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Clear & concise
The aviation industry wants to reduce pollutant emissions in commercial flight operations with a variety of measures.
In the short term, more efficient engines (modernisation of the fleets) and the increased use of sustainable fuels help to improve the climate balance.
In the long term, hydrogen aircraft are moving into focus, but development is still in its
infancy.
Electric propulsion are only considered for very short distances and small aircrafts

Although aviation is only responsible for about 3% of global CO2 emissions, it is considered
a significant source of greenhouse gas emissions. In the course of global climate protection
efforts, these are to be significantly reduced in the coming years and brought to zero in the
long term. In addition to improvements in wing, tail unit and fuselage technologies, the focus is particularly on aircraft propulsion technology. At present, this is mainly based on the
combustion of fossil fuels, which releases CO2. However, water vapour, nitrogen oxide
emissions, direct and indirect aerosol effects and condensation trails also have a negative
impact on the climate. The climate impacts of the non-CO2 effects are strongly dependent
on the flight altitude, the geographical location and the time of emission (i.e. the daily or
seasonal cycle and the current weather conditions)1.
The aviation industry has several
measures at its disposal to improve its
climate footprint

Focus on
sustainable fuels

The public focus is primarily on measures to reduce CO2 emissions. The Royal Netherlands
Aerospace Centre and the economic research institute SEO Amsterdam Economics, together with representatives of European aviation (including airports, air traffic control, airlines, aerospace industry), have analysed the extent to which individual measures can reduce carbon dioxide emissions in the long term. The study ("Destination 2050 - A Route to
Net Zero European Aviation", February 2021), which takes into account both the consequences of the Corona pandemic and assumes long-term growth in air traffic, sees the
greatest savings potential by 2050 in improved or new propulsion technologies (including
electric propulsion, hybrid propulsion, hydrogen) and in the use of sustainable aviation
fuels ("SAFs"), which include fuels from biomass and synthetic fuels using water electrolysis. Further positive climate effects are attributed to improved routing.
Ultimately, it becomes clear that a whole bundle of measures is needed in aviation to improve the climate balance. All these sustainability measures lead to higher costs, which is
ultimately likely to be reflected in higher ticket prices, which in turn will somewhat slow
down growth in the medium to long term.
This effect is reinforced by regulatory measures to price pollutant emissions (e.g. EU emissions trading, CORSIA requirements by the international organization ICAO), which make
the use of conventional jet fuel more expensive, but at the same time also provide incentives to consider switching to possible alternatives.

1 FCH-2 JU & CleanSky 2 (Hydrogen-powered aviation: A fact-based study of hydrogen
technology, economics, and climate impact by 2050; 2020), BDLI & DLR (Zero Emission
Aviation – Emissionsfreie Luftfahrt, 2020)
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Decarbonisation path of European aviation until 2050
All flights within and from Western Europe (EU, UK, EFTA)

Source: Royal Netherlands Aerospace Centre, SEO Amsterdam Economics, BayernLB Research

Organisational initiatives to reduce pollutant emissions
Reduction of CO2
certificates makes
the price more expensive

•

Pricing the release of CO2: For flights within the EU, CO2 emissions have been regulated since the beginning of 2012 through the European emissions trading system (allocation or purchase of EU carbon dioxide emission rights: EUAs); for international
flights, the CORSIA requirements of the international organization ICAO have been in
effect since 2021. These regulations make it more expensive for airlines to use fossil
fuels (kerosene) and are intended to provide incentives to switch to alternatives. However, this is often not (yet) feasible for economic and operational reasons.

EUA price development
Front year contract in Euro per ton
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Sources: Refinitiv, EEX, BayernLB Research

Climate-optimised routing: In principle, optimised routing makes it possible to reduce
the climate impact of a flight. At the same time, the introduction of technical innovations
in national air traffic control and the optimal design of routing pose challenges. For example, high flight routes cause lower CO2 emissions because of lower air density, but
the negative non-CO2 effects tend to increase in the process.
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"Continuous Descent Approach" (CDA): By descending the aircraft with minimum
engine power (ideally at idle) and avoiding horizontal flight phases as far as possible,
fuel consumption and thus pollutant emissions can be reduced during the landing approach. In addition, aircraft noise is reduced. On the other hand, the descent takes
longer, which has a negative impact on airport capacities. In addition, the complex procedure requires special approach routes and is therefore only possible under favourable
weather and traffic conditions. Some airports (e.g. Frankfurt and Munich) have already
introduced CDA.

