior:
is deployed (# ROES)
Impacted traffic, i.ei Wnnn I L: 2additional : 3additional: 3additional : internal
experiencing thédenefits : per year
from the Solution(s

(s) Ynnn | | N/A N/A N/A

hours per year

Table30: Solution Scenaria@ Concept 4

Equipage rate is not applicable fiis solution.
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4 Benefits

This section describes the monetised benefits deriving from the implementation oCtimeepts
integrating Solution O®ased on the CBA Scenarios illustrated in the previous sedtiun benefits
were calculated in a-8tage procesas presented in a graph below: first, the results of EXEs reported
in VALR14] were aggregated into KPIs in PAR], and second, the KPIs of PAR were translated into
monetary values in the CBA.cAmplete and detailed process ofmsition of validations resuliato
monetary benefitswith all underlyingstep-by-step assumptims isto be followed in theembedded
CBA spreadshedite in Chapter 6

OE definition and Share of
OF Deployment Deployment
Airports Airports traffic in
identification ECAC (per Ol step)
1
1
1
I
l
l Aggregation of Performance
PAR Validation EXE l benefits at benefits at
results l Network level Network level
l (ECAC wide) (ECAC wide)
I
l
| R
1
1
Cost cat. and value Total costs Inputs and
estimation (per Ol (based on number Calculation of the 2 o
. sensitivity
step and of deployment costs and benefits scenarios
Stakeholder) locations per OI)
CBA

Net Present Value
Payback period
IRR
B/C ratio

NPV Sensitivity
ELELAS
NPV Risk analysis

Figurel: CBA calculation logic

The KPAs addressed by the Solution R&are:

1 For Concept 1. Airport Capacity, Predictability, Punctuality, Environmentahinability,
Human Performance and Safety.

1 For Concept 2: Predictability, Punctuality and Environmental sustainability

1 For Concept 3: Capacity, Safety and Human Performance.

1 For Concept 4: Airport Capacity and Safety.

Neither Safety nor Human Performance have been monetized in the CBA. &afeltyas
confirmed by the exercises tbe maintained, whereas for Human Performance only qualitative
results are available.
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Due to the different nature of th& Concepts addregdby the Solution, no aggregation of results

can be done between them. This issue was already raised by the Solution at the beginning of the V3
phase and it was agreed with SJU that the Solution PAR would cdn®aimPARS peeach of the
Goncept and that the Solution CBA would contadrib-CBAS per concejais well

Theresults of the validation exercisémve beerextrapolated to the ECAC levrlthe PJOD8 V3
Performance Assessment Repqft3] and compared toexpected Validation Targetsas defined
PJ19.04.01 D4.5 Validation Targets @0Edition @®.01.00, February2019 [9]. The table below
summarises those results

KPA KPI/ PI Validation Conceptl Concept2 Concept 3 Concept 4
Target
Environment | FEFF1 Fu¢ 8.5kg 3.87kg 1.04kg 0 0
Efficiency¢ Fuel
burn per flight
Capacity CAP1: T™M4 3.599% KPI not measured. Solution is not expected to br
Airspace Capacit benefits in TMA capacity. Validation Target to
¢ Throughput / corrected.
airspace volumeé
& time
CAP2: EiRoute; 0.000% 0
Airspace Capacit
q ENroute
throughput, in
challenging
airspace, per uni
time
CAP3: Airport: 1.341% 5.1%and 90 O 0 1,9% for
Capacity¢ Peak flights/hour DRI Z&
runway (LFV (CAP3.2  : ajrport in
throughput COOPANS 7.5%) Large
(mixed mode RTS with airport
flights/hour Stockholm traffic
Arlanda sample
Airport
operating on
independent
parallel
runways)
0.2% (ENA
FTS with
Rome
Fiumicino
Airport
operating on
dependert
runways)
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Predictability; PRD1: 5.030% 3.139% 0.60% 0 0
and Predictability ¢
Punctuality : Flight duration
variability, agains
RBT

