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Executive Summary

Clean Sky Bcurrentlythe largest European research programme developing innovative, cwgting

technology aimed at reducingpsemissionsand noise levels produced by aircraitdzy RSR o6& (GKS ¢
Horizon 2020 programme, Clean Sky contributes to strengthening Europeanindastry
collaboration, global leadership and competitiveness by delivering innovative solutions for theraviati

sector.

The scope of this documet CA NE i Df 2 6 ik o repoit &nShe 3 YSCY i éSk 5 N\

state of piogress towards the higlevel objectives of the Publerivate Envierqumeyntal

Partnership established by the European Commission in 20lHese "
Objectives

objectives are to develogleaner air transport technologiegor earliest
possible deploymentand in particularthe integration, demonstration and @
validation of technologies capable g&ducing CQ, NGO, and Noise
emissions by 201030 B2 ¥ LI NB Rotiner naid tasNoN: 1y &P 3 avie
service as from 2014. Besides improving the environmental impac
aeronautical technologies, including those related to small aviation, tr
objective of Clean Sky 2 is also to develop a strong ahdyy competitive
aeronautical industry and supply chain in Europe. \ best aircraftin 2014 ),

Therefore, this First Global Assessment of the Clean Sky 2 programme covers two major gmpects:
environmental impact assessmeif the technologies developed under CS2 researchthadgocio
economic impact assessmeaf the programme.

This work has been performed by the German Aerospace Center (DLR) based on the inputs from all
SPDs within the framework of the Technology Evaluator (TE) as a transversal, activitye support

of several related CfP project§he role, mandate and interaction mechanisms of the TE, as well as the
timeline for first and second assessments are describé&kition2 of this report (pp23-27). The first
assessment is an interim progress status at programmetenid before the final assessment at
programme end, in 2024.

In order to evaluate the environmental benefits of novel aeronautical technologies, a number of
concept aircraft have been €fileed as well as their reference counterpart for comparison. This is
presented inSection3 A Vision for the Futurewith a synthesis oéll concept vehicles, reference

vehicles and objectives in terms of performance improvement, nearest -@mtyservice date (EIS)

and TRL level at the end of the programme (8ablel). To datenine fixed-wingconcept aircraftare

proposed addressing each market segmd&nbmmuter, regional, small, medium and long range) and

two fast rotorcraft concept vehiclesSeveral concepts are technically redolyan EIS datas early as

2025 for maximum impact (commuter and regional turboprops), whereas for the mainliner concepts
(Short-Medium Rangeand long Range), 2030 is seen as the nearest targeate for introducing an

G Ry OSRE 02y OSLII Ayl RS yDOISRE G ORYRSHIisp T2 NJ |

! Council Regulation (EU) No 558/2014 of 6 May 2014
2 The analysis and discussion presented here do not consider COVID effects on air transportation. A dedicated
discussion is provided iection 7addressing this aspect.
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objectives of Clean Sky 2 are se
at aircraft level, this first
assessmengoes beyond. This
study coversthree levels of
environmental impact; mission

Innovation potential at Mission level

Clean Sky 2 Concept Aircraft are compared with
2014 Reference Aircraft on relevant missions
regarding emissions and noise. The results are the
basis to quantify the success level versus the CS2
environmental goals.

level, airport level(including
noise footprint)and fleet level,
commonly named €Air
CNF yaLR2 NI {ead

The methodology iglescribed
in detail inSection4 including
the assumptions which have

Realistic impact at Airport level

A typical day at representative EU-airports (fleet
mix from 2014 historical and 2035/2050 forecast
data) is compared for a fleet with and without Clean
Sky aircraft and analysed regarding emissions and

noise,

been takerfor the extension to

a global fleet assessment in
2050 The predictns are

broken down into &F 2 NB O
until 2035 followed by two

¢ 0SYylFNA2&d 0K
to 2050.

