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1 Executive summary

Three high level project objectives were developed into seven Use Cases through the Green GEAR
Initial OSED for Geometric Altimetry [24]. These use cases cover the application of geometric altimetry
for vertical navigation within a TMA environment and were assessed under both nominal and non-
nominal conditions.

Two options for this end state were considered for climbing and descending traffic. Option 1
considered flight procedures continuing to constrain vertical flight profiles through the use of altitude
constraints, but the constraints become geometric altitudes instead of barometric. Option 2 sees a
paradigm change in flight procedures, now being vertically defined by published geometric paths with
vertical containment assumptions.

For completeness, use cases were also developed to assess geometric altimetry in the cruise phase.

The validation objectives covered both qualitative and quantitative assessment. The impact to fuel
burn, CO; emissions and airspace capacity were assessed quantitatively. The impact to aircraft systems
and operations, ATC operations, safety and human performance were assessed qualitatively.

The results showed that airspace designers can use geometrically-defined vertical paths to create
greater flight efficiencies in the TMA than can be achieved using current day (barometric) principles.
The cumulative results provided a net benefit overall for fuel & emissions at 2035 traffic levels; there
was an average fuel disbenefit of 2kg per flight in the climb phase, offset by a larger average benefit
of 24kg per flight in the descent and approach phases.

The benefits are realised primarily in high-density airspace, e.g. high or very high capacity TMAs. The
decrease in fuel consumption is mostly a result of the optimised procedure-designed vertical profiles
enabled by geometric altimetry. Optimised altitude constraints enabled by geometric altimetry can
result in fuel savings, but enforcing a fixed climb gradient increases the fuel consumption for aircraft
that would benefit from a higher gradient climb, which can outweigh the fuel savings. In addition, this
can have knock-on detrimental impacts to speed and, consequently, noise and maintenance costs.

GeoAlt can enable the safe removal of the transition layer with no safety or human performance show-
stoppers at this stage of project exploration. However, transitioning to geometric altimetry,
particularly in a systemised airspace, requires comprehensive planning, robust support systems, and
extensive training requirements.

Aircraft design considerations identified with no technical showstopper for Option 1. Aircraft design
considerations identified with no technical showstopper for Option 2 in Descent and Approach.
However, further R&I work would be required to establish technical feasibility for Climb.

The fuel and emissions impact of implementing geometric cruise showed a disbenefit. On average a
small fuel disbenefit was demonstrated in the given short and medium length flight scenarios.
Consequently, recommended follow-up includes R&I into the transition between GeoAlt in the TMA
and standard Baro in cruise.

It is recommended to postpone the deployment of Geometric Altimetry solutions in all phases of flight
until the necessary mitigations to GNSS jamming and spoofing threats have been implemented.

The initial maturity level was TRL 0 and the expected exit maturity level is TRL 2.
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2 Introduction

2.1 Purpose of the document

This document provides the Exploratory Research Report (ERR) for Geometric Altimetry to achieve
TRL2 in service of SESAR Solution 0406, Vertical Guidance using Geometric Altimetry. It describes how
the concept defined in the SESAR Green GEAR Initial OSED for Geometric Altimetry [24] was assessed
in accordance with the Exploratory Research Report (ERP) [25].

The Initial OSED covers three project objectives:

e OBJ 1.1: Determination of whether Geometric Altimetry can safely deliver a net fuel efficiency
benefit for an ATM network in the TMA

e OBJ 1.2: Determination of whether Geometric Altimetry can enable safe removal of Transition
Layer

e OBIJ 1.3: Use of Geometric Altimetry instead of barometric altimetry for required navigation
performance (RNP) arrivals down to the intersection with the Final Approach segment.

The ERP defines four exercises:
1) TVAL.01.1- GreenGEAR-0406-TRL2 - Benefit assessment of a fully geometric TMA

2) TVAL.02.1- GreenGEAR-0406-TRL2 — Safety and Human Performance Assessment
3) TVAL.03.1- GreenGEAR-0406-TRL2 — Aircraft functions, architecture and cockpit systems.
4) TVAL.04.1- GreenGEAR-0406-TRL2 — Aircraft Performance & Procedures.