PUNL1: Punctualit 0.000% 1.81% 0.86% 0 0
¢ % AOBT withir
+/- 3 minutes of
SOBT

Cost Efficiency CEF2: ATCi 0.000% 0
Productivity ¢
Flights per ATC
hour

CEF3: Technolo¢ 0.000% 0
Cost ¢ Cost per
flight

Safety SAF1: Safety-i -0,45% 0% 0 0% 0
Total number of
fatal accidents
and incidents

with ATM
Contribution per
year

Table31: PJO208 Validation Targets with Concepts results
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4.1 Benefits (Concept 1)

A main assumption for th&’3 validationhas beerthat an Integrated Runway Sequen@&s0301) is
expected to bring benefits inAirport Capacity, Predictability, Punctuality, Environmental

sustainability, Human Performance and Safety. As stated before, HP and SAF have not been analysed

in the CBA Despite having no validation target assigrfedPunctuality KPAvalidations did mesure
PUN1. Howeverdue to lack of any formula for PUN1 monetisation this positive effect could not be
reflected in the CBA in terms of economic valugse Benefit Impact Mechanism below followed by
Benefit Monetisation Mechanism demonstrate the approaaken to monetise Concept 1 benefits

SESAR solution e @ i Average fuel burnt / flight ‘1/2)

02'08: Tl‘afﬂc rnvim-un;mrdl @
. . 1 act
S N _
/ CO2 Emission

single and
multiple runway

Number of movements/hour =S RWY
[ s o B throughput
airports runway = i i

Environment

Manage "
Airport
throughput Capacity
Difference between actual and

plan flight duration

A/C departing within +/-3 ;
i z g Predictability /
15-0301: ) / minutes of scheduled time ty

s Punctus == Punctualit
Integrated (AOBT vs SOBT) Y

Arrival
Departure

Management

for Full Traffic

Optimisation

on the Runway Manage Pre
departure and

arrival flows

Human

\\
@' Perceived ATCOS va S , Performance
e/
N\ 7*
\ /

@ Perceived situation awareness

@)
\
D

<

10)

ATCOs acceptability of

operating methods

Manage safety

impact

I Feature | Impact Area I Indicators I Positive or negative impacts I KPA/TA |

Figure2: BIM Concept 1
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Benefit Monetisation Mechanisms

FEFF1: Fuel Savings [kg/flight] Cost of Fuel [€/kg] Flights Annually in ECAC [flight] Fuel Cost Savings [€]
ECAC-wide = CBA input » CBA input » Monetized benefit

FEFF2: CO2 Savings [keCO2/flight] Cost of CO2 [£/kgC02] Flights Annually in ECAC [fiight] €02 Cost Savings [€]
ECAC-wide ® CBA input *® CBA input > Monetized benefit

Source: Methods to Assess Costs and Monetise Benefits for CBAs

FEFF3: Time 53"'1'“8_5 [min/flight] " Cost of Strategic Delay, en-route [€/min] Hlights Annually in ECAC [flight] Delay Cost Savings [€]
ECAC-wide CBA input »* CBA input — Monetized benefit

Source: Solution 8 own approach

FEFF1-3

PRD1
PROD1: Variance Cost of Strategic Delay, Buffer for Vari Flights Annually in ECAC Strategic Delay Cost Savings [€]
Improvement [%] en-route [€/min] »* [min] * [fight] — Monetired benefit
Source: CBA: Monetisation of benefits (Fuel efficiency, Predictability, Airport Capacity) [presentation to SESAR CoP coordination meeting]
cAP3

Accomodated demand with [l Accomodated demand [N Additional ” Value of an additional Additional profits from additional
SESAR (flights) wifo SESAR (flights) bl accomodated flights accomodated flight (€/flight) — accomodated fights

Source: CBA: Monetisation of benefits (Fuel efficiency, Predictability, Airport Capacity) [presentation to SESAR CoP coordination meeting]

