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Abstract 

The first part of the report provides an overview of recent developments in advanced and disruptive 
aircraft concepts, focusing on their environmental performance improvements. The concepts are 
categorised according to various aspects such as aircraft architecture, fuel/energy, propulsion 
technology, aerodynamics, and structure. The study reveals trends and patterns in the development 
of these concepts, with a range of technologies showing promise for reducing emissions and 
environmental impact. Overall, the report highlights the potential for significant environmental 
performance improvements in the aviation sector, with some concepts achieving substantial 
reductions in fuel burn and emissions. 

The second part aims to describe the research facilities and test aircraft (including research gaps) 
as well as relevant aeronautical research activities and technology areas in the shortlist per topic, 
including the extent to which these contribute to the R&I in aircraft concepts, architectures and 
technologies for reducing greenhouse-gas emissions. First, the literature review is described, as 
well as the recent and on-going research programmes related to such concepts and architectures. 
Additionally, the advanced and purpose-built research facilities or test aircraft available on a global 
scale are described, as well as a compilation of relevant aeronautical research activities and 
technology areas including potential synergies with other sectors. 
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1. INTRODUCTION 

Clean Aviation Joint Undertaking will contribute to Europe’s climate neutrality by 2050 by 
developing and implementing new and more environmentally friendly technologies in the 
aeronautic sector. In Clean Aviation’s Strategic Research and Innovation Agenda 2035  (Clean 
Aviation, 2024), future aircraft concepts with advanced technologies and the projections of 
environmental performance improvements are described. A hybrid electric regional aircraft 
concept and a short/medium range aircraft concept, both with a tube and wing configuration, 
have the overall target of 30% CO2 emission reduction compared to an aircraft with 2020 state-
of-the-art technology. A hydrogen powered aircraft, either with H2 direct combustion or a fuel 
cell-based powertrain aircraft concept would lead to a 100% reduction of in-flight CO2 
emissions. 

To give an overview of recent developments, this report focuses on advanced and disruptive 
aircraft concepts. It is building on the top-down approach described in CLAIM Deliverable D3.1  
(Szöke-Erös, 2024), which identified the most often considered technologies and technology 
roadmaps from aviation roadmaps. In contrast, this work adopts a bottom-up approach, 
focusing on research projects, papers, parametric studies, and commercial projects that 
feature innovative aircraft concepts. The concepts are categorised according to previously 
identified categories, including aircraft architecture, fuel/energy, propulsion technology, 
aerodynamics, and structures. A key figure of interest is the environmental-performance 
improvement, specifically emissions and climate effect. An analysis has been performed to 
obtain a general overview of the most promising and most implemented technology features 
on the advanced and disruptive aircraft concepts including the environmental performance. In 
relation with work package 2 of the CLAIM project, the utilised climate metrics for evaluating 
the climate impact of the aircraft concepts are also one aspect of interest. 

The second part of this deliverable in the frame of the project “Clean Aviation Support for 
Impact Monitoring” (CLAIM) is devoted to describe the performed activities related to the 
WP3.2 task as contribution to D3.2 deliverable and the “Technology Impact Monitoring” 
initiative. These outcomes are meant to support the performance assessment of the aircraft 
concepts “Short and Medium Range” (SMR) and “Hybrid-Electric Regional” (HER) under 
development in the framework of the Clean Aviation (CA), in terms of climate impact and the 
potential benefit that can be obtained by the adoptions of the relevant innovative technologies, 
processes and operations. This assessment encompasses the main R&I programmes as: 
Horizon 2020, Horizon Europe, SESAR, SESAR JU and SESAR2020 ERC. The intention is 
to assure a global view of the different initiatives devoted to increase the awareness about the 
development trend toward the greenhouse gas emission mitigation goals or the possible 
residual gaps. Moreover, the possible synergies with the technology development from other 
sectors have to be taken into account, as well as the potential adoption of scalable devices 
and/or sub-systems developed for other aeronautical platforms and possible synergies with 
other industrial sectors. For such purpose, a description of the available public literature and 
analysis of existing advanced aircraft concepts has been reported, also in relation to the 
proposed new architectures (see chapter 2). In chapter 3, a description of the advanced and 
purpose-built research facilities or test aircraft available on a global scale, as well as the 
relevant aeronautical research activities and technology areas and possible synergies with 
other sectors (e.g. the automotive sector) is provided. 
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2. ADVANCED AND DISRUPTIVE AIRCRAFT CONCEPTS AND 

ARCHITECTURES 

2.1 Scope 

In order to provide a concise overview of advanced and disruptive aircraft concepts and 
architectures, a clear scope with exclusion and inclusion criteria was defined. 

Information about the aircraft concepts should be publicly available and the focus lies on 
research programmes and research projects from renown research centres, academia as well 
as from industry. The aircraft concepts, and especially the ones from industry, should be, as 
far as can be judged, realistic, with the intention that such an aircraft could be built in the near 
future. 

The aircraft concepts should have an innovative, advanced or disruptive aspect in their design 
(e.g. for a conventional tube-and-wing aircraft architecture at least an advanced engine should 
be included). Furthermore, the focus lies on regional (hybrid-electric) and short/medium range 
aircraft, powered by e.g. kerosene, sustainable aviation fuel (SAF), liquid natural gas (LNG) 
or hydrogen (H2). Long-range aircraft concepts were also considered. Commuter aircraft with 
19 or less seats are normally certified under CS-23  (EASA, n.d.) and not CS-25 like ‘Large 
Aeroplanes’. Exceptionally, as they could be also used on routes that regional aircraft serve, 
hybrid-electric commuter aircraft with 19 seats are considered in this study. 

The aircraft concepts are included if they have an entry into service year 2010 or later, which 
is the reference year when the first NASA N+3 concepts were published. 

A certain environmental-performance improvement (such as kerosene fuel burn reduction, 
CO2 reduction, NOX reduction, …) in relation to the climate impact of the aircraft needs to be 
reported to take the aircraft concepts into account in the analysis and comparison. 

The scope is determined by the goal to provide input for the Clean Aviation hybrid-electric and 
short/medium range aircraft concepts. Therefore, the exclusion criteria are the following: All 
battery-electric aircraft, urban air mobility (UAM) aircraft, supersonic aircraft, vertical take-off 
and landing (VTOL) aircraft, retrofits and dedicated cargo aircraft concepts are out of scope. 
Likewise, general aviation aircraft are out of scope, with the exception of (commercial) hybrid-
electric commuter aircraft with 19 passengers. Furthermore, aircraft demonstrators with the 
intention to show the feasibility of certain technologies are not considered in chapter 2 but only 
in chapter 3. Similarly, research papers and reports that evaluate only a single technology or 
a single technology applied to an aircraft concept, without sizing and a multidisciplinary 
(iterative) overall aircraft design, are not considered. 

 

2.2 Methodology 

The methodology of a structured literature review has been applied to systematically search 
and analyse the state-of-the-art advanced and disruptive aircraft concepts and architectures. 
A schematic of the approach is depicted in Figure 1. 
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Figure 1: Methodology for literature review on advanced/disruptive aircraft concepts and architectures 

The research question is: Which advanced/disruptive aircraft concepts and architectures exist 
and what is their environmental-performance improvement? 

Exclusion and inclusion criteria were defined beforehand to facilitate the selection. These are 
explained in detail in section 2.1 The literature search included databases for scientific 
publications and the cordis-website for documentation of European research projects  
(European Commission, n.d.). For commercial aircraft concepts, an internet search was 
performed. The publications and references which met the criteria were further analysed. 

The next step was the extraction of relevant data of the information on the advanced/disruptive 

aircraft concepts. The developer, related research project and the publication year were 

collected. Furthermore, the environmental-performance improvement / greenhouse gas 

reduction potential including CO2 and non-CO2 emissions, and if available an information 

whether these values stem from a whole flight mission were extracted. The values for a 

(design) mission/block fuel were retrieved, and when ranges were provided, either the 

averages or the indicated nominal values were selected.  

The environmental-performance improvement of the new concepts is normally compared with 

a reference aircraft. The technology level of the reference aircraft has been categorised: 

traditional for an aircraft technology level earlier than 2015, state-of-the-art for aircraft with a 

technology level between 2015 and 2025, and future for technology levels after 2025. 

Then, the categorisation of the aircraft concepts took place. First, the concepts were classified 

as to whether they are the result of a research project, investigated in other research papers 

in the form of parametric studies, or whether they are a commercial concept. Second, the 

concepts were classified as being either regional, short/medium range, long-haul or commuter 

aircraft. 



 

-18- 

 

The project is supported by the Clean Aviation Joint Undertaking and its 
members. 

Funded by the European Union, under Grant Agreement No 101140632. 
Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or Clean Aviation Joint 
Undertaking. Neither the European Union nor Clean Aviation JU can be held 
responsible for them. 

 

  

D3.2 – Advanced Aircraft Concepts and Research Infrastructures 
 Version 1.0   

As a next step, the categorisation, aligned with Deliverable D3.1, is performed for the 

categories architecture, fuel/energy, propulsion, aerodynamics and structural concepts. The 

same options as in the technology roadmaps from D3.1 are considered. The category options 

of the technology roadmaps for ‘Systems Technologies’ are not considered as the 

conceptual/preliminary design studies often do not provide this level of detail and because the 

systems often do not lead to a directly quantifiable aircraft emission reduction. The category 

options related to ATM technologies are also not further considered, as the aircraft concepts 

were evaluated on a single-mission basis. When ATM improvements were explicitly 

mentioned, they were categorised under “other relevant technologies”. 

Section 2.4 gives a more detailed explanation of the categories and the options therein. 

The aircraft concepts are sorted per date and per group: NASA N+2/N+3/N+4 concepts, 

concepts developed in Horizon Europe/Horizon 2020/7th Framework Programme for 

Research, concepts developed in Clean Aviation JU/Clean Sky 2, other research programmes, 

other scientific papers/parametric studies and commercial aircraft concepts. 

Finally, the collected data is analysed, as described in sections 2.5 and 2.6. Other climate 

metrics used for measuring climate impact are detailed in section 2.7, and conclusions are 

presented in section 2.8. 

 

2.3 Advanced/disruptive aircraft concepts in past and ongoing 
research programmes 

Various research and innovation programs are aiming to reduce aircraft emissions and 
increase efficiency in aviation. These research programs are funded by government agencies, 
private organisations and (inter)national institutions. In this context, two larger programmes 
are elaborated upon: the European Union funded projects and the NASA National Aeronautics 
and Space Administration funded projects. 

 

2.3.1 NASA N+2/N+3/N+4  

A series of NASA-funded concepts were developed in the Subsonic Fixed Wing Project for 
different timeframes: N+2, N+3 and N+4. Here, ‘N’ stands for the current generation of aircraft 
in operation (referring to in-service standards in 2010 but the entry-into-service date of the 
reference aircraft can be earlier), with N+2, N+3 and N+4 referring to the second, third, and 
the fourth generations, respectively. For each timeframe a set of goals regarding noise, LTO 
NOx emissions and take-off/landing field length are posed. 

 

NASA / Boeing N+2 

Within the N+2 programme, Environmentally Responsible Aviation (ERA) concepts were 
thoroughly studied by NASA. The block fuel reduction target was set at 50% reduction 
compared to 2005 best-in-class reference aircraft. The LTO NOx emissions reduction target 
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was -75% below CAEP/6 values.  The cumulative noise margin relative to Stage 4 noise levels 
should be decreased by 42dB and the technology readiness level (TRL) should be of 4 to 6 
by 2020. 

In a study published in 2011, Boeing contributed to the ERA project by looking into N+2 
timeframe advanced aircraft design concepts (Bonet, et al., 2011). Three representative 
aircraft configurations for entry-into-service by 2025 were considered: a conventional tube-
and-wing aircraft, an advanced double deck mid-engine tube-and-wing aircraft and a blended-
wing-body design. Three different advanced engine technologies were the options: an 
advanced Rolls-Royce three spool turbofan, a Pratt & Whitney geared turbofan (GTF) and a 
Rolls-Royce open rotor (OR). 

In 2016, NASA published the latest status and the performance assessment of the down 
selected ERA aircraft concepts (Nickol & Haller, 2016). The ERA concepts consist of 
conventional tube-and-wing (T+W) concepts of different sizes: regional jet, single aisle aircraft, 
small twin aisle aircraft, large twin aisle aircraft and very large twin aisle aircraft. For the 
regional jet and single aisle T+W aircraft, unconventional alternatives of over-wing-nacelle 
(OWN) aircraft are studied to compare performance. For the small twin aisle, large twin aisle 
and very large twin aisle aircraft, unconventional hybrid-wing-body (HWB) alternatives are 
sized. Lastly, one additional unconventional mid-fuselage-nacelle (MFN) concept is sized as 
an alternative to the conventional large twin aisle aircraft. Furthermore, two engine types were 
studied: a direct drive (DD) engine and a geared-turbofan engine (GTF). All aircraft make use 
of advanced engine technologies such as highly loaded front block compressor (HLFC), 
second generation ultra-high-bypass (UHB) propulsor integration and low NOx fuel flexible 
combustor integration.  

 

Northrop Grumman N+2 

Within the Environmentally Responsible Aviation Project, Northrop Grumman Systems 
Corporation studied the conceptual design for transport aircraft with EIS in 2025  (Drake, 
Harris, Komadina, Wang, & Bender, 2013). The work was completed together with Rolls-
Royce, Wyle Laboratories and Iowa State University. The study looked into conventional tube-
and-wing aircraft reference aircraft and unconventional flying wing and multi-body 
configuration alternatives. Although the multi-body configurations performed well, the flying 
wing configuration performed significantly better and is therefore the main goal of the further 
study.  

 

DZYNE N+2 

DZYNE technologies investigated BWB aircraft configurations for both the regional and single-
aisle jet categories to achieve the N+2 strategic goals  (Yang, Page, & Smetak, 2018). First a 
single-deck subsonic BWB with 112 passengers was investigated, named the Ascent 1000. 
The aircraft features semi-buried geared turbofan engines, without BLI. After this, a BWB 
configuration family is designed in which the Ascent 1000 is upscaled in several steps up to a 
210-passenger airline. Eventually, a 165-passenger BWB is compared to best-in-class single-
aisle benchmark. The aircraft uses PW1217G geared turbofan engines with projected 
improvements for 2025 entry into service. 
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Lockheed Martin N+2 

Lockheed Martin developed a long range box wing architecture aircraft which integrates 
advanced turbofan engines at the rear wings  (Mangelsdorf, 2011). It incorporates advanced 
propulsion technology, new lightweight materials, laminar wing aerodynamics. No publicly 
available information on the environmental performance improvement was found. 

 

Also, for the N+3 timeframe, several aircraft concepts were investigated in the NASA Subsonic 
Fixed Wing Project. This time, entry-into-service is foreseen at 2030-2035. The fuel burn 
reduction should be better than -70-% compared to 2005 best-in-class aircraft, the LTO NOx 
emissions should be better than -75% below CAEP/6 and the cumulative noise should be -
71dB below stage 4.  

 

Boeing N+3 

Boeing, in collaboration with General Electric (GE) and Georgia Institute of Technology, has 
been working on the Subsonic Ultra Green Aircraft Research (SUGAR) project  (Bradley & 
Droney, 2011; Ashcraft, Padron, Pascioni, Stout, & Huff, 2011; Wahls, Del Rosario, & Follen, 
2010; Droney, Sclafani, Harrison, Grasch, & Beyar, 2020). 

