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Abstract 
Advancements in aircraft technologies such as new propulsion systems, new materials, aerodynamic 
improvements and better avionic systems are pivotal for fostering a more efficient and sustainable aviation 
system. This paper proposes a systematic approach with the potential to increase the effectiveness of 
technology roadmapping, scouting and impact assessment. A technology taxonomy with special focus towards 
environmental impact assessment also including non-CO2 climate effects of aircraft technologies is proposed. 
Initially, a database containing aircraft technologies and their vehicle-level impacts is compiled. Subsequently, 
an aircraft design tool is used to incorporate information from the technology scouting and assess their 
environmental impact for different reference aircraft across all market segments of commercial aviation. The 
insights gained from this mission-level investigation framework result in technology trends, outlining the fuel 
savings for future technologies. The trends further highlight technology combination/portfolio effects for 
narrow- and wide body aircraft. To give researchers, decision makers and other stakeholders an overview of 
the impacts of upcoming aircraft technology trends, the results are presented in a roadmap. Furthermore, this 
review and taxonomy will contribute in laying the groundwork towards holistic environmental impact 
assessments of aircraft technologies, which need to include specific engine and atmospheric data for 
investigating aviation’s non-CO2 emissions and effects in the future. 
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1. INTRODUCTION 
Anthropogenic climate change poses one of the biggest 
threats to life as currently known on earth, as climate 
change effects can already be observed around the world 
including extreme weather events, rising sea levels and the 
endangerment of living species. It simultaneously offers 
one of the biggest tasks to humanity in adjusting their 
activities to slow and potentially stop the climate from 
warming. Aviation attributes to approximately 5% of the 
anthropogenic climate change due to the emission of 
gaseous species such as carbon dioxide (CO2), water 
vapor from incomplete combustion and particulates such as 
soot. The species (CO2 and non-CO2) are emitted into the 
atmosphere and alter a wide range of atmospheric 
processes including the formation of contrail-cirrus, ozone 
and the depletion of methane. [1]  
Lee et al. [2] describes that the radiative forcing from 
aviation is around three times larger than that from CO2 
alone, highlighting especially the importance of non-CO2 
NOx emissions, aircraft induced cloudiness and aerosol 
emissions. Aviation’s contributions to climate change are 
expected to increase as air transport is expected to 
continue to grow in the coming decades. In its Global 
Market Forecast, Airbus predicts continued annual growth 
of 3.6% in revenue passenger kilometers in the next two 
decades [3].    
 
The fuel efficiency of jet aircraft has been increasing ever 
since the beginning of jet aviation in the late 1950s / early 
1960s, due to improvements of several factors, such as 
airframe aerodynamics, weight reductions, larger 

component efficiencies and more efficient engines. Leading 
to an average reduction in fuel consumption per passenger-
km at global fleet level of 1.3% per year over the years 
1960-2014. This trend is expected to continue at a similar 
rate until 2037 without the employment of additional 
measures [1]. 
 
The Paris Agreement, as a creation of nationally 
determined contributions in 2015, set the goal to limit global 
warming to below 2°C above pre-industrial levels and to 
pursue efforts limiting warming further to 1.5°C. According 
to the Sixth Assessment Report of the IPCC the current 
nationally determined contributions will fail to meet the 
greenhouse gas emission reductions that would be required 
to limit global warming to 2°C [4]. Additionally, the Paris 
Agreement does not include the aviation industry due to its 
international nature, however some member states have 
placed restrictions and requirements on domestic aviation. 
In Europe the European Green Deal [5] and the Clean 
Aviation Joint Undertaking [6] thrive towards the EU’s 
ambition of climate neutrality by 2050. Clean Aviation’s 
goals include reducing greenhouse gas emissions emitted 
from air vehicles by 30% compared to 2020 state of the art, 
replacing 75% of the world’s civil aviation fleet by 2050. This 
will support the goal of the EU Green Deal to reduce CO2 
emissions of the transport sector up to 90% until 2050.  
 
Therefore, the aviation industry faces the challenge to 
decouple its emissions and climate impacts from its 
expected growth to satisfy society’s mobility needs while 
meeting international goals towards climate neutral 
aviation. Ongoing research and innovation activities are 
focusing on breakthrough technology initiatives, including 
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f) Concept: A combination of technologies and possible 
architectures, usually combined to reach a certain 
(performance or emission) goal. 
g) Air Traffic Management (ATM) 
h) (Aero-) Acoustics 

3) Short Description 

4) Entry into Service (EIS) conservative and progressive 

5) Lifetime (time from production to out of service) 

6) Interdependencies (with other Technologies / 
Architectures / Concepts) 

7) Technology Readiness Level (TRL):  
The TRL can vary from 0 where technology research 
has not yet started to 9 where the technology is 
available and in service. 

