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PJ.04-W2 TAM  
TOTAL AIRPORT MANAGEMENT 

This document is part of a project that has received funding from the SESAR Joint Undertaking under 
grant agreement No 874472 under European Union’s Horizon 2020 research and innova[on 
programme 

 

Abstract  

This Valida[on Report describes the V2 valida[on ac[vi[es and results for solu[on PJ04-W2-29.3 – 
‘Environmental Performance Management’, and covers the following exercise: 

• PJ.04-W2-EXE2931 – A passive Shadow mode trial at Paris Orly (ORY) airport valida[ng the 
integra[on of environmental performance into the overall airport opera[ons management 
process. 

Solu[on PJ.04–W2–29.3 ‘Environmental Performance Management’ aims to integrate environmental 
considera[ons into the overall airport opera[ons management process, thereby bringing the 
ques[on of environmental performance into the decision-making process. The solu[on develops a 
range of tools designed to provide real-[me informa[on environmental performance informa[on 
through the use of dedicated dashboards. This toolset and informa[on displays provided the main 
focus of the valida[on exercise where the emphasis was placed on the informa[on per[nence and 
u[lity from a Human Performance perspec[ve. 
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1. Execu1ve summary 
This Valida[on Report (VALR) describes the V2 valida[on ac[vi[es and results for Solu[on PJ04-
W2-29.3 – ‘Environmental Performance Management’. The document has been authored and 
reviewed by the PJ04-W2-29.3 partners, namely EUROCONTROL and ADP(SEAC2020). 

The valida[on exercise described in this report was performed in passive shadow mode and executed 
in the airport of Paris Orly (IATA Code ORY) between the dates of 31/05/22 and 02/06/22.  

Solu[on PJ.04–W2–29.3 builds on work performed in SESAR1, specifically in rela[on to SESAR 
Solu[on PJ.04-02 “Enhanced Collabora[ve Airport Performance Management” developed from the 
SESAR Solu[on 21 (Airport Opera[ons Plan and AOP-NOP Seamless Integra[on).  

Based on these previous solu[ons, solu[on PJ.04–W2–29.3 seeks to introduce an element of 
environmental impact assessment in the overall airport opera[ons performance management, 
thereby influencing opera[onal decisions in the pre-tac[cal and tac[cal phases, introducing a pro-
ac[ve management approach rather than a reac[ve one. 

The inclusion of Environmental Performance Management is through two high-level parameters, 
namely noise and emissions. Specific indicators rela[ng to these high-level parameters are assessed 
as part of an overall performance framework (i.e. goals, targets, rules, thresholds, trade-off criteria 
and priori[es) in both the planning and execu[on opera[ons phases.  

This solu[on has been developed in the Group 1 (large and hub) airports scope, those more bounded 
by current and upcoming regula[ons. Nevertheless, other airports are free to introduce the Solu[on 
if it is considered appropriate. 
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The V2 valida[on exercise reported herein was supported by the development of a set of 
environmental performance monitoring and environmental impact assessment tools and the 
feedback rela[ng to the u[lity and per[nence of these tools forms the principal content of this 
report. Based on the valida[on results, stakeholders' feedback and human performance analysis, any 
necessary updates to the interim SPR-INTEROP/OSED (Reference [9]) and interim Technical 
Specifica[on (TS) (Reference [10]) documenta[on will be introduced prior to the delivery of the V2 
Data Pack.  
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2. Introduc1on 

2.1. Purpose of the document 

This document is the Valida[on Report (VALR) for PJ04-W2-29.3 “Environmental Performance 
Management” of the Wave 2 Total Airport Management project (PJ.04). The valida[on of this 
Solu[on has been achieved through a single shadow mode exercise performed in the airport of Paris 
Orly (IATA code ‘ORY’) star[ng in the month of May 2022. 

2.2. Intended readership 

The intended audience of this document are those who are interested in how the partners involved in 
SESAR Solu[on PJ.04-W2-29.3 have defined the opera[onal concept and developed the associated 
valida[on exercise. 

In addi[on, the SESAR Transversal Areas, notably Human Performance and Environmental 
Performance, should find useful reference material within this document. 

2.3. Background 

Previous work performed in the SESAR programme on the new opera[ng methods described within 
this document was done under the auspices of SESAR OFA05.01.01. SESAR 2020 Wave 1. 

The Airport Opera[ons Management concept described by OFA05.01.01 in SESAR 1 focusses 
specifically on large and hub airports. Work in this OFA culminated in Solu[on 21 (Airport Opera[ons 
Plan and AOP-NOP Seamless Integra[on) which will be deployed in line with obliga[ons under the 
Common Project Implemen[ng Rule (EU) 116/2021 repealing Commission Implemen[ng Regula[on 
(EU) No 716/2014 

The scope of Solu[on 21 only extends to airport planning, steering and monitoring services. The 
remainder of the concept addressing management and post-opera[ons analysis services as well as a 
wider considera[on of the specific needs of smaller and regional airports is con[nued by PJ.04 as 
‘Total Airport Management’ in SESAR 2020. 

Specifically rela[ng to Environmental Performance Management, EUROCONTROL, since 2000, has 
developed a series of models to support its Member States and, by extension, the en[re avia[on 
community, designed to es[mate the magnitude of the environmental impacts that current or future 
air traffic movements might have. These models have con[nually evolved, in line with the 
improvements in the level of knowledge rela[ng to environmental modelling in the avia[on sector as 
well as parallel advances in the available compu[ng technologies. 

The current environmental tool suite of EUROCONTROL is composed of three main models: Advanced 
emission model (AEM), Open-ALAQS and IMPACT. 

All three of these models successfully passed ICAO’s stress tests in 2008-2009 and have since become 
part of the approved suite of assessment models used by ICAO’s Commixee on Avia[on 
Environmental Protec[on. These models are designed to assess future regulatory policy op[ons such 
as introducing [ghter aircra] noise and emissions standards. 

AEM, Open-ALAQS and IMPACT are also the recommended models for conduc[ng environmental 
impact assessments in SESAR. 

The principal tool used for the noise assessment within the valida[on exercise described in this 
report is based on IMPACT. Nevertheless, IMPACT has not been developed for use in real-[me, being 
more a tool designed for large studies and requiring a significant ‘data prepara[on’ phase. For the 
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specific needs of Solu[on PJ04-W2-29.3 a new tool was developed (en[tled INTACT) which offers all 
of the computa[onal power and accuracy of IMPACT but also offers the necessary flexibility for use in 
a real-[me opera[ons assessment. Indeed, the development phase of INTACT was the most 
significant technical ac[vity in the prepara[on of the exercise. 

As a complement to INTACT, a number of addi[onal tools were developed by both EUROCONTROL 
and ADP (and its partners). These tools are further described in this report along with the feedback 
rela[ng to their u[lity in the specific exercise environment developed as part of the Human 
Performance Assessment ac[vity. 

2.4. Structure of the document 

Sec[on 3 of this VALR describes the context of the valida[on and highlights the principal elements of 
the valida[on exercise, the success criteria and any devia[ons from the Valida[on Plan. 

Sec[on 4 presents the overall results of the valida[on exercise and the detailed findings against each 
of the valida[on objec[ves.  

Finally, Sec[on 5 provides the conclusions of the valida[on exercise and overall Solu[on maturity and 
provides recommenda[ons for the next phase of the Solu[on development.  

The principal terms and different acronyms used throughout this Valida[on Report are contained in 
the following two tables: 

Table 1 : Glossary of Terms 

- Term Defini1on Source of the defini1on

A i r p o r t 
Opera1ons Plan 
(AOP)

The AOP (Airport Opera[ons Plan) is the single, 
common and collabora[vely agreed rolling plan 
used by all involved stakeholders whose purpose is 
to provide common situa[onal awareness. It 
requires individual stakeholders to make changes 
within their own sphere of opera[ons. The AOP 
interacts with a number of services, systems and 
external stakeholders (e.g. Network).

ATM Lexicon

A i r p o r t 
Opera1ons Centre 
(APOC)

A playorm / opera[onal structure, which pro-
ac[vely manages the performance of present and 
short-term airport opera[ons, giving relevant 
airport stakeholders a common opera[onal 
overview of the airport, and allowing them to 
communicate, coordinate and collabora[vely 
decide on their progress.

ATM Lexicon

To t a l A i r p o r t 
M a n a g e m e n t 
(TAM)

The Total airport management (TAM) project (PJ04) 
is a SESAR 2020 research project that focuses on a 
range of different airport complexity levels, 
developing scalable and cost-effec[ve solu[ons, 
op[mising both the local benefits and the benefits 
for the European network. Societal concerns will 
be addressed by ensuring that environmental 
mi[ga[on measures and impact are included in the 
airport performance trade-off.

SOL PJ.04 TAM
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2.5. Acronyms and Terminology 

Acronym Defini1on

AEM Advanced Emission Model

AO Airport Operator

AOP Airport Opera[ons Plan

APOC Airport Opera[ons Centre

ATC Air Traffic Control

ATCO Air Traffic Controller

ATM Air Traffic Management

AU Airspace User

ENV Environment(al)

HP Human Performance

HPAP Human Performance Assessment Plan

IATA Interna[onal Air Transport Associa[on 

ICAO Interna[onal Civil Avia[on Organisa[on 

IMPACT Integrated aircra] noise and emissions modelling playorm

INTACT IMPACT model adapted for use in real-[me

INTEROP Interoperability

KPA Key Performance Area

KPI Key Performance Indicator

MET Meteorological

NM Network Manager

NMOC Network Manager Opera[ons Centre

NOP Network Opera[ons Plan

OFA Opera[onal Focus Area 

OI Opera[onal Improvement

Open-ALAQS Airport local quality modelling tool 

ORY IATA code for Paris Orly airport

OSED Opera[onal Service and Environment Defini[on

RWY Runway

SA Situa[onal Awareness

SESAR Single European Sky ATM Research Programme

SJU SESAR Joint Undertaking 

SPR Safety and Performance Requirements

TAM Total Airport Management
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Table 2: Acronyms and terminology 

TEL Taxiing Emissions Lab

TS Technical Specifica[on

TWR Tower

VALP Valida[on Plan

VALR Valida[on Report

VPE Environmental Protec[on Volume

WP Work Package
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3. Context of the Valida1on 

3.1. SESAR Solu1on 29.3 Environmental Performance Management 
- A summary 

As per the SESAR Mul[-Annual Work Programme, the SESAR Solu[ons addressed by PJ04 Wave 2 are 
covered by two work packages (WP): 

• (WP2) PJ04-W2-28: Network Connected Airports, 

• (WP3) PJ04-W2-29: Digital Smart Airports. 

Within WP3, Solu[on PJ.04-W2-29.3, strives to close out the V2 maturity process through valida[on 
of a set of tools focusing on introducing the no[on of environmental performance monitoring and 
management into the overall airport opera[ons management process.  

The purpose of the solu[on is to show that airports can benefit from taking into account 
environmental performance indicators in their opera[ons, and not only at the strategic and pre-
tac[cal horizons but also during the tac[cal phase. Benefits could include a bexer adherence to 
Environmental (ENV) constraints rela[ng to noise levels, emissions and improved ENV footprint of 
opera[ons. 

The possibility to drive opera[ons at the pre-tac[cal (the day before) and tac[cal (on the day) level, 
relies on the availability of tools that can help to: 

• An[cipate the level of noise/ emissions  that the foreseen traffic can create and any ENV 1

impact that it may cause based on forecast condi[ons (assuming predicted trajectories, 
forecasted taxi [mes, …), in concerned volumes/areas and taxiing. 

• Monitor the level of noise/emissions the actual traffic is expected to create in (the same) 
concerned volumes/areas and taxi paths, based on the predicted aircra] trajectories, MET 
condi[ons, aircra] types, stand posi[ons, runways. 

• Determine if there is a risk/likelihood that any authorised level will be exceeded in the 
concerned volumes/areas. 

• Propose ac[ons/scenarios (what-if capability) that could help mi[gate the risk/likelihood and 
assis[ng in the decision-making process. 