The aircraft concepts are based on a Boeing 737-800. The team first developed kerosene 
powered N+3 aircraft. A conventional tube and wing aircraft, called Refined SUGAR, 
incorporates future technologies such as a GE ultra-high bypass ratio engine with 
improvements to the core, natural laminar flow, riblets on the fuselage and it is built from 
composite materials. This concept, as well as all other N+3 SUGAR concepts are evaluated 
on missions compatible with Next Gen ATM leading to fuel burn savings and the hydrocarbon 
fuel is low sulphur Jet-A, synthetic fuel or biofuels. For the “Super Refined SUGAR” the wing 
span constraint was lifted leading to the optimum span. It utilises an even more advanced 
engine and higher bypass ratio than Refined SUGAR. The high span truss braced tube and 
wing configuration “SUGAR High” also uses the more advanced engine from Super Refined 
SUGAR. It has a high aspect ratio wing and further aerodynamic improvements. The last only-
kerosene concept is the hybrid wing body “SUGAR Ray”. 

Then, also hybrid-electric N+3 aircraft were developed  (Bradley & Droney, 2015). An 
unconstrained wing span aircraft with a tube-and-wing configuration “SUGAR Electric Eel” 
uses hybrid electric gas turbine engines, partly powered by batteries for the propulsion.  The 
hybrid wing body “SUGAR Sting Ray” also has a hybrid electric gas turbine. The high span 
truss braced tube and wing configuration “SUGAR Volt” combines the truss braced aircraft 
architecture with a hybrid electric powertrain. The batteries assist during take-off and cruise. 
In a second phase, one balanced version and one core shutdown version with stronger 
engines were developed. In the latter, the engines are operated differently: the hybrid mode 
is used during take-off and climb, followed by an all fuel cruise segment to reduce gross weight. 
The remaining cruise segment is then conducted with the core shutdown and further operated 
on batteries. 
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MIT N+3 

Massachusetts Institute of Technology, in collaboration with Aurora Flight Sciences and Pratt 
& Whitney designed two scenario-driven aircraft configurations (MIT, 2010; Wahls, Del 
Rosario, & Follen, 2010; Heidmann, 2020). One of them, referred to as the H-series, is a hybrid 
wing body aircraft of international size. The H3.2 (sized version of the H-series) makes use of 
advanced aircraft and engine design concepts such as natural laminar flow on the wing bottom, 
boundary layer ingestion, ultra-high-bypass ratio engines, active load alleviation, advanced 
materials, advanced combustor, variable area nozzle with thrust vectoring and distributed 
propulsion using bevel gears. For the other scenario, of domestic size, a double-bubble 
modified tube and wing lifting body is considered and referred to as the D-series. Two fuselage 
tubes are smoothly merged together side-by-side. The aircraft also leverages advanced 
technologies, such as boundary layer ingestion and active load alleviation. Several versions 
of this concept are studied: the D8.1 makes use of a composite structure and the D8.5 consists 
of a composite structure. For both versions, also the addition of strut-braced wings are 
investigated.  

 

Aurora N+3 

In a later study, Aurora Flight Sciences further investigated the D8 aircraft and introduced 
several other design constrains and requirements beyond those of the original MIT phase  
(Yutko, et al., 2017). This resulted in two sized aircraft concepts: Aurora D8-2016, a subsonic 
transport aircraft with entry-in-service in 2016 and a version with entry-in-service 2035. 

 

GE/CESSNA N+3 

As part of the N+3 concept studies, General Electric, Cessna and Georgia Institute of 
technology studied a 20 passenger regional aircraft with short range which focusses on point-
to-point transportation between regional airports (Ashcraft, Padron, Pascioni, Stout, & Huff, 
2011; Wahls, Del Rosario, & Follen, 2010; Aircraft Completion News, 2011). The aircraft is 
developed with a ‘magic skin’ with self-healing properties called STAR-C2 ‘Smoothing, 
Thermal, Absorbing, Reflective, Conductive, Cosmetic’. The aircraft has a self-cleaning 
surface with ice protection. Furthermore, the concept utilises an advanced ultra-quiet and 
efficient turboprop (UQETP) with composite propeller blades, spinner, gearbox, engine mount 
tube, inlet and nacelle.  

 

Northrop Grumman N+3 

According to the same reduction goals in NOx, noise and fuel burn, Northrop Grumman 
studied the Subsonic Fixed Wing Silent Efficient Low-Emissions Commercial Transport 
(SELECT) vehicle for the N+3 timeframe  (Bruner, et al., 2010). Initially, a wide design space 
of aircraft configurations was considered, however the final concept features a conventional 
tube-and-wing. The aircraft is equipped with an innovative engine technology suite, consisting 
of an advanced three-shaft turbofan engine with ultra-high-bypass ratio, intercooled 
compressor stages, ceramic matrix composite turbine blades and lean-burn combustor, 
variable nozzle geometry and compressive flow control.  
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NASA (internal/other) N+3 

NASA studied the N3-X concept for the N+3 timeframe  (Felder, 2015). However, the climate 
impact reduction goals have been updated with respect to the previous mentioned values. The 
aircraft, with entry into service by 2025 are targeted with a cumulative noise reduction margin 
of -52% relative to stage 4, LTO NOx emission reduction of -80% relative to CAEP/6 and 
aircraft fuel reduction of -60% with respect to 2005 best-in-class aircraft. This time, also cruise 
NOx emissions are considered and targeted at -80% with respect to 2005 best-in-class. The 
N3-X concept is a hybrid-wing-body aircraft configuration with turboelectric distributed 
propulsion. The aircraft features many small, distortion-tolerant fans for a high effective bypass 
ratio, superconducting motors and generators and a highly efficient gas generator. The wide 
propulsor array maximises the boundary layer ingestion and wake filling. 

On another concept, TBW-XN, developed by NASA, NIA, Virginia Tech and Georgia Tech, 
only limited information was publicly available  (Wahls, Del Rosario, & Follen, 2010). It is a 
strut-braced wing concept with a laminar flow wing and an aft-fuselage boundary layer 
ingestion (BLI) engine. 

 

NASA N+4 

In the NASA N+4 project, based on the strut braced wing concept, other fuels/energy and 
propulsion concepts were investigated which could be operational in the 2040 timeframe: 
liquified natural gas (LNG), hydrogen, fuel cell hybrids, battery electric hybrids, low energy 
nuclear (LENR), boundary layer ingestion propulsion, unducted fans and advanced propellers, 
and combinations  (Bradley & Droney, 2012). The variations of LNG fuelled aircraft (SUGAR 
Freeze) need a cryogenic fuel tank. A Refined N+4 tube and wing version, a N+4 truss braced 
wing, and LNG truss braced wing versions with different engines (hybrid-electric engines, open 
rotor, boundary layer ingestion engines) were further investigated. Finally, the hybrid-electric 
LNG fuelled aircraft with unducted fans / open rotor engines was the most promising version 
in terms of fuel burn reductions. 

 

2.3.2 Horizon Europe/Horizon 2020/7th Framework Programme for 
Research 

The three most recent European Union funding programmes for research and innovation are 
the 7th Framework Programme for Research (FP7, 2007-2013, budget over 50 billion € of 
which €4.1 billion was the total budget for Transport including Aeronautics), Horizon 2020 
(2014-2020, budget nearly 80 billion €) and Horizon Europe (2021-2027, budget €95.5 billion) 
(European Commission, n.d.) 

These research programmes include funding for the development of more efficient, quieter 
and environmentally friendly aircraft. The projects that developed a new aircraft concept that 
falls in the scope of this literature review, are described in this section. 

Under Cluster 5: Climate, Energy & Mobility, the Clean Aviation Joint Undertaking with the 
associated projects falls, which is treated separately in Section 2.3.3. 
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AHEAD (FP7) 

The AHEAD (Advanced Hybrid Engines for Aircraft Development) project includes an aircraft 
study of a novel hybrid engine concept for a multi-fuel Blended Wing Body aircraft  (Rao & Yin, 
2014; Grewe, et al., 2016). The hybrid engine concept features several novel propulsion 
concepts such as counter-rotating fan for boundary layer ingestion and a dual combustion 
chamber in which two types of fuels are considered in series in two combustion chambers. In 
the first combustion chamber, liquid natural gas or liquid hydrogen is combusted. A part of the 
emerging exhaust is inserted into the second combustion chamber, fuelled with (bio-)kerosene 
and burnt in an inter-turbine flameless combustion.  

 

ULTIMATE (FP7) 

The ULTIMATE (Ultra Low emission Technology Innovations for Mid-century Aircraft Turbine 
Engines) project developed innovative propulsion systems to reduce energy consumptions 
and CO2 emissions towards 2050  (Heinemann, et al., 2017). In the project, two tube and wing 
configuration aircraft for the year 2050 were developed. First, an intra-European (iE) aircraft 
with an Open Rotor in pusher configuration installed at the rear fuselage and second an 
intercontinental (IC) platform powered by under-wing mounted advanced Geared Turbofan 
(GTF) engines. The engines comprise advanced technologies such as new materials for 
improved temperature resistance and reduced weight. Structural advancements are taken into 
account as well as several aerodynamic concepts and technologies are applied such as high 
aspect ratio wings, foldable wing tips, a Variable Camber system enabled by trailing edge 
flaps, a hybrid laminar flow system etc. A fuel cell powered by liquid hydrogen is integrated for 
an all-electric aircraft systems architecture and to enable emission free taxiing. 

 

DisPURSAL (FP7) 

The main goal of the project DisPURSAL (Distributed Propulsion and Ultra-high By-Pass Rotor 
study at Aircraft Level) was to study the implementation of distributed propulsion and the 
resulting overall aircraft performance benefits  (Bauhaus Luftfahrt, n.d.; Iskiveren, et al., 2015). 
The project resulted in two aircraft configurations: The first concept integrates the fuselage 
with a single propulsor in a Propulsive-Fuselage Concept (PFC). The concept has a 
conventional tube-and-wing architecture and the propulsion system uses ultra-high bypass 
ratio engines and an aft-fuselage boundary layer ingestion engine. The second concept 
employed distributed propulsion on a Distributed Multiple-Fans concept (DMFC). The aircraft 
architecture considered for this concept is a hybrid wing body. For both concepts, apart from 
conventionally fuelled concepts, also hybrid-electric variants were investigated in which a 
serial power-train arrangement was considered.  

 

CENTRELINE (Horizon 2020) 

The CENTRELINE (concept validation study for fuselage wake-filling propulsion integration) 
project focuses on the Propulsive Fuselage Concept (PFC), which aims to reduce CO2 
emissions by maximising the benefits of aft-fuselage wake-filling  (Habermann, et al., 2020). 
The project uses a single propulsive device at the fuselage aft-end, driven turbo-electrically 
with power from generators connected to the under-wing installed advanced geared turbofan 
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engines, to entrain and re-energise the fuselage boundary layer flow. One single aircraft 
concept was the outcome that was compared with a year 2035 and a year 2000 technology 
level reference aircraft. This research project is based on the DisPURSAL project. 

 

PARSIFAL (Horizon 2020) 

The PARSIFAL (Prandtlplane architecture for the sustainable improvement of future airplanes) 
project explored the concept of a box wing design for more efficient aircraft  (Cipolla, et al., 
2020; Binante, Abu Salem, Cipolla, & Palaia, 2020). The goal was to assess the technical 
feasibility and potential benefits of this design, which aims to maximise span efficiency and 
reduce drag and fuel consumption. The project conducted a thorough benefit assessment, 
evaluating the impact of introducing the box wing design on various aspects such as 
aerodynamics, flight mechanics, structures, and environmental effects. Several aircraft 
concepts with a box wing architecture, ranging from 186 to 300 passenger versions were 
developed. 

 

IMOTHEP (Horizon 2020) 

The IMOTHEP (Investigation and maturation of technologies for hybrid electric propulsion) 
project aimed to assess the potential of hybrid electric propulsion (HEP) in reducing fuel 
consumption and achieving carbon neutral growth in commercial aviation . The project's top-
level objective was to achieve a key step in evaluating HEP's potential and build a sector-wide 
roadmap for its maturation. To do this, it conducted an integrated end-to-end investigation of 
hybrid-electric power trains for commercial aircraft, considering the propulsion system and 
aircraft architecture. The project focused on regional and short-to-medium range missions, 
selecting aircraft configurations that showed promise for fuel burn reduction. Both, 
conservative and radical aircraft concepts were investigated. The regional aircraft concepts 
with a conventional tube-and-wing architecture use kerosene and batteries as energy carriers. 
They either use a hybrid-electric turboprop or a distributed electric propulsion  (Habermann, 
et al., 2023; Atanasov, Plug-In Hybrid-Electric Regional Aircraft Concept for IMOTHEP, 2022). 
The short/medium range concepts were blended wing bodies with either conventional turbofan 
propulsion or distributed (turbo)-electric propulsion, and a tube-and-wing architecture aircraft 
with distributed electric propulsion (Vankan, Lammen, Scheers, Dewitte, & Defoort, 2024; 
Nguyen Van, et al., 2024). 

 

ENABLEH2 (Horizon 2020) 

The project ENABLEH2 (Enabling cryogenic hydrogen based CO2 free air transport) aimed to 
develop critical technologies for liquid hydrogen (LH2) based propulsion to achieve zero CO2 
emissions and ultra-low NOX emissions of aviation  (Rolt, Nalianda, Rompokos, & Williamson, 
2018). In the project, potentials designs for year 2050 aircraft fuelled by liquid hydrogen (LH2) 
for the short/medium range and long-range were designed and assessed. For both markets, 
a more conservative ‘Lower Risk’ design and a more aggressive ‘Max Synergy’ design were 
developed. The fuselage of the  Lower Risk concepts is extended above the passenger cabin 
to accommodate the LH2 tanks and hydrogen combustion engines propel the aircraft. The Max 
Synergy short/medium range tube-and-wing aircraft concept has a single hydrogen-fuelled 
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turbofan engine installed at the tailfin and four battery/fuel-cell powered boundary layer 
ingestion fans at the trailing edge of the wing root. The wing root is thicker and larger than a 
classic wing as it accommodates LH2 tanks. The geometry of the Max Synergy long-range 
concept is based on the blended wing body concept NASA N3-X. The Max Synergy concept 
has a turboelectric propulsion configuration, in which two turbofan engines located in the wing 
root combust hydrogen and provide electrical power to 12 remotely installed ducted fans at 
the upper rear surface of the blended wing body. Apart from the LH2 version, a LNG version 
of this concept was developed. Moreover, for both short/medium range and long-range, tube-
and-wing concepts for the year 2050 powered by either Jet A-1, biofuel or LNG serve as 
reference aircraft. 

