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Aeronautics research approaches aircraft and air trans-
port as a complete system. DLR takes an open-minded 
approach to the various technologies, evaluating and 
integrating them into this system. It sees itself as an 
architect and integrator in aeronautics research. DLR is work-
ing towards achieving the vision of zero-emission aviation 
together with our international partners from research, (air 
transport) industry and commerce. 

Vision – zero-emission aviation

Research at DLR is paving the way for the air transport 
system of tomorrow and shaping its transformation to 
climate-neutral flight.

Mission – DLR as a virtual manufacturer

DLR is developing highly integrated technologies and 
methods, processes and solutions for climate-neutral avi-
ation, thereby contributing towards the European Green 
Deal. DLR staff are involved in research and development 
in the fields of new aircraft concepts, components and 
alternative propulsion solutions, with a focus on the use 
of Sustainable Aviation Fuel (SAF), including new energy 
carriers (for example, hydrogen) and climate-optimised 
flight routes. In doing so, DLR is taking on the role of a 
virtual aircraft manufacturer (Virtual OEM).

 

Low-emission aircraft engines

Turbo engines with Sustainable Aviation Fuels 
Highly efficient turbofan engines along with regenera-
tively produced kerosene offer the promise of a largely cli-
mate-neutral operation on short- to long-haul flights. This 
technology could be applied to the entire existing fleet 
with only minimal technical modifications to engines and 
infrastructure.

Hydrogen as an energy carrier
Using hydrogen has the potential to cut aviation-related 
local carbon dioxide emissions to zero. However, volume, 
weight, integration and safety all pose particular challenges 
for hydrogen-powered propulsion systems and necessitate 
extensive research into hydrogen tank systems, including 
the system architecture and innovative aircraft concepts, 
which address the impact of fuel volume. In the medium 
term, hydrogen will be particularly suitable for aircraft oper-
ating on regional and short-haul routes. Research into safe 
and reliable hydrogen combustion and the handling of this 
energy carrier is to prepare for commercial applicability in 
aircraft up to demonstration in the next five years.

Electric propulsion systems with hydrogen or bat-
teries as energy carriers
Despite their very high efficiency, batteries and fuel cells will 
only be suitable for use in small and regional aircraft for the 
foreseeable future. High-performance electric motors, batter-
ies and hydrogen-powered fuel cells all require research for 
aviation applications. A medium-term application for com-
mercial aircraft may be decided upon in the next five years.

Energy-efficient aircraft

Energy requirements of future aircraft need to be 
reduced by at least half by 2050.  Lower aircraft energy 
requirements directly reduce the fuel consumption of their 
propulsion systems, decreasing residual emissions and off-
setting the higher costs of future energy carriers. Accom-
plishing this requires technologies capable of reducing 
aerodynamic drag and total weight, together with innova-
tive flight control and sensor systems. To ensure the optimal 
integration of such technologies, they must be taken into 
account in new aircraft configurations from the very start 
of the design phase.

Air transport system

Overall system evaluation
The evaluation of the air transport system encompasses all 
aspects of its operations and their effects. Its findings will be 
used to assess the impacts of each part of the system and 
facilitate a redesign. To this end, a comprehensive assess-
ment and simulation platform for the entire air transport 
system will be set up over the next five years in order to 
further strengthen DLR’s profile as an architect, integrator 
and consultant in this field.

Climate impact and flight paths
Efforts to cut non-carbon-dioxide emissions also have great 
potential for reducing the climate impact of air transport, 
particularly through the judicious routing of long- and medi-
um-haul flights. Demonstrating the commercial feasibility 
and effectiveness of climate-optimised flight routes over 

the next five years will require policy frameworks and the 
introduction of technical innovations. Measures will include 
increasing automation and standardisation in aircraft, air 
traffic management and flight guidance.

Digitalisation

Digitalisation as a catalyst is accelerating progress 
towards climate-neutral air transport. Both digital tools 
and methods, as well as decision-making processes sup-
ported by the use of artificial intelligence, help to explore 
new concepts and technologies for sustainable air trans-
port in larger and more creative design spaces. At the same 
time, the advanced conformity between virtual and physical 
products promotes an accelerated transferability of research 
findings into applications.
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Summary

Air transport emissions per passenger per 100 kilometres have fallen continuously over recent decades. New aircraft concepts, such as 
those being developed as part of DLR’s EXACT (Exploration of Electric Aircraft Concepts and Technologies) and KUUL (climate-friendly, 
ultra-efficient long-haul flights), promise further potential emission cuts. DLR’s vision is zero-emission aviation.

HOW DLR’S AVIATION RESEARCH STRATEGY SUPPORTS THE EUROPEAN GREEN DEAL 2050  |  5  4  |  HOW DLR’S AVIATION RESEARCH STRATEGY SUPPORTS THE EUROPEAN GREEN DEAL 2050



6  |  HOW DLR’S AVIATION RESEARCH STRATEGY SUPPORTS THE EUROPEAN GREEN DEAL 2050

funding and support. The transfer of knowledge to industry 
and the economy is particularly important. The expertise and 
capabilities of the more than 25 DLR institutes and facilities 
that are working on aeronautics and their unique research 
infrastructure give the organisation a broad-based under-
standing of air transport and all of the options for making 
aviation fit for the 21st century. As such, we see ourselves 
as an architect and integrator in aeronautics research.

Through DLR’s new aviation strategy, we are now pur-
suing its vision of zero-emission aviation in line with the 
European Green Deal. To this end, we are conducting 
research and development work across the entire spec-
trum, in conjunction with our industry partners and other 
research institutions in Germany and abroad. This ranges 
from aircraft concepts and components as well as alter-
native propulsion solutions using new energy carriers 
to devising climate-optimised flight routes. This is DLR’s 
contribution to addressing the challenges presented by 
the Green Deal.

Aviation is an integral part of our society and global 
mobility. It contributes to inter-cultural exchange 
and creates economic growth. However, aviation is 
undergoing one of the most radical transformation pro-
cesses in its entire history. The end result should and will 
be climate-friendly air transport, as the consequences of 
climate change require resolute action. In order to achieve 
this goal, the growth of air transport must be decou-
pled from environmental pollution over the next 20 years. 
Our forecasts indicate that air transport could become cli-
mate-neutral by 2050.

We are currently facing two main challenges. Firstly, we 
must continue to improve today’s aircraft, increasing their 
efficiency and reducing their climate impact. Secondly, we 
need to pave the way for a whole new generation of air-
craft. Among other things, this will require new aircraft 
configurations, propulsion systems, lightweight construc-
tion methods and system architectures.

New energy carriers such as Sustainable Aviation Fuel (SAF) 
and, in the longer term, hydrogen will play an important role 
in reducing the climate impact of both carbon dioxide emis-
sions and non-carbon-dioxide effects. Flying climate-friendly 
routes is another promising option, which, however, requires 
establishing the right technological and operational condi-
tions. The entire aircraft lifecycle must also be considered 
more closely in the future, from material formation all the 
way through to development, production, operation, main-
tenance and decommissioning. All of this will be embed-
ded into an overall assessment of the air transport system 
and will enable a comprehensive analysis of the impact of 
all aspects of aviation on the environment in general and 
on the climate in particular. It will then be possible to deter-
mine the necessary innovations and implement them in a 
more targeted manner.

Achieving climate-neutral flight entails a considerable need 
for research and development, which will require ongoing 

Foreword

Prof. Dr.-Ing. Anke Kaysser-Pyzalla,  
Chair of the DLR Executive Board

Dr.-Ing. Markus Fischer,  
Divisional Board Member for Aeronautics
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The effects of anthropogenic climate change are well known, 
and the need to permanently reduce carbon dioxide emis-
sions is beyond question. While global air transport accounts 
for only 2 to 5 percent of anthropogenic climate warming, its 
exponential growth requires immediate action. 

Air traffic is doubling in volume every 15 years. At 
present, every generation of aircraft is only seeing 
an increase in efficiency of approximately 15 percent 
over a comparable period of time. Air transport emis-
sions have numerous undesirable effects and need to be 
reduced urgently – a goal that cannot be achieved by sim-
ply refining today’s aircraft. Revolutionary new technologies 
are also needed to counter the environmental impact of avi-
ation. While steps are being taken to significantly increase 
the eco-efficiency of individual aircraft, a globally sustainable 
supply chain, in all its complexity, including existing produc-
tion processes, materials and aspects of the infrastructure, 
must also be considered. Ground-breaking and immediately 
available solutions for zero-emission aviation do not currently 
exist due to the immense technological challenges they entail, 
particularly with regard to the energy and power density of 
alternative propulsion systems.

The considerable technical and financial risks and the 
safety requirements, which have to be satisfied under 
all operating conditions, make a technology transition 
in aviation a lengthy, cost-intensive process, especially 
due to the extensive certification procedures involved.  
In addition, the aviation sector has been hit hard by the 
COVID-19 pandemic. At the time of writing, it is unclear when 
the industry will see a sustained recovery. The International 
Air Transport Association (IATA) does not expect air traffic to 
return to previous levels until 2024 at the earliest.

One thing is clear: air traffic will grow again over the longer 
term. This makes an important question all the more urgent: 
What is the path to zero-emission aviation in the future?
 
In order to make air transport climate-neutral by 2050, the 
various stakeholders must work closely together in three 
key areas – aviation research, energy research and legisla-
tive matters.

Introduction1. Air transport emissions need to be decoupled from the 
exponential increase in air traffic volume if the world is to 

move towards climate-neutral air transport.
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Figure 1: Despite the brief downturn in air traffic during the COVID-19 pandemic, exponential traffic growth is set to return in the 
medium term. If the world is to move towards climate-neutral air transport, the associated emissions need to be decoupled from the 
exponential increase in air traffic volume.
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Aeronautics research for energy-efficient aviation

Innovative mobility, propulsion and fuel concepts 
call for new and efficient aeronautics architectures.  
These need to be modular and flexible and cater to a much 
broader range of mobility than before. The low energy and 
power density of alternative propulsion systems and the 
significantly more costly Sustainable Aviation Fuel (SAF) 
necessitate a substantial reduction in the energy require-
ments of new aircraft. Achieving this requires unprece-
dented efforts in aeronautics research in order to at least 
double the current efficiency of aircraft, which is what will 
be needed in the future. A thorough assessment of the nec-
essary technologies requires an ability to design and assess 
the overall system across all disciplines. There is substan-
tial need for research in the following key areas of 
focus: low-emission aircraft engines, energy-efficient  

aircraft, reduced-emissions air transport system and 
digitalisation in aviation. The focus is on technology devel-
opment, the integration of technological components into 
the aircraft, and an understanding of how all of these 
aspects affect the aircraft and the air transport system as 
a whole. Flight tests are absolutely vital for the systematic 
development of the technologies and the demonstration 
of their capability to reduce climate impact, while ensuring 
high safety standards.

