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Executive Summary 

Clean Sky today epitomises a true Public Private Partnership (PPP). It represents a strategic and successful input 

to the Europe 2020 objectives: boosting private investments in research and innovation and making the best use 

of public research funding in a vital and growing sector. Five years into the Programme, the step-change 

improvement potential targeted, such as up to 30% reduction in CO2 emissions and (depending on the aircraft 

segment) 60% reduction in noise footprint, are all within reach. Stakeholder participation is a huge success: first 

time participation from many SMEs and their success rate in the Calls for Proposals is over twice that of any other 

FP7 instrument.  Industry is increasingly using Clean Sky as the centrepiece of their R&T programmes because of 

the flexibility of the instrument; and the JU has proven its efficiency as management body.  

 

The aeronautical sector, in particular through Clean Sky 2, will be a critical player in contributing to one of the key 

Societal Challenge ΨǎƳŀǊǘΣ ƎǊŜŜƴ ŀƴŘ ƛƴǘŜƎǊŀǘŜŘ ǘǊŀƴǎǇƻǊǘΩ defined in Horizon 2020. The Clean Sky 2 Programme 

iƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ΨLƴƴƻǾŀǘƛƻƴ LƴǾŜǎǘƳŜƴǘ tŀŎƪŀƎŜΩ ǿƛƭƭ ǎŜǊǾŜ ǎƻŎƛŜǘȅΩǎ ƴŜŜŘǎ ŀƴŘ ǎǘǊŜƴƎǘƘŜƴ Ǝƭƻōŀƭ ƛƴŘǳǎǘǊȅ 

leadership. It will enable cutting edge solutions for further gains in decreasing fuel burn and CO2 and reducing NOX 

and noise emissions. It will contribute strongly to the renewed ACARE SRIA1. 

 

Clean Sky 2 will build on the success of Clean Sky and will deliver full-scale in-flight demonstration of novel 

architectures and configurations. Advanced technology inserted and demonstrated at full systems level will 

enable step-changes in environmental and economic performance and bring crucial competitiveness benefits to 

European industry.  By jointly pursuing this research on new breakthrough innovations and demonstrating new 

vehicle configurations in flight, the Programme will provide the proving grounds for concepts that would 

otherwise be beyond the manageable risk of the private sector. It will give the necessary funding stability to the 

private sector to develop and introduce game-changing innovations within timeframes that are otherwise 

unachievable. Compared to the best available aircraft in operation in 2014, up to a 30% reduction in fuel burn and 

related CO2 emissions, similar or greater reductions in NOX emissions and up to a 75% reduction in noise affected 

communities will accrue from this focused and programmatic approach.  These pace-setting gains will enable the 

9ǳǊƻǇŜŀƴ !Ǿƛŀǘƛƻƴ {ŜŎǘƻǊ ǘƻ ǎŀǘƛǎŦȅ ǎƻŎƛŜǘȅΩǎ ƴŜŜŘǎ ŦƻǊ ǎǳǎǘŀƛƴŀōƭŜΣ ŎƻƳǇŜǘƛǘƛǾŜ Ƴƻōƛƭƛǘȅ ǘƻǿŀǊŘǎ нлрлΦ  .ȅ ŘƻƛƴƎ 

this, Clean Sky 2 will be the key European instrument to speed up technology development, overcome market 

failure and guarantee a sustainable advancement of aviation. Clean Sky 2 will significantly contribute to the 

Innovation Union, create high-skilled jobs, increase transport efficiency, sustain economic prosperity and drive 

environmental improvements in the global air transport system.  

 

The proposed Clean Sky 2 Programme will be jointly funded by the European Commission and the major 

European aeronautics companies, and involves an EU contribution from the Horizon 2020 Programme budget of 

ϵмΦу ōƴΦ Lǘ ǿƛƭƭ ōŜ ƭŜǾŜǊŀƎŜŘ ōȅ ŦǳǊǘƘŜǊ ŀŎǘƛǾƛǘƛŜǎ ŦǳƴŘŜŘ ŀǘ ƴŀǘƛƻƴŀƭΣ ǊŜƎional and private levels leading to a total 

ǇǳōƭƛŎ ŀƴŘ ǇǊƛǾŀǘŜ ƛƴǾŜǎǘƳŜƴǘ ƻŦ ϵпΦлр ōƴΣ Clean Sky 2 will run for the full duration of Horizon 2020 actions, i.e. 

from 2014 to 2023. A phased approach will be taken to the start-up of Clean Sky 2 projects and align them closely 

and adequately with Clean Sky on-going projects (to be completed in the period 2014-2016). It will be endorsed 

and supported by the leading European aeronautic research organisations and academia. Small and medium-size 

enterprises and innovative sub-sector leaders will continue to shape promising new supply chains. In so doing, 

Clean Sky 2 will engage the best talent and resources throughout Europe and over 3,000 highly skilled staff (FTEs) 

will be consistently employed over a ten year period.  

                                                        
1
  Advisory Council on Aviation Research in Europe, Strategic Research and Innovation Agenda (2012) 
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t!w¢ м ς ! /ƭŜŀƴ {ƪȅ CƻǊ ¢ƻŘŀȅΩǎ !ƴŘ ¢ƻƳƻǊǊƻǿΩǎ /ƘŀƭƭŜƴƎŜǎ 

1 Meeting the Challenges set in Horizon 2020 

As underlined in the EC Communication of July 20132, progress towards the Europe 2020 objective of investing 3% 

of GDP in R&D has been slow, with particular weaknesses in private investments. The Clean Sky PPP has proven 

effective: delivering innovations by combining efforts from public and private stakeholders. The European 

Aeronautics ǎŜŎǘƻǊ ǘƻŘŀȅ ŀŎŎƻǳƴǘǎ ŦƻǊ ƴŜŀǊƭȅ ƘŀƭŦ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŦƭŜŜǘ ƛƴ ƻǇŜǊŀǘƛƻƴ ƻǊ ƻƴ ƻǊŘŜǊΦ Lǘ ƛǎ ƻŦ ǇŀǊŀƳƻǳƴǘ 

ƛƳǇƻǊǘŀƴŎŜ ǘƻ ǘƘŜ 9¦ ŜŎƻƴƻƳȅΤ ŀƴŘ ƛǘ ƘŜƭǇǎ ƛƴ ƳŜŜǘƛƴƎ ǎƻŎƛŜǘȅΩǎ ƴŜŜŘǎ ōȅ ŜƴǎǳǊƛƴƎΥ 

V Safe, reliable and competitive mobility for passengers, goods and public services; 

V Minimal impact of aviation on the environment through key innovations; 

V Significant contribution to the balance of trade, economic growth and competitiveness; 

V Retention and growth of highly skilled jobs, supportinƎ 9ǳǊƻǇŜΩǎ knowledge economy. 

 

Continued growth in demand for air travel raises new environmental and socio-economic challenges. Research 

and innovation has been and remains core to EU competitiveness and sustainable value creation. The long-term 

public-private investment made by the European Union and its Aeronautics Sector has made the industry globally 

competitive, allowing it to drive the innovation agenda in many areas, including environmental performance. But 

the new challenges identified in ACARE SRIA highlight the need for more accelerated innovation and for more far-

reaching solutions. A continuation of the existing Clean Sky JTI will ensure new concepts are fully validated in 

order to accelerate the market adoption of step-change solutions.  A continued PPP through Clean Sky 2 will 

deliver major gains within the key pillars defined in H2020:   

 

¶ Creating resource efficient transport that respects the environment.  Clean Sky 2 must finish the job of 

achieving the ACARE SRA goals as set for 2020.  

¶ Ensuring safe and seamless mobility. New concepts will allow the air transport system to meet the mobility 

needs of citizens: more efficient use of local airports, faster connections, and reduced congestion.  

¶ Building industrial leadership in Europe.  Clean Sky 2 will help protect and develop highly skilled jobs within 

European aeronautics and its supply chain, including academia, ROs and SMEs; against a backdrop of 

significantly increased global competition. 

 

By pursuing joint European research on breakthrough innovations and demonstrating new vehicle configurations 

in flight, Clean Sky 2 will position industry to invest in the development and introduction of game-changing 

innovations in timeframes otherwise unachievable.  In doing so, it will significantly ŎƻƴǘǊƛōǳǘŜ ǘƻ 9ǳǊƻǇŜΩǎ 

Innovation Union. 

  

                                                        
2
 C0M (2013) 494 Final: Public-private partnerships in Horizon 2020: a powerful tool to deliver on innovation and growth in Europe 

http://ec.europa.eu/research/press/2013/pdf/jti/iip_communication.pdf 

http://ec.europa.eu/research/press/2013/pdf/jti/iip_communication.pdf
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2 The Rationale for Clean Sky 2   

¢ƘŜ IƻǊƛȊƻƴ нлнл ǇŜǊƛƻŘ ǿƛƭƭ ōŜ ŘŜŎƛǎƛǾŜ ŦƻǊ ŘŜƭƛǾŜǊƛƴƎ ǘƘŜ ƛƴƴƻǾŀǘƛƻƴǎ ŘŜŦƛƴƛƴƎ ǘƘƛǎ ŎŜƴǘǳǊȅΩǎ ŦƭŜŜǘ ŀƴŘ ƛǘǎ 

environmental footprint. Clean Sky 2 results will be applicable to 75% of the world fleet needing replacement3 up 

to 2050, and Clean Sky 2 technology will be able to address aviation emissions totalling over 70% of the 

worldwide civil air fleet4. 

Mastering the full aeronautics research and innovation chain is a prerequisite to sustaining global 

competitiveness. In the past 5 years, Clean Sky has become the single most important instrument to address large 

research topics of advanced maturity up to the demonstration of integrated complex systems, in parallel with the 

ATM R&D in SESAR. The set-up as JTI has proven itself as the most effective way to ensure all relevant European 

stakeholders (including academia, research organizations and SMEs) cooperate in developing the most promising 

technologies towards future industrial application. Clean Sky 2 can further engage and align all the stakeholders in 

the European value chain, trigger research investments from public and private sector players, and permit the 

pooling and aligning of required capacities and capabilities from across Europe.  This will deliver the innovation 

and growth needed as well as drive further investment well beyond its own technical scope.  

Clean Sky 2 will be a natural continuation of Clean Sky.  Close alignment in time and in content between the two 

will allow enable a seamless transition. Based on the technology readiness level (TRL) demonstrated at the end of 

Clean Sky, several technologies will be ready for potential development and deployment. Others will need to be 

matured further within a research environment. Some of the most innovative and promising technologies worked 

on in Clean Sky require a higher level of system integration.  This next step - demonstrating representative full-

scale vehicle architectures - should give the required confidence to market players to invest in break-through 

innovation. This next step will also allow the Clean Sky 2 Programme to exploit synergies between Clean Sky 

technologies and those matured outside Clean Sky with potential complementary benefits. Innovation from Clean 

Sky 2 will drive major advances in the next generation of aircraft by mastering the technologies and the risks, in 

time to meet the market window to replace the current fleet.   

 

The economic context 

hƴ ŀǾŜǊŀƎŜΣ мн҈ ƻŦ ŀŜǊƻƴŀǳǘƛŎ ǎŜŎǘƻǊ ǊŜǾŜƴǳŜǎΣ ǊŜǇǊŜǎŜƴǘƛƴƎ ŀƭƳƻǎǘ ϵт ōƴ ǇŜǊ ȅŜŀǊ ŦƻǊ ŎƛǾƛƭ ŀŜǊƻƴŀǳǘƛŎǎ ŀƭƻƴŜΣ 

are reinvested in Research and Development (R&D) and support around 20% of aerospace jobs. The industry 

accounts for approximately 3% of 9¦ ǿƻǊƪŦƻǊŎŜΣ ƎŜƴŜǊŀǘŜǎ ǊƻǳƎƘƭȅ ϵннл ōƴ ƻŦ ǘƘŜ 9ǳǊƻǇŜŀƴ D5t ǇŜǊ ȅŜŀǊ5, and 

ŎƻƴǘǊƛōǳǘŜǎ ǇƻǎƛǘƛǾŜƭȅ ǘƻ ǘƘŜ 9¦Ωǎ ǘǊŀŘŜ ōŀƭŀƴŎŜ ǿƛǘƘ ƻǾŜǊ сл҈ ƻŦ ƛǘǎ ǇǊƻŘǳŎǘǎ ŜȄǇƻǊǘŜŘ6.  Every Euro invested in 

aeronautics R&D creates an equivalent additional value in the economy every year thereafter.   

                                                        
3
 Based on the proportion of the short to medium range aircraft in the global that will need to be replaced. Data derived from the Airbus Global 

market Forecast 2011-2030. 
4
 NASA ERA System Readiness Report ASDL, April 27 2011. 

5
 ACARE SRIA for 2020-2050, p. 4. 

6
 ACARE SRIA for 2020-2050,  p.7; export figure refers to 2009. 
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aŜŜǘƛƴƎ ǎƻŎƛŜǘȅΩǎ ǊŜǉǳƛǊŜƳŜƴǘǎ 

Aviation is and will remain a vital enabler of our economy and society. Air traffic is forecast to grow by 4% to 5% 

per year in the next decades leading to a 4-7-fold increase in traffic by 20507.  This poses major environmental, 

societal and economic challenges that can only be tackled through an intense and sustained cooperation between 

public authorities, industry, research organisations, academia and SMEs.   
 

The renewed ACARE SRIA was completed in 2012, with ambitious goals for a sustainable and competitive aviation 

sector. These include a 75% reduction in CO2 emissions, a 90% reduction in NOX and 65% in perceived noise by 

2050 compared to 2000 levels, and 4 hour door-to-door journey for 90% of European travellers. These substantial 

emissions reductions and mobility goals require radically new aircraft technology inserted into new aircraft 

configurations. Building on the substantial gains made in Clean Sky, Clean Sky 2 aims at meeting the overall high-

level goals with respect to energy efficiency and environmental performance shown in the following: 

 

 
High Level Objectives for Clean Sky 2 

 

The overall socio-economic and environmental benefits of Clean Sky 2 will go well beyond the impact of Clean Sky. 

With increasing demand for air travel the market opportunity is larger and the environmental need is greater than 

when the original Clean Sky proposal was drafted. The Programme needs to build on the first phase of work but it 

also needs to be more ambitious in order to: 

¶ Accelerate the progress towards the ACARE SRIA goals for 2020-2050; 

¶ Enable a technological leap in the face of emerging competitors; 

¶ Justify the early replacement of aircraft that have yet to enter service and accelerate the adoption of new 

technology into the global fleet.  

                                                        
7
 European Commission, DG Transport and Mobility, http://ec.europa.eu/transport/air/environment/environment_en.htm, 29.05.2012.  

Clean Sky 2 as proposed*

CO2 and Fuel Burn -20% to -30% (2025 / 2035)

NOX -20% to -40% (2025 / 2035)

Population exposed to noise / Noise 
footprint impact

Up to -75% (2035)

* Baseline for these figures is best available performance in 2014

These figures represent the additionality of CS2 versus the 2014 Horizon 2020 Start Date and allow 
the full completion of the original ACARE 2020 goals (with a modest delay). 

http://ec.europa.eu/transport/air/environment/environment_en.htm
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The Clean Sky 2 economic and environmental benefit 

The Programme aims to accelerate the introduction of new technology in the 2025-2035 timeframe.  By 2050, 

тр҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŦƭŜŜǘ ƴƻǿ ƛƴ ǎŜǊǾƛŎŜ όƻǊ ƻƴ ƻǊŘŜǊύ ǿƛƭƭ ōŜ replaced by aircraft that can deploy Clean Sky 2 

technologies. Based on the same methodology as applied in the Clean Sky economic case in 2007 the market 

ƻǇǇƻǊǘǳƴƛǘȅ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜǎŜ ǇǊƻƎǊŀƳƳŜǎ ƛǎ ŜǎǘƛƳŀǘŜŘ ŀǘ Ϥϵнллл .ƴΦ ¢ƘŜ ŘƛǊŜŎǘ ŜŎƻƴƻƳƛŎ ōŜƴŜŦƛǘ ƛǎ Ŝǎǘƛmated at 

Ϥϵорл-ϵпллōƴ ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ǎǇƛƭƭ-ƻǾŜǊ ƛǎ ƻŦ ǘƘŜ ƻǊŘŜǊ ƻŦ ϵ пллōƴΦ  ¢ƘŜǎŜ ŦƛƎǳǊŜǎ ŀǊŜ ŀŘŘƛǘƛǾŜ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ 

the Economic Value Added expected from Clean Sky. 

As a result of higher growth forecast, the environmental case for continuing the Programme into a second phase 

is even more compelling with an estimate of the CO2 saving potential of 4bn tonnes through Clean Sky 2. These 

4bn tonnes of the CO2 to be saved from 2020 to 2050 will be additive to the approximately 3bn tonnes achievable 

as a consequence of Clean Sky. 

The importance of public-private partnership 

Clean Sky 2 ǿƛƭƭ ŦƻŎǳǎ ŀƴŘ ŀƭƭƻǿ ǘƘŜ ŎƻƻǊŘƛƴŀǘƛƻƴ ƻŦ ŀǾƛŀǘƛƻƴ ǎǘŀƪŜƘƻƭŘŜǊǎΩ ƛƴƛǘƛŀǘƛǾŜǎ ŀƴŘ ƛƴǾŜǎǘƳŜƴǘǎ at a 

European scale. It will give the necessary stability and stimulus to the aviation sector stakeholders to introduce 

game-changing innovations at a scale and in a timeframe otherwise unachievable.  Clean Sky 2 will reduce the 

high commercial risk that is associated with research activity in the aeronautics sector and which is beyond the 

capacity of private industry. As Public-Private Partnership it will attract strong private investment on the pre-

requisite that this is complemented with the same amount of public funding. 