2.2 Intended readership

This document is aimed at the following stakeholders:

e All Green GEAR consortium members who are contributing directly to the solution research or
contributing to related solutions or work packages in the project (Airbus, DLR, EUROCONTROL,
NATS, NLR, UNITS, UoW)

e Relevant SESAR projects
e Members from PEARL

e SJU Program representatives, as the owner and final approver of this document.

2.3 Background

This section presents the background on which the Green-GEAR project is building.

PJ.02 EARTH Solution 02-11 (2016-2020)

In SESAR 1, PJ.02-11 — Enhanced Terminal Area for efficient curved operations explored future
CONOPS, including the use of geometric altitude during approach phase and the use of curved
procedures.
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PJ.02-11 reached V1 maturity by the end of SESAR 1 and gave recommendations on future Research
and Innovation (R&I) activities linked to Advanced curved TMA operation. The Real Time Simulations
that took place in PJ.02-11 addressed primarily airborne aspects and ground aspects were discussed
during Expert Group meetings. The potential in using GNSS based Advanced curved TMA operation
was recognised for both arriving and departing aircraft. However, it was identified that future Research
and Innovation work needed to cater for ATC aspects as well, for both the new arrival and departure
concepts to mature.

PJ.02-W2 AART Solution 04.3 (2020-2023)
PJ.02-W2-04.1/2/3 was the continuation of PJ.02-11.

The Airport Airside and Runway Throughput project worked on the concept of Advanced Curved
Operation in the TMA, which was linked to three SESAR Solutions, one of which was Advanced Curved
Approach Operation in the TMA with the use of geometric altitude.

SESAR 2020 VLD2 ALBATROSS (2020-2023)

ALBATROSS had the aim to demonstrate how the technical and operational R&D achievements of the
past years translate into fuel efficiency improvements in real operations. The Demonstration activity
covered all flight phases and addressed both operational and technological aspects of aviation and Air
Traffic Management (ATM).

Among the concepts demonstrated in real conditions was exercise EXE-03 where a demonstration and
study were conducted to evaluate the benefits of closed-path PBN-to-ILS procedures with and without
a pilot support system for energy management, compared to radar vectoring procedures to the same
runway. The specific feature of EXE-03 was that the closed-path trajectory was already assigned by
ATC to the pilots at the beginning of the descent when passing the IAF (Initial Approach Fix) of the
STAR (Standard Arrival Route), avoiding tactical lateral instructions during the approach. Lateral
tactical ATC instructions prevent optimised CDAs, as the distance-to-go (DTG) is crucial information to
estimate the aircraft’'s energy state and hence decide on the energy dissipation strategy. The
conclusions stressed the necessity to deploy PBN-to-xLS procedures (including RNP or LPV approaches)
to as many flights as possible. Green-GEAR works especially on the vertical component of PBN-to-xLS,
whose increased predictability is expected to contribute significantly to reducing the need for ATCO
intervention.

SESAR 2020 PJ37-W3 ITARO (2021-2023)

ITARO project demonstrated on a larger scale several solutions in the airport environment, including
procedures to enable more efficient and integrated runway throughput and terminal operations; a
collaborative framework for managing delay constraints on arrivals; and improved arrival and
departure operations.

Among those, a flight trial EXE-003 was conducted to increase the maturity level of Interval
Management (IM) operations on RNP routes/procedures and continuous descent operations (i.e. fixed
profile descents) in high density TMA environments by performing flight trials with an aircraft
equipped with the RNP, VNAV and Flight-deck Interval Management (FIM) capability.

EXE-003 conducted arrival operations with frequent speed adjustments on business jet flights
following closed PBN STARs with fixed descent angle of 2° or 2.5°.
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The consolidated pilot feedback on the IM speed guidance aspect of the concept was that sometimes
speed brakes were necessary to create sufficient deceleration, suggesting that the use of speed brakes
for low-drag airliners may be needed to decelerate on RNAV routes with a fixed vertical angle.

It showed that a balance is to be found between by the procedure designer: a shallower vertical profile
will require less speed brakes, but also gives less fuel/noise benefits.

That said, the use of speed brakes did not raise pilot acceptance issues, therefore the corresponding
HP validation objective was assessed as OK.

2.4 Structure of the document

This Exploratory Research Report (ERR) describes the assessment results of using geometric altimetry
for vertical navigation.