Research for sustainable energy carriers

The energy transition in aviation will require close coopera-
tion between the energy and aviation sectors. Climate-neu-
tral aviation is dependent on carbon-dioxide-neutral 
energy sources and the sustainable fuels that can be 
produced from them. As such, one of the top priorities 
is ensuring the economic availability of renewable energy 
sources and sustainable aviation fuels.

Legislation for the consistent implementation of a 
sustainable aviation policy

In order to be able to implement sustainable solutions for 
climate-neutral aviation, the foundations for the certifica-
tion of novel propulsion concepts and their integration 
into airframes must be established in close cooperation 
between research, industry and regulatory authorities. As 
sustainable energy carriers and the implementation of cli-
mate-optimised flight routes will in all likelihood also result 
in rising costs, legislators need to take a globally coordinated 
approach. Global regulations are also required to establish 
and implement market-based measures such as emissions 
trading and climate compensation.

The European Green Deal

In December 2019, the European Commission presented a 
new growth strategy for Europe in the form of the European 
Green Deal, which makes climate protection, sustainability 
and ecology the focus of its political agenda. The overar-
ching goal is for the EU to be climate neutral by 2050. 
By then, its net greenhouse gas emissions should be zero, 
economic growth should be decoupled from resource con-
sumption, and there should be a fair and inclusive transi-
tion to a resource-efficient economy. This will also require 
climate-neutral, resource-saving aviation.

The European Green Deal is intended as a roadmap for a 
sustainable economy in the EU. Its action plan addresses the 
most important goals and measures in the fields of energy, 
transport, the environment and climate protection. For this, 
the EU plans to promote innovations for climate-neutral 
products and circular economy solutions. This will foster 
research and development initiatives that reduce the carbon 
footprint of aviation every step of the way across the board. 
The development of sustainable technologies is also 
intended to strengthen European competitiveness.

The European Green Deal addresses a rapid shift to 
sustainable and smart mobility. Achieving climate neu-
trality requires reducing all transport-related emissions by 
90 percent before 2050. All modes of transport are tasked 
with helping to bring this about. Subsidies for fossil fuels 
will be abolished and the European Commission will review 
current tax exemptions, including those for aviation fuels. 
These measures are intended to eliminate the com-
petitive advantages of conventional fuels and allow 
alternative fuels to be introduced as a cost-effective 
option, as they represent the most promising means 
of reducing emissions over the short term and across 
the entire fleet. Alongside such efforts, the EU is planning 
to promote the production and uptake of sustainable avia-
tion fuels through appropriate legislation and other meas-
ures. As part of the EU’s emissions trading system, airlines 
are to be issued with fewer certificates free of charge, as 
a means of further reducing emissions. In the area of air 
traffic management, the Single European Sky (SES) will be 
advanced to optimise the operational efficiency of the air 
transport system and help reduce air transport emissions 
through a higher degree of automation. Automated and 
linked multi-modal mobility and smart traffic management 
systems enabled by digitalisation will also play an increas-
ingly important role.

New technologies, sustainable solutions and ground-break-
ing innovations are crucial to achieving these goals. In 
addition to the large-scale introduction and proof of 
concept of new technologies across all sectors, new 
and innovative value chains must be created. At least 
35 percent of the budget from the EU funding pro-
gramme Horizon Europe is dedicated towards new 
climate protection solutions. The necessary level of 
investment will require the mobilisation of both the public 
and private sectors.

The European Union aims to be climate neutral by 2050. By then, there should be 
net-zero greenhouse gas emissions. Economic growth should be decoupled from 

resource consumption and the transition to a resource-efficient economy should be 
fair and inclusive.

Approximately two thirds of the climate impact of aviation is due to 
non-carbon-dioxide effects such as contrails. In this document, carbon 
dioxide emissions are used as an established metric for comparing alter-

native propulsion systems.

TERMINOLOGY

While it is possible to decouple the growth of air transport from 

its environmental impact, aviation affects the environment in 

a number of ways, so a nuanced approach is necessary. The 

following terms are used in this document:

-  Emissions are understood to mean both the release of cer-

tain, usually harmful, substances and intangible disruptive fac-

tors such as noise. The effects of these emissions are referred 

to as immissions.

-  The vision of zero-emission aviation represents an ideal 

that can only be approached asymptotically. While actual zero 

emissions are unlikely to be achieved, technologies and oper-

ational processes will be geared towards achieving this as far 

as is possible.

-  Environmentally sustainable aviation takes into account 

all possible emissions but does not commit to a figure of abso-

lute zero for the emissions in question.

 

-  Climate-neutral aviation balances the climate impact of all 

carbon dioxide and non-carbon dioxide effects so that avia-

tion no longer makes a net contribution to global warming. 

Noise is not taken into account for these purposes.

-  The concept of carbon-dioxide-neutral aviation considers 

carbon dioxide emissions as a simple, established and measur-

able variable that can be offset by various technical and mar-

ket-based mechanisms. However, research shows that carbon 

dioxide emissions are only responsible for approximately one 

third of the climate impact of air transport.

-  Carbon dioxide equivalent is a measure that enables emis-

sions of different greenhouse gases to be compared on the 

basis of their global warming potential. For that purpose, 

quantities of other gases are converted into the equivalent 

amount of carbon dioxide with the same global warming 

potential.

-  The concept of sustainability is an umbrella term for the 

aforementioned target concepts and also takes societal 

aspects into account.

-  In this context, the system boundaries define the area in 

which the air transport system is considered and separate it 

from its surroundings. Opportunities for action can only be 

harnessed within the system boundaries; the influences of 

the surrounding environment are simply considered periph-

eral conditions.
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Global developments and challenges

Over the course of aviation history, ever-changing require-
ments have influenced developments in the industry. The 
technological foundations for aviation as another mode of 
transport were laid from the era of the earliest pioneers to 
the invention of jet propulsion. These pioneering decades 
were followed by a phase of industrialisation in the 1930s. 
The following decades were shaped by ground-breaking 
technological developments, standardisation and regulation. 
Technologies were gradually transferred to larger aircraft 
and the aeroplane established itself as an attractive mode 
of transport. The third phase, from the 1990s onwards, saw 
exponential growth in aviation. This was associated with a 
massive increase in emissions and sparked initial research into 

the climate impact of aviation. As early as the 1990s, the 
focus was on both carbon dioxide and non-carbon-di-
oxide emissions. The Paris Agreement (2015) and the 
European Green Deal (2019) marked the beginning of 
a fourth phase of transformation. All around the world, 
people recognised the need to drastically reduce aviation 
emissions, and political pressure on industry and research 
was stepped up internationally. German policymakers are 
also highly committed to sustainability. The government’s 
Aviation Strategy, the National Hydrogen Strategy and the 
German Power-to-Liquid Roadmap call for a transforma-
tion in aviation that aims to enable carbon-dioxide-neutral 
air transport.

The significant effects of climate change, the globalisation 
of world trade and the preservation of cutting-edge tech-
nology in Germany and across Europe require a paradigm 

shift from the predominantly cost- and production-rate 
driven increase in performance and efficiency to climate-

neutral, sustainable aviation.

Zero-emission aviation presents huge technologi-
cal challenges, especially in terms of the energy and 
power density of alternative propulsion systems and 
energy carriers, as well as the characterisation of the 

climate impact of different types of emissions.

Figure 2: The history of aviation can be divided into four main phases – the pioneering phase, industrialisation, exponential growth 
and transformation towards zero-emission aviation.
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PIONEERING WORK

• 1891 First piloted flight

         • 1903 First motorised flight

                    • 1915 Junkers J1

                       • 1919 First aircraft crosses the Atlantic

• 1930 Invention of the jet engine

    • 1933 Boeing 247

                • 1944 Chicago Convention

                                                         • 1989 First flight of the Tupolev Tu-155 (H2)

• 1971 ICAO Annex 16

   • 1973 Oil crisis: oil price +400%

• 1997 Kyoto Protocol

   • 1999 IPCC report (non-CO2 effects)

• 2007 Founding of SESAR JU 

 • 2008 First flight with biofuels

   • 2009 DLR Antares

• 2016 Solar Impulse 2

     • 2019 First fully electric test flight 

      of a commercial aircraft  SUCCESS STORIES

RISING DEMANDS

1970 0.310 Bn PAX

1980 0.642 Bn PAX

1990 1.025 Bn PAX 

2000 1.674 Bn PAX

2010 2.628 Bn PAX

2019 4.397 Bn PAX

• 2012 Aviation included in EU ETS 

    • 2015 Paris Agreement

           • 2020 COVID-19 pandemic

                       Biofuels mandate in aviation, Norway

             • 2021 CORSIA implementation

                                  • 2040 All electrically 

       powered Norwegian 

       short-haul flights
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2.
In response to current global trends and the challenge of 
achieving climate-neutral aviation, aeronautics research at 
DLR has set itself the ambitious goal of creating largely emis-
sions-free air transport. Driven by this vision, it is harnessing 
its deep expertise to shape progress towards making air trans-
port as sustainable as possible.

Vision – zero-emission aviation

With its comprehensive, interdisciplinary range of 
expertise, DLR is helping to shape the transformation in 
line with the European Green Deal. However, the imple-
mentation of climate-neutral aviation requires the transfer 
of research findings to the development of new aircraft and 
transport products in order to achieve market diffusion across 
the entire fleet. DLR is playing an active role in shaping this 
transfer by advising and supporting policymakers and industry.

By focusing on a vision of zero-emission aviation, DLR aero-
nautics research is pursuing an extremely ambitious goal. Even 
if entirely emission-free aviation is unlikely to be technically 
feasible, it makes sense to strive for a largely climate-neutral 

air transport system. This applies not only to the individual 
technologies and energy carriers, but also to their entire life-
cycles and combined effect on the whole air transport system. 

