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PJ.14 W2-CNSS

PJ.14W2-84A MULTFEENSOR DATA FUSION

This Cost Benefit Analysis part of a project that has received funding frommetSESAR Joint i
Undertaking under grant agreement 834478dzy RS NJ 9 dzNR LISy ! yvA2yQa | 2NRI
innovation programme.

Abstract

This document presents the Cost Benefit Analysis (CBA) for theydegib of the SESAR tawlogical
solution PJ.14V2-84atargeting a matuity level of TRL&olution PJ.14V2-84ahas the Ol stepP Ot
0007-CNSSurveillance Chain Data Fusi@amd provides the enableCTES08aSUR Chain ER & TMA
MSPSRand CTE08b SURChain ER & TMA Spdeased AD®). The solution targets ANSPs in TMA
& Enroute operatioral environments for deployment.
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1 Executive Summary

This document provides the Cost Benefit Analysis (CBA) related to the deployment of SESAR
TechnologicaBoludion PJ.14N2-84athat has performed thevalidation activities at TRU@aturity
level. The CBA focuses on deployment of the solution.

It is essentl that the surveillance data output from new and emerging surveillance techniques and
technologies can be seamlessly integrated in to the ATM infrastructure. Mechanisms to elaborate on
existing meando assess the performance of the new sensors are bdigeloped within SESAR
Solutions PJ.}W2-84e andPJ.14W2-84f.

The first part of the Solution PHM2-84a is to adapt muksensor tracker systems for the new input
data characteristics, especially MSPSR (ENSQ8&) and ADB data sourced from satelit(EN: CTFE
S08b)

The second part of the Solution PAA#2-84a is to develop a performandmsed data fusion based on
an advanced monitoring of the tracker coherenthe benefit for the ANSPs is to provide continuously
the level of performance of the mulsensor data fusiorior ATM system supporting 3 and 5 NM
horizontal separation applications. Tisgstem will raise alerts odegradation of the sumillance
Quiality of 8rvice(QoS)

The indirect benefitsfor improving the afety, securityare complex to ssess qualitatively and
monetized However, such emerging innovations in ATM as Green flight applications or
interoperability between the manned and the unmanned traffics will rely on the integrity performance
of the Surveillance Data Processing and igtion (SDPD) systems. The direct benefits will be
monetized as avoided efforts based on a better performance of the ATSEP.comtieuous
assessment of a surveillance quality of service for the Sy&tBms and sensors will change the way
of operating the surveillance systems.

The stakeholders potentially impacted/concerned by the deployment of this SESAR solution are:
1 ANSP (TMA and Eaute OES),

These stakeholders will receive the benefhianks b the technological evolution introduced by this
solution. Key benefits are:

1 Improving the norcooperative coverage in TMA areas integratimgw independent non
cooperative surveillance sources (MSPSR) in ASTERIX Category 015 for primary coverage in
TMA(EN: CTES08a)

1 Improving the surveillance coverage in oceanic areas integr&tid§B data sourced from
satellitefor oceanic coveragEN:CTH08b)

1 Cost efficiencyand safety improvementhrough continuous evaluation of theensors and
trackerperformanceassessing their surveillance quality of service (QoS)

1 Increased automation,

PJ.14W2-84ahas performed the CBA study usihg followingassumptiosrelated to the reference
and solution senarios
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- ANSPs would have to provide a betten-cooperativecoveragefor a better Air situation
awareness within TMA control volumes for avoiding air proximity conflicts between manned
and unmannedtraffic. The purpose is tananagesafely high-density trafficextended to
heterogeneous vehicles low altitudes (small unmanned aerial vehicles, electric verticaltake
off and landing eVTOLs and conventional manned aircraft), including operations over
populatedurban areas and withircontrolled airspace.

- ANSPs would have to operate in oceangaarreducing the flight separations using an /ADS
surveillancecoveragesourced fromsatellite and improvingthe interoperability between
oceanic and continental BRoute airspaces.

- ANSPs would have to provide more often performance assessment repongrasof
investigation of surveillance incidents raised by ATCOs or in regular basis for renewing the
compliancewith the 3nm and 5nm minima separations.

In the reference scenaricANSPs will deploy legacy mugiéinsor data fusiomnits fromthe market
without additional feature. The sensor and tracker performance evaluations will be performed offline
by tracker experts on request on regularbasis for providing evidences requested by the regulator.