Section 2 (this section) provides the context for the project concept.

Section 3 provides the context for the assessment as key parameters from the Exploratory Research
Plan, including the assessment objectives, assumptions and split by research exercise.

Section 4 sets out the assessments' results, starting with a summary table of the results per objective
in Section 4.1, detailed results per objective in Section 4.2, and confidence in the results in Section 4.3.

Section 5 sets out the consolidated conclusions derived from the various exercise results and the
recommendations for further Research and Innovation.

The Appendices provide the assessment details, grouped per exercise:

Appendix A - Benefit assessment of a fully geometric TMA; Exercise #01, led by NATS
Appendix B - Safety and Human Performance Assessment; Exercise #02, led by NATS
Appendix C - Aircraft functions, architecture and cockpit systems; Exercise #03, led by Airbus
Appendix D - Aircraft Performance & Procedures; Exercise #04, led by DLR

2.5 Glossary of terms

Term Definition Source of the definition

Final Approach That segment of an instrument approach ICAO PANS OPS [27]
procedure in which alignment and descent for
landing are accomplished

Below the Transition Layer

Geometric Defining routes and procedures using geometric | Project Definition
Altitude/ GeoAlt = height. Aircraft navigation systems constructing
vertical paths based on geometric height and
navigating to geometric height.
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Term Definition Source of the definition
Geometric Flight procedures continue to constrain vertical | Project Definition
constraints at flight profiles through the use of altitude
waypoints constraints, but the constraints become

geometric altitudes instead of barometric.
Defined as concept Option 1.

Geometric Path / Paradigm change in flight procedures, now being = Project Definition
Geo Path vertically defined by published geometric paths
with vertical containment assumptions. Defined
as concept Option 2, with two sub-options:

e Sub-option 2.1 - without V-RNP: navigation
and guidance capability with vertical
containment performance demonstrated at
aircraft certification / ops approval level but
without RNP-like onboard monitoring and
alerting.

e Sub-option 2.2 - with V-RNP: navigation and
guidance capability with vertical
containment performance supported by
RNP-like onboard monitoring and alerting.

Initial Approach = That segment of an instrument approach @ ICAO PANS OPS [27]
procedure between the initial approach fix and
the intermediate fix or, where applicable, the
Final Approach fix or point.

Typically, below the Transition Layer

Instrument A series of predetermined manoeuvres by ICAO PANS OPS [27]
Approach reference to flight instruments with specified
Procedure / IAP = protection from obstacles from the initial
approach fix, or where applicable, from the
beginning of a defined arrival route to a point
from which a landing can be completed and
thereafter, if a landing is not completed, to a
position at which holding or en-route obstacle
clearance criteria apply.

Instrument Flight = Instrument flight procedures (IFP) are used by = ICAO [29] and IFATCA [30]
Procedures aircraft flying in accordance with instrument
flight rules and are designed to facilitate safe and
efficient aircraft operations.

It is a published procedure used by aircraft flying
in accordance with the instrument flight rules
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Term

Definition

Source of the definition

which is designed to achieve and maintain an
acceptable level of safety in operations and
includes one or more of the following: an
instrument approach procedure, a standard
instrument departure (SID), a planned departure
route and a standard instrument arrival (STAR).

Standard
Instrument
Departure / SID

A designated instrument flight rule (IFR)
departure route linking the aerodrome or a
specified runway of the aerodrome with a
specified significant point, normally on a
designated ATS route, at which the en-route
phase of a flight commences.

Typically, below or crossing the Transition Layer

ICAO PANS OPS [27]

Standard
instrument
arrival / STAR

A designated instrument flight rule (IFR) arrival
route linking a significant point, normally on an
ATS route, with a point from which a published
instrument approach procedure can be
commenced.

Typically, above or crossing the Transition Layer

ICAO PANS OPS [27]

Transition Layer

The airspace between the transition altitude and
the transition level, where the Transition Altitude
is the altitude at or below which the vertical
position of an aircraft is controlled by reference
to altitudes and the Transition Level is the lowest
flight level available for use above the transition
altitude.

ICAO PANS OPS [27]

Vertical RNP /
V-RNP

There is currently no RTCA/EUROCAE definition
or standard for vertical RNP. However, for the
purposes of this concept, Vertical RNP s
considered to be the equivalent in the vertical
plane to RNP in the lateral plane.