Reducing emissions and the climate impact of avia-
tion to almost zero requires major developments in the 
areas of sustainable aviation fuels, new energy carri-
ers and aircraft concepts and components, as well as 
alternative propulsion solutions and their operational 
implementation with climate-optimised flight routes. 
This goal must be coupled with political, legislative and social 
drivers to combine environmental implementation with eco-
nomic feasibility. The energy transition in aviation requires 
a wide range of investments in development, certification 
and infrastructure, as well as support through political deci-
sion-making at the national and international level.

DLR’s approach 

Figure 3: In support of the European Green Deal, DLR is following a vision of zero-emission aviation. In this sense, DLR is acting as a virtual 
manufacturer (Virtual OEM) and applying its technologies, methods and processes in cooperation with industry and public authorities.
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VISION AND MISSION OF DLR’S AERONAUTICS RESEARCH 

VISION

MISSION

APPROACH 

DLR is paving 
the way for future 

zero-emission aviation.

DLR is developing new technologies, 
methods and processes using 
an integrated, multi-scale and 
multi-fidelity approach, thus 

acting as a virtual manufacturer 
(Virtual OEM).

DLR is pursuing a carefully crafted 
strategy characterised by technological 
open-mindedness for its research and 

evaluation of evolutionary 
and revolutionary technologies.

Technology transfer to products

Climate neutrality by 2050
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THE DLR APPROACH

MISSION

IMPLEMENTATIONVEHICLE

ENERGY-EFFICIENT AIRCRAFT

IMPACT 

DLR develops new technologies, methods and processes using a comprehensive, multi-scale and multi-fidelity approach, 
thus acting as a virtual manufacturer (Virtual OEM).

Objective: 
reducing the energy requirement 

by 50%

DLR is shaping the path towards future zero-emission aviation
VISION

INFRASTRUCTURE

REDUCED-EMISSIONS 
AIR TRANSPORT SYSTEM

Objective: 
a high-performance air transport 

system and optimised flight routes 
for a 30% lower climate impact

LOW-EMISSION AIRCRAFT ENGINES

Objective: 
fuel consumption reduced by 25%

DIGITALISATION

Objective: 
innovation 

at twice the speed

DLR always takes a technology-open view of the entire air transport sys-
tem, from material formation through to the development, production, 

operation and decommissioning of an aircraft.

Furthermore, through its fundamental research, DLR 
is strengthening Germany’s profile as a prime loca-
tion for aviation and ensures the preservation of 
knowledge. DLR also contributes to training experts for 
the aviation sector.
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KEY AREAS OF FOCUS

-  Low-emission aircraft engines – innovative and disruptive 

technologies, materials and manufacturing methods will ena-

ble further improvements in efficiency and the minimisation 

of emissions for different propulsion concepts, while consid-

ering performance and safety requirements.

-  Energy-efficient aircraft – new and highly efficient aircraft 

technologies make it possible to significantly reduce energy 

consumption. The aim is to lower the energy requirements of 

future aircraft  to around half of the current propulsive power.

Mission – DLR as a virtual manufacturer 

DLR is developing multi-scale and multi-fidelity technologies, 
methods and processes to provide solutions for an aviation 
system with the lowest possible emission rate. Its aeronaut-
ics researchers take an integrated approach to identifying 
systemic solutions. DLR always considers aircraft and air 
traffic, with all their respective interrelationships, as an 
overall system. This system expertise enables it to take 
on the role of a virtual manufacturer (Virtual OEM), 
thereby involving other participants in aeronautics 
research, the aviation industry and the wider economy. 
In doing so, DLR brings together the expertise from its aero-
nautics, space, energy and transport research programmes, as 
well as the cross-sectoral areas of digitalisation and security.

Approach – technology-open transformation

The path towards carbon-dioxide-neutral aviation is cer-
tainly possible, but it requires a gradual and carefully 
considered transformation as well as revolutionary tech-
nologies in all areas, with realistic goals and consideration 
of all  (the) framework conditions and interrelationships. 
To satisfy these demands, DLR aeronautics research has 
crafted the following strategy.

In addition to evolutionary and revolutionary aircraft 
and propulsion concepts, sustainable aviation fuels 
and flight control play a central role in this regard. 
The successful introduction of such concepts requires 
transdisciplinary research that takes account of techno-
logical, operational and economic factors. End-to-end 

digitalisation is a key factor for success. It accelerates 
the pace of innovation, reduces development risks, 
allows new technologies to be brought to market 
more quickly and enables new business models. DLR 
is researching the virtual product, looking at digitalisation 
throughout the aircraft lifecycle, from design to manufac-
ture, certification and operation through to decommis-
sioning. This allows economic and environmental impacts 
to be predicted and analysed comprehensively and at an 
early stage.

This strategy document presents the four key areas of focus 
for climate-neutral aviation, their fields of action and the 
overarching objectives. It is the result of extensive coordina-
tion involving all institutes, the Executive Board and exter-
nal stakeholders. At the heart of the strategy are the 
timescales pertaining to the key areas of focus, along 
with their challenges, approaches and the unique 
features of DLR’s work. The derivation and implemen-
tation of specific measures is carried out in projects as part 
of the programme-oriented funding.

In addition to the overarching technological strategy for the 
European Green Deal, which is described in this document, 
DLR’s aeronautics strategy includes other important aspects 
of aeronautics research. With regard to military security, 
for example, research approaches are being developed for 
future combat aircraft and missiles. Looking beyond fixed-
wing aircraft, DLR is conducting research into helicopters 
and components as part of third-party-funded collabora-
tions with industrial partners, thereby supporting industry 
and ensuring technology transfer.

-  Reduced-emissions air transport system – minimising the 

climate impact of air transport by reducing its carbon dioxide 

and non-carbon-dioxide effects is absolutely essential. This 

can be sustainably supported by a more effective design of 

the air transport system.

-  Digitalisation – as a methodology, the digitalisation of avi-

ation has the potential to develop and evaluate new solu-

tion approaches in a more time-efficient and cost-effective 

manner, in order to accelerate the transformation towards 

climate neutrality.

The transfer of research results to the development of new aircraft 
and air transport products is vital to achieve market diffusion across 
the entire fleet. DLR plays an active role in shaping this transfer by 

advising and supporting policymakers and industry.

The path towards climate-neutral aviation is possible. DLR’s aeronautics research 
is paving the way in its capacity as a virtual manufacturer (Virtual OEM).

Figure 4: In order to make the vision of zero-emission aviation a reality, DLR conducts research in four key areas of focus –  
low-emission aircraft engines, energy-efficient aircraft, a reduced-emissions air transport system and digitalisation.
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In order to fully exploit the potential for minimising 
emissions, evolutionary aeronautical technologies to 
reduce aerodynamic drag and aircraft weight must 
be pushed to the limits of what is technically fea-
sible, alongside research into revolutionary propul-
sion technologies. This will make it possible to significantly 
reduce energy consumption, which, in addition to the direct 
decrease in emissions, will enable the use of alternative pro-

pulsion concepts. The use of sustainably produced kero-
sene will also play a decisive role, as this can be used for all 
classes of aircraft and can be implemented over a relatively 
short timescale.

The reduction in emissions that can be achieved by 2050 
through the use of  various technologies is shown in Figure 5.

 
ASSUMPTIONS

-  The reduction in carbon dioxide emissions serves as an 

easily measurable indicator. Noise and (the) climate impact of 

non-carbon-dioxide effects are not considered here. Although 

these non-carbon-dioxide emissions are actually responsi-

ble for most of the climate impact, they are associated with 

considerable uncertainty and can also be mitigated with cli-

mate-optimised flight routes, improved propulsion technol-

ogies and the use of sustainable energy carriers.

-  In addition, a technology maturity level of TRL 6 is con-

sidered as a target value in order to distinguish technological 

potential from product and market developments, as these can 

no longer be influenced by research. As a result, product strate-

gies and the often considerable delays in the market launch and 

penetration of new technologies are not taken into account.

-  The underlying traffic scenario is based on the statistics of 

the International Council on Clean Transportation (ICCT) for 

2019, with 7 percent regional aircraft, 51 percent short- and 

medium-haul aircraft (mainly comprising narrow-body aircraft) 

and 42 percent long-haul aircraft (mostly wide-body aircraft).

-  It is also assumed that fuel cells can only be used for regional 

aircraft due to their low power density and that hydrogen 

combustion is only possible for short- and medium-haul air-

craft due to the large increases in volume and weight result-

ing from integrating a hydrogen tank.

-  The potential of the various Sustainable Aviation Fuels 

(SAF) to reduce carbon dioxide is 100 percent for hydro-

gen-powered fuel cells and hydrogen combustion and 80 

percent for the combustion of sustainably produced kero-

sene. The fact that hydrogen combustion also produces cli-

mate-affecting nitrogen oxides in addition to water vapour 

must be considered.

-  The potential for carbon dioxide reduction using ener-

gy-efficient technologies in the airframes, engines and 

flight trajectories amounts to a total of 3.4 percent per year. 

This corresponds to a 64 percent reduction in carbon diox-

ide by 2050.

-  At present, air traffic is experiencing a temporary reduction 

due to the COVID-19 pandemic. However, a full recovery 

is expected.

-  For all technology scenarios, it was assumed that sustainably 

produced kerosene and hydrogen will be available in suf-

ficient quantities by 2050, so these are not a limiting factor. 