8) Market Segment:  
Possible and usual market segments in civil aviation 
can be: Short and Medium Range Aircraft (SMR), Long 
Range Aircraft (LR), Ultra Long-Range Aircraft (LR+), 
Supersonic aircraft, Unmanned Air Vehicle (UAV), 
(Sub-)Regional Jets, Business Jets. 

9) Literature Reference 

10) Technology Reference:  
The technology references determine against which 
(already existing) technology/architecture/concept the 
new technology is being measured or compared with.  

11) Estimated Market Penetration  

12) Considered Benefits:  
Possible climatological, environmental, social and 
economic benefits expressed in physical units can be:  
a) Fuel burn or flow reductions and direct CO2 emission 
reductions due to reduced drag, weight or improved lift 
characteristics, or increased efficiencies  
b) Non-CO2 emission reductions due to reduced fuel 
burn, or due to reductions in NOX, particulate matter, 
water vapor emissions or reduced contrail formation. If 
given or used: Climate metrics for CO2 equivalent 
estimations. 
c) Noise reductions 
d) Air quality, health and safety improvements 
e) Connectivity, accessibility and effectiveness 
improvements 
f) (Seat-) Capacity improvements 
g) Propulsion improvements possible due to more fuel 
compatibilities, potential for new energy sources  

13) Uncertainties of considered Benefits: Quantification of 
the uncertainties of the possible considered benefits 
mentioned above.  

14) Scope of considered Benefits:  
The scope of considered benefits in terms of Life Cycle 
Analysis (LCA): Tank to wake, well to wake. 

15) Development of considered Benefits: 
Evaluation of the benefit development during the scope 

and technology lifetime. Possibly dependencies of the 
considered benefits on local or temporal 
circumstances. 

16) Location of Emission:  
Estimation of flight phases or location (longitude, 
latitude, altitude) of the emissions or where the benefit 
effects can be expected. 

In total a number of 117 technologies / architectures / 
concepts have been collected in the technology database. 
The technologies are grouped into 18 aerodynamic, 36 
propulsion, 30 systems, 13 structural, 6 architectures, 7 
concepts and 8 ATM and 6 aero-acoustics technologies 
(some technologies are applicable in more than one 
category, leading to a sum larger than 117). 

All the technologies are collected and categorized in the 
technology explorer as described above. The technology 
explorer offers the option then to sort, filter and roadmap 
the technologies using interactive features for the user. 
Figure 3 gives an example how a technology can be 
explored in the database in a detailed view and how the 
roadmapping view is being visualized.  

 

 
Figure 3: Technology Explorer Detailed View Layout (top) 

and Roadmapping View (bottom) 
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Table 1: Technology Roadmap Trends  

Throughout the technology collection and the collected 
roadmaps following technologies have frequently been 
mentioned: 

Ultra-high bypass ratio engine, composite structures (wings 
& fuselage), riblets & shark skin paint, active load 
alleviation, laminar flow control (natural & hybrid), open 
rotor propulsion, (hybrid-) electric propulsion (including 
required systems and enablers), hydrogen combustion 
propulsion (including required systems and enablers), fuel 
cell propulsion (including required systems and enablers), 
blended wing body (and hybrid wing body), strut/truss-
braced wing, emission & environmental management 
instrumentation and systems, water vapor release controls, 
distributed propulsion, high aspect ratio wing (highly flexible 
wing, increased span), dry wing , advanced turboprop 
engine, advanced wing tip devices & advanced winglets & 
morphing flaps, more electric aircraft (including required 
systems and enablers), advanced systems & ATM. 

4. TECHNOLOGY ROADMAP COMPARISON 

The collected technology sources can generally be grouped 
into two different types: Emission Scenario models [8, 7, 10, 
11, 13, 14, 15, 16, 17, 18, 19, 22]. And Technology 
Roadmaps [14, 21, 23].  

Additionally following 16 trends across roadmaps have 
been identified and are illustrated in Table 1: 

1) Goal to explore pathways or show scenarios for 
aviation towards net-zero emissions or meeting Paris 
Agreement [7, 10, 11, 13, 14, 15, 16, 17, 18, 19, 20, 
22] 

2) Goal to make a Technology Roadmap for net-zero 
aviation [21, 23] 

3) Goal to drive research towards net zero [9, 12] 

 

4) SAF employment named as one of the largest 
potentials for climate effect mitigation [7, 10, 16, 20, 21] 

5) In aviation sector net-zero is usually not achieved by 
2050 [15, 16, 22] 

6) Carbon offsetting is usually needed to reach net zero 
by 2050 [10, 13, 17, 18, 19, 20] 

7) Fulfilling 2°C goal is still possible (CO2 emissions only 
[15], Equivalents also [22]) 

8) Stressing demand management importance [15, 17] 

9) Stressing costs of alternative fuels & importance of 
energy demand management [14, 16, 17, 18] 