PBN Manual [27]
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Term Definition

ADIRS Air Data Inertial Reference System

ADS-B Automatic Dependent Surveillance — Broadcast
AGL above ground level

AIAA American Institute of Aeronautics and Astronautics
AIXM Aeronautical Information Exchange Model

AirTOp Air Traffic Optimisation [simulation software]

AR Authorisation Required

ATC Air Traffic Control

ATCO Air Traffic Controller / ATC Officer

ATM Air Traffic Management

AUC Airspace user cost efficiency [performance indicator]
AVES Air Vehicle Simulator

BADA Base of Aircraft Data

CAP capacity [performance indicator]

CBA cost-benefit analysis

CDA Continuous Descent Approach

CONOPS Concept of Operations

D<no.> Deliverable <no.>

DES Digital European Sky

DISA Delta ISA

DMP Data Management Plan

DTG Distance-to-Go

ENV environment [performance indicator]
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Term Definition

ER Exploratory Research

ERP Exploratory Research Plan

ERR Exploratory Research Report

EU European Union

EUROCAE European Organisation for Civil Aviation Equipment

EXE Exercise

FCU Flight Control Unit

FEFF fuel efficiency [performance indicator]

FMS Flight Management System

FTS Fast-Time Simulation

GeoAlt Vertical Guidance using Geometric Altimetry

GLS GNSS Landing System

GNSS Global Navigation Satellite System

Green operations with Geometric altitude, Advanced separation & Route
Green-GEAR charging Solutions

HC High Complexity

HE Horizon Europe

HFOM Horizontal Figure of Merit

HIL Horizontal Integrity Limit

HP Human Performance

HP Human performance [performance indicator]

ICAO International Civil Aviation Organisation

IAF Initial Approach Fix

IAP Instrument Approach Procedure
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Term Definition

ID Identifier

IFATCA International Federation of Air Traffic Controllers' Associations
IFP Instrument Flight Procedure

ILS Instrument Landing System

ISA International Standard Atmosphere

JU Joint Undertaking

KPA Key Performance Area

KPI Key Performance Indication

LPV Localiser Performance with Vertical guidance
M<no.> project month <no.>

MLS Microwave Landing System

MMR Multi-Mode Receiver

MSL Mean Sea Level

NavDB Navigation Database

ND Navigation Display

NEST Network Strategic Monitoring Tool

OBJ<no.> objective <no.>

OPS Operations

OSED Operational Service and Environment Description
PANS Procedures for Air Navigation Services

PBN Performance Based Navigation

PFD Primary Flight Display

Q<no.> (calendar) quarter <no.>
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Term Definition
[barometric reference pressure setting to achieve MSL altitude indication in
QNH vicinity of airfield]
R&l Research & Innovation
RNP Required Navigation Performance
RTCA Radio Technical Commission for Aeronautics
SAF safety [performance indicator]
SBAS Satellite-Based Augmentation System
SEN sensitive (limited under the conditions of the Grant Agreement)
SESAR Single European Sky ATM Research
SID Standard Instrument Departure
S3JU SESAR 3 Joint Undertaking
SJU SESAR Joint Undertaking
SME Subject Matter Expert
SOoL Solution
SRM Safety Reference Material
STAR Standard Terminal Arrival Route
STATFOR [EUROCONTROL] Statistics and Forecasts Service
STELLAR SESAR Tool Enabling collaborative ATM Research
Suc Success
T<no.> task <no.>
TA Transversal Area
TAWS Terrain Avoidance and Warning System
TCAS Traffic Alert and Collision Avoidance System
TMA Terminal Manoeuvring Area
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Term Definition
ToC Top of Climb
ToD Top of Descent
TRL Technology Readiness Level
UK United Kingdom [of Great Britain and Northern Ireland]
UKRI UK Research and Innovation
V<no.> version <no.>
VD Vertical Display
VFOM Vertical Figure of Merit
VIL Vertical Integrity Limit
V-RNP Vertical Required Navigation Performance
WA Working Area
WP<no.> Work package <no.>
xFOM [generic abbreviation for different Figure of Merit, e.g. HFOM and VFOM]
xIL [generic abbreviation for different Integrity Limit, e.g. HIL and VIL]
[generic abbreviation for different precision approach and landing systems, e.g.
xLS ILS, MLS, GLS]