There are some limitations in the legaoyulti-sensordata fusionsand performance tooldor
addressing the neesi

- Related to he geographical reference frarsased for the track position estimatidhat does
not allows managing areas more than 2Knmx2Knm. Separate units are used for extend the
surveillance covage to additional areas.

- Related to theNon-conventional Nornrcooperative radar such as MSPSR, AESA (Active
Electronically Scanned Array) radar or extragbémt from camera sensocthat cannot be
properly integrated in legacy muldiensor data fusion. Thessensors are promoted as gap
filler solutionsfor mitigating the loose of detections in gaps created by the urban obstacles in
the TMA(s) caused by the multiplication of business and commercial centretheearports.

- Related to the workload of ATSEP tacker experts for issuing performance assessment
reports in absence of cline surveillance performance assessment.

Alternatively, the solution scenario will deplan integrated solution based on theulti-sensor data
fusion developed by this soluticsssociated wittthe continuous sensarand tracker performance
evaluation function.

The benefits of this solution areainly based on théllowing capabilities

- Operating oceanic and continental araasing the same mul$ensor data fusion fed by the
spacedbased ADSB. The tracking is the same, which improves the interoperability between
the two areas.

- Integrating norconventional norcooperative sensais costand safety effectivén TMA for
the suwveillance of some hotspstpoorly detected by classical rotating radar.

- The continuous surveillance monitoring will reduce the workload of ARGEPS replacing
manual performance assessment previously performed by the ATEHER. detection of
tracking isses improves the overall safety of the system.
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As part of the CB#vork, the Sol.84a projedeam has developed a pit€@BA Model (Excéle
O0CBA Methodology PJ14W284alsx tb gather all the information and assumptions related to the
Reference and SolutioBcenarios, and convert them into quantitative input feeding the -Giddel
provided by the SJUWsing this approachthe Net Present Valueaiculated by the CBAnodel is 2.2

a e

Regardingtie payback year: as the delta between the ground implementatiotsdasthe Solution

Scenario and th&®eferenceScenario is negativedi higher ground costs expected in the Reference
Scenario)the payback year is actually from the start of deployment, i.e. 30k other words, the

main benefits of this Solutionarekd & ¢S Ol y OF fdd i KS al 2ARSR O2al

The mairuncertainty/limitationidentifiedin this CBAs mainlylinkedto anassumptions made at BAC
levelto build theanalysis:

1 the amount of time- in average- spent by ATSEfRRsourcesto carry outthe surveillance
monitoring and eventually troubleshooting investigatiGnpostimplementation phase).

In consequence, the level of confidence on the CBA is medibar influenceson e.g. the NPVias
been investigated as part of the sensitivity analy§8, as well as the impact of the discount rate on
the NPV.

The NPV is low mainly because the indirect benefits cannot be assessed in the frame of this solution
CBA

The investment costs for implementing the solution are low because all ER8Es are ugjrone or

two of the two SDPD products (ECTL ARTAS and THALESTTagi8ky) that have been developed
within the wave 1 or wave 2 of the solution. Both roadmaps of the two SDPDs have been updated with
the features developed by the solution. ANSPs witli¢ of the solution features through update of
software product version without addition cost.
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2 Introduction

2.1 Purpose of the document

This document providethe Cost Benefit Analysis (CBA) related to teployment of the SESAR
technological solution PI¥-W2-84athat has been matured through validation activities at TRL6 level

CBA objectives, scope and cost benefit analysis have been provided in accordance with CBA
programme guidanceand in close collaboration with PJ-i9n 6 Ay Of & 9 dzN&rt®2 y i NP f ¢
considering the solution type (technological solution) apeécificities.

2.2 Scope

The time period for the analysis is from October 2023 (= start of deployment, 3 years before 10C as
assumption) to October 2030 (= FOC). The geographical scope is the entireeBiGAGNd the main
stakeholders ardirport Operatorsand ANSPs.

2.3 Intendedreadership

The intended audience of this document is:
The SESAR Joint Undertaking

PJ.14W2-84a: to share assumptions and methodology that could be applicable to théaend
end part,

1 PJ.1904 project: having a particular interest on CBA outcomes.

2.4 Structureof the document
This document is organized as follows:

1 Chapter 1 Executive summary,

1 Chapter 2 Introduction: general introduction, scope, and purpose of the document. This
chapter also provides the glossary of terms, acronyms and terminology used in¢his€lat,

Chapter 3 CBA objectives and scope,

Chapter 4 provides the identified benefits,
Chapter 5 provides the overall cost assessment,
Chapter 6 provides the CBA model,

Chapter 7 provides the CBA results,

Chapter 8 provides the sensitivity and risk anialys

Chapter 9 provides the recommendations and next steps,

=A =4 =4 =4 4 4 -4 =4

Chapter 10 provides the reference and applicable documents.
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2.5 Background

Solution PJ.1¥W2-84ais a continuation oftie work initiated by PJ.1@4-03 Task 3, which reached
TRL4maturity at the end ofWave 1.Solution PJ.1:4V2-84atargetsTRL6 maturity at the end of Wave
2.