In today’s opera[ons, data rela[ng to noise and emissions are primarily exploited in the post-
opera[onal analysis phase in order to influence and guide strategic decisions. However, real [me ENV 
analysis is generally not exploited when taking opera[onal decisions. 

For this reason, this solu[on proposes the introduc[on of an environmental framework that covers 
both pre-tac[cal (day D-1) and tac[cal phases and is expected to enhance the APOC collabora[ve 
decision-making process. This is done through the elabora[on of an Environmental performance 
dashboard capability. 

From the perspec[ve of the ATM Master Plan, the following table describes the Solu[on PJ04-
W2-29.3 in terms of its associated Opera[onal Improvement (OI) Step and Enablers. 

 In the framework of the exercise, noise was considered in the air while emissions were addressed on the 1

ground during taxiing phase.
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Table 3: SESAR PJ04-W2-29.3 Solu1on under Valida1on 

Table 4: Enablers linked to Solu1on PJ04-W2-29.3 

The Opera[onal Requirements for the exercise are fully described in the relevant SPR-INTEROP/OSED 
document (Reference [9]) and the valida[on objec[ves mapping to opera[onal requirements can be 
found in the exercise Valida[on Plan (Reference [11]). 

S E S A R 
Solu1on ID

S E S A R 
S o l u 1 o n 
Descrip1on

M a s t e r o r 
Contribu1ng 

(M or C)

OI Steps ref. 
(from EATMA)

Enablers ref. 
(from EATMA)

PJ . 0 4 – W 2 –
29.3

Environmental 
Performance 
Management

M A O - 0 8 2 2 
“Enhancement 
o f 
Environmental 
P e r f o r m a n c e 
Management"

Enablers (see 
table below)

OI descrip[on Applicable OI step

AO-0822 - Enhancement of environmental performance 
management

AO-0822 

EN code EN descrip[on

AIRPORT-0
7a

Decision support tools for airport ENV performance 
management

AIRPORT-07a 

HUM-037 New responsibili[es for the APOC Supervisor rela[ng 
to ENV Performance management

HUM-037

HUM-038 New role for Airport Performance Commixee 
Coordinator

HUM-038 

SVC-054 Airport CDM Environment Management SVC-054 
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From the perspec[ve of the improvements that the Solu[on PJ04-W2-29.3 is trying to bring, the 
following table compares a number of areas of func[onality within the Solu[on scenario compared 
to the available func[onality in place today (in ORY):  

Comparison of the Reference and Proposed Solu1on scenarios

Item Reference Scenario Solu1on scenario

Environmental 
performance 
framework for 
opera[ons at 
the airport 
level

Objec[ves and thresholds for noise and 
aircra] ground emissions in the APOC 
are not available. 

A night curfew is in opera[on at ORY 
between 23:30LT and 06:00LT in order to 
limit the exposure of the surrounding 
popula[on to aircra] noise. In addi[on, 
an objec[ve of reducing the average taxi 
CO2 emissions by 10% by 2025 is driven 
by environmental considera[ons.  

Environmental protec[on volumes – 
(VPE) are defined for Orly airport by the 
French Government in order to limit 
noise exposure for specific popula[on 
zones.  

The ENV performance framework is 
defined for monitoring ENV indicators 
in the APOC.  

Indicators for noise and taxiing 
e m i s s i o n s w i t h co r re s p o n d i n g 
thresholds are defined in collabora[on 
with the ENV experts using available 
historical data and target objec[ves 
published by the Competent authority.  
Specific zones of interest out of airport 
are defined and thresholds for 
monitoring KPIs (for noise, at each 
noise sta[on, value per hour). 

Exis[ng ENV restric[ons are applicable 
as defined in the reference scenario 
(curfew and VPEs).

ENV Real-[me 
noise and 
taxiing 
emissions 
indicators

There are no noise related indicators in 
the ORY APOC (including CDM). It is only 
possible to display aircra] trajectories 
with a 30 min delay. The noise measured 
in the fixed sta[ons installed in the 
runway axes is not available in real [me. 

No link between opera[onal indicators 
(such as taxi [me or wai[ng [me) and 
ENV indicators is established. 

Periodic noise and emissions reports 
with list of specific ENV indicators at 
different frequencies are published by 
Airport ENV Unit. Specific reports are 
shared with local communi[es but not 
on daily basis (dedicated playorm for 
informa[on sharing and collec[ng 
complaints). Not available in the APOC 
and not used in opera[ons planning.

The noise indicators are integrated into 
a Dashboard in the APOC to improve 
the knowledge of the impact of 
opera[ons on the popula[on in the 
vicinity of the airfield. The values of 
KPIs on the board are calculated 
(modelled) using the appropriate tool 
and updated every 15 minutes. 
Compliance rate at each specified 
loca[on is then displayed. 
The GND taxiing emissions indicators 
are displayed on the dashboard.  
A link between opera[onal indicators 
(such as average taxi-[me per flight 
and addi[onal taxi [me per flight) and 
ENV indicators is established (fuel burn 
and emissions in total, per flight, per 
passenger). Addi[onal, user defined 
KPIs could be displayed as well. 
Daily noise and taxiing emissions 
reports with list of specific ENV 
indicators and associated air traffic are 
be produced for APOC use only.
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Dashboard 
including noise 
and taxiing 
emission KPIs 

Not available in the APOC A hybrid environmental dashboard is 
available in the APOC containing 
informa[on on noise and taxiing 
emissions in planning, execu[on and 
post-ops phase.   

On the noise dashboard, it is possible 
to display reference noise contours 
(50dB to 75dB) as well as contours 
calculated for predicted and real 
traffic, zones of interest for monitoring 
noise and other relevant informa[on. 

The noise level at selected noise 
sta[ons and compliance rate on the 
given loca[on (where noise measuring 
sta[ons are located) are displayed. 

The taxiing emissions related indicators 
are also displayed on the hybrid ENV 
dashboard.  
Ground (taxiing) emissions dashboard 
helps  in visualising emissions and KPIs 
such as fuel burn per flight, calculated 
average and total emissions per flight, 
per passenger, per hour. 
Different views are available: 

- P r e d i c [ o n s d a y b e f o r e 
opera[ons (D-1): es[mated 
taxiing emissions.  

- Day D: taxiing emissions and 
fuel burn  

- Day a]er (post-ops): daily ENV 
informa[on.

Noise Warning 
/ Alerts

Not available in the APOC. Warning/Alerts are generated as 
necessary and displayed through the 
appropriate dashboard when a pre-
defined threshold is exceeded at a 
specific loca[on and using colour-
coding to indicate severity. 
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Real-[me 
noise 
monitoring  of 
ENV 
performance

A map within the limit of noise 
contours for a level of 50db is including 
the nearest fixed sta[ons.  

A P O C s u p e r v i s o r ca n u s e t h e 
dashboard to monitor in real [me the 
noise contours and emissions for air 
traffic Noise values are updated every 
15 minutes with emissions available in 
real-[me.  
Specific noise measurement sta[ons 
can be designated and the calculated 
noise level are available at each 
loca[on.   

Visualisa[on 
of predic[ve 
noise contours 
for scheduled 
traffic in the 
[me window 
of 24 h.

There is no tool for visualisa[on of 
predic[ve noise contours.

The model led predic[ve noise 
contours for scheduled traffic on the 
day of opera[ons is available on a 
background airport map the day 
before.

Noise level monitoring is not available in 
real [me. The noise level can be 
followed in the noise measurement 
sta[ons (updated every 8 minutes) in 
replay and only a]er an elapsed 24 hour 
period.  

 

Air quality sta[ons measure air quality 
but without the possibility to assess the 
specific impact of air traffic. The data are 
not available in the APOC. 
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Table 5 : Reference and Solu1on scenario func1onality comparison 

What-if 
scenario for 
noise impact 
modelling and 
emissions 
during the taxi 
phase

Not available in the APOC. In addi[on, 
no environmental impact assessment 
tool is available in the APOC.

A test scenario is available to evaluate 
the gains in terms of noise and taxiing 
emissions when adjus[ng the schedule 
for runway inspec[on purposes. 

Impacted flights and noise related 
indicators are used to help in the 
decision-making process related to the 
selec[on of schedule for conduc[ng 
RWY inspec[ons. 

Noise dashboard displays calculated 
noise contours for the scheduled 
flights and for preselected [meslots for 
runway inspec[on. Considering this 
impact helps in equilibra[ng noise 
exposure round airport. 

Taxiing emissions impact assessment 
("what-if") tool permits to calculate 
emission metrics in advance, to 
explore the most environmentally 
friendly [me slots for RWY inspec[on 
(morning and a]ernoon). This impact 
can be made available a few hours in 
advance in the execu[on phase and in 
the planning phase the day before 
when flight informa[on is available. 
The es[mated taxi [me  for impacted 
flights with the runway's inspec[on 
process is  supported by machine 
learning (algorithm learns from 
historical data). 

Poten[al benefits in taxiing emissions 
using N-1 engine taxi-in can be 
es[mated using a simula[on tool.

Visualisa[on 
of real [me 
taxiing 
emissions

Not available in the APOC through A-
CDM.

A daily report will be possible to edit 
analysis of date as well to iden[fy 
poten[al improvement and use 
informa[on in the con[nuous 
improvement of opera[ons and impact 
on environment.

Compliance of 
flights 
trajectories 
with VPE 
restric[ons

Not available in the APOC.  List of flights out of VPE is available in 
APOC through 3D trajectory 
visualisa[on.
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3.2. Summary of the Valida1on Plan 

3.2.1. Valida1on Plan Purpose 

For the progression to V2, a single valida[on exercise has been performed in the airport of ORY. As 
the solu[on contains only one single OI step (AO-0822), the execu[on of one single exercise is 
considered to provide the necessary coverage.   

The Human Performance Assessment Plan (HPAP) is described in Part IV of the overall VALP 
documenta[on (Reference [11]). The results of the HPAP gathered through ques[onnaires and 
interviews with the par[cipants are also reported in this VALR.   

The ini[al maturity level of Solu[on PJ04-W2-29.3 at the commencement of Wave 2 was deemed to 
be V1 (complete). The target maturity at the end of Wave 2 is V2 completed and with a successful V2 
maturity Gate to be performed in the first Quarter of 2023.   

The high-level goal for the exercise can be stated as: 

“To validate that a set of environmental performance monitoring and management tools rela(ng 
to noise and taxiing emissions can provide a sufficient increase in situa(onal awareness to allow 
environmental considera(ons to be taken into account as part of the overall airport opera(ons 
management.”  

Paris Orly airport welcomed 15,7 million passengers in 2021 (31,9 million in 2019). As a major airport 
rela[vely close to surrounding communi[es, its environmental performance is closely scru[nised and 
all ac[ons which could poten[ally impact in a posi[ve way its noise and emissions footprints are to 
be considered favourably.  
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Figure 1 : Aerial view of Paris Orly Airport 

3.2.2. Summary of Valida1on Objec1ves and success criteria 

The detailed valida[on objec[ves and their link with the individual Opera[onal Requirements have 
been fully described in the exercise Valida[on Plan (Reference [11]). However, for ease of reference, 
the high-level valida[on objec[ves and success criteria are repeated below. 

Iden[fier OBJ-04.29.3-V2-VALP-SOL29.3.010

Objec[ve To validate that environmental restric[ons and considera[ons can to be taken 
into account in all stages of opera[onal planning and execu[on in order pro-
ac[vely tackle environment restric[ons for the opera[on and growth of 
Airports leading to benefits in the environment KPA.  

Title Environmental Performance and Restric[ons Accommodated in the Airport 
Performance Framework

Category <performance>, <opera.onal feasibility>, <acceptability>

Key environment 
condi[ons

Large Airport

V Phase V2
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Iden[fier Success Criterion

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.010-1

Environmental restric[ons and performance are con[nually and 
appropriately monitored and accommodated in airport capacity opera[ons 
throughout the planning and execu[on [meframes, surface movement 
planning and rou[ng.

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.010-2

Breaches of locally defined environmental regula[ons and threshold values 
are reduced or maintained at previous levels.

