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Executive Summary 
 

Clean Sky 2 is currently the largest European research programme developing innovative, cutting-edge 

technology aimed at reducing gas emissions and noise levels produced by aircraft. CǳƴŘŜŘ ōȅ ǘƘŜ 9¦Ωǎ 

Horizon 2020 programme, Clean Sky contributes to strengthening European aero-industry 

collaboration, global leadership and competitiveness by delivering innovative solutions for the aviation 

sector. 

The scope of this document άCƛǊǎǘ Dƭƻōŀƭ !ǎǎŜǎǎƳŜƴǘέ is to report on the 

state of progress towards the high-level objectives of the Public-Private-

Partnership established by the European Commission in 20141. These 

objectives are to develop cleaner air transport technologies for earliest 

possible deployment, and in particular, the integration, demonstration and 

validation of technologies capable of reducing CO2, NOx and Noise 

emissions by 20 to 30 % ŎƻƳǇŀǊŜŘ ǘƻ ΨǎǘŀǘŜ-of-the-ŀǊǘΩ ŀƛǊŎǊŀŦǘ ŜƴǘŜǊƛƴƎ ƛƴǘƻ 

service as from 2014. Besides improving the environmental impact of 

aeronautical technologies, including those related to small aviation, the 

objective of Clean Sky 2 is also to develop a strong and globally competitive 

aeronautical industry and supply chain in Europe.  

 

Therefore, this First Global Assessment of the Clean Sky 2 programme covers two major aspects: the 

environmental impact assessment of the technologies developed under CS2 research and the socio-

economic impact assessment of 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 activity, and the support 

of several related CfP projects. The role, mandate and interaction mechanisms of the TE, as well as the 

timeline for first and second assessments are described in Section 2 of this report (pp 23-27). The first 

assessment is an interim progress status at programme mid-term 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 defined as well as their reference counterpart for comparison. This is 

presented in Section 3 A Vision for the Future, with a synthesis of all concept vehicles, reference 

vehicles and objectives in terms of performance improvement, nearest entry-into-service date (EIS) 

and TRL level at the end of the programme (see Table 1). To date, nine fixed-wing concept aircraft are 

proposed, addressing each market segment (commuter, regional, small, medium and long range) and 

two fast rotorcraft concept vehicles. Several concepts are technically ready for an EIS date as early as 

2025 for maximum impact (commuter and regional turboprops), whereas for the mainliner concepts 

(Short-Medium Range and Long Range), 2030 is seen as the nearest target2 date for introducing an 

άŀŘǾŀƴŎŜŘέ ŎƻƴŎŜǇǘ ƛƴǘƻ ǘƘŜ ŦƭŜŜǘ ŀƴŘ нлор ŦƻǊ ŀƴ άǳltra-ŀŘǾŀƴŎŜŘέ ŎƻƴŎŜǇǘΦ  

                                                           
1 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 in Section 7 addressing this aspect. 
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Although the high level 

objectives of Clean Sky 2 are set 

at aircraft level, this first 

assessment goes beyond. This 

study covers three levels of 

environmental impact: mission 

level, airport level (including 

noise footprint) and fleet level, 

commonly named έAir 

¢ǊŀƴǎǇƻǊǘ {ȅǎǘŜƳάΦ 

The methodology is described 

in detail in Section 4 including 

the assumptions which have 

been taken for the extension to 

a global fleet assessment in 

2050. The predictions are 

broken down into a έŦƻǊŜŎŀǎǘά 

until 2035 followed by two 

έǎŎŜƴŀǊƛƻǎά όƘƛƎƘ ŀƴŘ ƭƻǿύ ǳǇ 

to 2050. 

The study uses a DLR forecasting model based on various 

economic growth assumptions, technology diffusion models 

and fleet replacement rates. It 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 and fleet mix evolution. Comparisons are provided 

with the results of other models (such as ICAO-CAEP 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 comparison. This permitted 

the consolidation of the conclusions, demonstrating that a 

constrained forecast is likely to show an overall reduction of 

30% in terms of flight volumes which is to be expected by 2050 

versus an unconstrained forecast, with direct consequences 

on aircraft in service, hence on aircraft deliveries. 

For the continuation of the programme, attention will be devoted to further testing the robustness of 

this model and to extend it to new scenarios, in particular to include the effect of the COVID-19 

pandemic on aviation, too recent to be considered in this study.  