2.6 Glossary of terms
Term Definition Source of the definition

Baseline scenario = Apoint of reference. The Scenario at ¢ SESAR 2020 Performar
specific date to be used in the Framework

validation in order to perform
measurements from a weknown and
consistent origin. The Baseline year h
been set as 2012, which is in line with
the start point of the Performance
Ambitions defined in the ATM Master
Plan and in line with performance
validation targets defined in PJ19.04

Capital Expenditure Capital expenditures (Cay) are funds Investopedia
used by a company to acquire, upgrac
and maintain physical assets such
property, plants, buildings, technolog
or equipment

Cost benefit analysis A costbenefit analysis is a systemat Investopedia
process that businesses use to anal
which decisions to make and which
forgo. The cosbenefit analyst sums the
potential rewards expected from

situation or action and then subtraci
the total costs associated with takir

that action
Operational An operational expenditur€Opex)is an: Investopedia
expenditure expense a business incurs through

normal business operations

Net Present Value | Net Present Value (NPV) is the sum ot Investopedia
discounted cash inflows and outflon
during the time horizon period.

Reference scenario .| To measure the performance impact SESAR 2020 Performar
a SESARolution, at least two differen. Framework

situations must be assessed an
compared: a Reference Scenario ant
Solution Scenario.

TVALP Template guidances

One situation should be a scenario th
does not have the concept element (tt
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reference scenariodnd, then, a seconc
situation that ejuals the first excep
that it includes the new concef
element (theSolution scenario).

The descriptios of the reference
scenario(s) and of the solution
scenario(s)can include, depending o
the scope of the validation exercis
airport information, airspace
information, traffic information, etc.

The reference scenario is matched
time with the solution scenario bu
DOES NOT include the SESAR soluti
that is the subject of the validatian

The only difference between th
solution and the reference scenario
that the former includes the SES/
solution(s) that is the subject of th
validation

Sensitivity analysis

Sensitivity analysis determines hc
different values of an independer
variable affect a particular dependel
variable under a given set ¢
assumptions. In other words, sensitivi
analyses study how various sources
uncertainty in a mathematial model
contribute to the model's overal
uncertainty. This technigque is use
within specific boundaries that depen
on one or more input variables.

Investopedia

Solution scenario

See Reference scenario

SESAR
Framework

TVALP Templatguidances

2020 Performar

Tablel: Glossary of terms

2.7 List of Acronyms

Acronym Definition
ADSB Automatic Dependent Surveillane®roadcast
ANSP Air Navigation Service Provider
ATM Air Traffic Management

EUROPEAN PARTNERSHIP
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ATSEP Air Traffic Safety Electroni®ersonnel

AU Airspace Users

CAPEX Capital expenditure

CBA Cost Benefit Analysis

CNS Communication, Navigation and Surveillance
ECAC European Civil Aviation Conference

EATMA European ATM Architecture

FOC Full Operational Capability

FTE Fulttime equivalent

INTEROP Interoperability Requirements

I0C Initial Operational Capability

KPA KeyPerformanceArea

KPI Key Performance Indicator

MLAT Multilateration

NPV Net Present Value

OE Operational Environment

ol Operational Improvement

OPEX Operational expenditure

OSED Operational Service and Environment Definition
(ORY] Operational service Volume

QoS Qality of Service

QRT Quasi Real Time

SESAR Single European Sky ATM Research Programme
SDPD Surveillance Data Processing and Distribution
SJU SESAR Joint Undertaking (Agency of the European Commission)
SPM Surveillance Performance Monitoring

SPR Safety and Performance Requirements
SQoS Sensor Quality of Service

SUR Surveillance

TMA Terminal Manoeuvring Area

TQoS Tracking Quality oService

WAM Wide Area Multilateration
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Table2: List of acronyms
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3 Objectives and scope of the CBA

3.1 Problem addressed by the solution

This document provides the Cost Benefit Analysis (CBA) related to the deployment of the SESAR
Technological Solution PJ-¥2-84a that has been matured throuygvalidation activities at TRL6
maturity. The CBA focuses on deployment of the solution and is not limited to the scope of the
validation activities.