Aviation footprint at Air Transport System (ATS)
level

A vyear with all global flights (fleet mix from 2014
historical and 2035/2050 forecast data) is
compared for a fleet with and without Clean Sky
aircraft and analysed regarding emissions and
noise.

i Airport Traffic Congestion

a reality today.

An overall reduction of 30% in
terms of flight volumescanbe
expectedf airport capacity
constraintsare taken into
account in the forecast model.

This is an important novelty of
the DLR methodology
compared to other models
dealing with air transport
today.

Congested airports are already

The study uses DLRforecasting modelbased on various
economic growth assumptions, technology diffusion models
and fleet replacement rateslt introduces an important
novelty, as compared to other models dealing with air
transport: airport capacity constraints Here, the model
includes the mutual dependence between limited availability
of additional airport infrastructure, air passenger demand
growth ard fleet mix evolution Comparisons are provided
with the results of other mdels (such asCAGCAEP and
Airbus/Boeing)To strengthen the credibility of this forecast,
DLR has performed the same study without this assumption
(i.e. an unconstrained forecast) for comparisdhis permitted

the consolidation of the conclusions, demonstrating that a
constrained forecast is liketo showan overall reduction of
30% in terms of flight volumeghich is to be expected by 2050
versus an unconstrained forecast, with direct consequences
on aircraft in service, hence on aircraft deliveries.

Forthe continuation of the programmettention will be devoted to further testing the robustness of
this model and to extend it to new scenarios particular toinclude the effect of the COVIBL9
pandemic on aviation, too recent to be considered in this study

The resultsin terms of enviromental impact are presented iSection 5for the three levels of
assessment respectivelthe main part of this report
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Themission level assessmetrig based on theletailed descriptions oéachof

the concepts and theitechnology insertiongSection 5.1). The technology
selection and integration choice has been performed as early as 2018 by each
platform owner before running the performance simulation for each model. The
definition of each aircraft concept was based on the available technologies with
sufficient maturity leveln 2018and the integration at overall aircraft level was
performed accordingly, considering mainly weight and volume impact of

components and systems, efficiencynda weight of the propulsion system and aerodynamic
performance of the aircraffat low speed and high speedjach SPD has uséeir own inhouse tools
which are proprietary performance simulation tools.

The performance presented for each concept is the result of a complex optimization to balance at best
the positive and negative effects of integratingnaw technology orboard of the aircraft. This
optimisation cycle takes about a year (including tradiestudies and generation of models). It must

be noted also, that it is extremely difficult to optimize an aircraft for all environmental objectives
simultaneouslyCQ, NQ, and roise) because of the conflicting requirements inherent to each of those
objedives individually. A typical example is the substantial improvement in fuel burn reduction
provided by a new engine design (etgrough anincreased ByPass Ratio), which will inevitably
introduce penalties in terms of weight and drag because efititieased size of the enginalespite

a much better propulsive efficiency. Similarly, noise reduction technologies may be effective and also
have a positive effect on dragduction but may come at a cost of increased weight of the aircraft.
Or, to conclude, reducing fuel burn of the engine, in order to redd¢g, would require increasing
combustion temperature to improve cycle efficiency, which is exactly what must be avoided to reduce

NQ.

The difficulty of an appropriate choice for theference aircraft & aYz2aid NBf SOl yié 2 N
deserves a note of cautioms well For mainliners, this reference aircraft is fairly easy to identify as

year 2014 statef-the-art (SoA) A321neaclike for the SMR concept and A3B00like for the LR

concept, although these effectively entered into service respectively in 2016 and 2015. However, in

other cases, due to different passenger cagasife.g. REG0 or REA.30), ordesign rangegruise

speed,or even maximum ceiling (altitudghere isno exact match in terms of existing aircraft no

match at all For the Advanced Regional TP concept, this required to choose the closest aircraft (ATR