Key areas of focus3.
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NEW TECHNOLOGY 

Growth only

Energy-efficient technologies 
+ sustainably produced kerosene 
for all classes

MAXIMUM TECHNOLOGY POTENTIAL
FOR CURBING CARBON DIOXIDE EMISSIONS

 • Energy-efficient technologies 3.4% per year
 • Hydrogen fuel cells 100%
 • Hydrogen combustion 100%
 • Sustainably produced kerosene 80% 

POTENTIAL FOR REDUCING CO2 VIA 

• No delay for market introduction
• Sufficient quantities of fuels available
• Non-CO2 effects not taken into consideration
• Not all technologies can be used on all classes of aircraft

ASSUMPTIONS

Energy-efficient technologies with 
conventional propulsion systems

Best case: energy-efficient 
technologies (all classes) 
+ sustainably produced kerosene 
(long-haul)
+ hydrogen (regional and short- 
and medium-haul)
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Sustainably produced kerosene  

At present, drop-in and near-drop-in fuels – sustainably 
produced kerosene – represent the most realistic alter-
native to conventional kerosene for long-haul flights. 
Their development and impact on the atmosphere are being 
researched at DLR, from fundamental experiments to flight 
tests, and this must be further advanced. If the technolo-
gies being investigated at DLR are harnessed in full, 
they can be used to decouple carbon dioxide emissions 
caused by aviation from the exponential growth in air 
traffic and bring them towards zero. These include new, 
alternative propulsion technologies, energy-efficient tech-
nologies that reduce energy demand, novel flight paths that 
minimise the impact on the climate, and sustainable aviation 
fuels in a future air transport system. The greatest lever-
age for reducing carbon dioxide comes from the fact 
that sustainably produced kerosene can be used for all 
aircraft classes in combination with energy-efficient 
technologies.

Alternative energy carriers

For regional aircraft, DLR is continuing to study the potential of 
batteries and fuel cells to achieve the necessary power density. 
For short- and medium-haul aircraft, DLR’s researchers 
are also developing concepts for hydrogen combustion 
with the necessary tank technologies and determining 
the technical potential of hydrogen-based propulsion systems.  
DLR’s aeronautics research does not cover the availability of 
a hydrogen-tailored infrastructure or the safe handling of 
hydrogen, these areas are being investigated within the scope 
of energy research at DLR. An essential milestone on the 
path towards carbon dioxide neutrality is the timely 
consideration of all costs pertaining to the proposed 
technologies against the benefits of their emissions 
reduction, particularly from a market perspective. The 
increased energy demand and cost of sustainably produced 
kerosene must also be weighed against the elevated costs 
for using hydrogen in aircraft and examined in specific mar-
ket scenarios.

Energy-efficient technologies 

To fully harness the potential of energy-efficient tech-
nologies, it is crucial to dramatically reduce aerody-
namic drag and aircraft weight. Laminar flow on both 
the wing and aircraft fuselage is a prerequisite to reduce 
frictional drag. Reducing induced drag entails increasing air-
craft wingspans significantly without extending the surface 
area of the wing. DLR will consequently pursue its research, 
development and proof of concept of these highly sophisti-
cated technologies to make the necessary fluid mechanical, 
structural and system-related concepts a reality.

End-to-end digitalisation

End-to-end digitalisation plays a major role in achieving a 
more efficient way to create a climate-neutral product lifecy-
cle of an aircraft, from design and production to operation, 
maintenance and finally decommissioning. This is because 
it speeds up the pace of innovation and the time it 
takes to bring new technologies to the market. DLR 
is conducting research into the ‘virtual product’ – the 
end-to-end digitalisation of an aircraft including all its 
components and technologies throughout its lifecycle. 
This allows early prediction and comprehensive analysis of 
economic and environmental impacts across the aircraft’s life-

cycle. Digitalisation also makes it easier to identify the poten-
tial of new technologies for more environmentally friendly 
and economically viable air transport and accelerates their 
implementation.

Overall system evaluation 

In its effort to achieve climate-neutral air transport in the 
future, DLR is setting the course for a carefully crafted, reflec-
tive and technology-open research strategy, rather than fol-
lowing a rigid, long-term forecast. After a maximum of five 
years, DLR will evaluate all the available technologies 
and increasingly focus on the ones that show the most 
promise for reducing the environmental impact of avi-
ation over the entire lifecycle, particularly with regard to 
fuel cells and hydrogen tanks. DLR’s research priorities will 
continuously adapt to the latest findings and will be aligned 
with the potential of the technology transfer.

 
KEY FINDINGS

-  Without corrective measures and with current technologies 

in aircraft, carbon dioxide emissions from global air traffic 

are expected to more than quadruple by 2050.

-  If every possible technical measure is implemented to reduce 

aircraft energy requirements, by developing particularly effi-

cient engines and optimising flight routes, the increase in 

carbon dioxide emissions can be limited to be just 50 per-

cent of 2020 levels.

-  If energy-efficient technologies are combined with the intro-

duction of sustainably produced kerosene, a reduction in 

carbon dioxide emissions to just under 30 percent of  2020 

levels can be achieved by 2050. 

-  If all currently feasible options for reducing carbon 

dioxide are integrated, the result for the year 2050, 

based on today’s perspective, will be a marginal 

threshold of only approximately 17 percent of carbon 

dioxide emissions compared to 2020.  

For the climate-neutral air transport system of the future, DLR is identifying the 
optimum combination of all  potential technologies – from improving the efficiency 
of aircraft to high-efficiency engines in combination with sustainable aviation fuels, 
hydrogen and electricity, all the way through to improved air traffic management.

Figure 5: Aircraft emissions can be decoupled from the growth of air traffic through a combination of energy-efficient technologies 
and sustainably produced kerosene and hydrogen.
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NEW TECHNOLOGY 

Turbofan-engines

Electrical components

Distributed thrust

Fuel cells

Hydrogen technology

Digitalisation and virtualisation

Revolutionary propulsion systems

Hybrid electric fuel cell propulsion systems

Innovative composite materials, 
optimised SLM components, active 
noise reduction and low-emission 
SAF combustion

High-power components developed 
and electromagnetic compatibility 
validated on the test stand

Optimisation and virtual integration 
of propulsion using distributed 
thrust

Aviation-compatible fuel cell stacks 
with increased power are available 
and validated in long-term tests

Concept for the safe storage and 
use of hydrogen in aircraft devised 
and validated

Virtual engine can be used for 
multidisciplinary engine design

Revolutionary propulsion system 
components developed and tested 
on the test stand

Fuel cell electric propulsion systems 
developed and tested on the altitude 
test stand

2020–2030

Engines with innovative fan and 
turbine blades and open rotors with 
100% hydrogen combustion 

Increased power and higher power 
density validated on the test stand

Proof of propulsion concepts with 
distributed thrust through 
experiments

Aviation-optimised fuel cell stacks 
with a further-developed design and 
increased power are available and 
validated in long-term tests

Numerical methods validated, for 
evaluating the effects of water 
vapour corrosion and embrittlement 

AI ready for modelling and predictive 
digital twins

Integrated revolutionary propulsion 
system validated on the test stand

Highly integrated fuel cell electric 
propulsion systems developed and 
tested on the altitude test stand

2030–2040

UHBR engines and open rotors with 
low-emission hydrogen combustion 
available

Validation of improved system 
architecture, further increases in 
power, and increased power density 
on the test stand

Overall configurations with 
distributed thrust ready for use 

Aviation-optimised fuel cell stacks 
with a further-developed design and 
increased power ready for use

Integrated concept for 
cryotechnology / superconductivity 
developed and validated

Simulation-based certification of 
engines and engine components 

Revolutionary propulsion system 
concept validated on the altitude 
test stand

Highly integrated fuel cell electric 
propulsion systems ready for use

2040–2050

FIELDS OF ACTION
LOW-EMISSION AIRCRAFT ENGINES

Low-emission aircraft engines 

Challenges, approaches, unique features  
In order to reduce emissions and the climate impact of air 
transport as quickly and sustainably as possible, fossil fuels 
should be replaced with sustainably produced kerosene. 
This can be used by existing aircraft with only minor techni-
cal modifications (near-drop-in fuels) or without any mod-
ifications at all (drop-in fuels), thus enabling rapid market 
introduction. The production of sustainably produced 
kerosene should be accelerated. International partner-
ships, investment models and supply chains need to be 
established and cost-effective production processes 
developed. 

To reduce emissions and ultimately the required primary 
energy input, hydrogen should be investigated as an energy 
carrier for aviation applications and engines should be qual-
ified for hydrogen combustion. This calls for systematic 
research and the development of safe, reliable and 
low-pollution hydrogen combustors, along with the 
safe handling and management of hydrogen and solu-
tions for  an increased water vapour content in the hot 
gas section of the engines.

Hybrid-electric aircraft propulsion systems that use 
hydrogen in fuel cells along with the use of electrical 
power in high-performance propulsion systems will 
be the subject of further research. Albeit, technological 
maturity, performance as well as performance density achieved 

so far are insufficient to operate larger commercial aircraft. 
Ongoing studies into the ability of batteries address temporary 
high-power requirements during critical flight phases (particu-
larly take-off, climb and go-around after aborted landings). 
Other battery-powered applications are being developed for 
ever larger aircraft and longer flight operations.

Technical objectives 
At the outset, all aircraft operated beyond 2030 must 
be equipped with 100 percent SAF-capable engines, 
particularly for medium- and long-haul aircraft, but also to 
achieve rapid market penetration in the short-haul sector. 
This applies mainly to sustainably produced kerosene. The 
low-emission combustion of sustainable aviation fuels will 
be subject to very stringent requirements (for example, con-
cerning nitrogen oxides, carbon particulates), elevating the 
research and development of innovative combustion 
systems for such altered chemical composition of SAF 
to a top priority. Achieving this will drastically reduce nitro-
gen oxides and carbon particulate emissions in tandem with 
net-carbon dioxide emissions, resulting in an effective reduc-
tion of the negative impact of air transport on the climate 
and air quality.

To reduce the fuel consumption of turbofan engines, we need 
to research and qualify novel materials and construction 
methods and benefit from them to develop highly efficient 
propulsion components. This requires innovative design 

 
OBJECTIVE AND SIGNIFICANCE

Research into the use of alternative energy carriers is currently 

under way, including turbofan engines using sustainably pro-

duced kerosene, turbofan engines using hydrogen as  energy 

carrier, hybrid fuel cell propulsion systems with hydrogen and 

battery-powered propulsion systems. Sustainable energy car-

riers will be essential for achieving emissions targets. However, 

the precise potential and applicability of the different technol-

ogies across various aircraft categories and flight operations 

are yet to be determined.

More efficient propulsion technologies are crucial because 

there is a direct correlation between energy consumption by 

the propulsion system and generated emissions. Initially, SAF 

will be scarce and significantly more expensive than fossil fuels, 

and tank volumes and tank weight will limit the scope of appli-

cation, particularly in hydrogen combustion systems.

The goal of low-emission propulsion technologies is to develop 

aircraft propulsion systems – already a highly advanced tech-

nology – that achieve a 25 percent reduction in fuel con-

sumption and allow for the use of sustainable fuels by 2050.