 

The results in terms of environmental impact are presented in Section 5 for the three levels of 

assessment respectively, the main part of this report.  

Airport Traffic Congestion 

Congested airports are already 

a reality today. 

An overall reduction of 30% in 

terms of flight volumes can be 

expected if airport capacity 

constraints are 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. 
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The mission level assessment is based on the detailed descriptions of each of 

the concepts and their technology insertions (Section 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 level in 2018 and the integration at overall aircraft level was 

performed accordingly, considering mainly weight and volume impact of 

components and systems, efficiency and weight of the propulsion system and aerodynamic 

performance of the aircraft (at low speed and high speed). Each SPD has used their own in-house 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 integrating a new technology on-board of the aircraft. This 

optimisation cycle takes about a year (including trade-off studies and generation of models). It must 

be noted also, that it is extremely difficult to optimize an aircraft for all environmental objectives 

simultaneously (CO2, NOx, and noise) because of the conflicting requirements inherent to each of those 

objectives individually. A typical example is the substantial improvement in fuel burn reduction 

provided by a new engine design (e.g. through an increased By-Pass Ratio), which will inevitably 

introduce penalties in terms of weight and drag because of the increased size of the engine - despite 

a much better propulsive efficiency. Similarly, noise reduction technologies may be effective and also 

have a positive effect on drag reduction, but may come at a cost of increased weight of the aircraft. 

Or, to conclude, reducing fuel burn of the engine, in order to reduce CO2, would require increasing 

combustion temperature to improve cycle efficiency, which is exactly what must be avoided to reduce 

NOx.  

 

The difficulty of an appropriate choice for the reference aircraft ŀǎ άƳƻǎǘ ǊŜƭŜǾŀƴǘέ ƻǊ άōŜǎǘ ƛƴ Ŏƭŀǎǎέ 

deserves a note of caution as well. For mainliners, this reference aircraft is fairly easy to identify as 

year 2014 state-of-the-art (SoA): A321neo-like for the SMR concept and A350-900-like for the LR 

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

other cases, due to different passenger capacities (e.g. REG-90 or REG-130), or design range, cruise 

speed, or even maximum ceiling (altitude), there is no exact match in terms of existing aircraft, or no 

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

72) and up-scale it to 90 pax. For regional turboprop aircraft in general (ATR-72, C-295, etc.), the latest 

SoA regional aircraft in service in 2014 are based on technology standards of year 2000, whereas 

regional jets (Bombardier CS-300 or A220-300) are using recent geared turbofan technology (and are 

approaching the lower end of the SMR market, i.e. A319 (in terms of range (3000nm) and cruise speed 

(Ma=0.78)). In cases where the technologies are intended to be flight-tested on a given aircraft (e.g. 

the Regional Multi-Mission TP 70 pax, technologies will be flown on a C-295 aircraft within the 

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

the reference, requiring an appropriate re-scaling methodology, well known by the aircraft 

manufacturers. For Small Air Transport, all existing aircraft in service have technology standards well 

prior to year нлллΣ ǿƘƛŎƘ ǊŜǉǳƛǊŜŘ ǘƻ ŘŜǾŜƭƻǇ ŀ άƎŜƴŜǊƛŎέ мф-seater model with SoA technologies of 

2014. Finally, the identification of an appropriate reference for the fast rotorcraft concepts has proven 

to be most difficult as the cruise speed of the new concepts is almost twice that of any existing 
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helicopter, closer to an aircraft in terms of cruise speed and altitude, but with VTOL capability. Some 

of these reference aircraft will be updated in view of the second assessment. 

Finally, the overall concept sizing chain used by the Design Offices, enables light scaling and loss model 

calibration. However, aircraft sizing rules, today kept equivalent to the ones used for the reference 

aircraft (EIS 2014), are 12-14 years old ς (200 pax for SMR, 315 pax for LR) and may no longer be aligned 

with the market expectations for an EIS 2030. This may lead to consider the modelling of new concept 

aircraft which may become more relevant in the future, and better meet the demand of the fleet in 

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 short-range aircraft (>300 seats, <4000km). 

 

The results at mission level underline the fact that substantial progress has already been achieved 

and that the programme is well on track. Most of the concepts achieve their target or even exceed it 

(see Table 15).  