 

The spill-over effects of the aeronautical industry 

Aeronautical technologies are a proven catalyst for innovation and spill-over into many other sectors8. The main 

reasons are the severe performance, environmental, weight, safety requirements any aeronautical products must 

ŎƻƳǇƭȅ ǿƛǘƘΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ƴŜŎŜǎǎƛǘȅ ƻŦ ŀ άǎȅǎǘŜƳέ Ǿƛǎƛƻƴ ŀƴŘ ǘƘŜ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ŎƻƳǇƭŜȄƛǘȅΦ !ǎ ŀ ŎƻƴǎŜǉǳŜƴŎŜΣ 

historically after an aeronautical application, with the contribution of large investments, skills and efforts to meet 

the severe requirements, a technology is extended to another field allowing it to achieve a competitive advantage 

and stay on the technology leading edge. Aeronautics has been the first-user promoter of many new technologies 

or processes which later spread over many other application fields.   

                                                        
8
 hȄŦƻǊŘ 9ŎƻƴƻƳƛŎ CƻǊŜŎŀǎǘǎΣ нлло ΨtŀǇŜǊ bƻΦ ммΩΤ нллт Clean Sky Proposal. 
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3 Building on Clean Sky: the structure of Clean Sky 2 

Clean Sky has demonstrated clear benefits in terms of accelerating technology development. Major developments 

are being made possible in different systems such as optimized wing designs, new fuselage construction concepts, 

ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ŜƴƎƛƴŜ ŀǊŎƘƛǘŜŎǘǳǊŜǎΣ ƴŜǿ ŦƭƛƎƘǘ ƎǳƛŘŀƴŎŜ ǎȅǎǘŜƳǎ ŀƴŘ ΨƳƻǊŜ ŜƭŜŎǘǊƛŎΩ ƻƴ-board systems. These 

technological advances need to be integrated into complete aircraft to render the next generation of air vehicles 

more efficient and reduce emissions and noise. In addition, new vehicle configurations will have to be evaluated 

with flight demonstrators as they will be essential to fulfil the ambitious objectives of renewed ACARE SRIA.  

Evidence is mounting that conventional aircraft configurations are approaching intrinsic performance limits, as 

the integration of the most recent technologies are showing diminishing returns. Therefore, the need today is 

even greater for industry to develop materially different, substantially more environmentally friendly vehicles to 

meet market needs, and ensure their efficient integration at the air transport system level. Clean Sky 2 will 

continue to use the Integrated Technology Demonstrators (ITDs) mechanism when appropriate. Its objective-

driven agenda to support real market requirements providing the necessary flexibility is well suited to the needs 

of the major integrator companies. The new Programme will also focus on reinforcing interactions between 

demonstrations of improved systems for a better integration into viable full vehicle architectures. The Clean Sky 2 

structure will involve demonstrations and simulations of several systems jointly at the full vehicle level through 

Innovative Aircraft Demonstrator Platforms (IADPs). 

A number of key areas will be coordinated across the ITDs and IADPs through Transverse Activities where 

additional benefit can be brought to the Programme through increased coherence, common tools and methods, 

and shared know-how in areas of common interest. 

As in Clean Sky, a dedicated monitoring function - the Technology Evaluator (TE) will be incorporated in Clean Sky 

2. 

 

Innovative Aircraft Demonstrator Platforms (IADPs) 

IADPs will aim to carry out proof of aircraft systems, design and functions on fully representative innovative 

aircraft configurations in an integrated environment and close to real operational conditions. To simulate and test 

the interaction and impact of the various systems in the different aircraft types, vehicle demonstration platforms 

are proposed covering passenger aircraft, regional aircraft and rotorcraft. The choice of demonstration platforms 

is geared to the most promising and appropriate market opportunities to ensure the best and most rapid 

exploitation of the results of Clean Sky 2Φ ¢ƘŜ άƛƴǘŜƎǊŀǘŜŘ ŀǇǇǊƻŀŎƘέ ǘƘŀǘ ŀ W¢L-based research programme can 

provide is not feasible using other instruments typical of the former Framework Programmes (e.g., Level 1 / Level 

2 projects). The IADP approach can uniquely provide: 

¶ Focused, long-term commitment of project partners; 

¶ !ƴ άƛƴǘŜƎǊŀǘŜŘέ ŀǇǇǊƻŀŎƘ ǘƻ wϧ¢ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƳƻƴƎ ǘƘŜ ǇŀǊǘƴŜǊǎΤ 

¶ Stable, long-term funding and budget allocation; 

¶ Flexibility to address topics through open Call for Proposals; 

¶ Feedback to ITDs on experiences, challenges and barriers to be resolved longer term; 

¶ A long-term view to innovation and appropriate solutions for a wide range of issues.  
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Integrated Technology Demonstrators (ITDs) 

In addition to the complex vehicle configurations, Integrated Technology Demonstrators (ITDs) will 

accommodate the main relevant technology streams for all air vehicle applications. They allow the maturing of 

verified and validated technologies from their basic levels to the integration of entire functional systems. They 

have the ability to cover quite a wide range of technology readiness levels. Each of the threes ITDs orientates a 

set of technology developments that will be brought from component level maturity up to the demonstration of 

overall performance at systems level to support the innovative flight vehicle configurations:  

¶ Airframe comprising topics affecting the global vehicle-level design;  

¶ Engines for all propulsion and power plant solutions; 

¶ Systems comprising on all board systems, equipment and the interaction with the ATS 

Transverse Activities 

{ƻƳŜ ŀŎǘƛǾƛǘƛŜǎ Ŏŀƴ ōŜ ǊŜƭŜǾŀƴǘ ŦƻǊ ǾŀǊƛƻǳǎ L!5tǎ ŀƴŘ L¢5ǎΦ ¢ƘŜǎŜ ά¢ǊŀƴǎǾŜǊǎŜ !ŎǘƛǾƛǘƛŜǎέ Řƻ ƴƻǘ ŦƻǊƳ ŀ ǎŜǇŀǊŀǘŜ 

IADP or ITD, but are an integral part of the other IADPs and ITDs. A dedicated budget will be reserved inside the 

concerned IADPs and ITDs to perform these activities. Leaders will be nominated for each Transverse Activity. So 

far, two Transverse Activities are agreed for Clean Sky 2: 

¶ ECO-Design: life cycle optimization of the technologies, components and vehicles; 

¶ Small Air Transport (SAT): airframe, engines and systems technologies for small aircraft, extracting synergies 

where feasible with the other segments. 

The Technology Evaluator (TE) 

A Technology and Impact Evaluation infrastructure is an essential element within the Clean Sky PPP and will be 

continued. Impact Assessments such as at Airport and ATS level currently focused on noise and emissions will be 

expandeŘ ǿƘŜǊŜ ǊŜƭŜǾŀƴǘ ŦƻǊ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ tǊƻƎǊŀƳƳŜΩǎ ŘŜƭƛǾŜǊŜŘ ǾŀƭǳŜΦ ²ƘŜǊŜ ŀǇǇƭƛŎŀōƭŜ ǘƘŜȅ Ŏŀƴ 

include the other impacts, such as the mobility or increased productivity benefits of Clean Sky 2 concepts. The TE 

ǿƛƭƭ ŀƭǎƻ ǇŜǊŦƻǊƳ ŜǾŀƭǳŀǘƛƻƴǎ ƻƴ ŀƛǊŎǊŀŦǘ άaƛǎǎƛƻƴ [ŜǾŜƭέ ǘƻ ŀǎǎŜǎǎ ƛƴƴƻǾŀǘƛǾŜ ƭƻƴƎ ǘŜǊƳ ŀƛǊŎǊŀŦǘ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎΦ 
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4 Membership and participation in the Clean Sky 2 Programme 

Membership of the Clean Sky 2 involved in the CS2 Programme will be comprised of: 

¶ The European Commission representing the Union and ensuring EU public policy; 

¶ Leaders committed to achieve the full research and demonstrator activity of the Programme  

¶ Core-Partners with a substantial long-term commitment towards the Programme  

Core-Partners will be chosen through open and competitive calls, guaranteeing a transparent selection of the best 

membership and strategic participation. In addition, Partners will be invited to participate in specific topics and 

projects in the scope of a well-defined limited commitment. These Partners will be selected as a result of open 

Calls for Proposals (CfP).  

With 60% of funding open to competition, Clean Sky 2 will foster wide participation where SMEs, research 

organisations and academia interact directly with key industry stakeholders. Up to half of this 60% will be 

awarded to Core Partners who will join the JU as Members, ensuring the long term Programme stability needed to 

meet the relevant ACARE Goals. Clean Sky 2 is expected to involve at least 800 participants from the European 

aeronautics players and also new entrants in this field.  

 

From Clean Sky to Clean Sky 2: the principles of transition 

A phased approach will be taken to the start-up of Clean Sky 2 projects. In very broad terms, in the first 4 years 

Clean Sky developed and demonstrated technologies up to TRL4-5. From there on a selection of the most 

promising and mutually additive technologies are now being subsequently taken to TRL6 system level 

demonstration, by 2016. In some specific cases, Clean Sky ITDs will bring a small number of high-potential - but 

less mature - technologies up to TRL4 through a focused effort during the 2014-17 period. These will not be 

validated at TRL6 within Clean Sky but can be good candidates for continuation in Clean Sky 2.  

Clean Sky 2 IADPs will use results from Clean Sky as a start towards integration studies in the 2014-2017 

timeframe. Clean Sky or Clean Sky 2 ITD level outputs will form key inputs into the configuration and content of 

demonstrations.  

The activities within Clean Sky will be pursued until completion according to plan. Then the technology integration 

may be launched in a Clean Sky 2 IADP or, if the maturity at this point is deemed not sufficient for integration, the 

technology development will be continued as part of the relevant ITD. An IADP may start in Clean Sky 2 while 

some of the integrated technologies have not yet passed the final validation tests. The architecture and 

configuration trade-off studies can be launched in an IADP as soon as the specifications and interfaces of the 

components and subsystems to be integrated can be frozen.  Consequently, the activities within Clean Sky ITDs 

can be completed according to their own work plan at the latest in 2016 while new activities are launched within 

Clean Sky 2 ITDs and IADPs according to a staggered schedule starting in 2014, the start of Horizon 2020, at the 

earliest. 
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tŀǊǘ н ς /ƭŜŀƴ {ƪȅ н tǊƻƎǊŀƳƳŜ {ŎƻǇŜ ŀƴŘ {ǘǊǳŎǘǳǊŜ 

5 Clean Sky 2 ς Introduction to the Programme Technical Content 

5.1  Structure of the Clean Sky 2 Programme 
 

The Clean Sky 2 Programme consists of four different elements, as shown in the picture below: 

 

Á Three Innovative Aircraft Demonstrator Platforms (IADPs) for Large Passenger Aircraft (LPA), Regional 

Aircraft and Fast Rotorcraft, operating demonstrators at vehicle level, 

Á Three Integrated Technology Demonstrators (ITDs), looking at Airframe, Engines and Systems, using 

demonstrators at system level, 

Á The Technology Evaluator (TE), assessing the environmental and societal impact of the technologies 

developed in the IADPs and ITDs, 

Á Two Transverse Activities (Eco-Design, Small Air Transport (SAT)), integrating the knowledge of different ITDs 

and IADPs for specific applications. 

 

 
Figure 5.1 - Structure of the Clean Sky 2 Programme 

 

The proposed total funding available as per define by the Clean Sky 2 Regulation is 1,755 aϵ of which 39 aϵ 

correspond to the contribution towards the Joint Undertaking running costs, leading to a funding available for the 

Clean Sky 2 technical activities of 1,716 aϵΦ  
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Out of this funding, 1% (17.2 aϵύ ƛǎ ƛƴǘŜƴŘŜŘ ŦƻǊ ǘƘŜ ¢ŜŎƘƴƻƭƻƎȅ 9ǾŀƭǳŀǘƻǊΣ ƴƻǘ ōŜƛƴƎ ǇŀǊǘ ƻŦ ǘƘŜ L!5tǎ ŀƴŘ L¢5ǎ 

technical programme. This finally leads to a net funding available for the IADPs and ITDs of 1,698.8 MϵΦ 

 

In contrast to the Technology Evaluator, the Eco-Design and Small Air Transport Transverse Activities are 

technically and budgetary part of the IADPs and ITDs, as can be seen in Figure 5.1. While the Eco-Design activities 

(оф aϵ) are proportionally distributed over all IADPs and ITDs, the Small Air Transport funding is split between 

!ƛǊŦǊŀƳŜ όол aϵύΣ 9ƴƎƛƴŜǎ όм8 aϵύ ŀƴŘ {ȅǎǘŜƳǎ L¢5 όнл aϵύΦ 

 

The agreed funding available is reflected in the table below: 

 

IADP / ITD Funding Available 

Large Passenger Aircraft IADP 521.л aϵ 

Regional Aircraft IADP 104.н aϵ 

Fast Rotorcraft IADP 190.2 aϵ 

Airframe ITD 347.м aϵ 

Engines ITD 289.у aϵ 

Systems ITD 246.р aϵ 

Total IADPs & ITDs  мΣсфуΦу aϵ 

Technology Evaluator  мтΦн aϵ 

Total Technical Activities  мΣтмсΦл aϵ 

JU Running Costs  офΦл aϵ 

Total Clean Sky 2  мΣтррΦл aϵ 
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5.2 Key Activities of the ITDs, IADPs and Transverse Activities 

5.2.1 Large Passenger Aircraft IADP 
 

The Large Passenger Aircraft IADP approach builds on the positive experience in Smart Fixed Wing Aircraft (SFWA) 

in Clean Sky. The Airbus A340-300 based BLADE laminar wing flight test demonstrator, the Airbus A340-600 based 

CROR demo engine flying test-bed and two different Dassault Falcon-based low speed and load control flight tests 

under preparation will provide unique contributions towards maturing technologies for application in next 

generations of aircraft. 

 

For Clean Sky 2, the Large Passenger Aircraft goal is high-TRL demonstration of the best candidates to accomplish 

the combined key ACARE goals with respect to the environment, fulfilling future market needs and improving the 

competitiveness of future products. The setup of the main programme objectives is to further push the value of 

technologies tackled in Clean Sky, e.g. the integration of CROR propulsion systems, and to add the validation of 

additional key technologies like hybrid laminarity for the wing, horizontal and vertical tail plane as well as an all-

new next generation fuselage cabin and cockpit-navigation suite validated at integrated level with large scale 

demonstrators in operational conditions. 

 

The focus is on large-ǎŎŀƭŜ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴǘŜƎǊŀǘŜŘ ŀǘ ŀƛǊŎǊŀŦǘ ƭŜǾŜƭ ƛƴ ǘƘǊŜŜ ŘƛǎǘƛƴŎǘ ΨtƭŀǘŦƻǊƳǎΩΥ 

 

Á PƭŀǘŦƻǊƳ м ά!ŘǾŀƴŎŜŘ 9ƴƎƛƴŜ ŀƴŘ !ƛǊŎǊŀŦǘ /ƻƴŦƛƎǳǊŀǘƛƻƴǎέ will provide the environment to explore and 

validate the integration of the most fuel efficient propulsion concept for next generation short and medium 

range aircraft, the CROR engine. Large scale demonstration will include extensive flight testing with a full size 

demo engine mounted to the Airbus A340-600 test aircraft, and a full size rear end structural ground 

ŘŜƳƻƴǎǘǊŀǘƻǊΦ ¢ǿƻ ŘŜƳƻƴǎǘǊŀǘƻǊǎ ŀǊŜ ǇƭŀƴƴŜŘ ǘƻ ƳŀǘǳǊŜ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ άƘȅōǊƛŘ ƭŀƳƛƴŀǊƛǘȅέ targeting for a 

substantial aerodynamic drag reduction for next generation long range aircraft. A further demonstration is 

planned for a comprehensive exploration of the concept of dynamically scalled flight testing. The target is to 

examine the representativeness of dynamically scaled testing for technology demonstration with highly 

unconventional aircraft configuration, that means flight test demonstration that are virtually impossible with 

ƳƻŘƛŦƛŜŘ άǎǘŀƴŘŀǊŘέ ǘŜǎǘ ŀƛǊŎǊŀŦǘΦ 

 

Á tƭŀǘŦƻǊƳ н άLƴƴƻǾŀǘƛǾŜ tƘȅǎƛŎal Integration Cabin ς System ς {ǘǊǳŎǘǳǊŜέ is targeting to develop, mature, 

and demonstrate an entirely new, advanced fuselage structural concept developed in full alignment towards 

a next generation cabin-cargo architecture, including all relevant principle aircraft systems. To be able to 

account for the substantially different requirements of the test programs, the large scale demonstration will 

ōŜ ōŀǎŜŘ ƻƴ ǘƘǊŜŜ ƛƴŘƛǾƛŘǳŀƭ ƳŀƧƻǊ ŘŜƳƻƴǎǘǊŀǘƻǊǎΦ ! ƭƻǿŜǊ ŎŜƴǘǊŜ ǎŜŎǘƛƻƴ ŦǳǎŜƭŀƎŜ ŀƴŘ ƻƴŜ άǘȅǇƛŎŀƭέ 

fuselage stretching from aft of the center section to the pressure bulkhead will be developed, manufactured 

ŀƴŘ ǘŜǎǘŜŘ ǿƛǘƘ ŦƻŎǳǎ ƻƴ ƭƻŀŘǎ ŀƴŘ ŦŀǘƛƎǳŜ ŀǎǇŜŎǘǎΦ ! ŦǳǊǘƘŜǊ άǘȅǇƛŎŀƭέ ŦǳǎŜƭŀƎŜ ŘŜƳƻƴǎǘǊŀǘƻǊ ǿƛƭƭ ōŜ 

dedicated to integrate and test a next generation large passenger aircraft cabin and cargo. A number of 

smaller test rigs and component demonstrators will also be part of the Programme in the preparatory phase. 