72) and upscale it to 90 pax. For regional turboprop aircraft in general {AX,RE295, etc.), thedtest

SO0A regional aircraft in service in 2014 are based on technology standards of year 2000, whereas
regional jets (Bombardier €0 or A226800) are using recent geared turbofan technology (and are
approaching the lower end of the SMR market. A319in terms of range (3000nm) and cruise speed
(Ma=0.78). In cases where the technologies are intended to be flighted on a given aircraft (e.qg.

the RegionalMulti-Mission TP 70 paxechnologies will be flown on a-Z95 aircraft within the

framework d the REG FTB#2 demonstration), the flying testbed aircraft has been selected naturally as

the reference, requiring an appropriate -sealing methodology, well known by the aircraft
manufacturersFor Small Air Transport, all existing aircraft in servaeehiechnology standards well
priortoyearn nnnX ¢ KAOK NBI dzi NB Rseaie?2 modeh witB $0A tdchhologied &y S NA O
2014. Finally, the identification of an appropriate referencetti@r fast rotorcraft concepts has proven

to be most difficult as the cruise speed of the new concepts is almost tilied of any existing
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helicopter, closer to an aircraft in terms of cruise speed and altitude, but with VTOL capé&hdite
of these reference aircrafvill be updatedin view ofthe secondassessmemn

Finally the overall concept sizing chaised by the Designftices, enalleslight scaling and loss model
calibration. However, aircraft sizing rules, today kept equivalent to the ones used foeftrence
aircraft (EIS 2014are 1214 years old, (200paxfor SMR, 315 pax for LR) and may no longer be aligned
with the market expectations for alBlS 2030This may lead to considdre modelling ohew concept
aircraftwhichmay becomemore relevantin the future, and better meet the demand of the dlein
2030/2035.We will return to this point when addressing one of the major conclusions of this work, i.e.
the need for a large capacity shemdnge aircraff>300 seats, GD0Okm)

Theresults at mission levelnderline the fact thasubstantial progress has already been achieved
and that the programme is well on trackMost of the concepts achieve their target or even exceed it
(seeTablelb).

Threevehicle concepts havenéElStarget date as early as 2025, and all of them achieve or exceed
their environmental performance objectives, sometimes well 680€6CQ emissions reduction (e.g.
the Advanced RegiondlP90 pax with-34%CQ and-67%NQC, reduction).

For the next EIS target date (2030), the Siedium Range concept (SMR+) achieves a substantial
improvement of-17%CQ reduction. The moderate improvement for the LR+ concéit3%CQ)
results from the comparison with the A3®D0 asa reference, aery recent anchlready very highly
optimized platform while a substantial reduction INQ, emissions is obtained38%) thanks to the
lean burn technology of th&ltrafan®engine

Finally, for the UltrAdvanced concepts with EIS 2035 deyond, even more substantial gains can
be expected, with26% for the SMR++ concephanks to the Open Rotor architecturahd-26% for

the Innovative Regional TP 130 manpared to a Regional J&the lowNQ, reduction for the SMR++
(-8%) may be disgarded as it results from the core engine model of the Open Rotor not yet including
low NQ. combustor technology (to be updated in the near futuréhe LR++Ultra-Advanced LR
concept)has not been modelled as a full aircraft concept but an engineeripgpaph of an additional
-7% t0-8% improvement versus the LR+ concept has been ass@2ethCQ reduction and-45%
NQ).

The environmental results for both fast rotorcraft concepts are presentgutelsninaryand deserve

a note of attention. We have addressed the issue related to the difficulty of choosing an appropriate
reference vehicle. Although an attempt has been made in a first instance to compare to helicopters,
there are still too many design paramesewhich render the comparisdtifficult. Both the RACER and

the NGCTR have rauch higher maximum speed (almost twitleat of a normal helicopter) and
therefore also a higher power installed for the engines. The range and passenger capacity for the
RACER arvery similar or equab the reference helicopte¢l2 pax) but the maxinum ceiling is much
higherthan a normal helicopter.