 

Three vehicle concepts have an EIS target  date as early as 2025, and all of them achieve or exceed 

their environmental performance objectives, sometimes well over -30% CO2 emissions reduction (e.g. 

the Advanced Regional TP 90 pax with -34% CO2 and -67% NOx reduction). 

 

For the next EIS target date (2030), the Short-Medium Range concept (SMR+) achieves a substantial 

improvement of -17% CO2 reduction.  The moderate improvement for the LR+ concept (-13% CO2) 

results from the comparison with the A350-900 as a reference, a very recent and already very highly 

optimized platform, while a substantial reduction in NOx emissions is obtained (-38%) thanks to the 

lean burn technology of the Ultrafan® engine. 

 

Finally, for the Ultra-Advanced concepts with EIS 2035 and beyond, even more substantial gains can 

be expected, with -26% for the SMR++ concept (thanks to the Open Rotor architecture) and -26% for 

the Innovative Regional TP 130 pax compared to a Regional Jet. The low NOx reduction for the SMR++ 

(-8%) may be disregarded as it results from the core engine model of the Open Rotor not yet including 

low NOx combustor technology (to be updated in the near future). The LR++ (Ultra-Advanced LR 

concept) has not been modelled as a full aircraft concept but an engineering approach of an additional 

-7% to -8% improvement versus the LR+ concept has been assumed (-21% CO2 reduction and -45% 

NOx).  

 

The environmental results for both fast rotorcraft concepts are presented as preliminary and 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 parameters which render the comparison difficult. Both the RACER and 

the NGCTR have a much higher maximum speed (almost twice that of a normal helicopter) and 

therefore also a higher power installed for the engines. The range and passenger capacity for the 

RACER are very similar or equal to the reference helicopter (12 pax), but the maximum ceiling is much 

higher than a normal helicopter.  

 

The RACER performance results currently show an increase in fuel burn, hence in CO2 (+2 to 17%), 

however very encouraging considering the superior characteristics of the new concept. Furthermore, 
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ǇǊƻǎǇŜŎǘǎ ƻŦ ŀŘŘƛƴƎ ǘƘŜ άŜŎƻ-mode3έ ǘŜŎƘƴƻƭƻƎȅ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ǘƻ ƛƴŎǊŜŀǎŜ ǇŀȅƭƻŀŘ without 

increasing engine power give strong confidence to achieve a decrease of CO2 of around -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 helicopter, the range has been doubled, and the maximum ceiling is 25,000 ft, that 

of a pressurized aircraft. The concept vehicles have therefore very different overall weight. Even by 

using normalized fuel burn by passenger and nautical miles, the comparison has turned out to yield 

results spanning a very wide range (from +0.5% to -90% CO2), 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 vehicles, potentially a 

ΨƎŜƴŜǊƛŎΩ ǾŜƘƛŎƭŜΣ ǎƛƳƛƭŀǊƭȅ ǘƻ ǘƘŜ ŀǇǇǊƻŀŎƘ ǘŀƪŜƴ ŦƻǊ ǘƘŜ м9 seat reference commuter, but as a generic 

compound helicopter and generic tilt-rotor. 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 Heavy (TEH), more similar in terms of payload-range diagram to the NGCTR.  

 

Still, this is a snapshot of the results at programme mid-term. This means more progress and further 

improvements of the performance is 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 considered today.  

 

The mission level performance results are the basis for the subsequent airport and fleet level 

calculations. 

 

Thanks to the progress made in noise reduction technologies, the airport level 

assessment also shows substantial improvements (Section 5.2). Noise impacts 

were estimated by comparing the noise performance of future airport traffic 

scenarios with and without CS2 technologies in the year 2050 for a set of 

representative airports (Amsterdam Schiphol, Rome Fiumicino, Stockholm 

Arlanda, Hamburg, and Toulouse Blagnac). The reductions for 2050 in surface area 

of Lden contours for relevant noise levels (60-65 dB(A)) are about 10-15% and point out significant 

reductions of population exposed and population highly annoyed in the range of 10-25%.   

 

In 2050, reductions of CO2 emissions will amount to about 8-13.5% for the European airports 

considered, while the associated NOx reductions are in the range 6.5-10.5%. 

 

                                                           
3 Safran Helicopter Enginesô ñeco modeò concept places one engine in standby mode during cruise, reducing fuel 

consumption up to 15% and increasing range. A smart auxiliary electric motor quickly restarts the engine when 

additional power is needed. Based 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), according to the present forecast (high 

scenario), approximately 75% of global available seat kilometres (ASK) will be 

operated with aircraft expected to carry Clean Sky 2 technologies in 2050, while 

25% of global ASKs will still be operated by aircraft with 2014 reference 

technologies, not yet retired.  