"Single European Sky (SES): The EU has long pursued the goal of creating a single
European sky to reduce delays and improve safety and flight efficiency. At the same
time, the environmental impact and costs of aviation would be reduced and climate-optimised flight routes could be realised more easily. However, this requires intervention in
European air traffic management, which is still organised at state level (airspace and air
traffic management are national matters). As a result, progress towards unification is
slow and there is still considerable room for improvement. For example, the European
organisation for the safety of air navigation "Eurocontrol" puts the potential CO2 emission savings that can be achieved by eliminating inefficiencies in air traffic management
at around 6% (for the year 2018).
Ground Services: European airports in particular are trying to improve their carbon
footprint through a variety of measures. Munich Airport, for example, is aiming for climate neutrality by 2030 and plans to invest around 150 million euros to achieve this.
Frankfurt Airport is also planning to significantly reduce its CO2 emissions by 2030. The
airports want to achieve this by implementing a variety of individual measures, such as
electrifying the vehicle fleet, improving the energy efficiency of the airport hangars or
converting the lighting to energy-saving LED lights.
Technical concepts for the reduction of pollutant emissions
Combustion-based propulsion concepts

Combustion of kerosene in gas turbines dominates
propulsion technology in commercial
aviation

Current aircraft engines for commercial aviation are based almost exclusively on the combustion of kerosene in jet turbines. The advantages of this propulsion model are high performance due to high efficiency and a compact and lightweight design. Disadvantages are
the negative climate impacts as a result of greenhouse gas emissions.
Further technical developments that reduce the pollutant emissions of combustion-based
propulsion concepts are therefore feasible options in the short term to improve the climate
footprint of flying.
What possibilities are conceivable here?
Efficiency increases through technical improvements to existing concepts
-

Increasing the efficiency of conventional gas turbines, e.g. through higher temperatures and pressure ratios

-

New gas turbine processes with higher efficiency and lower pollutant emissions

-

Improved aerodynamics of the aircraft through modified wing, tail and fuselage technologies

Advantages:
-

Fewer pollutant emissions

Disadvantages:
-

Higher costs
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Use of climate-friendly fuels in gas turbines
-

Combustion of hydrogen in the gas turbine

Advantages:
-

No fundamental change to the overall system necessary for small aircrafts

-

Locally emission-free propulsion (possible CO2 emissions during hydrogen production)

Disadvantages:
-

High development requirement for the gas turbine combustion chamber (hydrogen
shows a high reactivity and a complex pressure dependency)

-

Storing hydrogen on board of an aircraft as compressed gas requires pressurised
tanks and currently only makes sense for small amounts of energy and thus for short
flights and small aircrafts (up to 19 seats)

-

For medium- and long-haul aircrafts, only liquid hydrogen is an option, which requires a correspondingly large volume to accommodate; new aircraft architectures
(incl. lightweight construction) are therefore necessary in this segment.

Combustion of sustainable fuels (SAFs) in the gas turbine
Advantages:
-

Existing aircraft and infrastructure can continue to be used

Disadvantages:
-

Production capacities are (still) lacking for an extensive roll-out

-

High price of SAFs compared to conventional kerosene

-

Extensive investments are necessary to expand production capacities

Electric drives
Electric propulsions
include battery propulsions and hybrid
systems.