The RACER performance results currently showcrease in fuel burn, hence in €32 to 17%),
howeververy encouragingonsidering the superior chacteristics of the new concepEurthermore,
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increasing engine powegive strong confidence to achieve a decrease of COPoohd -15 to -20%
for the second assessment.

The NGCTR turns out to be the most difficult to assess, as the passenger capacity is 24 instead of 15
for the reference helicopterthe range has been douldleand the maximum ceiling is 280 ft, that

of a pessurized aircraft. The concept vehicles have therefore very different overall weight. Even by
using normalized fuel burn by passenger and nautical riitescomparisorhas tuned outto yield
resultsspanning a very wide range (from +0.5%30%CQ), very much dependent on the mission
selected and mostly on the choice of the reference vehicle

Work will continue towards the second assessment on adapting the reference eelpiatentially a
WISYSNROQ @SKAOf S  &aA YA 9lsddtirederefice comriuter, butlds iNggrier@ K G | |
compound helicopteandgeneric tiltrotor. Relevant work from the Clean Sky 1 GRC programme might

be helpful here as well, considering the availability of another generic helicopter model, the Twin
Engine Heav{TEH), more similar in terms of payleahge diagram to the NGCTR.

Still, this is a snapshot of the results at programme +@dm. This means more progreasd further
improvements of the perfonanceis to be expected over the second part of the programme through
further maturation of the technologies and updates of the models as well as inclusion of additional
technologies not yet corndéred today.

The mission level performance results are the Isa$br the subsequentairport and fleet level
calculations.

Thanks to the progresmadein noise reduction technologies, trarport level
m'((/“’ )) assessmentlso shows substantial improvements (Section S\)ise impacts
ﬁ were estimated by comparing the noigerformance of future airportraffic

scenarios with and without CS2 technologies in the year 2050afset of
representative airports (Amsterdam Schiphol, Rome Fiumicino, Stockholm
Arlanda, Hamburg, and Toulouse Blagn@be reductions for 2050 in suc@aarea
of Lden contours for relevant noise levels @® dB(A)) are about 1D5%and point out significant
reductions of population exposed and population highly annoyed in the range 623%

ASSESSMENT 2
AT AIRPORT LEVEL

In 2050, reductions of CQ emissionswill amount to about 813.5% for the European airports
considered, while the associatedO, reductions are in the range 6-50.5%.

S5Safran Helicopter Enginesod6 fieco moded concept places
consumption up to 15% and increasing range. A smart auxiliary electrar oquitkly restarts the engine when

additional power is needeBased on an automatic control system assisting the crew, it has been flight tested by
Airbus Helicopters on the Bluecopter demonstrator.
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At fleet level (Air Traffic System)accordingto the present forecast (high

- scenario),approximately75% of global availableseat kilometres (ASK) will be
\%n— operated with aircraft expected to carryl€an XKy 2 technologies in 2050wvhile
25% of global ASKs wailill be operated by aircraft with 2014eference

ASSESSMENT 3 technologies not yet retired
AT FLEET LEVEL

3
Clean Sky:
A

By applying theperformance improvements
! obtained for each concept airaft and by

completing the fleet with virtual aircraft based
on appropriate technology diffusion models to
neighbouring seat classean overall reduction
of CQ and NO, emissions of about 15% and
31% per seat kilometre can be expected for the
year 2050high fleet scenario as compared to a
2050 global traffic scenario incorporating only
2014 reference technology.

For the 2050 low scenarithese values are slightly lower (about 188 and 2% NQ) asthe share
of Clean Sky technology aircraft in terms of ASHightlysmallerat about 70% compared to the high
scenarioof 75%.

As a comparison, if all new concepts would achieve 20 to 30% performance improvement, and if 100%
of the fleet could be relaced within the next 30 years,maaximum of20 to 30% reduction i€Q, NQ

and noise emissions could be expectédeet replacement rate is a key parameter to climate neutral
aviation by 2050.