 

approaches and adapted construction rules. High-pre-
cision simulation processes and virtual systems are an ideal 
resource, offering much faster development times and a con-
siderably reduced risk.

Research into and qualification of safe and low-emission 
combustion of hydrogen entails the development of spe-
cific hydrogen combustors. The necessary test stands must 
be fully hydrogen-capable and the entire process chain, from 
atmospheric testing on individual combustors to comprehen-
sive testing under realistic temperature and pressure condi-
tions, needs to be reproduced. The year 2040 could see the 
first hydrogen-capable aircraft and engines for medi-
um-haul flights. An almost carbon dioxide neutral operation 
on medium-haul routes will be a real possibility and contrib-
ute to minimising the impact on the climate caused by this 
important transport segment.

The first step to implementing fuel cell-electric propulsion 
systems in aircraft in the medium-term is to design such an 
engine within the one to two megawatt power class by 2030, 
investigate them closely and test them under high-altitude 
conditions. In addition to the hydrogen-related infrastruc-
ture, researchers will require a high-altitude engine 

test stand, which makes it possible to simulate the complete 
flight process on the ground. This is the only way to identify 
shortcomings at an early stage and eliminate risks for later 
full-scale experiments. A further necessity will be to develop 
and validate high-performance electrical systems for flight 
applications and to ensure the electromagnetic compatibil-
ity of all electronic systems, which will again require special-
ised test facilities.

Regional air transport – a sector under considerable 
public scrutiny – is scheduled to implement the first 
fuel cell-electric propulsion systems by 2040, putting 
it on a path to being completely climate neutral. This 
accomplishment will take a significant improvement of the 
power density of the fuel cells and all electrical components 
and the development of highly integrated propulsion units, 
that can be installed in aircraft with reasonable limitations.

Hydrogen-, fuel-cell- or battery-powered propulsion systems are of particu-
lar interest for smaller aircraft up to a category of regional class, as they heavily 
influence the volume and weight of the aircraft while being limited by a rela-

tively small amount of energy available.

For medium- and long-haul flights, a combination of highly efficient aircraft 
engines and Sustainable Aviation Fuels will render operations largely climate-
neutral in the short term. The aim is to reduce the fuel consumption of pro-

pulsion systems by a further 25 percent by 2050.

Figure 6: Fields of action in the area of low-emission aircraft engines include turbine engines, electrical components and the use of 
hydrogen. Aspects of integration are also important in all areas.
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2020–2030 2030–2040 2040–2050

Drag reduction

Reducing weight with lightweight construction

Stability and load control

Optimising the on-board systems

Cooling concepts for fuel cells 
and electric systems

Configurations

H2 tank technology

Propulsor integration

Maintenance of laminar flow on the 
wing; wings with a high aspect ratio, 
wing tip shape, turbulent flow control 
researched

Potential for function-integrating 
structures determined, including shape 
variability, condition monitoring, 
energy storage, system integration, etc.

Load adaptation proven; flutter and 
flight mechanics control emonstrated; 
AI-based sensor and system concepts

Electric flight control systems available, 
including load-adaptive wings

Cooling concepts created; effects on 
aircraft configurations determined

Optimal configurations digitally tested 
for different propulsion concepts and 
missions

Concepts for a substantial increase in 
the gravimetric index and robust 
production tested with prototypes

Assessment of propulsion technologies 
(UHBR, propeller) assessed; mastering of 
critical hybrid-electric system components 

Lorem ipsum
Maintenance of laminar flow on the 
fuselage and tanks; management of 
turbulence-inducing structures; demon-
stration of highly elongated wings

New material, structure and 
manufacturing concepts demonstrated 
in flight as prototypes; LCA and OeL 
assessment integrated into the design

AI sensor-based control of the entire 
aircraft system (flight condition, 
stability, load)

AI condition monitoring implemented 
with a high level of reliability and 
evaluated in flight. AI-optimised load 
distribution

Function and feasibility of cooling 
concepts proven for the megawatt range

Testing of target configurations with 
scaled demonstrators and in-flight 
simulation

Design and application mastered for 
weight-optimised integration of large 
H2 tanks into aircraft

Demonstration of system architectures 
for electric, hybrid-electric and 
non-electric drives; UHBR for SAF and H2 

Designing aircraft with optimised 
laminar / turbulent flow is routine

Function-integrated structures in 
ultra-light construction certified; 
production technologies and industrial 
applications mastered

The best possible combination of 
load / energy reduction is an industrial 
element for new aircraft

Superconducting technologies for 
power distribution / propulsion. 
Reliable morphing wing flaps, etc.

Integrating cooling concepts is 
standard in aircraft development

Verification of the green functionality 
by measuring pollutants and 
consumption on different missions

The cost-effective production of 
gravimetrically high-quality H2 tanks is 
routine in the industry

Optimisation and digital testing of 
configurations for integrating 
revolutionary UHBR propulsion systems 

FIELDS OF ACTION

ENERGY-EFFICIENT AIRCRAFT

Energy-efficient aircraft 

Challenges, approaches, unique features 
On the one hand, wings with a significantly higher aspect 
ratio are required to reduce the induced drag that occurs 
when lift is generated. Achieving laminar flow around the 
wing is essential to reduce frictional drag, and it is imperative 
to apply the same objective to the fuselage, with far-reaching 
implications on support structures and systems. On the other 
hand, any known potential for lightweight construction 
should be consistently harnessed and optimised. Load reduc-
tion methods should be combined with novel sensor and 
control concepts, sensor-based structure monitoring imple-
mented, and new lightweight construction methods devel-
oped and tested so that secondary structures and system 
elements can contribute as much as possible to load transfer. 
To achieve effective technology integration, established air-
craft configurations must be improved and fundamentally 
redeveloped for new types of energy carriers such as hydro-
gen. Consistent numerical simulation and multidiscipli-
nary optimisation are absolutely essential if all disciplines 
are to interact in a precise and robust way.

To overcome the aforementioned challenges, DLR is follow-
ing the approaches listed below:

-  Creation of a dual, coordinated pathway for a virtual and 
physical development and testing environment for 
new, reliable and validated whole aircraft systems

-  Research, development and testing of artificial intelligence 
(AI) based sensor and control concepts for real-time monitor-
ing and load-dependent adaptation to any flight conditions 
in order to reduce energy and maintenance requirements

-  Development and demonstration of multi-component and 
multifunctional structures

-  Assessment of aircraft with a view to strengthening sim-
ulation-based certification, including all disciplinary cal-
culation methods, in close cooperation with manufacturers 
and certifying authorities for the commissioning of new 
energy-efficient technologies with the highest level of safety

-  Development of energy-efficient, versatile cabin and cargo 
systems

-  Creation of additional tools for technological advance-
ment and evaluation of aircraft with regard to Mainte-
nance, Repair and Overhaul (MRO), acoustic signature and 
Life Cycle Assessment (LCA)

DLR has all of the necessary research and development exper-
tise required to address energy-efficient aviation technolo-
gies. It can also demonstrate technological developments 
with industrial-scale manufacturing facilities, test stands, wind 
tunnels and research aircraft. DLR has practical experience of 
carrying out complex, large-scale flight tests and can validate 
technology and digital models on a wide range of research 
aircraft. DLR therefore has the capabilities and the tools 
to research and develop system architectures up to an 
industrial technology maturity level.

Technical objectives 
For wings with a very high aspect ratio (≈15), structural, 
system-related and configurational measures are to be devel-
oped (passive load adaptation, active load control, bracing) 
and technically consolidated by 2030 so that certification and 
series production readiness can be achieved by 2040.

Technologies for laminar-flow wings (with high lift, 
self-cleaning and de-icing) in the range of Ma > 0.75 and for 
hybrid laminar retention on the fuselage are to be demon-
strated in flight tests by 2040, to enable serial implemen-
tation from 2040.

Multidisciplinary lightweight system construction using 
modern lightweight materials, innovative assembly concepts, 
Structural Health Monitoring (SHM), system and cabin integra-
tion, the incorporation of secondary structures, load reduc-
tion and the ability to passively and actively affect the laminar 
flow will be tested in ground-based demonstrators by 2030 
and prepared for certification using flight tests by 2040. 
At the same time, the necessary manufacturing technologies 
for integrating structures and systems to such a degree need 
to be further developed.

By 2030, load adaptation technologies must be proven, 
flutter and flight dynamics control demonstrated, and AI-based 
sensor and system concepts established. These must then be 
optimised and certified using flight tests by 2040 and become 
an integral part of designs for energy-efficient aircraft from 
that point onwards.

Technology concepts for the integration of hydrogen 
tanks and systems in aircraft will be developed and 
tested by 2030 so that nothing stands in the way of obtaining 
certification for aircraft that use hydrogen as an energy carrier.

The capability for rapid multidisciplinary design of complete air-
craft must be expanded quickly so that, by 2030, suitable air-
craft configurations for alternative propulsion concepts 
(distributed propulsion, boundary layer ingestion, integration 
of hydrogen tanks) can be determined and the integration of 
performance-improving technologies (high-aspect-ratio wings, 
laminar flow on wings and fuselage) tested virtually.

OBJECTIVE AND SIGNIFICANCE

The aim is to reduce the energy requirements of future aircraft 

so that they only require half of the propulsion power that they 

do today. This means using new insights and methods to push 

all established aircraft construction technologies to the limits 

of what is physically and technically feasible. There is a straight 

line from lower energy requirements of aircraft to lower fuel 

consumption by propulsion systems. It reduces residual emis-

sions and offsets the higher costs of future energy carriers. To 

ensure the best possible integration of all necessary technol-

ogies, their consideration within new aircraft configurations 

need to be factored in at the very beginning of the design 

phase. One particular challenge in this context is the as of yet 

untested correlations of individual technologies pertaining to 

aerodynamics, aeroelasticity and structure and systems for 

reducing drag, load and weight.

The goal of the energy-efficient aircraft is to reduce energy 

consumption by up to 50 percent by 2050. Based on cur-

rent research findings, reducing the aerodynamic zero-lift drag 

coefficient by 40 percent and  the total weight by 10 percent 

while increasing the wing aspect ratio up to 15 will achieve 

this objective.