The electrification of propulsion in aviation is limited mainly by weight problems (e.g. additional cables, power electronics, batteries) as well as challenges in thermal management
and the energy density of batteries. At the same time, combinations of different energy
sources and propulsion concepts are possible, in order to combine the respective advantages (hybrid systems).
Battery-electric drive
-

Use of batteries to supply energy to the electric motor

Advantages:
-

High power density of the batteries allows vertical launch

-

High efficiency

-

Locally emission-free propulsion

Disadvantages:
-

Low range (low energy density of the batteries)

-

Unsuitable for mass transport

Hybrid-electric propulsion
-

Combination of battery-powered electric motors and gas turbine to burn kerosene
and/or sustainable fuels
Advantages:
-

Greater range than battery-only aircrafts

Disadvantages:
-

Increased weight and complexity of the powertrain

BayernLB

Please note the information on the last page/s
Megatrend energy and climate change
22.06.2021

-

6/11

Climate-damaging emissions from the use of kerosene

Combination of battery-powered electric motors and fuel cell:
Advantages:
-

Greater range than battery-only aircraft

-

No pollutant emissions when using green hydrogen

Disadvantages:
-

Higher weight and high complexity of the powertrain

-

High costs

-

Depending on the area of application, the aircraft architectures must be adapted.

Fuel cell electric propulsion
-

Power supply for electric motors using fuel cells and hydrogen

Advantages:
-

No climate-damaging emissions (energy generation is based on a chemical reaction
in the fuel cell)

-

High efficiency

-

High range

Disadvantages:
-

Elaborate temperature management

-

Complex storage of hydrogen

-

Requires new aircraft concepts (to increase the fuselage volume available for energy
storage).

Overview of alternative propulsion technologies in aviation

Application

Range/
Passengers
Urban Air Mobility Up to 100 km;
(air taxis, etc.)
up to 4 pass.
Commuter
50 - 600 km;
(feeder)
6 - 19 Pass.
Regional
500 - 2,000 km;
20 - 120 pass.

Short haul
Medium haul
Long haul

1,000 - 4,000 km;
100 - 200 pass.
2,000 - 8,500 km;
180 - 300 pass.
5,000 – 18,000 km;
over 200 pass.

Technology in the
short term (until 2035)
Battery-electric
propulsion,
Hybrid-electric
propulsion,
Fuel cell propulsion
system,
sustainable fuels
Hybrid-electric
propulsion,
New gas turbines,
sustainable fuels
sustainable fuels

Technology in the
long-term
Battery-electric
propulsion

Hybrid-electric
propulsion,
Fuel cell propulsion
system,
Hydrogen as a fuel,
Sustainable fuels

Sources: DLR, BDLI, FCH-2 JU, CleanSky 2, BayernLB
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In the short term, higher fuel efficiency and the use of sustainable fuels improve the
carbon footprint
Short-term improvements of the climate balance
through more efficient engine technology...

If we restrict our view to commercial aviation (i.e. regional aircraft and larger), conventional
engines will remain the standard propulsion system for aircrafts for the foreseeable future
due to the lack of feasible alternatives. In order to improve the carbon footprint in the short
term, technological improvements to increase engine efficiency on the one hand and an increasing admixture of sustainable fuels on the other hand are therefore possible.
The latest generation of engines came on the market about five years ago and reduce
emissions by about 15 - 20%. As the majority of the world's aircraft fleet is still equipped
with older engine technologies, fleet modernisation offers airlines a high potential for reducing CO2 emissions.
While aircraft and engine manufacturers have long sought to improve aircraft fuel efficiency
in view of the great importance of fuel costs for airlines, sustainable fuels have only increasingly come into the focus of the aviation industry in recent years. Sustainable fuels include biofuels (made from biomass such as plants or algae and/or biological waste such as
cooking oils and fats) and synthetic fuels.

... and the increased use of sustainable fuels

The latter primarily require electricity. This - ideally renewable - electricity is needed to produce hydrogen (water is split into hydrogen and oxygen by electrolysis). This hydrogen is
then combined with carbon (e.g. separated from industrial waste gases or biogas plants)
and finally processed into synthetic fuels.
The admixture of sustainable fuels – as so-called "drop-in fuels" – to conventional kerosene is already common today, but only in very small quantities (most recently, the share
of sustainable fuels in air transport was only 0.05% according to EU data). The "drop-in
fuels" currently in use have the potential to significantly reduce the climate impact of flying.
They can reduce CO2 emissions by 80 - 85% and reduce sulphur emissions and contrail
formation. Changes to aircraft, propulsion or infrastructure are not required.