Table 2: list of acronyms
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3 Context of the exploratory research report

3.1 Project / SESAR solution 0406: a summary

SESAR SESAR solution SESAR solution definition Justification (why the
solution title solution matters?)
ID
0406 Vertical The vertical plane of Instrument Flight Paths | Variation in localised
Guidance using i can be defined geometrically, enabling pressure creates fuel,
Geometric route separation based on vertical path | environmental and
Altimetry performance limits and continuous climb or - workload
descent through the Transition Layer inefficiencies due to
current reliance on
barometric altimetry.

Table 3: Geometric Altitude scope

The project explored several conceptual options relating to SESAR Solution 0406. First is the target
end state, where a fully geometric environment encompasses all aircraft in all flight phases reporting
geometric height and using geometric altimetry for vertical navigation. Two options for this end state
were considered with climbing and descending traffic:

e Option 1: Flight procedures continue to constrain vertical flight profiles through the use of
altitude constraints, but the constraints become geometric altitudes instead of barometric.

e Option 2: Paradigm change in flight procedures, now being vertically defined by published
geometric paths with vertical containment assumptions, with two sub-options:

o Sub-option 2.1 - without V-RNP: navigation and guidance capability with vertical
containment performance demonstrated at aircraft certification / ops approval level but
without RNP-like onboard monitoring and alerting.

o Sub-option 2.2 - with V-RNP: navigation and guidance capability with vertical
containment performance supported by RNP-like onboard monitoring and alerting.

Options 1 and 2 were assessed qualitatively from various perspectives:

e Aircraft systems and operations,
e ATC operations

e Safety

e Human factors.

Option 2 was also assessed quantitatively in terms of:

e TMA network fuel burn, emissions and capacity
e Individual flight in descent fuel burn and emissions
e Individual flight in climb fuel burn and emissions
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Secondly, transition states, where there is a mixed capability, with some aircraft operating geometric
altimetry and others remaining barometric, were considered in the qualitative assessments.

In addition to the two end state options considered for climbing and descending traffic, the project
also assessed cruise operations using a fixed geometric altitude. The cruise phase was assessed
qualitatively in terms of aircraft systems and operations, and quantitatively in terms of individual flight
fuel burn and emissions.

3.2 Summary of the exploratory research plan

3.2.1 Exploratory research plan purpose

The research was conducted through four exercises:
1) Benefit assessment of a fully geometric TMA
2) ATC Safety and Human Performance Assessment
3) Aircraft functions, architecture and cockpit systems.
4) Aircraft Performance & Procedures.

The purpose of Exercise 1 was primarily to determine whether it was feasible and beneficial to design
airspace based on instrument flight procedures using geometric altimetry to define waypoint
constraints and/or vertical paths. Assessed at network/TMA level benefits. The assessment was led by
NATS, who used its in-house airspace design tool, ‘DesignAir’, to design a solution scenario for
geometric procedures: SIDs (standard instrument departures), STARs (standard instrument arrivals)
and IAPs (instrument approach procedures) based on a set of design principles (see Appendix A.1). A
reference scenario was also constructed as the equivalent fully barometric TMA, optimised using PBN
procedures with altitude or Flight Level constraints applied for procedural separation.

The AirTOp tool was used to run Fast-Time Simulations (FTS) of the two designs (geometric and
barometric) using historic peak traffic loading as an input. The difference between the outputs from
the geometric design and barometric design indicated the GeoAlt solution's relative benefits.

Exercise 2 was led by NATS. Safety and HP assessment was carried out through a workshop focus group
paper exercise to identify the key features for ATC in a fully geometric environment. During the
workshop, ATC experts were asked to consider the use of a Geo-only environment as well as a mixed
mode of operation between Geo and Baro. During a previous internal stakeholder workshop, the
workshop covered nominal conditions and fallback due to GNSS loss or spoofing, which were identified
as the major risk with geometric operations.