 

By applying the performance improvements 

obtained for each concept aircraft and by 

completing the fleet with virtual aircraft based 

on appropriate technology diffusion models to 

neighbouring seat classes, an overall reduction 

of CO2 and NOx emissions of about 15% and 

31% per seat kilometre can be expected for the 

year 2050 high fleet scenario as compared to a 

2050 global traffic scenario incorporating only 

2014 reference technology.  

 

For the 2050 low scenario, these values are slightly lower (about 14% CO2 and 29% NOx) as the share 

of Clean Sky technology aircraft in terms of ASK is slightly smaller at about 70% compared to the high 

scenario of 75%.  

 

As a comparison, if all new concepts would achieve 20 to 30% performance improvement, and if 100% 

of the fleet could be replaced within the next 30 years, a maximum of 20 to 30% reduction in CO2, NOx 

and noise emissions could be expected. Fleet 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 increase (despite some substantial ramp-up in 

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

into service date for the next generation of aircraft.  

 

Historically, the time between two aircraft generations has been typically 15 to 20 years. This 

underlines also the urgent need to accelerate the technology maturation process by promoting and 

ǎǳǇǇƻǊǘƛƴƎ ǊŜǎŜŀǊŎƘ ƛƴǾŜǎǘƳŜƴǘǎΣ ƛƴ ƻǊŘŜǊ ǘƻ άǎƪƛǇ ŀ ƎŜƴŜǊŀǘƛƻƴέ. To this end, not only advanced 

technologies but possibly also ultra-advanced technologies should be integrated simultaneously onto 

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

 

As to fleet evolution, the model predicts a major shift towards larger aircraft (>300seats) mainly to 

be used to fly short range (< 3000 to 4000km) for the mainliner seat class.  It is thus expected that the 

discrepancy between design range and operational use will considerably increase in importance in the 

future.   

Air traffic carbon emissions in 2050 

In 2050, more than 55% of CO2 emissions 

will come from medium and large aircraft 

on short-medium haul flights (<4000km). 

These two aircraft categories will account 

for about 55% of flights, compared to 

15% in 2020. 
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Modelling a relevant aircraft concept which 

would satisfy this fleet prediction will therefore 

be a major focus towards the second 

assessment. This trend to larger aircraft at short 

range has major implications in terms of aircraft 

design, required runway length, airport capacity, 

and economics for the airlines. The implications 

of this result for the environmental impact of 

CS2 and the implications for policy/regulatory 

interventions will be further explored as well. 

 

 

Then, the societal impact of the Clean Sky 2 programme is addressed in Section 6 considering mobility 

and connectivity benefits, macro-economic impact at aviation level as well as competitiveness and 

societal impact.  

 

As to mobility and connectivity, the introduction of SAT commuter aircraft (800km range, 300km/h 

cruise speed), shows that the percentage of population accessible within 4 hours can be substantially 

increased up to ~30%, up to ~37% if cruise speed is increased to 400km/h. Both fast rotorcraft 

concepts, as well as the multi-mission 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 for passenger transport thanks to their increased flight speed and 

reduced connecting time. The results of several mission simulations as Airport Hub-Feeder (AHF) or 

Commercial Intercity Passenger Transportation (CIT) support this conclusion. Flight time is typically 

reduced by 40% to 50% on longer distance missions, an undeniable progress as well for emergency 

ƛƴǘŜǊǾŜƴǘƛƻƴǎ ǿƛǘƘƛƴ ǘƘŜ άƎƻƭŘŜƴ-ƘƻǳǊέΦ 

At macro-economic level, in the EU28, aviation is responsible for an above-average share of total Gross 

Value Added (GVA) and total employment compared to the rest of the world. The projection indicates 

strong positive growth in aviation-related employment in Europe and the world as well as a significant 

increase in gross value added created by aviation. Based on the movements forecast and an economic 

input-output model using data from the World Input-Output Database4, the economic effects of civil 

aviation, which are supported by CS2, have been estimated in terms of GVA and employment growth. 