Iden[fier OBJ-04.29.3-V2-VALP-SOL29.3.020

Objec[ve To analyse the different concept op[ons in terms of business processes, 
opera[onal procedures, phraseology, roles of actors and their task and human 
and technology interac[on.

Title V2 Development and valida[on

Category <opera[onal feasibility>, <acceptability>

Key environment 
condi[ons

Nominal condi[ons, Traffic sample 2022, Hub Airport with complex layout

V Phase V2

Iden[fier Success Criterion

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.020-1 The preferred op[on is fully developed and validated

Iden[fier OBJ-04.29.3-V2-VALP-SOL29.3.030

Objec[ve To assess the impacts on the environment if the concept were deployed, in all 
poten[al contexts of applica[on

Title Assessment of the impacts on the environment if the concept were deployed

Category <environment>

Key environment 
condi[ons

Nominal condi[ons, Traffic sample 2022, Hub Airport with complex layout

V Phase V2

Iden[fier Success Criterion

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.030-1

Qualita[ve and quan[ta[ve evidence have been collected, using KPIs from 
the programme catalogue (SESAR Performance Framework), about impact 
on environmental sustainability in the most cri[cal (sub) opera[ng 
environments relevant for the SESAR Solu[on

To complete
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Iden[fier OBJ- 04.29.3-V2-VALP-SOL29.3.040

Objec[ve To iden[fy and analyse the poten[al impacts on the human performance if the 
concept were deployed

Title Iden[fica[on and analysis of the impacts on the human performance

Category <environment>

Key environment 
condi[ons

Nominal condi[ons, Traffic sample 2022, Hub Airport with complex layout

V Phase V2

Iden[fier Success Criterion

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.040-1

Benefits and issues in terms of human performance and operability related 
to the proposed SESAR solu[on have been assessed coherently to V2 
maturity

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.040-2

Poten[al interac[ons, from the HP point of view, with related SESAR 
Solu[ons have been considered

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.040-3

Outcomes of V2 valida[on ac[vi[es provide evidence that the level of 
human performance needed to achieve the desired system performance for 
the proposed solu[on is consistent with human capabili[es

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.040-4

The proposed solu[on has been tested with end-users and under 
sufficiently realis[c condi[ons, including relevant abnormal and degraded 
condi[ons

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.040-5

The major HP issues that could become an impediment to concept 
implementa[on (e.g. changes in automa[on levels, training needs of human 
actors, changes in staff requirements, need for reloca[on of the workforce) 
have been iden[fied and analysed, providing poten[al mi[ga[ons to 
overcome blocking issues

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.040-6

Any impact that may require changes to regula[on in the area of HP/ATM 
has been iden[fied (for example: changes in roles & responsibili[es, 
competence requirements, or the task alloca[on between human & 
machine)

Iden[fier OBJ- 04.29.3-V2-VALP-SOL29.3.050

Objec[ve To validate that the solu[on is technically feasible.

Title ENV decision support tool 

Category <environment>

Key environment 
condi[ons

Nominal condi[ons, Traffic sample 2022, Hub Airport with complex layout

V Phase V2

Iden[fier Success Criterion
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The following table summarises the specific Human Performance (HP) objec[ves:  

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.050-1

Confirm there exists at least one feasible technical enabler consistent with 
the selected opera[onal concept.

C R T- 0 4 . 2 9 . 3 - V 2 -
VALP-SOL29.3.050-2

Confirm there exists at least one architecture feasible and stable that could 
support the selected opera[onal concept.

PJ04-W2-29.3 HP Valida1on Objec1ves

Objec1ve 
ID

HP Objec1ve S u c c e s s 
Criteria ID

CRT proposal

OBJ-29.3-
V2-HP1

To assess the 
impact of the 
changes in roles 
a n d 
responsibili[es 
of human actors 
r e l a t e d t o 
changes brought 
by solu[on 29.3 
o n h u m a n 
performance (HP 
Argument 1).

CRT-29.3-V2-
VALP-HP1-001

Enhanced responsibili[es and opera[ng methods 
are clear and consistent for the end users.

CRT-29.3-V2-
VALP-HP1-002

The poten[al changes to human error and 
preliminary mi[ga[ons have been iden[fied.

CRT-29.3-V2-
VALP-HP1-003

The level of workload (induced by cogni[ve and/
or physical task demands) is acceptable.

CRT-29.3-V2-
VALP-HP1-004

The level of situa[onal awareness is acceptable.

CRT-29.3-V2-
VALP-HP1-005

Human actors can achieve their tasks in [mely 
and accurate way.

OBJ-29.3-
V2-HP2

To assess the 
impact of the 
changes to the 
technical system 
r e l a t e d t o 
changes brought 
by solu[on 29.3 
o n h u m a n 
performance (HP 
argument 2).

CRT-29.3-V2-
VALP-HP2-001

The solu[on supports appropriate task alloca[on 
between human and the machine.

CRT-29.3-V2-
VALP-HP2-002

The informa[on provided by the system supports 
human performance.

CRT-29.3-V2-
VALP-HP2-003

The HMI supports specific users' needs and 
associated tasks.

CRT-29.3-V2-
VALP-HP2-004

The HMI design is acceptable for the users.

CRT-29.3-V2-
VALP-HP2-005

HMI supports achieving tasks in [mely and 
accurate manner.

CRT-29.3-V2-
VALP-HP2-006

The level of trust in system informa[on supports 
the usage of automated func[ons.

OBJ-29.3-
V2-HP3

To assess the 
changes to the 
t e a m 
communica[on 
r e l a t e d t o 
changes brought 
by solu[on 29.3 
o n h u m a n 
performance (HP 
argument 3).

CRT-29.3-V2-
VALP-HP3-001

Communica[on between team members 
supports human performance.

CRT-29.3-V2-
VALP-HP3-002

The level of shared situa[on awareness is 
acceptable.
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Table 6 : Specific HP objec[ves for exercise 2931 

3.2.3. Valida1on Assump1ons 

The exercise was executed in passive shadow mode. The valida[on playorm and associated toolset 
was being fed in real-[me by locally available data at ORY airport notably radar data (surveillance 
data) and flight data. In parallel, the playorm was providing environmental performance informa[on 
to the par[cipa[ng stakeholders.  

There was, however, no impact on live opera[ons stemming from the exercise taking place. 
Specifically, ORY APOC staff, pilots or TWR Controllers in the live environment were not devia[ng in 
any way from normal opera[onal procedures in place at the airport.   

The Reference scenario reflects the current state of opera[ons in ORY with environmental 
performance monitoring and management as described above in Table 5.    

In the Solu[on Scenario, environmental performance informa[on was being provided to the 
par[cipa[ng stakeholders through the various tools available to them.  

Success is obtained when the stakeholders provide posi[ve feedback rela[ng to the informa[on 
available and are able to see and agree on the poten[al benefits of such informa[on being made 
available in the future.  

3.2.4. Valida1on Exercises List  

OBJ-29.3-
V2-HP4

To assess the 
changes to HP 
related transi[on 
factors related to 
changes brought 
by solu[on 29.3 
and its impact on 
h u m a n 
performance (HP 
argument 4).

CRT-29.3-V2-
VALP-HP4-001

User feedback does not indicate a nega[ve 
impact to overall job sa[sfac[on.

CRT-29.3-V2-
VALP-HP4-002

Any required changes to training content per 
actor group are iden[fied (prel iminary 
iden[fica[on only). 

PJ04-W2-29.3 HP Valida1on Objec1ves

Objec1ve 
ID

HP Objec1ve S u c c e s s 
Criteria ID

CRT proposal

Iden[fier PJ.04–W2–29.3 – EXE 2931

Title Environmental performance management in the framework of collabora[ve 
airport performance management in an APOC
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Table 7 : Exercise 2931 Key Parameters 

Descrip[on Exercise in passive shadow mode at ORLY Airport in the APOC. 

For both pre-tac[cal and tac[cal phases, the purpose is to assess noise and 
aircra] taxiing emissions in different scenarios and to display informa[on on the 
new dashboard using new ENV KPIs and alerts when defined thresholds are 
exceeded. 

Following use cases were tested:  

1. Plan: predic[on of noise and taxiing emissions day before opera[ons 
and detec[on of poten[al alerts. Simula[on of ENV impact (noise and 
taxiing emissions) for runway inspec[ons planning; 

2. Monitor: real [me noise and taxiing emissions monitoring in nominal 
opera[on and during Single RWY opera[ons as a result of planned 
interven[on on the RWY (e.g., RWY inspec[on). Use of warning/alerts 
when given thresholds/ targets are overrun; 

3. Manage (simula[on tool): Specifically for taxiing opera[ons an 
assessment of the impact of using N-1 engine or the use of ‘greener’ taxi 
routes;   

4. Learn: post-ops analysis of the conformance to environmental 
protec[on zones (VPE compliance), of noise and taxiing emissions.

E x p e c t e d 
Achievements

The exercise is intended to demonstrate the feasibility of the ENV dashboard 
used in an APOC environment (with a focus on the noise and taxiing emissions) 
as a means of considering environmental impact while managing opera[onal 
performance at the airport level.

V Phase V2

Use Cases Described in SPR-INTEROP/OSED (Reference [9])

V a l i d a [ o n 
Technique

Passive Shadow mode

K P A / T A 
Addressed

Fuel efficiency, Human Performance

Start Date 31/05/2022

End Date 02/06/2022

V a l i d a [ o n 
Coordinator

EUROCONTROL and ADP (SEAC2020)

V a l i d a [ o n 
Playorm

EUROCONTROL INTACT, and TRAJECTORY PREDICTOR, and ENV dashboard,  

RWY inspec[on schedular tool and VPE watcher  

Taxiing Emissions Tool 

Green taxiing route Adviser (Fuel-saving Trajectories)

V a l i d a [ o n 
Loca[on

Paris Orly (ORY) Airport

Status Complete

Dependencies None

Iden[fier PJ.04–W2–29.3 – EXE 2931
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3.3. Devia1ons 

3.3.1. Devia1ons with respect to the S3JU Project Handbook 

No events or decisions taken, either in the prepara[on of, or during, this valida[on exercise led to any 
devia[ons in respect to any SESAR Reference material.  

3.3.2. Devia1ons with respect to the Valida1on Plan 

None. 
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4. SESAR Solu1on 29.3 Valida1on Results 

4.1. Summary of SESAR Solu1on 29.3 Valida1on Results 

As stated previously, the Solu[on 29.3 has been validated using a single valida[on exercise 
with a focus on a single Opera[onal Improvement Step from the ATM Master Plan 
(AO-0822). As a result, for the purposes of this report, the individual exercise results and the 
Solu[on level results are considered one and the same.  

The following table gives an overview of the exercise results for each valida[on objec[ve 
and the subsequent sec[ons explore these results in more detail. 