Exercise 3 was led by Airbus, who assessed the impact of the GeoAlt concept of operations on aircraft
functions, architecture and cockpit systems, focused on large commercial aircraft (Airbus families). The
assessment has been conducted with a team of experts in ATM, Cockpit Operations, Flight
Management System (FMS) and Navigation systems (other than FMS), also supported by Flight
Performance specialists. The assessment has covered technical and operational feasibility
considerations regarding FMS and Flight Performance, Navigation Systems, Management of Jamming
& Spoofing Threats, Compatibility with Surveillance Functions and Cockpit Systems and Flight Crew
Operation.
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Exercise 4 was led by DLR. The validation exercise was performed by means of validated aircraft
simulations. One major simulation tool to be used in the validation exercise was the simulation model
of the A320 D-ATRA, which already existed at DLR but needed to be enhanced for the specific validation
exercise in the project. With this simulation model, most accurate re-simulations of real flights were
performed as well as more generic simulations for a more theoretical investigation of the physical
effects.

A new fast-time-simulation will be developed within this validation exercise, which allows to re-
simulate a large number of real flights with a simpler but faster simulation model.

Figure 1, below, illustrates how exercises 1-4 relate to one another.

e

GeoAlt

. .

Figure 1: lllustration of the validation exercises for the GeoAlt solutio

Where,

1. Ex.3 - Qualitative assessment of geometric cruise on aircraft functions, architecture and
cockpit systems. Ex.4 — Quantitative assessment of geometric cruise versus barometric cruise
through aircraft simulations.

Ex.4 - Quantitative assessment of geometric descent through aircraft simulations.

Ex.3 - Qualitative assessment of geometric descent on aircraft functions, architecture and
cockpit systems.

4. Ex.3 - Qualitative assessment of geometric Initial Approach on aircraft functions, architecture
and cockpit systems.

5. Ex.3-Qualitative assessment of geometric climb on aircraft functions, architecture and cockpit
systems.

6. A fully geometric TMA compared to a fully barometric TMA
a. Ex.1-Quantitative assessment through fast-time ATC simulations
b. Ex.2 - Qualitative Safety and Human Performance assessment

7. Ex.2 - Qualitative Safety and Human Performance assessment of fallbacks due GNSS loss or
spoofing.
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3.2.2 Summary of validation objectives and success criteria

The validation objectives and success criteria are as described in the Exploratory Research Plan (ERP)
[25].

The validation objectives stated here cover the three project objectives relating to this solution (see
section 2.1), plus additional objectives derived through the project’s concept development.

[0BJ]
Identifier OBJ-GreenGEAR-0406-TRL2-ERP-FUE1
Objective Determine whether GeoAlt can safely deliver a net fuel efficiency benefit for an ATM
network in the TMA.
Title ATM Network Fuel Efficiency
Category Performance

Key environment | Nominal conditions, traffic sample 2035, TMA high complexity

conditions
TRL TRL2

[OBJ Trace]
Relationship Linked Element Type Identifier
<COVERS> <SESAR Solution> 0406
<COVERS> <Enabler> TBC
<COVERS> <Sub-Operating TMA HC

Environment>

[OBJ Suc]

Identifier Success Criterion

CRT-GreenGEAR-0406- | There is a net fuel efficiency benefit for geometric procedures compared to
TRL2-ERP-FUE1.001 barometric procedures
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[OBJ]

Identifier OBJ-GreenGEAR-0406-TRL2-ERP-ENV1

Objective Determine whether GeoAlt can safely deliver a net CO2 emissions benefit for an ATM

network in the TMA.

Title ATM Network CO2 emissions

Category Performance

Key environment | Nominal conditions, traffic sample 2035, TMA high complexity

conditions

TRL TRL2
[OBJ Trace]

Relationship Linked Element Type Identifier

<COVERS> <SESAR Solution> 0406

<COVERS> <Enabler> TBC

<COVERS> <Sub-Operating TMA HC

Environment>

[OBJ Suc]

Identifier Success Criterion

TRL2-ERP-ENV1.001

CRT-GreenGEAR-0406-

There is a net CO2 emissions benefit for geometric procedures compared to
barometric procedures