Unfortunately, considering the long development times of a new aircraft as a commercial product
(between 5 to 10 years), their extremely long service life (on average 25 years for mainliners, 29 years
for turboprops), and the inertia in production rate nease (despite some substantial ramap in

recent years), the fleet replacement process is slbvg. therefore crucial to target the earliest entry

into service date for the next generation of aircraft

Historically, the time between two aircraft gersgions has been typically 15 to 20 years. This
underlines alsdhe urgent need to accelerate the technology maturation process by promoting and
ddzlJI2 NIAYI NBaSINODK Ay @S3aidYSyoithkissendAingt o@yNavardad i 2 & &
technologies btipossibly also ultradvancel technologies should be integratsimultaneously onto

the next aircraft generation by 2030, if not, by 2035 at the latest.

As to fleet evolution, the model predicesmajor shift towards larger aircraft £30Gseats) mainly to
be used to fly short range (3000to 400Ckm) for the mainlinerseat classlt is thus expected that the
discrepancy between design range and operational use will considerably increase in importtdnece
future.
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Modelling a relevant aircraft concept whic!
would satisfy this fleet prediction will therefore
be a major focus towards thesecond
assessmentThis trend to larger aircraft at short
range has major implications in terms of aircraft
design, required runway length, airport capacity,
and economics for the airline$he implications
of this result for the environmental impact of
CS2 and the implicatis for policy/regulatory
interventions wil be further explored as well.

Then, thesocietal impacwof the Clean Sky 2 programme is addressegkittion Gconsidering mobility
and connectivity benefits, macreconomic impact at aviation level as well as competitiveness and
societal impact.

As tomobility and connectivity the introduction of SAT commuter aircra800km range, 300km/h

cruise speej] showghat the percentageof population accessible within 4 hours can be substantially
increasedup to ~30% up to ~3M6 if cruise speed is increased to 400knmButh fast rotorcraft
concepts, as well as the muttiission 70 pax regional turboprop provide substantial improvements

for valuable missions such as Search and Rescue (SAR), fast medical evacuation or Emergency Medical
Services (EMS), but also simply fasgenger transport thanks to their increased flight speed

reduced connecting timelThe results of several mission simulations as Airport-Fegder(AHF)or
Commercialntercity Passenger Transportati¢@IT)support this conclusion. Flight time is tgplly

reduced by 40% to 50% on longer distance missions, an undeniable progress as well for emergency
AYOUSNIISY(GA2ya -KeRAdaNEAY G KS 32t RSy

Atmacro-economic levelin the EU28, aviation is responsible for an abaverage share of totalr@ss
Value Added (GVA)xNd total employment compared to the rest of the warlthe projection indicates

strong positive growth in aviatierelated employment in Europe and the world as well as a significant
increase in gross value added created by aviation. Baseldeomdvements forecast and an economic
input-output model using data from the World Inp@utput Databast the economic effects of civil

aviation, which are supported by C8®2ye beerestimatedin terms of GVA and employment growth

Althougha sgnificantdriver is the strong air traffic growth in emerging economies such as China, India,

and Indonesigthe EU28 (andhe US) will see both their employment and GVA from aviation roughly

double by 2050 versus 2014, maintaining therefore a significant shar@ 6fS ¢ 2 NI RQ& - 3f 206 | f
related employment and GVA

Regardingcompetitiveness and societal impaces a result of thidirst assessmentall stakeholders
acknowledgehat Clean Sky 2 contributgositivelyto the improvement of the technical knahow,
competitivenessand job creatiorin the EU industryThe structure of Clean Sky 2 enalddisactors in

the aviation communityto collaborate and share ideas easily. Researchers can learn what the
AYRdzA G NB Q& VY S S Rgin dcded Io mucgli Biggér m@ustrial@ilangs and their facilities. In

