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What can be done to minimise warming contrails?

Contrails avoidance Operatlons
"Big Hits" contrails minimisation
Climate optimised trajectories
Formation flights ?
Technology
Low soot emission combustors
Alternative powerplant
architecture?
AIternative fUElS * A/C Aerodynamic optimisation?
Low-aromatic / low sulfur fuels
SAFs
Hydrogen?
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CONOPS options to be assessed in CICONIA project
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Option 1: nightflightISSR avoidance Option 3: night time persistent contrails

Option 2: nightflightpersistentcontrails avoidance
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Option 1:
Observations or
measurements

Option 3: Statistics orsimplified

Option 2: Weather forecast
models

Option 1: Post-
flightanalysis of
observations or
measurements

Option 2: Based on weather forecast
or weatherreanalysis/post-flight
computations using flighttrack data

Option 3: Statistics or simplified
models

Option 3: Multi-stakeholders (ATM,
ATC(s), airline(s))decision makingfor
climate impactreduction atfleetlevel

Option 2: Optimisation
choice mainlyin the hands of
Air Traffic Controllers

Option 1: Optimisationchoice
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Shanwick
Oceanic

UK Flight Information Regions (FIRs)
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Presenter Notes
Presentation Notes
We believe Shanwick is the ideal location for any trial activity given it covers around 2.2 million km2. The longer the flight, the greater the opportunity to demonstrate a contrail minimizing strategy and test the parameters of interest because there are more opportunities for intervention and interventions can be kept in place for longer periods of time. 
In addition, most of the traffic is in defined streams, without lots of criss-crossing you normally have in domestic airspace, and procedural-based separation is used which is also to our advantage for this. 
Given our experiences to date, our preference is to plan contrail minimising actions pre-tactically, i.e. ideally a day in advance, and incorporate these actions in flight plans, which all aviation stakeholders understand. 
However, we also recognise that contrail forecasts are not yet accurate enough to provide decision-useful information 24 hours in advance; we’re talking about vertical adjustments of 1,000 ft, or horizontal changes of a new nautical miles. 
This might be an unrealistic expectation in the short term for many long-distance flights, so the pre-tactical preparations might be complemented by some tactical decision-making, leading to a hybrid approach. 
We are not supportive of a singular tactical approach, given the workload demands on air traffic controllers, flight crew, aircraft dispatchers and all of the support teams. 
We also believe tactical changes are less likely to be as successful overall, given operational decision-making - particularly in oceanic airspace. 
We have identified three ATM strategies which are already available to be used to safely manage a trial, and a fourth which could be developed.
There are pros and cons to each ATM strategy, and ultimately it will up to whoever is making the request to decide which option is most appropriate. 



Aircraft operator requests a flight level
change (or re-route) mid-flight without any
pre-coordination

Request gets considered as part of normal |

operational decision-making

Routinely requested for weather
avoidance
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Presenter Notes
Presentation Notes
The first ATM strategy is one where requests & decisions are made tactically, following current processes. 
No specific pre-coordination is necessary between the aircraft operator and ANSP. 
Tactical inflight requests made by the flight crew to ATC for contrail avoidance actions, e.g. a change to flight levels, would be considered as normal, taking account of traffic levels and other operational factors. 
The advantage of this option is the most recent, or even real-time, contrail forecast can be used for contrail minimisation.
Also, all flight parameters will be known, e.g. aircraft weight, departure time, airspace restrictions and weather, allowing for refinement of the contrail minimisation trajectory.
However, the disadvantages are that this strategy increases workload for flight crew and air traffic controllers (and their support teams), and less time is available for the to plan & optimise the trajectory from when all the relevant information becomes available. 
Ultimately there is no guarantee that the request can be accommodated, as it will depends on traffic levels, sector capacity, airspace restrictions, etc. 
Tactical requests are made routinely today for weather avoidance.


Trial options — Alternate planned flight profiles

= Aircraft operator and ANSP collaborate
to block a small number of flight levels
linked to flight plan

= Final decision prior to aircraft reaching M

oceanic airspace confirms a single A
trajectory and releases blocked levels =

= Concept tested during TOPFLIGHT
project

https://aviationbenefits.org/case-studies/sesar-and-topflight/
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Presenter Notes
Presentation Notes
The second ATM strategy allows for alternate profiles to be prepared and blocked if there is uncertainty on the contrail forecast (dashed green line on chart)
The trial participants work to confirm the optimal flight level after takeoff, but before the aircraft approaches oceanic airspace where it would normally seek clearance from ATC. 
At this point the contrail forecast has been re-run and a final flight level selected by the aircraft operator. 
The flight crew advise ATC and oceanic clearance is processed as normal, with the initial blocked flight levels then released for others to use. 
The advantage of this option is that avoidance actions can be planned pre-tactically, or in a hybrid way, allowing for some flexibility on the day and the requested trajectory will almost certainly be achieved.
However, the disadvantage is that blocked flight levels are unavailable for other aircraft operators to use until released, potentially leading to sub-optimal performance for the affected flights. 
Also, only the vertical profile would be flexible; horizontal changes to the route would not be possible.
This strategy was tested as part of the TOPFLIGHT project (unconnected to contrail avoidance).