Although a significant driver is the strong air traffic growth in emerging economies such as China, India, 

and Indonesia, the EU28 (and the US) will see both their employment and GVA from aviation roughly 

double by 2050 versus 2014, maintaining therefore a significant share of ǘƘŜ ǿƻǊƭŘΩǎ Ǝƭƻōŀƭ ŀǾƛŀǘƛƻƴ-

related employment and GVA. 

 

Regarding competitiveness and societal impact, as a result of this first assessment, all stakeholders 

acknowledge that Clean Sky 2 contributes positively to the improvement of the technical know-how, 

competitiveness and job creation in the EU industry. The structure of Clean Sky 2 enables all actors in 

the aviation community to collaborate and share ideas easily. Researchers can learn what the 

ƛƴŘǳǎǘǊȅΩǎ ƴŜŜŘǎ ŀǊŜΣ ŀƴŘ {a9ǎ Ŏŀƴ gain access to much bigger industrial giants and their facilities. In 

                                                           
4 Cf. http://www.wiod.org/home. 

! ǾŜǊƛǘŀōƭŜ αǎƪȅ-ōǳǎά 

Like the famous London double-deckers, high 

passenger capacity will be the key to respond 

to air traffic demand in the future, especially 

on short-haul routes (<4000km).  

As a result of airport capacity constraints, a 

ǾŜǊƛǘŀōƭŜ άŀŜǊƛŀƭ ŀǳǘƻōǳǎέ ƻŦ ƭŀǊƎŜ ŎŀǇŀŎƛǘȅ 

will be required to move passengers from city 

to city mostly on intra-continental flights. 

http://www.wiod.org/home
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turn, industry benefits from the innovative potential of SMEs and the deep specialised knowledge of 

the research centres and academia.  

Clean Sky has successfully established a robust innovation network and quality supply chain in the 

aviation sector, motivated to drive cleaner, greener aviation forward. By the end of 2020, four Calls 

for Core Partners and eleven Calls for Proposals were launched and evaluated. Through these call 

ƳŜŎƘŀƴƛǎƳǎΣ ǘƘŜ ϵп .n ōǳŘƎŜǘ κ ϵмΦу .ƴ ŦǳƴŘƛƴƎ Public-Private Partnership programme has achieved 

an unprecedented level of participation in the programme. More than 1850 participants /  940 entities 

are currently involved in more than 550 granted projects with broad geographical spread and widening 

of aeronautics sector. Many newcomers from other sectors (e.g. automotive) joined the programme 

providing key innovation impetus and statistics show a large SME participation with a high percentage 

of SMEs being first-time EU programme participants as well. This involves more than 5000 engineers 

and scientists around Europe working on Clean Sky 2 projects. 

As already briefly mentioned, the impact of COVID-19 has not been accounted for in the present 

study. The work was finalized while the pandemic was in its first outbreak in Europe. Nevertheless, 

some reflections addressing the potential impacts in the short-, medium- and long term on demand, 

movements and network, and on global fleet are proposed in Section 7. 

 

The report closes with an outlook towards the second assessment of 2024 in Section 8. This 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 new aircraft concepts will be proposed to further reduce the 

environmental impact by better addressing the needs of the fleet in 2050.  The socio-economic impact 

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

The impact of COVID-19 may play a major role here. The study will be extended to address in further 

ŘŜǇǘƘ ǘƘŜ ƛƳǇŀŎǘ ƻƴ 9ǳǊƻǇŜŀƴ ŎƻƳǇŜǘƛǘƛǾŜƴŜǎǎ ŀƴŘ ǘƘŜ άŀŘŘƛǘƛƻƴŀƭƛǘȅέ ƻŦ /ƭŜŀƴ {ƪȅ н ŀǎ ŀ tǳōƭƛŎ-

Private Partnership in the aeronautical landscape. 

 

 

 

---------------------------------------------------------------------------------------------- 

 

 

 

CǳƴŘŜŘ ōȅ ǘƘŜ 9¦Ωǎ IƻǊƛȊƻƴ нлнл ǇǊƻƎǊŀƳƳŜΣ /ƭŜŀƴ {ƪȅ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ǎǘǊŜƴƎǘƘŜƴƛƴƎ 9ǳǊƻǇŜŀƴ ŀŜǊƻ-

industry collaboration, global leadership and competitiveness by delivering innovative solutions for 

the aviation sector.  