 

FUTPRINT50 (Horizon 2020) 

The FUTPRINT50 (Future propulsion an integration: towards a hybrid-electric 50-seat regional 
aircraft) project focused on regional hybrid-electric aircraft that combine conventional engines 
with an electric propulsion system  (dos Reis, et al., 2021; Brenner, Eisenhut, Mangold, & 
Moebs, 2022; Windels, et al., 2023). With an aircraft study of a 50 seat concept aircraft, key 
enabling technologies were identified and tools and design methods were developed. The CO2 
neutral concept uses a parallel hybrid-electric powertrain architecture in which sustainable 
aviation fuel (SAF) is burned in turboprop gas turbines that power electrically driven wing tip 
propellers. The zero emission configuration has a serial hybrid-electric architecture where 
primary power is provided by a hydrogen fuel cell. Electric propulsors are installed at the wing 
tips and distributed along the wing’s leading edge. 

 

Ongoing/about to start: 

The project H2OPE (Hydrogen optimised multi-fuel propulsion system for clean and silent 
aircraft) will deliver an integrated aircraft propulsion system comprising two multi-fuel ultra-
high bypass ratio (UHBR) turbofan engines and a fuel cell based APPU driving an aft boundary 
layer ingestion (BLI) propulsor based on a tube-and-wing aircraft configuration. The project is 
ongoing and the aircraft concept with its environmental and emission benefits is not published 
yet  (H2OPE project, n.d.). 

 

2.3.3 Clean Aviation JU/Clean Sky 2 

Clean Aviation is a research programme in the form of a Joint Undertaking of the European 
Commission (part of the Horizon Europe programme) and the European aeronautic industry. 
Its goal is to develop disruptive new aircraft technologies to support the European Green Deal 
and climate neutrality by 2050. The technologies will deliver net greenhouse gas reductions 
of no less than 30% compared to 2020 state-of-the-art excluding SAF effects. The programme 
is running from 2022 to 2030, with a total budget of €4.1 billion. 
 
Clean Aviation’s predecessor Clean Sky 2 was part of the European Union’s Horizon 2020 
Framework Programme and a Joint Undertaking of the European Commission and the 
European aeronautics industry  (Clean Aviation, n.d.; European Commission, 2018). It ran 
from 2014 to 2021 and had a total budget of approximately €4 billion. The ambition of Clean 
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Sky 2 was to reduce CO2, NOX and noise emissions by 20-30% compared to aircraft with an 
EIS 2014. Besides improving the environmental impact of aeronautical technologies, the 
objective of Clean Sky 2 was also to develop a strong and globally competitive aeronautical 
industry and supply chain in Europe.  
Several projects that developed new aircraft concepts and which are part of the Clean 
Aviation and CleanSky2 are presented in this chapter. 
 
One out of three Innovative Aircraft Demonstrator Platforms is the Large Passenger Aircraft 
Innovative Aircraft Demonstrator Platform, in the scope of which the projects PHA2-TipProp, 
Large Passenger Aircraft with Distributed Ducted Electric Fans, ADEC and NOVAIR 
developed advanced aircraft concepts. Moreover, a description of other relevant Clean Sky 2 
and Clean Aviation projects that developed advanced aircraft concepts is provided. 
 
PHA2-TipProp 

DLR carried out a study to evaluate the benefit from synergies in combining advanced airframe 
configurations with hybrid electric propulsion, where the improvements were expected due to 
improved global system efficiency and not due to substitution of kerosene with batteries  
(Strack, Chiozzotto, Iwanizki, Plohr, & Kuhn, 2017). Several configurations were considered 
with both parallel-hybrid (PH) and series-hybrid (SH) configurations. The configurations 
feature unswept high aspect ratio wings and conventional fuselage shapes. The concepts 
differ from concepts propulsion units at the wing tip, tailless aircraft designs and distributed 
propulsion concepts. The most promising is the PHA2-TipProp configuration. The aircraft 
features electrically driven propulsors at the wingtips for additional power during take-off and 
climb and improved aerodynamic efficiency due to lower induced drag.  

 
Large Passenger Aircraft with Distributed Ducted Electric Fans 

In this project, ONERA and ISAE SUPAERO developed a large passenger hybrid aircraft in a 
tube and wing configuration with a distributed electric propulsion architecture  (Sgueglia, et al., 
2018). Turbogenerators consisting of fuel burning engines and a converter device as well as 
batteries provide the power for the electric motors and ducted fans installed along the inner 
part of the trailing edge at the upper part of the wing. This has benefits as the wing surface 
can be reduced (in the case that the approach speed constraint is used for the wing sizing), 
no high-lift devices are needed and a shorter takeoff length is possible. The aircraft can also 
fly parts fully electric. 

 
ADEC 
In the ADEC (Advanced Engine and Aircraft Configuration) project, DLR and ONERA 
developed hybrid electric propulsion aircraft  (Zill, et al., 2020). As part of the DLR studies, 
several concepts were considered: a boosted turbofan (BTF) aircraft with parallel hybrid 
propulsion architecture, a series/parallel partial hybrid aircraft with aft-fuselage boundary layer 
ingestion and canard architecture (BLI-Canard), a series/parallel partial hybrid aircraft with aft-
fuselage boundary layer ingestion and fans at the wing tip (BLI-WingFans) and a 
series/parallel partial hybrid aircraft with aft-fuselage boundary layer ingestion where the size 
of the wing tips is zero (BLI-ETF). ONERA studied a turbo-electric aircraft with distributed 
propulsion and ducted trailing edge fans, called DRAGON. 
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NOVAIR 

The potential of innovative hybrid-electric aircraft has been investigated in the NOVAIR (Novel 
Aircraft Configurations and Scale Flight Testing Instrumentation) project  (Zill, et al., 2020). 
The vehicle design studies were performed by TU Delft and NLR. TU Delft developed partial 
turbo-electric turboprop configurations: One configuration considering wing mounted leading 
edge distributed propulsion, a concept with wing-tip mounted propellers and a concept with a 
fuselage tail cone mounted propeller including boundary layer ingestion. NLR investigated a 
boosted turbofan aircraft with parallel hybrid architecture.  

 
NACOR 
Within the NACOR project, a Blended Wing Body configuration for a short-medium range 
mission was designed and optimised  (Gauvrit-Ledogar, et al., 2022). It uses two conventional 
turbofans installed at the rear of the central body. For the engines, future performance 
improvements for the year 2035 are taken into account. Later, this concept served as baseline 
for the H2020 IMOTHEP project. 
 
UNIFIER19 
In the project UNIFIER19 (Community Friendly Miniliner) a 19-passenger near-zero-
emission commuter aircraft is designed to connect smaller airports with each other and with 
hubs  (Eržen, et al., 2021). It has a hydrogen fuel cell that drives distributed propellers along 
the wing and a pusher propeller at the aft-fuselage. 
 
TRANSCEND 

Within the TRANSCEND project (Technology Review of Alternative and Novel Sources of 
Clean Energy with Next-generation Drivetrains), NLR investigated the potential of aircraft 
propulsion based on hydrogen (H2), both at aircraft and fleet level  (Lammen, Peerlings, van 
der Sman, & Kos, 2022). Three different aircraft were conceptually sized and assessed. The 
first aircraft is a regional turboprop powered by a hydrogen fuel cell, the second one is a 
short/medium range single aisle turbofan configuration which uses a parallel hybrid propulsion 
configuration with hydrogen combustion and hydrogen fuel cells. The last aircraft is a twin 
aisle turbofan configuration with propulsion based on hydrogen combustion. All aircraft are 
compared to their representative current kerosene aircraft and a representative future 
kerosene aircraft. 

 

GLOWOPT 

Within the GLOWOPT (Global-Warming-Optimized Aircraft Design) project developed climate 
cost functions in terms of minimising global warming and their application to the design 
optimisation of next generation aircraft  (Proesmans & Vos, 2022). A long-range aircraft 
optimised for the climate metric Average Temperature Response over 100 years (ATR100) 
uses lower cruise altitudes to reduce contrail formation on average. Furthermore, 
configurations with a truss-braced wing, a turboprop and a version with a reduced design 
range are developed and their climate impact in terms of ATR100 is assessed. Furthermore, 
a more climate-friendly short/medium range aircraft is designed, also flying at lower cruise 
altitudes with a lower cruise speed than typical present-day short/medium range aircraft  
(Proesmans & Vos, 2022). 
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UP Wing 
The Ultra Performance Wing project focuses on key technologies for ultra-efficient 
short/medium range aircraft and especially on ultra-performance wing concepts. So far, just 
low-fidelity models have applied to a strut-braced dry wing configuration powered by LH2  

(Méheut, et al., 2024). The cryogenic LH2 tanks are located in the rear of the fuselage so that 
there is no fuel in the wing anymore. Two concepts with a cantilever architecture (conventional 
tube and wing configuration) and a struct-braced wing architecture are developed, having both 
high aspect ratio wings and making use of load alleviation technology and new materials. 
 
Ongoing 
The ongoing Clean Aviation projects SMR ACAP (Short-medium range Aircraft architecture 
and technology integration Project) and HERA (Hybrid-Electric Regional Aircraft Architecture 
and technology integration) are two transversal projects but for which no publicly available 
information on the aircraft concepts is available yet. 
In the SMR ACAP project focuses on the short/medium range aircraft architecture and 
technology to achieve the Clean Aviation goals of 30% emission reduction for 2035 compared 
to 2020 state-of-the-art technology. 
The HERA project will develop an environmentally friendly regional aircraft with a hybrid-
electric propulsion based on batteries or fuel cells as energy sources supported by SAF or 
hydrogen burning for the thermal source. The goals is to reach 90% lower emissions. 
 
 

2.3.4 Other research projects 

With the Flying V, TU Delft developed a long-haul concept where the passenger cabin, cargo 
hold and fuel tanks are located in the wings, creating a V-shaped body  (TU Delft, n.d.). 

DLR developed several aircraft concepts: a forward swept wing concept with natural laminar 
flow in the TuLam project  (Seitz, Hübner, & Risse, 2020), a hybrid-electric 19 seater commuter 
aircraft in the CoCoRe project  (DLR, 2020), a regional hybrid-electric aircraft with distributed 
propulsion in the SynergIE project  (DLR, 2022), a forward swept laminar flow wing long-haul 
aircraft with UHBR engines as well as kerosene/SAF/hydrogen combustion powered long-haul 
aircrafts in the KuuL project  (DLR, 2023; Wöhler, et al., 2024) and a short-medium range 
aircraft with improved engine performance and a higher aspect ratio in the LuFO VI-2 
VirEnfREI project  (Wöhler, Häßy, & Kriewall, 2024). Moreover, a mild-hybrid electric 
propulsion (MHEP) hydrogen aircraft, a plug-in concept with kerosene and batteries, a 
turboprop powered aircraft (kerosene and SAF) with foldable wingtips and a turbofan aircraft  
were developed for the short/medium range with tube and wing configurations in the EXACT 
project  (Atanasov, 2022; DLR, n.d.; Wehrsporn, et al., 2022). The EXACT2 project, which just 
started, will look at the short-range to long-range market for SAF, liquid hydrogen or hybrid-
electric powered aircraft. 

Aircraft concepts developed by ONERA are: ALBATROS concept  (Carrier, et al., 2012), a 
strut-braced wing aircraft with a high aspect ratio wing and two rear-mounted turbofans, a 
double bubble concept with lifting fuselage in the NOVA project  (Wiart, Atinault, Hue, & 
Grenon, 2015) with four configurations for exploring UHBR engine integration, e.g. with 
boundary layer ingestion, the CICAV project  (Tremolet, Gauvrit-Ledogar, Brevault, Defoort, & 
Morel, 2019) developed a long-haul blended wing body with conventional turbofans podded 
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under the external wing, and the Gullhyver study is a hydrogen-powered strut-braced wing 
concept with a double bubble fuselage and open rotor engines  (Aviation week, 2023). 

In the Fly Zero project, Aerospace Technology Institute (ATI) developed a hydrogen fuel-cell 
regional aircraft, a canard (three-lifting surface) configuration short/medium range concept 
with hydrogen combustion, dry wing, laminar flow and folding wing-tips, and a midsize 
widebody concept with hydrogen combustion  (Debney, et al., 2022). 

JAXA (Japan Aerospace Exploration Agency) works on the Wake Adaptive Thruster concept 
using boundary layer ingestion engines located at the aft-fuselage, Technology Reference 
Aircraft 2022 with technical goals of 30% CO2 reduction, a hydrogen e-Hybrid tube and wing 
concept and a hydrogen blended wing body with a gas turbine generator, hydrogen fuel cell 
and electric fans  (Ohnuki, 2012; JAXA, n.d.). 

In the NASA Advanced Air Transport Technology (AATT) project, The STARC-ABL 
short/medium range concept was developed that features a turbo-electric powered boundary 
layer ingestion engine at the aft-fuselage  (Welstead & Felder, 2016; Felder J. , et al., 2022). 
The PEGASUS (with the further developed versions 1.0 and 2.0) is a regional aircraft concept 
with a parallel electric-gas architecture (kerosene and batteries), wing tip propulsors and 
folding inboard propellers  (Antcliff & Capristan, 2017; Blaesser, Frederick, Ordaz, Valdez, & 
Jones, 2024). The 1.0 version also had an aft-fuselage mounted boundary layer ingestion 
pusher propeller  (Capristan & Blaesser, 2019). 

In ASCENT – FAA Center of Excellence for alternative jet fuels & environment, research on 
advanced aircraft concepts is carried out. Furthermore, the NASA AACES 2050 program just 
started, where new aircraft concepts and architectures will be developed by five different 
teams consisting of United States aerospace industry and universities  (NASA, 2024). 

 

2.3.5 Other papers and research studies 

Outside of the previously mentioned research programs, various advanced aircraft concept 
studies are presented in research papers. Just studies which developed a full aircraft concept 
and which compare the environmental performance with a reference aircraft are added in this 
study’s overview. Often, research papers focus on the aircraft design tools and methods, 
include optimisation studies that explore multiple objectives and their impact on a certain 
metric of the aircraft design, or technology assessments evaluating the feasibility of various 
concepts. The included concepts were found during the search for research projects that 
develop new aircraft concepts and are non-exhaustive: Safran, MTU Aero Engines, Bauhaus 
Luftfahrt developed a regional fuel-battery hybrid aircraft concept  (Pornet, Kaiser, Iskiveren, 
& Hornung, 2014), TU Delft developed regional parallel-hybrid regional aircraft concepts and 
a hybrid-electric regional turboprop aircraft  (Veldhuis & Voskuijl, 2016; Voskuijl, van Bogaert, 
& Gangoli Rao, 2017), Bauhaus Luftfahrt developed a hybrid electric concept with two geared 
turbofan engines and two outboard installed electric fans  (Pornet & Iskiveren, 2015), and 
Safran and Bauhaus Luftfahrt developed an aircraft concept with two underwing podded gas 
turbines and one aft-fuselage mounted electrical motor (Iskiveren, Pornet, Vratnz, & Schmidt, 
2017). 
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2.3.6 Commercial 

In addition to research projects, commercial initiatives also play a crucial role in reducing 
emissions and increasing efficiency in aviation. These initiatives are driven by both larger 
established Original Equipment Manufacturers (OEMs) and their suppliers (Airbus, Boeing, 
Embraer, Bombardier, ATR, Lockheed Martin, Northrop Grumman, General Electric, Pratt & 
Whitney, Rolls-Royce, SAFRAN, GKN Aerospace, Leonardo), as well as smaller companies, 
start-ups, subsidiaries and spin-offs (Pipistrel, Aurora, DZYNE, MagniX, Desaer, Heart 
Aerospace, EAG, ZeroAvia, Aura Aero, Ampaire, Universal Hydrogen, Maeve Aerospace, 
ESAero, Faradair, Dante Aeronautical, ...). The concepts are considered in the assessment, 
however the available information on the environmental-performance figures is generally quite 
limited. 