10) Technological improvements yearly modelled with 
values between 0.2% and 2.2% [7, 8, 10, 15, 16, 18] 

11) Scenario model for CO2 emissions only [7, 8, 10, 11, 
13, 14, 15, 16, 17, 18] 

12) Scenario model for CO2 equivalent emissions [19, 22] 
([20] CO2 and H2O emissions) 

13) Larger sections on cost effectiveness and policy 
alignment [17, 18, 22] 

14) Larger technology and their alignment sections [8, 9, 
12, 14, 21, 23] 

15) “Act now” or “accelerate” developments for multiple 
mitigation measures [7, 9, 11, 12, 14, 15, 17, 19] 

16) Time Horizon 2050 [7-23] 

USA [7] x   x       x     x 
NLR 2021 [8]           x   x  x 

Clean Sky 2 [9]   x           x  x 
ATAG [10] x   x  x     x     x 
DLR [11] x          x     x 

Clean Aviation [12]   x           x  x 
EASA [13] x     x     x     x 

ATI 2022 [14] x        x  x   x  x 
ICCT [15] x    x  x x  x x     x 
ICAO [16] x   x x    x x x     x 
EU TE [17] x     x  x x  x  x   x 
MPP [18] x     x   x x x  x   x 

Roland Berger [19] x     x      x    x 
NLR 202022 [20] x   x  x      x    x 

IATA [21]  x  x          x  x 
HC UK [22] x    x  x     x x   x 

ATI 2024 [23]  x            x  x 
Trend no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
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5.1. Technology Trendline 

The assessment framework needs a technology 
introduction scenario to model technological progresses. In 
the DLR project DEPA 2070 two different scenarios where 
conducted. A conservative Scenario in which the 
technological progress is low and a progressive Scenario 
which considers a more advanced technological 
development. For both of these Scenarios different 
Technology Portfolios where selected and applied to the 
reference vehicle. This technology selection bases on a 
simple methodology which uses a compatibility matrix of the 
most promising future aircraft technologies. Figure 7 shows 
the technology portfolios for the conservative and 
progressive scenario.  

 

 

3 different concept aircraft with different technology 
portfolios were derived from the technology explorer. These 
concepts include technology portfolios based on the 
regarded EIS of the single technologies in the both 
scenarios. The entry into service of the concept aircraft and 
the regarded technology portfolios is listed in Table 2.  

Table 2: Entry into Service (EIS) Concepts 
Aircraft EIS cons. EIS prog. 
Reference 2018 2018 
Engine Retro-Fit 2035 - 
N+1 Concept 2050 2035 
N+2 Concept - 2050 

 
As described in chapter 5 the aircraft design process 
conducts the comparison of the design mission of the new 
concept aircraft with the reference aircraft, which includes 
state-of-the-art technologies. This leads to a technology 
trendline by regarding the fuel or emission reduction for the 
referred EIS of the concept vehicle. In the project DEPA 
2070 concept aircraft for the timestamps 2035 and 2050 
were modeled, which are then represented in the 
trendlines. In this paper 2 different use cases are presented 
for the narrow body and wide body segment. As the narrow 
body and the wide body aircraft lead to the major share of 
today’s emissions in the aviation sector. Therefore, they are 
considered relevant use cases to apply the technology 
assessment on a mission level. Due to the rather small 
shares of regional aircraft flights, the comparison of the 
regional aircraft is not considered in this paper, but can be 

considered in further studies and is implemented in the 
project DEPA 2070.  
5.1.1. Narrow Body Aircraft 

The reference aircraft for the narrow body use case is the 
D239 model which is a representative model for the Airbus 
A321neo based on public available data. Figure 8 shows 
the geometry of the model derived from the TiGL-Viewer. In 
the Table 3 the top-level aircraft requirements for the 
narrow body use case are listed. These values are constant 
in the technology comparison in order to compare different 
technology impacts to conduct the trendline on mission 
level.    

         
Figure 8: Isometric view of the D239 Model  

Table 3: Top Level Aircraft Requirements Narrow Body 
Use Case 

Parameter Unit  Value 
Number of Passenger  [-] 239 
Design Range [km] 4630 
Design Payload [kg] 25000 
Mach Cruise [-] 0.78 
Cruise Altitude [m] 9447 

 
For the technology integration process OpenAD is utilized 
by changing several technology factors based on the 
technology portfolio. The D239 model offers to manipulate 
technology factors for the engine, structure and 
aerodynamic behaviors of the aircraft. In Table 4 all the 
factors adjusted in the framework are listed including the 
values for the reference aircraft. These values are adjusted 
based on the technology portfolio. The different impacts 
from the portfolios are also listed in Table 4. This 
technological impact on the vehicle are based on the results 
of the extensive literature study as described in chapter 3.  

