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Global Emission & Climate 
Changes
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IPCC –ICAO
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EU Green Deal–Destination 2050



The global and European context
Europe’s GHG emissions trajectory in a 1.5°C scenario & EU aviation sector 

RPK
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Decomposition of the main 
goal of current research

• Global emission 
and fossil fuel 
burn reduction – 
main goal

• Local air quality - 
goal

• Aircraft noise - 
goal

• Aircraft sources of impact
• Technologies of impact 

reduction

• Aircraft level
• Airport level
• Global/regional fleet level
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The horizons in the trajectory towards 
climate-neutral aviation
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CAEP IEP Technology Taxonomy 

Meeting 11 September 2024 in Brussels
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Mapping of the research thrusts against aircraft categories and 
concepts
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Clean Aviation aircraft category targets
Aircraft Category Key technologies 

and 
architectures to 
be validated at 
aircraft level in 
roadmaps 

Entry Into 
Service 
Feasibility 

CO2 Emissions 
reduction 
(technology 
based)28 

Net CO2 

Emissions 
reduction (i.e. 
including SAF 
effect)29 

Current share of 
air transport 
system 
emissions 

Regional 
Commercial 
Aircraft 

> Hybrid-electric 
(SAF + Batteries) 
coupled with 
highly efficient 
aircraft 
configuration 

> Same with H2-
electric power 
injection (Fuel 
Cells electric 
generation) 

~2035 

Beyond 2035 

-30% 

Up to -50% 

-86% 

Up to -90% 

~5% 

Short-Medium 
Range 
Commercial 
Aircraft 

Advanced ultra-
efficient aircraft 
configuration 
and ultra-
efficient gas 
turbine engines 

~2035 -30% -86% ~50% 

Hydrogen- 
Powered 
Commercial 
Aircraft 

Full hydrogen-
powered aircraft 
(H2 Fuel Cells or 
H2-combution) 

~2035 -100% N/A N/A 
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Environmentally Friendly 
Aviation for all Classes of Aircraft 

Regional 
propeller

ManagementDissemination

Noise

LH system Fuel cellGear box

Jet airline

Battery electric

Road map

Emissions

Sustainable 
fuels

WP1 WP2 WP3

WP7 WP8

WP10

WP6 WP9

WP4 WP5

WP11 WP12

EXPERIMENTAL 
DEMONSTRATION

AIRCRAFT 
DESIGN

ROADMA
P

EMERGING 
TECHNOLOGIES

ENVIRONMEN
T

LEADERSHIP

Project organizational structure
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ANIMA/XNoise Technology matrix
XNoise -> ANIMA -> PULSAR -> EFACA

Clean Sky 2 – EFACA (ILOT/CEPA/NOISE) Technology Evaluator
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Modular approach to evaluation of emission and noise metrics

Geometric 
parameters of 

aircraft

Height-speed 
performances of 

powerplant

Operation 
procedures,
 flight safety

Runway data
Equation 

solver

Airplane 
configuration 
=drag & lift 

polars

Formation of 
control law for 

engines and 
angle of attack 

Formation of 
criteria

Optimization

Are criteria 
met

No

Flight 
profile & 
derived 
values

Yes

Meteorological 
conditions

Emission Indices calculation 
in generic flight conditions for each flight 

path segment

Determination of emission indices  depending 
on fuel flow reference conditions

Aircraft Mission Profile: 

For each flight path segment:
 Altitude;
 Mach Number;
 Fuel flow rate

Meteorological  conditions: 

For each flight path segment:
 Air temperature;
 Atmospheric pressure;
 Relative humidity

In-flight to reference 
conditions 

Fuel Flow correlation

Adjustment of meteorological 
parameters 

(temperature, pressure, humidity)

Input data

EMISSION INDEX CALCULATION MODULE FOR FLIGHT TRAJECTORY
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Aircraft flight profile calculation module 

Module for assessing noise from an aircraft with 
traditional and hybrid powerplant
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Module of working process of gas-turbine engine
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Actual energy expenses                             

Gas turbine
Electric motor

Making ATR72-500 hybrid

Power of electric motor [kW] 500        
Gravimetric density kWh/kg 0.8        

Phase seconds hours minutes kW kWh % Qty eng
take-off 90 0.025 1.5 500 25 100 2
climbing 870 0.241667 14.5 250 120.8333 50 2
go-around 
flight 
maneuver 360 0.1 6 475 47.5 95 1

Total energy  onboard, kWh 193.3333    
Battery mass, kg 241.6667    

Installed engine weight factor 1.39
Total for 
aircraft

Number of engines 2  
Electric motor power density, kW/kg 4  

 
Mass 
[kg]  