The ZEROe concepts from Airbus are hydrogen powered, but little specific information on the 
environmental performance could be found. Two other Airbus concepts investigate hybrid-
electric powertrains and distributed propulsion. Embraer’s Energia concepts are either 
regional or commuter aircraft being powered by kerosene, SAF, batteries, hydrogen fuel cells 
or by hydrogen combustion. ATR’s concept applies a hybrid-electric turbofan. MagniX and 
Desaer work on a hybrid aircraft with two conventional turboprops assisted by two battery 
powered outboard installed electric motors and propellers and the regional Heart Aerospace 
concept has two inboard electric motors and propellers and two outboard installed turbofans. 
Pipistrel develops a commuter aircraft probably powered by a hydrogen fuel cell. EAG works 
on hybrid-electric concepts combining batteries with either kerosene or a hydrogen fuel cell. 
The GKN Fokker concept has turbofans, able to operate on liquid hydrogen, SAF and 
kerosene. ZeroAvia’s regional aircraft uses hydrogen fuel cells, Aura Aero’s and Ampaire’s 
concepts are hybrid-electric regional, Universal Hydrogen (bankrupt) a hydrogen fuel cell, the 
Maeve Aerospace concept has battery and kerosene/SAF powered open rotors, ESAero a 
turbo-electric distributed propulsion, Faradair Aerospace a triple box wing and ducted pusher 
propfans and Dante Aeronautical a canard concept with distributed electric propulsion. 
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2.4 Categorisation of the aircraft concepts 

To identify groups of aircraft concepts and document the modelled technologies on the aircraft 
concepts, a classification of the study context, aircraft class, aircraft architecture, fuel/energy, 
propulsion concepts, aerodynamic concepts and structural concepts is made. The options are 
shown in Table 1 and the categories are further explained in Appendix A. 

 

Table 1: Categorisation options 

Category Possible options 

Study context Research project, other paper/parametric study, commercial 
concept 

Aircraft class Commuter, regional, short/medium range, long-range aircraft 

Aircraft architecture Conventional, canard, blended wing body / hybrid wing, strut-
/truss-braced wing, box wing, Flying V/flying wing, double bubble 

Fuel/energy Kerosene, electric batteries, hydrogen fuel cell, hydrogen 
combustion, liquid natural gas (LNG), sustainable aviation fuel 
(SAF) 

Propulsion concepts Conventional turbofans, conventional turboprops, innovative 
turbofans, innovative turboprops, ultra-high bypass ratio engines 
(UHBR), open rotor / unducted fan engine / propfan, boundary 
layer ingestion engine (BLI), embedded engines, hybrid-electric 
turbofan, hybrid electric turboprop, distributed electric propulsion 

Aerodynamic 
concepts 

Laminar flow wing, riblets, (hybrid) laminar flow control, high 
aspect ratio wing, folding/morphing wing-tips, advanced wing tip 
devices, multi-winglet system, aeroelastic tailoring, adaptive 
compliant trailing edge (ACTE), variable camber wing, flaplets, 
hingeless/morphing flap 

Structural concepts Composites, dry wing, low weight landing gear system, 
multifunctional cryogenic / high temperature materials, morphing 
materials, anticontamination surface coating, light weight aerogel 
structures, transparent panels, windowless design 

2.5 Analysis of predicted environmental performance 

The data acquisition procedure resulted in a large Excel sheet which lists the aircraft concepts 
and provide information about the above mentioned categories, future aircraft technologies 
and emission reduction potentials. This resulted in 163 unique concepts that were considered 
in scope for the analysis. An overview of the concepts with information on the developing 
organisation, study context, related research project and the year, is given in Appendix B. For 
some of the concepts, little or almost no information could be found other than a concept name. 
Therefore, in a first attempt to filter out incomplete information, all concepts for which no 
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concept name, no aircraft class, no aircraft architecture, no fuel/energy type or no study 
context is known, are deleted from the list. Only the concepts which have information for all of 
these entries are included. This filtering results in a total of 161 unique aircraft concepts. This 
means that from the list considered, only 2 concepts were immediately not included for further 
analysis due to lack of general information.  

For the other concepts in the list, an overall overview can be given of the available data. To 
effectively visualise the distribution of data for each concept, pie charts are utilised, leveraging 
their ability to clearly illustrate the unique composition of each concept's entries.  

First, a categorization was made regarding the study context of the project in which the aircraft 
concept was investigated shown in Figure 2. For the list we identified three options, as is 
previously described in section 2.4. Overall, most of the data (78%) originates from research 
projects, due to the elaborate studies and thorough documentation on these kind of projects. 
Secondly, quite some concepts are coming from commercial parties, however it was observed 
that the amount of data for these concepts is often very limited. Lastly, only a few other 
parametric/paper studies were included. 

 

Figure 2: Distribution of study context 

The aircraft concepts have been categorised into four groups based on design class, as 
outlined in section 2.4 which is visualised in Figure 3. The focus of this acquisition was on 
short/medium range and (hybrid-electric) regional aircraft. Therefore, the majority of the 
concepts fall into the short- to medium-range category. The regional and long-range aircraft 
are equally represented, together comprising a substantial portion of the concepts. Only a 
limited number of commuter aircraft are present in the list, which are included as they lie 
closely to the lower bound of the regional aircraft category.  
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Figure 3: Distribution of aircraft class 

Each aircraft concept is characterised by an aircraft architecture. Different architecture types 
were identified as seen in section 2.4. By visualising the data in a pie-chart in Figure 4, one 
can see that most aircraft concepts feature a conventional tube-and-wing architecture, after 
which a lot of blended-wing-body or hybrid-wing body concepts were considered. Furthermore, 
also strut-braced wings and double-bubble fuselages have been adopted by quite some 
concepts.  

 

Figure 4: Distribution of aircraft architectures 

The next step involved examining the kerosene fuel burn, CO2 and NOX reduction potentials 
for each aircraft configuration. These reductions are visualised in bar charts, with each chart 
displaying the reduction potential relative to a reference aircraft. An overview of the 
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investigated aircraft concepts providing the link of the concept name with the developing 
organisation, study context, related research project and the year, is given in Appendix B. To 
ensure fair comparisons, the reference aircraft were categorised into three technology levels 
based on their EIS/technology level, as described in section 2.2. Separate bar charts were 
created for each baseline technology level and for each metric (kerosene fuel burn, CO2, and 
NOX). In each chart, the x-axis lists the aircraft concepts, while the bar length represents the 
percentage reduction in the considered metric relative to the reference aircraft. The reference 
aircraft is indicated above each chart. Additionally, similar to the pie-chart categorization, the 
aircraft concepts are color-coded according to their architecture and grouped by aircraft size, 
from smaller to larger aircraft (commercial, regional, small-medium-range, and long range), 
allowing for a structured comparison of reduction potentials. It might be the case, that one 
aircraft concept is compared to multiple reference aircraft, with similar or different baseline 
technology levels.  

 

Kerosene fuel burn reduction 

The first set of plots, Figure 5, Figure 6 and Figure 7, consider the reduction potentials of 
kerosene fuel burn with respect to reference aircraft of different technology levels. Most 
concepts list the kerosene fuel burn reduction compared to a reference aircraft with the same 
amount of passengers on the same mission. However, for some concepts a different reference 
aircraft or mission is used to provide the kerosene fuel burn reduction. In this case the relative 
improvement in kerosene fuel burn per passenger-kilometre (kerosene fuel burn/ (PAX*km)) 
is listed. 

 

Figure 5: Kerosene fuel burn consumption compared to traditional reference aircraft 
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Figure 6: Kerosene fuel burn consumption compared to state-of-the-art reference aircraft 

 

Figure 7: Kerosene fuel burn consumption compared to future reference aircraft 

 

From the above graphs, already a few conclusions can be gathered. In Figure 5, a lot of aircraft 
architectures are represented by the coloured diagrams, meaning a lot of aircraft with different 
architectures have been compared to reference aircraft with traditional technology levels. One 
can observe that the blended-wing-body aircraft architectures are mostly present in the long-
range aircraft, while the commuter and regional aircraft are often considering conventional 
architectures. For the short-medium-range, a lot of different aircraft architectures were 
investigated, such as box-wing aircraft, double-bubble aircraft and strut-braced wings.  
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The relationship between kerosene fuel burn potential and aircraft architecture is complex, 
making it challenging to attribute kerosene fuel burn reductions to a single architecture. This 
is because multiple factors, including the energy carrier, aerodynamic, propulsion, and 
structural advanced technology concepts, also significantly influence kerosene fuel burn 
potential, alongside the aircraft architecture itself.  

However, what can be concluded from the red dotted lines in the graphs, and aligns with the 
expectations, is that the largest (average) kerosene fuel burn reduction is achieved relative to 
the reference aircraft with traditional technology levels. In contrast, smaller kerosene fuel burn 
reductions are observed when compared to state-of-the art aircraft, and even less for future 
EIS reference aircraft. This indicates that advancements in technology level already 
incorporate significant efficiency gains. 

For the aircraft concepts GLOWOPT ATR100 optimised and REG-CON the kerosene fuel 
burn even slightly increases compared to state-of-the-art or future reference aircraft, 
respectively. 

 

CO2 reduction 

A similar exercise to the kerosene fuel burn reduction was performed to plot the CO2 
reductions of the advanced and disruptive aircraft concepts. For aircraft concepts that only 
use kerosene or SAF as fuel, the reduction of kerosene fuel burn equals the reduction of CO2 

as the absolute values only differ by the emission index as a linear scaling factor.  

 

 

Figure 8: CO2 emissions compared to traditional reference aircraft 
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Figure 9: CO2 emissions compared to state-of-the-art reference aircraft 

 

Figure 10: CO2 emissions compared to future reference aircraft 

From the plots, several observations can be made. Most of the aircraft concepts describe their 
emission reduction potentials in terms of a kerosene fuel burn reduction rather than a CO2 
reduction. Only a limited amount of concepts specifically mention the CO2 reduction. However, 
for aircraft which use kerosene, or kerosene in combination with batteries as energy carrier, 
the reduction in kerosene fuel burn has a 1-on-1 relation with the reduction of CO2. Therefore 
these aircraft are included in the graph and show the same reduction as in the kerosene fuel 
burn reduction graphs. Furthermore, for aircraft which use solely hydrogen combustion or 
hydrogen fuel cells as energy carriers, a 100% reduction in CO2 emissions is achieved and 
thus also those aircraft concepts have been included. This eventually does result in the 
analysis missing a lot of information about hybrid configurations using kerosene in combination 
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with hydrogen and/or liquid natural gas. This also becomes visible in the final plot with the CO2 
reduction with respect to aircraft with future technology levels. Either, the CO2 reduction is 
100%, which is related to fully hydrogen powered aircraft, or the CO2 reduction is low (or there 
even is an increase in CO2), as the improvement potential with respect to future aircraft is 
limited.  

 

NOX reduction 

As before, bar charts in Figure 11, Figure 12 and Figure 13 have been created to illustrate the 
NOX reduction potential of the aircraft concepts. It needs to be noted that for simplicity, no 
distinction is made whether the NOX reduction is given for the landing and take-off phase 
(LTO) or for the whole mission. 

 

Figure 11: NOX emissions compared to traditional reference aircraft 
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Figure 12: NOX emissions compared to state-of-the-art reference aircraft 

 

Figure 13: NOX emissions compared to future reference aircraft 

 

When examining the graphs related to NOx reduction potentials, several key insights can be 
drawn. There are several concepts that highlight the potential NOX reductions, as NOX 
emissions significantly impact both environmental impact such as local air quality, and the 
climate impact of aviation. In particular, reducing the NOX emissions during landing and take-
off (LTO) was a key goal in the NASA N+2 and NASA N+3 studies. Therefore, a lot of aircraft 
concepts investigated in these studies are shown in the figure comparing the NOX reductions 
to traditional reference aircraft. The reduction targets for LTO NOX were high and such we 
observe a potential NOX reduction between 70-80% for these concepts when compared to 
traditional reference aircraft.  
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Furthermore, also for NOX  emissions (similar to CO2 emissions), aircraft which make use of 
solely a hydrogen fuel cell are considered to have a 100% reduction in NOX emissions. It 
should be noted that mostly the LTO NOX reductions were given, while sometimes also the 
cruise NOx emission value was given.  

In contrary to the NASA concepts, a few concepts foresee only a small reduction or even an 
increase in NOx production. Three concepts stand out as they list an increase in NOX 
emissions: the PrP-MS1.2 (PrP-300) concept and the TRANSCEND SMR single aisle and 
twin aisle concepts. While the PrP-MS1.2 concept did show a decrease in CO2 emissions, it 
indicates a potential trade-off between CO2 and NOX emissions for kerosene aircraft. The 
TRANSCEND SMR single and twin aisle showed a 100% reduction in CO2 emissions due to 
hydrogen combustion, showing that combusting hydrogen might fully eliminate CO2 emissions, 
but increase NOX emissions, when compared to a future reference aircraft.  

 

2.6 Environmental performance analysis with respect to utilised 
technologies 

As mentioned before, it is hard to attribute a reduction in emissions to a single aircraft 
architecture, as also other factors such as energy carrier, aerodynamic design, propulsion 
technology and structural advancements have a significant influence on the emissions. In 
order to get an idea on how aircraft concepts adopt several future technologies, heat maps 
are created linking the aircraft concepts, their adopted technologies as categorised in section 
2.4 and their environmental performance. 

Some concepts only apply one or a few new technologies to study the effect on the 
environmental performance. Meanwhile, other aircraft concepts have the intention to include 
a large number of technologies that are realistic for a future EIS and integrate them in one 
concept to explore the possibilities of environmental impact reduction or other aircraft design 
related metrics such as weight reduction. 

The heat maps, see Figure 14 and Appendix C, have the aircraft concepts listed on the y-axis. 
On the x-axis the different technology features are listed: the energy carriers, the aerodynamic 
concepts, the propulsion technologies and the structural technologies. The cells are coloured 
with a scale for their environmental improvement metric (kerosene fuel burn reduction, CO2 
reduction or NOX reduction). The scale ranges from blue/green for large environmental 
improvements to orange for small improvements and to red for increase in environmental 
impact. Again, in order to enable fair comparison of the reduction potentials, the data is split 
per metric and per reference aircraft technology level (traditional, state-of-the-art, future). 

With this heat map, one can obtain information about which concept is utilising which new 
technologies and which technologies are combined, by looking at coloured cells in the 
horizontal rows. It should be noted that all coloured cells in one row have the same metric 
colour as it is not possible to attribute a single reduction potential to a single technology feature.  

The heat map also allows to identify the most promising technology concepts as this would 
result in a column that has clearly green or blue cells (relating to larger emission reduction 
potentials).  



 

-41- 

 

The project is supported by the Clean Aviation Joint Undertaking and its 
members. 

Funded by the European Union, under Grant Agreement No 101140632. 
Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or Clean Aviation Joint 
Undertaking. Neither the European Union nor Clean Aviation JU can be held 
responsible for them. 