4 Cf. http://mww.wiod.org/home
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turn, industry benefits from the innovative potential of SMEs and the deep sl knowledge of
the research centreand academia

Clean Sky has successfully established a robust innovation network and quality supply chain in the
aviation sector, motivated to drive cleaner, greener aviation forwary the end of 202Four Calls

for Core Partners and elevedalls for Proposalsere launched and evaluatedhrough these call
YSOKLI yAaYacdzZRIKSI e e wdbjicPrivafe PartmfRipggeammehas achieved

an unprecedented level of participation in the programme. Btran1850 participants/ 940 entities

are currentlyinvolved in more tha®50 granted projectsith broad geographical spread and widening

of aeronautics sectoMany rewcomers from other sector.g. automotivejoined the programme
providing key innoation impetusand statistics shova large SME patrticipation withhigh percentage

of SMEs being firdtme EU programme participants well.Thisinvolves more than 5000 engineers
and scientists around Europe working on Clean Sky 2 projects.

As already briefly mentionedhe impact of COVIB19 has not been accourt for in the present
study. The workwasfinalized while the pandemic was in its first outbreak in Europe. Nevertheless,
some reflections addressing the potential impacts in the shonedium and long term on demand,
movements and network, anon global fleet are proposgin Section 7

The report closes with an outlook towards the secasdessment of 2024 fhection 8This covers a

new iteration of technology mapping to include additional technology bricks into the existing concept
models and update them. New or updated reference vehicles may be defined to improve performance
comparison and new engines as well as nensraft concepts will be proposed to further reduce the
environmental impact by better addressing the needs of the fleet in 2050. Theemmimmic impact

study will be updated to address not only direct, indirect and induced effects but also catdigtits ef

The impact ofCOVIBL9 may play a major role here. The study will be extended to address in further
RSLIIK GKS AYLI OG 2y 9dzNRBLISIY O2YLISGAGAGBSyYySaa |y
Private Partnership in the aeronautical landscape.

CdzyRSR o6& GKS 9! Qa I 2NAT 2y wnanun LINRPANIYYS:E /Sty
industry collaboration, global leadership and competitivendsg delivering innovative solutions for
the aviation sector.

/| £ SIy {-e@Qisionis ® ¥rible the EU aviation sector to reach complete climate neutrality
by 2050. Achieving such an ambitious goal requires segtate cooperation, and Clean Sky ggges

and supportsSMEs, universities, research centres and the aviation industry to continue to deliver
ground-breaking results.
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1 Introduction

Clean Sky is the largest European research programme developing innovative;edd¢tangechnology
aimed at reducin€Q, gas emissions and noise levels produced by air@afzy RSR o6& (KS 9! Qa
2020 programme, Clean Sky contributes to strengthening Europeariradustry collaboration, global

leadership and competitiveness by delivering innovative solutions for the aviation sector.

TheClean Sky 2oint Undertakingwas establishety Council Regulation (EU) No 558/2014 of 6 May
2014to develop cleaner air transport technologies for earligaissible deploymentand in particular
the integration, demonstration and validation of technologies capable of; \
Clean Sky 2
Environmental
Objectives

20’
20’
& &
©

\vs‘ best aircraftin 2014]
Besides improving the environmental impact of aeronautical nethgies,
including those relatedo small aviation, the objective of Clean Skis alsdo develop a strong and
globally competitive aeronautical industry and supply chain in Europe

O00

The programmestructure is shown in Figure I.is composed ofhree IADPs- Innovative Aircraft
Demonstration Platforms(Large Passenger Aircraft, Regional Aircraft and Fast Rotortived | TDs

