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Introduction and motivation

CREATE - Innovative Operations and climate and weather

models to improve ATM resilience and reduce impacts

CREATESOL-1:
Multi-scale multi-pollutant air quality system (AQS)

CREATESOL-2:
Multi-aircraft environmentally-scored weather-resilient
optimized 4D-trajectoriesin the flight execution phase

CREATESOL-3:
C0O2 and non-CO2 balanced Environmental Scores Module
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In the flight plan generation and optimization process it is aimed to find a trajectory which meets all ATM
constraints but is environmentally friendly as well.

The CREATE project proposes a solution (CREATE-SOL-3) which address both CO, and non-CO, effects
during the en-route flight phase.

The non-CO, effects include
o H,O emissions
o NO, emissions
o Contrail formation

The solution will be used to evaluate the “greenness” of aircraft 4D trajectories, which can be used in
both strategic (before flight) as tactical (during flight) flight planning and optimisation.

The solution should be a pragmatic KPI which can be used in trajectory replanning and optimisation from
an ATM point of view.

o Results to be acquired in a timely manner
o The output of the calculations should be used in making trade-offs for flight trajectory selection

The achieved TRL of the solution is TRL1.
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Italian emission inventory

Faxii
Ly
Taxiout gy

Aircraft+airport emissions/

air quality

.

G
\

Anth. emissions +
Aviation scenarios

air quality ‘

Local scale LPM (SPRAY)

AV|at|on emlssmnﬁ
phase: Ltax,l‘, takeoff,... -

Obstacle resolving LPM (PMSS)

& % . D
v L, v e 2.5X2 km?

|4
0.000 05/05,/2018 09:50:0.00

- o sl @
EUROCONTROL



)(_
Concept of Operations g@e sesar

CREATE-SOL-3 was applied to North
Atlantic use-case in simulation
experiment, because this is where
there is a large probability of large
contrail sensitive area occurrence.

ESM is used here,
each CT has an ESM score
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* Non-CO, emissions are dependent of location and time.

* CO, emissions are independent of location and time.

* The Environmental Scoring Module (ESM) assigns scores to each
candidate trajectory (CT).

* ESM logic;
o CO, is linearly related to the total emitted amount per flight and therefore
compared to other CTs
o NO, and H,0 emissions impact are related to altitude.

o Contrail formation probability and impact are related to Climate Sensitive Areas
(CSA)* and interference with other Candidate Trajectories.

*The current scope only considers Contrail Formation Region (CFR) to be

relevant for the definition of CSAs £ CANSO
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Previous modules
CSA: average the

atmospheric variables along

Identify CSA's in

—> airspace — burde.rs of CSP: vulumt_e to : :
P assess intersection of flights For each CT: identify
Atmospheric with CSA borders possible CSA(s)
VEIE]IES intersections and
altitude bands. Cut up
S Define altitude flights in separate
bands segments accordingly
Categorize emissions of
»| CT per segment, altitude
Obtain band and CSA
emissions per CT
per airspace
, segment
Candidate
trajectory Next
variables Obtain V, TAS, modules
L m_ff per
gridpoint
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* No-fly zones (thunderstorms) (blue), contrail zones (green) and all baseline flights
(blue lines) with their related look-ahead time area (red lines)

e Simulation scenario based on historical flight tracks of 27 July 2018

* 1308 flights were applicable for the trajectory optimisation
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Results

CREATE: Pareto Front Analysis: Delay vs. ESM
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alpha [0.0 - 0.1]
alpha [0.1 - 0.2]
alpha [0.2 - 0.3]
alpha [0.3 - 0.4]
alpha [0.4 - 0.5]
alpha [0.5 - 0.6]
alpha [0.6 - 0.7]
alpha [0.7 - 0.8]
alpha [0.8 - 0.9]
alpha [0.9 - 0.99]
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1.56

1.58

1.60
Mean ESM per flight [-]

1.62

1.64
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Higher alphas:

Lower ESM score, leading to
“sreener” flights.

* Higher extraoperating cost per flight.

* Lower extra operating cost, leading to

* Higher ESMscore, leading to higher-
environmental-impact solutions.
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