In addition to improving propulsion systems, it is vital to reduce drag and 
weight as much as possible for all classes of aircraft. The aim is to halve 

the energy requirement by 2050.

Figure 7: The main fields of action for energy-efficient aircraft centre around an integrated approach to aerodynamics, aeroelasticity, 
structure and systems.
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Climate-impact-optimised flight paths

Automation of Air Traffic Management (ATM)

Zero-emission Urban Air Mobility (UAM)

Zero-emission airport

Multi-modal transport connections

Impact assessment

Radiative forcing for classic 
propulsion systems understood and 
climate cost function integrated into 
trajectory planning

Higher productivity and capacity 
through automation verified

UAM traffic management developed 
(optimised for noise and emissions)

Noise-optimised flight paths (24/7) 
for taking off and landing; 
zero-emissions taxiing demonstrated; 
air quality recorded; impact of 
Ultra-Fine Particles (UFPs) verified

Modelling for aircraft / mission, 
airport / ATM and air transport level 
available, leading to 
recommendations for policy, 
business and society

Climate impact understood for 
reference journeys on different 
modes of transport

2020–2030

Lorem ipsum

Climate impact of new H2 
propulsion technologies understood

Gradual operational implementation 
of disruptive processes

Full airspace integration 
demonstrated and social acceptance 
achieved

Automated airport possible (airside, 
performance-based airport 
management); air pollutant-reducing 
strategies devised and implemented

Interactions with other modes of 
transport / intermodality understood 
and evaluated

Cross-modal traffic management 
developed

2030–2040

Climate- and eco-friendly flight 
paths implemented in full

Full automation of ATM possible

Complete integration of UAM with 
all modes of transport

Climate-neutral airport operation 
achieved

Air transport achieves climate 
targets

Seamless 4D passenger routes 
established

2040–2050

FIELDS OF ACTION
REDUCED-EMISSIONS AIR TRANSPORT SYSTEM

Challenges, approaches, unique features 
A number of technological challenges must be overcome in 
order to achieve this ambitious goal. The air transport sys-
tem and the air traffic management landscape in particu-
lar are characterised by an organisational structure that is 
geared towards national borders. Because of this, operations 
are fragmented and there is a markedly low level of automa-
tion. As part of the Single European Sky (SES) initiative, the 
SESAR programme (SES ATM Research) is aimed at develop-
ing the necessary innovative, robust and safe technologies 
and operating procedures. Up until now, there has been no 
such comprehensive European programme designed to cover 
the operational and technological aspects of minimising the 
climate impact of air traffic by reducing the carbon dioxide 
and particularly the non-carbon-dioxide effects. The over-
all effect of climate-friendly technologies can only be 
observed at the level of the air transport system. Until 
now, however, there has not been a suitably detailed 
evaluation or simulation platform with the capability of 
assessing new technologies, operating procedures and fuel 
technologies in terms of the performance of the air transport 
system and the possibilities for reducing the climate impact 
of air transport.

In order to overcome these hurdles, DLR is conducting com-
prehensive research into new concepts and technologies for 
the air transport system of tomorrow. Its research includes the 
development of operational concepts and new technol-
ogies for integrated operating procedures in the fields 
of Communications, Navigation and Surveillance (CNS) and 

Air Traffic Management (ATM), including security, with opti-
mal use of advanced automation. DLR researchers are also 
studying everything from the use of performance-based oper-
ations and the identification and use of climate cost functions 
to minimise the climate impact of air transport through to 
integrated CNS, including the necessary security measures. 
The development of new, smart concepts for airports 
and zero-emission Urban Air Mobility (UAM) should also 
help to reduce emissions such as sulphur and nitrogen oxides 
or particle dust in the vicinity of airports. Additional focus 
is placed on the expansion of a comprehensive and 
highly detailed evaluation environment for the entire 
air transport system. DLR has expertise in the field of cli-
mate-neutral air traffic management including UAM, smart 
airport concepts, and the necessary impact assessment at all 
development stages, from basic research to the creation of 
application-oriented prototypes. Its researchers are looking in 
great detail at the concepts required for comprehensive traffic 
management, the effects on the climate, and the individual 
technologies required for communications, navigation, flight 
control and weather forecasting.

OBJECTIVE AND SIGNIFICANCE

Aircraft operations offer numerous options for reducing fuel 

consumption and the associated emissions near airports and 

in flight, as well as minimising the overall climate impact (both 

carbon dioxide and non-carbon-dioxide effects). The optimisa-

tion of lateral and vertical flight profiles appears promising as 

a means of achieving efficiency gains. Flight control can also 

be designed in such a way that the effect of the emissions, 

which depends on atmospheric conditions, can be minimised 

through climate-optimised routes. Flight trajectories that are 

optimised for low climate impact should significantly reduce 

the contribution of air transport towards global warming, par-

ticularly on medium- and long-haul routes.

The goal, therefore, is to enable an air transport system that 

is as efficient and low in emissions as possible, which 

includes innovative aircraft configurations, to cut the climate 

impact of air transport by more than 30 percent, by minimising 

non-carbon-dioxide effects through climate-optimised routing.

Reduced-emission air transport system

The growth of air traffic can be decoupled from emissions through the combined use 
of low-emission aircraft engines with sustainable aviation fuels, energy-efficient aircraft, 

and a reduced-emissions air transport system.

The climate effects of non-carbon-dioxide emissions due to air transport can be 
reduced significantly with optimised flight routes, particularly on medium- and 

long-haul routes. The goal is to reduce the climate impact by 30 percent.

Technical objectives 
The plan is to develop a comprehensive, detailed sim-
ulation platform for the entire air transport system, 
which will also enable a climate assessment of technologies 
and operating procedures within four years in order to iden-
tify and conduct a comprehensive evaluation of technological 
solution paths. In addition, a formal dialogue needs to be 
established with policymakers in order to illustrate the 
interaction between policy measures, technological devel-
opment pathways and their climate impact.

Defining a comprehensive, validated and robust cli-
mate impact function is indispensable and can be used 
in performance-based air transport operations. Such stud-
ies need to take account of the atmospheric uncertain-
ties of non-carbon-dioxide effects. In the next five years, 
DLR intends to demonstrate the commercial feasibility and 
effectiveness of reducing non-carbon-dioxide effects 
through climate-optimised flight trajectories.

Ultimately, cooperation between research, industry and pol-
icymakers needs to be intensified over the next five years 
in order to develop global, integrated standards and 
measures, that can better mitigate the impact of future 
pandemics.

Figure 8: The fields of action relating to the air transport system seek to evaluate the system as a whole, particularly the enabling of 
climate-optimised flight routes.
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Digitalisation

Challenges, approaches, unique features 
If we are to achieve the ambitious goal of climate-neutral avi-
ation, it is essential that aviation-specific technological chal-
lenges in the field of digitalisation are overcome. Current 
standards to calculate physical phenomena are neither 
precise nor quick enough to achieve the most extensive 
virtualisation of design, development and certification. 
This means that a multitude of phenomena and their interac-
tions cannot be predicted in the context of multidisciplinary 
analysis and optimisation, and the necessary synergies cannot 
be leveraged. In addition, data and digital models cannot be 
used consistently due to different data formats, unconnected 
data storage and uncertain data security. This means that 
there are no realistic models of future aircraft and prod-
ucts that can serve as a basis for the targeted develop-
ment and evaluation of new technologies. Similarly, it 
is not possible to predict the future state of physical objects 
and to optimise operating and maintenance processes on this 
basis. Furthermore, digital components cannot be inte-
grated into physical systems because the safety of the 
digital systems cannot be verified. All this also means that 
different partners are not able to work together efficiently in 
a common development network.

DLR is currently pursuing a number of approaches to over-
come these hurdles:

-  Development and validation of high-precision numer-
ical methods for all relevant areas of application in the 
air transport system

-  Development and validation of Multidisciplinary Analysis 
and Optimisation (MDAO) platforms and the necessary 
optimisation algorithms, with targeted focus on High-Per-
formance Computing (HPC) architectures 

-  Development of rapid analysis tools and algorithms for 
trouble-shooting (Reduced-Order Models, ROMs) for fast 
coupled MDAO studies in aircraft design 

-  Development and validation of an independent platform 
for standardised data and model exchange with uni-
form data formats and secure solutions for handling the data

-  Development and use of virtual products that enable 
the highly detailed calculation of all interdisciplinary inter-
actions of future products 

-  Development of digital twins, in which the continu-
ously recorded actual state is mapped in order to calculate 
expected changes and identify an optimal course of action

-  Creation of certification concepts for autonomous 
systems and systems with artificial intelligence

-  Creation of digital development processes and optimi-
sation of interactions between all partners (Model-Based 
Systems Engineering, MBSE) 

OBJECTIVE AND SIGNIFICANCE

As a cross-sectoral technology, digitalisation plays a decisive 

role in enabling ambitious developments in aviation. Without 

it, the achievement of the 2050 climate targets cannot be 

guaranteed. On the one hand, only consistent digitalisation 

will clear the way to make the stated goals of reducing emis-

sions and energy requirements a possibility by coordinating 

the different disciplines, technologies and various elements 

of the air transport system. On the other hand, conventional 

development cycles in aviation are lengthy and associated with 

enormous technical and financial risks. The extensive virtualis-

ation of development and continuous digitalisation of manu-

facturing and operations will significantly reduce development 

times and risks, optimise operational processes, and minimise 

the impact of air transport on the climate.

The aim is to develop tools that accelerate the speed of 

innovation by a factor of two and accelerate the market 

launch of new technologies.

DLR operates the large-scale facilities required for applica-
tion-oriented validation and has both fundamental and appli-
cation expertise. Thanks to many years of research in the 
field of numerical simulation, it also has the necessary know-
how to devise and validate application-oriented models. This 
makes it possible to develop and apply MDAO platform tech-
nologies and make them efficiently usable on high-perfor-
mance computers. In addition, DLR has the technical expertise 
concerning data formats that span the whole of aviation, as 
well as long-term financing and a reputation as a trusted 
neutral partner able to take responsibility for a standardised 
exchange platform. Only DLR has the methods and exper-
tise in aeronautics to design highly accurate and appli-
cation-oriented models for future products. In terms of 
infrastructure, DLR operates large-scale, application-oriented 
systems that allow researchers to test the safety of autono-
mous and AI-based systems, with high-precision comput-
ing methods that test and validate condition monitoring and 
forecasting during operation. The key factor here is that only 
DLR, with its 55 research institutes, has all the competences 
required to be able to investigate and apply digital develop-
ment processes with multiple independent partners as part 
of its programmatic research.