Targeting to accomplish technology readiness level 6, manufacturing and assembly concepts for the next 

generation integrated fuselage-cabin-ŎŀǊƎƻ ŀǇǇǊƻŀŎƘ ǿƛƭƭ ōŜ ŘŜǾŜƭƻǇŜŘ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘŜŘ ƛƴ ŀ άŦǳǘǳǊŜ 

ŦŀŎǘƻǊȅέ ǿƻǊƪ ǇŀŎƪŀƎŜΦ 
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Á tƭŀǘŦƻǊƳ о άNext Generation Aircraft Systems, Cockpit and Avionicsέ has a clear focus to develop and 

demonstrate a next generation cockpit and navigation suite. Based on the results of a number of research 

programmes which are currently ongoing or to be started shortly, platform 3 shall provide the Programme to 

integrate and validate all functions and features which are emerging from individual developments into a 

disruptive new concept in a major demonstrator suite. With the core of platform 3 being a highly 

representative ground demonstrator of the future cockpit for large passenger aircraft, selected features and 

functions will be brought to flight test demonstration. The scope of platform 3 will cover the development of 

ŀ ƴŜǿ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ŎƻŎƪǇƛǘ ŎƻƴŎŜǇǘΣ ŀ ǊŜǘƘƛƴƪƛƴƎ ǘƻǿŀǊŘǎ ŀ άŦǳƴŎǘƛƻƴέ ōŀǎŜŘ ŎƻŎƪǇƛǘ ǘƻ ƻǇŜǊŀǘŜ ǘƘŜ 

aircraft, specifically including all navigation and flight guidance features and function required to incorporate 

next generation flight and trajectory management capabilities. 

  

5.2.2 Regional Aircraft IADP 
 

Regional aircraft are a key element of Clean Sky through a dedicated ITD - Green Regional Aircraft (GRA), 

providing essential building blocks towards an air transport system that respects the environment, ensures safe 

and seamless mobility, and builds industrial leadership in Europe. In Clean Sky 2 the Regional Aircraft IADP will 

bring the integration of technologies to a further level of complexity and maturity than currently pursued in Clean 

Sky. The goal is to integrate and validate, at aircraft level, advanced technologies for regional aircraft so as to 

drastically de-risk their integration on future products. The demonstration objectives of the Regional IADP are 

much more complex, comprehensive and challenging than those of the current Clean Sky GRA project, which was 

forced to work within budget and time constraints. Taking into account the outcomes of GRA and considering the 

high level objectives derived from recent market analysis performed by the Leaders, the strategy is to integrate 

and validate, at aircraft level, advanced technologies for regional aircraft so as to drastically de-risk their 

integration on the following future products: 

 

Á Near/mid term (in-service from 2022-25 on): Regional Aircraft with underwing mounted turboprop engines,  

Á Long term (enter in service beyond 2035): Breakthrough Regional Aircraft Configurations, e.g. a/c with rear 

fuselage mounted turboprop engines 

 

The following demonstration programmes for regional aircraft a/c are now foreseen: 

 

Á 2 Flying Test-beds (to minimize the technical and programme risks) using modified existing regional TP a/c 

with underwing mounted engines, for demonstration campaigns of: air vehicle configuration technologies; 

wing structure with integrated systems and propulsion integration; flight dynamics, aerodynamic and loads 

alleviation; advanced flight controls and general systems, and avionics functionalities. 

Á 5 Large Integrated Ground Demonstrators: full-scale wing, full-scale cockpit; full-scale fuselage and cabin; all 

including their associated systems; flight simulator; iron bird. In addition a Nacelle ground demonstrator will 

be done in the Airframe ITD. 

 

Full-scale demonstrations, with acceptable risk and complexity but still providing the requested integration, are 

essential to allow the insertion of breakthrough technologies on future regional aircraft products, near/mid term 

and long term as above stated. ¢ƘŜ ƛƴŘƛǾƛŘǳŀƭ ¢ŜŎƘƴƻƭƻƎȅ 5ŜǾŜƭƻǇƳŜƴǘǎ ŀǊŜ ŀǊǊŀƴƎŜŘ ŀƭƻƴƎ ǿƛǘƘ у ά²ŀǾŜǎέ ŀƴŘ 

several individual roadmaps. These technology waves will be developed through roadmaps defined to satisfy the 

high-level requirements of the future Highly-Efficient Next Generation Regional Aircraft, the configuration of 
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which will be developed at conceptual level in a dedicated work package. To increase synergies and cross 

fertilization across the different ITDs and IADPs some of the above technological roadmaps will be shared with the 

άǎǘǊŜŀƳǎέ ƻŦ ǘƘŜ !ƛǊŦǊŀƳŜ L¢5 ŀƴŘ ǿƛǘƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘǎ ƻŦ ǎǳō-systems and systems planned inside Systems 

and Engine ITD. The Demonstration Programme will be ŘƛǾƛŘŜŘ ƛƴǘƻ ǘŜŎƘƴƻƭƻƎƛŎŀƭƭȅ ŎƻƳǇŀǘƛōƭŜ ŀƴŘ άǎŎƻǇŜ ŎƭƻǎŜέ 

demonstrations sub-programmes:  

 

Á FTB1 - Innovative Wing and Flight Controls (Regional IADP): Integration and flight testing of technologies 

suitable to regional aircraft applications for a new generation wing and advanced flight control systems. 

Innovative wing related systems and wing structural solutions will also be incorporated where feasible. 

Aerodynamic enhancements and LC&A features will be considered to complement FTB2, such as: outboard 

wing featuring laminar airfoils for skin friction reduction; high A/R by means of adaptive/innovative winglets. 

Á FTB2 - Flight Demonstration of a high efficient and low noise Wing with Integrated Structural and related 

Systems solution, including power plant aspects (Regional IADP): A new wing will be designed, 

manufactured and equipped with new structural solutions strongly integrated with advanced low power and 

high efficient systems such as ice protection, fuel, flight control, engine systems, LE and winglets morphing. 

Á Full-scale innovative fuselage and passenger cabin (Regional IADP):: Integration and on-ground testing of a 

full scale innovative fuselage and passenger cabin including all the on board systems and advanced solutions 

for increasing passenger comfort and safety. The fuselage will be a full scale demonstration of technologies 

for composite material, structures and manufacturing aimed to weight and cost reduction and to minimize 

the environmental impact through eco-design and energy consumption optimization all along the life-cycle 

(towards a zero-impact).  

Á Flight Simulator (Regional IADP): Starting from the Clean Sky GRA Flight Simulator, an advanced Flight 

Simulator will be set up and used to demonstrate new cockpit interaction concepts as well as advanced 

avionics functionalities. 

Á Iron Bird (Regional IADP): ±ƛǊǘǳŀƭ ŀƴŘ tƘȅǎƛŎŀƭ άLǊƻƴ .ƛǊŘǎέ ǿƛƭƭ ŀƭǎƻ ōŜ ŀƴ ƛƳǇƻǊǘŀƴǘ ǇŀǊǘ ƻŦ ǘƘŜ wŜƎƛƻƴŀƭ !κ/ 

Ground Demonstration Programme. These will be used to integrate, optimize and validate the systems 

modification of the Flying Test Bed and the results of their simulations and ground testing will be essential to 

achieve the permit-to-fly.  

Á Ground Demonstration of the wing (Airframe ITD), including the airframe and the related systems. 

Á Ground Demonstration of the Cockpit (Airframe ITD), including the structure and related system. 

Á Nacelle ground demonstration (Airframe ITD). 

 

 

5.2.3 Fast Rotorcraft IADP 
 

The Fast Rotorcraft IADP consists of two separate demonstrators, the Tiltrotor demonstrator and the Compound 

Rotorcraft demonstrator. 

The Fast Rotorcraft IADP consists of two concurrent demonstrators, the Tiltrotor demonstrator and the 

Compound Rotorcraft demonstrator along with transversal activities relevant for both fast rotorcraft concepts. 

 

Á Tranversal activities: 

These activities cover the methodology for technology evaluation of fast rotorcraft demonstrations and the Eco-

Design concept implementation, along with the programme management activities for the Fast Rotorcraft IADP.  



Clean Sky 2 Joint Technology Initiative in Aeronautics 

2015 Clean Sky 2 Joint Technical Programme (V5) ς Proprietary Information subject to Confidentiality Agreements 22 

Concerning the methodology for technology evaluation, the activities will allow defining SMART objectives and 

criteria adapted to the fast rotorcraft missions in line with the general TE approach for Clean Sky 2. In addition, 

the tools used in GRC1-GRC7 will be adapted and further developed in order to enable the assessment of 

conceptual rotorcraft models corresponding to the new configurations to be demonstrated. 

Concerning Eco-Design concept implementation. The activities will allow coordinating approaches and work plans 

in the two demonstration projects regarding the greening of rotorcraft production processes and ensuring 

complementarity of case studies. The general Life Cycle Assessment approach will be coordinated with the 

participants of the Eco-Design TA. 

 

Á The Tiltrotor demonstrator NextGenCTR: 

 

NextGenCTR will be dedicated to design, build and fly an innovative next generation civil tiltrotor technology 

demonstrator, the configuration of which will go beyond current architectures of this type of aircraft. 

NextGenCTRΩǎ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ǿƛƭƭ ŀƛƳ ŀǘ ǾŀƭƛŘŀǘƛƴƎ ƛǘǎ ŀǊŎƘƛǘŜŎǘǳǊŜΤ ǘŜŎƘƴƻƭƻƎƛŜǎκǎȅǎǘŜƳǎ and 

operational concepts. Demonstration activities will show significant improvement with respect to current 

¢ƛƭǘǊƻǘƻǊǎΩ ǎǘŀǘŜ-of-the-art. The project will also allow to develop substantial R&T activities to increase the know-

how about a new platform like a tiltrotor (not yet certified as a civil aircraft), and to generate a research and 

innovation volume of activities above a certain critical mass (not available today for Tiltrotors within EU), 

somewhat comparable to that of well proven conventional helicopter platforms.  

 

NextGenCTR will continue and further develop what has been initiated in Clean Sky, and launch new activities 

specific to Clean Sky 2 and NextGenCTR project. In the area of CO2 emissions reduction, NextGenCTR will 

continue/develop engine installation and flight trajectories optimisation (this is now done by analytical models 

and with scaled model tests, whereas Clean Sky 2 will validate it at full scale), while specific Clean Sky 2 new 

activities on drag reduction of the prop-rotor and airframe fuselage and wing will be necessary (due to a new 

generation of prop-rotor, modified fuselage-wing architecture). This latter Clean Sky 2 specific topic will also be 

related to operation costs reduction to address competitiveness of the architecture and solutions adopted. The 

new prop-rotor will require substantial research (aero-acoustics, by modelling/by tests) to reduce noise emissions 

(then validated at full scale); in the current Clean Sky, noise reduction is mainly addressed through trajectories 

optimisation (that will anyhow continue in Clean Sky 2 and will be linked to SESAR concepts where necessary). 

Clean Sky 2 transversal subjects will cover new material (e.g. thermoplastics, surface treatments, less hydraulics 

and more electrical systems) validating them at full scale and in real operational conditions, and sustain the 

development of the Technology Evaluator for the case of the tiltrotor (today not widely considered). 

 

Parameters needs to be defined to show Clean Sky 2 achieved progress according to a specific tiltrotor roadmap 

(a direct comparison with conventional helicopters architecture seems not appropriate as the two configurations 

must be regarded as substantially different types of rotary-wing platforms). Today, certified Tiltrotors are not 

available in the civil sector (while only one product is available in the military); hence, a database from which 

baseline information for the current state-of-the-art can be extracted is ƴƻǘ ŀǾŀƛƭŀōƭŜΦ ¢ƘŜǊŜŦƻǊŜΣ ΨƪŜȅ 

ǇŜǊŦƻǊƳŀƴŎŜ ǇŀǊŀƳŜǘŜǊǎΩ όYttύ ǿƛƭƭ ōŜ ƛƴǘǊƻŘuced to show NextGenCTRΩǎ ǇǊƻƎǊŜǎǎ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ ǊŜŦŜǊŜƴŎŜ Řŀǘŀ 

taken as baseline (mainly referring to technologies which have been tested or conceptually designed in the period 

2005-2012). Objectives will be defined considering tiltrotor specificities and in line with the main pillars of Horizon 

2020 towards a Smart, Green and Integrated Transport and Clean Sky 2 which addresses environmental 

compatibility (Greening Objectives), competitiveness (Industrial Leadership) and mobility. Considerable attention 

to the ǇǊƻƧŜŎǘΩǎ ƛƳǇŀŎǘ ƻƴ 9¦ 9ŎƻƴƻƳȅ ŀƴŘ Wƻōǎ ŎǊŜŀǘƛƻƴ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘΣ ǘƻ ŎƻƴŦƛǊƳ ŀƴŘ ŦǳǊǘƘŜǊ ǎǳǎǘŀƛƴ ŀ 
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steady growth of the sector with regard to revenues, workforce productivity, high rate of new employment (in 

particular of higher educated personnel) and R&D expenditure. 

 

Á The Compound Rotorcraft demonstrator: 

 

The LifeRCraft project aims at demonstrating that the compound rotorcraft configuration implementing and 

combining cutting-edge technologies as from the current Clean Sky Programme opens up new mobility roles that 

neither conventional helicopters nor fixed wing aircraft can currently cover in a way sustainable for both the 

operators and the industry. The project will ultimately substantiate the possibility to combine in an advanced 

rotorcraft the following capabilities: payload capacity, agility in vertical flight including capability to land on 

unprepared surfaces nearby obstacles and to load/unload rescue personnel and victims while hovering, long 

range, high cruise speed, low fuel consumption and gas emission, low community noise impact, and productivity 

for operators.    

 

A large scale flightworthy demonstrator embodying the new European compound rotorcraft architecture will be 

designed, integrated and flight tested. This demonstrator will allow reaching the Technology Readiness Level 6 at 

whole aircraft level in 2020. The project is based on: 

Á identified mobility requirements and environmental protection objectives;  

Á lessons learnt from earlier experimentation with the low scale exploratory aircraft X3; 

Á technology progress achieved for rotorcraft subsystems on one side through participation to Clean Sky 

projects and other research activities at EU or local level; 

 

The individual technologies from the first Clean Sky Programme (Green Rotorcraft ITD, Smart Green Operations 

ITD, Eco-Design ITD) that will be further matured and integrated in this LifeRCraft demonstration concerns:  

Á New rotor blade concepts aiming rotor blade concepts aiming at improved lifting efficiency and minimum 

noise esp. through 3D-optimised shape; the methodology and computational tools required for such 

optimization;  

Á Airframe drag reduction through shape modifications and interference suppression; 

Á Engine intake loss reduction and muffling; 

Á Innovative electrical systems e.g. brushless generators, high voltage network, efficient energy storage and 

conversion, electrical actuation designed for weight and on-board energy savings; 

Á Eco-Design approach, with substitution of harmful materials by new ones and green production techniques, 

demonstrated for specific rotorcraft components; 

Á Helicopter fly-neighbourly demonstration based on new flight guidance function and specific approach 

procedures in both VFR conditions and ATM, SESAR-compliant; 

 

This LifeCraft project essentially consists of the following main activities and deliveries: 

Á Airframe structure and landing system: Advanced composite or hybrid metallic/composite construction, 

featuring low weight and aerodynamic efficiency;   

Á Lifting rotor and propellers: Low drag hub, pylon and nacelles, 3D-optimized blade design; 

Á Drive train and power plant: New drive train architecture and engine installation optimised for the LifeRCraft 

configuration; 

Á On board energy, cabin and mission systems:  Implementation of the more electrical rotorcraft concept to 

minimise power off-takes from the engines and drive system; 
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Á Flight control, guidance and navigation: Smart flight control exploiting additional control degrees of freedom   

inherent to LifeRCraft configuration for best fuel economy and quieter flight; 

Á LifeCraft Demonstrator overall design, integration and testing: All coordination and cross cutting activities 

relevant to the whole vehicle delivering a full range of ground & flight test results and final conclusion. 

5.2.4 Airframe ITD 
 

Aircraft Aircraft level objectives on greening, industrial leadership and enhanced mobility, and the fulfilment of 

future market requirements and contribution to growth cannot be met without strong progress on the airframe. 

Within Clean Sky a more efficient wing with natural laminarity, optimised control surfaces and control systems, 

will have been demonstrated. Also novel engine integration strategies will have been derived and tested, and 

innovative fuselage structures investigated. 