/ƭŜŀƴ {ƪȅΩǎ ƭƻƴƎ-term vision is to enable the EU aviation sector to reach complete climate neutrality 

by 2050. Achieving such an ambitious goal requires sector-wide cooperation, and Clean Sky engages 

and supports SMEs, 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, cutting-edge technology 

aimed at reducing CO2, gas emissions and noise levels produced by aircraft. CǳƴŘŜŘ ōȅ ǘƘŜ 9¦Ωǎ IƻǊƛȊƻƴ 

2020 programme, Clean Sky contributes to strengthening European aero-industry collaboration, global 

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

 

The Clean Sky 2 Joint Undertaking  was established by Council Regulation (EU) No 558/2014 of 6 May 

2014 to develop cleaner air transport technologies for earliest possible deployment, and in particular 

the integration, demonstration and validation of technologies capable of:  

Besides improving the environmental impact of aeronautical technologies, 

including those related to small aviation, the objective of Clean Sky 2 is also to develop a strong and 

globally competitive aeronautical industry and supply chain in Europe. 

 

The programme structure is shown in Figure 1. It is composed of three IADPs - Innovative Aircraft 

Demonstration Platforms - (Large Passenger Aircraft, Regional Aircraft and Fast Rotorcraft), three ITDs 

- Integrated Technology Demonstrators ς (Airframe, Engines and Systems) as well as three Ψ¢ǊŀƴǎǾŜǊǎŜ 

!ŎǘƛǾƛǘƛŜǎΩ ƻǊ Ψ¢!ǎΩ ό{Ƴŀƭƭ !ƛr Transport ς SAT, Eco-Design and the Technology Evaluator ςTE) with 

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

and/or IADPs. 

 

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

(i) increasing aircraft fuel efficiency, thus  

reducing CO2 emissions by 20 to 30 %  

ŎƻƳǇŀǊŜŘ ǘƻ ΨǎǘŀǘŜ-of-the-ŀǊǘΩ ŀƛǊŎǊŀŦǘ  

entering into service as from 2014. 

      (ii)        reducing aircraft NOx and noise emissions by 20 to 30 %    

                     ŎƻƳǇŀǊŜŘ ǘƻ ΨǎǘŀǘŜ-of-the-ŀǊǘΩ ŀƛǊŎǊŀŦǘ  

                     entering into service as from 2014.  

http://www.cleansky.eu/sites/default/files/documents/legal/council_regulation_establishing_clean_sky_2_06.05.2014.pdf
http://www.cleansky.eu/sites/default/files/documents/legal/council_regulation_establishing_clean_sky_2_06.05.2014.pdf


 

 

Figure 2 ï Clean Sky 2 Key Demonstrators. 



 

2 Technology Evaluator 
 

The Technology Evaluator, as a Transverse Activity, has been established as an independent 

Technology Evaluator for the entire duration of the Clean Sky 2 Joint Undertaking, i.e. until 31 

December, 2024. It is led by the German Aerospace Center (DLR) and has the following tasks (as per 

Regulation5): 

 

 

 
Figure 3 ï 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. 

(ii) providing feedback to ITDs and IADPs in order to enable the optimisation of their 

performance against their respective goals and objectives;  

 

(iii) providing input, through the Executive Director, to the Governing Board on 

environmental and societal impacts across Clean Sky activities to enable the Governing 

Board to take all actions necessary to optimise benefits across all Clean Sky 

ǇǊƻƎǊŀƳƳŜǎΣ ŀƎŀƛƴǎǘ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ǇǊƻƎǊŀƳƳŜǎΩ ƘƛƎƘ-level goals and objectives;  

 

(iV) providing regular information, through the members, the Executive Director and other 

bodies of the Joint Undertaking, on the impact of the technological results of the ITDs 

and IADPs. 

 

(i) monitoring and assessing the environmental and societal impact of the technological 

results arising from individual ITDs and IADPs across all Clean Sky activities, specifically 

quantifying the expected improvements on the overall noise, greenhouse gas and air 

pollutants emissions from the aviation sector in future scenarios in comparison to 

baseline scenarios; 
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2.1. Overall Assessment Timeline 

 

To monitor and assess the progress of the ongoing technology developments across all Clean Sky 2 

activities, two major reporting milestones have been set: a 1st Global Assessment by end of 2020, i.e. 

approximately at programme mid-term , and the 2nd Final Global Assessment by mid-2024, at 

programme closure.  