V A L 
EXE-2931 
Valida1o
n 
Objec1v
e ID

V A L 
EXE-293
1 
Valida1o
n 
Objec1v

V A L 
EXE-293
1 
Success 
Criterion 
ID

V A L 
E X E- 2 9 3 1 
S u c c e s s 
Criterion

S u b -
opera1
n g 
environ
ment

V A L E X E - 2 9 3 1 
Valida1on Results

V A L 
EXE-2
9 3 1 
Val id
a1on 
ObjecOBJ-04.2

9.3-V2-
VALP-
SOL29.3.
010

Environm
ental 
Performa
nce and 
Restric[o
ns 
Accomm
odated in 
the 
Airport 
Performa
nce 
framewo
rk

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
010-1

Environme
ntal 
restric[ons 
and 
performan
ce are 
con[nually 
and 
appropriat
ely 
monitored 
and 

Very 
Large 
Airport
s 

The results show 
poten[al gain in the 
environmental 
performance (reduc[on 
of taxing emissions, fuel 
burn) when the runway 
inspec[on [meslots are 
planned considering 
ENV footprint in 
addi[on to the number 
of impacted flights and 
traffic density. No safety 

Par[a
lly OK

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
010-2

Breaches 
of locally 
defined 
environme
ntal 
regula[ons 
and 
threshold 
values are 

Very 
Large 
Airport
s 

. The local threshold 
values defined for noise 
level at specific sta[ons 
and target value per 
flight for taxiing 
emissions are based on 
sta[s[cs and by 
environmental experts 
in the domain. No 

OK

OBJ-04.2
9.3-V2-
VALP-
SOL29.3.
020

V2 
Develop
ment 
and 
valida[o
n

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
020-1

The 
preferred 
op[on is 
fully 
developed 
and 
validated

Very 
Large 
Airport
s 

Monitoring of taxing 
emissions in real-[me 
using KPIs ENV was 
developed and posi[ve 
feedback from end-
users was collected 
demonstra[ng high 

Par[a
lly OK
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OBJ-04.2
9.3-V2-
VALP-
SOL29.3.
030

Assessm
ent of 
the 
impacts 
on the 
environ
ment if 
the 
concept 
were 
deployed

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
030-1

Qualita[ve 
and 
quan[ta[v
e evidence 
have been 
collected, 
using KPIs 
from the 
programm
e catalogue 
(SESAR 

Very 
Large 
Airport
s 

Poten[al benefits for 
environment and issues 
were iden[fied and 
quan[fied based on two 
valida[on exercise 
scenarios: op[misa[on 
of [meslots for runway 
inspec[on (for more 
details see Appendix B 
and poten[al gain with 
N-1 engine taxing-in 

OK

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
030-2

Solu[on 
29.3 has 
poten[al to 
increase 
fuel 
efficiency 
on the 
ground by 
proposing 
fuel saving 
taxi-routes 
(CO2, less 
distance 
and taxi 

Very 
Large 
Airport
s

ENV Impact assessment 
tool (simula[on what-if) 
can trigger modifica[on 
of the ini[ally planned 
opera[on, which would 
increase fuel efficiency 
at the airport.

OK

OBJ-04.2
9.3-V2-
VALP-
SOL29.3.
040 

To 
iden[fy 
and 
analyse 
the 
poten[al 
impacts 
on the 
human 
performa
nce if the 
concept 
were 
deployed
. 

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
040-1

Benefits 
and issues 
in terms of 
human 
performan
ce and 
operability 
related to 
the 
proposed 

Very 
Large 
Airport
s

Benefits and issues were 
iden[fied and are 
analysed in the 
OBJ-29.3-V2-HP1, 
OBJ-29.3-V2-HP2, 
OBJ-29.3-V2-HP3, 
OBJ-29.3-V2-HP4.

OK

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
040-2

Poten[al 
interac[on
s, from the 
HP point of 
view, with 
related 
SESAR 
Solu[ons 

Very 
Large 
Airport
s

No interac[ons from HP 
point of view have been 
iden[fied.

OK

Page I  30
    



SESAR Solu.on PJ04-W2-29.3: Valida.on Report (VALR) for V2 	

 		

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
040-3

Outcomes 
of V2 
valida[on 
ac[vi[es 
provide 
evidence 
that the 
level of 
human 
performan
ce needed 
to achieve 
the desired 
system 

Very 
Large 
Airport
s

The evidence shows no 
nega[ve impact on 
human performance 
with the introduc[on of 
solu[on 29.3 concept. 
Moreover, the benefit is 
expected in terms of 
situa[onal awareness 
and job sa[sfac[on of 
the APOC par[cipants.

OK

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
040-4

The 
proposed 
solu[on 
has been 
tested with 
end-users 
and under 
sufficiently 
realis[c 
condi[ons, 
including 
relevant 
abnormal 
and 

Very 
Large 
Airport
s

The solu[on has been 
tested with end-users 
(APOC par[cipants from 
the airport with 
addi[onal feedback 
from air traffic controller 
and a pilot). The 
valida[on was executed 
by the means of a 
passive shadow mode 
technique in the ORY 
APOC facili[es. 
Therefore, the 
condi[ons are 

Par[a
lly OK

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
040-5

The major 
HP issues 
that could 
become an 
impedimen
t to 
concept 
implement
a[on (e.g. 
changes in 
automa[on 
levels, 
training 
needs of 
human 
actors, 
changes in 
staff 
requireme
nts, need 
for 
reloca[on 

Very 
Large 
Airport
s

The major HP benefits 
and issues were 
iden[fied and are 
analysed in the 
OBJ-29.3-V2-HP1, 
OBJ-29.3-V2-HP2, 
OBJ-29.3-V2-HP3, 
OBJ-29.3-V2-HP4.

OK
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CRT-04.2
9.3-V2-
VALP-
SOL29.3.
040-6

Any impact 
that may 
require 
changes to 
regula[on 
in the area 
of HP/ATM 
has been 
iden[fied 
(for 
example: 
changes in 
roles & 
responsibili
[es, 

Very 
Large 
Airport
s

No impact requiring 
changes in regula[on in 
rela[on to Human 
Performance is 
foreseen.

OK

OBJ- 
04.29.3-
V2-VALP-
SOL29.3.
050

V2 
Technical 
feasibilit
y

CRT-04.2
9.3-V2-
VALP-
SOL29.3.
050-1

Confirm 
there exists 
at least one 
feasible 
technical 
enabler 
consistent 
with the 

Very 
Large 
Airport
s

The LIVE monitoring of 
taxiing emissions too is a 
relevant enabler for the 
ENV performance 
monitoring.  

The runway inspec[on 
tool is a relevant 

OK

CRT-04.2
9.3-V2-
VALP-

SOL29.3.
050-2

Confirm 
there exists 
at least one 
architectur
e feasible 
and stable 
that could 
support 
the 

Very 
Large 
Airport
s

Decision support tools 
including ENV 
informa[on are 
successfully connected 
to the airport 
opera[onal and airport 
surveillance data. 

OK
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OBJ-29.3
-V2-HP1 

To assess 
the 
impact of 
the 
changes 
in roles 
and 
responsi
bili[es of 
human 
actors 
related 
to 
changes 
brought 
by 
solu[on 
29.3 on 
human 
performa
nce (HP 
Argumen
t 1). 

CRT-29.3
-V2-
VALP-
HP1-001

Enhanced 
responsibili
[es and 
opera[ng 
methods 
are clear 
and 
consistent 
for the end 
users.

Very 
Large 
Airport
s

The APOC par[cipants 
clearly understand the 
new responsibili[es that 
would arise as a result 
of ENV indicators 
provision. The 
par[cipants agreed on 
the importance of 
inclusion of such 
indicators in the future, 
however highlighted 
that at a first stage the 
tools would serve 
increasing their 
understanding of those 
impacts, but would not 
drive the decision-
making, hence the 
opera[ng methods 
would not change. As 
for the introduc[on of a 
separate ENV manager 

OK

CRT-29.3
-V2-
VALP-
HP1-002

The 
poten[al 
changes to 
human 
error and 
preliminary 
mi[ga[ons 
have been 

Very 
Large 
Airport
s

No change to human 
error probability with 
the introduc[on of the 
ENV tools was 
iden[fied. The reason 
for that is that in the 
first stage of ENV 
impacts introduc[on to 

OK

CRT-29.3
-V2-
VALP-
HP1-003

The level of 
workload 
(induced 
by 
cogni[ve 
and/or 
physical 
task 
demands) 
is 
acceptable.

Very 
Large 
Airport
s

Given the passive 
shadow mode valida[on 
technique, the workload 
could only be assessed 
in isola[on, i.e. without 
integra[on of ENV 
considera[ons with 
other tasks of the APOC 
par[cipants. 
Nevertheless, the 
workload related to the 
use of ENV tools was 
found to be acceptable. 
During the debriefing 
discussions, the 
par[cipants claimed 
that their workload 
would not be nega[vely 
impacted, if the number 

Par[a
lly OK
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CRT-29.3
-V2-
VALP-
HP1-004

The level of 
situa[onal 
awareness 
is 
acceptable.

Very 
Large 
Airport
s

Given the passive 
shadow mode valida[on 
technique, the SA could 
only be assessed in 
isola[on, i.e. without 
integra[on of ENV 
considera[ons with 
other tasks of the APOC 
par[cipants. 
Nevertheless, the SA 
related to the use of 
ENV tools was found to 
be acceptable. The 
APOC par[cipants’ 
situa[onal awareness 
was assessed in rela[on 
to the informa[on 
provided by the ENV 
tools as well as 
discussions were held 
on how the SA would be 
impacted if the ENV is 
introduced into the 
APOC. All of the 

Par[a
lly OK

CRT-29.3
-V2-
VALP-
HP1-005

Human 
actors can 
achieve 
their tasks 
in [mely 
and 
accurate 
way.

Very 
Large 
Airport
s

Due to the nature of the 
passive shadow mode 
valida[on technique, 
the [meliness of tasks 
achievement could only 
be assessed in isola[on, 
i.e. without integra[on 
of ENV impacts into the 
APOC par[cipants’ 
decision-making 
process. The human 
actors expressed that 
the [meliness and 
accuracy of tasks 
achievement would 
strictly depend on the 
accuracy and the 
usability of the ENV 

Par[a
lly OK
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OBJ-29.3
-V2-HP2 

To assess 
the 
impact of 
the 
changes 
to the 
technical 
system 
related 
to 
changes 
brought 
by 
solu[on 
29.3 on 
human 
performa
nce (HP 
argumen
t 2). 

CRT-29.3
-V2-
VALP-
HP2-002

The 
informa[o
n provided 
by the 
system 
supports 
human 
performan
ce.

Very 
Large 
Airport
s

The APOC par[cipants 
agreed that the 
informa[on provided by 
the ENV tools meets 
their informa[on 
requirements in terms 
of the impact of airport 
opera[ons on the 
environment. Given the 
maturity of the tools, 
some changes were 
proposed by the users, 
such as simplified data 

Par[a
lly OK

CRT-29.3
-V2-
VALP-
HP2-001

The 
solu[on 
supports 
appropriat
e task 
alloca[on 
between 

Very 
Large 
Airport
s

The par[cipants of the 
valida[on agreed that 
the distribu[on of tasks 
between the user and 
the system was 
reasonable.

Par[a
lly OK

CRT-29.3
-V2-
VALP-
HP2-003

The HMI 
supports 
specific 
users' 
needs and 
associated 
tasks.

Very 
Large 
Airport
s

The users posi[vely 
reacted to the ENV tools 
presented to them. The 
users agreed that the 
informa[on presented 
on the HMI is of their 
interest. However, some 
changes by the users 

Par[a
lly OK

CRT-29.3
-V2-
VALP-
HP2-004

The HMI 
design is 
acceptable 
for the 
users.

Very 
Large 
Airport
s

Overall, the APOC 
par[cipants were 
sa[sfied with the HMI 
design at a current stage 
of development. 
Nevertheless, before 
implementa[on, some 
adjustments need to be 
made to ensure 
adequate usability of 
the tools. For instance, 
the tools should allow 
for user input on the 

Par[a
lly OK
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CRT-29.3
-V2-
VALP-
HP2-005

HMI 
supports 
achieving 
tasks in 
[mely and 
accurate 
manner.

Very 
Large 
Airport
s

The accuracy of some of 
the tools should be 
improved, i.e. the 
loading of the data 
should take less [me 
than in the valida[on in 
order to ensure full 
usability of the tools. 
Addi[onally, at [mes, 
users were not able to 
easily find the 
informa[on they were 
looking for due to large 
amount of informa[on 
presented on mul[ple 
screens. In order to 

Par[a
lly OK

CRT-29.3
-V2-
VALP-
HP2-006

The level of 
trust in 
system 
informa[o
n supports 
the usage 
of 
automated 
func[ons.

Very 
Large 
Airport
s

Overall, the APOC 
par[cipants expressed 
that they would trust 
the outputs of the ENV 
tools. In order to 
reinforce the trust in the 
ENV outputs, the users 
expressed interest in 
understanding the 
scien[fical models 
behind the calcula[ons, 
i.e. what is included and 
what is excluded from 
the calcula[on, in order 
to fully understand the 

OK

OBJ-29.3
-V2-HP3 

To assess 
the 
changes 
to the 
team 
communi
ca[on 
related 
to 
changes 
brought 
by 
solu[on 
29.3 on 

CRT-29.3
-V2-
VALP-
HP3-001

Communic
a[on 
between 
team 
members 
supports 
human 
performan
ce.