- Integrated Technology DemonstratargAirframe, Engines and Systems) as wethese W ¢ NJ y 4 @S NA S
I OGAGAGASEQ rArbdspdtty ISATQEc®esighl-andt the Mechnology EvaluatdiE) with

relevance to several ITDs and/or IADPs and requiring coordination and management across the ITDs

and/or IADPs.
Innovative
Aircraft —
Demonstrator —
Platforms —

(1ADPS)

Large Passenger Aircraft Regional Aircraft Fast Rotoreraft
Integrated
Technology
Demonstrators
(ITDs) Eco-Design Technology Evaluator

Engines ITD  ——

Systems ITD  —u Small Air Transport

Transverse Activities (TAs)

Figure 1 - Schematic Structure of the Clean Sky 2 Programme.
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Figure 27 Clean Sky 2 Key Demonstrators.



2 Technology Evaluator

The Technology Evaluatoas a Transverse Activithas been established as andependent
Technology Evaluator for the entire duration of the Clean Sky 2 Joint Undertakingntile31
Decembey 2024 It is led by the German Aerospace Cerfi2itR}and hasthe following tasks(as per
Regulatiof):

Modelling, Concept Models

Tt

Concept Model Owners Assessments v Governing Board

System Platform

Figure 37 Information flow from the SPDs through the Technology Evaluator to the Clean Sky 2 JU.

5 Council Regulation (EU) No 558/2014 of 6 May 2014
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2.1. Overall Assessment Timeline

To monitor and assess the progress of the ongoing technology developments across all Can Sky
activities, twomajor reporting milestones have been setlat Global Assessment by end of 2026.
approximately atprogramme mid-term , and the 2nd Final Global Assessment byid-2024, at
programme closure

2.2. First Assessmentnterim Results

The report reflects the technological achievements of the first five yeatsegirogranmme which will
endin 2024. The report assesses tavvironmental benefitdrom CS2 technological achievements,
which were considered to have reachedreadybefore programme midterm, a sufficient level of
maturity (TRL) to be included in the overall performance models of the new aircraft concepts.

To date, substantial progress has been made in the development of these technology bricks across all
platforms. Howeve additional technologies, still under development, will be integratbg the
programme @nd, whenmature enough, anavill further improve the current results.

2.3. Key Indicators and Metrics

The scope of the present assessment coverseiimdgronmental CQ, NQ,, noise) and societal impact
(mobility, connectivity andsociceconomicimpact while improved air traffic management and
infrastructure use or the potential contribution from alternative fuels ampact of offsetting

mechanisms hee not beenconsiderechere.

Thekey indicatorslevels and dimensions of the TE assessment are odtlmEigure4 .

Environment Societyincluding Economy
Emissions, Mobility, GDP Impact, Additiona
Noise, LAQ, Connectivity Job Creation, Competitiveness Impacts to CS not

Climate Impact addressed
%) . _ o
2 e GDP Impact,\ Jf:»bs, Changes per o
< Travel Time, Emem =

ocal Air Savings for
Lnight, Remote

g Regions, ATM Competitiveness, Promotion of o
o efficiency Collaboration among Stake- @
< holders S
c :
% r\\/fﬁlr:fl.i Life Cycle: Energy Budget & Cost 8
il = Improvements =
> Productivity £

Figure 4 - Metrics, levels and dimensions of the TE assessment.
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In terms of environment, gaseous emissions are evaluated at the le@DandNQO, released during

the aircraft mission. Sulfur oxides ($Qvater vapour (kD), volatile organic compounds (VOC), nvPM
(particles), have not been assessed in the present study. The aircraft (and engine) models are currently
not able to provide this levelfanformation about pollutant emissions and will be updated accordingly

in the near future, so as to comply also with the evolution of emissions regulations (ICAO/CAEP).

Therefore, local air quality (LAQ) at airport level could alsobheoassessed. N@swas evaluated
through Lden and Lnight levels as well as population exposed (but not population affected).