 

Altogether strong progress towards the 2020 targets will have been obtained when Clean Sky is completed 

(estimated at 75% of the relevant part of the initial ACARE goals, applicable to aircraft with an EIS from 2020/22). 

However further progress is required on the most complex and challenging requirement on new vehicle 

integration to fully meet the 2020 objective, and to progress towards the 2050 goals. To make this possible, 

different directions are proposed: 

 

All of these directions of progress will be enabled throughout the foreseen execution of 9 major Technology 

Streams: 

 

Á Innovative Aircraft Architecture, to investigate some radical transformations of the aircraft architecture. 

The aim of this Technology Stream is to demonstrate the viability of some most promising advanced aircraft 

concepts (identifying the key potential showstoppers & exploring relevant solutions, elaborating candidate 

concepts) and assessing their potentialities.  

Á Advanced Laminarity as a key technological path to further progress on drag reduction, to be applied to 

major drag contributors: nacelle and wing; 

This Technology Stream aims to increase the Nacelle and Wing Efficiencies by the mean of Extended 

Laminarity technologies. 

Á High Speed Airframe, to focus on the fuselage & wing step changes enabling better aircraft performances 

and quality of the delivered mobility service, with reduced fuel consumption and no compromise on overall 

aircraft capabilities (such as low speed abilities & versatility). 

Á Novel Control, to introduce innovative control systems & strategies to gain in overall aircraft efficiency. 

The new challenges that could bring step change gains do not more lay in the optimisation of the flight 

control system component performing its duty of controlling the flight, but to open the perspective to the 

flight control system as a system contributing to the global architecture optimization. It could contribute to 

sizing requirements alleviations, thanks to a smart control of the flight dynamics.  

Á Novel Travel Experience, to investigate new cabins including layout and passenger oriented equipment and 

systems. 

The cabin interiors progress is indeed on the path of all societal challenges of the future transport system: 

Á As a key enabler of product differentiation, 

Á As having an immediate & direct physical impact on the traveller, 

Á  As having a great potential in terms of weight saving & eco-compliance. 
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Á Next Generation Optimized Wing Boxes, leading to progress on the aero-efficiency and the ground testing of 

innovative wing structures; 

The challenge is to develop & demonstrate new wing concepts (including architecture) that will bring 

significant performance improvements (in drag & weight) while withstanding affordability & environmental 

stringent constraints withstand. 

Á Optimized High Lift Configurations, to progress on the aero-efficiency of wing, engine mounting & nacelle 

integration for aircraft who needs to serve small, local airports thanks to excellent field performances. 

Á Advanced Integrated Structures, to optimize the integration of systems in the airframe along with the 

validation of important structural advances and develop and to make progress on the production efficiency 

and manufacturing of structures. 

Á Advanced Fuselage to introduce innovation in fuselage shapes and structures, including cockpit & cabins. 

New concepts of fuselage are to be introduced to support the future aircrafts and rotorcrafts. More global 

aero structural optimizations can lead to further improvements on drag & weight in the context of a growing 

cost & environmental pressure, including emergence of new competitors. 

 

Due to the large scope of technologies undertaken by the Airframe ITD, addressing the full range of aeronautical 

portfolio (Large passenger Aircraft, Regional Aircraft, Rotorcraft, Business Jet and Small transport Aircraft) and the 

diversity of technology paths and application objectives, the above technological developments and 

demonstrations are structured around 2 major Activity Lines, allowing to better focus the integrated 

demonstrations on a consistent core set of user requirements, and, when appropriate, better serve the respective 

IADPs: 

 

Á Activity Line 1: Demonstration of airframe technologies focused towards High Performance & Energy 

Efficiency (HPE); 

Á Activity Line 2: Demonstration of airframe technologies focused toward High Versatility and Cost Efficiency 

(HVE). 

 

5.2.5 Engines ITD 
 

In 2007 the European engine industry leaders committed to build and test five engine ground demonstrators 

covering all the civil market. The goals were to validate to TRL 6 a 15% reduction in CO2 compared to 2000 

baseline, a 60% reduction in NOX and a 6dB noise reduction. This is roughly 75% of the ACARE objectives. 

Following the worst economic downturn in living memory and the consequent changes to market assumptions 

/ƭŜŀƴ {ƪȅΩǎ SAGE has adjusted its content to ensure these goals remain achievable. Apart from the consequent 

delay to the open rotor programme which means that TRL6 is not possible by 2016, the bulk of SAGE objectives 

remain on track. An open rotor ground demonstrator will run and confirm the CO2 objective, a lean burn 

combustion ground demonstrator will run to confirm the NOX objective and a GTF will run to confirm the CO2 

improvements and noise advantage of such a configuration. An advanced turbo-shaft engine has already run to 

ensure the environmental goals extend across the whole market while SAGE 3 has run for the first time to 

validate the cost and weight advantages of an advanced dressings configuration. Events have shown that the 

original plans for the open rotor from both Airbus and the engine manufacturers were too ambitious and require 

further work to confirm both the advantages and credibility of this novel concept. 
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For Clean Sky 2, Safran, MTU and Rolls-Royce have secured corporate commitment to build on the success of 

SAGE to validate more radical engine architectures to a position where their market acceptability is not 

determined by technology readiness. The platforms or demonstrators of these engines architectures are 

summarised below: 

 

Á Open Rotor Flight Test, 2014-2021: A 2nd version of a Geared Open Rotor demonstrator carrying on Clean 

Sky SAGE 2 achievements and aimed to validate TRL 6 will be tested on ground and then on the Airbus A340 

flying test bed (see IADP LPA Programme). From initial SAGE 2 demonstrator some engine modifications 

aimed to various improvements, control system update, and engine/aircraft integration activities will be 

necessary. 

Á Ultra High Propulsive Efficiency (UHPE) demonstrator addressing Short / Medium Range aircraft market, 

2014-2021: Design, development and ground test of a propulsion system demonstrator to validate the low 

pressure modules and nacelle technology bricks necessary to enable an Ultra High By-pass Ratio engine (e.g. 

advanced low pressure fan, innovative nacelle modules, gearbox, pitch change mechanism if any, high speed 

power turbine). This ground demonstrator will be built around an existing high pressure core. 

Á Business aviation / Short range regional Turboprop Demonstrator, 2014-2019: Design, development and 

ground testing of a new turboprop engine demonstrator in the 1800-2000 shp class. Base line core of 

ARDIDEN3 will be improved specifically for turboprop application (compressor up-date, combustion 

chamber, power turbine) and then integrated with innovative gear box, new air inlet and innovative 

propeller. 

Á Advanced Geared Engine Configuration (HPC and LPT technology demonstration), 2015-2020: Design, 

development and ground testing of a new demonstrator to validate key enablers to reduce CO2 emissions 

and noise as well as engine weight. Key elements are: improvement of efficiencies, reduction of parasitic 

energy flows, innovative lightweight and temperature resistant materials, low pressure turbine and exhaust 

noises reduction. 

Á VHBR Large Turbofan demonstrator, 2014-2019: Design, development, build, ground test and flight test of 

an engine to demonstrate key technologies at a scale suitable for large engines. An existing engine will 

provide the core gas generator used for the demonstrator. Key technologies included in this demonstrator 

will be: integrated low pressure system for a high power very-high bypass ratio engine (fan, compressor, 

gearbox, LP turbine, VAN), Engine core optimisation and integration, and optimised control systems. 

Á Very High Bypass Ratio (VHBR) Middle of Market Turbofan technology, 2014-2018: Development and 

demonstration of technologies in each area to deliver validated powerplant systems matured for 

implementation in full engine systems. Research and demonstration will require the following: behaviour of 

fans at low speeds and fan pressure ratios and structural technology, aerodynamic and structural design of 

low pressure turbines for high speed operation, Systems Integration of novel accessory and power 

gearboxes, optimised power plant integration, Compressor efficiency, and control & electrical power system 

technology developments 

Á The Small Aero-Engine Demonstration projects related to SAT [Small air Transport] will focus on small fixed-

wing aircraft in the general aviation domain, and their power-plant solutions spanning from piston/diesel 

engines to small turboprop engines.  As the demonstration project on business aviation and short-range 

regional turboprop aircraft (see above) will demonstrate the reliability and efficiency gains in small turbine 

engines, this area in the Engines ITD will focus on light weight and fuel efficient diesel engines (including the 

potential exploitation of the 300 kW helicopter engine launched through a CfP under the current Clean Sky); 

and potential hybrid engine architectures (piston/electric engine). In addition (within the overall SAT project 



Clean Sky 2 Joint Technology Initiative in Aeronautics 

2015 Clean Sky 2 Joint Technical Programme (V5) ς Proprietary Information subject to Confidentiality Agreements 27 

scope), the development and use of low-noise, highly efficient propellers (aimed at hybrid engine, small 

turbines, diesel engines) will be undertaken. 

 

5.2.6 Systems ITD 
 

While systems and equipment account for a small part of the aircraft weight and environmental footprint, they 

play a central role in aircraft operation, flight optimisation, and air transport safety at different levels: 

 

Á Direct contributions to environmental objectives: optimised green trajectories, electrical taxiing, more 

electrical aircraft approach, and have a direct impact on CO2 emissions, fuel consumption, perceived noise, 

air quality, weight gain.  

Á Enablers for other innovations: for example, bleedless power generation, actuators, are necessary steps for 

the implementation of innovative engines or new aircraft configurations. 

Á Enablers for air transport system optimisation: many of the major improvements identified in SESAR, 

NextGen and Clean Sky for greening, improved mobility or ATS efficiency can only be reached through the 

development and the integration of on-board systems such as data link, advanced weather systems, 

trajectory negotiation, and flight management predictive capabilities. 

Á Smart answers to market demands: systems and equipment have to increase their intrinsic performance to 

meet new aircraft needs without a corresponding increase in weight and volume: kW/kg, flux/dm3 are key 

indicators of systems innovation. 

 

In Clean Sky, the Systems for Green Operations ITD has developed solutions for more efficient aircraft operation. 

Further maturation and demonstration as well as new developments are needed to accommodate the needs of 

the next generations of aircraft. In addition, the systemic improvements initiated by SESAR and NextGen will call 

for new functions and capabilities for environmental or performance objectives, but also for flight optimisation in 

all conditions, flight safety, crew awareness and efficiency, better maintenance, reduced cost of operations and 

higher efficiency. Finally, framework improvements will be needed to allow for more efficient, faster and easier-

to-certify development and implementation of features and functions. 

 

The Systems ITD in Clean Sky 2 will address these challenges through the following actions: 

 

Á Work on specific topics and technologies to design and develop individual equipment and systems and 

demonstrate them in local test benches and integrated demonstrators (up toTRL 5). The main technological 

domains to be addressed are cockpit environment and mission management, computing platform and 

networks, innovative wing systems (WIPS, sensors, and actuators), landing gears and electrical systems. 

Other contributive activities are foreseen and will be carried on by core partners, research centers, etc. The 

outcome of these developments will be demonstrated systems ready to be customized and integrated in 

larger settings. An important part of this work will be to identify potential synergies between future aircraft 

at an early stage to reduce duplication. 

Á Customisation, integration and maturation of these individual systems and equipment in IADPs 

demonstrators. This will enable full integrated demonstrations in IADPs and assessment of benefits in 

representative conditions.  

Á Transverse actions will also be defined to mature processes and technologies with potential impact on all 

systems, either during development or operational use. Examples of these transverse actions can be 
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development framework and tools, simulation, incremental certification, integrated maintenance, eco-

design etc. 

 

5.2.7 Technology Evaluator 
 

A Technology and Impact Evaluation project organization and infrastructure was and remains an essential 

element within the Clean Sky PPP, and will be continued. Impact assessments evaluating the performance 

potential of the Clean Sky 2 technologies both at vehicle level and at relevant aggregate levels such as at Airport 

and ATS level, and currently focused on noise and emissions, will be retained. Where appropriate and agreed 

jointly within the JU Membership they may be expanded to include other relevant environmental or societal 

impacts, such as mobility benefits or increased productivity. 

 

The analysis of single or logically grouped core technologies on system / vehicle level will be embedded within the 

IADPs and I¢5ǎΣ ǿƛǘƘ ǘƘŜ ¢9 ǘŀƪƛƴƎ ŀƴ ƛƴǘŜƎǊŀǘƛǾŜ ŀƴŘ ΨǎȅƴǘƘŜǘƛŎΩ ŀǇǇǊƻŀŎƘ ŦƻŎǳǎƛƴƎ ƻƴ ǘƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ǘƘŜ Clean 

Sky 2 output on the Aviation Sector and simulating Air Transport System Impacts. 

 

Therefore, the core aircraft performance characteristics (at the so-ŎŀƭƭŜŘ ΨƳƛǎǎƛƻƴ ƭŜǾŜƭΩύ ǿƛƭƭ ōŜ ǊŜǇƻǊǘŜŘ ōȅ ǘƘŜ 

IADPs, with clear assigned responsibilities, resource and project tasks embedded in each IADP. Reporting the 

mission level aircraft capability will reside under the responsibility of the leading company.  The IADPs will provide 

verification and validation of the performance modelling, so as to certify validity of performance predictions. 

Impact Assessment will be the responsibility of the TE / Impact Evaluator and will focus on aggregate impacts. 

 

For those Clean Sky 2 ITDs technologies not feeding into an IADP aircraft model, the TE will build up its own 

Mission Level assessment capability, also to assess innovative long term aircraft configurations. Thus, an aircraft-

level synthesis of these ǊŜǎǳƭǘǎ Ǿƛŀ ΨŎoncept aircraftsΩ is possible and the respective ITD results can be shown at 

aircraft level and evaluated within the Airport and Air Transport System alongside the IADP results. 

 

Finally, the progress of each demonstration platform (ITDs and IADPs) will be monitored against the defined 

environmental and socio-economic benefits and targets via an efficient and effective interfacing between the TE 

and the ITDs and IADPs. For this, dedicated work packages in the TE (WP2) as well as in the ITDs and IADPs are 

intended. 

 

In summary, the Technology Evaluator consists of three major tasks: 

 

Á Progress Monitoring of Clean Sky 2 achievements vs. defined environmental and societal objectives; 

Á Evaluation at Mission Level by integrating particular ITD outputs into TE concept aircraft / rotorcraft models; 

Á Impact Assessments at Airport and ATS Level using IADPs and TEs concept aircraft / rotorcraft models. 

 

Major European Research Institutes and other qualified academic and research participants will be selected on a 

ΨōŜǎǘ ŀǘƘƭŜǘŜ ŀǇǇǊƻŀŎƘΩ ŦƻǊ ǘƘŜ ¢9 ŀƴŘ ǿƛƭƭ ŜƴǎǳǊŜ ƛǘǎ ƛƴŘŜǇŜƴŘŜƴǘ ŀǇǇǊƻŀŎƘΣ ŀƴŘ ŜƴŘƻǊǎŜ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻƴ ōŜƘŀƭŦ ƻŦ 

the CSJU Governing Board. The JU Executive Director will continue to be the Chairman of the TE governing body. 
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5.2.8 Eco-Design Transverse Activity 
 

 

Correction: Eco-Design will aim for a roadmap of excellence, to provide high (European) individuality in quality 

and eco-compliance in the aeronautics vehicles9, in their whole product life. Eco-Design is reshaped from the 

former two domain concepts ς ά!ƛǊŦǊŀƳŜέ ŀƴŘ ά{ȅǎǘŜƳǎέ ς into interfaced sub-activity areas that are more open 

and entrepreneurial: 

 

These areas are as follows: 

 

Á The Eco-Design AnalysiS (EDAS) activity for next concept (full) REcycle and commensurate Eco-Design Life. 

All pillars of life value [NH(C)1]ŀǊŜ ŀŘŘǊŜǎǎŜŘΣ ōŜȅƻƴŘ ǘƘŜ ŎƻƴǾŜƴǘƛƻƴŀƭ άŎǊŀŘƭŜ ǘƻ ƎǊŀǾŜέ ǇƘƛƭƻǎƻǇƘȅΣ ǘƻ 

stimulate better RE-Use options and new, best know-how service options, embracing all the supply chain and 

OEM actors. EDAS is a knowledge & responsibility empowerment, addressing more widened stakeholder 

suitability. It shall open up a new supplier/SME interaction basis, and will serve better to grasp full ground 

pollution10 issues and catalyse more clean and efficient processes for improved economic and societal return. 

Eco-Design principles should be owned by all new programmes and contributors to them. The analysis shall 

program Eco-Design as enthusiasm value partner for user benefit analyses of the IADP/ITD (acceptance and 

repeatability, ergonomics and flair, competitive edge value, ecological and economic asset improvement). 

Á The Vehicle Ecological Economic Synergy (VEES) activity, that is driven from Materials, Processes, Resources 

(MPR) innovations, secondly from the assimilation of cooperative modules from the ITD/IADP demonstrators 

ǿƛǘƘ ŀƴ ŀŘŀǇǘƛǾŜ 9Ŏƻ IȅōǊƛŘ tƭŀǘŦƻǊƳ ό9ItύΣ ǿƘƛŎƘ ƛǎ ǘƻǘŀƭƭȅ ά[/!Ҍέ ό[ƛŦŜ /ȅŎƭŜ !ƴŀƭȅǎƛǎ-plus) design driven 

and an open platform on the level of complete vehicles. This is networked with clustered REcycle for REuse 

ground facility realisations. LCA+ is used as a receiving-end methodology from the developing Design for 

Environment (DfE) vision. The Eco-Design work units inside the sub-activities provide a practical footing, 

always relating to the Eco-Design Life and REcycle-theme reference tracked by the transversal coordination. 