Very 
Large 
Airport
s

No significant changes in 
the communica[on 
between APOC 
par[cipants were 
iden[fied.  The ENV 
tools do not introduce 
addi[onal means of 
communica[on. 
Therefore, no nega[ve 
impact on human 
performance in terms of 
communica[on was 
iden[fied. Moreover, 
the APOC par[cipants 

OK
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Table 8: Summary of Solu1on 29.3 Valida1on (Human Performance Assessment) Results 

solu[on 
29.3 on 
human 
performa
nce (HP 
argumen
t 3). 

CRT-29.3
-V2-
VALP-
HP3-002

The level of 
shared 
situa[on 
awareness 
is 
acceptable.

Very 
Large 
Airport
s

The APOC par[cipants 
agreed that if the tools 
were provided to the 
APOC, their shared 
situa[onal awareness 
would increase. 
Moreover, if the ENV 
indicators were 
provided to other key 
stakeholders like 
airlines, ground 
handling, and air traffic 

Par[a
lly OK

OBJ-29.3
-V2-HP4 

To assess 
the 
changes 
to HP 
related 
transi[o
n factors 
related 
to 
changes 
brought 
by 
solu[on 
29.3 and 
its 
impact 
on 
human 
performa
nce (HP 
argumen
t 4). 

CRT-29.3
-V2-
VALP-
HP4-001

User 
feedback 
does not 
indicate a 
nega[ve 
impact to 
overall job 
sa[sfac[on
.

Very 
Large 
Airport
s

The APOC par[cipants 
expressed that their job 
sa[sfac[on would 
increase due to 
introduc[on of ENV 
tools to their working 
environment. The users 
expressed that as the 
awareness of the 
environmental 
protec[on in the 

OK

CRT-29.3
-V2-
VALP-
HP4-002

Any 
required 
changes to 
training 
content per 
actor group 
are 
iden[fied 
(preliminar
y 
iden[fica[
on only). 

Very 
Large 
Airport
s

The APOC par[cipants 
expressed that in order 
to fully understand the 
func[ons of the ENV 
dashboards, an 
extensive training on 
func[onali[es should be 
provided before 
implementa[on. 
Addi[onally, the users 
expressed the interest in 
learning about the 
technical side of the 
calcula[ons done 

OK
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4.2. Detailed analysis of SESAR Solu1on Valida1on Results per 
Valida1on objec1ve 

The more detailed results of the valida[on exercise are presented as a func[on of each of the 
available tools. Therefore, before proceeding with the results of the HP feedback, a short descrip[on 
of each tool is provided with available environmental informa[on for opera[onal monitoring and 
decision making. 

Noise Dashboard 

The noise dashboard provides a large amount of informa[on rela[ng to both predicted and 
(modelled) real-[me noise contours and superimposed onto a map covering the airport and its 
surrounding areas.  The content of the dashboard is provided primarily by the INTACT tool. 

Figure 2 illustrates the interface an end-user could use to have overview on the noise generated by 
the traffic. This includes the informa[on on the compliance rate at specific loca[ons, where loca[on 
of noise monitoring sta[ons and specific area are displayed with associated noise thresholds. 

  

Figure 2 : Noise dashboard visual representa1on - noise monitoring & filters 

Detailed informa[on on noise level at specific loca[on is accessible via the given map. The 
environmental impact of opera[ons is calculated, and an alert is displayed in case of noise threshold 
overrun. Figure 3 illustrates informa[on integrated in the support tools (at this stage in the valida[on 
playorm) and displayed to the opera[onal staff who can then take it into account in the planning and 
execu[on phases. 
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Figure 3 : Noise dashboard visual representa1on – alert display  

Both the predicted noise contours and real-[me noise contours are available for the runway 
inspec[on scenario involving the transi[on to single runway opera[ons. Predicted noise contours 
calculated at D-1 can be displayed taking into account the predicted traffic as well as MET informa[on 
to determine the likely runway configura[on. 

Each [meslot is characterised by defined parameters (LAeq contour area, number of impacted flights 
and number of impacted Heavy aircra]) providing end-user with the evalua[on of the scenario.    

 

Figure 4 : Noise dashboard visual representa1on – RWY inspec1on & filters 
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Figure 4 illustrates the combina[on of two runway inspec[ons in the morning and in the a]ernoon 
with less impact according to the specified evalua[on rule (i.e. area evolu[on for noise contour). 
Using this informa[on, the planning of runway inspec[on would include environmental impact in the 
decision making. 
  

Taxiing Emissions Tool 

The Taxiing emissions tool provides a range of informa[on concerning a real-[me representa[on of 
taxiing emissions from aircra]. 

 

Figure 5 : Taxiing emissions dashboard - global view 

For single (N-1) engine opera[ons, the dashboard also shows the impact on emissions. Depending on 
the N-1 engine taxi-in rate, fuel savings and poten[al emission benefits can be evaluated. Figure 6 
illustrates poten[al gains in CO2 emissions (reduc[on in 1 670kg CO2, 5,9% of economies) when 30% 
traffic would taxi-in with N-1 engines during the given period of the day.  

 Results of expected gains for the traffic on 1st June is given in the Figure 6. 
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Figure 6 : Taxiing emissions dashboard – simula1on N-1 view 

Environmental Protec[on Volume (VPE) monitoring 

A number of environmental protec[on volumes (VPE) are defined for arriving and depar[ng aircra] 
in the vicinity of ORY airport in order to protect surrounding areas from excessive noise pollu[on.  

The monitoring of the adherence to these zones is available in this par[cular tool, as presented on 
Figure 7 and Figure 8.  

In case one flight is detected to be out of the VPE, it is displayed along with an observa[on about the 
reason why, as presented in the Figure 7.  

 

Figure 7 : Environmental Protec1on Volume Watcher Dashboard 
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Flight informa[on and 3D visualisa[on to analyse flight trajectory are illustrated on the Figure 8. 

 

Figure 8 : VPE monitoring tool – flight informa1on 

Runway Inspec[on tool 

This tool provides an indica[on of the impact of a runway inspec[on at a specific [me in terms of the 
flights impacted, addi[onal distance to be flown and impact on fuel burn and emissions. It is also able 
to iden[fy the ‘best’ [meslot between a number of possibili[es. 

Figure 9 illustrates the interface to support planning of runway inspec[on on the day of opera[ons. It 
also provides the possibility to plan runway inspec[ons the day before of opera[ons.   

Two strategies are applied by the air traffic controllers (ATC) to organise the traffic for dealing with 
runway inspec[ons: single runway use and upstream regula[on to create [me buffer for runway 
inspec[ons. These ATC opera[onal methods are included in the tool to reflect the realis[c 
environment. 

Quan[fica[on of environmental impact provides informa[on to the end user about each runway 
inspec[on scenario.   

For illustra[on purpose, as presented on Figure 9, two scenarios for runway inspec[on are compared. 
Considering that the first runway inspec[on is conducted in the morning, the poten[al gain can be 
evaluated and used for the planning of the runway inspec[ons [meslots in the a]ernoon. Two slots 
were compared, one star[ng at 16h and second at 16h30. 
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Figure 9 : Runway Inspec1on scheduler 

According to the impact assessment model, conduc[ng a runway inspec[on at 16h is more emissions 
friendly comparing to one at 16h30. Poten[al gain is evaluated as follows:  258.6kg fuel savings, 
817.2kg less of CO2, 7.7kg less of NOx can be observed in this case. On a yearly basis, for illustra[on 
purpose, the poten[al gains in selec[ng more emissions friendly runway inspec[on [me slot 
represents 94 tonnes fuel saving for taxiing, 298 tons less of CO2 and 2.8 tons less of NOx.  

Study case providing detailed informa[on on the model and poten[al gains is given in the Appendix 
B. 

Fuel-Saving Trajectory tool 

A what-if capability is available in the Fuel-Saving Trajectory tool (Trajectory recommenda[on tool) to 
compare different poten[al taxi routes to / from the gate and the runway threshold. The tool helps to 
iden[fy more ‘greener’ routes in terms of emissions. 

This tool provides an indica[on of the poten[al gain of a trajectory choice to reach the parking stand 
or runway in terms of fuel burn, emissions, taxi [me and distance. The recommended taxi speed is 
given for each segment of the selected trajectory permi�ng to op[mise fuel-burn and emissions. 

Figure 10 illustrates ra[ng of possible taxiing trajectories from the runway to the parking stand for a 
given flight in terms of fuel burn, CO2 and NOx emissions, dura[on, and distance. The poten[al gain 
in selec[ng specific trajectory can be observed in the planning phase of the surface rou[ng. It can be 
observed poten[al fuel saving of 9 kg between the path #1 and the path #5.    
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Figure 10 : Trajectories recommenda1on for AF7358 in West configura1on 

The addi[onal informa[on on recommended speeds per segment of the selected taxi route is also 
available permi�ng to reach poten[al savings. Figure 11 illustrates the decision support tool for the 
emissions friendly route planning.  

 

Figure 11 : Recommended taxi speeds for the path #1 

Study case providing detailed informa[on on the model and poten[al gains is given in the Appendix 
C.  
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4.2.1. OBJ-04.29.3-V2-VALP-SOL29.3.010 Results on ENV performance in the 
airport opera1ons 

CRT-04.29.3-V2-VALP-SOL29.3.010-1: Environmental restric.ons and performance are con.nually and 
appropriately monitored and accommodated in airport opera.ons. 

Detailed results are in Appendix B and Appendix E. As the exercise was in passive shadow mode, the 
accommoda[on in the airport opera[ons has not been fully validated. Hence: 

The results are Par1ally OK. 

CRT-04.29.3-V2-VALP-SOL29.3.010-2: Breaches of locally defined environmental regula.ons and 
threshold values are reduced or maintained at previous levels. 

The local threshold values defined for noise level at specific sta[ons and target value per flight for 
taxiing emissions are based on sta[s[cs and by environmental experts in the domain. No significant 
and inexplicable overrun was detected during the exercise. Hence:  

The results are OK. 

4.2.2. OBJ-04.29.3-V2-VALP-SOL29.3.020 Results on development and 
valida1on 

CRT-04.29.3-V2-VALP-SOL29.3.020-1: The preferred op.on is fully developed and validated 

The scope of the exercise covers all envisaged op[ons for solu[on PJ04 W2 29.3, although not 
extensively developed at this maturity stage. No blocking issues were iden[fied. 

This objec[ve aims in assessing technical and procedural enabler responding to opera[onal need to 
monitor environmental performance and include it in the airport opera[ons performance 
management process. 

Each prototype has different maturity. The prototype for monitoring taxiing emissions in real [me 
(Taxiing emission Lab) is fully developed and validated. Results for Human Factors' objec[ves support 
posi[ve feedback and valida[on. Scenarios related to the noise and the management of ENV 
performance need further refinement, since whilst the runway inspec[on related to a management 
ac[on, further valida[on is needed with an ac[ve shadow mode and evalua[ng the poten[al 
tradeoffs (to bring towards maturity V3), showing (taking into account ORY examples) how 
environmental impacts could be included in the decision making. Hence:  

The results are Par1ally OK. 

4.2.3. OBJ-04.29.3-V2-VALP-SOL29.3.030 Results on performance 

CRT-04.29.3-V2-VALP-SOL29.3.030-1: Qualita.ve and quan.ta.ve evidence have been collected, 
using KPIs from the programme catalogue (SESAR Performance Framework). 

Human performance results are further presented for each human factor valida[on objec[ve in the 
document. 
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Quan[ta[ve results on poten[al performance impact (on fuel efficiency, [me efficiency) are 
presented in Appendix B, Appendix C,  Appendix D and Appendix E. Considering passive shadow 
mode of the exercise, impact on punctuality and predictability were not assessed. Hence: 

The result is OK.  