The deployment of the solution enableswéeatures that will allows ANSRsintegrate

1 new independent norcooperative surveillance sources (MSPSR) in ASTERIX Category 015 for
primary coverage in TMA(S).

1 ADSB data sourced from satellite for oceanic coverage.

TheMulti Sensor Data Fusiaevelged by this solution Wl provide seamlessntegration ofthese
new emergingsurveillancesourcesnto SDPD systems

Thecontinuous assessment of the SQoS and Td@8loped as part othis solution also makes it
possible to reduce the costs linkeal the maintenance of the SDPD systems

3.2 SESAR Solution description

SESAR Ol Steps ref. Ol Steps Ol step coverage Source reference
Solution ID  (coming from definition
the (coming from

Integrated the Integrated
Roadmap) Roadmap)

PJ14W2-84a POI000T- Surveillance Fully EATMA
Multi sensor CNS Chain Data
DataFusion Fusion

Table3: SESAR Solutidn].14W2-84a Scope and related Ol steps

Ol Steps Enabler ref. Enabler Enabler coverage Applicable Source
ref. definition stakeholder reference
PO} CTES08a SUR Chait Fully ANSP EATMA
0007 ER&TMA
CNS (MSPSR)
CTESO® SUR Chait Fully ANSP EATMA
ER&TMA
(MSPSR)

Table4: SESAR Solution PJ-%2-84a Ol steps and related Enablers

PJ1904 has identified CEFBechnology Cost per flight) as the only Validation Target for this solution.
The following table provides an overview of the scope of the coverage for the validation target:
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Validation Direct/Indirect Validation CBA activities  Limitations

target impact activities

Technology Directimpact Not measured Evaluated during Certain assmptions made

Cost Per (CEF3, mediun during CBA activities = at ECAC level to build th

flight impact validation CBA (see Sectidhb)
expected) aCtiVitieS

= = =4 =

Table5: SESAR Solution PJ-VP-84avalidation targets

3.3 Objectives of the CBA

This document provides the Cost Benefit Analysis (CBA) related to the deploym#re SESAR
technological solutioiJ.14N2-84athat has been matured through validation activities at TRL6 level
Themain purpose ofthis CBA is to facilitate and support better informed decisinaking for key
investmentdecisions This is achieved by:

1 identifyingall costs and benefitgser stakeholders,

3.4 Stakeholders identification

guantifying in economic terms the costs and benefits,
calculaingthe economic value of the project

making a cash flow projection
Identifying thefactors/assumptions having the most influence on theults.

Stakeholder The type of Type of Impact Involvement in Quantitative
stakeholder the analysis results
and/or available in the
applicable current CBA
sub-OE version

ANSP AITMA&B- Invest and enjoy Provide inputs, Yes, on both

route OEs benefitsin operations

participate to the costs and
brainstorms on benefits
elaboration  of
assumptions,
review theresults

Table6: SESAR Solutidn).14W2-84aCBA Stakeholders and impacts

3.5 CBA Scenaricand Assmmptions

PJ.14W2-84ahas performed the CBA study usithg followingassumptios related to the reference
and solution scenarios

- ANSPs Wl have to provide a better nconooperative coverage for a bettekir situation
awareness within TMA control volumé&s avoiding air proximity conflicts between manned
and unmanned traffic.

- ANSPs would have to operate in oceanic areas reducing the flight separations usingEn ADS
surveillance coverage sourced frosatellite and improving the interoperability between
oceanic and continental En Route airspaces.

EUROPEAN PARTNERSHIP
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- ANSPswould have to supervise the quality of the tracking as part of investigation on
surveillance incidents raised by ATCOs or in regular basis for renewing the compliance with
the 3nm and 5nm minima separations.

3.5.1 Reference Scenario
The Reference Scenario can be summarised as follows:

- Additional multisensor units are deployed for @anic coverage fed by the spalbased ADS
B,

- Airspace will be designed for avoiding the hotspots that cannot be detectediyentional
radar or exemptions for nocuoooperative coveragef some areas willbe proposed to
regulator.

- Performance assessmesnd incident investigatiowill be performed manually by ATSEP staff
on a regular basis as proof of compliancy for the murn of performance requirements for
operating with 3 or 5 Nm minima separations.