[OBJ]
Identifier OBJ-GreenGEAR-0406-TRL2-ERP-CAP
Objective Determine whether GeoAlt can safely deliver a net capacity benefit for an ATM network
in the TMA.
Title ATM Network Capacity
Category Performance
Key environment | Nominal conditions, traffic sample 2035, TMA high complexity
conditions
TRL TRL2
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[OBJ Trace]
Relationship Linked Element Type Identifier
<COVERS> <SESAR Solution> 0406
<COVERS> <Enabler> TBC
<COVERS> <Sub-Operating TMA HC

Environment>

[OBJ Suc]

Identifier Success Criterion

CRT-GreenGEAR-0406-
TRL2-ERP-CAP.001

There is a net capacity benefit for geometric procedures compared to barometric
procedures

[0BJ]
Identifier OBJ-GreenGEAR-0406-TRL2-ERP-SAF1
Objective Determine whether Geometric Altimetry can enable safe removal of Transition Layer
Title Safety
Category Performance

Key  environment

Nominal conditions, abnormal conditions and failure modes; traffic sample 2035, TMA

conditions high complexity
TRL TRL2
[OBJ Trace]
Relationship Linked Element Type Identifier
<COVERS> <SESAR Solution> 0406
<COVERS> <Enabler> TBC
<COVERS> <Sub-Operating TMA HC
Environment>
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[OBJ Suc]
Identifier Success Criterion

CRT-GreenGEAR-0406- | The geometric solution demonstrates no critical safety showstoppers.
TRL2-ERP-SAF1.001

[OBJ]
Identifier OBJ-GreenGEAR-0406-TRL2-ERP-HP1
Objective To assess the preliminary Human Performance aspects under the Geometric Altimetry
solution for any showstoppers.
Title Human Performance
Category Human Performance

Key environment | Nominal conditions, abnormal conditions and failure modes; traffic sample 2035, TMA
conditions high complexity

TRL TRL2

[OBJ Trace]
Relationship Linked Element Type Identifier
<COVERS> <SESAR Solution> 0406
<COVERS> <Enabler> TBC
<COVERS> <Sub-Operating TMA HC

Environment>

[OBJ Suc]

Identifier Success Criterion

CRT-GreenGEAR-0406- | The geometric solution demonstrates no critical human performance
TRL2-ERP-HP1.001 showstoppers.
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[OBJ]
Identifier OBJ-GreenGEAR-0406-TRL2-ERP-FEA1
Objective Determine whether the use of GeoAlt for RNP arrivals down to the intersection with
the Final Approach segment is technically feasible at the airborne implementation level
Title Feasibility in Initial Approach
Category Technical feasibility

Key environment | Nominal conditions, traffic sample 2035, TMA high complexity

conditions
TRL TRL2

[OBJ Trace]
Relationship Linked Element Type Identifier
<COVERS> <SESAR Solution> 0406
<COVERS> <Enabler> TBC
<COVERS> <Sub-Operating TMA HC

Environment>

[OBJ Suc]

Identifier Success Criterion

CRT-GreenGEAR-0406- | No technical showstopper is identified at airborne implementation level. This

TRL2-ERP-FEA1.001 actually has two dimensions:

1. Technical feasibility: the necessary evolutions on aircraft architecture and
systems to support the new operational concept are identified, and their
associated technological maturity risk and qualitative development cost
estimation are deemed reasonable.

2. Operational feasibility: potential impacts on aircraft operation and
performance when conducting the new operational concept with the
foreseen technical solution are identified and deemed acceptable from
airspace users’ perspective (both regarding flight crew operation and
airline business considerations).
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[OBJ]
Identifier OBJ-GreenGEAR-0406-TRL2-ERP-FEA2
Objective Determine whether the GeoAlt solution for Climbs and Descents is technically feasible
at the airborne implementation level
Title Feasibility in Climb and Descent
Category Technical feasibility

Key environment | Nominal conditions, traffic sample 2035, TMA high complexity

conditions
TRL TRL2

[OBJ Trace]
Relationship Linked Element Type Identifier
<COVERS> <SESAR Solution> 0406
<COVERS> <Enabler> TBC
<COVERS> <Sub-Operating TMA HC

Environment>

[OBJ Suc]

Identifier Success Criterion

CRT-GreenGEAR-0406- | No technical showstopper is identified at airborne implementation level. This

TRL2-ERP-FEA2.001 actually has two dimensions:

1. Technical feasibility: the necessary evolutions on aircra