 

  

D3.2 – Advanced Aircraft Concepts and Research Infrastructures 
 Version 1.0   

Furthermore, not all technologies identified from the top-down approach of D3.1 are utilised 
on the aircraft concepts of this overview. Only the technology features that were used, and 
provided a value for the environmental performance metric, are shown in the heat maps. An 
overview of the technologies is given in Appendix A. 

 

Kerosene fuel burn reduction 

In Figure 14 an example of such a heat map is given. This heat map provides the effects of 
the technology features on the kerosene fuel burn consumption with respect to reference 
aircraft with traditional technology level. Only technology features that are utilised in the aircraft 
concepts which provide a kerosene fuel burn consumption difference with respect to traditional 
technology baselines, are depicted in the heat map. Features that were not used, were deleted 
from the list but might be used in other heat maps, comparing to other baseline aircraft.  

The heat map in Figure 14 shows several notable trends. Firstly, an examination of the energy 
carriers (fuel/energy) employed by various concepts shows that kerosene remains a dominant 
choice. However, some concepts also explore alternative energy sources, such as combining 
kerosene with batteries, which yields greater potential for reducing kerosene fuel burn. In 
terms of propulsion technologies, boundary layer ingestion emerges as a popular choice, 
offering potential for reducing kerosene fuel burn. Innovative turbofans and ultra-high-bypass 
ratio engines are also widely adopted, providing moderate improvements in fuel efficiency. 
Conventional turbofans, while still used in some concepts, tend to have lower kerosene fuel 
burn improvements. Aerodynamic technologies also play a crucial role, with riblets, laminar 
flow wings and (hybrid) laminar flow control frequently applied to achieve medium to high 
kerosene fuel burn improvements. High wing aspect ratios are another common feature, 
leading to (mostly) substantially high reductions in kerosene fuel burn. Lastly, an analysis of 
structural concepts reveals a most future concepts make use of composite structures.  

The same heat maps are also made for kerosene fuel burn reduction with respect to reference 
aircraft with state-of-the-art and future technologies. These heat maps are shown in Appendix 
C. It should be noted that it is much harder to obtain relations between the technology features 
and kerosene fuel burn reduction due to less available data on adopted technology features 
and/or related improvements, especially for concepts with state-of-the-art reference aircraft. 
Furthermore, one can again observe that the kerosene fuel burn reduction with regards to 
future reference aircraft is limited due to advancements of technologies in these reference 
aircraft as well.  
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Figure 14: Heat map technology features effect on kerosene fuel burn consumption compared to 
traditional reference aircraft 

 

CO2 reduction 

The heat maps presented in Appendix C also offer the visualization of each concept’s CO2 
reduction potential and adopted technology features, benchmarked against reference aircraft 
of varying technology levels. A key observation is that the energy carrier strongly affects the 
CO2 reduction potential. Concepts that utilise hydrogen combustion, hydrogen fuel cells, a 
combination of both or a combination with batteries, stand out for achieving 100% reduction 
in CO2 emissions (showed in dark blue). It is therefore not possible to relate any CO2 reduction 
to other technology features directly. It should be noted that for the concepts applying batteries, 
always another fuel/energy type is included as no purely battery-electric aircraft were 
considered and therefore the column of the batteries does not always show a 100% CO2 
reduction. For concepts that employ other types of fuel/energy, still some trends could be 
observed for the concepts benchmarked against traditional reference aircraft. Often BLI, 
innovative turbofans and UHBR engines are used on concepts that achieve significant CO2 
reductions. The impact of aerodynamic concepts such as riblets, laminar flow wings, (hybrid) 
laminar flow control and high aspect ratio wings on the CO2 reduction potential can again be 
observed. Again, many concepts make use of composite structures, with low to high CO2 
emission reduction potential. For the concepts benchmarked against state-of-the-art and 
future reference aircraft, these trends are harder to see due to less data.  
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NOX reduction 

The last set of heatmaps in Appendix C, show the NOX reduction related to the utilised 
technologies compared to reference aircraft of different EIS. The main conclusions that could 
be drawn from these graphs are very similar to those of the CO2 reduction, as also here the 
energy carrier is mostly affecting the NOX reduction potential. A hydrogen fuel cell, similar to 
CO2 reductions, achieves a NOX reduction of 100%. With hydrogen combustion on the other 
hand, still some NOX emissions (or even higher NOX emissions) are produced. The most 
commonly used technology features for aerodynamic, structural and propulsion concepts are 
similar to those for CO2 reduction. Also here, some trends could be observed in concepts 
benchmarked against traditional reference aircraft, the limited data available for state-of-the-
art and future reference aircraft makes it challenging to identify clear trends.  

 

2.7 Other utilised metrics for measuring climate impact 

This section describes which other metrics were used to measure the environmental 
performance improvement, especially for the quantification of the climate impact. Most studies 
and concepts evaluate the fuel burn reduction and, in the case of kerosene-powered aircraft, 
the resulting CO2 reduction. For tank-to-wake emissions, the reduction in kerosene fuel burn 
is relevant. However, fuel burn reduction might not be the best metric when analysing the 
performance of new aircraft concepts especially with different type of fuel/energy, such as 
hydrogen, LNG or batteries. In certain projects, such as ENABLEH2, which focus on designing 
aircraft with alternative fuels, the optimisation targets minimal energy consumption rather than 
minimal fuel burn, to account for other fuel/energy such as hydrogen or electricity. 

In the Boeing SUGAR N+3 projects, the reduction of greenhouse gases (GHG) was quantified. 
For the MIT D8.1 and D8.5 aircraft concepts, the climate impact metric for evaluation of the 
aircraft performance is global temperature change as a result of the emissions. The 
assessment process of one aircraft flying one mission includes the change in concentrations, 
radiative forcing and temperature change. Life Cycle Emissions have been performed in these 
projects which include well-to-tank CO2, well-to-tank CH4 and combustion emissions. The 
climate metric, with the unit (ΔT*years) / (kg*km)  is the globally averaged, time-integrated 
surface temperature change, normalised by productivity (payload*distance). A 800 year time 
frame is used to capture the full CO2 impact. The benefit is mostly attributable to kerosene fuel 
burn savings. 

The European AHEAD project assessed also the contrail-cirrus climate impact in detail, 
including the global contrail coverage and radiative forcing. For a comparison of the climate 
impact of all climate forcers, the climate metric ATR100 has been used. The European project 
GLOWOPT used the climate metric ATR100 for the optimisation of the aircraft. In the 
European project PARSIFAL the four metrics GWP20, GWP100, GTP20 and GTP100 were 
evaluated. The DLR projects KuuL used ATR100 and EXACT the climate metrics GWP100 
and ATR100. 

Concluding, different aircraft concepts’ environmental performance cannot easily be 
compared with each other, if different metrics are used. 
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2.8 Conclusions 

Among the investigated advanced and disruptive aircraft concepts, research projects from 
aeronautical research centres and academia dominate. Geographically, most research 
projects are located in Europe and the United States, and some from Japan. From other 
countries, no recent developments of aircraft concepts including environmental performance 
indications with publicly available data were found. From commercial parties, also little data 
was publicly available and most being proprietary, probably due to the competition on the 
market. For example, the Airbus ZEROe concepts have little information on environmental 
performance available. From Boeing, the SUGAR concepts, developed for NASA and from 
Embraer the Energia concepts are public. Moreover, start-ups are developing new concepts. 

About half of the found concepts are short/medium range aircraft, followed by regional and 
long-haul aircraft concepts. The most used aircraft architecture is the conventional tube and 
wing configuration, where improvements in aerodynamics, propulsion, structures and other 
are investigated. Blended wing bodies are mostly assessed for long-haul flights. For 
short/medium range aircraft a lot of different architectures were investigated, such as strut-
/truss-braced wing and double bubble aircraft. 

The relationship between kerosene fuel burn and aircraft architecture is complex, as multiple 
factors have an influence, such as energy carrier, aerodynamics, propulsion and structural 
advanced technology. Differences due to the chosen reference aircraft are pronounced. 
Larger kerosene fuel burn reductions are achieved compared with older entry-into-service 
(EIS) aircraft than state-of-the-art or future aircraft. Often, the future reference aircraft already 
incorporates significant efficiency gains. For kerosene powered aircraft and aircraft using 
kerosene in combination with batteries as energy carrier, a direct translation from fuel burn to 
CO2 reductions can be assumed. A few concepts even lead to a slight increase in kerosene 
fuel burn and resulting CO2 emissions coming from trade-offs with other engine emissions. 
NOX emission play an important role for the environmental impact (e.g. local air quality) and 
climate impact. In particular, lower LTO NOX emissions were a goal of the NASA studies. Most 
NOX reductions relate to LTO NOX but sometimes cruise NOX were modelled. Hydrogen fuel 
cells lead to zero CO2 and zero NOX emissions. For a few concepts, the increase in NOX could 
be traced back to either a trade-off with CO2 or hydrogen combustion with high NOX emissions. 

It is hard to attribute general emission reductions to specific aircraft technology features and 
architectures. Some concepts apply only one or a few new technologies while other concepts 
have the intention to include a large number of technologies. An attempt to identify promising 
technologies is made using heat maps. The energy carrier strongly influences the CO2 and 
NOX reduction potential with hydrogen and batteries reducing CO2 emissions by 100%. No 
purely battery-electric concepts are considered in this study as with current technology 
batteries have a large weight penalty. For the fuel/energy, most concepts applied kerosene, 
but there are also combinations with batteries or hydrogen fuel cells. A few concepts 
considered liquid natural gas (LNG) or sustainable aviation fuel (SAF). For the propulsion, 
concepts with innovative engines (also e.g. hybrid-electric fans) and the aero-propulsive 
concept of boundary-layer ingestion (BLI) had large improvements. Innovative turbofans such 
as ultra-high bypass ratio (UHBR) turbofans are promising. For regional concepts, the hybrid-
electric powertrain enables distributed electric propulsion. In terms of aerodynamics, most 
applied technologies are high aspect ratio wings, drag reduction (e.g. riblets for skin friction 
drag reduction), and laminar flow control which can be well combined with high aspect ratio 
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wings. From a structural point of view, most concepts make use of composites leading to 
weight reductions. The NASA SUGAR concepts included large improvements from operations 
and ATM. 

The environmental performance improvement can be as high as 40-50% kerosene fuel burn 
and CO2 reductions and around 70% NOX compared with traditional (EIS before 2015) 
reference aircraft. For most concepts a kerosene fuel burn reduction is reported, which might 
not be the best metric when analysing the performance of aircraft with alternative fuels/energy. 
Then, mostly the metric minimal energy consumption was used. For some concepts, the 
climate impact was assessed. Different climate metrics, such as global temperature change 
over 800 years (in NASA N+3 MIT project), GWP20 (in PARSIFAL project), GWP100 (in 
PARSIFAL and EXACT project), GTP20 (in PARSIFAL project), GTP100 (in PARSIFAL 
project) and ATR100 (in AHEAD, GLOWOPT, KuuL, EXACT project) were used. 

Finally, it should be noted that most of the data was derived from conceptual studies. Usually 
during conceptual studies, low fidelity methods are used, e.g. because many variants need to 
be explored and only few details are known. This leads to uncertainties in the results which 
can only be reduced during later design stages. In several cases, e.g. in the larger research 
projects, methods have been used which are expected to lead to results with higher fidelity. 
However, in this study no distinction was made between different fidelity levels due to the lack 
of appropriate metrics for comparison. 
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3. ADVANCED AND PURPOSE-BUILT RESEARCH FACILITIES OR TEST 

AIRCRAFT AND DEMONSTRATORS (WORLDWIDE) 

3.1 Scope 

The scope of the present report is to concur to the identification and description of the 
advanced and/or disruptive aircraft concepts and architectures, purpose-built research 
infrastructures as well as the advanced aeronautical researches and technologies which have 
been considered, in the frame of the Clean Aviation (CA) programme, for the concepts SMR 
aircraft and HER. This theoretical based “Technology Watch” exercise has been extended in 
order to identify also other relevant initiatives providing solutions that could reinforce the 
environmental benefits related to the climate impact due to anthropogenic activities in the 
aviation sector. 

The main objectives of this activity are: 

o To support a preliminary performance assessment of a possible version of the CA SMR 
as well as for a CA HER similar aircraft; 

o To specify the methodology approach; 

o To support the definition of a related categorisation in terms of reference concepts, 
architectures and adopted technologies; 

o To identify, list and describe the related advanced and purpose-built research facilities; 

o To identify, list and describe the test aircraft or demonstrators which adopt interesting 
technologies potentially applicable to aircraft concepts in relation to possible scalability of 
the propulsive powertrain sub-system, a further increase of the air transport efficiency, 
etc…; 

o To identify, list and describe the relevant aeronautical research activities, including those 
from other sectors that could lead to useful synergies; 

o To support the technology mapping referring to aerodynamics, structural and propulsion 
systems and the comparison in terms of benefits with those from Clean Sky 1/2 and Clean 
Aviation; 

o To complement the gap assessment in relation with Task 2.2. 

A single common repository has been created at project level that is able to assure a 
representative mapping of the several studied innovations. Such description has been refined 
to support the evaluation of relevance levels, enabling the filtering and sorting of projects by 
relevance, in relation to the expected CLAIM goals. 

 

3.2 Climate Knowledge State of the Art 

Homogeneously to the described methodology approach, the first step has been devoted to 
identify the on-going natural phenomena affected by human activities. The climate impact 
contribution of air transport has become a driving aspect for any element of the Air Transport 
System (ATS) as well as for the whole aviation sector. The effort at this stage focuses on 
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developing rapidly a concise and clear vision of the main problems currently experienced by 
populations, as well as the anticipated future risks for humanity. First of all, it has to be 
underlined that only the long-term effects are considered relevant for the climate impact 
assessment. 

 

3.3 Relevant climate themes 

The driving themes for task WP3.2 have been identified starting from the outcomes of the 
WP2 activities that will lead to D2.3. Examples are the rise of the atmospheric temperature, 
the increase in Green House Gases (GHG) concentration, cloud coverage, more frequent 
extreme weather events, the rise of the ocean water temperatures as well as the related 
acidification, the variation of the sea water levels, glaciers reduction and continental glacier 
disappearance, etc… All these aspects are monitored from space and ground stations and 
the phenomena are described in detail every day with a quite complete worldwide coverage. 
The analysis showed that in CA a special group of projects are considered as high priority 
projects. Consequently, these projects related to the thrust/relevant stream: HER, SMR, HPA 
(Hydrogen-Powered Aircraft), and some as transversal, have been considered and classified 
as “CA Daring Projects”. The next list shows the related projects.  

CA HER: HERFUSE, AMBER, ODE4HERA, TheMa4HERA, HE-ART, HECATE and 
HERWINGT; 

CA SMR: COMPANION, FASTER-H2, Up Wing, SWITCH, HEAVEN, OFELIA and AWATAR; 

CA HPA: CAVENDISH, HYDEA, NEWBORN, fLHYing tank, H2ELIOS, HyPoTraDe, Trophy, 
FAME and HEROPS; 

CA transversal projects: CONCERTO, HERA, SMR ACAP and ECARE.  