CRT-04.29.3-V2-VALP-SOL29.3.030-2: The solu.on permits to increase fuel efficiency on the ground. 

Exercise at Orly APOC was used to assess this criterion and concluded that increases in fuel efficiency 
could be obtained.  The fuel-savings trajectory tool proposed several routes on the ground 
quan[fying emissions, fuel burn, distance and dura[on, through the iden[fica[on of fuel saving 
trajectories in the planning phase. Appendix C contains addi[onal quan[fica[on of poten[al fuel 
efficiency at the airport. 

Fuel efficiency could be improved through the iden[fica[on of emission friendly [meslots for runway 
inspec[on using the Runway Inspec[on planning tool. Hence: 

The result is OK.  

4.2.4. OBJ-04.29.3-V2-VALP-SOL29.3.040 Results on Human Performance 

CRT-04.29.3-V2-VALP-SOL29.3.040-1: Benefits and issues in terms of human performance and 
operability 

Detailed results are presented in §4.2.6, §4.2.7, §4.2.8 and §4.2.9. 

The results are OK.  

CRT-04.29.3-V2-VALP-SOL29.3.040-2: Poten.al interac.ons, from the HP point of view, with related 
SESAR Solu.ons and CRT-04.29.3-V2-VALP-SOL29.3.040-6: Changes to regula.on in the area of HP/
ATM 

No interac[on or need for change have been iden[fied.  

The results are OK.  

CRT-04.29.3-V2-VALP-SOL29.3.040-3: Solu.on is consistent with human capabili.es 

Detailed results are given in §4.2.6, §4.2.7 and §4.2.9. 

The results are OK.  

CRT-04.29.3-V2-VALP-SOL29.3.040-4: Test of the solu.on in realis.c condi.ons 

No abnormal and degraded modes were assessed during this valida[on, it is therefore recommended 
that this issue is further inves[gated in the next maturity phase. Hence:  

The results are Par[ally OK.  

Illustra[on of the realis[c environment is given in the Appendix A. 

CRT-04.29.3-V2-VALP-SOL29.3.040-5: Major HP issues that could become an impediment to concept 
implementa.on 

Detailed results are given in §4.2.6, §4.2.7, §4.2.8 and §4.2.9.  
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The results are OK.  

4.2.5. OBJ- 04.29.3-V2-VALP-SOL29.3.050 Results on technical feasibility 

CRT-04.29.3-V2-VALP-SOL29.3.050-1: Confirm there exists at least one feasible technical enabler 
consistent with the selected opera.onal concept 

Six technical enablers, with different func[onali[es, were used in the valida[on exercise and 
demonstrated technical feasibility. Hence: 

The result is OK.  

CRT-04.29.3-V2-VALP-SOL29.3.050-2: Confirm there exists at least one architecture feasible and 
stable that could support the selected opera.onal concept. 

Specific results for this objec[ve are included in the results for human performance valida[on 
objec[ves. Hence: 

The result is OK.  

4.2.6. OBJ-29.3-V2-HP1 Results rela1ng to Roles / Responsibili1es and Human 
Performance  

This valida[on objec[ve feeds from the lower-level Human Performance-related objec[ves and aims 
at assessing at higher solu[on level whether the poten[al impacts on the human actors were 
iden[fied and analysed in the scope of PJ.04-W2-29.3. 

The human actors par[cipa[ng in the exercise were the APOC representa[ves from ORY airport 
environment. Based on the iden[fied poten[al impacts in the Human Performance Assessment Plan 
(described in Reference [11]), two groups of the APOC par[cipants were highlighted in addi[on to 
common ‘Airport Operator’ group: APOC Coordinator and Airside Opera[ons Manager. The 
evalua[on was done in threefold ways: end-of-exercise ques[onnaire twice per day (see Reference 
[11]) post-trial ques[onnaire, and daily debriefing sessions with the par[cipants. Addi[onally, the 
par[cipants were provided with a pre-trial ques[onnaire to evaluate their understanding of the 
concept and the tools provided for the shadow mode trial.  

Addi[onally, there was one airline representa[ve (pilot) who par[cipated in the discussions and final 
debrief on the last day of the valida[on, as well one Air Traffic Control representa[ve (controller). 
However, in order to maintain the consistency in the measurements for each day, only verbal 
feedback was collected from the pilot, without collec[ng his feedback through post-exercise 
ques[onnaire. This is also based on the fact that none of the tools were planned to be provided to 
the pilot. As for the air traffic controller, only post-valida[on ques[onnaire was provided due to his 
limited par[cipa[on in the exercise. 

The assessment in this Sec[on is focussed on the impact of the poten[al changes in roles and 
responsibili[es of impacted human actors on the key areas of human performance, i.e. workload, 
situa[onal awareness, human error poten[al, and [meliness of ac[ons. 
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4.2.6.1. Responsibili1es and Opera1ng Methods 
CRT-29.3-V2-VALP-HP1-001: Enhanced responsibili.es and opera.ng methods are clear and 
consistent for the end users 

When asked about the need for a dedicated ENV manager role in the APOC, the par[cipants agreed 
that rather than having a separate working posi[on to specifically analyse ENV aspects, all APOC 
representa[ves should be trained on how to include these aspects in rela[on to their tasks. Some 
users stated that, if in the future the airport would share the same system with airlines, ground 
handlers, and air traffic controllers, there could be a poten[al need for an ENV manager in rela[on to 
all airport actors. Nevertheless, the par[cipants felt that the ENV aspects should be centralised on 
the APOC level in order to facilitate their work. Hence: 

The result is OK.  

4.2.6.2. Situa1onal Awareness  
CRT-29.3-V2-VALP-HP1-004: The level of situa.onal awareness is acceptable 

In order to assess situa[onal awareness, the China Lakes Situa[onal Awareness scale was used. The 
scale encompasses a hierarchical decision tree that guides the par[cipants through a ten-point ra[ng 
scale (1 - lowest ‘my situa[on awareness with regard to the task was far too low, not possible to 
perform the task’ to 10 - highest ‘my situa[on awareness with respect to the task was excellent, I 
performed my task extremely well’). 

The par[cipants' percep[on on the ENV indicators provision to the APOC was unanimously posi[ve. 
All of the APOC representa[ves par[cipa[ng expressed that this informa[on could posi[vely impact 
their situa[onal awareness.  

The APOC par[cipants agreed that at this stage, the ENV indicators would be used more to increase 
situa[onal awareness with regards to the impact the airside opera[ons have on the environment 
rather than to make opera[onal decisions based on this informa[on. Nevertheless, users agreed that 
because the environmental KPIs are currently not considered, the first stage of introduc[on would be 
to make the Airport Stakeholders aware of these impacts. Yet, users expect that in next stages the 
environment could drive the decisions making process, especially in the pre-tac[cal phase of 
opera[ons.  

Table 9: China Lakes Situa1onal Awareness ra1ngs 

25 out of 29  responses related to situa[onal awareness of the par[cipants were 8 or higher. This 
score corresponded to good SA with respect to the task and ability to perform tasks well all of the 
[me. One par[cipant rated their SA as Low. However, this was reported on the first day of the 
valida[on and may be associated with the lack of familiarity as the score improved over the following 
days. The par[cipants were sa[sfied with the informa[on provided and agreed that their roles and 
responsibili[es related to these new aspects were fully understandable. The main reason for 
enhanced SA men[oned by the majority of par[cipants was associated with their training and 
familiarisa[on with the concept, as well as the tools that were provided ahead of the valida[on 
exercise. Hence: 

China Lakes Situa1onal Awareness

Good - Excellent Not complete - Reduced Low – Far too low

Count 25 3 1
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The result is Par1ally OK.  

4.2.6.3. Workload  
CRT-29.3-V2-VALP-HP1-003: The level of workload (induced by cogni.ve and/or physical task 
demands) is acceptable 

In order to assess workload, the Bedford Workload ra[ng scale was used. The scale encompasses 
a hierarchical decision tree that guides the par[cipants through a ten-point ra[ng scale where each 
point is accompanied by a descriptor of the associated level of workload (1 - lowest ‘Workload 
insignificant’ to 10 - highest ‘Task abandoned. I was unable to supply sufficient effort’). 

On average, the par[cipants agreed that the effort required to perform their tasks was acceptable. 
During this passive shadow mode trial it was not possible to assess the users’ workload in rela[on to 
all their tasks during live opera[ons. However, the users highlighted that even though there was a lot 
of informa[on on the tools, the comprehensive training beforehand could mi[gate any poten[al 
increase in workload that could arise with the introduc[on of addi[onal informa[on to their current 
working posi[ons. 

Table 10: Bedford Workload ra1ngs 

The workload was assessed a]er each block session of the shadow mode, which resulted in 5 ra[ngs 
per par[cipant during the three days of the valida[on. 16 out of 29 par[cipants rated their workload 
as 3 or lower, which corresponds to low workload and enough spare capacity for all desirable 
addi[onal tasks. 12 of the par[cipants rated their workload between 4 and 6, which corresponds to 
reduced spare capacity, but no impact on the primary task. Only one par[cipant rated their workload 
as 10 out of 10 in one instance. The workload was increased due to addi[onal tasks done in parallel 
and was not related to the ENV tools. However, it must be noted that due to the nature of a passive 
shadow-mode exercise, the workload could only be assessed through standardised ques[onnaire 
means in rela[on to the use of the new tools, without incorpora[ng that with the usual tasks of the 
APOC par[cipants and without including ENV aspects into their decision-making process.  
Nevertheless, the par[cipants expressed their concern on being presented with too much 
informa[on. Essen[ally due to the need to monitor a number of different tools and dashboards.  The 
users agreed that, if implemented in real opera[ons, these should be limited to one or two 
dashboards presen[ng correspondingly noise and emissions KPIs. Otherwise, due to large amount of 
data presented, it may nega[vely impact their ability to achieve their tasks in a [mely manner, as 
they would spend an increased amount of [me and cogni[ve resource (working memory) while 
searching for relevant informa[on. Hence: 

The result is Par1ally OK.  

4.2.6.4. Poten1al for Human Error  
CRT-29.3-V2-VALP-HP1-002: The poten.al changes to human error and preliminary mi.ga.ons have 
been iden.fied 

Bedford Workload ra1ng scale

Insignificant - Low Moderate High – Too high

Count 16 12 1
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In rela[on to the poten[al for human error, the par[cipants agreed that as the ENV impacts are 
considered at the current stage to provide awareness rather than to drive opera[onal decision 
making based on these indicators. Therefore, no increase of poten[al for such errors to occur is 
foreseen. All actors, including the pilot and the air traffic controller, agreed that the primary driver of 
making decisions is safety of opera[ons and environmental impacts would not be considered in 
safety cri[cal scenarios/ circumstances.  

In rela[on to new responsibili[es of the APOC representa[ves, the par[cipants expressed the view 
that environmental impact needs to progressively become a new priority for all airport stakeholders 
and stressed that, a]er familiarisa[on period with this new informa[on, it would be fully acceptable 
to take on this new responsibility. Hence: 

The result is OK.  

The valida1on objec1ve HP1 is Par1ally validated. 

4.2.7. OBJ-29.3-V2-HP2 Results rela1ng to impact of changes in the system 
and Human Performance  

4.2.7.1. Task alloca1on between human and the machine  
CRT-29.3-V2-VALP-HP2-001: The solu.on supports appropriate task alloca.on between human and 
the machine. 

The par[cipants of the valida[on agreed that the distribu[on of tasks between the user and the 
system was reasonable. The system was responsible for calcula[ng various indicators for noise and 
emissions, automa[cally comparing to the thresholds giving indica[on whether they are to be 
exceeded or not, as well as providing the what-if scenarios. The tools were ac[ng in an informa[ve 
manner and should serve the decision-making process as well as performance-related analysis in the 
planning and post-ops phases, but are not foreseen to have automated func[ons in a manner that 
would take over some of the users’ tasks. Hence: 

The result is Par1ally OK.  