3.5.2 Solution Scenario

In the solution scenario, ANSP would choosdti sensor data fusionfSQOSM and TQOSM functions
that are developed by this solutiarnThe following assumptns are made for theolutionscenario:

w The spacéased ADS is connected to the SDPD with all other sensors improvingehsor
overlapping betweeroceanic and continental areas and providangnique track object for
an aircraft for the oceanic OSV acahtinental OSV.

w Non-conventional norcooperative sensors are connectednsuring norcooperative
coverage at low altitude without gaps.

w The SQoS and TQoS features are deployed in -geasitime (QRT) mode.

3.5.3 Assumptimns

It is assumed that the solutiofeatures will be deployed through the product policy of the existing
SOPD systems without additionahiastment costs. These features will improved the performance of
the SDPD systems and avoid some costs related to some danger areas for the unmanicsdatrdff
mitigation investigations for managing the poor coverage at low altitude. The advanced surveillance
monitoring solution will help to harmonize thATSEP practice for a better monitoring of the
surveillance, less costly based on the automation. Stletion deploys an integrated data fusion
allowing to cover oceanic and continental areas using the same servers.

Detailed assumptions are provided in AssumptidisSsS i 2 F &/ . ! ¢ pa Blda®PREZEL IR Yt
Section6.
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4 Benefits
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PJ.14N2-84A COST BEEFIT ANALYSIS FOR-TASENSORATA FUSION AT TRLE¢ ¥_

Performance KPI/PI fromthe Benefits from IOC
Framework Focus Area Performance Unit Metric for the CBA Unit to end of CBA
KPA Framework timeline
Cost Efficiency ANS Cost efficiency CEF2 Nb ATCO employment Costchange € k &€ { NJA  N/A  N/A
Flights per ATGEour on -
duty Support  Staff Employment Co: € k € ¢ NJA  N/A  N/A
Change
Nonstaff Operating Costs Change € Kk € ¢ N/A  N/A N/A

CEF3Technology cost pe EUR/flight G2G ANS cost changes related € k € ¢ 2.2a ediscounted

flight technology and equipment 41ae dzy RA &C
Airspace User Cos AUC3 EUR /flight Impact on direct costs related toth. € k € ¢ NJA  N/A  N/A
efficiency Direct operating costs fo aeroplane and passenger
an airspace user Examples: fuel, staff expense
passenger service cost

maintenance and repairs, navigatic
charges, strategic delay, landing fee

catering
AUC4 EUR/flight LYLJI Ol 2y 2LISNI Gek&{NA NA NA
Indirect Operating costs fo relate to a specific flight. Example
an airspace user parking charges, crew and cabi

salary, handling prices at Ba:

Stations

1 For information, the mapping to the Performance Ambition KPAs (used in the ATM Master Plan) is availatfge tiakx
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Performance KPI/PI fromthe Benefits from IOC
Framework Focus Area Performance Unit Metric for the CBA Unit to end of CBA
KPA Framework timeline

AUCS5 EUR / flight | Impact on overhead costs. Example € k & ¢ NJA  N/A  N/A
Overhead costs for ai dispatchers, training, I
airspace user infrastructure, sales.
Capacity Airspace capacity = CAP1 % and# Tactical delay cost (avoided e k € ¢ N/A N/A  N/A
TMA  throughput, in Mmovements additional +)
challenging airspace, pe 95 and# Strategic delay cost (avoided € kK @ ¢ NNA  N/A  N/A
unit ime movements = additional +)
CAP2 % and# Tactical delay cost (avoided e k € ¢ N/A N/A  N/A
Enroute throughput, in movements additional +)
challenging airspace, pe 95 and# Strategic delay cost (avoided € kK @ ¢ NJA  N/A  N/A
unit ime movements = additional +)
Airport capacity CAP3 % and# Value of additional flights eke{NA NA NA
Peak Runway Throughput movements
(Mixed mode)
Resilience RES4a Minutes Tactical delay cost (avoided € k &€ ¢ N/A N/A  N/A
Minutes of delays additional +)
RES4b % and# Cost of cancellations e ke {NA NA N/A
Cancellations movements
Diversions % and# Cost of diversions eke{NA NA NA
movements
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Performance KPI/PI fromthe Benefits from IOC
Framework Focus Area Performance Unit Metric for the CBA Unit to end of CBA
KPA Framework timeline
Predictability =~ Predictability PRD1 Minutes2  Strategic delay cost (avoided € k & ¢ NJA  N/A  N/A
and _ Variance of Difference il additional +)
punctuality actual & Flight Plan or RE
durations
Punctuality PUN1 % (and# Tactical delay cost (avoided € k € ¢ N/A N/A  N/A