 

3.4 Climate forecast needs 

Typically, the collected environmental measures are used together with historical ones to 
support the improvement of environmental forecasts and to refine the adopted climate impact 
methods and the related tools. Comparison tasks are implemented too, in order to evaluate 
the robustness of the climate results. Agreement on the aforementioned aspects becomes 
weaker when considering the exposure of people to specific impacts, such as coastal territory 
losses, desertification, reduced freshwater availability, and forced migration. Comparison 
tasks are implemented too, in order to evaluate the robustness of the climate results. y 
developed in WP2 related to the description of the relevant climate phenomena as well as 
related driving parameters and considered units (e.g. referring to the International System of 
Units) will be shared with WP3. 

 

3.5 Climate valuable initiatives 

A survey of the European R&I projects (CA, SESAR, ERC (European Research Council) in 
order to identify the valuable initiatives related to “Applicative research activities”, “Mapping of 
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the enablers” etc.., able to mitigate the current climate warming trend. A list of them has been 
created to describe their main relevant aspects referring to long term impacts. In this 
framework, an exploratory activity has been implemented focused on the following topics: 

o Advanced aeronautical technology 
o Aeronautical research activities 
o Disruptive aircraft concepts and architectures 
o Purpose-built research infrastructures 

 
For each of them, the next sub-paragraphs provide a dedicated description. 

 

3.6 Definition of methodology 

A methodology has been developed and implemented to identify relevant information to 
support the assessment of the climate impact due to the adoption and benefits of the SMR 
and HER aircraft concepts. Referring to these concepts, representative baseline/reference 
models have been considered for comparison purpose. 

 The steps performed in the assessment have been: 

1) To identify criteria and main aspects e.g., topic, time frame, reference concept 
categories, involved organisations, expected impacts, assessment level, target group 
and other aspects to drive the survey according to the heuristic’s approach guidelines 
reported in D3.1 (Szöke-Erös, 2024); 

2) To include in the performed survey relevant aeronautical research activities and 
technology areas identified for other aeronautical concept categories in order to assure 
a transversal view on other potential opportunities due to power train source scalability 
even when related to other sectors;    

3) To compile a list of the advanced aeronautical research activities and technology areas, 
which has been explored or are under development in Europe at national and 
international level. That is suitable to concur with their innovations to match the EU 
climate goals (e.g. net-zero emission contribution at 2050) in relation to the adoption 
of the flight concepts, with propulsion systems based on power sources, such as: 
hydrogen for aviation, hybrid-electric (HE), more-electric (MorE). An index has been 
assigned to each project to identify in a clear and univocal way the generic record with 
a minimal number of elements but suitable to explain the intrinsic relevance for the 
topics in charge to CLAIM e.g. “Project acronym”, “Short description” based mainly on 
the related title as well as other acronyms to report in a short textual form the 
considered aspects.  

4) The main topics relevant for CLAIM are related to the concepts: "Hybrid-Electric" (HE), 
"Hydrogen for Aviation" (H2Av) and "More Electric" (MorE) without neglecting the 
“Ultra-Efficient” aircraft with their more complex architectures with the goal of a “Low 
Carbon Aviation”. Concepts related to “New short distance mobility” as well as 
rotorcrafts are out of scope. 

5) The main relevant aspects of the advanced or disruptive concepts are: "Concept 
architecture" (Arch), "Technology" (Techno), "Assessment task" (Assess), "Aircraft 
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Concept" (Cnpc) as well as the involved scientific discipline. It is important to underline 
that a previous characterization has been developed taking into account, as a starting 
point, the explicit indications reported in the consulted data sources (mainly based on 
Cordis1 and SESAR website). 

6) It has been considered important to emphasize the existing link among the project 
efforts, relevant thematic aspects as well as involved scientific disciplines. For this 
purpose, each project that shared information on the following topics has been 
considered: “Aeronautical engineering”, “Air pollution engineering”, “Air traffic 
management” (ATM), “Sensors”, “SMR Open-Fan engine architecture”, “Aircraft”, 
“Airport engineering”, “Renewable energy”, “Waste treatment processes”, “Big data” 
“Biofuels”, “Bio mass” etc… A specific and progressive identification code has been 
created for each item. 

7) Other aspects have been considered to assure a wider perspective of the large number 
of initiatives performed or on-going, as well as the scientific area involved, and/or the 
adopted process, the followed approach or the used validation devices. For instance: 
“Industrial processes” (IndPrc) for the product at ASSY (assembly) level or sub-system 
level, the focused area e.g. "Operation" (Opr), "Validation Task" (ValTsk), 
"Demonstration" (Demo), "Electric Vehicle-Test Aircraft" (EV-TA), "Transversal and 
coordination actions" (Transv) and "Advanced and/or Disruptive Aircraft Concept" 
(A&DAC). 

8) Specific fields have been chosen to trace the timeline evolution of the generic project 
as well as the project status e.g. closed, ongoing, referring to start and ending dates 
including also, if expressed, the planned milestone timeframe for the innovations in 
terms of TRL and/or EIS. This information has been elaborated to create a reference 
parade of the innovative solutions of the relevant projects in support to the comparison 
with the reference CA roadmap and the strategic European environmental goals. 

9) A note field has been used to clarify the level of advancements like: Conceptual design, 
Technology Readiness Levels (TRL) at starting date and at the end of the project. 

10) The relevant baseline models, considered in CA for comparative purpose, are 
respectively the “ATR72-600” turboprop and the “A321neo” airliner for the 
UERA/HERA concept and SMR aircraft respectively. 

11) To compile a list of the advanced or test aircraft in relation to their 
development/maturity status as well as the kind of demonstration adopted or 
performed (e.g. flight test aircraft, ground test model, test rig, power train subsystem, 
mock-up, etc.) 

12) To compile a list of the advanced and purpose-built research facilities at worldwide 
level, categorize them also including a related brief description about their 
experimental field, the main performance characteristics or simulated conditions as 
well as if they are devoted to support the technological development or validate a 
concept by testing in relevant environmental conditions referring to capacity, 
performance and/or life cycle impacts, etc. 

                                                

1 https://cordis.europa.eu/ 
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13) To identify the more relevant phenomena and climate impact effects due to the 
anthropic activities considering the survey outcomes of WP2 devoted to describe the 
state of art related to the climate impact assessment methodologies and the preferred 
typical metrics and normalised variants. 

14) To retrieve and identify the driving climate impact parameters adopted by the climate 
impact assessment methodologies, which have been considered as relevant initiatives.  

15) To build-up a dedicated dataset: “CLAIM - Inventory”; 

16)  To assess and create a relevance map of the enablers (technologies area, 
architectures, demonstrators and facilities) referring to their effectiveness to mitigate 
the climate impact compared to the driving assessment methodology parameters 
identified;   

17) To propose possible notes or conclusions referring to: Identified gaps, needs, 
existing or necessary research facilities, relevant technologies and adopted or 
adoptable demonstrators, etc …;   

Figure 15 shows synthetically the methodology approach proposed for this task in the CLAIM 
project and presented during the Face-to-Face KoM, which has been hold in February 20 and 
21, 2024 in Hamburg (Germany). 

 

Figure 15: Proposed methodology approach (CLAIM project) 

 

3.7 Advanced aeronautical research areas 

The performed survey, of the more relevant initiatives related to the funded projects focused 
on the climate neutrality and air quality, has shown how the large number of innovative 
solutions may be traced back to specific main groups like scientific areas, disciplinary themes, 
industrial sector and innovative R&T thrusts/relevant streams. Based on the applied filtering, 
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the following list provides a representative selection of relevant themes and/or specific 
categories, presented as examples: 

o Environmental neutrality, emission and air quality 

o Engineering activities 

o Innovative materials and devices 

o Involved scientific areas or disciplines 

o New energy power source with low emission 

o New air transport platforms or concepts 

o Transversal and synergetic sectors 

o Advanced aeronautical technology 

o Management activities 

o New operational solutions 

o Circularity in aviation 

o Innovative architectures 

The central topic of the CLAIM project is to develop a robust assessment methodology suitable 
to estimate the climate change and to weight which could be the more relevant initiatives in 
order to match the climate neutrality by 2050. In this path, the project with an explicit reference 
to the environmental neutrality, emissions and air quality has been considered a priority. In 
this context the more relevant engineering activities typically adopted have been identified as: 
Aeronautical engineering, air pollution engineering, airport engineering, material engineering, 
power engineering, heat engineering and others. Details are available in Appendices D-G. 
Meanwhile, the Innovative materials and new created devices are related to: Alkali metals, 
alkaline earth metals, transition metals, aliphatic and inorganic compounds, composites, 
coating and films, textiles, fibers and carbon fibers, graphene, nano-materials. 

 

3.7.1 Applicative research activities 

The number of scientific area or disciplines applied in the development of the innovative 
solutions cover all sectors of the human knowledge. Moreover, to clarify the complex and 
highly articulated scenario involved the next lists report by cluster some of them:  

 

Climate and Environmental Sciences 

Climatology, thermo- and electro-chemistry, atmospheric sciences, environmental sciences. 

 

Engineering and Manufacturing 

Productivity, waste management, mining and mineral processing, governance, quality 
validation of aircraft, compliance methodologies, manufacturing engineering.  
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Scientific disciplines 

statistics and probability, economics, production economics, transport, mathematics, 
numerical programming, data science, electromagnetism and electronics, polymer science, 
cost efficiency, enhanced safety. 

 

Propulsion and power sources 

Energy and fuels, combined heat and power, thermodynamic engineering, Electric energy, 
renewable energy, liquid fuels, biofuels, hydrogen energy, electrolysis based, hydrocarbons, 
alcohols, fuel cell, organometallic chemistry, high voltage battery system, electric propulsion 
system, Liquid H2 storage, electric power generation, natural gas, Liquid H2 re-fuelling and 
supply systems, Liquid H2 refuelling systems. 

All these disciplines as well as more relevant aspects related to the R&I activity have been 
traced by dedicated worksheet as well as new energy power sources with low emission. 

 

3.7.2 Advanced aeronautical technology 

MW hybrid electric power train, thermal engine, electric motor, cabin noise suppression, 
electric batteries, sodium-Ion capacitors, hybrid electric energy storage, thermal management 
system, system integration, sensors and smart sensors, energy converters, avionics cooling, 
coating and films, ADS-C, additive manufacturing, control systems, automation, remote 
sensing, H2 combustion system, Liquid H2 engine fuel system, engine integration and controls, 
dual-fuel systems, H2 tank system, cables/connectors, DC-DC converter, high voltage battery 
pack, cryo-enabled thermal management system, distributed propulsion system, hybrid water-
enhanced turbofan,  advanced composite material structures, cabin air supply, conditioning, 
distribution hybrid electric system cooling, H2 burn (low NOx emission), H/E propulsion and 
system integration. 

 

3.7.3 New & optimised operational solutions 

Several new and ongoing operational solutions, mainly in SESAR framework projects, have 
been funded to develop new optimised flight control devices, and improvements of operations 
both on the ground in airport terminal area and at ATS level, to increase the crew’s awareness, 
and to limit their fatigue/stress and preserving the typical high level of safety and security 
levels of the commercial air transport. These initiatives, with implication on the climate 
warming, have been selected and grouped to create a related mapping. Several projects have 
been focused on management activities (e.g.: air traffic management, network management 
and innovation management). The related main themes, which have been identified are: 
operation management, planning automation, surface route planning, flight separation 
management, route planning, automatic collaborative control, trajectory definition, air-to-
ground trajectory synchronisation, clearances, OTM Free routing for flight, optimised route 
network, improve predictability, optimised capacity. A catalogue/dataset has been created, 
see Appendices D-G. 
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3.7.4 Test aircraft and demonstrators 

In the last years the R&T approach has been re-thought in order to create a more integrated 
approach by means of activities devoted to develop Innovative Architectures (Arch). The 
architectural concepts are suitable to include on a common flight platform the more promising 
technological solutions and airframe concepts. In this context, referring to specific aircraft 
categories, several initiatives have been funded to support a coordinate effort to implement 
the identified solutions in these new concepts. Including also relevant opportunities related to 
advanced sub-systems and/or devices. The performed survey has identified e.g. the next: 
SMR architecture, HER architecture, SMR Open-Fan engine architecture, integrated high 
voltage electrical distribution, primary and secondary power distributions, ultra-efficient 
airframe, hydrogen enabled integrated airframe (e.g. Hydrogen for Aviation (H2Av)), 
innovative wing architecture, innovative fuselage and empennages. 

The more relevant new air transport platforms or concepts are related to the next vehicle 
categories: electric vehicles, autonomous vehicles, hydrogen propelled concept, drones, SAF 
propelled concepts, ultra-performance wing, integrated HAR SAF wing, UERA and HERA 
concepts (Twin engine and Distributed propulsion), Liquid H2 - SMR concept and SAF - SMR 
concept. Some of them will be validated by with full scale demonstrator reproducing the 
relevant operation environment like Very Large Demonstrators (VLD). A list of the test aircraft, 
demonstrators and infrastructures is provided in Appendix F. 

 

3.7.5 Innovative industrial processes 

The creation of electric production facilities in airport unused area supports the pathway 
towards climate neutrality. The standard airports have in many cases large extensive lands 
free of natural and artificial obstacles, from tens to hundreds of acres around them. Part of 
them are usable without risk for the flight activity (departure and arrivals). This circumstance 
has been exploited, in a growing number of cases, to generate significant level of electric 
power by means of solar panels. There, this energy could be used as supply for the airport 
and related service needs at ATM and ground level or surrounding settlements. Such, several 
initiatives have challenging targets able to assure very large energy coverage e.g. up to 100% 
as well as for Newcastle airport2, Chattanooga Metropolitan airport3 and Hawkes Bay airport4 
(New Zealand). Other relevant opportunities are: recycling, waste treatment processes, 
biomasses for a sustainable economy adopting new eco-systems, bio-fuels and ecology-
based approaches assuring circularity in aviation. 

 

3.7.6 Possible synergies from other industrial sectors 

The main relevant initiatives identified referring to the transversal and synergic sectors are: 
big data, artificial intelligence, data processing, machine learning, deep learning, system 

                                                

2 https://www.newcastleairport.com/about-your-airport/environment/solar-farm/ 
3 https://www.chattairport.com/solar-farm ; https://indsolarfarm.com/ 
4 https://hawkesbay-airport.co.nz/about/sustainability/sustainability-solar-farm-project/ 
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learning, computational intelligence, open databases, software, business models, Internet of 
Things (IoT), automotive, transversal promotion, multi-sector cooperation. 

 

3.8 Knowledge gaps affecting anthropogenic climate impacts 

3.8.1 Existing gaps 

Despite the effort made in the numerous initiatives dedicated to characterising the effects of 
human activities on the evolution of the Earth's climate, we realize that the exact determination 
of the correlation between emissions from air transport and the relative contribution to the 
variation in temperatures is far from being resolved with an acceptable degree of accuracy. 
The combined action of a vast number of independent parameters at the same time, often 
linked together, affects heavily the climate phenomena and determines the need to govern a 
vast number of disciplines: e.g. chemistry, physics, climatology, science of earth, astronomy, 
astrophysics, oceanography, meteorology, kinetics of rarefied gases, thermodynamics, photo-
chemistry etc. Being able to coordinate a so enormous amount of data and relationships 
involved in cause-effect links, which are not entirely recognised, is a huge task. Additionally, 
the hidden presence of cross-contributions may either be mistakenly attributed or overlooked, 
owing to their complexity, which makes them difficult to detect using simple analytical tools, or 
due to underlying assumptions. Furthermore, even if a model is developed to describe 
observations with the highest possible accuracy, in most cases, we encounter an expansion 
of uncertainty bands. This gives rise to serious doubts about the descriptive effectiveness of 
such a constructed prediction. In other words, the model could not be able to reconstruct the 
essence of the different interacting phenomena. It is important to consider that such an overlap 
of the various apparently chaotic variables suggests, or rather imposes, the adoption of 
statistics as an indispensable tool for evaluating the different contributions. This brings the 
possibility to identify the real effects induced by human activities referring to the natural ones. 