 

2.2. First Assessment ς Interim Results 

 

The report reflects the technological achievements of the first five years of the programme which will 

end in 2024. The report assesses the environmental benefits from CS2 technological achievements, 

which were considered to have reached, already before programme mid-term, 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. However, additional technologies, still under development, will be integrated by the 

programmeΩǎ end, when mature enough, and will further improve the current results.  

 

2.3. Key Indicators and Metrics 

 

The scope of the present assessment covers the environmental (CO2, NOx, noise) and societal impact 

(mobility, connectivity and socio-economic impact) while improved air traffic management and 

infrastructure use or the potential contribution from alternative fuels and impact of offsetting 

mechanisms have not been considered here. 

 

The key indicators, levels and dimensions of the TE assessment are outlined in Figure 4 .  

 

 

Figure 4 - Metrics, levels and dimensions of the TE assessment. 
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In terms of environment, gaseous emissions are evaluated at the level of CO2 and NOx released during 

the aircraft mission. Sulfur oxides (SOx), water vapour (H2O), 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 level of information 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 also not be assessed. Noise was evaluated 

through Lden and Lnight levels as well as population exposed (but not population affected). 

 

The corresponding metrics are: 

¶ Fuel burn: in kg per mission and normalised to kg per seat-kilometer, correlation with CO2 
emissions. 

¶ Gaseous emissions:  

o CO2 and NOx in kg per mission and normalised to kg per seat-kilometer, identical to 
the fuel burn metrics. At ATS level, this is equivalent to normalise by Revenue-
Passenger-Kilometer (RPK*).  

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

 

Figure 5 ï Emissions from a typical two-engine jet aircraft during 1-hour flight with 150 passengers. 
Source: European Aviation Environmental Report 2019. 

o When the reference aircraft has different TLARs, i.e. different passenger capacity or 
range6, or in the case of specific missions, emissions are normalized as follows: 

Á Passenger Transport:                     kg of emissions/pax/nm  

Á Freight Transport:                 kg of emissions/ton/nm 

Á SAR missions:                       kg of emissions/time on station/radius of action  

                                                           
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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¶ Noise emissions:   

o for fixed-wing aircraft:  cumulated perceived noise levels at the ICAO noise 
certification points (ICAO annex 16) during take-off and landing, see also Section 
5.1.1.1. 
 

o for rotorcraft: noise contour area reduction along defined flightpaths. 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 giving an indication of the total 
acoustic energy received, see also Section 5.1.2. 

 

In terms of societal impact, mobility and 

connectivity benefits are derived at airport and 

fleet level from the evaluation of aircraft 

productivity (available seat-kilometres per 

aircraft ς ASK* per day) at mission level.   

 

Economic impact is evaluated through GDP 

impact, job creations and competitiveness. A 

few additional aspects, which are not addressed 

within the socio-economic study, are health 

impacts, safety and security and stakeholders 

(i.e. passengers, airlines, ANSPs7 and airports).  

 

2.3. Preliminary Note on COVID Impact 

 

The present report covers the 1st Global 

Assessment and addresses the progress status 

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 unfortunately going through one of 

its most severe crises of all times.  

Although some considerations have been given 

to the impact of COVID-19 in the full report, the 

bulk of the current work and of this report was written prior to the outbreak of the pandemic in Europe. 

This may require a re-assessment of the validity of some of the assumptions which have been taken in 

relation to the forecast and the scenarios of the present work.  

 

An outlook on the potential impact of COVID-19 on the forecast and scenarios for fleet level 

assessment is given at the end of this report (see Section 7).  

  

                                                           
7 ANSP: Air Navigation Service Provider 

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 measures the 

actual demand for air transport, it is often 

rŜŦŜǊǊŜŘ ǘƻ ŀǎ ŀƛǊƭƛƴŜ άǘǊŀŦŦƛŎΦέ 

RPK is often compared to ASK, the available 

seat kilometers, ŀ ƳŜŀǎǳǊŜ ƻŦ ǘƘŜ ŀƛǊƭƛƴŜΩǎ 

passenger carrying capacity. It is equal to the 

number of seats available on a given aircraft 

multiplied by the number of kilometers 

flown 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 passenger-carrying airline.  

Comparing RPK and ASK allows to determine 

the amount of revenue that comes in 

compared to the maximum amount. 

 

http://www.investopedia.com/terms/a/availableseatmiles.asp
http://www.investopedia.com/terms/a/availableseatmiles.asp

































































































































































