Aviation industry
plans to expand
use of sustainable
fuels

Any combination of raw materials and production processes for SAFs must be certified by
ASTM International (American Society for Testing and Materials) to ensure safe operation
of flights with current aircraft and propulsion technologies. The currently approved fuels are
certified for a maximum blend of between 10 and 50%. Work is currently underway to further increase the limits on blending and expand the range of possible additives. Some of
the possible future blends differ from the current drop-in fuels in their viscosity and sulphur
and aromatics content. This requires modifications to engines and fuel systems, which is
why these blends are referred to as "near-drop-in fuels". So far, such admixtures have not
yet been approved, but could be used in suitable aircraft in the long term. Their advantage
lies above all in an even greater optimisation potential compared to the fuels currently in
use.
SAFs are thus a good way to significantly improve the carbon footprint of the current aircraft fleet. At the same time, they also represent a long-term solution that can decarbonise
all types of flights - including long-haul flights.
One obstacle to the increased use of sustainable fuels is, on the one hand, the significantly
higher costs compared to conventional kerosene (two to eight times higher, depending on
the type of fuel and production method) and, above all, the currently scarce production capacities.
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The price competitiveness of SAFs is expected to improve as CO2 emissions are increasingly priced. However, significant expansion is needed in production capacity to enable
higher deployment. Although there are now several projects worldwide to increase production, market observers assume that only around 6% of European aviation fuel consumption
can be covered by SAFs in 2030. In view of the enormous sums of investment needed
here, extensive government support seems inevitable.
Against this background, the EU Commission is planning to make the use of a certain proportion of sustainable fuels mandatory for flights as part of the "ReFuel EU" regulation. It
remains to be seen how the regulations will be formulated in concrete terms and to which
flights they will ultimately apply (EU-wide or international), but regardless of this, the purchase quantities that will be secured as a result, should lead to greater planning certainty
for possible projects.
Electric propulsions are limited to short distances

Electric propulsion
is only suitable for
short distance and
small aircraft

In contrast to sustainable fuels, purely electric propulsion systems are currently only suitable for small aircraft and short distances (up to approx. 500 km; flight duration approx. 1
hour) due to the limited energy storage in batteries. Areas of application would thus be, for
example, travel within metropolitan regions (e.g. air taxis), supplying oil rigs, transport
drones or short feeder flights at airports. The vertical take-off capability of these propulsion
concepts can be very helpful in these applications.
Hybrid propulsion systems are basically suitable for all routes due to their diversity (e.g.
electric motors can enable the use of smaller and more efficient gas turbines for medium
and long haul flights to increase take-off power). Since the weight disadvantage of hybrid
systems grows bigger with increasing aircraft size and power requirements, they are also
likely to be used primarily on short-haul routes in practice.
Airbus relies on hydrogen, Boeing keeps options open

Use of hydrogen in
aviation is still in its
infancy

As a long-term solution for sustainable aviation, the focus is primarily on the use of hydrogen. Here, however, the technology is still at the beginning of development and extensive
investments and research are necessary in the areas of energy storage, drive train and aircraft concepts, which is associated with high investments and risks. In addition, a corresponding hydrogen infrastructure must be set up at the airports.
Of the leading aircraft manufacturers, Airbus has positioned itself as a pioneer for climateneutral aircraft and published values on the CO2 emissions of its aircrafts. Accordingly, the
European manufacturer plans to develop a hydrogen aircraft by 2035. The concrete concept is still open (a commitment is not expected before 2025), but at present a short-haul
turboprop aircraft seems to be the favourite to enter the hydrogen era.
Boeing, on the other hand, has not yet positioned itself so clearly in favour of hydrogen, but
aims to increase the use of sustainable fuels in its aircrafts to 100% by 2030. Ultimately,
the Airbus competitor is thus keeping many options open.
Engine manufacturers are also addressing the consequences of climate change. For example, CMF – a joint venture between General Electric Aviation (USA) and Safran (France)
and a long-standing supplier to Airbus and Boeing – has presented a programme for an environmentally friendly engine for the next generation of aircraft from 2035. The concept
"RISE" (Revolutionary Innovation for Sustainable Engines) is based on open-rotor technology, i.e. a combination of jet and propeller engine. In contrast to previous development programmes with two counter-rotating rotors, however, the future concept envisages only one
open rotor and is thus supposed to emit about 20% less CO2 than the current generation of
engines. If the engine is filled with hydrogen or SAFs instead of kerosene, CO2 emissions
can ultimately be reduced by as much as 80 - 100% (compared to kerosene), CMF promises.
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Airlines carry the decarbonisation of flying into society
Airlines put a face
to the aviation industry's climate protection efforts