Eco-Design ensures a collective vision of these themes on-board the various ITD/IADP technology streams. 

 

ά9Ŏƻ !ǊŎƘƛǘŜŎǘǳǊŜǎέΣ ŀǎ ƻƴŜ ŜȄŀƳǇƭŜΣ ŎƻǾŜǊǎ ǘƘŜ Ƴŀƛƴ ŜŎƻ-footprint impact on the vehicle from systems 

performance and indirect energy, water etc. consumption. Close co-operation for these outputs from the major 

physical benches (electrical, consumer heat output, etc.) will be incorporated. ITD/IADP advanced optimisation 

methodologies, special physical frame architecture concepts such as next Thermal Frame Benches, Fluid 

Management Benches etc. will help new interface trade-offs research, that fortifies the straight-to-the-point 

ecolonomics in energy, water/air footprints results. 

 

Lƴ ǘƘŜ ǿƻǊƪ ǳƴƛǘǎΩ ŎƻƴŎŜǇǘΣ ECOTech units of clear universal issues (e.g. on corrosion, surface treatments, fire, 

contamination etc.) will be implemented. Eco-Design will upkeep a sophisticated MPR-Database suitable for 

aeronautics from the initial Clean Sky achievement, offer technical workshops for exchange on LCA, the discourse 

on DfE, REACH, RoHS, evolving European Standards impacts (indirect water consumption etc.), on concerns such 

as primary energy demand in production with cost knock-on. 

 

                                                        
9
 Includes also Engine and Systems, and regardless of aircraft, rotorcraft frame definition. 

10
 Global Warming Potential of substances equated to CO2-impact, negative potentials on health and bio diversity, depletion of resources, 

primary energy demand.  
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A deeper Eco-Design Statements (ES) concept will ensure the best developed Eco-Design recommendation 

guidelines from these collaborative sub-activity areas[NH(C)2]. Stakeholder balanced consultation and user benefit 

analyses in the so-called ecolonomic harmonisation process will be exercised on different micro-economic tiers 

with industrialization scoping to produce well backed socio-economic derivative data; this includes quality labour 

growth impacts or remedial volumes to tackle and suppress any ground pollution sensitivities. The closure on its 

ƳŀǘŜǊƛŀƭ Ŧƭƻǿ ŀƴŘ ƭƻƎƛǎǘƛŎǎΩ ƻǳǘǇǳǘ ƛǎ ƎƛǾŜƴ ǘƘǊƻǳƎƘ ŎƭƻǎŜ Ŏƻ-operation with TE in the ITD/IADP top level aggregate 

delivery. 

 

Eco-Design delivery focuses on quality, eco-compliance and processes whereas the ITD/IADP are front lining the 

TRL-maturity in the technology streams with component application identity. Together, this will raise the 

technology strengths in the Clean Sky 2 Programme. 

 

Eco-Design will deliver success by: 

Á demonstrating Eco-Design interaction through the ITD/IADP (through shared components contributing to 

process optimality and eco-compliance up to a/c level), 

Á bringing all the ITD/ IADPs really on board, for instance for the Eco Statements (ES) having consistent and 

validated process improvements for the technology take-up into big impact technology pathways, 

Á generating master scientific approaches to match eco-quality and -compliance to high technology readiness 

promoted through the ITD/IADP, 

Á creating user enthusiasm value feed-back through Eco-Design principles 

Á firmly reducing down-cycling, no-future technology down-selection and withdrawal menaces. 

Á MPR database enhancing EU competitiveness dimension. 

Key Eco-Design & REcycle themes: 

Identification and Life Information Strategy (not a copy of SHM[NH(C)3]), MPR, manufacture & production, 

services to component and system (MRO, Finances/IT Know-How, limited life and extended life integration, 

inside-outside gate synergy processes), Integration/field-assembly-disassembly-separation, RE-Use, End of Life, 

Alternative Sectoral Applications, Use Phase (TE feed-back, vehicle utilization closure; eco-values). 

 

5.2.9 Small Air Transport (SAT) Transverse Activity 
 

The SAT Initiative proposed in Clean Sky 2 represents the R&T interests of European manufacturers of small 

aircraft used for passenger transport (up to 19 passengers) and for cargo transport, belonging to EASA´s CS-23 

regulatory base. This includes more than 40 industrial companies (many of which SMEs) accompanied by dozens 

of research centres and universities. The New Member States industries feature strongly in this market sector. 

The community covers the full supply chain, i.e. aircraft integrators, engine and systems manufacturers and 

research organizations. 

 

The approach builds on accomplished or running FP6/FP7 projects. Key areas of societal benefit that will be 

addressed are: 

Á Multimodality and passenger choice  

Á ore safe and more efficient small aircraft operation  

Á Lower environmental impact (noise, fuel, energy)  
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Á Revitalization of the European small aircraft industry  

 

To date, most key technologies for the future small aircraft have reached an intermediate level of maturity (TRL3-

4). They need further research and experimental demonstration to reach a maturity level of TRL5 or TRL6. The 

aircraft and systems manufacturers involved in SAT propose to develop, validate and integrate key technologies 

on dedicated ground demonstrators and flying aircraft demonstrators at an ITD level up to TRL6. The activity will 

be performed within the Clean Sky 2 ITDs for Airframe, Engines and Systems; with strong co-ordinating and 

transversally integrating leadership from within a major WP in Airframe ITD. 
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5.3   Summary of Major Demonstrators and Technology Developments 
 

The table below shows a summary of the major demonstrators and technology developments planned in Clean Sky 2. The supporting research activities not 

directly embedded into a demonstrator, as well as the management costs, are listed separately. The funding required for the running costs of the Joint 

Undertaking as well as for the Technology Evaluator are taken into account in the appropriation of the Total Clean Sky 2 EC funding through a dedicated 

budget calculated in accordance with the proposed CS2 Statutes, as described in Chapter 5.1. For the Eco-Design and Small Air Transport Transverse 

Activities the funding is embedded within the IADPs and ITDs funding amounts. 

 

IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
Chapter 

Complete 
by 

ROM EC 
funding 
όƛƴ aϵύ 

Large Passenger Aircraft Advanced Engine 
Design & Integration 
for Large Passenger 
Aircraft 

CROR demo engine flight test demo CROR performance noise, vibration 6.5.2 2020 93 

Advanced engine integration driven 
fuselage ground demonstrator 

CROR structure and system integration 
Full CFRP fuselage 

6.5.3 2020 39 

Validation of dynamically scaled 
integrated flight testing 

Potential unique enabler for demo of 
advanced a/c configuration at full aircraft 
level 

6.5.4 2020 5 

Advanced Laminar Flow 
Rig Reduction for Large 
Passenger Aircraft 

HLFC large-scale specimen 
demonstrator in flight operation 

Aerodynamic drag reduction through 
laminar flow for L/R aircraft at high 
transonic speed 

6.5.5 2020 29 

High speed demonstrator with 
hybrid laminar flow control wing 

Aerodynamic drag reduction through 
laminar flow for L/R, high transonic speed 

6.5.5 2020 40 

Innovative Aircraft 
Confirguration and 
Operation 

Applied Technologies for Enhanced 
Aircraft Performance 

Development of enabling technologies 
for enhanced A/C performance 

6.5.6 2020 18 

Demonstration of advanced short-
medium range aircraft configuration 

Demo of a target a/c configuration with 
combinations of disruptive technologies 

6.5.7 2020 47 

Innovative Cabin & 
Cargo Systems and 
Fuselage Structure 
Integration for Large 
Passenger Aircraft 

Full-scale advanced fully integrated 
fuselage cabin & cargo 
demonstrator 

Cabin functionalities, advanced networks 
for energy and data transfer 

6.6.2 2020 70 

Next generation lower centre-
fuselage structural demonstrator 

Advanced fuselage structure fully 
integrated the next generation wing and 

6.6.3 2020 37 
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IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
Chapter 

Complete 
by 

ROM EC 
funding 
όƛƴ aϵύ 

main landing gear concept 

Next generation large module 
fuselage structural demonstrator 

Advanced fuselage architecture fully 
integrated next generation cabin & cargo 
concepts and systems 

6.6.3 2020 34 

Next Generation 
Aircraft Systems, 
Cockpit and Avionics 

LPA-03-1 Enhanced Flight 
Operations and Functions  

Development of functions and solutions 
enabling easier control of the aircraft, on-
board systems, and improved man-
machine efficiency 

6.7.3 2020 17 

LPA-03-2  Innovative enabling 
technologies 

Development of innovative technologies 
in radio communication, ground support 
to the crew and in avionic components 

6.7.4 2020 13 

LPA-03-3 Next generation cockpit 
functions flight demonstration  

Cockpit related technologies 
demonstrated in flight environment  

6.7.5 2022 18 

LPA-03-4 Enhanced Cockpit 
demonstration  

Demonstration of integration of novel 
functions/equipment in overall cockpit 
environment 

6.7.6 2020 14 

LPA-03-5 Disruptive Cockpit 
demonstration  

Demonstration of new cockpit concept: 
- new crew resource paradigm 
- integrated cockpit design 
- functional organisation and architecture 
- technology enablers (functions, 
equipments) 

6.7.7 2023 34 

LPA-03-6 Maintenance service 
operations enhancement 
demonstrator 

Demonstration of the technical and 
economic  maturity  and performance of 
a value and service oriented architecture 
and its enablers:  

6.7.8 2019 12 

Large Passenger Aircraft         Total: 518 
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IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 

Chapter 
Complete 
by 

ROM EC 
funding 
όƛƴ aϵύ  

Regional Aircraft Highly Efficient Low 
Noise Wing Design for 
Regional Aircraft 

Air Vehicle Technologies ς Flying 
Test Bed#1 (FTB1) 

Low noise and high efficient HLD, NLF, 
Active LC&A, Innovative wing structure 
and systems 

7.5.3 (I) 
7.5.2 (I) 
7.5.2 (III) 
7.5.2 (IV) 

2021 22 

Regional Aircraft Innovative Passenger 
Cabin Design & 
Manufacturing for 
Regional Aircraft 

Full scale innovative Fuselage and 
passenger Cabin 

 !ŘǾŀƴŎŜŘ High-toughness materials 
 IƛƎƘƭȅ ƛƴǘŜƎǊŀǘŜŘ ǎǘǊǳŎǘǳǊŀƭ ŎƻƴŎŜǇǘǎ 
 {Ia ŦƻǊ ŘŀƳŀƎŜ ŘŜǘŜŎǘƛƻƴ ŀƴŘ 

condition based maintenance 
 !ŘǾŀƴŎŜŘ ƭƻǿ-cost manufacturing 
 IƛƎƘƭȅ ŀǳǘƻƳŀǘŜŘ ŀǎǎŜƳōƭȅ 
 IǳƳŀƴ ŎŜƴǘŜǊŜŘ Ŏŀōƛƴ ŘŜǎƛƎƴ 
 !ƭƭ ŜƭŜŎǘǊƛŎκǎƳŀǊǘ {ȅǎǘŜƳǎ ƛƴǘŜƎǊŀǘƛƻƴ 

7.5.2 (III) 
7.5.3 (II) 

2021 31 

Regional Aircraft Advanced for Regional 
Aircraft: 
1. Power Plant 
2. Flight Simulator 
3. Iron Bird 

WTT for Configuration of Next 
Generation Hi-Efficient Regional A/C 

Innovative configuration, advanced 
powerplant integration, efficient 
technologies insertion at A/C level 

7.5.1 2020 6 

Flight Simulator New cockpit interaction concepts, 
advanced avionics functionalities 
(including pilot workload reduction) , 
MTM (green functions in a global 
environment) 

7.5.3 (III) 
7.5.2 (II) 

2020 6 

Iron Bird Innovative systems integration, Next 
generation flight control systems (H/W 
and pilot in the loop) 

7.5.3 (IV) 
7.5.2 (III) 
7.5.2 (IV) 

2020 12 
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IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
Chapter 

Complete 
by 

ROM EC 
funding 
όƛƴ aϵύ  

Regional Aircraft Innovative Future 
Turboprop 
Technologies for 
Regional Aircraft 

High Lift Advanced Turboprop ς 
Flying Test Bed#2 (FTB2) 

 !ŎǘƛǾŜ ²ƛƴƎ 
 !ŘŀǇǘƛǾŜ !ŜǊƻŘȅƴŀƳƛŎǎΣ ƛƴŎƭǳŘƛƴƎ 

Morphing Winglets 
 ²ƛƴƎ ǊŜƭŀǘŜŘ {ȅǎǘŜƳǎ ƛƴǘŜƎǊŀǘƛƻƴ 
 !ŘǾŀƴŎŜŘ /Cwt ²ƛƴƎ ǎǘǊǳŎǘǳǊŜǎ 
 hǇǘƛƳƛȊŜŘ tƻǿŜǊǇƭŀƴǘ ƛƴǘŜƎǊŀǘƛƻƴ 

7.5.3 (V) 
7.5.2 

2017 - 
2020 

23 

Regional Aircraft  Linked to all the above Regional 
Aircraft Demonstrators 

Other research activities and 
management: 
 w-IADP Management (WP 0) 
 ¢ŜŎƘƴƻƭƻƎƛŜǎ 5ŜǾŜƭƻǇƳŜƴǘ ϧ 

Demonstrations Results Assessment 
(WP4), including interfaces with TE and 
Eco-Design transverse activity 

7.4.2 
7.5.4 

2022 5 

Regional Aircraft         Total: 104 
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IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
Chapter 

Complete 
by 

ROM EC 
funding 
όƛƴ aϵύ    

Fast Rotorcraft: 
Joint/Transverse activities 

Technology Evaluation 
& Eco Transversal 
Technologies 

  Transverse activities relevant to both 
FRC demonstrators and management 
(WP0) 

8.5.1    12 

Fast Rotorcraft: Tiltrotor Advanced Tilt Rotor 
Structural & 
Aerocoustic Design 

D1: Mock-up of major airframe 
sections and rotor 
D2: Tie-down helicopter (TDH) 
D3: NextGenCTR flight 
demonstrator (ground & flight) 

ω {ȅǎǘŜƳ ŘŜǎƛƎƴ 
ω {ǘǊǳŎǘǳǊŀƭ ŀƴŘ ŘȅƴŀƳƛŎǎ ƳƻŘŜƭƭƛƴƎ ŀƴŘ 
analysis software 
ω !ŘǾŀƴŎŜŘ ŜƭŜŎǘǊƛŎŀƭ ǎȅǎǘŜƳ 
ω !ŜǊƻŘȅƴŀƳƛŎǎκŀŜǊƻŀŎƻǳǎǘƛŎǎ ƳƻŘŜƭƭƛƴƎ 
and analysis 
ω tǊƻǘƻǘȅǇƛƴƎ ǘŜŎƘƴƻƭƻƎƛŜǎ 

8.4 
(WP1.1) 
 

D1: 2016 
D2: 
2018/201
9 
D3: 
2019/202
0 
 
 

23 

D4: Prop-rotor components and 
assembly 

ω {ȅǎǘŜƳ ŘŜǎƛƎƴ ŀƴŘ ƛƴǘŜƎǊŀǘƛƻƴ 
ω {ǘǊǳŎǘǳǊŀƭ ŀƴŘ ŘȅƴŀƳƛŎǎ ƳƻŘŜƭƭƛƴƎ ŀƴŘ 
analysis software 
ω !ŜǊƻŘȅƴŀƳƛŎǎκŀŜǊƻŀŎƻǳǎǘƛŎǎ modelling 
and analysis 
ω ²ƛƴŘ ǘǳƴƴŜƭ ǘŜǎǘƛƴƎ 

8.4 
(WP1.2) 

2018/201
9 

11 

Fast Rotorcraft: Tiltrotor Advanced Tilt Rotor 
Aerodynamics and 
Flight Physics Design 

5сΥ bŜȄǘDŜƴ/¢wΩǎ ŦǳǎŜƭŀƎŜ 
assembly 

 !ŜǊƻŘȅƴŀƳƛŎǎ ƳƻŘŜƭƭƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ 
 {ǘǊǳŎǘǳǊŜ ƳƻŘŜƭƭƛƴƎΣ analysis, testing 
 !ŘǾŀƴŎŜŘ ŎƻƳǇƻǎƛǘŜΣ ƳŜǘŀƭƭƛŎ ƳŀǘŜǊƛŀƭǎ 
 /ƻƳǇƭŜȄ ǎȅǎǘŜƳ ŘŜǎƛƎƴ ƳƻŘŜƭƭƛƴƎ ŀƴŘ 

analysis 
 5ŜǎƛƎƴ-to cost criteria 
  5ŜǎƛƎƴ-to weight criteria 

8.4 
(WP1.4) 
9.6.4 
(Airframe 
ITD ς 
WPB-4.2) 

2018/20  
19 

όнн aϵ 
funding is 
part of 
Airframe 
ITD) 
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by 