Trial options — Reservation Route/Area

= ANSP block a defined airspace region
around a planned route, or a larger block
of airspace to allow flight crew adjust
trajectories independently within
reservation

= Reservation concept tested during Airbus
fello’fly project

https://www.airbus.com/en/newsroom/stories/2020-09-how-
a-fellofly-flight-will-actually-work
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Presenter Notes
Presentation Notes
The third ATM strategy allows for a region of airspace to be reserved, either around the planned route of the individual aircraft, or a larger block of airspace if required.
Within the reservation, the flight crew(s) are free to adjust their trajectory vertically and horizontally without requesting clearance from ATC. 
For example, the top chart shows a route reservation where a single flight could adjust its trajectory within the green box. The bottom chart shows an area reservation where an aircraft operator might designate two successive flights on different routes to minimise contrails. 
The advantage of this option is that the aircraft operator can delay the decision on contrail minimization action until they enter the reservation if there is high uncertainty on the forecast. 
The flight crew can also adjust their trajectory tactically without restriction, once in the reservation. 
However, the disadvantage is that the reservation area is unavailable for other aircraft operators to use, potentially leading to sub-optimal performance for the affected flights. 
A version of this reservation concept was tested as part of the Airbus fello’fly project (unconnected to contrail avoidance).


Trial options — Minimum contrail OTS
(Organised Track Structure) track
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accurate and reliable N - ,

= |nteraction with main OTS to be
Investigated and mitigated
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= Concept not yet tested


Presenter Notes
Presentation Notes
The final ATM strategy relies on the existing Oceanic Track Structure (OTS) process to create a specific track, or tracks, to minimise persistent warming contrail formation. 
At D-1 Shanwick controllers would plot a track based on weather and contrail forecasts, a preferred route message (or provisional flight plan) from the aircraft operator, for the west-bound tracks the next day. 
The contrail track would be published with the normal OTS and be available for use by any aircraft operator. 
If the contrail forecast suggests the minimal warming track would interact with the conventional OTS then it would need to be deconflicted at the time of preparation, especially if multiple flight level changes were required. 
We expect a trial with operational input from multiple stakeholders would be able to determine to what extent the potential conflict is likely and to explore sensible mitigation options.
The big advantage of this strategy is that it is unlikely to be as operationally disruptive as the reservation option and negatively affect the core flow of oceanic traffic.
However, it would require more planning and coordination pre-tactically and a reliable contrail forecast. 
This option is only a concept and will need to be developed.
Were a more extensive climate mitigation strategy to be sought by regulators or the industry, one approach would be for us to design the majority of tracks to avoid persistent contrails.
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Avoidance strategies of High
climate impact risk areas

Obijectives =" —
Operational feasibility - S e SO
Understanding timings '

Effect on fuel burn, non-CO,
emissions, operational cost, =
network effects and passenger
journey impact




Airline Trials
Swiss and Air France

Domestic and Oceanic environments to be addressed
= Avoidance in flight planning and in flight execution

= Desktop exercise — hypothetical flights, using Flight
planning tools

= Shadow mode ftrials — actual flights investigated
parallel to live ogeratlons, using Flight planning tools
and cockpitFM

= Live Trials —actual flights investigated with
dispatchers and/or cockpit crew involvement and
actual avoidance actions taken (or not), in flight
planning and/or flight execution




Airline Trials — EaS

Shadow mode trials for all flights
* Analysis to define future live trials
- Analysis of potential routes

Live flight trials

- targeting routes, estimated ~ 10f||ght (t

Final trials

*  Continued optimisation :
- Assessmentof flight delays to mitigate contralls
«  Assessmentof forecast vs actual weather data




EUROCONTROL MUAC Trials g v
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= Focus is on mixed operational ,
concepts of pre-tactical planning 4 : P et
with tactical corrections » . 7
,f/

= Several different trial types
= Test the pre-tactical concept

= Tactically correct differences between
forecast and nowcast weather

= Tactically involve all Aircraft
Operators in blocking FLs of contrail
prone areas




CICONIA simulation workflow

Simulation of Optimal Air Traffic Flow and

Flight Capacity
Planning for several Management

airlines simulation

Climate impact and weathermodels

Fast-time and Human-in-the-loop
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CICONIA simulation workflow

Airpoits Alirlines
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TRAJECTORY-BASED ANALYTICS:
FUEL BURN, EMISSIONS

Planning phase Execution phase
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Concluding remarksi

 Operational Mitigation is --_;
« Airline-led action in the p
* ANSP-led and tactical op

* North Atlantic is a key areé* e “‘5 '
¥ ,jj_ ¥
» Understand Avoidance at scale =
* Impact on the Network - i
- Impact on the Airspace Users e /

» Contrail Management is possible;/"""




	Exploring Strategies for minimising persistent warming contrails
	What can be done to minimise warming contrails?
	Slide Number 3
	NATS Focus on North Atlantic
	Shanwick trial options
	Trial options – Tactical contrail minimisation
	Trial options – Alternate planned flight profiles
	Trial options – Reservation Route/Area
	Trial options – Minimum contrail OTS (Organised Track Structure) track
	CICONIA Trials
	Airline Trials
	Airline Trials�Swiss and Air France
	Airline Trials – Easyjet
	EUROCONTROL MUAC Trials
	CICONIA simulation workflow
	CICONIA simulation workflow
	Concluding remarks