% Departures < +B3 mins movements) additional +)
vs. schedule due to AT

causes
Flexibility ATM System & FLX1 Minutes Tactical delay cost (avoided € Kk &€ ¢ N/A  N/A N/A
Airport ability to Average delay fol additional +)

respond to changes scheduled  civil/military
in planned flights  flights with change reques
and mission and nonscheduled / late
flight plan request

Environment = Time Efficiency FEFF3 % and Strategic delay: airborne: direct co: € k € ¢ NJA  N/A  N/A

Reduction in average fligr minutes to an airline excl. Fuel(avoided;
duration additional +)

Fuel Efficiency FEFF1 Kg fuelper Fuel Costs e kKe{NA NA N/A
Average fuel burn pe movement
flight

Fuel Efficiency FEFF2 Kg CO2 per  CO2 Costs e Ke{NA NA N/A
CO2 Emissions movement
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Performance KPI/PI fromthe Benefits from IOC
Framework Focus Area Performance Unit Metric for the CBA Unit to end of CBA
KPA Framework timeline
CivitMilitary CivitMilitary CMC2.1a Kg fuel per = Fuel Costs e ke {NA NA NA
Cooperation & Cooperation & Fuel saving (for GA movement
Coordination = Coordination operations)
CMC2.1b NM per Time Costs eke{NA NA NA
Distance saving (for GA movement
operations)

Table7: Results of the benefits monetisation petPA
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5 Cost assessment

All ANSPs will benefit of the features from the solutg@amlessleither from ARTAS ECTL SDPD
product policy, ARTAS being which is license free for ECAC meanliensy THALES TopSkyacking
SDPD product policy that equips 17 E@NSPsForthat reason, no extra licenses, HW and efforts
are taken into account for SDPD units already operating.

5.1 ANSPs costs

2 categories of costs have been identified and estimatethi®ANSPs: the implementation costs and
the operating costs

5.1.1 ANSPs cost approach

The cost figures were obtained using expert judgment (BldRstry partners and SUBommunity)

{ SOGSNIt aoNIAyadaz2Nyaéd oSNB 2NHIFIYAT SR (2 RSTAYS
impact on the costs (e.g. ,ATStitRe to operate SDPD systems in OSVs, ATSER X~ X U0 @

5.1.2 ANSPs cost assumptions

As previously written, the complete list of assunapis isavailablein the pre-CBA Mode(Exceffile
GCBAT_MethodologyPJ14W284d.xIéx0 | YR O2y @SNI SR Ay (2 lj-dmd¢lGA G GA
provided by the SJU

5.1.3 Number of investment instances (units)

The basic assumption of this CBA is that 5 AN3Ppurchase additionaBDPDunits for deploying
spacedbased ADS in the reference scenaritdpgrading existing SDPD units are either licence free
within ECAC or included in licences in the frame of the SDPD product policy.

5.1.4 Cost per unit

The figures at EAC level provided in this section are the ones calculatdte pre-CBA Mode{Excel
T A CBAT _dvethodologyPJ18v284axIs¥, spreadsheet DELYAndused as direcinput to the CBA
model provided by the SJJLJ NJ Y&duSdNChsts MEUR | @reundiChnge in operating
O02a0a Oa& STANIY{dDIYWI NAR2 ™M Ay GKS &aLINBIFRakKSSG {2ty

C2NJ !'b{taz GKS aRStdlFé¢ G 9/!/ tS@St 6KSy O2YLI N

1 overall investmenhcosts {(mplementation):-2431745¢ Be. higher grounctosts expected in
the Reference Scenario

9 annual operating costs105225¢ Xe. higheroperating costs expected in the Reference
Scenario

In the reference scenario, 5 SDPD additional units are purchases that are duplicated units of existing
one for costreduction on licenses, HW, validaticsiocumentation training and acceptance efforts.

5.2 Airport operators costs

No applicable costs.
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5.3 Network Manager costs
No applicable costs.

5.3.1 Network Manager cost approach
Not applicable.

5.3.2 Network Manager cost assumptions
Not applicable.

5.3.3 Network Manager cost figures
Not applicable.

5.4 Airspace User costs
No applicable costs.

5.4.1 Airspace User cost approach
Not applicable.

5.4.2 Airspace User cost assumptions
Not applicable.

5.4.3 Number of investment instances (units)
Not applicable.

5.4.4 Cost pe unit
Not applicable.

5.5 Military costs

No applicable costs.