ROM EC 
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όƛƴ aϵύ    

5тΥ bŜȄǘDŜƴ/¢wΩǎ ǿƛƴƎ ŀǎǎŜƳōƭȅ  !ŜǊƻŘȅƴŀƳƛŎǎ ƳƻŘŜƭƭƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ 
 {ǘǊǳŎǘǳǊŜ ƳƻŘŜƭƭƛƴƎΣ ŀƴŀƭȅǎƛǎΣ ǘŜǎǘƛƴƎ 
 !ŘǾŀƴŎŜŘ ŎƻƳǇƻǎƛǘŜΣ ƳŜǘŀƭƭƛŎ ƳŀǘŜǊƛŀƭǎ 
 /ƻƳǇƭŜȄ ǎȅǎǘŜƳ ŘŜǎƛƎƴ ƳƻŘŜƭƭƛƴƎ ŀƴŘ 

analysis 
 5ŜǎƛƎƴ-to cost criteria 
  5ŜǎƛƎƴ-to weight criteria 

8.4 
(WP1.4) 

2018/201
9 

12 

D8: Engine-airframe physical 
integration 
D9: Fuel system components 

 !ŜǊƻŘȅƴŀƳƛŎǎ ƳƻŘŜƭƭƛƴƎ ŀƴŘ ŀƴŀƭȅǎƛǎ 
 !ŘǾŀƴŎŜŘ ǎȅǎǘŜƳ ƳƻŘŜƭƭƛƴƎΣ ǎƛƳǳƭŀǘƛƻƴ 

and integration 
 ¢ŜǎǘƛƴƎ ǘŜŎƘƴƛǉǳŜǎ 

8.4 
(WP1.5) 

2018/201
9 

9 

Fast Rotorcraft: Tiltrotor Advanced Tilt Rotor 
Energy Management 
System Architectures 

5рΥ bŜȄǘDŜƴ/¢wΩǎ ŘǊƛǾŜ ǎȅǎǘŜƳ 
components and assembly 

 !ŘǾŀƴŎŜŘ ƳŀǘŜǊƛŀƭǎ ŦƻǊ ƭƻǿ 
environmental impact 
 5ŜǎƛƎƴ-to cost criteria 
 5ŜǎƛƎƴ-to weight criteria 
 {ŀŦŜ ƻǇŜǊŀǘƛƻƴ ŦƻǊ άƴƻ-ƻƛƭέ emergency 

8.4 
(WP1.3) 

2018/201
9 

10 

D10: intelligent electrical power 
system and anciliary/ auxiliary 
components  
D11: Flight control & actuation 
systems and components 

 IƛƎƘςspeed brushless generators 
 {ƻƭƛŘ ǎǘŀǘŜǇƻǿŜǊ ŎƻƴǾŜǊǎƛƻƴ ŀƴŘ 

switching units 
 !ŘǾŀƴŎŜŘ ŜƴŜǊƎȅ ƳŀƴŀƎŜƳŜƴǘ 

architectures 
 {ƳŀǊǘ ŀŎǘǳŀǘƛƻƴ ǎȅǎǘŜƳǎ 
 !ŘǾŀƴŎŜŘ ǎŜƴǎƻǊǎ ŀƴŘ ƛƴŎŜǇǘƻǊǎ 

8.4 
(WP1.6) 

2018/201
9 

22 

Fast Rotorcraft: Tiltrotor Technology Evaluation 
& Eco Transversal 
Technologies 

  Other research activities and 
management (including support to TE 
Impact Evaluator): 

8.4 
(WP1.0 
+WP1.7) 

2024 3 

Fast Rotorcraft: Tiltrotor         Total: 89 
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Fast Rotorcraft: Compound 
R/C 

Innovative Compound 
Rotorcraft Airframe 
Design 

Airframe structure & landing system 
 
NB: Wing and tail addressed in 
Airframe ITD dedicated WPs (1.8, 
1.11)  

Advanced composite or hybrid 
metallic/composite structure using latest 
design and production techniques e.g. 
topological optimization, fibre/tape 
placement, out of autoclave curing, 
targeting very low weight and 
accommodating required cabin volume 
with low drag shape and wide access 
door for versatile usage (pax, SAR, EMS); 
 
Specific landing system architecture & 
kinematics suited for compound R/C 
configuration, using composite materials 
for weight reduction, electrically 
actuated.  Environment-friendly materials 
and production techniques 

8.7.11 
8.7.12 

2020 17 

Fast Rotorcraft: Compound 
R/C 

Innovative Compound 
Rotorcraft  Power Plant 
Design 

Lifting Rotor & Propellers Integrated design of hub cap, blades 
sleeves, pylon fairings, optimized for drag 
reduction; Rotor blade design for 
combined hover-high speed flight 
envelope and variable RPM; Propeller 
design optimized for best dual function 
trade-off (yaw control, propulsion); 
 
All optimized for best mission 
performance and noise reduction with 
provision for icing protection capability, 
based on extensive use of state-of-art 
CFD and coupled CFD-CSD tools. 
 

8.7.13 
8.7.14 

2020 6 
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by 

ROM EC 
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όƛƴ aϵύ    

Drive train & Power Plant Engine installation optimized for power 
loss reduction, low weight, low 
aerodynamic drag, all weather operation; 
New mechanical architecture for high 
speed shafts, 
 
Main Gear Box input gears, lateral shafts, 
Propeller Gear boxes, optimized for high 
torque capability, long life, low weight. 
REACh-compliant materials and surface 
treatments. 

8.7.15 
8.7.16 

2020 22 

Fast Rotorcraft: Compound 
R/C 

Innovative Compound 
Rotorcraft  Avionics, 
Utilities & Flight 
Control Systems 

On board energy, cabin & mission 
systems  

Implementation of innovative electrical 
generation & conversion, high voltage 
network, optimized for efficiency & low 
weight; advanced cabin insulation & ECS 
for acoustic and thermal comfort. 

8.7.17 
8.7.20 

2020 10 

Flight Control, Guidance &  
Navigation Systems  

Smart flight control exploiting additional 
control degrees of freedom for best 
vehicle aerodynamic efficiency and for 
noise impact reduction. 

8.7.18 
8.7.19 
8.7.21 

2020 13 

Fast Rotorcraft: Compound 
R/C 

LifeRCraft Flight 
Demonstrator 

LifeRCraft Flight Demonstrator  Integration of all technologies on a 
unique large scale flight demonstrator, 
success & compliance with objectives 
validated through extensive range of 
ground & flight tests 

8.7.10 
8.7.22 

2020 21 

Fast Rotorcraft: Compound 
R/C 

        Total: 89 
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Airframe High Performance and 
Energy Efficiency 

Innovative Aircraft Architecture Noise shielding, noise reduction, Overall 
Aircraft Design (OAD) optimisation, 
efficient air inlet, CROR integration, new 
certification process, advanced modeling 

9.6.1 TRL 6: 
2020 

38 

Advanced Laminarity Laminar nacelle, flow control for engine 
pylons, NLF, advanced CFD, aerodynamic 
flow control, manufacturing and 
assembly technologies, accurate 
transition modelling, optimum shape 
design, HLF 

9.6.2 TRL 6: 
2017 for 
further 
IADP 
testing 

43 

High Speed Airframe Composites (D&M), steering, wing / 
fuselage integration, Gust Load 
Alleviation, flutter control, innovative 
shape and structure for fuselage and 
cockpit, eco-efficient materials and 
processes 

9.6.3 TRL 4/5: 
2020 

59 

Novel Control Gust Load Alleviation, flutter control, 
morphing, smart mechanism, mechanical 
structure, actuation, control algorithm 

9.6.4 TRL 5/6: 
2019 

12 

Novel Travel Experience Ergonomics, cabin noise reduction, seats 
& crash protection, eco-friendly 
materials, human centered design, light 
weight furniture, smart galley 

9.6.5 TRL 6: 
2020 

11 

Airframe High Versatility and 
Cost Efficiency 

Next Generation Optimized Wing 
Box 

Composite (D&M), out of autoclave 
process, modern thermoplastics, wing 
aero-shape optimisation, morphing, 
advanced coatings, flow and load control, 
low cost and high rate production 

9.7.1 TRL 5: 
2018 for 
further 
IADP 
testing 
TRL 6: 
2020 

31 
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Optimized High Lift Configurations Tprop integration on high wing, 
optimised nacelle shape, high integration 
of Tprop nacelle (composite/metallic), 
high lift wing devices, active load 
protection 

9.7.2 TRL 5: 
2018 for 
further 
IADP 
testing 

23 

Advanced Integrated Structures Highly integrated cockpit structure 
(composite metallic, multifunctional 
materials), all electrical wing, electrical 
anti-ice for nacelle, integration of 
systems in nacelle, materials and 
manufacturing process, affordable small 
aircraft manufacturing, small a/c systems 
integration 

9.7.3 TRL 5: 
2018 for 
further 
IADP 
testing 
TRL 6: 
2020 

51 

Advanced Fuselage Rotor-less tail for fast r/c (CFD 
optimisation, flow control, structural 
design), pressurised fuselage for fast r/c, 
more affordable composite fuselage, 
affordable and low weight cabin 

9.7.4 TRL 5: 
2018 for 
further 
IADP 
testing 

68 

Airframe Management and 
interfacing 

Business jet, LPA, SAT, Rotorcraft 
and Regional a/c OAD and 
configuration 

n/a 9.5 2020 10 

Airframe         Total: 347 
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by 
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Engines  Innovative Open Rotor 
Engine Configurations 

Open Rotor Flight Test Ground test and flight test of a Geared 
Open Rotor demonstrator:  
- Studies and design of engine and 
control system update and modifications 
for final flight test 
- Manufacturing, procurement and 
engine assembly for ground test checking 
before flight 
Following on flight test planned in LPA 
IADP and test results analysis 

10.5.1 
10.6.1 
10.7.1 

TRL 6 
(2019) 

Included 
in LPA 
IADP 
figures 

Engines Innovative High Bypass 
Ratio Engine 
Configurations I : UHPE 
Concept for 
Short/Medium Range 
aircraft (Safran) 

UHPE demonstrator Design, development and ground tests of 
a propulsion system demonstrator for an 
Ultra High By-pass Ratio engine: 
validation of the low pressure modules 
and nacelle technology 

10.5.2 
10.6.2 
10.7.2 

TRL 5 
(2022) 

77 

Engines Business 
Aviation/Short Range 
Regional Turboprop 
Demonstrator 

Business aviation/short range 
regional Turboprop Demonstrator 

Design, development and ground testing 
of a new turboprop engine demonstrator 
for business aviation and short range 
regional application 

10.5.3 
10.6.3 
10.7.3 

TRL5/6 
(2019) 

22 

Engines Advanced Geared 
Engine Configuration 

Advanced Geared Engine 
Configuration (HPC and LPT 
technology demonstration) 

Design, development and ground testing 
of an advanced geared engine 
demonstrator: 
improvement of the thermodynamic 
cycle efficiency and noise reduction 

10.5.4 
10.6.4 
10.7.4 

Engine 
Demo 
2020 

44 
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Complete 
by 

ROM EC 
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Engines Innovative High Bypass 
Ratio Engine 
Configurations II: VHBR 
Middle of Market 
Turbofan Technology 
(Rolls-Royce) 

VHBR Middle of Market Turbofan 
Technology 

 behaviour of fans at low speeds and fan 
pressure ratios (e.g. fan stall margin, 
variable cold nozzle geometries) and 
structural technology 
 ŀŜǊƻŘȅƴŀƳƛŎ ŀƴŘ ǎǘǊǳŎǘǳǊŀƭ ŘŜǎƛƎƴ ƻŦ 

low pressure turbines for high speed 
operation 
 {ȅǎǘŜƳǎ LƴǘŜƎǊŀǘƛƻƴ ƻŦ ƴƻǾŜƭ accessory 

and power gearboxes, including oil 
system and bearing technologies. 
 ƻǇǘƛƳƛǎŜŘ ǇƻǿŜǊ Ǉƭŀƴǘ όŜΦƎ  ƛƴǘŜƎǊŀǘƛƻƴ 

of engine and nacelle structures, 
externals and dressings, Noise, Logistic & 
Build challenges) 
 ŎƻƳǇǊŜǎǎƻǊ ŜŦŦƛŎƛŜƴŎȅ 
 ŎƻƴǘǊƻƭ ϧ ŜƭŜŎtrical power system 

technology developments 

10.5.5 
10.6.5 
10.7.5 

TRL 4/5 
2018 

46 

Engines Innovative High Bypass 
Ratio Engine 
Configurations III: 
VHBR engine 
demonstrator for the 
large engine 
market  (Rolls-Royce) 

VHBR engine demonstrator for the 
large engine market   

 ƛƴǘŜƎǊŀǘŜŘ ƭƻǿ ǇǊŜǎǎǳǊŜ ǎȅǎǘŜƳ ŦƻǊ ŀ 
high power very-high bypass ratio engine 
(fan, compressor, gearbox, LP turbine, 
VAN) 
 ŜƴƎƛƴŜ ŎƻǊŜ ƻǇǘƛƳƛǎŀǘƛƻƴ ŀƴŘ 

integration 
 ƻǇǘƛƳƛǎŜŘ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳǎ  
 ground and flight test of Large VHBR 

engine 

10.5.6 
10.6.6 
10.7.6 

Engine 
Demo 
2017-
2019 

69 

Engines Small Aircraft Engine 
Demonstrator 

Small Aircraft Engine Demonstrator  ǊŜƭƛŀōƭŜ ŀƴŘ ƳƻǊŜ ŜŦŦƛŎƛŜƴǘ ƻǇŜǊŀǘƛƻƴ ƻŦ 
small turbine engines  
 ƭƛƎƘǘ ǿŜƛƎƘǘ ŀƴŘ fuel efficient diesel 

engines 

12.4.2 

  

18 

Engines [Not for evaluation]   Other research activities and 
management: Budget for activities 
performed by airframer (Airbus) and for 

  

  

14 



Clean Sky 2 Joint Technology Initiative in Aeronautics 

2015 Clean Sky 2 Joint Technical Programme (V5) ς Proprietary Information subject to Confidentiality Agreements  44 

IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
Chapter 

Complete 
by 

ROM EC 
funding  

Eco-Design Transverse Activity 

Engines         Total: 290 

 
 
 

IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
Chapter 

Complete 
by 

ROM EC 
funding 
όƛƴ aϵύ  

Systems Integrated Cockpit 
Environment for New 
Functions & Operations 

Extended Cockpit Demonstrations - Flight Management evolutions : 

green technologies, SESAR, NextGen, 

interactive FM 

11.6.1  -TRL 5/6 
in 2015  

60 

- Advanced functions : 

communications, surveillance, 

systems management, mission 

management 

11.6.2    

- Cockpit Display Systems: new 

cockpit, HMI, EVO, etc. 

11.6.7 (I)  - TRL 5/6 
in 2018+  

- IMA platform and networks     

Systems Innovative  Cabin and 
Cargo technologies 

Equipment and systems for Cabin & 
Cargo applications 

- Power Systems for Cabin 11,6,2   8 

- Sensors & sensors networks   

- Security Systems TRL5 en 
2020 

- Water Management   

- Connectivity   

- Light & Noise management   
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by 
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Systems Innovative and 
Integrated Electrical 
Wing Architecture and 
Components 

Innovative Electrical Wing 
Demonstrator (including ice 
protection) 

- New actuation architectures and 

concepts for new wing concepts 

11.6.3  TRL 5 to 6 
between 
2018 to 
2020+ 

24 

- High integration of actuators into 

wing structure and EWIS constraints 

- Inertial sensors, drive & control 

electronics 

- New sensors concepts 

- Health monitoring functions, DOP 

- WIPS concepts for new wing 

architectures 

- Shared Power electronics and 

electrical power management 

- Optimization of ice protection 

technologies and control strategy 

Systems Innovative 
Technologies and 
Optimized Architecture 
for Landing Gears 

Advanced systems for nose and 
main landing gears applications 

- Wing Gear and Body Gear 

configurations  

11.6.4 TRL 4 to 6 
between 
2018 & 
2020 

30 

- Health Monitoring  

- Optimized cooling technologies for 

brakes 

- Green taxiing 

- Full electrical landing gear system for 

NLG and MLG applications 

- EHA and EMA technologies 

- Electro-Hydraulic Power Packs 

- Remote Electronics, shared PE 

modules 

- Innovative Drive & Control 
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Complete 
by 

ROM EC 
funding 
όƛƴ aϵύ  

Electronics 

Systems High Power Electrical 
and Conversion 
Architectures 

Non propulsive energy generation - AC and DC electrical power 

generation 

11.6.5 
(I)  

TRL6: 
2020 

16 

- AC and DC electrical power 

conversion 

11.6.6 (II)  

- SG design for high availability of 

electrical network 

  

- -        Electrical motors for loads 

applications 

  

- Integrated motor technologies, with 

high speed rotation and high 

temperature material 

  

Equipments and Systems for new 
aircraft generations 

- Power conversion 11.6.5 (III)  TRL 4 to 5 
between 
2019 & 
2020 

8 

Systems Innovative Energy 
Management Systems 
Architectures 

Innovative power distribution 
systems, (including power 
management) 

- Electrical Power Centre for Large 

Aircraft ς load management and 

trans-ATA optimization 

11.6.5 (II)  TRL 5 & 6: 
from 2018 
to 2020+ 

33 

- High integrated power center for 

bizjet aircraft (multi ATA load 

management, power distribution and 

motor control) 

- Smart grid, develop & integrate 

breakthrough components to create 

a decentralized smart grid, partly in 

non-pressurized zone. 