Solution’s
approach

CAP3.x: Peak

Accommodated demand Peak hour traffic share Value of an additional Additional profits from additional
runwayjarrivals throughput |4 w0 SESAR (flights) %) accommodated flight accommodated fights
(€/fight)

Source: Solution 8 own approach

Figure3: Benefit Monetisation Mechanism Concept 1
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Performance KPI/PI from the
FrameX{vork FocusArea Performance Framework Unit Metric for the CBA 2030 2035 2040
KP
Capacity Airportcapacity CAP3 % and# Value of additional flights 132,318,142 144,998,115 154,807,449
Peak Runway Throughput ;| movements
(Mixed mode)
Predictability Predictability | PRD1 Minutes”2 | Strategic delay  cos 31,685,844 34,722,281 37,071,294
and _ Variance of Difference i (avoided; additional +)
punctuality actual & Flight Plan or RE
durations
Punctuality PUN1 % (and¢ Tactical delay cost (avoide N/A N/A N/A
% Departures €/-3 mins vs; movements): additional +)
schedule due to ATM causg
Environment i Time Efficiency FEFF3 % and Strategic delay: airborng 164,498,855 180,262,689 192,457,723
Reduction in average fligh minutes directcostto an airlinexcl.
duration Fuel(avoided; additional +)
Fuel Efficiency: FEFF1 Kgfuel per i Fuel Costs 50,058,664 58,966,943 67,318,881
Average fuel burn per flight movement
Fuel Efficiency: FEFF2 Kg CO2 per: CO2 Costs e ¢ 3,207,297 : 4,074,443 : 5,042,941
CO2 Emissions movement

Table32: Results of the benefits monetisation per KFgx Concept 1

! For information, the mapping to the Performance Ambition KPAs (used in the ATM Master Plan) is availal?\ppe e
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Reported results for Concept demonstrate significant benefits both in absoluéad relative to
costs values. Interpretation of the results leads to the following conclusions:

1)

2)

Almost half of the value of benefits is atitited to a reduction in average flight duratian
FEFF3which is far more than theconomicbenefits reported to FEFF1 and FEFH2e
monetisation of this Mandatory PI, contrary to FEFF 1 and FEFF2, has not been exhaustively
covered by SESAR 20@0cumentation supporting CBA. Howey&@BA template imposes
that FEFF is monetised throutrategic delay: airborne: direct cost to an airline excl. Fuel
(avoided; additional +) In FEFF3 monetisation mechanism it was assumed that average
flight durationreduction is equal tstrategic delay reduction (defined asaffer built into
schedules in anticipation of delgyand monetised in the next step by the value from
Standard Inputs for EUROCONTROL -Bmstfit Analysesvol. 7.0 [16]. The same
monetisation approach has been taken in recently releaS&ESAR Cost Benefit Analysis
Single Solution s6.3[27].

The second major benefit @river is the value of additional flights related to capacity
increase. In the absence ain unambiguousdefinition or pre-defined categorisationof
capacity constrained airports and confidentialgy¥ | A N1J2 NIi 4 Q 3GM4.RBH A ( &
monetisation formula wasapplied that links: number of traffic atcapacity constrained
airports (selected by expert judgmt), PAR results, pedhour traffic share and estimated
value of benefits for Airspace Users and Airport Operators for accommodatiaglditional

flight. The final values are highowever, considering that Concept 1 targeted mainly Airport
Capacity andhe validationgeported highcapacity gains, they seem feasible.

4.2 Benefits (Concept 2)

The combination of thdntegrated Runway Sequence with the use of an RMAN (Concept 2) is

expected to bring additional gainsknredictability and Punctuality and Fuel efficiencycompared to

the use of Integrated Runway Sequence by suggesting an optimum runway configuration that feeds

the building of an integrated sequence early in advance.
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Figure4: BIM 2
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