Technical objectives 
The main objectives of DLR aeronautics research in this area 
are the consistent development, creation and imple-
mentation of suitable digital methods, tools and 
research processes for virtual modelling, along with 
testing, validation, evaluation and optimisation of all 
elements of the aviation system with the aim of halving 
the development time for new generations of aircraft over 
the next five years and minimising risks.

These activities are supported by the expansion of col-
laboration spaces, such as DLR’s Virtual Product House. 
The objective is to analyse, design and optimise aircraft con-
figurations and their components, considering all relevant 
technologies and discipline-related aspects, in order to incor-
porate future-facing technologies in the next aircraft gen-
eration in the next five years and join forces with small and 
medium-sized German companies as technology develop-
ers and suppliers.

THE DIGITAL AIRCRAFT
High-precision physics simulation; 
virtualisation of all product properties

THE DIGITAL TWIN
Modelling of functional relationships; 
virtualisation of system interactions

DIGITAL THREAD
Availability / provision of the necessary data; 
insights for decision-making

DIGITAL ENGINEERING
End-to-end use of digital methods and tools in design 
and production

SYSTEMS ENGINEERING
Integrated digital management of the entire product 
development process

CYBER-PHYSICAL SYSTEMS
Hardware

All flight characteristics predictable 
within the flight envelope

Modelling of entire aircraft; link-up of 
real and simulated data; lifecycle 
forecasting for components

DLR model / data management, all 
disciplines, data analysis

Establishment of Model-Based 
Systems Engineering (MBSE) and HiFi 
Multi-Disciplinary Optimisation 
(MDO) 

Autonomy demonstrator for 
complex missions, roadmap for 
verification, operational concepts 
evaluated 

Digital research processes for virtual 
products established at DLR (using 
MBSE and MDO)

2020–2030

‘Digital first flight’ and complete 
flight testing demonstrated and 
validated with flight tests

Modelling of aircraft, their 
production and operation; aircraft 
lifecycle forecasting; use of 
high-precision processes

Automatised interfaces and secure 
data management with external 
partners

Virtual testing takes place in parallel 
to physical testing (Synthesis of 
Experiment and Numerics, SEN)

First certification examples of 
complex AI-methods; first 
autonomous flying systems tested

Secure research processes involving 
external parties are standard at DLR 
(Virtual Extended Enterprise)

2030–2040

The ‘digital aircraft’ is a standard 
part of the certification process

Air transport system modelled to 
include environmental and 
economic factors; real-time fleet 
forecasting

Usable historical and real-time data 
from the whole aviation system 

Optimised simultaneous design of 
aircraft, operations and production; 
digital certification of aircraft 

Certification standards for 
autonomy; dissemination of 
autonomy and AI technologies in 
the industry

Enterprise Architecture Optimisation

2040–2050

FIELDS OF ACTION
DIGITALISATION

Digital methods and artificial intelligence will significantly advance the design, manu-
facture and operation of all aircraft. The aim is to develop tools that accelerate the 
speed of innovation by a factor of two and improve the time to market of new 

technologies.

Figure 9: Fields of action in digitalisation cover the entire spectrum of digital reproduction of the air transport system, alongside  
digital design and integration methods.
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Safe, environmentally compatible and efficient air transport, 
that is accessible to all is essential for social wellbeing and 
economic development in Germany and across Europe. The 
European Union is pursuing the goal of a zero-emission avi-
ation system by 2050. To that end, aeronautics researchers 
at DLR are working on three pillars for a sustainable avia-
tion system – strengthening the competitiveness of the 
German and European aeronautics industry, increas-
ing environmental compatibility and acceptance and 
ensuring mobility.

In addition to substantial evolutionary measures to increase 
efficiency, revolutionary approaches, such as electric flight 
or using hydrogen as a fuel and deploying artificial intelli-
gence in aviation automation are vital to achieving these 
ambitious goals. 

DLR’s aeronautics research follows an integrated sys-
tem approach. This means exploring the entire spec-
trum of the air transport system in depth, from the 
fundamentals to applications – a multi-scale, multi-
disciplinary approach. This encompasses the necessary 
infrastructure, novel production technologies, the energy-ef-
ficient aircraft itself along with the development of its com-
ponents, an efficient and reduced-emissions air transport 
system, as well as quantification of the effects on the cli-
mate, society and the economy. Only this comprehensive 
agenda allows DLR to carefully evaluate the revolutionary 
approaches needed and provide sound advice to decision-
makers. DLR's strategic and programmatic manage-
ment enables efficient and integrated treatment of 
prominent scientific topics beyond the boundaries 
of its institutes.

The end-to-end digitalisation, virtualisation and 
automation of aviation throughout the entire prod-
uct lifecycle is key to this overall system capability. It 
also drives innovation and accelerates the market launch of 
new technologies thanks to faster development and simu-
lation-based certification. As a virtual manufacturer, DLR 
can support small and medium-sized companies by tak-
ing advantage of the integration into the virtual product, 
particularly when entering the market. Applied experi-
ments in the field and laboratory are crucial for val-
idating virtual aviation. DLR’s aeronautics research 
division already has the necessary infrastructure in 
place, such as wind tunnels, large-scale research facil-
ities, research aircraft and integrated simulation facil-

ities, including High Performance Computers. Physical 
and virtual development and testing environments must be 
closely coordinated in order to create new, dependable and 
validated systems. In particular, interdisciplinary cooperation 
at DLR between its areas of aeronautics, space, energy 
and transport is unique in Europe and essential in shaping 
zero-emission aviation for the future. For example, DLR is 
one of the few research institutions in the world equipped 
to conceptualise aircraft capable of using new energy car-
riers such as hydrogen, record their emissions and model 
the resulting climate impact within the context of a multi-
modal transport system. These skills are used to develop and 
implement regional, national, European and international 
political strategies and measures, with the support of the 
DLR project management agencies. The specific com-
bination of expertise and interdisciplinarity in research, the 
integrated approach taken to industry-related large-scale 
facilities, and DLR’s threefold role as research institution / 
space agency / project management agency make it well 
placed to act as policy advisor and co-designer of sustain-
able aviation in the future.

Professional strengths of aeronautics research at DLR

Aeronautics research at DLR has evolved along with the 
aviation sector. Up until the 1980s, the focus was on the 
technological basis for establishing air traffic as a means of 
transport. The environmental impact of these technologies, 
including noise, was being identified and analysed as early 
as the 1990s. The 2000s saw an increased focus on sustain-
ability. Through its longstanding support for aviation, 
DLR’s aeronautics research has developed specific sci-
entific and technical strengths that are now prerequi-
sites for achieving the goals of sustainable aviation.

Numerical simulation
DLR laid the foundations for the complete digital develop-
ment and description of aircraft and helicopters in its VicTo-
ria project (Virtual Aircraft Technology Integration Platform). 
This project has made a significant contribution to improved 
physical modelling and numerical and experimental meth-
ods, verification and validation using dedicated flight and 
wind tunnel tests and highly accurate multidisciplinary sim-
ulation and optimisation of aircraft on high-performance 
computers. Now that the product characteristics of hel-
icopters and aircraft can be described in purely digital 
form, it will be possible to create a ‘digital twin’ for an 

Aeronautics research at DLR4.
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Aircraft design and technology assessment
In the DLR project EXACT (Exploration of Electric Aircraft 
Concepts and Technologies), researchers are working on the 
development of new technology components for an ener-
gy-efficient commercial aircraft. The overarching goal is to 
have the technologies for such an aircraft, with at least 
70 seats and a range of 2000 kilometres, ready for use 
by 2040. Different hybrid-electric propulsion concepts and 

possible aircraft configurations will be examined in the initial 
step. In addition, interactions with airport infrastructure must 
be considered, as well as how new types of propulsion sys-
tems affect the atmosphere and thus the climate.

aircraft or helicopter. This twin can be used to evaluate 
the trade-offs and harness the potential of new technologies 
in a virtual design environment, and to assess the effects of 
the technologies, such as their impact on the environment.

Technology development
In the Optimal Load Adaptive Aircraft (oLAF) project, DLR 
is investigating the potential for increasing efficiency when 
using technologies for active load reduction in future aircraft 
designs. The extensive use of load reduction technolo-
gies has a number of benefits – lighter aircraft struc-
tures, reduced fuel consumption, reduced operating 
costs and lower emissions. With this in mind, oLAF pro-
ject partners are designing a load-optimised long-haul air-
craft, predominantly using coupled high-precision numerical 
methods for aerodynamics, structure, aeroelasticity, loads, 
flight control and systems. By integrating the load reduction 
concepts that have been developed as part of the project the 
researchers are able to evaluate the effects of aggressive load 
control on flight performance, operations, maintenance and 
energy consumption.

Aircraft engines
A conceptual preliminary design methodology for air-
craft propulsion systems is being developed as part of 
the DLR PERFECT project (Preliminary design and evaluation 
of future engine concepts). This methodology allows new 
types of propulsion systems to be developed in a pre-
liminary design stage, correlating their components 
and optimising overall performance. In a further step, the 
developed methodology is to be applied to innovative pro-
pulsion systems for regional, medium- and long-haul aircraft. 
With the expertise of the newly founded Institute of Electri-
fied Aero Engines in Cottbus, the scope is to be expanded to 
include electrical components and validated through experi-
ments on new, purpose-built component test stands.

Through its longstanding efforts, aeronautics research at DLR has developed 
specific scientific and technical strengths that are deployed and expanded upon 

in support of sustainable aviation.

DLR’s aeronautics research focuses on three pillars for a sustainable aviation 
system – strengthening the competitiveness of the German and European 

aviation industry; increasing environmental compatibility and acceptance; and 
ensuring mobility.
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Large-scale in-flight testing
A modular demonstrator makes it possible to test various 
propulsion concepts. DLR operates a Dornier Do 228 that 
provides German industry and research institutions 
with a unique testing opportunity for hybrid-electric 
architectures.