Clean Sky 2 Joint Technology Initiative in Aeronautics 

2015 Clean Sky 2 Joint Technical Programme (V5) ς Proprietary Information subject to Confidentiality Agreements  47 

IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
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Complete 
by 

ROM EC 
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όƛƴ aϵύ  

- Electrical Power Centre ς load 

management optimization 

- Health Monitoring, DOP compliant 

Systems Innovative 
Technologies for 
Environmental Control 
System 

Next Generation EECS,  - New generation of EECS including a 

global trans ATA visionable to answer 

the needs for load management,  

Inerting systems, Thermal 

Management, Air quality & cabin 

comfort 

11.6.6 (I)  TRL 5 & 6: 
from 2018 
to 2020+ 

28 

  - Development / optimisation of 

Regional A/C EECS components for 

full scale performance 

demonstration 

Thermal management and cabin 
comfort 

- New generation of cooling systems 

for additional needs of cooling 

Systems Advanced 
Demonstrations 
Platform Design & 
Integration 

Demonstration Platform ς PROVEN, 
GETI  & COPPER Bird®, AVANT, IWT 

- Use to maturate technologies, 

concepts and architectures 

developed in Clean Sky 2 or from 

other R&T programs and integrated 

in Clean Sky 2 

11.6.7 (II)  Large test 
platform 
to reach 
higher 
TRL level 
for 
electrical 
equipmen
t / 
systems 
(from 4 to 
6 
dependin
g of the 

16 

- Large demonstration platform 11.6.7 (III)  

- Optimization and validation of the 

thermal and electrical management 

between the main electrical 

consumers 

11.6.7 (IV)  
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by 

ROM EC 
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όƛƴ aϵύ  

applicatio
n) 

Systems Small Air Transport 
(SAT) Innovative 
Systems Solutions 

Small Air Transport (SAT) Activities - Efficient operation of small aircraft 

with affordable health monitoring 

systems  

 12.4.3   20 

- More electric/electronic 

technologies for small aircraft  

- Fly-by-wire architecture for small 

aircraft  

- Affordable SESAR operation, modern 

cockpit and avionic solutions for 

small a/c  

- Comfortable and safe cabin for small 

aircraft 

Note: budget has been identified for 
specific SAT work inside Systems. 
However, synergies with main 
demonstrators and specific work still 
have to be worked upon 

Systems ECO Design ECO Design activities Refers to ECO Design chapter ECO 
Design 

  5 

Systems     Management: Included in demonstrators     0 

Systems         Total: 249 
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Complete 
by 

ROM EC 
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Technology Evaluator (TE) A systematic overall 
approach to the 
Technology Evaluation 
process and monitoring 
activity 

   tǊƻƎǊŜǎǎ aƻƴƛǘƻǊƛƴƎ ƻŦ /ƭŜŀƴ {ƪȅ н 
achievements 
 9Ǿŀƭǳŀǘƛƻƴ ŀǘ aƛǎǎƛƻƴ [ŜǾŜƭ ƻŦ ǇŀǊǘƛŎǳƭŀǊ 

ITD outputs 
 LƳǇŀŎǘ !ǎǎŜǎǎƳŜƴǘǎ ŀǘ !ƛǊǇƻǊǘ ŀƴŘ !¢{ 

Level 
 
The funding required for the Technology 
Evaluator will be taken from the Total 
/ƭŜŀƴ {ƪȅ н 9/ ŦǳƴŘƛƴƎ ŀǎ ŀ άǘŀȄ ƛƴ 
ŀŘǾŀƴŎŜέΦ 

12   17 

              

JU Running Costs     The funding required for the running 
costs of the Clean Sky 2 Joint Undertaking 
will be taken from the Total Clean Sky 2 
9/ ŦǳƴŘƛƴƎ ŀǎ ŀ άǘŀȄ ƛƴ ŀŘǾŀƴŎŜέΦ 

    

39 

Total CS2 EC funding:           1.755 

 
 

IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
Chapter 

Eco-Design Transverse 
Activity 

An overall innovative 
approach and "agenda" 
for Eco-Design activity 
in the CS2 Programme 

  Eco-Design activities are embedded in all 
IADPs and ITDs. They are detailed in 
Chapter 13. Thus, a dedicated funding for 
Eco-Design is reserved iƴǎƛŘŜ ŜŀŎƘ L!5tΩǎ 
ŀƴŘ L¢5Ωǎ ŦǳƴŘƛƴƎΦ 
The co-ordination of all Eco-Design 
activities will be established in the 
Airframe ITD. 
The funding dedicated to the Eco-Design 
¢ǊŀƴǎǾŜǊǎŜ !ŎǘƛǾƛǘȅ ƛǎ офΦлс aϵ ƛƴ ǘƻǘŀƭΦ 

13 
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IADP / ITD Technology Areas Demonstrator / Technology Stream Technologies Reference 
Chapter 

Small Air Transport (SAT) 
Transverse Activity 

An overall innovative 
approach and "agenda" 
for Small Air Transport 
activity in the CS2 
Programme 

  Small Air Transport (SAT) activities are 
part of Airframe, Engines (WP7) and 
Systems ITDs and are detailed in Chapter 
14. The co-ordination of all SAT activities 
will be established in the Airframe ITD. 
 
The funding required for the Small Air 
¢ǊŀƴǎǇƻǊǘ ¢ǊŀƴǎǾŜǊǎŜ !ŎǘƛǾƛǘȅ ƛǎ стΦфр aϵ 
in total. 
 

14 
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6 Large Passenger Aircraft IADP[NH(C)4] 

6.1   Going beyond Clean Sky  
 
The Smart Fixed Wing Aircraft ς Integrated Technology Demonstrator (SFWA) in Clean Sky is providing the best 

evidence that a R&T programme seeking to push new breakthrough technologies for large transport aircraft 

towards applications is greatly enhanced in a framework that allows the conduct of large-scale demonstrations on 

ground, in dedicated rigs and facilities, and with large or full-scale flight tests. When combined with associated 

numerical and analytical studies, and furbished with the related capabilities and capacities to conduct the 

corresponding conceptual and detailed design work, the inherent uncertainties and risks of new technologies can 

be most effectively and efficiently understood, technically managed and removed. 

  
Within Clean SkyΣ ƪŜȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ ǘƘŜ ŦǳŜƭ ŜŦŦƛŎƛŜƴǘΣ ƭƻǿ ŘǊŀƎ άǎƳŀǊǘ ƭŀƳƛƴŀǊ ǿƛƴƎέΣ ŀƴŘ ŀ ƴǳƳōŜǊ ƻŦ ƴŜǿ 

technologies to integrate the most efficient, most advanced propulsion systems for commercial large transport 

aircraft of the future are passing the critical steps of proving and validation in the SFWA ITD. Most of the key 

technologies in the Programme, having typically been injected at Technology Readiness Level (TRL) 2 or 3 are, at 

around half way through the Programme, at TRL 4 or 5. As an example in SFWA the target for the smart natural 

laminar wing and a new low speed vibration load control is to reach TRL 6. For the innovative noise shielding 

empennage, and the smart flap the target TRL is 5, and a down selected set of active flow control technologies. 

For the in-flight demonstration of the CROR propulsion concept ǘƘŜ ǘŀǊƎŜǘ ¢w[ ƛǎ п ǘƻ р άҌέ ŀǎ ǎƻƳŜ ƛƳǇƻǊǘŀƴǘ 

items of structural and system integration cannot be validated within the planned lifetime of Clean Sky. 

 

One of the key drivers for the implementation of the IADP in Clean Sky 2 on top of the well-proven ITD is a specific 

result of lessons learned from SFWA. Reaching TRL 6 for an individual technology through validation and 

demonstration in ground and flight tests at relevant scale and under operational conditions in a multidisciplinary 

approach does not typically provide any evidence and proof of the risks and potentials of the technology when 

integrated with other key technologies at the whole aircraft level. For example - what are the risks and the 

technical potential when combining, for example, an entirely new wing, an entirely new propulsion system and a 

new innovative empennage design together?  This type of question is the reason for planning the IADP in Clean 

Sky 2Σ ǘƘŜ ǎŜǘǳǇ ŀƴŘ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ ά[ŀǊƎŜ !ƛǊŎǊŀŦǘ LA5tέ Ƙŀǎ ŘƛǊŜŎǘƭȅ ŜƳŜǊƎŜŘ ǘƻ ǇǊƻǾƛŘŜ ǘƘŜ ŀƴǎǿŜǊ ǘƻ ǘƘŀǘ 

question. 
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6.2   Challenges to be tackled for Large Aircraft in the Horizon 2020 Period 
 
Today, Europe benefits from a 40% share of the global aerospace market with short/medium range aircraft 

making a very large contribution to this success. The next generation of short/medium range aircraft is key to the 

future of aviation in Europe. This aircraft type will remain core to air transport and essential to efforts to decrease 

aviation CO2 emissions for the foreseeable future. Mounting competition from existing and new entrants means 

that the European sector can only survive by being a global leader in terms of innovation and product 

performance, at affordable costs and with high volume availability. A significant part of the current Clean Sky 

research activity is focused on this aircraft class: e.g. the laminar-flow wing and open rotor propulsion, resulting in 

flight tests at the level of each separate system.   

Clean Sky 2 is building on these latest results and is setting out to provide the required platform in which these 

research matters can be addressed in an integrated and fully representative manner. It provides the essential 

next research step of verifying and demonstrating how the potentially promising breakthrough technologies must 

be combined to effectively reveal their full synergies and their potential for future generations of aircraft. In this 

regard, the project will be decisive for delivering the required technology innovations that will make these new 

generations of European aircraft possible. By maturing these technologies on a research platform at European 

level, it is realising the potential for market adoption in the decade thereafter.  

Compared to the year 2014 technology state-of-the-art a minimum of 20% reduction of specific fuel burn 

respectively reduction of CO2 emission at mission level is set as a clear target for the large-scale integrated 

demonstrations in the LPA-IADP, addressing technologies to be introduced to next generation aircraft with 

envisioned market entry in the 2025 to 2030 timeframe.  

Based on the status of the current R&T results in Clean Sky, the CROR engine concept has the potential to 

contribute to more than half of this improvement. Triggered by the recent very promising results in the SFWA-ITD 

substantial single digit drag improvements are expected to be drawn from an extended use of the natural and 

hybrid laminar technology applied to next generation large passenger aircraft. A further substantial improvement 

will be contributed by weight reduction stemming from a fully re-thought fuselage-cabin-cargo integrated 

approach, with an entirely new, coherently developed structure and systems approach. The next generation 

cockpit shall capitalize the capabilities of the year 2020+ air traffic management, namely to operate large 

transport aircraft seamless on unprecedented environmental friendly flight trajectories. 

Based on the current market forecasts a reasonable projection is that the large aircraft demonstration platforms 

of Clean Sky 2 will deliver solutions that can impact over 75% of the fleet needing replacement from 2025 

onwards. The IADP will bring a highly significant contribution to the prime Clean Sky 2 environmental and socio-

economic targets: protecting the environment whilst ensuring sustainable mobility. In explicit terms, it will: 

Á Facilitate the greatest possible environmental benefits of environment protection in terms of reductions of 

CO2 emissions per passenger-kilometer as well as NOX and noise emissions. 

Á Allow the entire European aviation value chain to jointly collaborate on integrated platforms. In Clean Sky the 

large commercial aircraft activities engage 16 separate EU member states. It is reasonable to project that a 

similar level of engagement will occur for these activities in Clean Sky 2. 
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Á Help to maintain and extend European industrial leadership and to be recognized globally as innovative, 

sustainable and competitive, thereby delivering the largest contribution to employment and economic 

benefits. 

Á Target the most challenging aircraft technology breakthroughs for which well-known market requirements 

exist and the volume, growth and economic scale will lead to substantial long term investments and the 

creation of high technology jobs in Europe. 

Á De-risk the development of breakthrough technologies and so ensure safety and security, leading to the setup 

and continuous improvement of unprecedented levels of safety. 

Á Align European research and innovation strategies amongst all stakeholders and allow pushing forward 

efficient research, technology development and demonstration with appropriate infrastructure, testing 

capabilities and funding.  
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6.3   The Role of the Large Aircraft IADP 
 
By definition, technologies that will be brought into the ITDs of Clean Sky 2 have already successfully passed a 

prior down selection and have a TRL of at least 2 or 3. In contrast, some technologies will be brought into the 

IADP at TRL of 4 or even 5. This gives the IADP the capacity to deliver technologies integrated in combination and 

up to TRL 6 over the lifetime of Clean Sky 2. 

The explicit role of the Large Aircraft IADP in Clean Sky 2 is to provide: 

Á Target technology scenarios for combinations of technologies; 

Á A large-scale integrated demonstrator platform to systematically mature breakthrough technologies in 

combination, to achieve high TRL of typically 6 with the goal to achieve an equivalent System Readiness Level 

(SRL); 

Á Large demonstrators on ground and in flight, at size and scale representative for cases of potential future 

application, with complementary rig and ground tests in wind tunnels; 

Á The environment to create, establish, mature and calibrate tools and numerical simulation means to facilitate 

ǘƘŜ ǘǊŀƴǎŦŜǊ ƻŦ ǊŜǎǳƭǘǎ ƛƴǘƻ ǎŎŜƴŀǊƛƻǎ ŘƛŦŦŜǊŜƴǘ ǘƻ ǘƘŜ ǘŜǎǘ ƻǊ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ŎŀǎŜǎΣ ŀƴŘ ǘƻ ŦŀŎƛƭƛǘŀǘŜ άǾƛǊǘǳŀƭέ 

testing in addition to the designs and physical setups tested on ground and in flight. 

 

The technologies to be taken into the Large Aircraft IADP will be selected in order to feed into the target 2025-

2030 technology scenarios: 

Á Best candidate high TRL technologies emerging from Clean Sky, in particular from the Integrated Technology 

Demonstrators SFWA, SAGE, SGO and Eco-Design; 

Á High potential technologies injected from other R&T programs, national or European funded, being at 

appropriately high TRL to be rapidly pushed forward to TRL 6; 

Á !ŘŘƛǘƛƻƴŀƭ άŜƴŀōƭŜǊέ ǘŜŎƘƴologies required to link or combine the technology bricks to be matured and 

validated. 

 

The key issues to be tackled and answered in reaching for TRL 6 are to: 

Á Fully understand the physical potential of the target technologies in combination, 

Á Demonstrate the maturity of the technology for all operational cases at representative size and functionality, 

where appropriate with individual feature demonstrators or in combination;  

Á Demonstrate the impact of technologies to support the elimination of operational disruptions due to 

maintenance and to enable the optimization of the value chain for the main actors (airlines, MROs, suppliers, 

OEMs) beyond 2020  

Á Understand the value for the passenger and freight, with respect to comfort and operational aspects;  

Á Answer all questions related to industrial introduction and application with regard to manufacturing, 

production ramp up, complexity of tooling and related efforts.  

 

In addition, a systematic understanding for dynamically-scaled demonstration, namely the physical laws, the 

range and limits of validity, accuracy and representativeness will be brought together in a dedicated IADP 

workspace. 
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6.4   Set-up of the Large Aircraft IADP  
 

To be able to most effectively address the scope of challenges towards a next generation large commercial 

transport aircraft in the context of Horizon 2020, the Large Aircraft IADP embodies three separate areas of 

integrated demonstrators: 

Á [ŀǊƎŜ !ƛǊŎǊŀŦǘ L!5t tƭŀǘŦƻǊƳ м ά!ŘǾŀƴŎŜŘ 9ƴƎƛƴŜ ŀƴŘ !ƛǊŎǊŀŦǘ /ƻƴŦƛƎǳǊŀǘƛƻƴǎέ 

Á Large Aircraft IADP tƭŀǘŦƻǊƳ н άInnovative Physical Integration Cabin ς System - {ǘǊǳŎǘǳǊŜέ 

Á [ŀǊƎŜ !ƛǊŎǊŀŦǘ L!5t tƭŀǘŦƻǊƳ о άNext Generation Aircraft Systems, Cockpit and Avionicsέ 

 

Coherence between the three platforms will be provided by a direct link between the platform leads. The 

technology scenarios, which will set the frame of the demonstrations to be selected, prepared and performed, 

will be provided by Airbus, to be discussed and adjusted with the participating Consortium Members. The high-

level work breakdown structure is displayed in Figure 6.1, the content of the individual work packages technology 

bricks and demonstrators will be outlined in the following chapters. 

 

Technology Assessment and Interface to Transversal Activities Clean Sky 2 ά¢ŜŎƘƴƻƭƻƎȅ 9ǾŀƭǳŀǘƻǊέ ŀƴŘ ά9Ŏƻ-

5ŜǎƛƎƴέ ς WP0.1, WP0.2 and WP0.3 

 

The progress in the research and development work on the different subjects and key technologies will be 

monitored with internal technology assessments in virtually all work packages with individually tailored tools and 

methods. The outcome of these assessments is typically inherent part of the TRL process. However, these 

individual assessments do provide data that have to be further processed and combined to assess the value of a 

technology at major component level. In order to assess the value of a new key technology progressively 

developed and matured in LPA, data for the Technology Evaluation at Clean Sky 2 level will be fed by the 

individual LPA work packages into a dedicated work package LPA WP.01 for further processing. In the LPA-IADP, it 

is planned to coordinate and manage the interface to the Clean Sky 2 Technology Evaluator, the Eco-Design 

Platform and to the ITDs as a cross-sectional function.  