The corresponding metrics are:

9 Fuel burn in kg per mission and normsdid to kg per seakilometer, correlation withCQ
emissions

1 Gaseousmissions

o CQ andNQin kg per mission and normsdid to kg per seakilometer, identical to
the fuel burn metrics. At ATS level, thigs equivalent to normales by Revenue
PassengeKilometer (RPK.

Figure 5 showsigure5 emissions from a typical twengine jet aircraft during-hour
flight with 150 passengers. There is a direct relation between fuel burn and CO
emitted (1kg of kerosene burnt prodas 3.16 kg CO2 emitted) while NOx is depending
on thermodynamic cycle temperature and combustion technology.

2,700 kg kerosene

722,700 kg cold air

850,000 kg air ——)

Source: FOCA

Figure 57 Emissions from a typical two-engine jet aircraft during 1-hour flight with 150 passengers.
Source: European Aviation Environmental Report 2019.

0 When the reference aircraft has different TLARS, i.e. different passenger capacity or
rang€, or in the case of specific missions, emissions are normalized as follows:

A Passenger Transport: kg of emissions/pax/nm
A Freight Transport: kg of emissions/ton/nm
A SARmissions: kg of emissions/time on station/radius attion

6 Cruise speed of the reference and concept vehicle may still differ. This is the only parameter which is not taken
into account in the current metrics.
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9 Noise emissions

9

Clean Sky:.

o for fixedwing aircraft: cumulated perceived noise levels at th8AO noise
certification points (ICAO annex 16) during tafe and landing see also Section

5111

o for rotorcraft: noise contour area reduction along defingightpaths. Noise levels will
be compared in terms of area above specific noise thresholds in dB SELA. SELA is an
integration of the continuous noise level during the whole duration of the event, it
sums the different events over a certain observer givamngindication of the total
acoustic energy receivedee also Sectidh 1.2

In terms of societal impact, mobility and
connectivity benefits are derived at airport and
fleet level from the evaluation ofaircraft
productivity (available sedtilometres per
aircraft¢ ASK*per day) at mission level.

Economic impact is evaluated through GDF
impact, job creations and competitiveness. A
few additionalaspectswhich are not addressed
within the sociceconomic study are health
impacts, safety and security and stakeholders
(i.e. passengers, airlines, ANS&w airports)

2.3. Preliminary Note c@OVIDmpact

The present report covers ¢h 1st Global
Assessment and addresses the progress statu
of the above listed tasks. It is a synopsis of the
full deliverable report submitted to the CS2JU at
the end of June 2020. It comes at a time in which
aviation is unfortunatelygoingthrough oneof

its most severe cres of all times.

Although someconsiderations have been given
to the impact ofCOVIEL9 in the full report, the

RPK& ASK

Revenue Passenger Kilometers (RPK) or

Revenue Passenger Miles (RPM)* is an

airline industry metric that shows the

number of kilometers traveled by paying

passengers. It is calculated as the number of

revenue passengers multiplied by the total

distance traveled. Since it measutbs

actual demand for air transport, it is often

ISTSNNBR (2 a ANIAYS G0N} 7T

RPK is often compared to ASK, #vailable

seat kilometers} Y SI adz2NBE 2F GKS AN
passenger carrying capacity. It is equal to the

number of sats available on a given aircraft

multiplied by the number of kilometers

flomn on a given flight, i.e. the total

maximum number of passenger kilometers

that could be generated.. An available seat

mile is the fundamental unit of production

for a passengecarrying airline.

Comparing RPK and ASK allows to determine
the amount of revenue that comes in
compared to the maximum amount.

bulk of the current work and of this repontaswritten prior to the outbreak othe pandemic in Europe.
This may requirare-assessient ofthe validity of some of the assumptions which have been taken in
relation to the forecast anthe scenarios of the present work.

An outlook on the potential impact &@OVIBL9 on the forecast and scenarios for fleet level
assessment is given at the end of this refsegeSection 7).

7 ANSP: Air Navigation Servicevider
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