The extent to which air transport achieves its climate protection goals ultimately depends
decisively on how the airlines implement the opportunities offered. An important part of this
is the regular renewal of the fleet with modern and fuel-efficient aircrafts. A modern fleet is
likely to become an increasingly important competitive advantage for airlines in view of the
sustainability trend.
In addition, airlines can push the expansion of production capacities for sustainable fuels
by committing to purchase a certain amount of SAFs over a fixed period of time. Such purchase agreements create planning security for investments and secure the financing of
production facilities. For example, the Dutch airline KLM has made a firm commitment to
purchase 75,000 tons of sustainable aviation fuel annually for a period of 10 years. In this
way, KLM is supporting the construction of a production facility in the Netherlands that specialises in the manufacture of sustainable aviation fuel (and by-products such as bio-LPG
and naphtha) from regional waste and residual materials and is scheduled to open in 2022.
Lufthansa is also committed to sustainable fuels and cooperates with the Heide refinery,
among others. The latter supplies fuels to Hamburg Airport that are produced by using surplus wind energy ("power-to-liquids"). In addition, Lufthansa is participating in a project in
Abu Dhabi to produce green hydrogen.
Lufthansa involves its passengers in climate protection through the program "Compensaid”.
Here, passengers have the opportunity to compensate for their CO2 emissions when flying
by either supporting the use of synthetic kerosene or contributing to the reforestation of forests. At KLM, the compensation service is called "CO2ZERO" and supports the reforestation initiative "CO2OL Tropical Mix" in Panama.
In addition, both Lufthansa and KLM support projects that bring passengers – with suitable
rail connections – to their hubs by train instead of short-haul flights. In France, even the
state aid for AirFrance in the course of the Corona-related auxiliary measures was linked to
such measures.
These examples are representative of a multitude of (different) measures with which the
airlines worldwide are trying to carry the efforts of the entire aviation industry for a better
climate balance into society.
Start-up companies in the field of "urban air mobility" are currently the main beneficiaries of
the sustainability trend in the aviation sector. In view of air pollution and congested road
networks in metropolitan regions, market observers are optimistic about autonomous electric aircraft for short distances. At the same time, the great opportunities also face high
risks.
As the transformation process of aviation towards a more sustainable future is still in its
early stages, it is not yet possible to foresee which specific companies and/or segments will
benefit from "going green" or be exposed to higher risks.
On the winning side will certainly be companies that prove to be very adaptable and offer
or further develop environmentally compatible technologies and solutions. At the same
time, especially in the industrial sector of aviation, there are mainly highly specialised companies that cannot be easily replaced.
Ultimately, these companies must succeed in making the high investments that are necessary to improve the climate balance of aviation as a whole. If they fail to do so, the entire
industry will face difficult decades ahead.

Wolfgang.Linder@bayernlb.de
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Disclaimer
This publication is merely a non-binding opinion on market conditions and the investment instruments addressed at the time this information was issued on 22.06.2021. In our opinion, this publication is based on
generally accessible sources that are considered to be reliable and accurate, but we cannot guarantee the
completeness and accuracy of the sources used. This research report is a purely economic analysis
and no part of it should be construed as a securities analysis or recommendation. In particular, the
information on which this publication is based has not been checked for accuracy or completeness (or timeliness). Therefore, we cannot guarantee its accuracy or completeness. Furthermore, this publication is for
general information purposes only and is in no way a substitute for personal investment and property advice. For more timely information, please contact the respective investment advisors.
Due to legal requirements (Securities Trading Act or MiFID II), investment services companies are generally not permitted to accept or retain benefits from third parties in connection with financial portfolio management or independent fee-based investment advice provided by them. This document may therefore
only be passed on to companies or parts of companies that provide financial portfolio management
or independent fee-based investment advice if remuneration has been agreed with BayernLB.
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