 

As first Transverse Activity, the Technology Evaluator (TE) will receive inputs from the LPA-IADP. The progress of 

LPA platforms will be monitored against well-defined environmental and socio-economic benefits and targets. 

LPA will provide verification and validation of the proposed aircraft designs. The tool PANEM, gathering A/C 

trajectories, noise and emission prediction, developed in Clean Sky will be used to perform mission assessment. 

What is new compared to Clean Sky is the continuous assessment which will be performed by LPA directly, with - 

versus time - an improvement of the technologies assessment and a decrease of uncertainties concerning the 

technologies benefits. The results will be reported in agreed intervals to the TE. If new opportunities are found in 

the ITDs or by de-risking new technologies, they will be introduced into the aircraft model and taken into 

consideration. The concept aircraft models will be the inputs for Impact Assessments at Airport and ATS Levels.  

 

As second Transverse Activity, Eco-Design will be treated in a specific work package WP2.0 in LPA to manage the 

interface to the ECO lead function allocated in the Airframe ITD. However, a great variety of Eco-Design relevant 

technical activities are directly included in the technical activities throughout virtually all LPA chapters planned 

and directed in the associated work packages. These activities will not be mentioned as separate items in the 

work description of the following three technical LPA chapters in this document, but included. 
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Examples for related activities that will be covered in the LPA Work Programme include:  

Å Next generation integrated fuselage concept, structure, cabin, cargo and overall system integration; 

Å Advanced materials for Cabin and Cargo equipment and monuments ς Life Cycle Assessment;  

Å bŜȄǘ ƎŜƴŜǊŀǘƛƻƴ άǎƳŀǊǘέ ƭŀƳƛƴŀǊ ǿƛƴƎ ƛƴǘŜƎǊŀǘŜŘ ǎǘǊǳŎǘǳǊŀƭ ŘŜƳƻƴǎǘǊŀǘƻǊΦ ¦ǎŜ ƻŦ ƳŀǘŜǊƛŀƭǎΣ ƳŀƴǳŦŀŎǘǳǊƛƴƎ 

and assembly processes; 

Å [ŀǊƎŜ tŀǎǎŜƴƎŜǊ !ƛǊŎǊŀŦǘ άCŀŎǘƻǊȅ ƻŦ ǘƘŜ ŦǳǘǳǊŜέ industrial processes (machining, welding, bonding) use of 

materials, chemicals, energy, water, etc.; 

Å Repair methods and processes.  

 
Research and technology activities in LPA will typically build on a quite mature status of technology developed 

before up to a TRL level of typicall 2, 3, or even 4. Related inputs are provided through intermediate or end 

results of other R&T and R&D programmes outside of Clean Sky, but will also include intermediate or final 

outcomes from Clean Sky 2 ITDs. 

It is firmly planned that technical interfaces are directly managed through links between the related technical 

work packages, and not piped through a single line work package as connection line. However, a high level 

monitoring of these connections and interations shall be done through a dedicated work package WP0.3 to 

facilitate and promote cooperations where required, and to boost the functioning of Clean Sky 2 as one 

programme.  
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Figure 6.1 - LPA-IADP Work Breakdown Structure 
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6.5   tƭŀǘŦƻǊƳ м ά!ŘǾŀƴŎŜŘ 9ƴƎƛƴŜ ŀƴŘ !ƛǊŎǊŀŦǘ /ƻƴŦƛƎǳǊŀǘƛƻƴǎέ 

 
¢ŀƪƛƴƎ ǘƘŜ ȅŜŀǊ нллл ŀǎ ǊŜŦŜǊŜƴŎŜ ŦƻǊ ǘƘŜ ±ƛǎƛƻƴ нлнл ά!/!w9 DƻŀƭǎέΣ ƛǘ ǿŀǎ ŀƴŘ ǎǘƛƭƭ ƛǎ ǘƘŜ ŎƻƳƳƻƴ 

understanding that an enormous potential for drag reduction, fuel burn and noise emission for large transport 

aircraft primarily lies in just a few key airframe and engine technologies provided that the substantial operational 

and industrial risks can be fully understood and managed. 

From a number of major R&T programmes, it is well-known that a simple plug-in of a new technology to an 

existing aircraft concept, e.g. the introduction of an innovative engine concept, has significant consequences for 

the entire product with respect to performance, operation and industrial production, and use case. If more than 

one technology with improvement potential are merged, the resulting consequences are much more complex 

and significant improvement potentials of an individual technology can eventually lead to an overall much smaller 

benefit or even a negative net outcome at aircraft level resulting from measures, concept or design changes due 

to the integration of such a specific technology.  

Any addition of a major new technology to a currently well-known transport aircraft configuration may lead to 

the need for significant change of the configuration through most if not all disciplines. Achieving a significant net 

gain for a future generation aircraft, and combining a number of individual step-change technologies requires a 

substantially rethought, potentially disruptive aircraft configuration. The Advanced Engine and Aircraft 

Configuration Platform of the Large Aircraft IADP provides the integrated demonstration platform for these 

combinations of best candidate, highly mature technologies. 

Currently, there are two candidate propulsion systems able to push the overall aircraft efficiency beyond the 

state of the art geared turbofan technology with up to double digit fuel burn reduction figures: the Contra 

Rotating Open Rotor, and the Ultra High Bypass Ratio Turbofan. The integration of each of these propulsion 

technologies requires major changes to the current aircraft architecture. The integration of a radically new smart 

wing in combination with an innovative engine concept and other new technologies can only be successfully 

managed through an integrated validation and demonstration process. 

 

6.5.1 Platform 1 Setup and Activities 
 
Platform 1 is built from six essentially distinct work packages of which each is aiming for a specific demonstrator ς 

or in case of WP1.3 demonstration technology ς to validate or facilitate a carefully down selected, most advanced 

fuel saving propulsion technologies, technologies with high aerodynamic respectively drag reduction and weight 

saving potential towards potential application in a next generation large transport aircraft. In many of these cases, 

ǘƘŜǎŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǊŜǎǳƭǘ ƛƴ ŀ ǎǳōǎǘŀƴǘƛŀƭ ŘŜǾƛŀǘƛƻƴ ŦǊƻƳ ǘƘŜ άŎƻƴǾŜƴǘƛƻƴŀƭέ ŎƻƴŦƛƎǳǊŀǘƛƻƴ ƻŦ ŀƴ ŀƛǊcraft. This 

means that a test under realistic conditions requires a severe modification of an existing test vehicle or the design 

and the building of a complete standalone test item. The demonstration articles, vehicles and means in all 

individual work packages are cautiously tailored to provide a key element, or the key element to accomplish TRL 6 

for the targeted technology.  

In addition, Platform 1 includes a work package to test and mature operational procedures in combination with 

facilitating technologies in a fully relevant environment. 
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WP0 in Platform 1 deals with the management and harmonization of the overall technical planning, progress of 

work, coordination of the partner work shares, resources and management of risks in the Platform 1 

demonstration work packages. The role of WP0 also includes the coordination of the interfaces and interactions 

to the Clean Sky 2 Technology Evaluator, Eco-design work packages as well as interfaces to Clean Sky 2 ITDs. 

 

6.5.2 ά/whw 5ŜƳƻ 9ƴƎƛƴŜ C¢5έ ς WP1.1 
 
I. Relevance of the Technology for H2020 
 
The CROR propulsion technology is the key contributor to the overall aircraft package that can offer an 

improvement in fuel burn efficiency in the order of 15% - нл҈ ŎƻƳǇŀǊŜŘ ǘƻ ǘƘŜ ōŜǎǘ ǘƻŘŀȅΩǎ ǘŜŎƘƴƻƭƻƎȅ ǎǘŀǘǳǎΦ 

With best performance at cruise speed of Ma0.72 to Ma0.76, a huge amount of joint R&T activities to develop 

and integrate the CROR engine concept for short and medium haul large transport aircraft have been launched in 

Clean Sky since July 2008. Despite significant progress, addressing the main issues of certification, cabin and 

community noise, as well as various aspects of the propulsion system integration and the engine design led to an 

extension of the very ambitious programme targeting for TRL 6, including a major flight test campaign with full 

size demo-engines. The development of the flight worthy test engine was not part of Clean Sky from the 

beginning. 

With a major review of the CROR concept results achieved so far in the 2013 summer, the key element to 

accomplish TRL 6, the flight test of the demo-engine, now including the building of a full size flight worthy engine 

shall now be conducted in WP1.1 of the LPA IADP. In addition to the engine demo activities, the WP 1.1 will also 

address an activity dedicated to the Non-Propulsive Energy (NPE) generation for new engines architectures; in 

order to identify the most relevant solution for NPE approach for the next generation of engines and aircrafts. 

Current assumption is to use the Airbus A340-300 MSN001 test aircraft as flight test vehicle, with one full size 

CROR pusher engine attached to a representative pylon and engine mount installed at the port board side of the 

rear fuselage. 

In addition to the engine demo activities, the WP 1.1 will address the activity dedicated to the Non-Propulsive 

Energy (NPE) generation for new engines architectures; in order to identify the most relevant solution for NPE 

approach for ǘƘŜ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŜƴƎƛƴŜǎ ŀƴŘ ŀƛǊŎǊŀŦǘǎΦ ¢ƘŜ ǇŜǊƛƳŜǘŜǊ ŦƻǊ bt9 ŀŎǘƛǾƛǘƛŜǎ ǿƛƭƭ ŎƻǾŜǊ ΨŎƭŀǎǎƛŎŀƭΩ 

approaches (i.e. power off-takes on main engines) and other approaches dealing with the ratio propulsive/non 

propulsive power needs at aircraft level. 

 
II. Demonstration Objectives 

 
The key objectives of the WP1.1 demonstration are to: 

Á Validate the aerodynamic efficiency versus noise level for a full size integrated CROR pusher engine under 

operational conditions including interaction with pylon wake 

Á Demonstrate and validate the viability of assumptions for the chosen engine concept like power gearbox, 

blades, pitch control, lubrication system, energy and thermal management, engine control concept. The 

domains that will be analyzed for engine benefits are dynamic and mechanical behaviour, operability and 

transients over the whole flight profile, vibrations, blade noise characteristics at aircraft scale with installation 

effects, etc. 

Á Demonstrate and validate a pylon concept and system integration, in particular addressing loads, vibration, 

and noise attenuation technologies in real size 
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Á Demonstrate and validate the selected propeller and blade design 

Á Synthesize available data from Clean Sky with CROR demo-engine flight test data, re-calibrate tools analysis 

and converge results to accomplish TRL 6 

Á Take decision for second engine concept towards flight test, establish and launch related plan in WP1.1; 

Á Interface with WP1.2 to deliver CROR engine data from ground and flight tests.  

III.  Added-value versus state-of-the-art 
 

All current advanced engine concepts which are candidates to be integrated on large transport aircraft are based 

on the principle of High, Ultra-high Bypass Ratio (UHBR) or Geared (GTF) turbofans. After a short, intense 

feasibility phase conducted with two types of engines in the early 80ties of the last century, the approach to 

develop a CROR engine concept for this class of aircraft with a majority of activities allocated in Clean Sky is 

absolutely unique in the world.  

For large short and medium range aircraft, the first GTF engines will be the most advanced and fuel efficient 

state-of-the art solution presumably entering service in year 2015. Compared to the GTF, the CROR concept is 

holding a potential of up to 15% further fuel burn reduction. To materialize this potential, Clean Sky 2 has to 

deliver a firm proof that the CROR engine concept can be produced, integrated and operated in an industrial 

environment with efforts competitive to other latest state-of-the-art concepts.     

With clear intention to rethink the system architecture and the use and management of aircraft on-board energy 

for next generation aircraft, the de-correlation of propulsive and non-propulsive energy is considered an 

important contributor to a further increase of the overall aircraft energy efficiency but also profitability. Taking 

this approach properly into account at the engine lay-out, sizing, and required modes of operation, the ambition 

is to gain additional percentages of fuel burn performance for either CROR or UHPE concepts.    

IV. High-level WBS and work-sharing 
 

The work breakdown structure of WP1.1 is tailored straight to prepare, conduct and analyse the flight test of the 

CROR engine under the assumption that the preliminary design of the test aircraft is accomplished in Clean Sky 

SFWA already. WP1.1 will address the engine integration into the overall aircraft, thermal management, static 

and dynamic loads transfer, aerodynamic integration, but also including the power-off-take technology. WP1.1.2 

will host most of the activities to guarantee and demonstrate the aircraft safety with respect to Permit to Fly 

including VnV. WP1.1.3, under Snecma leadership, will host most of the activities to prepare, manufacture, 

assemble, ground test, qualify and certify the test engine modules along individual maturation plans and finally 

the fully assembled engine for flight, as well as all complementary activities to maintain the engine during the 

flight test campaign. Also NPE activities will be hosted in WP 1.1.3 including the requirements for non-propulsive 

energy generation.WP1.1.4 will host all Airbus activities to design, manufacture and integrate to the CROR engine 

a second set of propeller blades offering an alternate mean to comply with CROR aircraft certification rules. 

WP1.1.5 will deal with the pylon concept for the flight test demonstration, while keeping the concept as 

independent from the A340 test case, but representative for a potential future pylon development. WP1.1.6 will 

address all specific design activities such as design and manufacturing of aircraft structural reinforcement. 

²tмΦмΦт ǿƛƭƭ ŀŘŘǊŜǎǎ ŀƛǊŎǊŀŦǘ ǎȅǎǘŜƳǎ ƳƻŘƛŦƛŎŀǘƛƻƴǎ ŀƴŘ ƛƴǘŜǊŦŀŎŜǎ ǿƛǘƘ /whw ŜƴƎƛƴŜ ǎȅǎǘŜƳǎΦ ²tмΦмΦу ά!ƛǊŎǊŀŦǘ 

ƛƴǘŜƎǊŀǘƛƻƴέ ǿƛƭƭ ǎǇŜŎƛŦƛŎŀƭƭȅ ƛƴŎƭǳŘŜ ǘƘŜ ǇƘȅǎƛŎŀƭ ŎƻƴǾŜǊǎƛƻƴΣ ŀƴŘ ǳǇƎǊŀŘƛƴƎ ŦǊƻƳ ǘƘŜ ƎǊƻǳƴŘ test engine to the 

flight test engine, and all related performance testing, assessment, and pass-off tests. The integration of the flight 

demo engine to the test aircraft will be done in close cooperation between Airbus and the engine manufacturer. 
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WP1.1.9 contains all activities directly linked to the flight tests, including the preparation of the flight tests 

planning, flight tests request, flight clearance tests, flight tests conduct activities and flight tests results delivery. 

There will be a close link between WP1.1.9 and WP1.1.8. Also included are the activities to prepare, install and 

operate the flight test instrumentation and the data analysis. WP1.1.10 addresses an activity dedicated to the 

Non-Propulsive Energy (NPE) generation for new engines architectures; in order to identify the most relevant 

solution for NPE approach for the next generation of engines and aircrafts. 

Airbus will hold a majority of the work shares related to the preparation, operation and refurbishment of the 

flight test aircraft, Snecma will hold a major share to prepare, build, test and operate the test engine. Core 

partners and Call for proposal partners shall be invited for engagement on a wide scope of WP1.1. activities, 

specifically related to detailed pylon development, engine mount and vibration damping technologies, 

development and operation of flight test instrumentation, rotating frames, pitch control, power gear box and 

power turbine. 

 

 
Figure 6.2 - WP1.1 Principle Work Breakdown Structure (WBS) 
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V. Planning roadmap, targeted technology readiness levels 
 

The planning roadmap is synchronized with the entry of initial deliveries from Clean Sky SFWA and SAGE, namely 

the conclusive availability of the preliminary design of the test aircraft, and the CROR ground test engine critical 

design review, which will include most of the definitions required to start launch the preliminary design of the 

flight test engine demonstrator. A differentiation analysis between ground and flight test engine from the engine 

manufacturer and the airframer view point will parallel the transfer from Clean Sky to Clean Sky 2. 

With a phased start of the preliminary design of the flight test engine in autumn 2016, and the detailed design of 

modifications of the A340-300 test aircraft in autumn 2017, a baseline of 6-month flight testing is planned end of 

2020 to first quarter of 2021. In addition, a handover of the special flight test instrumentation for the CROR 

demo-engine flight test from SFWA to the LPA-IADP WP1.1 is scheduled early 2017. 

 

The maturity level of the NPE technology will reach TRL level of 4 to 5 the end of 2019, according to the selected 

demonstration to be performed, i.e. depending of the trade-off studies outcome. 

 
 

 
 
 

VI. Interactions with Clean Sky 2 ITDs, IADPs, other interfaces  
 

As there is no CROR engine development planned in the Engine ITD, and no specific CROR engine related system 

activities planned in the Systems ITD, WP1.1 will be mostly dependant on a proper interfacing to SFWA and SAGE 

in Clean Sky. In addition to the main activities to integrate, flight test and validate the engine with respect to its 

primary function as propulsion power plant, a dedicated part of the work plan will deal with associated non-

propulsive energy generation for the CROR engine. Considerations of system allocation (in engine, engine nacelle, 

pylon, fuselage) will be made and agreed between Airbus and the engine manufacturer with respect to the main 

system concept (more electric, all electric) in the course of the work plan. The development of this technology is 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