 

3.8.2 Possible gaps mitigation initiatives 

One of the relevant goals for CLAIM is to identify the most relevant technology innovations, 
the optimised operational solutions and ATS effective procedures able to concur to mitigate 
the climate warming and to air quality around the airport areas. In this framework a vast activity 
has been developed and implemented to identify the relevant projects able to affect with their 
innovations the environmental impact, limiting the GHG emissions of the air transport in 
atmosphere. The developed methodology has been followed to identify and select groups of 
projects in relation to their focused activity with a special attention also to the new concepts 
like Short and Medium Range (SMR) and Hybrid Electric Regional (HER). The analysis has 
been extended to identification and characterization of the advanced and purpose-built 
research concepts/facilities providing a formatted synthetic description in tabular form and 
included the consulted data source references. Moreover, the demonstrators adopted in order 
to verify the impact effectiveness and validate the activities performed in the CA framework 
programme, have been identified. Activities devoted to explore the emission mitigation, 
operational efficiency, scalability of the propulsive powertrain, the improvement of the air 
transport efficiency, as well as possible synergies were collected. This includes details 
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referring to development of technologies, methods or tools related to aerodynamics, structural 
analysis, propulsion systems. 

 

3.9 Results 

A methodological approach has been developed (see section 3.6) for mapping the recent and 
on-going initiatives that influence the environmental impact from air transport. A multi-step 
survey has been performed to identify the more relevant projects funded at European and 
national levels, in relation to climate change. In relation to the innovative technological and/or 
operational solutions proposed in Appendix D. These tables reports the selected projects, a 
related short description, a progressive index and includes the related framework programme 
and data source reference (e.g. Cordis website, SESAR or project website). The project 
description is based on different worksheets. The first, Table 3 in Appendix D provides, for 
each project considered of interest for CLAIM, a synthetic tabulated description with reference 
to the CLAIM main topics, which are focused on the aircraft concepts "Hybrid-Electric" (HE), 
"Hydrogen for Aviation" (H2Av) and "More Electric" (MorE). Moreover, CLAIM aspects which 
have been considered are: "Architecture" (Arch), "Technology" (Techno), "Assessment" 
(Assess) and "Concept" (Cnpc), for sake of completeness, while, a further group has been 
devoted to clarify the existing connection to activity or categories like: "Industrial processes" 
(IndPrc), "Operation" (Opr), "Validation Tasks" (ValTsk) "Demonstration" (Demo), "Electric 
Vehicle-Test Aircraft" (EV-TA), "Transversal and coordination actions" (Transv) and the 
"Advanced and/or Disruptive Aircraft Concept". (A&DAC). The worksheet: “ScienceApp” 
collects the observed elements and characteristics descriptive of the performed or ongoing 
activities. They have been classified and used to assure the clear identification of the 
applicable scientific area or discipline and sorted referring to the possible theme type. 
Obviously, that has been done taking into account, as soon as possible, the shared general 
public assumptions (e.g. acronyms, targets, topics, categories, etc). A portion of this last 
worksheet has been devoted to describe the identified connection among the scientific 
application areas and the themes of the reference roadmaps. The “Reference” worksheet 
provided the project data source references in tabular format suitable for an easy integration 
into the dedicated annex of the present outcome. A very central role is performed by the 
“Analysis” worksheet. This worksheet assures in a single common table the identification of 
the existing link among the reference roadmaps interested to one or more of the next themes: 
“Technologies”, “Operations”, “Alternative Fuels”, “Market based measures” and the added 
“Others” vs the applicative sciences, or themes referring to the projects with applicable actions 
in such item. 

 

3.10  Conclusions 

A catalogue of R&T projects has been created in order to collect interesting projects focused 
on advanced technologies, innovative manufacturing processes, disruptive aircraft 
architectural concepts and optimised solutions referring to the possible impact on climate 
warming, air quality as well as involved scientific areas and transversal initiatives. Several 
different themes have been considered and traced to support the environmental impact 
assessment in line with the driver parameters of the involved phenomena. Moreover, a list of 
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the test aircraft, demonstrators and new infrastructures has been included to characterize the 
recent and on-going initiatives devoted to validate the robustness of the possible impacts and 
benefits and to support the development of a competitive Air Transport (AT) system in Europe. 
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APPENDIX A: CATEGORISATION 

Study context 

A distinction was made whether the aircraft concept was developed in a research project, in 
another paper/parametric study or as a commercial concept. 

 

Aircraft class 

The options are commuter aircraft (with 19 seats), regional aircraft (range up to 1000nm), 
short/medium range aircraft (range of 1000nm-3000nm) and long-range aircraft (range above 
3000nm). The categorisation is determined according to the information in the reference and  
otherwise based on the (design) range.  

 

Aircraft architecture 

Conventional 

A conventional aircraft architecture is referred to as a tube-and-wing configuration where the 
fuselage is shaped as a cylinder and wings are attached to the body. The wing can either be 
mounted in a low-wing, mid-wing or high-wing configuration. Different empennage 
configurations such as a standard fuselage mounted tails or a T-tail are also considered to be 
conventional. 

Canard 

A canard configuration has a fuselage mounted horizontal lifting surface (wing) located ahead 
of the main wing. The canard can enhance lift production, pitch control during manoeuvring, 
longitudinal stability and trim or control on the main wing airflow. 

Blended wing body/hybrid wing 

A blended wing body (BWB) or hybrid wing is an aircraft design configuration, where the 
fuselage body structure and wings are smoothly integrated together to form a single structure. 
There is no discrete fuselage body or empennage. This design reduces the drag from the 
wing-body junction as seen in conventional tube-and-wing aircraft. Furthermore, the entire 
body is lift generating, allowing for smaller sized outer wings. 

Flying V 

The Flying V is an aircraft design concept which integrates the passenger cabin, cargo hold 
and fuel tanks in the wings, creating a V-shaped body. The body shape leads to increased 
aerodynamic performance and reduced weight. 

Strut-/truss-braced wing 

A strut-braced or a truss-braced wing is an aircraft design configuration with extra-long, thin 
wings which are stabilised by diagonal struts or trusses at the mid-span. This configuration 
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allows for higher aspect ratio wings with reduced induced drag. The strut-braced wing can 
result in reduced wing weight at a given aspect ratio. 

Box wing 

The box wing aircraft configuration features a closed wing-system with two main wings which 
are connected by side panels or side wings. The box-wing maximises the wing span efficiency 
and therefore achieves minimum induced drag for a given span and weight. 

Double bubble 

The double bubble aircraft design features a fuselage shape that fuses two fuselage 
tubes/bubbles smoothly together. This fuselage design generates an increased amount of lift 
and a positive pitching moment during cruise, allowing for smaller wing and horizontal tail 
designs and therefore reducing the aircraft weight and drag. 

 

Energy carrier 

The considered energy carriers are kerosene, batteries, hydrogen (either used in a fuel cell or 
directly combusted), sustainable aviation fuel (SAF) or liquid natural gas (LNG). 

 

Propulsion concepts 

The aircraft concepts can use conventional turbofans, conventional turboprops, innovative 
turbofans (which are not further specified, but e.g. efficiency improvements are assumed), 
innovative turboprops (which are not further specified, but e.g. efficiency improvements are 
assumed). Ultra-high bypass ratio (UHBR) engines aim to improve fuel efficiency with a higher 
bypass ratio, meaning that a larger portion of the incoming air is accelerated by the fan and 
not passing the core (consisting of the compressor, combustion chamber and turbine) of the 
jet engine. Other disruptive propulsions concepts are the following: 

Unducted fan engine/Open rotor/Propfan 

An unducted fan engine, also referred to as an open rotor or propfan, is a type of engine that 
uses multiple blades to generate thrust without a surrounding duct or casing. Typically, open 
rotor designs have two sets of fan blades placed after each other. The blades are swept back 
and heavily twisted. In some designs the blades twist in opposite direction to the front ones 
and form counter-rotating blades. In other designs, the set of blades are non-rotating and act 
as variable pitch stator to help flow recovery. The open rotor combines the fuel efficiency of a 
turboprop with the speed and performance of a turbofan. 

Boundary layer ingestion engine 

Boundary layer ingestion (BLI) is an aero propulsive design concept in which the engine 
ingests the boundary layer. Due to friction between the air and the aircraft skin, a layer with 
retarded air is developed over the fuselage (and/or wing). In BLI design, the engine ingests 
this boundary layer and the air is accelerated by the fan or propeller, reducing the drag and 
increasing the aircraft efficiency. Propulsors which make use of BLI can generate propulsive 
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force with less power input due to reduced jet, surface and wake dissipation. However, the 
variation in ingested flow speeds (flow distortion) could pose challenges to the engine design. 

Embedded engines 

Embedded engines are mounted inside the aircraft's fuselage or within the wing, rather than 
being attached to the wing or fuselage with pylons. This design approach can provide 
improved aerodynamics, reduced drag, and increased fuel efficiency, but can also present 
cooling and maintenance challenges. 

Hybrid-electric turbofan / turboprop 

A hybrid electric turbofan or hybrid electric turboprop is a type of aircraft powertrain that 
combines a turbofan engine with electric motors. There are several architectures. The parallel 
hybrid powertrain combines the power of the turbine engine and electric motor to drive the 
propeller or fan, with the electric motor powered by for example a battery or fuel cell. In a 
series hybrid powertrain, the turbine engine drives a generator which produces electricity. The 
electric power from the generator, supplemented by power from a battery or fuel cell, is used 
to power the electric motor. The electric motor alone drives the propeller or fan. Lastly, a 
turboelectric architectures features a turbine engine that solely drives a generator, producing 
electricity that is directly used to power the electric motor which is driving the propeller or fan. 
Furthermore, other architectures exist that combine elements of the above mentioned hybrid 
architectures, such as partially turboelectric and series/parallel hybrid electric configurations.  

Distributed electric propulsion 

Distributed electric propulsion (DEP) is an aeropropulsive design concept which utilises 
multiple electrically-driven propulsors to propel the aircraft. The propulsors are placed with 
larger flexibility and enable beneficial aero-propulsive coupling, such as increased dynamic 
pressure across the blown surfaces for increased lift performance. Furthermore, DEP can be 
used for vehicle control, therefore reducing the requirements for traditional control surfaces 
and increasing the system’s ability to adapt to critical one-engine inoperative scenarios. A 
concept with more than 4 electrically driven propellers is considered as distributed electric 
propulsion in this study. 

 

Aerodynamic concepts 

Laminar flow wing 

Airflow over the aircraft wing typically transitions from a smooth/laminar state near the leading 
edge to a turbulent state towards the trailing edge. This occurs due to frictional interactions 
between the air and the wing’s surface. The goal of a laminar flow wing is to achieve uniform 
laminar flow across the entire wing surface. This results in reduced aerodynamic drag and fuel 
consumption. One possible way is utilising forward-swept wings so that the aircraft can benefit 
from delayed cross-instabilities and attachment line transition, allowing natural laminar flow to 
be maintained at higher cruise speeds and therefore leading to increased cruise efficiency. 
Furthermore, reduced surface roughness, optimised wing and airfoil shape design can 
contribute to maintaining natural laminar flow longer.  
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Riblets 

A riblet is a passive drag reduction device consisting of streamwise grooved surfaces. The 
small triangular-shaped protrusions or grooves are aligned in the direction of the airflow. 
Riblets reduce friction drag in the turbulent part of the airflow, as they modify the turbulence 
structures of the boundary layer, making it more stable and less prone to separation.  

(Hybrid) laminar flow control  

Laminar flow control refers to the use of active systems to control and manipulate the boundary 
layer on an aircraft’s surface. The goal of laminar flow control is to delay the transition from 
laminar to turbulent flow and thus reducing drag and increasing aircraft efficiency. Options for 
laminar flow control are cooling the surface wall or using suction slots. Laminar flow control 
can be used in combination with natural laminar flow technology, which is known as hybrid 
laminar flow control.  

High Aspect Ratio Wing 

High aspect ratio wings are long and slender wings. This wing shape generates less vortex-
induced downwash, leading to less induced drag and therefore better fuel efficiency. Advances 
in material science make it possible to design and build high aspect ratio wings that are both 
strong and lightweight. 

Winglets/wing tips 

Wingtips are aerodynamic devices at the end of an aircraft’s wing. Folding/morphing wing tips, 
advanced wing tip devices and multi-winglet system are considered. 

Other aerodynamic technologies 

Other aerodynamic technologies identified in Deliverable D3.1 did not occur often on the 
aircraft concepts. An explanation is that the aircraft concepts are more high level, and these 
technologies would follow in the detailed aircraft design phase. These technologies are: 
Aeroelastic tailoring, Adaptive compliant trailing edge, variable camber wing, flaplets, 
hingeless/morphing flap. 

 

Structural concepts 

Composite materials 

Composites, such as carbon fibre reinforced polymers, are lightweight materials used to 
reduce weight and increase stiffness and strength, depending on the design. 

Dry wing 

A dry wing is a wing design that does not store fuel in the wing itself, leaving space for other 
structural components or systems or allowing for a sleeker wing design. 

Other structural technologies 
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Other structural technologies identified in Deliverable D3.1 did not occur often on the aircraft 
concepts. An explanation is that the aircraft concepts are more high level, and these 
technologies would follow in the detailed aircraft design phase. These technologies are: Low 
weight landing gear system, multi-functional cryogenic/high temperature, morphing materials, 
anticontamination surface coating, light weight aerogel structures, transparent panels, 
windowless design 

 



 

-68- 

 

The project is supported by the Clean Aviation Joint Undertaking and its 
members. 

Funded by the European Union, under Grant Agreement No 101140632. 
Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or Clean Aviation Joint 
Undertaking. Neither the European Union nor Clean Aviation JU can be held 
responsible for them. 