Table 4: Technology Factors applied D239 
Parameter Unit Value Eng. 

RetroFit 
N+1 N+2 

Eff. Gas 
Turbine 

[-] 0.5099 +4,25% +4,25% +15% 

Bypass 
Ratio 

[-] 12.05 16 16 16 

Engine 
Mass 

[kg] 8955.2 +18% +18% +18% 

Fuselage 
Mass 

[kg] 10877 - -5% -10% 

Wing Mass [kg] 10121 - -10% -15% 
VTP Mass [kg] 502.31 - -3% -10% 
HTP Mass [kg] 775.87 - -3% -10% 
Cabin Mass [kg] 3667.6 - - -15% 
System 
Mass 

[kg] 5643 - - -2% 

Wing span [m] 35.8 - +17% +17% 
Lift to Drag 
Ratio 
Cruise 

[-] 18.366 - +5% +8% 

 

Figure 7: Technology Portfolios for Conservative and 
Progressive Scenario 
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By applying these factors to all the concepts the results of 
the mission calculation provides the fuel burn for the design 
mission. Investigating the fuel burn of all concepts following 
trendlines are derived as results. In Figure 9 the trendlines 
for the narrow body aircraft segment is shown. In the 
conservative scenario there is a reduction in mission fuel 
burn of 17,1% until 2050 by applying the DEPA 2070 
technology portfolio. In the progressive scenario including 
the more advanced N+2 concept a reduction in fuel burn of 
21,8% is possible due to the openAD calculations. These 
reductions in fuel burn are based on the impact from the 
new aricraft technologies not including alternative fuels, 
ATM or air transport system (ATS) technologies.  

 

 
 

5.1.2. Wide Body Aircraft 

The reference model for the wide body aircraft assessment 
is the D366 which is a representative digital model for the 
Airbus A350-1000. Figure 10 shows the geometry of the 
model derived from the TiGL-Viewer. In Table 5 the top-
level aircraft requirements for the wide body aircraft are 
collected. Similarly, to the narrow body study, these values 
are constant for the whole technology assessment.  

       
Table 5: Top Level Aircraft Requirements Wide Body Use 

Case 
Parameter Unit  Value 
Number of Passenger  [-] 366 
Design Range [km] 15446 
Design Payload [kg] 34770 
Mach Cruise [-] 0.85 
Cruise Altitude  [m] 10058 

 
To compare the mission level results also for the wide body 
segment, the same methodology is applied as for the 
narrow body aircraft assessment. The top-level aircraft 

requirements based on the reference vehicle are kept 
constant in the aircraft design process. For the concepts the 
technology factors are adjusted in OpenAD based on the 
technological impact from the technology portfolio. As for 
the narrow body segment the wide body model D366 is 
used to adjust the factors in CPACS and running OpenAD 
to model 3 different concepts. The technology factors 
adjusted in the D366 model are listed in Table 6. The wing 
span only changes by 12% for the wide body model, 
because of the higher wingspan in general. 12% more wing 
span is needed here to change the aspect ratio similarly to 
the narrow body model where the wing span is changed by 
17%. 

 
Table 6: Technology Factors applied D366 

Parameter Unit Value Eng. 
RetroFit 

N+1 N+2 

Eff. Gas 
Turbine 

[-] 0.53943 +4,25% +4,25% +15% 

Bypass 
Ratio 

[-] 9.01 16 16 16 

Engine 
Mass 

[kg] 19835 +18% +18% +18% 

Fuselage 
Mass 

[kg] 28050 - -5% -10% 

Wing Mass [kg] 33837 - -10% -15% 
VTP Mass [kg] 1383 - -3% -10% 
HTP Mass [kg] 2532.9 - -3% -10% 
Cabin Mass [kg] 10104 - - -15% 
System 
Mass 

[kg] 11798 - - -2% 

Wing span [m] 64.75 - +12% +12% 
Lift to Drag 
Ratio Cruise 

[-] 21.055 - +5% +8% 

 
By applying these facotrs to the CPACS file of the model, 
OpenAD then sizes the new aircraft concepts including the 
refered technology factors. OpenAD then calculates the fuel 
burn for the required design mission and by post processing 
the data from CPACS the technology trendline derived. As 
for the narrow body concepts the trendlines have the 
timesstamp 2035 and 2050 which represent the 
introduction of the concepts with included technology 
portfolios. For the wide body aircraft concepts in the 
conservative scenario the fuel burn for the design mission 
can be reduced until 2050 by 17,2%. For the N+2 concept 
in the progressive scenario for 2050 a fuel burn reduction 
of 25,8% is calculated by this mission level study. The 
trendline is shown in Figure 11.  
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Figure 9: Technology Trendline Narrow Body Aircraft 

Figure 10: Isometric View of the D366 Model  

Figure 11: Technology Trendline Wide Body Aircraft 
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