CRT-29.3-V2-VALP-HP2-005: HMI supports achieving tasks in .mely and accurate manner. 

Given that the valida[on took place as a passive shadow mode exercise, the [meliness of achieving 
tasks could not be fully assessed in rela[on to normal opera[ng environment of the APOC 
par[cipants. However, the par[cipants feedback was collected with regards to how they would 
foresee their tasks impacted if the tools were implemented in live opera[ons. The par[cipants 
agreed that the number of the tools provided at once should be lowered to possibly two dashboards, 
corresponding to noise and emissions ENV indicators. Hence:  

The results are Par1ally OK. 

CRT-29.3-V2-VALP-HP2-002 : The informa.on provided by the system supports human performance 

The par[cipants expressed that when they could not easily find informa[on they were looking for on 
the dashboard, their performance was some[mes impacted, due to large number of different views 
and func[ons and their SA would improve if the dashboards were seamlessly integrated into one (or 
two). Addi[onally, a general recommenda[on for the tools’ design was to have more meaningful 
visualisa[on cues that support easy understanding of the impact ‘at a glance’.  
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On a condi[on that the ENV tools would be presented in a more concise way, i.e. fewer number of 
separate tools, the APOC par[cipants agreed that those tools would support them in their tasks. 
Especially, the users saw the value in having these tools for post-ops analysis, where they could really 
analyse the impact the airport opera[ons have on environmental indicators and in the future, this 
could drive their decision-making processes, without nega[ve effect on human performance. Hence:  

The results are Par1ally OK. 

4.2.7.2. Acceptability and Usability  
CRT-29.3-V2-VALP-HP2-003: The HMI supports specific users' needs and associated tasks.  

CRT-29.3-V2-VALP-HP2-004: The HMI design is acceptable for the users. 

The mean usability scores derived from the standardised System Usability Scale are ranging between 
50 and 60 out of 100 for all prototypes of the ENV tools except for the Taxiing Emissions Lab, which 
received mean ra[ng close to 70 (Figure 13). According to the methodology (Figure 12), these ranks 
fall between ‘OK’ and ‘Good’ acceptability ranges. ‘Poor’ usability is considered below 40, therefore it 
can be assumed that all of the tools have the poten[al to be used by the airport stakeholders when 
further developed. 

 

Figure 12: A comparison of SUS ra1ngs and adjec1ve ra1ngs (Bangor et al. 2009) 

 

Figure 13: System Usability Scale results (mean) 

It must be noted that this is an early stage of the tools’ development and given the maturity level of 
this solu[on 29.3, lower than excellent usability scores were expected. The various tools are also at 
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different levels of maturity. Nevertheless, the main aim of the usability assessment was to iden[fy 
which of the func[onali[es were effec[ve and which were deemed as not necessary or cumbersome. 
The comments of the users highlighted that globally, the tools are well structured to address APOC 
par[cipants’ needs. The following improvements / changes were proposed by the users to drive the 
future development of the ENV tools.  

Noise Dashboard 

- The accuracy of the system was not sa[sfactory, i.e. it took a long [me to load the data 
and it was deemed by the par[cipants that, at this stage, it would be difficult to use this 
tool in live opera[ons. Addi[onally, some of the par[cipants complained on the number 
of bugs that appeared during the valida[on, which made the tool difficult to use. 

- The posi[oning of the filters on the dashboard made them difficult to understand and 
u[lise fully, therefore the adjustment to the ops users is needed. 

- For the noise contours, rather than using 1 hour average, the actual noise measured 
should be used. 

- At a current stage, the alerts were not fully understandable by the users, therefore the 
visualisa[ons could be improved. 

Nevertheless, posi[ve feedback was provided by the par[cipants regarding this tool as well. The 
users agreed that the tool is good for visualisa[on of the noise contours, however the above-
men[oned adjustments need to be made in order for the tool to be more useful for the APOC 
par[cipants. From the air traffic controller perspec[ve, the noise contours were deemed as not much 
aid in rela[on to ATC tasks. However, below FL060, the noise is a more important factor for the 
controllers than the gas emissions, therefore the informa[on on noise would s[ll be useful. 

VPE Watcher 

The tool was deemed as a ‘good start’ but not mature enough to consider its usability. Limited 
feedback was provided by the air traffic controller. The ATCO expressed that the tool may not be 
needed for their working posi[on as they already have a tool to visualise the detec[on of the VPE. 
Nevertheless, for the airports where such VPE visualisa[ons are not provided the tool may prove 
useful.  

Runway Inspec[on Tool 

The principal comment on this tool was that it addresses well the needs of the intended users. 
However, few of the respondents found the tool unnecessary complex and felt that it showed some 
inconsistency. As the users do not know the runway configura[on for the next day, it was difficult to 
understand how they could make use of all the informa[on provided by the tool. Therefore, 
operability of the tool requires some adjustments to make the tool more intui[ve and simpler to use. 
For instance, some of the users suggested that the tool could automa[cally show the best [mes for 
the inspec[on. 

This was considered to be more of a tac[cal tool rather than a pre-tac[cal tool. Users expressed that, 
in order to make the best decision, a combina[on of noise and emissions would be beneficial. Most 
concerns arose in rela[on to credibility of the informa[on provided for D+1 forecast. This was caused 
by the fact that even weather issues that appear on the day of opera[ons would result in different 
traffic flows. In addi[on, the [me horizons used could be reduced from 1 hour to 0.5 hour in order to 
iden[fy op[mised runway inspec[on [mes. 
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Trajectory Recommenda[on Dashboard (Fuel-Savings) 

The main issue iden[fied was that the tool should be suppor[ng a “macro” analysis, rather than flight 
by flight, in order to support post-ops opera[ons. Addi[onally, the score was impacted by the fact 
that the APOC representa[ves found it is designed primarily to be used by ATC, as they do not make 
decisions on the trajectory of the aircra]. The feedback from the air traffic controller was that the 
tool gives a good overview of the CO2 emissions es[ma[on, however, at a current stage, the 
decisions are not made based on ENV impacts, therefore its usability is limited to providing more 
awareness, which is likely why the SUS score is lower. 

Taxiing Emissions Tool 

This tool was deemed as the most mature tool out of the six ENV tools presented to the users. The 
tool consisted of four separate views that the user could switch between. The responses towards the 
usability of four different views (func[ons) were consistently posi[ve. The lowest score axributed to 
the ‘What-if Scenario – taxi in N-1 Engine’ view. However, the result may not be conclusive because 
for this view only 50% of the SUS ques[onnaire sheets were returned. This view permits the user to 
simulate a what-if scenario for N-1 engine(s) taxi in and to determine poten[al emissions and fuel 
savings. The par[cipants commented that, in order to fully understand the numbers presented by the 
tool, training should include a clear explana[on of the calcula[on methodology as well as to 
formulate the limits and constraints related to N-1 engine taxiing. Addi[onally, users shared that, for 
the poten[al savings (percentage value) as a result of N-1 engine taxi in, it would be interes[ng for 
them to see different ra[os based on the aircra] type, in order to refine the results provided by the 
what-if func[onality. 

Another view with slightly lower ra[ng was the ‘Planning View (D+1)’. This view allows the user to 
es[mate the emissions and fuel burn for the next day (D+1), in rela[on to the predicted taxi [mes. 
The par[cipants expressed that in the beginning they would require technical support, however 
detailed training on the tool prior to implementa[on would be a sufficient solu[on. The vast majority 
of the par[cipants highlighted the need for training, in order to obtain good understanding of which 
elements should be primarily monitored as well as how to conduct the analysis. Some of the 
par[cipants also expressed the concern that it would be difficult to predict taxi [mes when the 
parking posi[ons are not yet known. Moreover, several addi[ons to the tool were proposed by the 
users, namely: 

- Addi[on of a func[onality to include user input on the meteorological predic[on; 

- Improve accuracy of the taxi [mes data; 

- Possibility to compare the predicted outputs with real data; 

- Reference thresholds to be displayed on the forecast page to indicate whether the 
displayed day is above / below / the average, minimum, and maximum. For instance, the 
average reference thresholds per hour could be displayed. 

The users highlighted the need for appropriate training as well as a user guide to all of the views for 
the Taxiing Emissions Lab in order to be able to use the tool without technical support. For the 
opera[onal home page (live monitoring), the users commented on the large amount of informa[on, 
which resulted in the need to look through the data several [mes in order to consider all given 
informa[on. Addi[onally, the users expressed that it would be interes[ng to have a separate page 
where all the data is explained in scien[fic way, e.g. what is included / excluded from the calcula[ons, 
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allowing the user to precisely know the characteris[cs of the data, as well as a display of the forecast 
for the remaining hours of the day on the histogram, to further increase situa[onal awareness. 

The last view of the TEL tool is a post-opera[ons report allowing the user to iden[fy the emissions 
and fuel burn of the previous 7 days. The vast majority of the par[cipants agreed that the tool can be 
very useful for post-ops analysis in the APOC. Moreover, they claimed it is an essen[al view in order 
to have an understanding of the trend over the past days and to have a reference. An addi[on of an 
evolu[on graph was proposed, e.g. to visualise the impact of a single runway use or increase in 
traffic. Hence: 

The results are Par1ally OK. 

4.2.7.3. Trust in the System Informa1on 
CRT-29.3-V2-VALP-HP2-006: The level of trust in system informa.on supports the usage of automated 
func.ons. 

Overall, the par[cipants agreed that they would trust the informa[on provided by the ENV tools. 
However, the users expressed that they are interested in more specific explana[on on the formulas 
used to calculate certain impacts. For example, in the Taxiing Emissions Lab tool the users were 
interested how the ‘top 5’ airlines in terms of emissions are calculated, what data is taken into 
account and what data is excluded. The users also expressed that, in order to be fully confident in the 
outputs provided, the accuracy of some tools could be improved (Noise Dashboard and Ground 
Emissions Calculator) so that the users are reassured that the most updated informa[on is presented. 
Hence: 

The results are OK. 

The valida1on objec1ve HP2 is Par1ally validated. 

4.2.8. OBJ-29.3-V2-HP3 Results rela1ng to Communica1on  

CRT-29.3-V2-VALP-HP3-001: Communica.on between team members supports human performance. 

CRT-29.3-V2-VALP-HP3-002: The level of shared situa.on awareness is acceptable. 

The vast majority of the par[cipants expressed the need to share the ENV impacts with other 
stakeholders apart from airport, such as airlines and ground handlers, in order to incorporate ENV 
mi[ga[ons within decision making all of stakeholders. The discussions with the pilot and air traffic 
controller confirmed that availability of such tools could be a posi[ve addi[on to the communica[on 
between stakeholders.  

When it comes to communica[on between APOC par[cipants, the users could not see any impact on 
human performance, as the use of the ENV tools would not require any specific communica[on 
phraseology nor would significantly increase the amount of required coordina[on. However, the 
users agreed that inclusion of the ENV aspects to their daily briefing with all airport stakeholders 
would be beneficial, but a strategy for companies between commercial and environmental concerns 
needs to be developed. Hence: 

The results are Par1ally OK. 

The valida1on objec1ve HP3 is Par1ally validated. 
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4.2.9. OBJ-29.3-V2-HP4 Results rela1ng to transi1on factors – job sa1sfac1on 
and training  

CRT-29.3-V2-VALP-HP4-001: User feedback does not indicate a nega.ve impact to overall job 
sa.sfac.on 

23 out of 29 par[cipants agreed that their job sa[sfac[on would increase compared to current 
(2022) situa[on, with remaining par[cipants claiming no change. From the air traffic control 
perspec[ve, no change was foreseen, however it must be noted that the par[cipa[on of the air 
traffic controllers was limited in this valida[on (one controller). None of the par[cipants expressed 
poten[al decrease in their job sa[sfac[on with the inclusion of the ENV tools.  

During the debriefing sessions, the par[cipants discussed the inevitability of the ENV aspects 
inclusion in the future airport opera[ons and the coordina[on between airport stakeholders. 
Therefore, the par[cipants expressed that because ENV aspects are important both to them and their 
company, having the ability to mi[gate some of the environmental impacts would result in increasing 
job sa[sfac[on. Hence: 

The results are OK. 