 

  

D3.2 – Advanced Aircraft Concepts and Research Infrastructures 
 Version 1.0   

APPENDIX B: OVERVIEW OF INVESTIGATED AIRCRAFT CONCEPTS 

Table 2: Overview of investigated aircraft concepts in Chapter 2 

Concept Developed by Study context Related research projects Year 

TW98 - DD NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

OWN98 - DD NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

TW160 - GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

OWN160 - GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

TW216 - GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

HWB216 - GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

TW301-DD NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

TW301-GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

HWB301-DD NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

HWB301-GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

MFN301 - GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

TW400 - GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

HWB400 - GTF NASA research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2016 

LH Box Wing Lockheed Martin research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2011 

NG T+W 2025 Northrop Grumman, Rolls-
Royce, Wyle Laboratories, 
Iowa State Univ. 

research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2011 

NG - Flying Wing Northrop Grumman, Rolls-
Royce, Wyle Laboratories, 
Iowa State Univ. 

research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2011 

Ascent 1000 DZYNE research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2018 

BWB-165 DZYNE research project ERA Environmentally 
Responsible Aviation (NASA 
N+2) 

2018 

SUGAR Refined Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 2011 
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SUGAR High Phase I Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 2011 

SUGAR Ray Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 2011 

SUGAR Volt Phase I Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 2011 

SUGAR Super Refined Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 2015 

SUGAR Volt Ph. II 
"Balanced" 

Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 hybrid electric 2015 

SUGAR Volt Ph. II 
"Core shutdown" 

Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 hybrid electric 2015 

SUGAR Electric Eel Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 hybrid electric 2015 

SUGAR Sting Ray Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 hybrid electric 2015 

SUGAR High Phase III Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+3 2020 

N3-X NASA research project NASA N+3 2015 

SELECT Northrop Grumman, Rolls-
Royce, Sensis, Tufts Univ., 
Spirit Aerosystems 

research project NASA N+3 2010 

H3.2 MIT, Aurora, Pratt&Whitney research project NASA N+3 2010 

D8.1 Al MIT, Aurora, Pratt&Whitney research project NASA N+3 2010 

D8.5 Comp MIT, Aurora, Pratt&Whitney research project NASA N+3 2010 

SD8.1 Al MIT, Aurora, Pratt&Whitney research project NASA N+3 2010 

SD8.5 Comp MIT, Aurora, Pratt&Whitney research project NASA N+3 2010 

D8.6 MIT, Aurora, Pratt&Whitney research project NASA N+3 2010 

D8 Aurora-2016 Aurora research project NASA N+3 2017 

D8 Aurora-2035 Aurora research project NASA N+3 2017 

GE/Cessna GE, Cessna, Georgia institude 
of technology 

research project NASA N+3 2010 

TBW-XN NASA, NIA, Virginia Tech, 
Georgia Tech 

research project NASA N+3 2010 

N+4 Refined SUGAR Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+4 2015 

N+4 SUGAR High Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+4 2015 

SUGAR Freeze Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+4 2015 

SUGAR Freeze UDF Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+4 2015 

SUGAR Freeze hybrid 
BLI 

Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+4 2015 
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SUGAR Freeze hybrid 
UDF 

Boeing, General Electric, 
Georgia Institute of 
Technology 

research project NASA N+4 2015 

AHEAD - LH2 TU Delft, DLR research project AHEAD 2016 

AHEAD - LNG TU Delft, DLR research project AHEAD 2016 

iE Bauhaus Luftfahrt, Aristotle 
Univ. of Thessaloniki 

research project ULTIMATE 2017 

IC Bauhaus Luftfahrt, Aristotle 
Univ. of Thessaloniki 

research project ULTIMATE 2017 

PFC Bauhaus Luftfahrt, CIAM, 
ONERA, Airbus 

research project DisPURSAL 2015 

Hybrid PFC Bauhaus Luftfahrt, CIAM, 
ONERA, Airbus 

research project DisPURSAL 2016 

DMFC Bauhaus Luftfahrt, CIAM, 
ONERA, Airbus 

research project DisPURSAL 2017 

Hybrid DMFC Bauhaus Luftfahrt, CIAM, 
ONERA, Airbus 

research project DisPURSAL 2018 

PFC Bauhaus Luftfahrt, Airbus, 
Chalmers, MTU, Rolls-Royce, 
Siemens, TU Delft, Univ. 
Cambridge, ARTTIC, 
Politechnika Warszawa 

research project CENTRELINE 2020 

PRP-186 Univ. of Pisa, TU Delft, 
ONERA, DLR, ENSAM, 
SkyBox Engineering 

research project PARSIFAL 2020 

PrP-240 Univ. of Pisa, TU Delft, 
ONERA, DLR, ENSAM, 
SkyBox Engineering 

research project PARSIFAL 2020 

PrP-MS1.2 (PrP-300) Univ. of Pisa, TU Delft, 
ONERA, DLR, ENSAM, 
SkyBox Engineering 

research project PARSIFAL 2020 

PrP-MSx Univ. of Pisa, TU Delft, 
ONERA, DLR, ENSAM, 
SkyBox Engineering 

research project PARSIFAL 2020 

REG-CON Bauhaus Luftfahrt research project IMOTHEP 2023 

REG-RAD DLR research project IMOTHEP 2022 

SMR-0HEP NLR research project IMOTHEP 2024 

SMR-RAD NLR research project IMOTHEP 2024 

SMR-CON (DRAGON) ONERA research project IMOTHEP 2024 

2050 T&W Jet A-1 SMR Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

2050 T&W Biofuel SMR Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

2050 T&W LNG SMR Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

Lower Risk LH2 SMR Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 

research project ENABLEH2 2023 
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SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

Cobalt Blue 2 Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

2050 T&W Jet A-1 LR Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

2050 T&W Biofuel LR Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

2050 T&W LNG LR Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

Lower Risk LH2 LR Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

BWB LNG Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

EH2 BWB (Synergy 
LH2 LR) 

Cranfield Univ., Chalmers 
Univ., London South Bank 
Univ., GKN Aerospace, 
SAFRAN, Energy and 
Hydrogen Alliance, Heathrow 
Airport, ARTTIC 

research project ENABLEH2 2023 

FUTPRINT50 CO2 
neutr. config. 

Univ. Stuttgart, Cranfield 
Univ., Airholding, TU Delft, 
ADSE, CEA, EASN, Univ. 
Telematica Unicusano, 
Embraer 

research project FUTPRINT50 (H2020) 2023 

FUTPRINT50 zero em. 
config. 

Univ. Stuttgart, Cranfield 
Univ., Airholding, TU Delft, 
ADSE, CEA, EASN, Univ. 
Telematica Unicusano, 
Embraer 

research project FUTPRINT50 (H2020) 2023 

PHA2-TipProp DLR research project Large Passenger Aircraft (LPA) 2017 

LPA with distr. ducted 
el. fans 

ONERA, ISAE SUPAERO research project Large Passenger Aircraft (LPA) 2018 

BTF - DLR DLR research project ADEC, Large Passenger Aircraft 
(LPA) 

2020 

BLI-Canard DLR research project ADEC, Large Passenger Aircraft 
(LPA) 

2020 

BLI-WingFans DLR research project ADEC, Large Passenger Aircraft 
(LPA) 

2020 
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BLI-ETF DLR research project ADEC, Large Passenger Aircraft 
(LPA) 

2020 

ADEC DRAGON ONERA research project ADEC, Large Passenger Aircraft 
(LPA) 

2020 

NOVAIR LE DEP TU Delft research project NOVAIR, Large Passenger 
Aircraft (LPA) 

2020 

NOVAIR Tip mounted TU Delft research project NOVAIR, Large Passenger 
Aircraft (LPA) 

2020 

NOVAIR BLI Fan TU Delft research project NOVAIR, Large Passenger 
Aircraft (LPA) 

2020 

NOVAIR BTF - NLR NLR research project NOVAIR, Large Passenger 
Aircraft (LPA) 

2020 

SMILE BWB ONERA research project NACOR, baseline for IMOTHEP 2022 

C7A Pipistrel, Politecnico di Milano, 
TU Delft 

research project UNIFIER19 2021 

TRANSCEND Regional NLR research project TRANSCEND 2022 

TRANSCEND SMR 
single 

NLR research project TRANSCEND 2022 

TRANSCEND SMR 
twin 

NLR research project TRANSCEND 2022 

GLOWOPT ATR100 
optimised 

TUHH, TU Delft  research project GLOWOPT 2022 

GLOWOPT truss-
braced 

TUHH, TU Delft  research project GLOWOPT 2022 

GLOWOPT turboprop TUHH, TU Delft  research project GLOWOPT 2022 

GLOWOPT red. design 
range 

TUHH, TU Delft  research project GLOWOPT 2022 

GLOWOPT - single-
aisle 

TU Delft research project GLOWOPT 2022 

Cantilever concept ONERA, TU Delft, Univ. 
Stuttgart 

research project UP Wing 2024 

Strut-braced dry wing ONERA, TU Delft, Univ. 
Stuttgart 

research project UP Wing 2024 

Flying V TU Delft research project Flying V 2014 

TuLam DLR research project TuLam 2019 

CoCoRe DLR, Bauhaus Luftfahrt research project CoCoRe 2020 

SynergIE DLR, Airbus, Rolls-Royce, 
Bauhaus Luftfahrt 

research project SynergIE 2021 

KuuL UHBR long DLR research project KuuL 2023 

D325+ Kerosene DLR research project KuuL 2024 

D325+ SAF DLR research project KuuL 2024 

D325+ LH2 DLR research project KuuL 2024 

DLR-F25 DLR research project LuFo VI-2 VirEnfREI 2024 

EXACT MHEP DLR research project EXACT 2022 

EXACT Plug-In 
Concept 

DLR research project EXACT 2024 

EXACT Turboprop DLR research project EXACT 2024 

EXACT Turbofan DLR research project EXACT 2024 

ALBATROS ONERA research project ALBATROS 2012 

NOVA ONERA research project NOVA 2015 

CICAV ONERA research project CICAV 2019 

Gullhyver ONERA research project Gullhyver 2023 



 

-73- 

 

The project is supported by the Clean Aviation Joint Undertaking and its 
members. 

Funded by the European Union, under Grant Agreement No 101140632. 
Views and opinions expressed are however those of the author(s) only and 
do not necessarily reflect those of the European Union or Clean Aviation Joint 
Undertaking. Neither the European Union nor Clean Aviation JU can be held 
responsible for them. 

 

  

D3.2 – Advanced Aircraft Concepts and Research Infrastructures 
 Version 1.0   

FZR-1E FlyZero/ATI research project FlyZero 2022 

FZN-1E Flyzero/ATI research project FlyZero 2022 

FZN-1G Flyzero/ATI research project FlyZero 2022 

Wake Adaptive 
Thruster (WAT) 
concept / ECLAIR 
(Electrification 
Challenge for Aircraft) 

JAXA research project MEGAWATT / ECLAIR 
 

TRA 2022 JAXA research project ECAT (Environment Conscious 
Aircraft Technology R&D 
Program 

2012 

Hydrogen e-Hybrid JAXA research project 
  

Hydrogen BWB JAXA research project 
  

STARC-ABL NASA research project NASA Advanced Air Transport 
Technology (AATT) project 

2016 

PEGASUS NASA research project NASA Advanced Air Transport 
Technology (AATT) project 

2017 

PEGASUS 1.0 NASA research project NASA Advanced Air Transport 
Technology (AATT) project 

2019 

PEGASUS 2.0 NASA research project NASA Advanced Air Transport 
Technology (AATT) project 

2024 

Fuel-battery hybr. 
narrow-body 

Safran, MTU Aero Engines, 
Bauhaus Luftfahrt 

other paper / 
parametric study 

 
2014 

S1 TU Delft other paper / 
parametric study 

 
2016 

S2 TU Delft other paper / 
parametric study 

 
2016 

hybrid-elec. reg. TP 
aircraft 

TU Delft other paper / 
parametric study 

 
2017 

BHL Quad-Fan Bauhaus Luftfahrt (Pornet, 
Iskiveren) 

other paper / 
parametric study 

 
2015 

PGT070 2GT+1M Safran, Bauhaus Luftfahrt, 
Munich Aerospace 

other paper / 
parametric study 

 
2016 

PGT180 2GT+1M Safran, Bauhaus Luftfahrt, 
Munich Aerospace 

other paper / 
parametric study 

  2016 

ZEROe turboprop Airbus commerical 
 

2020 

ZEROe Turbofan Airbus commerical 
 

2020 

ZEROe BWB Airbus commerical 
 

2020 

ZEROe "Pod" config. Airbus commerical 
 

2020 

Bird of prey Airbus commerical 
 

2019 

E-Thrust / DEAP Airbus, Rolls-Royce, Cranfield 
Univ. 

commerical 
 

2012 

E19-HE Embraer commerical Energia concepts 2023 

E30-HE Embraer commerical Energia concepts 2023 

E50-HE Embraer commerical Energia concepts 2023 

E19-H2FC Embraer commerical Energia concepts 2023 

E30-H2FC Embraer commerical Energia concepts 2023 

E50-H2FC Embraer commerical Energia concepts 2023 

E50-H2GT/DF Embraer commerical Energia concepts 2023 

EVO Concept ATR commerical 
 

2022 

ATL-100H magniX, Desaer commerical 
 

2020 
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ES-30 Heart Aerospace commerical 
 

2019 

Miniliner Pipistrel commerical 
 

2021 

HERA EAG (electric aviation group), 
Jet Zero consortium 

commerical 
 

2017 

H2ERA EAG (electric aviation group), 
Jet Zero consortium 

commerical H2ERA program 2020 

NextGen GKN Fokker commerical 
 

2023 

hydrogen DHC-8-400 ZeroAvia, De Havilland 
Canada 

commerical 
 

2021 

Aura Aero ERA Aura Aero commerical 
 

2021 

Eco Otter Ampaire commerical 
 

2021 

UH Regional retrofit Universal Hydrogen commerical 
 

bankr
upt 

Maeve M80 Maeve Aerospace commerical 
 

2024 

ECO-150-300 ESAero (Empirical Systems 
Aerospace), NASA 

commerical 
 

2019 

BEHA MH1 Faradair Aerospace commerical 
 

2014 

DAX-19 Dante AeroNautical commerical 
 

2021 
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APPENDIX C: ENVIRONMENTAL PERFORMANCE HEAT MAP ANALYSIS 

Kerosene fuel burn 

 

Figure 16: Heat map technology features effect on kerosene fuel burn consumption compared to 
state-of-the-art reference aircraft 
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Figure 17: Heat map technology features effect on kerosene fuel burn consumption compared to 
future reference aircraft 

 

 

 

 

 

 

 

 

 

 

CO2 reduction 
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Figure 18: Heat map technology features effect on CO2 emissions compared to traditional reference 
aircraft 
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Figure 19: Heat map technology features effect on CO2 emissions compared to state-of-the-art 
reference aircraft 
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Figure 20: Heat map technology features effect on CO2 emissions compared to future reference 
aircraft 
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NOX reduction 

 

Figure 21: Heat map technology features effect on NOX  emissions compared to traditional reference 
aircraft 
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Figure 22: Heat map technology features effect on NOX emissions compared to state-of-the-art 
reference aircraft 
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Figure 23: Heat map technology features effect on NOX emissions compared to future reference 
aircraft 
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APPENDIX D: R&I PROJECTS AND RELEVANT TECHNOLOGIES 

Table 3: List of identified R&I projects and relevant technologies 
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APPENDIX E: SCIENTIFIC APPLICATION AREAS & THEME TYPES 

Table 4: Scientific application areas and attributed theme type 
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Table 5: Connection scientific application areas vs themes of roadmaps 
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Table 6: Technologies, concepts and scientific areas vs CLAIM main topics 
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Table 7: List of acronyms 
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APPENDIX F: RELEVANT TEST AIRCRAFT AND DEMONSTRATORS 

Table 8: List of test aircraft, demonstrators and infrastructures 
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APPENDIX G: REFERENCES FOR OVERVIEW OF R&I PROJECTS AND 

RELEVANT TECHNOLOGIES 

Table 9: References for Appendices D-F 
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