Electric motor -125 -250
Installed engine weight of new gas-

turbine 476.631 383.362
Installed engine weight of PW127F 668.312  

Batteries   -241.667
Modernization of powerplant for hybrid, 

cooling, cabling   -250
Total   -358.305

Planned energy expenses for one flight

Mass balance of hybrid aircraft
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Mass of fuel burned and NOx per segment of trajectory 
 for ATR72-600 (conventional and hybrid)
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Hourly concentration of NOx for LTO-
cycle conventional and hybrid ATR72-500 

a b
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Area of LAQ 
influence

Area of NOx influence 
for conventional and hybrid ATR72-

500
concentration range: 10-100 µg/m3  
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 Turboprop (TP)
 Regional Jet (RJ)
 Small Single Aisle (SSA)
 Large Single Aisle (LSA)
 Large Twin Aisle (LTA)
 Very Large Aircraft (VLA) 

Air Traffic
(Aircraft Fleet +Journal Movement)

Dispersion Analysis

• CAEPport (MDG database)
• Polish regional airport; 

Airport Infrastructure

Meteorological data 

2023 Year

Reference Airport Scenario

Fuel Farm 

Landside vehicle traffic 

Parking Lots 

Power Plant 

GSE, GPU, APU 

Airport Emission Inventory

Handling

 Aircraft APU
 Ground Power Unit 
 Ground Support equipment 

Infrastructure 

 Power Plant
 Fuel Farm
 Engine test run 

Landside Traffic

 Airside vehicle traffic
 Landside vehicle traffic
 Parking Lots

 Calculation of  hour and annual mean 
concentration    of NOx, nvPM;

 Contribution of aircraft category to 
hour and annual mean concentration; 

 Determination of the area the near-
ground concentration exceeds a given 
threshold (annual) value, Ab
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Area of LAQ influence: airport 
scenario

Hourly concentration of NOx [µg/m3] for peak hour (25 operations, including 5 of AT76/A76 hybrid)
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Feasibility study for LAQ 
metric – CAEP/MDG/LAQ TG 

Airport

Meteorology

Dispersion calculation
annual mean 
concentration
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Modular approach to 
evaluation of noise 

metrics
Geometric 

parameters of 
aircraft

Height-speed 
performances of 

powerplant

Operation 
procedures,
 flight safety

Runway data
Equation 

solver

Airplane 
configuration 
=drag & lift 

polars

Formation of 
control law for 

engines and 
angle of attack 

Formation of 
criteria

Optimization

Are criteria 
met

No

Flight 
profile & 
derived 
values

Yes

Meteorological 
conditions

Aircraft flight profile calculation 
module 

Module for assessing noise from an aircraft 
with traditional and hybrid powerplant
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Module of working process of gas-
turbine engine
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Noise monitoring at Gdańsk Katowice Lublin airports
time history signal processing
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Multi spectra ATR72 departure



Multi spectra ATR72 
approach



Noise spectrum modelling at monitoring site
Katowice airport, ATR-500
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Comparison between the measured and 
predicted 1/3rd octave band spectra Dash8-

Q400 (Antonio Filippone, 2015)

AIR 1407: Prediction Procedure for Near-Field and Far-
Field Propeller Noise 
Fink, Martin R.: Airframe Noise Prediction Method. FAA-
RD-77-29, Mar. 1977

Noise contributions at landing
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Scenario & Fleet Forecasting: 
methodology

Operational 
Level 

Modelled Event Profile (ISA,  
etc) 

Meteorology & real operation 
conditions (ADS-B tracking), 
noise & emission monitoring, 
comparison with measured data 

Aircraft vehicle & event scenario 
model

+ Basic aircraft type 
(ATR72/A320/A220 etc) 
+ Novel EFACA aircraft 
(Propeller Hybrid, liquid 
hydrogen, cells etc) 



Global 
Level   

Operational 
Level 

Airport 
Level

LaeqD = 55…85 dBA

Scenario 2: Baseline – CAEP port+double ATR72
Scenario 3: Baseline  - Max Dep Profiles

Scenario 1: Baseline - CAEPport

LaeqN = 55…85 dBA

Operation case for CAEP airport: data + turboprops 

Aircraft group Departures Arrivals Operations Percentage, %
Large 3179 3177 6356 7.2
Medium 713 712 1425 1.6
Small 24109 24604 48713 55.1
Regional 5536 5571 11107 12.6
Business 103 113 216 0.2
Turboprop 9891 10102 19993 22.6
Piston 290 290 580 0.7
Total 43821 44569 88390 100

Таble 1: Flight operations distribution over aircraft groups
Aircraft group Rep Type DAY NIGHT DAY NIGHT DAY NIGHT

Large B777 7 1 7 1 7 1
Medium    A332 0 0 0 0 0 0
Small A321 50 16 50 16 50 16
Regional E190E2 10 5 10 5 10 5
Business - 0 0 0 0 0 0
Turboprop ATR72 20 7 40 14 20 7
Piston - 0 0 0 0 0 0
Total 87 29 107 36 87 29