In the Do228hep project, DLR and engine manufacturer 
MTU are using this research aircraft to investigate the devel-
opment, implementation and flight demonstration of an 
electric or hybrid-electric power train with fuel cells. DLR 
founded the Institute of Electrified Aero Engines in Cottbus 
specifically to build on this expertise. Its research concen-
trates on low-emission, usually highly electrified propulsion 
systems for civil transport aircraft.

Sustainable Aviation Fuels  
In the ECLIF II project (Emissions and CLimate Impact of 
Alternative Fuels) in 2018, DLR demonstrated that the use 
of sustainably produced kerosene can reduce carbon diox-
ide emissions by 40 percent and soot emissions by up to 
70 percent. In 2021, in ECLIFIII DLR collaborates with Air-
bus, Rolls-Royce, and Neste to conduct the world’s first 
investigation of emissions from a commercial passen-
ger aircraft (an Airbus A350XWB-900) operated with 
100 percent SAF. 

Climate-optimised flight routes
Customised flight routes can help to limit the global rise in 
temperatures caused by human activities. If this goal is to 
be achieved, air traffic management must be automated to 
a far greater extent than it is today. The DLR project DIAL 
bundles research work with the aim of expanding flight con-
trol automation. Flight planners could offer customised, 
climate-optimised routes for every aircraft in the sky, 
avoiding areas of the atmosphere with long-term con-
trail formation, for example. As part of the DIAL project, 
DLR researchers are developing processes, that optimise 
various climate-related parameters, while also facilitating 
greater capacity for air traffic management. At the same 
time, the plan is to make air traffic management more pro-
ductive through increased automation. This will make traf-
fic routing in the sky even more flexible and robust when 
demand rises again.

Climate impact
The COVID-19 pandemic has presented a unique oppor-
tunity to study the effects of air pollution. Reduced traffic 
and emissions from industry made it possible to assess the 
impact of such emissions on atmospheric chemistry and 
physics. At short notice, a German research team used this 
situation for the BLUESKY flight campaign, in which changes 
in Earth’s atmosphere were investigated worldwide using 
two research aircraft. The atmosphere was surveyed in 

DLR aeronautics research has excellent national, European and 
global networks and cultivates a range of relationships and colla-

boration to help shape the air transport system of the future.

a state that could be achieved in the future through 
sustainable economic activity and environmentally 
friendly aviation.

Policy advisor
DLR draws upon its extensive expertise to advise the 
German Federal Government on its technology strat-
egy for environmentally friendly aviation and assists 
national committees with decision-making relating 
to technology selection and funding. On behalf of the 
German Federal Ministry for Economic Affairs and Climate 
Action and alongside other federal ministries, DLR is imple-
menting the National Aeronautics Research Programme. It 
also provides other national supervisory authorities like the 
Federal Aviation Office (LBA) with support on the develop-
ment of standards. DLR also shares its expertise at the Euro-
pean level in collaboration with the European Union Aviation 
Safety Agency (EASA) and worldwide by contributing to the 
work of the International Civil Aviation Organization (ICAO).

Collaboration and partners  

The transformation of aviation towards global climate-neutral 
air transport is not merely a national task; global challenges 
require global solutions. Close international cooperation 
and the exchange of knowledge between research insti-
tutions, universities, industry, policymakers and regulatory 
authorities with regard to technology development, stand-
ardisation and certification are vital to the development of 
aircraft, that meet the ecological requirements of an inter-
national market. This cooperation enables not only the pro-
motion of knowledge transfer between all stakeholders, but 
also the optimal use of resources and infrastructure, along 
with targeted technology transfer from research into com-
mercial products.

DLR’s aeronautics research has excellent national, European 
and global networks and cultivates numerous relationships 
and collaborations to help shape the air transport system of 
the future. It is playing a leading role in many areas of aero-
nautics research, both nationally and internationally.

As a member of the SESAR 2020 research programme, DLR 
has been working with all relevant European interest groups, 
such as air traffic control services, airports, airlines, aircraft 
manufacturers and air traffic control equipment makers 
since 2016 to devise application-oriented measures for safe, 
low-emission, cost-efficient and coherent air traffic in Europe.

Intensive, diverse collaboration between DLR and the avi-
ation industry is reflected in numerous research contracts. 
Its interdisciplinary research covers such a range that 
DLR is able to optimally support the German aviation 
industry in consolidating and extending its compet-
itive advantage at a global level. In the wake of the 
pandemic, DLR is helping the German and European avia-
tion industry to meet the new challenges and address new 
research tasks. It not only supports large aircraft manufac-
turers, but also promotes the growth potential of small and 
medium-sized enterprises and start-ups. DLR also works 
closely with other research organisations. In projects such as 
BLUESKY, for example, DLR has joined forces with the Max 
Planck Society, universities and other research centres in the 
Helmholtz Association of German Research Centres to gain 
fundamental insights into the climate impact of aviation.

Cooperation within Europe is particularly important 
to DLR, as the Member States have unique capabilities 
and operate complementary test facilities that can con-
tribute to an even more comprehensive understanding 
of aviation as part of international research projects.

Since 1994, for example, DLR has been a founding member 
of the Association of European Research Establishments in 
Aeronautics (EREA). The research institutions that belong to 
this body are committed to internal cooperation and coor-
dination, and jointly represent their interests to European 
institutions and partners. Not only is DLR a co-founder of 
EREA, but also a leading member, that contributes its 
technologies and research approaches to joint Euro-
pean research projects under the umbrella of EREA 
and helps to shape its policy papers on European 
research and innovation strategy. EREA Future Sky, a 
joint research initiative, provides DLR with an opportunity 
to help shape calls for proposals under the European frame-
work programmes for research and innovation. In this way, 
it can indirectly influence the EU’s aviation research agenda.

Through its involvement in the Advisory Council for 
Aviation Research and Innovation in Europe (ACARE), 
DLR has another means of exercising direct influ-
ence on strategic concepts for the future of aviation. 
ACARE’s task is to create and further develop the strate-
gic research and innovation agenda for aviation and sup-
port its implementation. In doing so, it helps to coordinate 
national and European priorities, in order to develop solu-
tions that are as effective and integrated as possible. ACARE 
is an important advisory body for public authorities such as 
Member States and the European Commission. Clean Sky 
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can be considered a public–private partnership within the EU 
framework programme, with new technologies such as lam-
inar flow around wings being tested on commercial aircraft.

DLR also plays a prominent role further afield in the Inter-
national Forum for Aviation Research (IFAR). IFAR is the 
only global network to bring together governmental avi-
ation research institutions from all continents. It seeks to 
address the global challenges facing air transport with solu-
tions devised through cooperative aviation research, to pro-
mote cooperation and the exchange of information and 
to advance the next generation of aviation researchers. 
This environment also enables international harmonisation 
with regard to regulations and laws, as well as operations. 
IFAR advises the ICAO on such matters. In addition, large 
test facilities such as demonstrators can be cross validated 
within the IFAR network, in tandem with key EREA partners 
such as ONERA and NLR, and international partners such as 
NASA, JAXA and NRC. DLR is the initiator and coordi-
nator of various IFAR activities. In 2020, for example, 
the Zero Emission Aviation Statement was published 
worldwide on the initiative of DLR. In this statement, 
research institutions from 13 IFAR member organisa-
tions declared environmentally friendly aviation to 
be a common goal.
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Research at DLR is paving the way for a climate-neutral future in aviation. 
This is our contribution to the European Green Deal.

Conclusion
Over the coming decades, aviation is set to reinvent 
itself as a climate-neutral economic driver and source 
of intercultural exchange. The European Green Deal 
makes this an explicit target for Europe. Growth in 
air traffic must be decoupled from its emissions in 
the future.

DLR is committed to a vision of zero-emission aviation. Its 
researchers take an integrated approach to developing com-
prehensive solutions. By virtue of its expertise in the aviation 
system as a whole, DLR plays the role of a virtual manu-
facturer (Virtual OEM), integrating other players in aviation 
research, the air transport industry and the wider economy.

The technological capabilities show that it is possible to 
make climate-neutral aviation a reality by the middle 
of the century. This transformation must be multifac-
eted and open to new technologies. Evolutionary steps 
are just as important as the systematic use of ground-break-
ing new technologies. There are four key fields of action: 
low-emission aircraft engines, energy-efficient aircraft, 
reduced-emissions air transport system and digitalisation. 
The target of climate-neutral aviation by 2050 can 
only be achieved by connecting these different areas.

The strategy presented here focuses on the introduction 
of sustainable aviation fuels, particularly sustainably pro-
duced kerosene, for all classes of aircraft. This can 
reduce climate-relevant emissions by 80 percent in the short 
term. Energy-efficient technologies for propulsion, air-
craft and air transport system must also be developed, as 
these can more than halve the remaining emissions on 
all routes by 2050. Alternative types of propulsion systems 
must be promoted in an effort to further reduce emissions, 

in particular hydrogen combustion for short- to medi-
um-haul routes and fuel-cell electric propulsion sys-
tems on regional routes. Digitalisation is a crucial tool 
for future development across the board. By 2050, digi-
talisation should make it possible to find new solutions 
more cost-effectively and twice as quickly as today, 
thus speeding up the transformation to climate neutrality.

DLR is in an excellent position to shape the transformation 
towards zero-emission aviation in scientific and technological 
terms. Only DLR, with its 55 institutes, has all the necessary 
expertise to drive digital development processes as part of 
its research programme, alongside many external partners. 
The combination of expertise and interdisciplinarity, 
integrated programmatic approach, industry-related 
large-scale facilities and identity as a composition of 
a research organisation, a space agency and a project 
management agency give DLR the role of architect, 
integrator, policy advisor and co-designer of a sus-
tainable prosperous aviation of the future.
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About DLR

DLR is the Federal Republic of Germany’s research centre for aeronautics and space. We 

conduct research and development activities in the fields of aeronautics, space, energy, 

transport, security and digitalisation. The German Space Agency at DLR plans and implements 

the national space programme on behalf of the Federal Government. Two DLR project 

management agencies oversee funding programmes and support knowledge transfer.

Climate, mobility and technology are changing globally. DLR uses the expertise of its 55 

research institutes and facilities to develop solutions to these challenges. Our 10,000 

employees share a mission – to explore Earth and space and develop technologies for a 

sustainable future. In doing so, DLR contributes to strengthening Germany’s position as a 

prime location for research and industry.
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