5.6 Other relevant stakeholders
No other stakeholders.

5.7 Cost mechanism summary

This section provides a summary of how the data in the previous sections is used to feed the CBA
model. For both the Investent Costs and the Annual Operating Costs, the tables below give the
difference between the costs in the Solution Scenario (SOL) and the Reference Scenario (REF) per
country and at ECAC level.

Investment Costs
(Delta SOL & REF)

Stakeholder Cost perOSV X DeploymentLocations
(Delta SOL & REF)
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ANSP

. -pnn®nnn € x 50ceanic OSVs = -2500.000¢
Oceanic areas
ANSP
More effort in
Safey case fol_s/1135 ¢ x 10complexTMA OSVs = -341135¢

managing gaps ¢

low altitude for

some TMAs
Table8: SESAR Solution PJIVP-84a difference between REF and SOL scenariodrigestmentCosts

Stakeholder Cost perOSV X Deployment Locations . = Annual Operating Cost
(Delta SOL & REF)

ANSP 5 OceanicOSVs + 60 E _
(TMA &Enroute) |~ ~00 /8% X OSVs+120 EROSVy ~ ~10°:22%

Table9: SESAR Solution PJ-¥P-84a difference between SOL and REF scenarios for Annual Operating Costs
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6 CBA Model

TheCBA modedCBAT_Model_PJ14W28a& f andté/ . | ¢ pa S K2 RBaglskdspdad/mn 2 H
input are attached below:

L [
3 i
CBAT_MethodologyCBAT_Model_PJ14\
_PJ14W284a.xlIsx 284a.xlsm

6.1 Data sources

The data used to build the CBA consist madhlseveral assumptions arckpertjudgements captured
and recored during specific brainstorming sessions, especially:

1 estimation of ATSERme for assessingthe tools and carryingut the performance
assessments,

1 number ofOSVs that the solution would be deployed within ECAC countries

The assumptions and associateddata sources areincluded in the CBA input (
GCBA_Methodology PJ14Wa4a.xIs¥ U  dreyiriRutinto the CBAnodelfrom PJ1904. Although no
ANSP representatigare contributing, he confidence in the expefjtdgements isacceptablefrom
the industrial pamers developing th&DPD systen{hales, Eurocontro§nd contribution from SUR
community thanks to ARTAS User Group (AUG) or MSTS User Group (MUG)

This CBA identifies and takes into account the main uncertainties of the pmglted to the
assumptbnsby using ranges for uncertain input data in the sensitivity analysis:

1 the average time spent by ATSHEP as®ss the SDPD systefpre-implementation and
implementation phases) and to carrytailhe performance assessments (operational phase):
+/- 25% and+/- 50% applied.

The averageATSEP annual employment costsised a®ne fullime equivalent (FTE) in the ECAC
area,using per countryigures from the EUROCONTROL Standard Inputs for Economic ABalgdes
Reference source not found.
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7 CBA Results

The following tables and figures are extracted from the -@®#&lel andprovidethe relevant results
from the CBA.

t Wvunt Wunm2Hmynl T HAHHTHANO ORA
8 Capex Opex  Benefits Discount o)
= rate (B}
c ANSP =
8 Airports >
O Network Manager 8
wm Business Aviation 1)
0O Scheduled Aviation ()]

Table10: SESAR Solutidn].14W2-84a Investment Discounted @sts and Benefits

t Wvmit WMnm2Hmynl T HAHHTHIAN

Net Benefits Capex Opex Benefits

ANSP

Airports
Network Manager
Business Aviation
Scheduled Aviation

Undiscounte
Undiscountels

Tablell: SESAR Solutidh].14W2-84a Investment Undiscounted @sts and Benefits
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PJ14-W2-84a (undiscounted values)

05
Airport Opex change
o W Airport Capex
™ ANSP Opex change
04

I ANSP Capex

0.3
0,2
01
0,1

0.0
202 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2034 2035 2036 2037 2039

o
w

Millien of Euros
o
o

Figurel: SESAR Solutidn].14W2-84a UndiscountedOpexCapex

PJ14-W2-84a (discount rate = 8%)

o
Alrport Opex
 Ajrport Capex
a o ANSP Opex change 2
T ANSP Capex
Q ——Cumulative Net Benelits

Million of Furas
=]
Milllen of Curos

a
1
a
2022 2023 2024 025 2026 2027 2028 2029 2030 2031 032 2033 2034 2035 2036 037 038 2039 2040 2041
Figure2: SESAR Solutidn).14W2-84a DiscountedOpexCapex
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8 Sensitivity and risk analysis

8.1 Influence of the discount rate on NPV

The following graph is extracted from the CBA model and provides the impact of the Discount Rate on
the NPV.