Таble 1: Flight operations 
distribution over aircraft 

Average (Scenario 1) Scenario 2 Scenario 3 (Max Profile)
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Variety of methods to reduce 
noise

Noise

Propulsion

Landing 
GearWingPropeller

Airframe

Propeller Jet

Liners

Chevrons

Wavy inner wall 
treatment

Vortex 
gene-
rators

Distributed 
electric 

propulsion

Ultra high bypass 
ratio engines

Engine 
shield-

ing

Engine

Porous materials on 
OGV

3D-optimized blade 
design 

Refining the shape, 
spacing, and number 

of blades
Active stators

OGV-integrated 
actuators

Micro jet devices

High-lift 
devices 
(HLD)

Fairings

Rims on 
wheels

Caps on 
cavities

HLD 
edges 

made of 
porous 

materials

Slat gap 
optim-

ization or 
suppres-

sion

Slat 
chevrons

Fractal 
spoilers

3D printing of gas-
turbines

Variable 
pitch

Optimal 
number, 
shape, 

distribu-
tion of 

the blades

Translating plug

Fan flow deflector

Bio-
mimetic 
propeller 

design

Leading 
and 

trailing 
edge ser-

rations

Pylon 
blowing 

Reduction in fan 
pressure ratio

Reduction in fan tip 
speed

Novel confi-
gurations

Blended-wing body

Lobed mixers

Increase in size of fan
Water-enhanced 

turbofan

Brush 
at the 
trailing 
edge

Droop 
nose at 

the 
leading 

edge

Full-electric 
propulsion

Metric
Dom

ain
Technologies

*Sam
pling -not inclusive list

Conti-
nuous 
Mold-

Line Link 
flap

Zigzag vortex 
generator

nozzle
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IRON Turboprop 
aircraft

The IRON project (under Europe's Clean Sky 2) has 
focused on the design and testing of new, innovative 
propellers, setting the ambitious target of a 6 dB 
near-field noise reduction at cruise compared to a 
baseline design
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Low-noise designs for 
propeller

• Innovative low-noise designs will be 
needed to reach Europe’s ambitious 
long-term targets and propeller 
technologies must keep advancing to 
fulfil the needs of the industry

The baseline propeller design 
was developed by Dowty 
Propellers and/or Hamilton 
Standard 

Innovative low-noise propeller 
designs will be assessed via CAA 
codes by Ilot and analytical 
approach by NAU/CEPA

   “Capacity Building for a New Generation of   Scientists in Energy Security and Climate Neutrality”
Advanced Study Institute. Budapest, October 8-16, 2024



Mounting support (green), fairing 
frame (grey) and porous fairings 
(orange, translucid): noise mitigation 
levels 5-10 dB! 

The Slat-Gap Filler (SGF) employs an overleaf 
concept and sustains the local aerodynamic 
loading when Full-Span Slat (FSS) deployed: 
around 10 dB noise reduction at f>1000 Hz

Source distribution maps 

Source distribution maps 
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EU INVENTOR project 
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Aircraft Noise Assessment—From 
Single Components to Large 

Scenarios



EFACA aircraft design platforms

New aircraft!

 Aircraft with liquid hydrogen 

HTEP aircraft
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Gearbox 

Propeller 

PW  max = 3300 hp 
PW  min = 100 hp 

F max = 39.0 kN 
F min ≤ 1.5 kN 

PW max = 2750 hp 
Fuel 

KEY RESULTS FOR FIRST 
YEAR

 The level of hybridization of the 
propulsion system, i.e. its influence on 
the dimensions and mass of the 
HTEPs, and therefore on the RA 
configuration.

 The electrical power management 
strategy for the co-design of the RA 
components and the HTEP.
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For HTEP demonstrator must be 
developed by 2026

 mounting frame adopted for EM and demonstrator 
reduction gear

 test rig adopted for GTE, EM and demonstrator reduction 
gear testing
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ACARE / Clean Aviation goals 
achieving climate neutral air mobility 

in 2050
Accelerate the progress towards the ACARE SRIA goals for 

2020-2050

• By 2050 technologies, operational 
improvements and noise abatement 

procedures reduce the perceived noise 
emission of flying aircraft by 65% per 

operation relative to the 2000 baseline;

By 2030, net CO2 emissions from all intra-EU flights 
and those departing the EU are reduced by 55% 
compared to the 1990 baseline

By 2035 new technologies, fuels and operational 
procedures in service result in a 30% reduction in 
non-CO2 climate effects of all intra-EU flights and 
those departing the EU relative to the 1990 baseline
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EFACA: Environmentally Friendly Aviation for all 
Classes of Aircraft 

ILot, NOISE & CEPA 
with EFACA coordination 

for NATO Security
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