CRT-29.3-V2-VALP-HP4-002: Any required changes to training content per actor group are iden.fied 
(preliminary iden.fica.on only) 

All par[cipants agreed that training on the usability of the tools is required in order to use the tools 
without assistance of a technical expert. Addi[onally, the users would like understand the theore[cal 
aspects of the environmental impacts, i.e. on the science behind the ENV calcula[ons and the 
importance of different indicators in rela[on to the environment / opera[ons. Hence: 

The results are OK. 

The valida1on objec1ve HP4 is validated. 
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4.3. Confidence in Valida1on Results 

4.3.1. Limita1ons of Valida1on Results 

There are no specific limita[ons in the valida[on results. Despite the compressed [meframe for 
development, all of the tools func[oned as desired from a technical perspec[ve. Obviously, at this V2 
level of maturity there is room for improvement in the way informa[on is presented and the possible 
harmonisa[on of some of the tools. These elements have been described fully above.  

The valida[on was conducted by the means of a passive shadow mode technique which offers a 
considerable degree of realism (use of live radar tracks etc). Nevertheless, this limits the ability to 
assess the human performance (e.g. workload, situa[onal awareness, etc.) of the impacted actors, 
because the ENV tools were not used simultaneously with other tasks of the users. Nevertheless, the 
current assessment through ques[onnaires was supported by verbal discussions in the form of 
debriefings and relevant observa[ons were made.  

Only one operator team was available for the three days exercise. In order to increase the significance 
and quality of the valida[on results, the exercises were performed employing different scenarios on 
each day and with a specific focus on different tools in each session.  

4.3.1.1. Quality of Valida1on Results 
The par[cipa[on of opera[onal staff from ORY airport whose normal func[on is within the APOC 
gives a high degree of confidence in the quality of the feedback obtained and the per[nence of the 
exercise results as the Solu[on moves to the next phase of maturity.  

4.3.1.2. Significance of Valida1on Results 
The Significance of the valida[on exercise results is categorised as high and certainly well in line with 
reasonable expecta[ons that one may have for a V2 exercise. The feedback from the par[cipants 
(APOC staff) reflected the good performance of the system during the exercise and the poten[al for 
the inclusion of evolu[ons of the assessed tools in live opera[ons in the future. 
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5. Conclusions and recommenda1ons 

5.1. Conclusions 

Conclusions on Human Performance 

In conclusion, the ENV impacts informa[on brings awareness of the airport opera[ons impact on 
noise and emissions. The APOC representa[ves agreed that this would be a posi[ve addi[on to their 
current opera[ons and did not see nega[ve effects this new task would bring in comparison to their 
current roles, responsibili[es and tasks. On the contrary, the par[cipants see the long-term benefit 
that this informa[on would bring in terms of collabora[on between stakeholders, improving their 
shared situa[onal awareness and ul[mately to support their decision-making process in order to 
make the airport opera[ons greener. Nevertheless, for the next maturity phase of the solu[on, key 
human performance indicators, such as workload and situa[onal awareness, must be assessed in 
rela[on to ENV tools integra[on with the APOC representa[ves’ normal tasks. 

The introduc[on of the ENV aspects such as noise and emissions are not foreseen to nega[vely 
impact any of the key human performance areas. The ENV tools are expected to improve situa[onal 
awareness of the airport stakeholders, as currently none of these impacts are included in standard 
opera[ons for the APOC par[cipants. However, in order to ensure no increase in workload, the tools 
should be further integrated into one (or two) dashboards. The users agreed that, with the current 
amount of informa[on provided, it was difficult to find relevant data at [mes.  

Addi[onally, further development of the ENV tools is needed to ensure higher levels of usability and 
acceptability by the users. Nevertheless, at the current maturity, the feedback on the tools was 
posi[ve, including overall acceptable trust in the system’s outputs and interest to use these tools in 
post-ops analysis.  

The par[cipants expressed that the ENV aspects considera[on is inevitable and having such tools is 
the first step in this type of coordina[on between all airport stakeholders, as the first step is to gain 
awareness how the opera[ons impact the environment. The next step would be to apply that 
knowledge and incorporate into their decision-making processes which, based on the feedback, 
would be too early both at this stage of tools development and because currently those indicators are 
not considered in tac[cal decisions in live opera[ons.  

5.1.1. Conclusions on SESAR Solu1on maturity 

The valida[on of this Solu[on has been performed using a single valida[on exercise in the airport of 
ORY. 

The feedback from the par[cipants provide highly sa1sfactory conclusions for V2 maturity and it is 
recommended that these results be used as an important input to the V2 Maturity Gate in early 
2023. 

5.1.2. Conclusions on concept clarifica1on 

The results coming from the Human Performance Assessment indicate that the Solu1on 29.3 is 
opera1onally feasible notwithstanding the need for further development of the different tool 
prototypes. Par[cipants were confident that the introduc[on of ENV performance parameters into 
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the overall airport opera[ons decision-making process (the essen[al element of this Solu[on) is 
feasible in the future.  

5.1.3. Conclusions on technical feasibility 

The Solu1on 29.3 is considered to be technically feasible and the valida[on exercise in ORY has fully 
supported this asser[on. Nevertheless, the importance of the quality of the informa[on being 
provided by the individual tools has been highlighted.  

5.1.4. Conclusions on performance assessments 

Fully covered in Chapter 4, from a Human Performance perspec[ve. 
Poten[al gains in terms of noise and taxiing emissions are illustrated in the appendices. The 
valida[on exercise in ac[ve shadow mode or live trial will enable further performance assessment. 

5.2. Recommenda1ons 

5.2.1. Recommenda1ons for next phase 

• It is recommended to assess how the ENV tools impact HP of the APOC par[cipants, with the 
improvements proposed by the users in this valida[on (integra[on into singular dashboard 
per ENV KPI; specific technical improvements concerning data visualisa[on and addi[onal 
desired outputs). 

• It is recommended to assess how the ENV tools impact HP of the users when integrated with 
their primary tasks in the APOC. 

• It is recommended to assess how the inclusion of the ENV aspects in the airport stakeholders 
decision-making processes impact their HP. 

• It is recommended that degraded and abnormal modes should be validated in the next 
maturity phase.  

• It is recommended that further assessment with regards to the changes in the opera[ng 
methods of the impacted human actors should be conducted in the next maturity phase. 

• It is recommended that the training of the users includes the theore[cal aspects of the ENV 
indicators and impacts calcula[ons, to ensure full trust in the tools’ outputs as well as further 
increase in users’ situa[onal awareness. 

• It is recommended that further valida[on exercises be performed but covering specifically 
the implementa[on of opera[onal ac[ons based on the outputs of the various tools i.e. 
closer to a live trial than a shadow mode trial. This will require the ac[ve par[cipa[on of a 
wider range of stakeholders, notably the airspace users and ANSP. 

5.2.2. Recommenda1ons for upda1ng ATM Master Plan Level 2 
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All necessary changes to the ATM Master Plan have been already defined – rela[ng to the Enablers 
linked to the Opera[onal Improvement Step for this Solu[on. No further changes are considered 
necessary. 

5.2.3. Recommenda1ons on regula1on and standardisa1on ini1a1ves 

Not applicable at this stage of maturity / development.  
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A.Validation Exercise 2931 Additional information 
The valida[on of Solu[on PJ04-W2-29.3 has been performed with the single valida[on exercise 
(2931) described exhaus[vely in the main body of this report.  

In this appendix, elements on the system architecture and prepara[on of the valida[on exercise and 
execu[on are provided. 

A.1. Architecture 
Three different playorms to support new opera[onal concept have been used in the APOC : 

- Noise monitoring and decision-making support tool 

- Taxi Emissions monitoring tool 

- Taxiing emissions "what-if" simula[on tools and VPE watcher. 

All playorms have been connected to the airport opera[onal airport data base et surveillance data. 

 

Figure 14 Architecture for Noise Dashboard in the EXE2931 

The valida[on playorm consists of noise dashboard where the ENV informa[on is displayed coming 
from the INTACT tool. Detailed descrip[on of the INTACT architecture is given on the Figure 15. 
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Figure 15 INTACT interface architecture 

The architecture of the Taxiing emissions Lab tool, fed with different input data is presented on the 
Figure 16. 

 

Figure 16 Architecture of taxing emission lab tool 
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The architecture of tools suppor[ng VPE monitoring and simula[ons to op[mise emissions footprint 
is presented on the Figure 17. 

 

Figure 17 Architecture of system for VPE trajectory monitoring and ENV management tools 
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A.2. Validation exercise preparation 

Verifica[on of the integrity and correct func[onality of the valida[on playorm was performed both 
‘remotely’ and on-site in ORY. The remote tes[ng consisted of evalua[ng the interface (web 
applica[on) accessibility. Prior to the dry run which took place on the 20th of April 2022, on - site 
tes[ng consisted in verifying possibility to access web applica[on from the APOC and CDM cell room, 
situated close to APOC opera[onal room). Se�ng of different screens on the walls have been 
completed two weeks before the valida[on exercise.     

Valida[on exercise took place in the CDM cell room in the APOC at Orly airport. The CDM cell is used 
when collabora[ve decision-making process is needed to manage opera[onal issues. Dedicated 
posi[ons for APOC supervisor and other APOC par[cipants are available. The room is equipped with 
two video-walls for displaying opera[onal informa[on. 

 

Figure 18 Dedicated posi1ons in the CDM room 

Prior to the start of the exercise, par[cipants were provided with detailed documenta[on in the form 
of PowerPoint slides describing the context, scenarios and objec[ves. The on-site training, on the 24 
of May 2022, consisted of a ‘top-down’ approach covering the SESAR Programme and par[cularly the 
opera[onal concept associated to the exercise. In addi[on, the func[onality of the valida[on 
playorm was clearly explained in the form of presenta[ons and tutorials and with ample [me for 
hands-on experience. Staff from Groupe ADP, EUROCONTROL and Safety Line were available to offer 
assistance and to answer ques[ons from the par[cipants.  
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A.3. Exercise execution EXE2931 
During three days valida[on exercise, plan, monitor, manage and learn use cases are tested. On the 
Figure 19, APOC supervisor analyses expected emissions using Taxiing emissions lab (TEL) tool.  

 

Figure 19 APOC supervision analysing predicted taxiing emissions with support du TEL tool 

In addi[on to the ENV performance management tool, other tools used in everyday ac[vity have 
been displayed on the video-wall as illustrates Figure 20. 

 

Figure 20 APOC par1cipant working environment including opera1onal informa1on on the wall 
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B.Case Study – Gaseous emissions RWY inspection 

 

Gaseous Emissions 
on Runway Inspection .docx
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C.Case study - Taxiing modes and speeds at ORY airport 

 

Taxiing modes and 
speeds at Orly airport.docx
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D.Case Study – Simulation N-1 engine taxi-in Emissions  

CO2 and fuel savings of company A using N-1 engines for taxiing-in on the 1/06/2022 un[l 22:53 LT. 

Poten[al fuel and CO2 saving in the scenario where 30% flights of company A at Orly will be taxiing in 
using N-1 engines is es[mated in 5,9% as illustrated on following figures. 

 

Figure 21 Simula1on of CO2 gains for taxiing-in with N-1 engines (1st of June 2022) 

 

Figure 22 Simula1on of fuel savings for taxiing-in with N-1 engines (1st of June 2022) 
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E. Real time taxiing emission monitoring during the 
validation exercise   

During three-days exercise, monitored CO2 KPIs is presented on the following figures.  

On the first and second day, the target CO2 value per flight was reached. No warning colour is 
displayed on the dashboard. 

 

Figure 23 Live CO2 taxiing emissions monitoring on the 31st of May 2022 

 

Figure 24 Live CO2 taxiing emissions monitoring on the 1st of June 2022 
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On the third day, the overrun of 5,9% of the target CO2 per light has been observed. 

 

Figure 25 Live CO2 taxiing emissions monitoring on the 2nd of June 2022 
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