NPV evolution when changing Discount Rate
4 3 3 3
2 2
2 L B = ]
0
2% 4% 6% 8% 10%

Figure3: SESAR SolutidA.14W2-84a NPV and Discount Rate

8.2 Variation of the input to the CBA model

The following graphs are also extracted from the @Blel and depict the impact of a variation of
the input to the modé (input variations +/25% and ++ 50% on the Ground Opex/Capex.

50% - 50% Tornado non-sorted 25% - 25% Tornado non-sorted
-60,0% -40,0% -20,0% 0,0% 20,0% 40,0% 60,0% -15% -10% -5% 0% 5% 10% 15% 20%
Ground Capex -36,6% 45,8% Ground Capex 9% 18%
Ground Opex -13,4%  16,7% Ground Opex -3,3% 6,7%
Ground Opex Ground Capex Ground Opex Ground Capex
50% 13,4% 36,6% -25% -3,3% 9%
5% 16,7% 45,8% 25% 6,7% 18%

Figured: SESAR Solutidd].14W2-84f Tornado Diagrams for Discount RateNations

8.3 Influence ofthe ATSERffort

The sensitivity analysis is performedvarying the values used in the main assumptions taken for the
CBA in order to observiheir influence on the NPV. Theain parameters used for the sensitivity
analysis are the following

1 the averagdime spent by ATSE®assesshe tools (preimplementaton and implementation
phases) and to carry out the performance assessmemperational phase)checked with
variation of+/- 25% and +/50%.

These parametersare varied in the CBA inputo @BAT_Model_PJ14\82a.xIs¥ n order to re
calculatethe costs. Theesults are thennsertedin the CBAnodelin order to calculate the NPV
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Changing the values used for these assumstitave considerablempact on theNPV, buthe NPV
remains always positivahis should be expected as the solution provides a netigesialue both at
deployment and during operational use.

8.3.1 Influence of the ATSEP effort

The following tableslepict the impact of the ATSEP effor the NPVAs it can be seen from the
results ATSEP effort has a eteeone impact on the NPV.

-50% -25% +25% +50%
ATSEP ATSEP Baseline ATSEP ATSEP
(IO 210 effort effort effort effort
ANSP 1,1 1,6 2,2 2,7 3,3
Overall 2,7 3,3
Variation +25% +50%
Tablel2: SESAR SolutidhJ.14W2-84a Impactof the ATSERffort on discountedNPV

NPV

-50% -25% +25% +50%

(Umgtlgggel‘;ﬁTED) ATSEP  ATSEP Baseline ATSEP  ATSEP
time time time time

ANSP 2 31 4,1 5,1 6,1
Overall 2 4.1 51 6,1

Variation -50% - +25% +50%
Tablel3: SESAR SolutidhJ.14W2-84a Impact of the ATSEP effodn undiscountedNPV
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9 Recommendations and next steps

The CBA analysis has been concentrated in definin@Bageference and the solution scenariand
identifying thedifference in the costs andenefits expected by the solution scenario with respect to
the reference scenariolhe quantificationsused in the CBA modéhve beerbased mainly on the
ATSERvorkload Indirect benefits related to the integration of namonventional norcooperative
sersors expected to be more cost effective than conventional Radar or safety improvement of the
system are not taken into account ttis stage.
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10 References and Applicable Documents

10.1Applicable Documents
[1] SESAR 2020 Project Handbook v2.0 for W2;

[2] Guidelinedor Producing Benefit and Impact Mechanisms

[3] Methods to Assess Costs and Monetise Benefits

[4] SESAR 2020 Cdtnefit Analysis Modgl

[5] Cost Benefit AnalysesStandard Input;

[6] Cost Benefit AnalysesMethod to assess costs;

[7] ATM CBA Quality checklist;

[8] Methods to Assess Costs and Benefits for CBAs.
10.2Reference Documents

[9] SESAR 20ZDommon assumptionsd00.00 from 20 Dec 19

[10] European ATM Master Plan Portattps://www.atmmasterplan.eu/

[11] SESAR 20Rerformance Framework Bd.00.01from 20 Dec 19
[12] D11.1.070 PJ1@4-01 TO2 TVALR ed00.01.02.docx

[13] EUROCONTROL Standard Inputs for Economic Analyses, Ed.9.0 from December 2020

2 This reference is no more accessible from Programme library but it is now available in ATM
Performance Assessment Community of Practice.
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